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Foreword 

Research thrives best in university environment due to the interaction of young minds with 

those of the experienced. The universities are also the fountainheads for technological and 

scientific innovations. They are the repositories of creative knowledge. Thus, the research 

carryout in this department can be harnessed for developmental programmes by the states and 

also for the formulation of policies and in training middle and higher level human resources 

for development. As a state funded university it is obligatory on the part of Wayamba 

University to disseminate its acquired advanced knowledge and research capabilities to foster 

such developmental plans. Thus organizing 3rd Annual Symposium of Research and 

Industrial Training of Department of Electronics (ASRITE-2016) in which the 

undergraduates of the department who have been trained to identify, investigate, produce 

optimal solutions and could present latest research to an intellectual forum and share their 

experiences is an important event.  

 

This publication comprises 72 research articles presented by final year undergraduate 

students to reflect their findings from industrial training program and the research project 

conducted by the department. All the articles were improved by our senior staff members of 

the Department of Electronics.   

 

On this occasion I would like to express my sincere gratitude to the academic staff members 

in the Department of Electronics for their internal supervision and to the external supervisors 

from the Industry for their external supervision.  

 

Senior Professor C. A. N. Fernando 

Head / Department of Electronics 
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ABSTRACT 

 

This project was to extract information of a train from GPS on locations where the train would stop at 

and the velocity of the train to display and guide passengers. Besides that the date stamp and time 

stamp will be extracted from GPS and displayed. GPS receiver, GPS antenna, Microcontroller, LED 

dot matrix display, Serial and SPI connections and Serial port to TTL converter were used to design 

the system. The latitude and longitude values and name of the station were already fetched in the 

microcontroller system. If the system gets encountered with the same latitude and longitude values 

which were got from GPS receiver and antenna, the pre-fetched location name will be displayed in the 

LED dot matrix display. The overall aim of this system was to ensure the easiness of travelling of 

passengers and make prototype of an automated passenger guide with a safe system having a least 

amount of failure, high availability and reliability. 

Keywords: Global positioning system (GPS), RS232, Serial communication, SPI 

communication, dot matrix display (DMD), NMEA protocol, Geocoding 

 

1. INTRODUCTION 

GPS is well-known for its military uses and was first developed by the US to aid in its global 

intelligence efforts at the height of the Cold War. Since the early 1980s, however, the GPS 

has been freely available to anyone with a GPS receiver. Airlines, shipping companies, 

trucking firms, and drivers everywhere use the GPS system to track vehicles, follow the best 

route to get to a place in the shortest possible time
1
. 

Nowadays in Sri Lanka, people are notified regarding their journey in train by the voice out 

in the relevant stations. It informs them about the current location and the locations where the 

train will be stopping next. Besides that, there are name boards to indicate them the current 

location where the train stopped at. But the passengers face some problems to identify the 

stations due to the noisy environment and unclear messages   delivered to the passengers. 
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During night time, due to the lack of facilities (electricity) in the rural stations, the name 

boards are barely visible sometimes. So people get annoyed and they refused to travel in 

trains. Especially, if a new person wants to go to a place, he/she needs some assistance from a 

guide due to their lack of knowledge in the railway root. They face lots of problem in 

identifying their destination. Sometimes they fail to reach their destination. Sometimes it may 

be the cause to miss their exams, interviews etc. It has always been an unwanted cost for the 

people when they happened to get down from the train at wrong station. 

This proposed system would be the solution for these problems where the display will contain 

all the details about the current location which can be fixed inside the train; that is GPS based 

passenger guide in train.  

 

Figure 1: Components of the designed system 

GPS receiver, LED dot matrix display, Serial cable, SPI cable and Serial port to TTL 

converter are the important components which were used to design the system. 

 

2. EXPERIMENTAL 

Mainly there are three important parts in a GPS: a constellation of between 24 and 32 solar-

powered satellites orbiting the earth in orbits at an altitude of approximately 20000 km, a 

master control station and four control and monitoring stations and GPS receivers. 
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GPS is a network of orbiting satellites that send precise details of their position in space back 

to earth. Satellite transmitter and GPS receiver communicate with each other to extract data 

about the location where the GPS receiver exists. Besides that, if the receiver is placed in a 

moving object then the information of location will vary according to the movement of the 

object.  

At a time the GPS receivers are able to get information from three or four satellites though 

there are nearly 30. For precise information, at least there should be three satellites. When a 

receiver receives signal from transmitters, the above mentioned three satellites should be 

trilateration.  

2.1.   Operation of the System 

The system was designed with GPS and Arduino modules. Both these sub modules have a 

great involvement with the other parts like serial communication, string manipulation and 

display information.  

The GPS receiver receives the micro waves and then converts it to NMEA GPS data format 

as a string. Then the Arduino code string manipulates to extract the required information
2
. 

 

Figure 2: Block diagram of the designed system 

This project has the following parts: 

 Receive signals from satellites and send the signal to Microcontroller via serial 

communication. 

 String manipulation to extract data from received signal 

 Send the manipulated data to LED dot matrix display via SPI communication 
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Figure 3: Devices and Communication types used 

 

First of all, the GPS receiver was connected to the computer to make sure it’s receiving signal 

by observing the command prompt. There is another indication to make sure it: a blue LED 

will blink according to the clock signal. The received signal is an NMEA GPS sentence 

(string). The received signal which starts with ‘$ GPRMC’
3
 was fed to the microcontroller. It 

contains the detail of latitude, longitude, velocity etc. As the string is separated by commas, 

each wanted data can be extracted. Here an information is separated by commas are called 

offset. Altogether, there are thirteen offsets. Each offset has its own meaning. For an 

example, third and fourth offsets represent latitude and longitude of a location, respectively. 

 

Figure 4: GPS receiver output in command prompt 

 

The GPS receiver will be placed inside the train and the antenna will be placed on the roof of 

the train so that the antenna can capture a 360
0
 angle. By tracking the train the latitude and 

longitude information will be extracted by Geocoding so that the details of the geographical 

indexes, especially the railway station will be extracted and displayed in the LED dot matrix 

display. 

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 1-6 
Department of Electronics – Wayamba University of Sri Lanka  

GPS based passenger guide in train                                                                                                                 5 

3. RESULTS AND DISCUSSION 

The GPS receiver was connected to the computer and the GPS output was observed on the 

command prompt. It was then connected to microcontroller and a LCD. The proper output 

was observed. The time stamp and the data stamp were observed in the LCD.  

The LCD output is shown below, 

 

Figure 5: LCD output of Latitude and Longitude 

Then the final requirement is to extract the latitude, longitude data and display the locations 

name in LCD.  

Then the LED dot matrix display was connected to the microcontroller and some test code 

was fed into microcontroller and the required output was observed. It works with scrolling 

and some other additional features. 

 

Figure 6: LED dot matrix output of the location name 

It is a portable device, so it ensures the ease of installation in trains. It could be easily handled 

by any people and the whole railway transportation can use this product to notify the 

passengers. 

The accuracy of the system depends on the weather conditions. If it is a cloudy weather the 

GPS receiver will not receive proper signal from the satellites. So the GPS antenna should be 

placed where it can capture huge range of the signal.  
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4. CONCLUSIONS 

A prototype system was developed to display the location of a train. This prototype is a better 

one to be used in trains compared to the currently existing guidance for passengers. This will 

be a better solution to avoid the problems faced by the passengers at railway stations. The 

beneficiaries of this project are people who use train for their transportation and the railway 

department.  It ensures the ease of travelling. So people can travel to any place without any 

uncertainty of their destination or the travelling route. Due to the various problems in the 

route it is difficult to notify the passengers regarding their travel time. The project can be 

enhanced using GSM and GPRS technologies. Using these technologies the GPS coordinates 

of the train can be sent to a server using the GSM and GPRS. So the location where the train 

travels will get updated. So people can get to know where the train is by logging in to the web 

page. As a further improvement an android based application also can be done with these 

technologies. 
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ABSTRACT 

 

This study was carried out with the intention of identifying the dependency of optoelectronic Infrared 

(IR) receiver based sensors on the environmental status. The identification of this study can be lead to 

decide whether those IR sensor based applications are efficient for Sri Lanka as it consumes little 

power as well widely and popularly used.  To identify the dependency under Sri Lankan weather 

condition the study was carried out with Optoelectronic IR (OIR) receivers with an IR LED as the 

source. Two specific circuits were designed and constructed in order to power up the IR LED and the 

IR receivers respectively. The experiment was carried out with three imported OIR receivers using 

one at a time basis. Measurements were taken for the supply voltage and supply current with the 

intention of comparing the results with the standard data available in their data sheets. Whenever the 

Current vs. Voltage characteristic curves are not available in the data sheets the experiment was 

conducted with a constant voltage and plotted the current by varying the temperature. With graphical 

analysis of the results for the tolerance range 5% for the OIR receivers, it can be shown that there is a 

dependency on environmental temperature thus affecting their performance in tropical countries like 

Sri Lanka. It emphasized the fact that the efficiency of OIR receivers in Sri Lanka will depend on the 

temperature as there are deviations from the standard values mentioned in foreign environmental 

conditions. This finding is important and need to do further research with sophisticated devices as 

there is deviation from the standard values measured in foreign environmental conditions as currently 

selecting an OIR receiver for an application. The OIR sensor based applications and such implied 

imported devices are widely used in fields such as medicine, fiber based telecommunication 

systems, etc. under Sri Lankan atmosphere. 

Keywords: Optoelectronics, Optoelectronic IR Receivers, Optoelectronic Sensors, Infrared 
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1. INTRODUCTION 

Optoelectronic IR sensors are under the type of electromagnetic (EM) radiation such as radio 

waves, ultraviolet radiation, x-rays and microwaves
 [1]

. Optoelectronic devices such as IR 

sensors are widely used in consumer electronic device applications in Sri Lanka as well as in 

world wide. OIR light is the part of the EM spectrum that people widely encounter in 

everyday life, although much of it goes unnoticed
 [2]

. Most of the times it is invisible to 

human eyes, but people can feel it as heat as well can be used for long distance low 

attenuation through fiber wave guides.
 [3]

 Thus most of the sensors are being used to detect 

variety of signals related to optoelectronic fields such as biomedical, communication, etc. 

Thus this type of investigations are important to find out and understanding such important 

signal detecting OIR sensor behavior as such sensors attached with many important day-to-

day utilizing devices in such fields in Sri Lankan atmosphere. 

1.1.  Infrared sensors 

Infrared (IR) technology has been successfully employed in demanded applications for years 

in manufacturing industries for ongoing temperature measurement and control. Even though 

this technology offers many proven advantages for end users, instrumentation suppliers 

continue to develop new solutions further improving the accuracy, reliability and ease-of-use 

of IR systems in demanding production environments
 [4]

. 

 

2. EXPERIMENTAL 

In this research both the OIR transmitter and receiver have used to test the OIR sensor 

characteristics. For this purpose four OIR sensors were chosen namely; 

TSOP18, TSOP1738, SFH505A, IR LED  

The two circuits constricted for optoelectronic source and sensor under local environment 

were connected as the circuit diagram shown in Figure 1  

 

   

 

 

Figure 1: Circuits for OIR LED and OIR sensor respectively 
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Where 

 2 kΩ, 220 Ω = resistors 

 GND = ground 

 Vdd = valtage supply 

 

Two multimeters were connected in order to measure the supply voltage and supply current 

by varying the supply voltage. The readings for current and voltages were measured and 

recorded. The temperature was recorded at the time of the experiment is carried out. The 

same experiment was done at a different place of Sri Lanka. Above process was continued for 

all IR receivers in different places and all the records of Voltages verses Current were 

recorded and plotted and graphical analysis were done. All the data sheets from the 

manufacturing companies were collected for each OIR receiver. The plotted curves were 

compared to analyze whether there is an effect due to the deference in atmospheric condition 

in Sri Lanka other than the manufacturing country environmental condition dependency of 

the place. 

 

3. RESULTS AND DISCUSSION 

The characteristic curves shown below obtained by plotting the data obtained for IR sources 

and for all the receivers were illustrated in below Figures 

3.1. OIR Receivers and OIR LED 

 

 

 

3.2. TSOP18 OIR Detector 

The data sheet had an exact leaner graph for the IR receiver and the current varying between 

1mA and 1.2 mA. The data sheet values had taken in dark ambient and the data for the 

experiment was taken in the room temperature at Colombo. 

 

Figure 2: TSOP18, SFH505, TSOP17 OIR Receivers and IR LED respectively 
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Although there are slight differences between 2 graphs the difference between two graphs can 

be negligible when considering the environmental temperature. 

3.3. SFH505 OIR Receiver 

 

 

 

 

Both graphs have the same linearity except the Supply current is higher in the experiment 

graph than the graph taken from the data sheet. 

This could be happen due to the temperature difference of the place of manufacture and the 

place experiment was conducted. 

Figure 5: I-V curve from Data sheet Figure 6: Experimental I-V curve 

Figure 4: Experimental I-V curve Figure 3: I-V curve from Data sheet 
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3.4. TSOP17 Receiver 

In this IR receiver there was no Voltage vs. Current plotted graph. But the data sheet was 

containing a graph plotted between Current vs. temperature. It was unable to compare 

between graphs of Current vs. voltage and Current vs. Temperature. At the same time it was 

unable to measure the temperature below 15 C
o
. The readings were taken the temperature 

higher than 16 C
0
. The voltage was set to 5 V since the voltage should be constant in every 

instance of the experiment.   

 

 

 

 

 

 

 

In this situation both graphs having similar graphs. From this graphs it can be identify that the 

temperature dependency of previous IR detectors can be happened. 

3.5. IR LED 

 

 

 

 

 

 

 Figure 10: I-V Characteristic graph 

experimental 

Figure 9: I-V Characteristic graph 

experimental 

Figure 8: Data sheet I-T curve Figure 7: Experimental I-temperature curve 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 7-12 
Department of Electronics – Wayamba University of Sri Lanka 

Characteristic study of commercially available optoelectronic IR sensors for efficiency improvement     12 

 

 This situation also as same as the prevous situations which were taken the I-V charactoristic 

curves. Temperature dependency of the sensor as well as the LED was obvious. 

All the components were dependent on the temperature. It is proven by the graph drawn for 

the SFH505 Receiver. But on the other hand the results can be varied according to the IR 

emission from the IR LED. The reason for the temperature dependency can be due to the 

temperature dependency of the IR LED but not due to the temperature independently. 

 

4. CONCLUSION 

In this project a multiple OIR receivers and IR LED were considered, which are used for 

many applications in Sri Lanka such as TV remote, counting lines, motion sensing, etc. The 

study was done with the purpose of identifying the dependency of IR receivers on the 

environment it operates. Selected OIR receivers were tested for characteristic curves. It was 

identified that the Optoelectronic IR equipment imported would somewhat sensitive for the 

environment it operates particularly for the OIR receivers they are depending on the 

temperature it operates. 
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ABSTRACT 

 

In many cases it is desirable to turn on or off some appliances such as air conditioning and 

heating units at the time of arriving and leaving home and this is one part of home 

automation. This project utilizes the Dual-Tone Multi Frequency (DTMF) technique used in 

touch tone telephones to control multi electronic devices from a long distances using a mobile 

phone. A DTMF detector, decoder, inverter and relays are used to develop the system. The 

system was designed to control home appliances. It includes a mobile phone which is 

connected to the system via a head set. To active the mobile phone unit on the system, a call 

is to be made and as the call is answered, in response the user would enter a two/three digit 

password to access the system to control devices. As the caller press the specific password, it 

results in turning ON or OFF specific device. The device switching is achieved by relays. 

Security preserved because these dedicated passwords owned and known by selected persons 

only. The automation features of this work makes it possible for home owners to remotely 

control several appliances, indoor and outdoor lamps and lights, landscape sprinkler timers 

and more using their mobile phones. 

 

Keywords: Dual Tone Multi Frequency, Mobile Phone, Remote Controlling, Relays 

 

1.0  INTRODUCTION 

The electricity wastage and damaging home appliances caused by leaving the electrical 

appliances in the ON state despite not being in use. The simplest yet most overlooked way of 

electrical energy conservation is by switching off of the electrical appliances when not 

required. Nowadays, several DTMF technology based home automation systems are 
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developed to control home appliances when the home owners away from the home. But these 

systems are based on programmable ICs and are more complex equipments. In this case 

home owners have to spend more money to install this type of systems. And also they should 

have technological knowledge to control the system. This paper report on a system developed 

to overcome these difficulties. 

The developed system is a cost effective and used only DTMF detector, decoder, inverter and 

relay driver to control the system, by replacing the IC’s. In this system home owner who has 

only basic electronic knowledge can install and maintain the system. 

2.0  EXPERIMENTAL 

The block diagram of the designed system to control home appliances is shown in the Figure 

1. 

 

Figure 1 Block diagram of designed system 

2.1  Integrated DTMF decoder 

The integrated DTMF decoder is the device that receives the incoming DTMF data and 

converts it into a respective 4-bit BCD numbers. The MT8870 integrated DTMF decoder was 

used for this project. This DTMF IC is a complete DTMF receiver integrating both the band 

split filter and digital decoder functions
1
. 

 

2.2  4 to 16 Line Decoder/Demultiplexer 

The 74HC154AP is a high speed CMOS 4 to 16 line decoder/demultiplxer fabricated with 

silicon gate C2MOS technology. It achieves the high speed operation similar to equivalent 

Low-Power Schottky Transistor-Transistor Logic while maintaining the CMOS low power 

dissipation. A binary code is applied to the four inputs. Depending on the binary code, one of 

the sixteen outputs to will to go low
2
. 

 

2.3  Inverting unit 

A DTMF decoder output is connected to the 4 to 16 line decoder 74HC154 IC. This IC takes 

the BCD number and decodes. According to that BCD number it selects the active low output 

Integrated 
DTMF 

Decoder 

4 to 16 Line 
Decoder/Demu

-ltiplexer 

Inverting 
Unit 

Device 
Control Unit 
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line from 1 to 16 which is the decimal equivalent of the BCD number present at its input pins. 

To get a logical high output, the output of the 74HC154 needs to get inverted. This inversion 

is carried out by an inverter, as in the hex inverter IC 74ACT04. This IC inverts the data on 

its input terminal and gives inverted output
3
. 

2.4  Device control unit 

The device control unit consists of relay driver IC and relays. The main object of this unit is 

to provide access to the relay driver circuit when the controlled devices needed to be turned 

on/off. 

 

 

Figure 2  Circuit diagram of the system  

 

3.0  RESULTS AND DISCUSSION 

The DTMF signal sends to the system via headset. After that DTMF detector converts signal 

into four bits, that output connected to 4 to 16 decoder and low decibel output get activated. 

This output goes though the inverter to activate high output. After that it is connected to relay 

driver IC. The system works according to the key pressed by the user. 

By using this system, home appliances can be controlled from a remote location. It’s a great 

privilege to home owners to protect their equipments and save electricity. In this system, 

there are several advantages and disadvantages. 
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Advantages 

 It is simple to control the operation of any appliances from anywhere by exploiting 

the existing mobile network, i.e. it’s not necessary to install a specific network. 

 Any type of mobiles can be used. 

 The control circuit is reliable and simple to build. 

 System is secure. 

 A low cost system. 

 No programming and easy to maintain. 

 Will provide significant long-term savings in electricity costs. 

 Improved metrics. 

 Low probability of errors. 

Disadvantages 

 The limited number of appliances can be controlled by using this system. 

 There is no feedback available. When a key pressed for an action, it will not send any 

acknowledgment indicating whether the task has been carried out. 

 

4.0  CONCLUSION 

The developed system is based on four ICs which have different functions to detect DTMF 

signal and control home appliances. The DTMF detector and decoder coverts input signal 

into an active low decimal value, that value converted to active high and controlled home 

appliances by inverter and relays. A user is able to control any electrical devices with a 

simple cell phone. This makes it possible for users to manage their electrical appliances and 

also reduce the electricity cost. The end product will be a simple design making it easy for 

users to interact with. 
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ABSTRACT 

 

The project low cost patient indicator system was developed to assist doctors who handle many 

patients. The amount of patients is increasing day by day but doctors are not increasing in that rate 

then one doctor has to handle many patients. When patients are in critical condition, doctors should 

always have to pay their attention. When handling multiple patients they have to work hard and 

always keep in touch with patients. This is not an easy task therefore low cost patient condition 

indicator system is introduced. It consists of two parameters of the patient condition, heartbeat rate 

and the oxygen saturation of the blood. A clip is fixed to patient’s finger and it consists of heartbeat 

sensor and oxygen saturation sensor. The reading taken to microcontroller and transmit the data and 

receiving part consists of the doctor’s room. Patient condition can be monitored through the display. 

An alarm will generate if a patient condition is in critical then the doctor can treat that patient. This is 

the basis of this project. The heartbeat sensor and pulse oximeter sensor generate the pulse with noises 

and this system is removed the unwanted noises and amplify the proper signal then the signal drives to 

microcontroller circuit. The calculations of the heartbeat and oxygen saturation level per minutes are 

done by the microcontroller and pass that value to doctor’s room through Radio Frequency. As a 

result of the system doctor can see the patient condition in every 10 seconds. 

 

Keywords: Sp  , Heartbeat Measuring, RF Communication, Encoding and Decoding, 

Instrumentation Amplifier 

1 INTRODUCTION 

The heart is one of the most vital organs within the human body. It acts as a pump that 

circulates oxygen and nutrient carrying blood around the body in order to keep it functioning. 

The circulated blood also removes waste products generated from the body to the kidneys. 
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When the body is exerted the rate at which the heart beats will vary proportional to the 

amount of effort being exerted. By detecting the voltage created by the beating of the heart, 

its rate can be easily observed and used for a number of health purposes. The optimal oxygen 

saturation of the blood lies between 95 and 98 percent. This value corresponds to the 

percentage of hemoglobin molecules which transport oxygen in proportion to the total 

number of hemoglobin molecules. 

 

On one side, the clip contains a strong light source, which shines through the finger. On the 

other side, a sensor measures what proportion of the light penetrated through the finger and 

what was absorbed
1
. Different proportions of light penetrate the finger according to the level 

of saturation of the blood. From this, the oxygen saturation figure is calculated
4
. 

 

The values of the heart rate and the oxygen saturation values are taken to the filter circuit 

because noises are affected to the output pulses. Second order low pass filter is used having 

approximately 200Hz. These values are read by microcontroller ATmega32 and transmit the 

signal to receiving end. HT12E is used in transmitting section and HT12D is used at the 

receiving end then values are read by microcontroller they display the values in LCD display. 

An alarm will generate when an abnormal condition of the patient then doctor can pay his 

attention to the patient
2
. 

2 METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Block Diagram of the System 
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2.1 Low pass filter circuit 

The heartbeat pulse and oxygen saturation pulse are detecting by the sensor with distortion so 

we use low pass filter circuit to remove noises. 

 

Figure 2: Low pass filter circuit 

 
       

 

  √        

           (1) 

 
    

 

  
  
 
√                           

  

 
              

 

Where R1,R2 are resistors, C1,C2 are capacitors, fc is cut off frequency. 

 
The    is 3.28Hz per second so the maximum heart rate per minute is 196.8 Bpm

3
.  
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2.2 Process of the System 

 
Figure 3: Process of the System 

 

To amplify the original value, INA128 instrumentation amplifier is used. This amplifier can 

remove unwanted signal. A comparator circuit compares two voltages and outputs either a 1 

(the voltage at the plus side) or a 0 (the voltage at the negative side) to indicate which is 

larger. The negative voltage is grounded in comparator circuit therefore always positive 

voltages are generating and voltage difference is always positive then the output of the 

comparator circuit indicate positive pulses only. These pulses are passed to the 

microcontroller and do its process and calculations then values taken from the 

microcontroller pass to the encoder. A wireless radio frequency (RF) transmitter can be easily 

made using HT12E Encoder and ASK RF Module. 
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2.3 Receiving Process 

 

 
Figure 4: Receiving Circuit 

 

ASK RF Receiver receives the data transmitted using ASK RF Transmitter. HT12D decoder 

will convert the received serial data to 4 bit parallel data and microcontroller will read the 

data values and display on the screen
1
. 

3 RESULTS AND DISCUSSION 

When the clip is set to the finger and make power buttons ON, after 10 seconds the LED 

display show the heart rate per minute and the oxygen saturation as well. 

 
Figure 5: Final result of the System 

 

This system is low cost implementation. Totally budget is around Three thousand rupees. 

This system can be used at the home then parent can check their kid’s health condition when 

they got sick. Main purpose of this system is introducing an easy way to doctors checking 

their patients. They can consult multiple patients simultaneously. 
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4 CONCLUSION 

It was a challenging task to complete this kind of system with a limited amount of time, by 

studying all the patient monitoring systems in the market. Analyzing the requirements, 

collecting the data, studying existing technologies to implement this system, gathering ideas 

from resourceful authorities and conducting literature reviews were done in order to achieve 

the objectives of the system. Those are good experiences that could be very valuable to us in 

future. Therefore confidence was built on completing any tough task within a given period. 

By conducting literature reviews different methodologies that were used for the same 

problem were discussed. Therefore self-learning was improved with this study and learnt how 

to face challenges and overcome them.  
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ABSTRACT 

 

Field Programmable Gate Arrays (FPGAs) are devices that can be configured to implement different 

types of digital systems. FPGAs come with large amount of logic resources, but they lack internal 

memory blocks. This limitation of internal memory blocks in FPGAs becomes a problem when 

memory-demanding systems are developed. As a solution to this problem external memory chips are 

integrated to the FPGA boards. For example, Spartan 3E Starter kit has a DDR SDRAM chip 

integrated to the FPGA board. Reading and writing operations of DDR memory is not 

straightforward. This paper describes the attempt to design a DDR memory controller for the Xilinx 

Spartan 3E FPGA to access the external memory.  

 Keywords: DDR SDRAM Controller, FPGA, Verilog 

 

1. INTRODUCTION 

A field-programmable gate array (FPGA) is an integrated circuit that consists of logic blocks 

of digital circuitry that can be programmed as hardware. Rather than being restricted to only 

certain hardware functions, as we are with application-specific Integrated circuits (ASICs), an 

FPGA can be programmed for specific functions and Applications
1
. As coprocessors, FPGAs 

have shown remarkable speedups for certain applications. The main reasons for achieving 

these performance gains come from the deep pipelines and parallel execution units that 

FPGAs have to offer2. 

For some applications FPGA’s internal memory is not enough to gain high performance. But 

Spartan 3E starter kit board comes with the external memory and to get better performance 

we can combine that external memory with FPGA. From using Verilog Language an 

interface can be designed between FPGA and DDR SDRAM external memory. For the 

process of designing interface the users can use memory controller. The aim of this project is 

design a memory controller for the Spartan 3e FPGA. 
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Synchronous DRAM is the most suitable memory for this design because of its speed and 

pipelining capability
3
. In high-end applications, like microprocessors there will be specific 

built in peripherals to provide the interface to the SDRAM. But for other applications, the 

system designer must design a specific memory controller to provide command signals for 

memory refresh, read and write operation and initialization of SDRAM 
4
. 

There are two types of SDRAM. They are single data rate SDRAM and Double Data Rate 

SDRAM. The Double Data Rate SDRAM read/write speed is better than Single Data Rate 

SDRAM. Because in Single Data Rate SDRAM’s, data are transferred only at rising edge of 

the clock cycle and in Double Data Rate SDRAM’s, data are transferred at both rising and 

falling edge of the clock cycle. Therefore the DDR SDRAM controllers are faster than Single 

Data Rate SDRAMs. 

 

2. METHODOLOGY 

The Spartan-3E Starter Kit boards include a 512 Mbit (32M x 16) Micron Technology DDR 

SDRAM (MT46V32M16) with a 16-bit data interface. All DDR SDRAM interface pins 

connect to the FPGA’s I/O Bank 3 on the FPGA. I/O Bank 3 and the DDR SDRAM are both 

powered by 2.5V, and are generated by an LTC3412 regulator from the board’s 5V supply 

input. The 1.25V reference voltage, common to the FPGA and DDR SDRAM, is generated 

using a resistor voltage divider from the 2.5V rail
5
. 

 

 

 

 

 

 

 

 

Figure 1 shows the timing diagram for a user read burst. Read Data Valid and Read Data Out 

signals are user interface signals. Write-enable signal is for the reading of address and the 

Address signal is for the memory reading. The Read Data Valid signal is asserted when the 

Write 

Enable  

Clock 

Address  

Read Data 

Valid  
Read Data 

Out  

Figure 1: Timing diagram of the DDR SDRAM for read operation  
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read data is available to the user, and Read Data Out is the read data from the memory to the 

user. 

 

Figure 2: Timing diagram of the DDR SDRAM for write operation 

Figure 2 shows the timing diagram for a user write burst. Write enable signal is to enable the 

writing process for the address and Address signal is for the identification of the correct 

location for the memory write. Data signal is used for writing the data to the memory. System 

Reset signal is used to reset the process. 

Main Modules of DDR SDRAM 
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Figure 3: DDR SDRAM controller block diagram 
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ddr ctrl- The DDR SDRAM controller initializes the memory, accepts and decodes user 

commands, and generates READ, WRITE, and REFRESH commands. The DDR SDRAM 

controller also generates signals for other modules. The memory is initialized and is powered-

up using a defined process. The controller state machine handles the initialization process 

upon power-up.  

User int- This module stores write data in its Write Data FIFO (wr_data_fifo), write and read 

addresses in its Read/Write Address FIFO (rd_wr_addr_fifo), and receive read data from 

memory in its Read Data FIFO (rd_data_fifo). The width of the Write Data FIFO is twice the 

data width and mask width of the memory.  

To create Interface between DDR SDRAM and FPGA, command signals should be used. 

Some of the command signals are shown below. 

Main Command signals of the memory controller 

Read -The READ command is used to initiate a burst read access to an active row. 

Write-The WRITE command is used to initiate a burst write access to an active row. 

Precharge -The PRECHARGE command is used to deactivate the open row in a particular 

bank or the open row in all banks. 

NOP -The NO OPERATION (NOP) command is used to instruct the selected DDR SDRAM 

to perform an NOP. This prevents unwanted commands from being registered during idle or 

wait states. 

ACTIVE -The ACTIVE command is used to open (or activate) a row in a particular bank for 

a subsequent access, like a read or write. 

AUTO REFRESH -AUTO REFRESH is used during normal operation of the DDR 

SDRAM. This command is non persistent, so it must be issued each time a refresh is 

required. All banks must be idle before an AUTO REFRESH command is issued
6
. 

 

3. RESULTS AND DISCUSSION 

The design is simulated after combining the BUS master, DDR SDRAM controller and the 

DDR SDRAM
7
. The controller is designed using Verilog Hardware Description Language. 

For the design MT46V32M16 is chosen as DDR SDRAM. Results were observed from Isim 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 25-30 
Department of Electronics – Wayamba University of Sri Lanka 

DDR memory controller for SPARTAN 3E FPGA                                                                                       29 

 

simulator. Below figure shows the results observed from the simulator. Spartan 3E starter kit 

board used to synthesis the results.  

 

Figure 4: Read Write Process of simple memory 

Above simulated results show the read write process of simple memory. Users’ command is 

identified by the address [7:0]. Data Read Process is done from the address. Data write 

process shows by the data out [7:0] signal. 

 

Figure 5: Memory controller output 

There are two inputs which show above simulated diagram. Those are sys_clk_in and 

reset_in_n. Outputs are cntrl0_led_error_output, cntrl0_init_done and cntrl0_data_valid_out
7
. 

cntrl0_led_error_output performs high output when an error output occurs. cntrl0_init_done  

performs high output when the initialization process was done. 

The advantages of DDR SDRAM memory controller are low power consumption and high 

transfer rate. Because of the property of general programmable interface it has replaced most 

of the parallel interface devices. 
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The application of DDR SDRAM is mostly in the real time devices due to its frequency of 

operation. In networking and communications applications large, fast memory devices are 

often required. 

 

4. CONCLUSION 

In this paper DDR SDRAM controller is designed and simulation results were obtained. The 

controller generates different types of timing and controlling signals, which synchronize the 

timing and controlling the flow of operation. The memory system operates at a double 

frequency rate of the processor, without affecting the performance. Thus we can reduce the 

data bus size. The drawback of this controller is complex schematic with large number of 

buffers in the circuit increases the amount of delay. 
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 ABSTRACT  

 

Finding reliable path is a real challenge for a blind people. Majority of blind people use a 

conventional white cane to aid in navigation. The limitation in white cane is that the 

information is gained by touching the objects by the tip of the cane. Even if there are braille 

signs, a blind may not be able to identify them. Most of the electronic canes currently 

available at the market mainly target to identify only the predetermined locations and paths. 

Anyway, always wearing a traditional white cane or an electronic cane makes people 

uncomfortable. This research makes blind people comfortable and path is made reliable to 

travel by identifying the objects around him using ultrasonic waves. Also it sends short 

message service (SMS) with current location details of the user to a preprogrammed mobile 

user by utilizing global system for mobile communication (GSM) and global positioning 

system (GPS) technology if the blind losses the way or an emergency situation is occurred 

during outdoor travelling. A prototype has been built on Atmega 328P using Ultrasonic, GPS 

and GSM technologies.   

Keywords: Ultrasonic sensors, GSM module, GPS module 

 

1. INTRODUCTION 

Our society consists of various kinds of disable people. Some of these have been disabled 

from their birth and some due to various accidents. In Sri Lanka for last few decades people 

faced a civil war and many soldiers and civilians lost their lives and some became disable. 

Truly these people need more attention and assistance from the society to do their day today 

activities. The goal of this research is to pay more attention on visually disabled people. 

Approximately 39 million people in the world are blind in 2014 according to World Health 
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Organization. Already there exit few ways to find correct path to blind people. Majority of 

them are using a conventional white cane to aid in navigation. If the person is using only a 

white cane and they are totally blind, they had better have very good mobility and orientation 

skills. It is possible to do but it usually takes years of practice and most blind people haven't 

been blind all their lives. So, many blind people really struggle with this. But let’s assume a 

highly skilled blind person who has been blind for at least ten years. Again, if the person is 

going somewhere where they have been before they will keep a very detailed memory, 

involving counting driveways, streets, corners and even paving tiles, hearing and counting 

buildings, feeling common air currents, remembering landmarks such as the smell of a 

particular tree, the small bump at the corner of that sidewalk and the sound of traffic on that 

large street. Also they become helpless if they lose the cane their way while outdoor 

travelling
 [1]

.
  
 

Another method is electronic canes. Most of the electronic canes currently at the market 

mainly aimed to identify predetermined locations and paths only. Use a guide dog is another 

method of finding way. If blind people have a guide dog the dog will likely know most of the 

places they regularly go and will lead them there without any real trouble. But it is a very 

expensive method 
[2]

.
  

                

2.  EXPERIENTAL 

The block diagram of proposed system is shown in figure 1. 

 

Figure 1: Block diagram of Smart belt for blind people 

The Smart belt for blind people has three major units .Those are Sensor panel and 

Microcontroller, Voice Recording/Playback and Emergency unit. 
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2.1 Sensor Panel and micro controller 

The system consists of three HC-Sr04 ultrasonic sensors for checking Front, Up and Down 

areas as following figure 02. 

 

Figure 2: Covering Aria 

The device was programmed assuming the blind person’s height is around 1.8m (180 cm) 

then X distance is around 0.9m (90cm) and y distance is around 1.27m (127 cm). 

The HC-Sr04 ultrasonic sensor it provides 2cm to 400cm non constant measurement 

function, the ranging accuracy can reach to 3mm. The modules includes ultrasonic 

transmitters, receiver and control circuit. Using input trigger for at least 10us high level 

signal, The Module automatically sends eight 40 kHz and detect whether there is a Pulse 

signal back. If the signal back, through high level , time of high output IO duration is the time 

from sending ultrasonic to returning.  

Distance = high level time × velocity of sound (340m/s) / 2  [1] 

The sensor consists with four wire connection nodes and two pins for data communication as 

Output and Input respectively Echo and Trigger. Others for input 5v operation voltage. Entire 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 31-36 
Department of Electronics – Wayamba University of Sri Lanka 

Smart belt for blind people                                                                                                                            34 

 

calculations, commands arithmetic and logic operations are done by using Atmega 328P 

microcontroller 
[3]

. 

2.2 Voice Recording/Playback unit 

The APR9600 device offers true single-chip voice recording, non-volatile storage, and 

playback capability for 40 to 60 seconds. The device supports both random and sequential 

access of multiple messages. Sample rates are user-selectable, allowing designers to 

customize their design for unique quality and storage time needs. Integrated output amplifier, 

microphone amplifier, and AGC circuits greatly amplify system design. The device is ideal 

for use in portable voice recorders, toys, and many other consumer and industrial 

applications. Atmega 328 microcontroller communicates with the voice chip to provide 

relevant voice output. A microphone is used to record sounds into the APR9600 device and a 

speaker is used to playback the sound. 

2.3 Emergency unit 

Emergency unit consists of GPS module, GSM module and an emergency switch. An 

emergency situation is occurred, blind person can activate the emergency unit by pressing the 

emergency switch. Coordinates of the current location is read by GPS module. GSM module 

use to send SMS to preprogrammed mobile user. All the operations of GSM and GPS 

modules are done by microcontroller 
[4]

. 

Figure 3: Circuit Diagram 
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3. RESULTS AND DISCUSSION 

Figure 4: Prototype of the system 

The smart belt for blind people is designed and developed for the blind person to identify 

path appropriately. Final outcome of this project is successful identification of the path by 

this system. 

The device is built for both indoor and outdoor navigation but also be developed it as a 

location identifier. It include special emergency key, it helps the protection of the user while 

outdoor travelling. Cost of the used requirement is depending on the accuracy of the system. 

The cost of producing this device is shown in following table. 

Table 1: Cost of producing device 

 Item Cost  (Rs.) 

Atmega 328P 300.00 

GSM Module 2200.00 

GPS module 2100.00 

APR 9600 700.00 

HCSR04 ultrasonic sensor × 3 1050.00 

Capacitors, Resistors and Wires 100.00 

Copper board ,and other expenses 200.00 

Total 6650.00 
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4. CONCLUSION 

The implementation of smart belt for blind people using ultrasonic sensors, GPS and GSM is 

done. It provides opportunity to find the path while indoor and outdoor travelling and 

acknowledge a specific person via SMS to get assistance if the blind person lost his way or 

faced accident during outdoor travelling. High accuracy Ultrasonic sensors were used to 

identify the barriers around the blind person and different voice outputs were provided by the 

speaker according to the type of the barrier. 

A GPS receiver, GSM module and an emergency key were included to the belt with the 

intension of sending location details to a predetermined mobile user. During the testing 

process when the emergency key is pressed, SMS about location detail can be send. Then   

received location information were checked from Google maps and accuracy of GPS module 

was around 15m to the actual position.  

To improve the accuracy and reliability of the system more accurate GPS receiver and 

Ultrasonic sensors should be used.  Also future development of the system can be carried out 

increasing number of ultrasonic sensors to cover wide range around blind person and using 

RFID readers and tags to identify the exact locations.  
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ABSTRACT 

 

Many efforts have been made to increase the performance of dye sensitized solar cells (DSSCs) using 

liquid electrolytes. But these types of cells have unsolved critical problems such as leakage and 

evaporation of volatile organic solvents due to the presence of liquid electrolytes. Thus DSSCs based 

on gel polymer electrolytes (GPEs) have been attracting as a group of better alternative for 

substituting liquid electrolyte based DSSCs. This paper is based on a study carried out to investigate 

the stability of a DSSC fabricated with a GPE based on poly (methylmathacrylate) (PMMA), ethylene 

carbonate (EC), propylene carbonate (PC), sodium iodide (NaI) and iodine (I2). GPE was prepared by 

using different salt amounts and keeping PMMA, EC and PC amounts constant. The composition 100 

PMMA: 150 EC: 150 PC: 65 NaI: 55 I2 (weight basis) showed the highest room temperature 

conductivity of 2.09 × 10 
-3 

S cm
-1

. It showed an ionic transference number of 0.9. DSSCs in the 

configuration fluorine doped conductive titanium oxide (FTO) / glass / TiO2 / dye / GPE / Pt / glass 

configuration was fabricated and their performance was observed with time. They showed an average 

open circuit voltage of 596 mV and a short circuit current density of 3.0 mA cm
-2

. Fill factor and 

efficiency were 0.3 and 0.5% respectively. Values of open circuit voltage and short circuit current 

density decreased with time. Possible desorption and photo-degradation of the attached dyes, 

corrosion of the Pt counter electrode and building up of internal impedance are some reasons for 

decreasing performance of DSSCs. 

 

Keyword: Gel polymer electrolyte, Polymethylmetacrylate, Dye sensitized solar cell, 

Stability 
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1. INTRODUCTION 

 A dye sensitized solar cell (DSSC) is a photo-electrochemical cell (PEC) utilizing 

photovoltaic material sensitized with dye, an electrolyte and a counter electrode. In the past 

decades, high efficient DSSCs based on nanocrystalline TiO2 by photoexcited dye molecules 

have been attracting many researchers’ interests as potential competitive alternative to 

traditional photovoltaic devices
1
. Ease of fabrication, low production cost and reasonable 

energy conversion are some of the advantages of DSSCs
2
. Much research activities have been 

carried out on DSSCs based on liquid and solid electrolytes. A liquid electrolyte has a very 

high conductivity, but it has a high risk of leakage and also some other critical problems. The 

low conductivity of solid electrolytes is a major issue to be employed for many applications
3
. 

In order to overcome these problems, gel polymer electrolytes (GPEs) have been considered 

for applications due to their merits of appreciable conductivities and good mechanical 

properties
3,4

. GPEs are consisting of a polymer network, a salt and a solvent / mixture of 

solvents. Most of DSSCs depend on I
-
/I3

-
 redox couple as it assists regeneration of the 

photoexcited dye. In this research, GPE samples consisting of polymethylmethacrylate 

(PMMA) / ethylene carbonate (EC) / propylene carbonate (PC) and different concentrations 

of the salt, sodium iodide (NaI) and iodine (I2) were prepared. Ionic conductivity of the 

sample and the stability of the DSSC based on GPE were investigated.  

 

2. EXPERIMENTAL 

2.1 Preparation of the gel polymer electrolytes 

Poly (methylmethacrylate) (PMMA, Aldrich, 350 000 Mw), ethylene carbonate (EC, Aldrich, 

98%), propylene carbonate (PC, Aldrich, 99%), sodium iodide (NaI, Fluka, 99%) and iodine 

(I2, Aldrich) were used as received. Several samples were prepared by varying salt 

concentration and keeping PMMA, and EC/PC amounts constant. I2 was added as one tenth 

of the total mole amount of salt. The required amounts of PMMA, EC, PC and NaI were 

weighed and magnetic stirring was done at 60 
⁰
C for 2 hours until a homogeneous solution 

was obtained. After that, I2 was added. Then, the hot viscous homogeneous solution was 

pressed in between two well cleaned glass plates and it was kept in a desiccator for 24 h. 

Different samples were prepared by varying the salt concentration. 

2.2 AC impedance measurements 

A GPE sample of having a diameter of 14 mm was cut and sandwiched in between two 

stainless steel (SS) electrodes in a spring loaded sample holder. Impedance measurements 
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were taken in the frequency range from 400 kHz to 0.01 Hz using Metrohm Autolab 

impedance analyzer. Data were gathered from 28 

C to 50 


C. 

2.3 DC polarization test 

A circular shape sample was sandwiched in between two stainless steel (SS) blocking 

electrodes in a sample holder and current drop across the sample was measured with time 

under a 1 V dc potential. 

2.4 Preparation of TiO2 electrode 

Titanium dioxide (TiO2-0.2 g) was measured and ground for about one minute. Then, three 

drops of acetic acid were added and grinding was continued for several minutes. One drop of 

triton x and three drops of acetic acid were added. Then, six drops of acetic acid and few 

drops of ethanol were added into the mixture. This TiO2 paste was applied on an area of 0.25 

cm
2
 of well cleaned fluorine doped conductive titanium oxide (FTO) glass strips. Those 

electrodes were sintered for 45 minutes at 450 

C. Sintered electrodes were immersed in 

ruthenium dye for 24 h before fabricating DSSC. 

2.5 Fabrication and characterization of dye sensitized solar cell (DSSC)  

The GPE sample which has the highest RT conductivity was selected for cell fabrication. The 

DSSCs based on the configuration glass /FTO / TiO2 / dye / GPE / Pt / glass were fabricated. 

Photocurrent and photovoltage were measured during 2910 minutes under the illumination of 

100 mW cm
-2

. This was done to investigate the stability of the DSSC. 

 

3. RESULTS AND DISCUSSION 

3.1 Optimizing gel polymer electrolyte composition 

100 PMMA / 150 EC / 150 PC / 60 NaI /55 I2 composition was selected as the starting GPE 

composition. Different samples were prepared by varying salt concentration and keeping 

PMMA and EC / PC amounts constant. Variation of the salt concentrations and conductivities 

of different samples are shown in Fig. 1. 

 

 

 

 

 

 

Figure 1: Variation of RT conductivity with different salt concentrations 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 37-44 
Department of Electronics – Wayamba University of Sri Lanka 
 

Stability of dye sensitized solar cells based on…                                                                                          40 

 

The conductivity was calculated using equation1. 

   
 

     
                                                     (1) 

where σ is the conductivity of the sample, Rb is bulk electrolyte resistance,   is thickness of 

the sample and A is area of the electrolyte. 

When increasing the salt concentration, the conductivity increases due to the enhancement of 

charge carrier concentration. Then, it reached a maximum value of 2.09 × 10
-3

 S cm
-1

. After 

that, conductivity decreases because concentration of free charge carriers is decreased due to 

ion aggregation and formation of ion pairs
5
. The sample having the highest room temperature 

conductivity was taken for the DC polarization test as well as for assembling the DSSC. 

3.2 Conductivity – temperature variation of gel polymer electrolytes (GPEs) 

The variation of conductivity plotted against the reciprocal temperature for different GPE 

samples by varying salt amounts are shown in the Fig. 2. When the temperature increases, the 

mobility of charge carriers tend to increase. It is due to increase of energy with higher 

temperatures
5, 6

. The nonlinear shape of the curves can be explained by the Vogel-Tamman-

Fulcher (VTF) equation
4
. 

σ = AT
-1/2

 exp (-Ea (T – T0))            (2)  

where Ea is the pseudo activation energy, T0 is related to the glass transition temperature, A is 

a pre exponential factor. 

 

 

 

 

 

 

Figure 2: Conductivity variation of GPEs with reciprocal of temperature 

The behaviour which follows VTF equation points out the fact that conducting mechanism in 

the GPE may take place via ion movement inside the free volumes. 
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3.3 Calculation of transference numbers 

 

 

 

 

 

Figure 3: DC polarization curve with blocking electrodes 

The sudden drop of current is due to blocking of ions and the steady state current is due to 

electrons
6
. Ionic transference number was calculated using following equation. 

    
      

  
    (3) 

Where, I0 is the initial current and Is is the steady state current. 

The value of ionic transference number is 0.9. This shows that the GPE sample is purely an 

ionic conductor
6
. 

3.4 Investigating the stability of the DSSC 

Fig. 4 shows the I-V characteristics curve of the DSSC under an irradiation of 100 mWcm
-2

 

at t=0s. 

 

 

 

 

 

Figure 4: I-V characteristics curve at t=0s 

The value of open circuit voltage (Voc) was 596 mV and short circuit current density (Jsc) was 

3 mA cm
-2

. The values of fill factor (FF) and efficiency (η) 0.3 and 0.5% were calculated. FF 

and efficiency were calculated by using the following equations. 

FF = (Jmax × Vmax) / (Jsc × Voc)      (4) 

η   = ((Jmax × Vmax) / Pin) × 100%      (5) 

where Jmax is the current density at maximum power output, Vmax is the voltage at maximum 

power output and Pin is the power of incident light 
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3.5 Stability of the dye sensitized solar cell 

Variations of Voc and Jsc are shown in Figure 5 and 6. After 2910 minutes, values of Voc and 

Jsc were measured as 257 mV and 0.02 mA cm
-2 

respectively. 

 

 

 

 

 

 

Figure 5: Variation of Voc with time                    Figure 6: Variation of Jsc with time 

When time passes, the performance of DSSC decreases. This is because possible desorption 

and photo-degradation of the attached dyes, corrosion of the Pt counter electrode
1,7

. And also, 

the solvent evaporation may cause in less-long term stability and decrease in performance of 

the DSSCs. Building up of internal impedance and solubility of NaI salt in an organic 

solvents is limited at RT are critical problems for less long term stability of DSSCs. 

 

4. CONCLUSION 

GPEs were prepared by keeping PMMA, EC, PC, amounts constant and varying salt 

concentration and I2. Highest RT conductivity was 2.09 × 10
-3 

S cm
-1

 and it was obtained 

with the composition 100 PMMA: 150 EC: 150 PC: 65 NaI: 55 I2 (by weight). Conductivity-

temperature variation shows that conductivity of GPE follows VTF equation. Ionic 

transference number is 0.9 and it proves that the GPE is purely an ionic conductor. The drop 

of Voc and Jsc was very high in 2910 minutes. The possible reasons may be desorption and 

photo-degradation of the attached dyes, corrosion of the Pt counter electrode, solvent 

evaporation and building up internal impedance. And also, the solvent evaporation and 

solubility of NaI salt in an organic solvent is limited at RT may cause in less-long term 

stability and decrease in performance of the DSSCs. 
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ABSTRACT 

 

Gas sensors fabricated using metal oxides are widely used in present. Adsorption of gas molecules on 

the surface of a metal oxide semiconductor causes a significant change in the electrical conductivity 

of the material. n - Cu2O thin film was obtained by immersing copper plate in a 10
-3

 M CuSO4 

solution
1
. A small, cheap, portable and simple four point probe system has been designed to measure 

the sheet resistivity of Cu2O thin film. Using the above home made four point probe system variations 

in the sheet resistivity of Cu2O thin film was measured while exposing it to H2 gas. Significant change 

in the resistivity was shown in n- Cu2O sample which was boiled to 40min.
 

 

Keyword: H2 Sensor, n-type Cu2O, Four point probe technique 

 

1. INTRODUCTION 

Last few years, research and development of gas-sensing devices is in the focus of activity of 

scientists and engineers. Such detectors can be used for; monitoring of the concentration of 

gases in the environment, detection of toxic dangerous gases, drugs, smoke and fire, health, 

control of automotive and industrial emissions as well as precious technological processes in 

industry, energy saving, anti-terrorist defence. Gas sensors can be manufactured using 

different materials and technologies. However many gas sensing micro-systems have not yet 

reached commercial viability due to high price, consumed electric power and working 

temperatures, inaccuracies and inherent characteristics of the sensors themselves. So, suitable 

semiconductor materials with the required surface and bulk having higher sensitivity, stability 

and selectivity are demanding today.  

There are hydrogen sensors with different operating principles and type, based on different 

materials. Some of them are, optical fiber type, piezoelectric type, thermoelectric sensor, wire 

coated by Pd, Schottky and MIS diodes, solid electrolyte, polymers, amperometric and 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 45-49 
Department of Electronics – Wayamba University of Sri Lanka 

Fabricating a hydrogen (H2) gas sensor using n-type…                                                                                46 

 

potentiometric sensors, carbon nanotube and fullerene sensors, graphite oxide, different metal 

oxides etc. 

At present, commercial hydrogen detectors are not suitable for widespread use, particularly in 

transportation, because they are mainly too bulky, expensive, and some are dangerous. It is 

necessary today to develop new hydrogen gas sensors working at/or near room temperature 

without any power source. In addition, they should be small, cheap and easy to be implanted 

into microelectronic integrated circuits. 

This study explores the potential of n-type Cu2O thin films in sensing H2 gas. The study 

revealed that there was a clear change in resistivity in Cu2O thin film with the presence of H2 

gas. 

 

2. EXPERIMENTAL 

2.1 n-Cu2O preparation  

A 20mm x 10mm Cu plate was well cleaned using sand paper, detergent and distilled water 

to remove oxide layer and dust particles. Furthermore the copper plates were polished until a 

mirror like surface was obtained. Cleaned Cu plate was immersed in a 100ml of 10
-3 

M 

Cu2SO4 (aq) solution (CuSO4.5H2O molar mass=249.68gmol
-1

) and boiled to 10 minutes in 

order to obtain Cu2O layers on the surface of copper plate. A fixed volume (100ml) of 

Cu2SO4 was maintained during the boiling by adding distilled water until the volume reaches 

100ml.
1
 Sample was taken out when the boiling time is right and washed using distilled water 

and dried using a dryer. Diffuse reflectance spectrum of the sample was studied using 

Shimadzu UV-visible 1800 spectrophotometer. 

Same procedure was carried out for samples boiled for 20 min, 30 min, 40 min, 50 min, and 

60 min to grow n-Cu2O on top of Cu substrate. Above mentioned procedure was done under 

room temperature. 
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2.2 Sensing measurements 

  

Figure 1: Four Point Probe System 

The voltage was measured using inner probes while giving a constant current (100 mA) to 

outer probes
3
. Prepared sample is put into the system and taken the voltage measurement with 

the use of inner probes. After exposing the sample to H2 gas the readings were taken from 1 

min time intervals till 10 min. Readings were taken while irradiating the sample. 

Resistivity was measured using the following equation. 

  
 

     

 

 
              [1] 

3. RESULTS AND DISCUSSION 

3.1 UV-visible absorption analysis 

Diffuse curves of samples prepared were taken. Diffuse spectrum of the samples which were 

prepared displayed most likely characteristics of n-Cu2O. 

 

Figure 2: Diffuse curves 
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3.2 Resistivity 

Resistivity is simply the voltage reading in mV because of the constant amount of current 

(0.1 A) kept throughout the measuring time.  

Table 1: Measured voltages 

Boiling time of n-Cu2O 

(min) 

Voltage after exposing to 

H2  gas (mV) 

Voltage after irradiation 

(mV) 

10 1.1 1.7 

20 1.4 1.9 

30 1.8 2.1 

40 3.4 2.1 

50 0.5 0.4 

60 1.7 0.9 

 

Below graph shows the measured voltage values while keeping the current constant. 

Considerably higher response was shown by 40 min sample 

 

 Figure 3: Time (min) vs Voltage (mV)  
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4. CONCLUSION 

The sensitivity of n-type Cu2O thin films was tested for hydrogen gas in this study. With the 

results obtained it was found that Cu2O was sensitive to hydrogen gas. The gas sensitivity is 

dependent on the grain size, the use of nanocrystalline films, are likely to improve the 

sensitivity further. The measurements taken using four-point probe system are not 100% 

accurate because the probe spacing cannot be infinitely reduced due to many factors such as 

charge transfer and strength of probe material etc. And also there is probe lifetime and sample 

surface damage. The instability and the nature of the electric connections also imposed 

limitations in this experiment. By evaporating gold on to the thin film in the form of mesh we 

can improve connections further in order to increase the sensitivity. Also Most of the gas 

sensors only work at high temperatures, but n-type Cu2O thin films were found to be gas 

sensitive even at the room temperature.                                                                                        
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ABSTRACT 

 

Field Programmable Gate Arrays (FPGAs) provide designers with the ability to design hardware 

circuits faster with a lower cost. Increase in FPGA logic resources in modern devices allows us to 

incorporate microprocessors on the same FPGA. Combining a microprocessor with the other 

hardware on a single chip enables embedded hardware-software co-design. In this study we 

investigate implementation of Microblaze processor on Xilinx Spartan 3E FPGA and use it to control 

the hardware system that calculate Greatest Common Divisor (GCD) of given two integers. The 

results show that the system can be implemented on the FPGA a lower usage of logic resources. The 

system is capable of running about 60 MHz.  

 

Keywords:  Hardware-software co-design, GCD, FPGA, Microblaze. 

 

1. INTRODUCTION 

Field Programmable Gate Arrays are digital integrated circuits (ICs) that contain configurable 

logic blocks along with configurable interconnects between these blocks.  The word Field in 

the name refers to the ability of the gate arrays to be programmed for a specific function by 

the user instead of by the manufacturer of the device. With the advancement of Field 

Programmable Gate Arrays (FPGAs) a new trend of implementing the microprocessors on 

the FPGAs has emerged in the design community
1
. Microprocessors implement in FPGAs are 

called soft-processors or soft cores. System designers can embedded these cores into their 

designs and have the option to customize them as required. There are a several soft core 

processors are provided by the FPGA vendors. There are several soft-core processors 

designed for FPGAs, both commercially and freely. Xilinx, the world’s largest manufacturer 

of FPGAs designed two soft-cores, the Picoblaze 
 
and the Microblaze 

2
 cores.  

1.1. Microblaze Soft Processor Core 
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The Microblaze is a soft processor with 32-bit Harvard Reduced Instruction Set Computer 

(RISC) architecture optimized for implementation in Xilinx FPGAs. A designer can create a 

system incorporating a Microblaze using the Xilinx Platform Studio in which a designer can 

quickly build a Microblaze processor system by instantiating and configuring cores from the 

provided libraries. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Microblaze Processor Architecture. 

The main blocks of the Microblaze processor is shown in Figure 1.  Some of the features 

available in this architecture can be selected by the designer as the requirement of the target 

embedded application. Because micro blaze is a soft-core microprocessor, any optional 

features, which are not used will not be implemented and will not take up any of the FPGAs 

resources. Besides the Microblaze, other components consists with architecture are GPIOs, a 

timer, an interrupt controller and a serial communication device UART
3,4

.  

1.2. Implementation of Hardware-Software Core Design  

Software programs execute instructions in a serial and they are lacking parallelism. Some 

applications, such as real-time image processing, demand high performance which cannot be 

achieved from software implementation.  FPGAs allow us to achieve parallelism for high 

performance over software implementations. However, implementing complex algorithms in 

FPGA hardware is not straightforward as software implementation. The way forward is to use 
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both hardware and software in a single embedded system that is hardware-software co-

design. Hardware-software co-design is a process of achieving higher performance through 

partitioning functionality to hardware and software in an appropriate way. Designing a soft 

core processor is versatile task due enormous flexibility available to the designer. The Xilinx 

platform studio offers this flexibility to the designer. Hardware portion of the design is 

implemented by using XPS and software portion of the design is created by using Xilinx 

Software Development Kit. The soft-core processor is the core processor which is 

implemented on the hardware of Xilinx FPGA families according of to the peripherals 

required by the designer. In this project we focus on the study of hardware-software co-

designing for the Xilinx Spartan 3E FPGA with the implementation of Greatest Common 

Devisor (GCD) algorithm.  

 

2. EXPERIMENTAL METHODOLOGY 

3.1. Greatest Common Devisor (GCD) Algorithm. 

The greatest common divisor of two integers A and B is the greatest integer that divides 

both A and B with no remainder. For example, GCD(3,5)=1, GCD(12,60)=12 and 

GCD(12,90)=6. The greatest common divisor GCD (a, b, c…) can also be defined for three or 

more positive integers as the largest divisor shared by all of them 
5
. Pseudocode for the 

algorithm is shown below.  Figure 2 shows the flowchart diagram for calculating GCD.  

Inputs int A, B; 

Output int gcd; 

while (A! = B) {  

 if (A>B) 

  A=A-B; 

 else  

  B =B-A; 

} 

gcd = A; 
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Figure 2: Flowchart to find GCD of two numbers 

3.2. Implementation  

To implement the GCD algorithm in hardware, first we described the algorithm using VHDL 

hardware description language and simulated the design. Once we have working module of 

GCD algorithm, we created a custom peripheral using Xilinx Platform Studio. The GCD 

peripheral is then connected to the Microblaze. A software program written in C will run on 

the Microblaze to control the functionality of the GCD peripheral. Xilinx Software 

Development Kit (XSDK) is used write the control software.  

 

 

 

 

 

 

 

 

Figure 3: Block Diagram of the Design 

Figure 3 shows the block diagram of the GCD implementation. It includes two Block RAMs 

(BRAM), one for instruction memory and the other for data memory, whose sizes are user 

defined. A local memory bus to BRAM interface connects the Microblaze with the 

instruction and data memories. The system also includes two peripherals connected via the 

PLB.The Microblaze Debug Module (mdm_0) is an IP that can be used for debugging the 

system. Further it creates a communication link between the FPGA board and the host PC, 

which we use for see the outputs of the embedded system 
6
.  
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3. RESULTS AND DISCUSSION 

We implemented GCD algorithm in hardware and simulated to check the correct 

functionality. Figure 4 shows the simulated waveform of the hardware GCD algorithm.  

 

Figure 4: Simulation results for GCD implementation 

After creating the custom peripheral for the GCD module to the Microblaze processor, 

programing file, bitstream, was generated. The bistream file contains the configuration details 

to implement the hardware system on the FPGA. Both the bitstream and the executable file of 

the software which runs on the Microblaze processor were downloaded to the FPGA on the 

Spartan 3E Starter Kit. The output of the test data were obtained from the host PC and 

samples are shown in Figure 5 and Figure 6. 

 

 

 

  

 

 

 

 

Implementation of Microblaze processor system on FPGA consumes fewer amounts of logic 

resources. Table 1 shows the resource utilization of the system.  

Table 1: Device Utilization Summary  

Device Utilization Summery 

Logic Utilization Used Available Utilization 

Number of Slice Flip Flops 1,303 9,312 13% 

Number of 4 input LUTs 2,351 9,312 25% 

Number of occupied Slices 1,722 4,656 36% 

Number of bonded IOBs 8 232 3% 

Figure 5: GCD Results on host PC Figure 6: GCD Results on host PC 
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The number of flip-flops that are implemented in slices utilized by the design as 1,303(13%) 

and the number of flip-flops lookup tables implemented in slices utilized by the design as 

2,351(25%). The number of occupied slices utilized by the design as 1,722(36%). Total 

number of pins configured with the inputs and outputs of the design as 8 from 232 pins. 

According to above table, utilization of resources of FPGA is lower than of its maximum 

capacity
7
.According to the timing reports of the design, the maximum frequency that the 

system can run is 61.463MHz.   

 

4. CONCLUSION 

This paper described the study of hardware-software co-design for the Xilinx Spartan 3E 

FPGA.  For our study, we considered the Greatest Common Divisor (GCD) algorithm and 

partitioned it to implement both in hardware and software. The calculation of the GCD 

algorithm was implemented in hardware while the software controller was implemented on 

Microblaze processor which was also implemented on FPGA hardware. In this study we have 

considered a very simple algorithm. The results show that the FPGA logic resource used for 

the system was very low. In future studies more complex algorithms will be considered for 

implementation as hardware-software co-design to achieve higher performance.   
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ABSTRACT 

 

Gestures have recently become attractive for spontaneous interaction with consumer electronics and 

mobile devices in the context of pervasive computing. So that nowadays most of electronic researches 

doing under the Gesture Recognition based wearable computing topic. To identify the gestures, 

different kind of controllers and techniques were used depend on the gesture patterns. Most of the 

time, devices such as electronic gloves, bands, caps or cloths. The introducing SMART Bracelet 

system is a low cost, real-time gesture recognition capable device which enable the user to interact 

with computer applications via personalized gestures. It has an inbuilt accelerometer and gyroscope 

sensors which gather the motion data for gesture recognition. In the system these data manipulated by 

using filtering, positioning and quantization algorithms to achieve an efficient system. In this research, 

the SMART Bracelet was used as a presentation controller to implement its use as an application. 

While testing the device accuracy with the help of several users, majority of them adopt to the system 

immediate and gain the ability to repeat same gesture without any trouble. 

 

Keywords: Dynamic Time Wrapping, Gesture Recognition, SMART Bracelet 

 

1. INTRODUCTION 

Gesture Recognition is one of the most interested topics in consumer electronics and 

wearable computing. It has been researched vastly due to its potential to produce enormous 

interaction capability to day-to-day life. Despite of the many different kind of gesture 

recognition techniques, e.g. Dynamic Time Wrapping (DTW) 
1, 2

 and Hidden Markov Model 

(HMM) 
3, 1

, still the field lacks a simple, efficient and real-time recognition method for 

wearable devices. Also, even the same gesture implementation can differ from person to 

person, thus, it is necessary for users to have the ability to create and to recognize their own 

personalized gestures
4
. 
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In this research work, a bracelet based real-time gesture recognition method has presented 

which will be helpful for a broad applications scope. This work is mainly focused on 

developing and fabricating a device prototype which is low cost and has a real-time gesture 

recognition capability. It can support number of personalized gesture and can adapt to users 

from beginners to experts with higher flexibility. 

 

2. EXPERIMENTAL 

Firstly a unique gesture recognition model was developed for achieving efficient gesture 

recognition capability for minimum hardware support. One of main aspect for designing this 

model was to implement it in low cost consumer electronic appliances, like a bracelets or an 

arm band. The model requires only one gesture sample to work, as in uWave
4
. Unlike 

computer vision based methods
5
, or three axis accelerometer methods

6
, this model is able to 

work using data from one axis. Therefore it require less computational power in real-time 

processing. as the main reflection surface. Four LEDs were mounted in the central area of the 

reflector with equal distance. Two mirror like surface, side reflectors were added to reflector 

so that it will   

Figure 1: Real-time gesture recognition model  

The developed bracelet is consisted of a MPU6050 module (Accelerometer sensor + 

Gyroscope sensor), a Bluetooth module, Vibration based feedback system, an Atmega328p 

based control unit and protection circuits. It gathers data from user using MPU6050. Then 

filter (Complementary Filter) them to gain higher accuracy using data from both 

accelerometer sensor and gyroscope sensor. Before transmit the real time data via Bluetooth, 

it quantizes the data set to reduce the length of the input time series. This further helps to 

minimize the required computational power. When a gesture is identified, a vibrate motor has 

used to acknowledge the user. 
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Figure 2: Developed SMART bracelet prototype 

The controlling and recognition processes are done using a PC driver application, which is 

also used as the diagnostic application for the bracelet. It also responsible to maintain a data 

array to collect real time data receiving from the bracelet. DTW based template matching is 

the core recognition technique used in this model. Each time a new data is arrived, the app 

counts the minimum distance between the templates. If this difference is lesser than the user 

defined sensitivity threshold (Minimum distance between two time series) value, the ongoing 

gesture is identified as a valid one. Accordingly, the app will trigger a predefined event. This 

sensitivity threshold value can be adjusted to a higher value for a beginner and can be reduce 

for an experienced user. The lower the value, higher the accuracy. 

 

3. RESULTS AND DISCUSSION 

Each sensor raw data analyzed before use them for gesture recognition process. When 

analyzing the data it was found that raw data from accelerometer sensor made lot of noise and 

gyroscope data drift over time. As a solution for this issue, complementary filter was applied 

and results were shown in figure 3. 

 

Figure 3: Example gesture unfiltered and filtered data 
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To calculate the gesture accuracy in real time, an experiment was conduct using 10 

participants in age between 18 and 35. The participants were asked to wear the SMART 

Bracelet and perform two simple gestures. 

Participants were performed gestures repetitive and observed the positive gesture accuracy. 

Experiment is formed by putting together all the repetitions. It is done on each user separately 

and the average accuracy among all users is computed. Then system’s performance on the 

number of repetitions per gesture was plotted as shown in below figure 4.  

 Figure 4: Average Accuracy against the Number of Repetitions 

The graph shows that with as minimum as three repetitions, the recognizer is capable of 

achieving an accuracy of 85%. 

The complete prototype (Bracelet and the Driver Application) has been fabricated and 

verified for its operation. The bracelet was fabricated using Surface Mount Devices (SMD) 

technology to make it more compact and noiseless. Built-in rechargeable battery, charger and 

protection circuits assure safe and flexible everyday use. 

The driver application successfully identified two different gestures with and accuracy 85% 

for a beginner. After few minutes of training, the system was able to identify the same 

gestures with an accuracy of 90%. With these two different gestures, driver application was 

able to control a PowerPoint presentation precisely. 

 

4. CONCLUSION 

The proposed model and prototype can be used for numerous gesture based consumer 

electronic applications. Such as Presentation Controllers, TV/Radio Remote Controllers, RC 
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Plane/Quadcopter controller and Simulated Gaming and Training Environments. It is low 

cost, easily expandable, energy efficient and usable in the real-time operations with maximum 

yield of the gesture recognition. 
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ABSTRACT 

 

This study presents implementing an automatic width adjuster for a sliding door. When an object 

comes closer to the door, it will automatically open according to the object size. This application is 

useful in industrial applications such as chemical production, pharmaceutical warehouses, large scale 

food manufacturing industries, etc. That kind of companies use different methods to maintain proper 

temperature inside their rooms. This door mechanism can be introduced as a method of reducing 

leakage of air or dust through the door. A prototype door has been built with an ultrasonic sensor, 

proximity sensors and an ATMEGA 328P-PU microcontroller. The proposed system has been verified 

by the experimental results. 

 

Keywords: ATMEGA, ultrasonic sensor, proximity sensor, C 

 

1. INTRODUCTION 

The aim of this research project is to design and construct a specific automatic sliding door 

for industrial applications. It can be used in chemical production, pharmaceutical warehouses, 

large scale food manufacturing industries, etc.  

In pharmaceutical warehouses have maintained their conditions according to the guidelines
1
 

given by world health organization. The book of guidelines for warehousing health condition 

clearly state that temperature is one of most important characteristics because some medical 

drugs have to store in precision temperature ranges. When considering chemical 

manufacturing and storing the temperature should be precision because some chemicals can 

be liquidized due to some temperature changes. Large scale food industries specially the cool 

products like ice-cream manufacturing they have large refrigerators as a refrigerator rooms. 

The main expenditure of those companies are the cost of electricity. In production or a 

warehouse they normally wants to access through a door. If the door design to control the 
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opening size it would be a valuable saving. This research project can be implemented in such 

industries.     

 

2. EXPERIMENTAL 

The hardware prototype was created with wood sheets. The door was created using Perspex 

board. Two bearing were used to reduce the friction between the track and the Perspex. The 

Perspex slider attached to the rubber belt. This belt go through a motor wheel and free wheel. 

The motor wheel is connected to the stepper motor. All the sensors and the stepper motor 

were connected to the ATMEGA 328P-PU microcontroller. The ultrasonic sensor is used to 

calculate the width of the object. Then microcontroller calculate the rotations according to the 

width. The relationship between the rotation steps and the ultrasonic sensor reading was 

derived.  The door opening width for a unit angle step was measured for the derivation of the 

relationship. After the calibration five sizes of object were tested. The flow chart was given 

below is the process flow chart of the door opening. 

The microcontroller programmed
2
 by the Arduino UNO R3 Development Board the C 

programming language is used to create this project. 

 

 

 

 

 

 

 

 

 

Ultrasonic Sensor 
ATMEGA 

microcontroller  
Stepper Motor 

Infrared Sensor 

Figure 1: Block diagram of the System 
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Display in Serial 

monitor  

Figure 2: Flow chart of the System 

Figure 3: Image of the created prototype 

Yes 

No 
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3. RESULTS AND DISCUSSION 

According to the experimental results, a relationship have been derived between the 

ultrasonic sensor value and the motor rotating steps. 

When the object come to the center of the door 

 

  (
 

 
  )      (1) 

 

Where  

W is width of the object, L is full length of the door and D is ultrasonic sensor value 

If increase rotating steps the door open width also increase linearly  

 

       (2) 

       (3) 

 

Where  

k is step count per unit width and S is rotating steps 

 

Where k is a constant value that value was obtained by Experimental result 

Rotate the motor 200 steps and observed the door opening width. For 200 steps it was 3 cm   

then. k is step per unit width so k = 200/3 

 

   
   

 
      (4) 

 

Using (1) and (4) 

 

   
   

 
 (

 

 
  )      (5) 

 

The result of the experiment that observe different objects go through the door are given 

below in the table 
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Sample Width of the object (cm) 
Operated width of the door 

(cm) 

1 4 5.2 

2 6 7.8 

3 8 9.2 

4 12 13.3 

5 16 15.2 

6 18 18.9 

7 20 22.1 

8 23 23.8 

9 26 27.2 

10 28 32 

 

Most of the values are correct with comparing the object size.  

 

4. CONCLUSION 

This research implements a method to control the width of a sliding door according to the 

object to be sent. This automatic sliding door can control its width according to the object 

size. A prototype door has been designed and constructed. In that prototype door, a 5v stepper 

motor, an ultrasonic distance measuring sensor
3
, two IR proximity sensors and ATMEGA 

microcontroller have been used. This system can be improved further using high accuracy 

sensors and high precision motors.   
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ABSTRACT 

 

The Hokuto Model HA-301 is a versatile, high precision instrument capable of controlling 

potentials of currents in a wide variety of electrochemical operations. It possesses potentiostat 

function. The basic function of the potentiostat is to maintain the potential of a working electrode 

at a desired fixed value or to control that potential under a defined functional variation with 

respect to a reference electrode. Function Generator (FG) is designed especially for 

electrochemical usages. By connecting FG to potentiostat controlled potentials with desired 

waveforms can be easily obtained. Automatic polarization systems that measure and record the 

relationships of potentials and currents of a certain electrode sample can be easily constituted by 

combining HB-104, a potentiostat and an x/y recorder or plotter
 [1]

. Without a recorder or plotter, 

FG is useless and without that it’s taken too much time to take down readings. It can be affected 

to the stability of the electrochemical sample and sample can be corroded when the time pass. As 

a solution for that, Automated I-V characteristic curve plotter was made to plot the output of the 

FG. 

Keywords: Electrochemical, Potentiostat, Function Generator, Plotter 
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 1. INTRODUCTION 

Automated I-V characteristic curve plotter was made in order to achieve the easier the operation 

than normal operation method in electrochemical operations. By connecting FG to potentiostat 

controlled potentials or currents with desired waveforms can be easily obtained. Without a 

plotter or recorder the FG is useless and taking too much time to take down observations and it 

will be affected to stability of the cell. By using this equipment the observation can be taken less 

than five minutes and it is more low cost than professional plotters. All the function keys on the 

FG also included in this project without the scanning rate key. It’s hard to get the minimum 

settings for the each multipliers of the plotter as same as the FG because of the limitation of 

analog bit resolution of the microcontroller. 

2. EXPERIMENTAL 

This plotter machine was built as a supportive equipment for FG. In here AT mega 2560 

microcontroller were used to control the whole machine process and it receives coordination data 

from FG and non-inverting level shifter amplifiers and instrumentation amplifiers were used to 

linearly amplify the signal and clamp the output voltage of the FG. These two voltages were 

sampled by the microcontroller and the sampled size will be converted to the pulses by 

microcontroller and this pulses will be fed to the stepper modules. Steppers are calibrated as 

number of turns proportional to the number of pulses generated by the microcontroller. Two 

stepper motors were used to control the x and y axis and they have integrated gears, so the torque 

and resolution are increased without complicating the control and for the z axis 12 V solenoid 

was used.15 inch ball bearing drawer runners and timing belts were used to run the x and y axis. 
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All the function keys in the FG were also included in this project, except the scanning rate key. 

Voltage (x-axis) range and Current (y-axis) range can be selected using dip switches on the 

circuit. Total block diagram of the project as follows. 

 

Figure 2: Block Diagram of the System 

 

3. RESULTS AND DISCUSSION 

Final outcome of this project is the automated I-V characteristic curve plotter for potentiostat 

FG. Although there were thirteen waveforms available in FG, only several waveforms were 

included in this project. Initial and upper potentials should be selected on FG and the full scale 

range should be selected relevant to the above two potentials on both FG and plotter. The scan 

speed should be selected in range mV/min due to the slow operation speed of stepper motors. To 

power up the whole system 12 V, 2 A power supply was used and for the non-inverting amplifier 

with 2.5 V reference voltage circuit was used to clamp the input signal.  

Considering the strengths of this project are low cost than commercial available plotters, very 

fast than traditional manual method, low time consuming and time affect is low to the stability of 

the cell. Also there are several limitation of this project, which are minimum settings of the 

Function 
Generator 

Non Inverting 
Amplifires 

Microcontroller 
Motor 
Shilds 

Stepper 
Motors 
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plotter is larger than the FG minimum setting, Scanning rate key is not included in this project 

and plotter cannot be operated as fast as FG and size of the plotter was larger than the A4 size. 

 

4. CONCLUSION 

The automated I-V characteristic curve plotter was made as a supportive equipment for the FG 

and potentiostat machine at the university laboratory. Without an automated plotter or recorder, 

FG is useless and it’s take too much time to observation. As a solution for that automated plotter 

was made and have several advantages over the usual method. As an undergraduate this project 

was a great opportunity and challenge for me and it help to improve my theoretical and practical 

knowledge in a field of electronic and mechanical. 
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ABSTRACT 

 

Gel polymer electrolytes have been developed to overcome some problems evolved with liquid and 

solid electrolytes. Their electrochemical properties can be considered as major factors which affect the 

performance of applications. This study was conducted to identify the dependence of salt 

concentration in a gel polymer electrolyte on the performance of dye sensitized solar cells. The 

concentration of 1-methyl-3-propylimidazolium iodide (1M3PII) was varied with the fixed amounts 

of poly(vinylidene fluoride)(PVdF), ethylene carbonate(EC) and propylene carbonate(PC) in the 

electrolyte composition. The performances of dye sensitized solar cells with those electrolytes were 

investigated. The electrolyte with the composition of 14.5 wt.% PVdF, 36.3 wt.% EC, 36.3 wt.% PC, 

11.8 wt.% 1M3PII and 1.2 wt.% iodine shows the highest room temperature conductivity of 3.55 × 

10
-3

 Scm
-1

. Salt concentrations which are lower and higher than this value result in lesser 

conductivities. The dye sensitized solar cells fabricated with this electrolyte exhibits the highest 

performances with an efficiency of 3.31 %, short circuit current density of 9.42 mAcm
-2

, open circuit 

voltage of 602.2 mV and fill factor of 0.58. This confirms that salt concentration of the electrolyte has 

a great effect on the performance of DSSCs. 

 

Keywords : Gel polymer electrolytes, Dye sensitized solar cells, Current-voltage 

characteristics, 1-methyl-3-propylimidazolium iodide. 

 

1. INTRODUCTION 

Basically, a gel polymer electrolyte (GPE) is consisting with a polymer, a salt and a solvent 

or a mixture of solvents. While polymer provides mechanical strength, salt and solvents 

directly accounts for the conduction of the electrolyte.
1
 Low vapor pressure, good long term 
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stability and the high ionic conductivity are some advantages of GPEs which lead for several 

electrochemical applications like super capacitors, batteries and solar cells.
2,3 

Dye sensitized solar cells (DSSCs) belong to one class of solar cells. They employ a dye as a 

sensitizer for the process of converting solar energy into electricity. At present, a great deal of 

research activities is being done on DSSCs having a GPE as the electrolyte. The 

configuration of a DSSC is fluorine doped conductive tin oxide (FTO) 

glass/TiO2/dye/electrolyte/Pt/glass.
3 

In this study, it was attempted to study the effect of salt 

concentration on the performance of DSSCs. 

 

2. EXPERIMENTAL 

2.1 Preparation and characterization of GPEs 

Poly(vinylidene fluoride) (PVdF, 534 000MW), 1-methyl-3-propylimidazolium iodide 

(1M3PII, 98%), ethylene carbonate (EC, 98%), propylene carbonate (PC, 99%) and I2 

purchased from Aldrich were used without purification. Required amount of starting 

materials were weighed and stirred magnetically for some time. GPE films were prepared by 

heating the mixture of PVdF, EC, PC and 1M3PII at 100 
º
C for 20 min. The resulting 

homogeneous, viscous solution was poured and pressed in between two well cleaned glass 

plates. It was kept in a desiccator for about 24 h. Different electrolyte samples were prepared 

by varying the salt concentrations with the fixed amounts of PVdF, EC and PC. A circular 

shaped GPE film was loaded inside a sample holder and the impedance measurements were 

taken in the frequency range from 0.01 Hz to 400 KHz by using the Metrohm Autolab M101 

impedance analyzer from 28 
º
C to 55 

º
C.  

 

2.2 DC polarization test 

The dc polarization tests were carried out at the room temperature for the sample which 

showed the highest room temperature conductivity, in order to find the nature of the 

conductivity of the GPE. Sample was loaded between two stainless steel (SS) blocking 

electrodes first and then, between two non-blocking iodine electrodes. The measurements of 

current drop with time were taken by applying a dc bias voltage of 1V.  

 

2.3 Fabrication and characterization of DSSCs 

Titaniumdioxide (TiO2), Triton X, acetic acid and ethanol were ground well and the resultant 

was spread on a pre-cleaned, fluorine doped tin oxide (FTO) glass plate using the doctor 

blade technique. It was sintered at 450 
º
C for 45 minutes. Then, the films were allowed to 
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cool down and were dipped in Ruthenium dye for a period of 24 h. The DSSCs were 

fabricated by sandwiching the GPEs in between the dye sensitized TiO2 electrode and Pt 

coated glass by using the configuration of glass/FTO/TiO2/dye/GPE/Pt/glass for the samples 

of GPEs which had different salt concentrations. The photocurrent-voltage characterization 

was done under the illumination of 100 mWcm
-2

. 

 

3. RESULTS AND DISCUSSION 

3.1 Influence of salt concentration on conductivity of GPE 

Conductivity (σ) was calculated using the equation, 

    
 

     
          (1) 

where t is the thickness of the polymer electrolyte, Rb is the bulk electrolyte resistance which 

is obtained from the Nyquist plot and A is the area of the GPE. 

 

Figure 1 shows the variation of the ionic conductivity at 28 
º
C with the salt concentration. 

The ionic conductivity increases and attains a maximum value of 3.55 × 10
-3 

Scm
-1 

at the salt 

concentration of 11.8 wt. %. Then the ionic conductivity decreases with further increment of 

salt concentration. 

   

 

Figure 1: Room temperature conductivity 

variation of GPEs. 

 

Figure 2: Temperature dependence of the 

conductivity. 

 

Increasing salt concentration may enhance charge carrier concentration resulting higher 

conductivity. However, higher amount of salt may lead to the enhancement of the viscosity of 

GPE. This retards the mobility of charge carriers reducing conductivity.
4
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The conductivity-temperature correlation of GPEs with different salt concentrations is 

exhibited in Figure 2. This behavior evidences the fact that conducting mechanism takes 

place via the free volume theory explained by Vogel-Tamman-Fulcher (VTF) equation.
5
  

           [
  

(    )
]         (2) 

where, T0 is the glass transition temperature of the polymer electrolyte, T is the absolute 

temperature, A is the n pre-exponential factor and Ea is the activation energy. 

 

3.2 DC polarization test 

 

 

 

DC polarization test curves with blocking and non-blocking electrodes are shown in Figure 3 

and Figure 4 respectively. The value of ionic transference number was found to be 0.87. High 

ionic transference number hints that ion contribution for the conductivity is higher than 

electron contribution. The calculated anionic transference number was 0.65. This high value, 

confirms that anionic contribution is higher than the cationic contribution. This can be 

expected due to the bulky size of the cation in the salt which is less mobile.
3 

 

3.4 Performances of the DSSC 

Fill factor (FF) and energy conversion efficiency (η) were calculated using the following 

equations. 

   
          

          
         (3) 

 

                        (4) 

Figure 3: DC polarization results with 

blocking electrodes. 

Figure 4: DC polarization results with 

non-blocking electrodes. 
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where VMPP is the voltage at maximum power point, JMPP is the current density at maximum 

power point, JSC is the short circuit current density and VOC is the open circuit voltage. 

    

 

Figure 5: Variation of VOC and FF with the salt 

concentration of the GPEs. 

 

 

Figure 6: Variation of JSC and η with the salt 

concentration of GPEs. 

Figures 5 and 6 exhibit the variations of VOC, JSC, FF and η with salt concentration. The 

highest solar cell performance is shown by the DSSC with the electrolyte containing a salt 

concentration of 11.8 wt. %. This GPE is corresponding for showing the highest conductivity 

28 
º
C. That means, all the DSSC parameters are strongly depending on the conductivity of the 

GPE. 

 

The ionic conductivity is assumed to be governing the short circuit current density.
5
 As 

iodide ions are the main contributors to the ionic conductivity in GPE, they play a major role 

in determining the JSC. It can be seen that the variation of the efficiency is in parallel with 

short circuit current density. These results show that the efficiency variation is strongly 

depending on the variation of JSC.
2
 VOC value are nearly equal to each other and all are of high 

values. This may be due to the high anionic contribution with the salt having the bulky cation 

as observed from DC polarization test. 

 

4. CONCLUSION 

The GPE of which the composition is 14.5 wt.% PVdF, 36.3 wt.% EC, 36.3 wt.% PC, 11.8 wt.% 

1M3PII showed the highest the conductivity of 3.55 × 10
-3

 Scm
-1

at 28 
º
C. It is purely an ionic 

conductor having appreciable anionic conductivity. This is an essential requirement to serve 

as an electrolyte in DSSC having a I
-
 / I3

-
 redox couple.  And DSSC fabricated with it 

exhibited the highest performances, where efficiency is 3.31 % with JSC of 9.42 mAcm
-2

, VOC 
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of 602.2 mV and FF of 0.58. This evidences the fact that salt concentration of the GPE is 

affecting the performance of DSSCs. 
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ABSTRACT 

 

In this work we attempt to identify the distance between two mobile devices with the support of Wi-

Fi. The Received Signal Strength Indication (RSSI) of Wi-Fi can be used to estimate distance between 

smart devices. The characteristic of Wi-Fi RSSI value is different with environmental changes. Here, 

we use received signal strength as a function of distance between the transmitter and receiving device. 

The aim of this project is to design mathematical model using this function and device to measure 

distance between two smart devices. Matlab software with curve fitting tool is used to design 

mathematical model. For device design we used arduino (atmega328 microprocessor) board and Wi-

Fi module. This proposed system measure distance range of two devices with the use of mathematical 

modeling. Arduino language was is in coding to provide a efficient algorithm for carrying out 

proposed task. 

 

Keywords: Distance between smart device, Received signal strength indication (RSSI), 

Curve fitting tool, Wi-Fi technology 

 

1. INTRODUCTION 

GPS (Global Positioning System) is a widely used and a very popular system for tracking 

devices and finding out the location of the devices in the outdoor locations. But it is not 

successful for indoor localization because of reflections of the signals due to walls and 

presence of furniture and various other factors causing signal attenuation inside a 

building
[1]

.In here we try to work using Wi-Fi technology as Indoor wireless positioning 

system. Wi-Fi technology is a short distance wireless technology that is widely used. It 

provides low cost, short wireless communications, which can be used to construct fixed and 

mobile communication sets, making a variety of information devices within close range. Wi-
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Fi technology works in the global generic 2.4 GHz (or 5 GHz) ISM (Industrial, Scientific and 

Medical) Frequency band, thereby eliminating the cost of spectrum licenses and barriers of 

country borders. The main parameter used in this project was the Received Signal Strength 

Indication of Wi-Fi technology. The propose device will be using mathematical model taking 

distance function of RSSI. From the propose design device we can measure distance between 

two smart devices with the uses of Wi-Fi technology. 

 

2. EXPERIMENTAL 

For the mathematical model, we have collected the data RSSI vs. distance. Some hardware 

equipments and software were used for this. In this study we have used one smart phone and 

Laptop support Wi-Fi technology as devices and WifiInfoView software was used to measure 

RSSI.From this system correct MAC address of device (e.g.smart phone) can be identified. 

Also it show quality of signal and frequency band of signal. By changing distance between 

two devices we identify variation between Wi-Fi received signal strength and distance.  

From this data, the mathematical model was designed in order to calculate distances using 

RSSI. Curve fitting tool of Matlab was used for formulating mathematical model. This model 

will be used for measure distance from Wi-Fi RSSI. 

 

 

 

 

 

 

 

 

 

 

Figure 1: Block Diagram of the proposed system 
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ESP8266 Wi-Fi module used to identify the MAC address of other device and measure Wi-Fi 

RSSI. From the control unit we calculate distance using our equation and measured Wi-Fi 

RSSI. The calculate distance is displayed in LCD. Flow chart of the system can be shown as 

below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Flow chart for the proposed system 

 

 

3. RESULTS AND DISCUSSION 

From the formulated equation we can measure the distance using Wi-Fi RSSI. This equation 

is more accurate for open area. Because, data we recorded in open area. Measured data shown 

in the graph was plotted with theMatlab software. Variation between Wi-Fi RSSI and 

distance was not linear. Therefore with the use of Wi-Fi RSSI, the measured distance was not 

much accurate. 

Start 
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Display Distance to device 
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Figure 3 Graph of measured RSSI (dBm) vs. Distance (m) 

Using Curve fitting tool in Mathlab Software the equation was designed for variation of 

distance measure through Wi-Fi RSSI. 

 

Figure 4 Best fit curve obtained for graph RSSI vs. Distance 

The formulated equation is, 

                                                  [1] 

Where, 

     
   

  
 , y is Distance (m) and x is RSSI value (dBm) 

From the designed system, Mac address of that device was identified and Wi-Fi RSSI value 

was measured. Then distance range for that device show will be on LCD. 
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Figure 5The circuit layout of the proposed system. 

 

 

4. CONCLUSION 

Outdoor positioning mainly uses satellite based technology such as the well-known GPS 

(Global Positioning System). However, satellite based positioning system need the tracking 

device to be able to receive line-of-sight signals from satellites, thus it cannot be used within 

indoors. To overcome this problem, we can use Wi-Fi signal. The purpose of this project was 

to create a mathematical model to calculate distance between two devices using Wi-Fi 

received signal strength indication value and then to design simple, low cost but reliable 

digital system to display distance of device using that mathematical model. This technique is 

useful for indoor tracking system. As a future work, this can be developed to give location in 

the indoor using more access points. 
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ABSTRACT 

 

Today’s world most essential part of the various applications, system is embedded with processing 

unit. One of the most reliable, low power consumption way to implement those systems are using 

Field Programmable Gate Arrays (FPGAs). When FPGAs are used, output can decide while designing 

process and devices can reprogrammable. So, it’s more accurate if using FPGAs. In this project 

comprise the designing process and hardware implementation of simple 16-bit Reduced Instruction 

Set Computer, called RISC processor on a FPGA which can perform a basic ALU operations. For the 

implementation Xilinx Spartan 3E development board was used that is coming up with high features. 

This 16-bit processor runs on Xilinx XC3S500E Spartan 3E FPGA. Synthesized using Xilinx ISE 

14.7 Webpack, simulated using ISim simulator. Verilog language used for modeling components. The 

source code of the processing system is very simple and compacted. In this architecture I/O, addresses 

are transferring based on stack machine system that is LIFO (Last-In First-Out) sequence. This paper 

presents, Small processor implemented on a FPGA that is used RISC architecture on the design. All 

the instructions were in same size, so that it may be fetched in a single operation. The instruction set 

adopted here is extremely simple that gives an insight into the kind of hardware which should be able 

to execute the set of instructions properly. The processor’s architecture features 16 bit instruction 

words. 

Keywords: FPGA, RISC architecture, ALU, CPU, Xilinx, Verilog  

1. INTRODUCTION 

1.1 Field-Programmable Gate Array (FPGA) 

FPGA is a Programmable Logic Device (PLD) and also a kind of IC with high performances. 

FPGAs are the most complex and density one among PLD categories that allow more 

complex logic implementations and can be used for implementation of digital circuits that use 
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equivalent of several million logic gates. Users can configured FPGAs according to 

specifications which are they want. FPGAs used in high-speed custom digital applications, 

where designs tend to be more constrained by performance rather than cost. 

FPGA has a bunch of configurable logic blocks (CLBs) decorate within a switching matrix 

and can be used as simple as a logic gates or as complex as a microprocessor. When FPGAs 

combined with processors, complex digital systems can be implemented on FPGAs easily 
1,2

. 

Because of the FPGAs contain very large number of logic resources, a simple processor can 

be implemented on a FPGA, using Verilog that is the simplest and most popular HDL which 

can describes circuits. GDL compilers provide a gate map, not a computer executable file. 

After provide the gate map it download to the device. Advantages are fast design and better 

verification, provide the timing information
3
. FPGA architecture basically consists 

Configurable Logic Cells (CLB), I/O Blocks (Input/Output) and interconnections 

wires/switch matrix. 

CLB is the main structure of FPGAs that consists of one Lookup Table (LUT), one D-Flip 

Flop and one 2 to 1 Multiplexer. Modern FPGAs contain up to hundreds of thousands of 

CLBs. Lookup tables are small memories that fulfill logic operations. Interconnections of 

logic cells are provides routing between the logic blocks, switch matrix formed data paths 

similar to the installed program on the FPGA. Switch matrix provides switching between 

interconnections depending on the logic and I/O pads which are used for the get inputs and 

take the output from the device
3
. 

 

Figure 1: Basic FPGA Logic Block 
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Figure 2: FPGA Design Flow 

Simplified design flow of the FPGA is shown in the figure 4. Program should synthesis once 

design files have been created. Then implement to the board. This consist three steps, 

translate, map, place and route. Translate process combines all the input netlists and 

constraints to a logic design file. This file stored in named UCF files. Map process divides the 

whole circuit with logical elements into sub blocks such that they can be fit into the FPGA 

logic blocks. Then the place and route process places the sub blocks from the map process 

into logic blocks according to the constraints and connects the logic blocks. After these three 

steps design must be loaded on the FPGA. Also behavioral and function simulation are on the 

design flow. Behavioral simulation can be performed on Verilog design. Since this is a very 

fast simulation designer allows to change the code if want. Functional simulation gives 

information about the logic operation of the circuit
4,

 
5
. 

 

This paper presents a very simple 16-bit processor on a FPGA. Verilog language is used to 

implement this processor and Reduced Instruction Set Computer (RISC) architecture used for 

the CPU design. RISC processor uses simplified instructions for high performance, faster 

execution and reduce delay in execution. Also stack machine architecture used for the 

internal data and address flow. Stack machine uses LIFO sequence
4
. 

2. METHODOLOGY 

Reduced Instruction Set Computer (RISC), is a microprocessor CPU design philosophy that 

favors a smaller and simpler set of instructions that all take about the same amount of time to 

execute. This strategy based on the insight that simple instruction set and higher 

performances per second. Also these more complex features took several processor cycles to 

be performed. Reduce the total number of memory accesses. Features are uniform instruction 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 91-96 
Department of Electronics – Wayamba University of Sri Lanka 

 

Implementation of 16-bit microprocessor with RISC…                                                                               94 
 

encoding, a homogeneous register set, Simple addressing modes, few data types supported in 

hardware. Since the earliest day of computing by common ways of overlapping are pre-

fetching, pipelining and superscalar operation which are speed-up techniques
6
. 

In this research work, implement a simple, scalable, portable 16-bit processor in RISC 

architecture using Verilog language on a FPGA board. For the hardware implementation 

Verilog HDL language was used. The Spartan-3E Starter Kit board is used to this study 

which have the unique features of the Spartan-3E FPGA family and provides a convenient 

development board for embedded processing applications. 

 

Figure 3: Processor Design Flow 

According to the above diagram several blocks combined together for the implement. 

Arithmetic Logic Unit (ALU) block doing all the arithmetic and logic part of the processor. 

When inputs enter it sends to the RAM block and stored there. Address bus and data bus also 

stored in RAM. Address bus send to the program counter that is a register in the processor 

which contain addresses of the instruction being execute current time. Data bus going to the 

stack machine block. Here, stack machine working principal is output the data that comes 

last. And output data that comes earlier last one. All the blocks combined together and 

programmed in the CPU block. CPU unit designed based on Finite State Machine (FSM) that 

running state block. In this research also used above design shown in figure 5. 

Programed mini CPU system in separate files including alu.v, dpram.v, stackm.v, statef.v, 

signed_mult.v and files were simulated and synthesized. All 5 files were combined in the 

minicpu.v file and run the program. 
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3. RESULTS & DISSCUSSION 

After the program designed, create test bench file to get the timing control diagrams from 

ISim modulator and get results. Following timing control wave forms got as the result from 

the processor system. Only added here ALU and state machine results. 

 

Figure 4: ALU top block 

 

Figure 5: CPU Top Block 

 

Figure 6: Simulation Result for the ALU 

 

Figure 7: State Machine Simulation Result 
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4. CONCLUTION 

This paper presents implementation of a simple, scalable, portable 16-bit processor in RISC 

architecture using Verilog language on a FPGA board. Design code synthesized using Xilinx 

ISE 14.7 Webpack and simulated using ISim simulator. The code for all modules were 

written using Verilog language and tested by applying test benches. All modules were 

executed without errors and expected results got from ISim modulator. Design implemented 

on Xilinx Spartan 3E development board. This implementation can be extended up to high bit 

values such as 32, 64, 128 bits. 
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ABSTRACT 

 

Recent years, polypyrrole (PPy) has identified as a extensively studied conducting polymer (CP). 

Although there are several early studies on PPy based rechargeable cells, Lithium (Li) based polymer 

rechargeable cells have been dominated for a long time. Non-ecofriendliness, disposal problems, cost 

are the major drawbacks of Li based rechargeable cells. Hence Zn has been reported as a worthy 

consideration to replace Li. Zn has been identified as a material with ecofriendliness and excellent 

electrical conductivity. In this study, preliminary work of the effect of polymerization current density 

on the performance of Zn based rechargeable cells is reported. The cells were fabricated in the array 

of Zn as anode / PVdF:PC:EC:ZnTF gel polymer electrolyte / PPy cathode doped with a surfactant 

anion. Cells were tested for their cycling ability by using cyclic voltammetry, continuous charge-

discharge tests and electrochemical impedance spectroscopy test. In these cells, maximum open 

circuit voltage of 1.0 V was obtained for 2.0 mA cm
-2

 current density. Also current density 2.0 mA 

cm
-2

 has highest capacity value of 0.03288 F. Better discharging characteristic also obtained for the 

same current density. Form the results obtained it is evident that PPy prepared with high current 

density are more suitable as a cathode materials in rechargeable cells. 

 

Keywords: Polypyrrole, Cyclic Voltammetry, Rechargeable cells, Surfactant, 

Electrochemical Impedance Spectroscopy 

 

1.0 INTRODUCTION 

Most widely studied CPs are Polyacetylene (PA), Polypyrrole (PPy), Polythiophene (PT) and 

Polyaniline (PANI). These polymers have several advantages including stability, easy 

preparation, high conductivity, flexibility, high optical response and non-toxicity
1
. CPs have 
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been identified as promising candidates for cathode materials in rechargeable cells since they 

can be easily synthesized by using chemical or electrochemical method. In the past few years, 

many different types of CPs such as PA, PPy, PT have been widely studied as cathode 

material for Li rechargeable cells
2
. Among those PPy has received more attention due to its 

superior electro activity, good electrical conductivity and chemical stability
3
. Lithium based 

cells have some safety issues, including highly reactivity environment hazards in disposing
4
. 

Li can be replaced with metals like Zn, Cu and Mg. Out of them Zn is an excellent material 

for battery application due to its low toxicity, low cost, high availability, high stability
5
. In 

this study, effect of polymerization current density on the performance of Zn and PPy based 

rechargeable cells is reported.  

 

2.0 EXPERIMENTAL 

2.1 Preparation of cathode 

PPy films were prepared using 0.1 M Pyrrole (ALDRICH) monomer and 0.05 M Sodium 

Dedecylbenzenesulfonate (SDBS, ALDRICH). PPy:DBS films were electrochemically 

polymerized on to a stainless steel(SS) electrode galvanostatically using a three electrode set 

up. An Ag/AgCl and Pt wire were used as reference and counter electrodes respectively and 

the SS electrode was used as the working electrode. The polymerization electrolyte was an 

aqueous solution of PPy and SDBS. Three different films were prepared at current densities 

1.00, 1.50, 2.00 mA cm
-2

. PPy film thickness was calculated with the assumption of charge 

density of 240 mC cm
-2

 provides a 1 µm thick film. 

 

2.2 Preparation of the gel polymer electrolyte 

Polyvinylidenefluoride (PVdF, ALDRICH), Ethylene Carbonate (EC, ALDRICH), Propylene 

Carbonate (PC, ALDRICH) and Zinc Trifluoromethanesulfonate (ZnTF, ALDRICH) were 

used as the starting materials for preparing gel polymer electrolyte. Equal weights of PC and 

EC were measured and were thoroughly mixed. Then PVdF was added to the mixture and 

stirred for 30 minutes. Then required amount of ZnTF was added to the mixture and the new 

mixture was stirred another 30 minutes. After that solution was heated at 130 ºC for 15 

minutes. The hot, viscous mixture was taken in between two well cleaned glass plates and 

pressed one glass plate by another to form a thin electrolyte layer. 
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2.3 Fabrication of the cells 

The PPy: DBS film deposited on the SS electrode was used as the cathode of the cell. A 

circular shape membrane was cut to the size of the SS cathode from the electrolyte was added 

on to the PPy: DBS film and the same size Zn disk was used as the anode. Cells were 

fabricated in the configuration of Zn / PVdF:PC:EC:ZnTF / PPy:DBS. 

2.4 Characterization of the cells: 

First, the open circuit voltages (OCVs) of the cells were measured. Cyclic voltammetry tests 

were performed within the potential window 1.0 V to 0.01 V using a computer controlled 

Potentiostat / galvanostat (Metrohm-AUTOLAB) at the scan rate of 0.5 mV s
-1

. This 

procedure was repeated for all current densities. Thereafter these cells were tested for their 

ability to withstand for continuous charge and discharge cycles. In this test charging cutoff 

voltage was held at 2.0 V and discharging cutoff voltage was held at 0 V. First, cells were 

galvanostatically discharged to 0.5 V, immediately subjected to a galvanostatic charge up to 

2.0 V and maintained at that potential until the desired current was reached and then 

discharged using a computer controlled charge-discharge setup. Charging-discharging current 

was kept at 0.075 mA. Electrochemical impedance spectroscopy(EIS) measurements were 

performed using frequencies ranging from 400 kHz to 10 mHz using Metrohm Frequency 

Response Analyzer (M101). Measurements were taken at time intervals of 15 minutes. These 

tests were repeated for all cells fabricated with different PPy current densities. 

 

3.0 RESULTS AND DISCUSSION 

Table 1: OCVs of the cells with respect to current density used 

Current Density (  mA cm
-2

) Open Circuit Voltages (mV) 

1.0 890 

1.5 940 

2.0 1008 

The observed OCVs of the cells with respect to varying current densities are shown in table 

1. It can be clearly noticed that with the increase in current density, open circuit voltage has 

been increased. This result proposes to choose higher current densities for CP cathode to 

obtain higher voltage output from the cells. When the oxidation and reduction processes of 

the conducting polymer electrode are being carried out, electrochemical reactions will take 
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place on the CP electrode due to ion movements. Electrochemical reactions on the cathode 

and anode can be formulated as follows,  

At the cathode:                                          [1] 

At the anode:                               [2] 

 

 

Figure 1:  Cyclic voltammograms (CV) obtained for Zn/GPE/PPy: DBS cells having PPy 

cathode of 1μm thickness with respect to polymerization current densities scan rate 

5 mVs
-1 

The cathodic peak of the CV is assigned to the reduction and the anodic peak is assigned to 

the oxidation at which redox reactions of the cells corresponds to discharging and charging. If 

the reactions are fully reversible, the ion insertion and desertion to the cathode during 

charging and discharging should occur at identical potentials at each cycle. Hence, the 

corresponding peaks should appear at the same potential values resulting zero peak 

separation. Here the cathodic peaks and anodic peaks appeared well but peak separation of 

cells are very smaller. It is seen that the current density also affecting the peak separation. 

When current density increased, peak positions shift to the lower potentials in both peaks. But 

the corresponding capacity of the cells increased. The amount of charge available during the 

cell reactions were calculated from the area of the CVs. They are given in the Table 2. 

Table 2: Differential capacity variation with current density 

Current Densities (mA cm
-2

) Differential capacity (F) 

1.00 0.02236 

1.50 0.02844 

2.00 0.03288 
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During charging-discharging cells were tested for their ability to withstand in continuous 

charge discharge cycling. Figure 2 shows discharging capacity variation with the cycle 

number for the cells having cathodes of different current densities. 

 

Figure 2: Cell capacity variation with the cycle number for the cells having cathodes prepared 

with different current densities 

According to the figure 2, it is evident that when the polymerization current density increased 

from 1 to 2 mA cm
-2

, the cell capacity has increased by 83%. Also after 50 cycles, the cell 

with 2.0 mA cm
-2

 retained 60% from its original capacity while other two having only 56% 

and 50% respectively. Impedance measurements obtained relevant to the different current 

densities are given in figure 3. 

 

Figure 3: Impedance plots taken at 15 minutes after fabrication of the cells having PPy films 

prepared with different current densities 
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According to theory, semi-circle arc at intermediate frequencies represents charge transfer 

resistance. High frequency intercept of the plot gives the bulk electrolyte resistance. Low 

frequency part corresponds to the diffusion process and charge accumulation in PPy cathode. 

It seems that electrolyte resistance of all cells has not changed. This confirmed the stability of 

the gel polymer electrolyte. However the charge transfer resistance of the three cells differ 

very much. This may be due to unwanted reaction and forming passivation layers. 

 

4.0 CONCLUSION 

Even though this is a preliminary study, the results predict the possibility of fabricating non 

Li rechargeable cells for applications. Zn rechargeable cells with appreciable performances 

could be fabricated using PVdF:EC:PC:ZnTF gel polymer electrolyte and PPy doped with 

DBS as cathode materials with open circuit voltage around 1.00V. It has been found that the 

performance of the cells can be increased by selecting a high current density during the 

polymerization of the CP cathode. 
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ABSTRACT 

 

A method used in clinical and research laboratories for separating molecules according to their size 

and electrical charge is call electrophoresis. Many types of electrophoresis systems are used in the 

world. However this project is bases on agarose gel electrophoresis. In gel electrophoresis an electric 

current is passed through an agarose gel that contains the mixture of molecules. Each kind of 

molecule travels through the medium at a different rate, depending on its electrical charge and 

molecular size. Separation of the molecules occurs based on these differences. The purpose of this 

research project is reduce the cost of this unit considering there electrodes type. Because of generally, 

Platinum electrodes are used as electrodes of this system. But when considering cost of Platinum, it is 

comparatively very high. Hence gold plated electrodes and gold electrodes were selected such as 

substitutional electrode for Platinum. Then the gold electrodes were most suitable electrodes for this 

system because electrical characteristics and chemical characteristics were similar to the platinum 

electrodes but the cost of gold is less than platinum.  Further as an additional part of this project is 

preparing electrophoresis power supply for this system. As an output voltage of power supply is 

obtained 55V because of this voltage depends on the distance between electrodes. And the gel tank 

also prepared as a desired dimensions.  

Keywords:  Gel Electrophoresis, Electrodes, Buffer, Power supply 

 

1. INTRODUCTION 

Gel electrophoresis is the technique which is used to separate molecules such as Deoxy ribose 

nucleic acid (DNA), ribose nucleic acid (RNA) and protein based on their size and electrical 

charge. This is an electrochemical process. The main parts of this system are gel tank, gel 

tray and electrodes. Platinum electrodes are used as electrodes in this system. But the cost of 

this electrodes type is very high. Therefore, in this research, chemical and electrical 
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characteristics of platinum electrodes were compared with selected electrodes types. Then 

Gold plated electrodes and Gold electrodes were used as electrodes for this gel 

electrophoresis system. 

Further gel electrophoresis power supply was prepared as an additional part of this system. 

The required power was decided according to distance between electrodes. It was 5V / 1 cm. 

Finally this project was prepared a low cost gel electrophoresis system with combining power 

supply. 

2. EXPERIMENTAL 

2.1 Preparing simple gel electrophoresis tank 

When designing gel electrophoresis system, firstly the dimensions of the system should be 

identified according to previous designing. Then the 2D view of gel tank with cap and gel 

tray were designed using auto cad. 

After designing gel tank, Perspex was selected as the material which is most suitable for gel 

tank. Because of, it is hard and tenable material. Then preparing systems was decided. 

Drilling machine, hot air gun, Perspex cutters was used as tools for preparing this tank. 

Chloroform chemical was used as adhesive material, because chloroform was melted 

Perspex. Then the banana plugs were connected to the box for connecting electrodes. 

2.2 Testing most suitable cost effective electrodes type  

The properties of mercury, carbon, silver and gold was compared in theoretically. Then gold 

was selected as the suitable electrode than others.  

Firstly plated gold was used as a cathode of the gel electrophoresis system. Then it was 

corroded. Thus it was used as anode of this system. Finally plated gold electrode was used as 

both of anode and cathode. 

Then gold metal was selected as an electrodes of this system. It is also used as only an anode 

and only a cathode. 

2.3 Designing gel electrophoresis power supply 

Main parts of the power supply was identified. 

Then the required values of the components were decided and the circuit was designed using 

Proteus software. After simulation, the circuit was prepared. 
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3.  RESULTS AND DISCUSSION 

When comparing the properties of gold and platinum it can be discussed as follows. When 

both metals are treated in the same way, platinum gives equilibrium exchange current 

densities approx. 10 times higher than gold, both in aerated activated sludge and in treated 

water. For platinum, the equilibrium exchange current densities range from 0.1 to 0.25 

µA/cm
2
immediately after polishing and decrease during prolonged contact with activated 

sludge subjected to alternating aeration/anoxia sequences. 

The lower kinetics of electron transfer on gold go together with significant differences in 

response. 

In an aerobic medium a gold electrode potential is lower than that of a platinum electrode. In 

a strongly anaerobic medium, the reverse is true. Consequently, the amplitude of the potential 

variation between aerobic and anaerobic media is smaller for gold than for platinum. Under 

our experimental conditions this amplitude was approx 350 mV for gold and 850 mV for 

platinum. 

The slopes of the linear relationships between potential and pH or potential and the logarithm 

of the dissolved oxygen concentration are two or three times greater for platinum than for 

gold. 

Although the values obtained with platinum electrodes cannot represent a veritable 

equilibrium state, the platinum electrode zero-current potential would seem to be far more 

sensitive to variations in the medium than that of the gold electrode; it is, therefore, more 

suitable for use in activated sludge
3
. 

In this research, firstly plated gold was used as a cathode of the gel electrophoresis system. 

Then it was corroded. Thus it was used as anode of this system. Finally plated gold electrode 

was used as both of anode and cathode. The results was occurred as following figure1:, 
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Figure 1: Electrolyzing using Platinum electrodes and plated Gold electrodes 

Due to this result, plated gold was not suitable as an electrode of gel electrophoresis system. 

Hence gold metal was selected as an electrodes of this system. It is also used as only an 

anode and only a cathode. It was tested as follows, 

When use gold metal as electrode, it was not corroded.  

Finally as a results of this experiment was, the result of plated gold electrode was corroded in 

the electrolyzing and gold electrode wasn’t corroded. 

 

 

Platinum 

electrode 
Gold plated 

electrode 

Figure 2: Platinum and gold electrodes 
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In 2014, a group of scientists found Nicrom doesn’t corrode at the cathode side of the 

electrophoresis system. It can be used in one side only the other side should be used platinum, 

but in this research, gold electrodes are not corrode both anode and cathode sides.  

The price of gel electrophoresis system in the world market is $500 (Rs.71990), but the total 

cost of this gel electrophoresis system was less than $34 (Rs.5000). Therefore this project 

main purpose is reducing cost of this system was fulfilled. 

4. CONCLUSION 

The conclusion of this project is gold can be used as electrodes in gel electrophoresis system. 

Due to the properties of gold are similar to the platinum electrodes. The total cost of this 

system was 5000 rupees, but in market, the price of this system is 100000 rupees.  Due to the 

result of this research can be reduce the cost of the system. 
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ABSTRACT 

 

The aim of this project is to design and construct a low cost laser based wireless audio transmission 

system with more useful features. Using such system we can communicate with our neighbors 

wirelessly. Instead of bounded optical guided medium, free space transmission of light from a laser 

diode is used as the carrier signal from the transmitting circuitry. The photodiode of the receiver must 

be accurately oriented and aligned with the laser beam from the laser diode. No sound will be heard 

from the loud speaker of the receiver, if there is any obstacle in the path of the laser beam. The analog 

audio signal from the mobile phone is sent to the transmitter circuit through 3.5mm stereo to RCA 

cable. Just before the analog to digital conversion occur the two left and right channels are separated 

and send individually to the analog to digital module. The PCM2902 stereo audio codec with single –

ended analog input/output and S/PDIF interface integrate circuit responsible for the main action of the 

system. The analog signal is applied to the OPA2353 operational amplifier at both starting points of 

transmitter and receiver for low noise. High speed operation which laser diode makes the system ideal 

for low cost, high speed wireless transmission of audio signals in half duplex manner. 

 

Keywords: Laser, Free space transmission of audio, Analog to digital conversion, Digital to 

analog conversion 

 

1. INTRODUCTION 

Laser is being used in number of applicational fields such as military, medicine etc. Laser has 

its own characteristic features such as monochromatic, coherent, and the intense beam output 

travel in straight line. Laser is nowadays widely used as a carrier wave, which can provide 

alternative substitute for coaxial wire band communication systems with problem of 

interference faces in case of electromagnetic waves. Our project system is free from such and 

high deal of security is available. 
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Laser light can travel several hundred meters and with a parabolic light reflector, up to 

several kilometers
1
. Although it can travel such long distance, the signal should have in 

features of high quality, low noise and high speed. An important advantage of transmitting 

audio signal with the use of laser beam is ability for better encryption. Because a laser beam 

is externally narrow, it is virtually impossible for someone to tap into the link without proper 

permission. The signaling is interrupt, if someone intercepts the laser beam. Not only for high 

security application but also S/PDIF interface provides high accuracy for the digital signal 

transmission. 

Actually, there are some special integrated circuits can be used for interfacing transceiver 

with stereo analog to digital converter. But in here this work has used PCM2902 as it is a 

stereo audio codec interface transceiver with Stereo ADC. The integrated ADC within the 

PCM2902 is capable of supporting 16-bit data from 8 kHz up to 48 kHz. The signal-to-noise 

ratio (SNR) of the ADC module at 48 kHz is 89dB. Also it can be powered with a 5 V source. 

And the signal-to-noise ratio of the DAC module at 48 kHz is 96 dB with the same power as 

ADC
2
. 

Here, the PCM2902 stereo audio codec integrated circuit is used for both transmitting and 

receiving units. TPS73701 voltage regulator is used for power supply and OPA2353UA dual 

Op- amp is also used to low pass filtering  method which continuously filter the audio signal 

and transmit and low noise high speed transmission of the signals. 

 

Figure 1: Wireless Audio signal transmition system block diagram 

2. EXPERIMENTAL 

2.1. Methodology 

The proposed system consists of three major units. They are; 

- Transmitting Unit 

- Channel Unit 

- Receiving Unit 
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Figure 2: Flow chart of the proposed Transmitter and Receiver 
 

The transmitting Unit comprises TPS73701 low drop out voltage regulator for power supply, 

OPA2353 dual operational amplifier modulate the signal for low noise high speed 

transmission and PCM2902 for interfacing the analog signal with S/PDIF and analog to 

digital conversion and digital to analog conversion. The circuit diagram of the both 

transmitting and receiving units for proposed system are given below. 
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Figure 3: Block Diagram of the proposed and constructed system 

 

2.2. The Components of the Designed and Constructed Circuit 

2.2.1. Laser Diodes 

Laser diodes (LDs) are more recent technology which has grown from underlying LED 

fabrication techniques. LDs still depend on the transition of carriers over the band gap to 

produce radiant photons; however, modifications to the device structure allow such devices to 

efficiently produce coherent light over a narrow optical bandwidth LDs exhibit a second form 

of photon generation process, stimulated emission. In this process, photons of energy are 

incident on the active region of the device. In the active region, an excess of electrons is 

maintained that in this region, the probability of an electron being in the conduction band is 

greater than it being in the valence band. 
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2.2.2. PCM2902 Stereo Audio Codec IC 

PCM 2902 is a stereo audio codec single ended analog input output and S/PDIF interface IC. 

It has 16 Bit Delta – Sigma ADC and DAC having maximum 48 kHz DAC sampling rate and 

48 kHz ADC sampling rate. When comes to stereo ADC, performed 89 dB and DAC 69 dB 

signal-to-noise ratio. This is a stereo audio codec with USB-compliant full speed protocol 

controller and S/PDIF and works without software code. 

Pin diagram of the PCM2902 codec IC and functional block diagram were shown in 

following figures 
2
. 

 

Figure 4: Pin Diagram of the PCM2902 

 

2.2.3. OPA2353 Op- Amp 

OPA2353 is a CMOS operational amplifiers are designed for low cost, miniature 

applications. They are optimized for low voltage, single supply operations, low noise; Rail-

to-Rail input/output and high speed operations make them ideal for driving sampling analog 

to digital converters.OPA2353 is a dual op- amp miniature MSOP-8 surface mount IC 
3
. 

 

Figure 5: pin diagram of OPA2353 
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3. RESULTS AND DISCUSSION 

The final outcome of the project is to transmit an audio signal that is being transmitted 

through the free space laser light which has to be properly received at the opto electronics 

receiver. Then the audio is decoded with S/PDIF interface. The error in the received signal is 

observed to be low. Also it is low cost and effective for the domestic disturbance free 

transmission of audio signal at high speed. 

 

Figure 6: Proposed and Constructed System 
 

4. CONCLUTION 

Using this circuit we can communicate with our neighbors wirelessly and with low cost. It 

can be also used in inaccessible areas and conference halls. Whenever in future, it can be 

commissioned with satellite for communication. And instead of the short range laser, high 

range lasers can be used with range of few hundred meters. This constructed system is low 

cost and efficient for wireless multimedia communication applications. 
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ABSTRACT 

 

Nowadays there are so many light sources are used in the world. But most of consumers are seeking 

low cost products. Also, they hope to save their electricity. As a result the different LED bulbs were 

introduced by different manufactures. Nevertheless, people are somewhat ignorant of which product 

is more suitable for their lighting requirement. When people want to buy LED bulbs, they only 

consider the price of the product but the quality. Thus consuming more electricity due to unidentified 

faulties of such cheap products. This study is based on the theme “How to identify better efficient 

LED bulbs in the local market”. Then consumers can buy a low cost and high efficiency LED bulbs. 

In this study, the different types of LED driver circuits are used for understanding efficiency by 

varying three parameters; Input voltage, ON time and output voltage. The graphs are plotted for, Input 

Voltage Vs Efficiency, Input Voltage Vs Output Current and Time Vs Efficiency. Using these graphs, 

an idea about more efficient and economical bulbs could be obtained. Also, we found that driver 

circuits come with high power factor ICs are more economical. This study help local LED 

manufactures in order to produce more energy efficient and qualitative products. 

 

Keywords: Power saving light source, LED, Energy efficiency. 

 

1. INTRODUCTION 

Nowadays, there are many types of commercial light sources produced by different 

companies. Among these, some products are more expensive than the other. Then, customers 

buy only low cost product but they haven't any idea about its efficiency. In this study, the 

main background is based on the way to identify what is meant by high efficiency of LED 

light bulbs and also what are the low cost light sources available in Sri Lanka. There are 

many researches were done for comparing between LED, CFL and incandescent light source, 
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as a result generally they have found that the LED light source is the high efficiency light 

source
1
. So in this study we have only focused LED light sources. 

 

2. METHODOLOGY 

Firstly, the type of LED driver circuits available in Sri Lanka was identified and an idea 

about their operation could be obtained. The study was done by using the different LED 

driver circuits with the same output power.  

LED driver circuit was connected to the variable output voltage transformer. And the other 

end of the driver circuit was connected to the LED panel. After that input Voltage (AC), input 

current (AC), output voltage (DC) and output current (DC) were measured. Data was 

recorded by varying the input voltage. Also the same driver circuit was connected to the main 

supply and it was recorded the above data by varying only time intervals in minutes.  

Above steps were done for all driver circuits and their inputs and outputs power were 

measured. Then the efficiency of LED driver circuits was calculated and the graphs were 

plotted
2
 for Analyzing purpose.   

Graphs are  

 Input voltage vs efficiency 

 Input voltage vs output current 

 Time vs efficiency 

Finally with the use of these graphs, the most efficiency and low cost driver circuit was 

identified. 

2.1 Efficiency calculation 
An efficiency is determined by comparing its input power to its output power using the 

equation [1]. More precisely, the efficiency of the converter is calculated by dividing the 

output power by its input power.  

  
    

   
           [1] 

Where, Pout is output power, Pin is input power and η – efficiency 
3
.
 

Electric power, like mechanical power, is the rate of doing work, measured in watts. The 

electric power in watts produced by an electric current (I) consisting of a charge of Q 

coulombs every t seconds passing through an electric potential (voltage) difference of V. can 

be express on equation [3]. 

  
 

 
            [2] 
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Where, Q is electric charge in coulombs, t is time in seconds and I is electric current in 

amperes
4 

                [3] 

Where, V is electric potential or voltage in volts, P is work done per unit time and I is electric 

current in amperes
3
. 

2.2 The LED driver circuits concerned for the study 

 

 

Figure 1: Circuit 1; with cs8211 IC, 4.7µf 400V capacitor and 22µf 50V capacitor 

 

 

 

Figure 2: Circuit 2; with TV3218 and 4.7µf 400V capacitor 

 

 

 

Figure 3: Circuit 3; with AP3122C IC, 4.7µf 400V capacitor 

 

 

 

 

Figure 4: Circuit 4; only used capacitor and resistors 
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3. RESULTS AND DISCUSSION 

 

Figure 5: The graph of input voltage (V) Vs efficiency (%) for all 4 concerned circuits 

According to the above graph, the circuit 1can be chosen as the most efficient one, because 

the efficient we calculated is high for all the input voltage levels. And also the circuit 2 is 

more efficient than circuit 3 and circuit 4. But at the input voltage around 180, the circuit 3 is 

more efficient than circuit 2 and circuit 4. The circuit 4 is not a good one because of its low 

efficient at all input voltage levels. 

 

Figure 6: The graph of input voltage (V) Vs. output current (mA) for all concerned circuit 

In the above graph, circuit 1 and circuit 3 have close values for the output current. Same as 

the circuit 2 and circuit 4 have close relation in values for the output current. 
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Figure 7: The graph of time (minutes) Vs efficiency (%) for all concerned circuit 

By considering above graph it can be observed that all the circuit’s efficiency level go to low 

level with the increasing of the time interval. But circuit 1 and circuit 3 have same efficiency 

level during two and four time intervals. But circuit 1’s efficiency is increasing after the four 

time interval. 

By referring the above result of this research, users can gain an idea of which type of LED 

bulbs are suitable for their purposes. And also the new inventers can get an idea of which 

type of LED driver circuit will be developed in the future. 

The research was done by considering limited number of parameters to measure the 

efficiency. In some cases the manufactures do not allow to get circuit details of the driver 

circuit. Therefore, in this stage, there is no facilities to detect other parameters which are 

affected to the LED bulb efficiency due to that unavailability of the datasheet as well as the 

unavailability of sophisticated experimental equipment. 

1. CONCLUSION 

Nowadays there are many kind of LED light bulbs in the market. But they are not efficient up 

to their boasting advertisements. Reason is that, there are different kind of circuit designs 

available in local market but most of these designs are not efficient or they are cheap 

products. So people cannot get an idea about efficiency of light sources. The most of 

consumers adapt to buy low cost LED bulbs but that is not a good practice. By referring this 

type of research study, consumers in Sri Lanka will be able to buy somewhat higher 

efficiency light sources as well as such low cost products. 
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ABSTRACT 

 

Solar energy harvesting is considered as one of the most promising solutions to the upcoming energy 

crisis. Energy conversion devices based on the principle of photovoltaic (PV) effect which are known 

as PV cells are mostly employed for this purpose. There are a number of research work going on for 

the development of advance PV cells with enhanced features. Current-Voltage (I-V) characterization 

is one of the immensely used methodologies to investigate their performance. Commercial I-V tracers 

are relatively expensive due to their sophisticated design and lesser production. This study has been 

conducted to develop an economical I-V curve tracer using advance electronic approaches and 

components, specially suitable for research laboratories. The system has been fabricated and 

performance was tested. A dye-sensitized solar cell was used as a testing unit. The device is fully 

operational. 

Keywords: PV cell characterization, curve tracers, I-V characteristics 

1. INTRODUCTION 

1.1 PV Cells 

PV cells can be modelled as a current source in parallel with a diode. When the cell is not 

illuminated, it behaves as a diode. When illuminated, a current is generated in the cell which 

is proportional to the incident light intensity 
1, 2

. 
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1.2 I-V Curve Tracing 

In I-V curve tracing, the output current (I) is plotted against the cell voltage (V) while 

sweeping the load resistance from infinity to zero. A common behaviour of an I-V curve is 

given in the Fig. 1. This curve can be used to obtain several performance parameters such as 

short-circuit current density (JSC), open-circuit potential (VOC), maximum power (Pmax), fill 

factor (FF) and efficiency (η) 
1
. 

 

Figure 1: An I-V characteristic curve 

Numerous methods are used for data acquisition in PV cell characterization. In automated 

curve tracers, several technologies are used to obtain data. One method is employing an 

electronic-load (e-load) as a variable load resistance. A metal-oxide-semiconductor field-

effect transistor (MOSFET) can be used as an e-load due to its electrical characteristics 
3, 4

. 

In a MOSFET, the drain-source current (ID) has a linear relationship to the gate-source 

potential (VGS) in the triode or the linear region. VGS can be varied electrically. Therefore, 

MOSFET is suitable to use as an e-load. When VGS is minimum, transistor is in the cut-off 

region where it operate as a resistor of infinite resistance or an open switch. In the saturation, 

transistor is in fully-opened state (closed switch) where resistance is zero. This behaviour is 

similar to an electronic-load with a broad resistance range. 

2. EXPERIMENTAL 

In the proposed system, the above mentioned e-load method has been used due to the 

simplicity and electronic controllability. An enhancement mode n-MOSFET; CEG8205 has 

been used as the e-load as it has very low drain-source resistance at the saturated mode 
5
. 

A digital potentiometer has been used to bias the e-load. The voltage and the output current 

were measured using a 12-bit analogue-to-digital converter (ADC) system. Collected data 
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was processed by an 8-bit general purpose micro-controller (Atmega16) and transmitted to 

the interface software through a Serial-USB bridging circuit. The micro-controller also 

operates as the central controlling unit of the device.  

The interface software was designed using the Laboratory Virtual Instrumentation 

Engineering Workbench (LABVIEW). 

 

 

Figure 2: Block diagram of the device 

Several techniques have been used to maintain the operation accuracy of the device. Precision 

voltage references are used in ADC to reduce the effects from power fluctuations in the 

supply circuit. Circuit was designed to minimize electro-magnetic interference and signal 

noise. 
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3. RESULTS AND DISCUSSION 

3.1 e-Load Characteristics 

The characteristics of the e-load were obtained as follows, 

 

Figure 3: e-Load Characteristics of CEG8205 

The triode region (B), cut-off region (A) and the saturated region (C). The variable operation 

of the e-load is found in region B. 

The MOSFET (CEG8205) has performed as per the theoretical prediction. Its linearity in the 

triode region is sufficient to be used as an e-load. By using two MOSFETs in parallel 

configuration, it can reduce the saturated junction resistance to a negligible value (15×10
−3 

Ω). 

3.2 PV Characterization 

A Ruthenium dye-sensitized TiO2 cell with a gel polymer electrolyte consisting with 

polymethylmetacrylate, ethylene carbonate, propylene carbonate and 

tetrapropylammoniumiodide (PMMA: EC: PC: Pr4NI) was used for investigation. Data were 

gathered using manual and automated (by proposed system) methods. 

Figure 4: I-V curve of a PMMA:EC:PC:Pr4NI cell: (a) manual method, (b) from the device 
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The P-V curve of the cell can be obtained as a secondary result of the I-V characteristics. 

Figure 5: P-V curve of a PMMA:EC:PC:Pr4NI cell: (a) manual method, (b) 

from the device 

From the obtained data, following results were calculated for the cell. The cell was 

illuminated using a 100×10
−3 

Wcm
−2 

calibrated light source. The fill factor (FF %) and 

efficiency was calculated using following equations. 

    
    

       
                                                                      

      
    

   
                                                                                     

 

where, Pin is the irradiated power. 

Table 1: Calculated results for the sample PV cell 

Parameter Manual method Proposed device 

Short-circuit Current Density (JSC) /×10
−3

Acm
−2

 5.45 5.51 

Open-circuit Potential (VOC) /×10
−1 

V 6.903 6.807 

Maximum Power (Pmax) /×10
−3 

W 1.714 2.165 

Current at Pmax  (Imax) /×10
−3 

A 3.96 5.54 

Voltage at Pmax  (Vmax) /×10
−1 

V 4.324 4.787 

Fill Factor (FF) / % 45.5 57.7 

Conversion Efficiency (η) 1.714 2.165 
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According to the results mentioned in the Figs. 4, 5 and table 1, data collected from 

automated and manual methods show similar distribution pattern. But, the Pmax, FF and η are 

slightly different. This is caused by the higher resolution of the data obtained from the device 

compared to the manually obtained data. 

4. CONCLUSION 

With the advancement of electronic industry, components have been developed that can 

perform complex tasks at low-cost and minimum complexity. This enables the development 

of economical acquisition devices that can mimic the operation of a commercial, high-end 

instrument up to a satisfactory level. 

Total cost for the device is less than 10,000 LKR, which is relatively a lower cost than a 

commercial device (225,000 - 800,000 LKR) 
6
. The system is compatible for low-power PV 

cells of which VOC is lesser than 4.1 V and ISC is lesser than 100×10
−3 

A. The system has a 

resolution of 1×10
−3 

V. 

Sampling frequency is limited since the fast sweeping of the e-load creates instability in the 

ADC reading. Therefore, the mean value of several adjacent samples has to be taken as the 

final data value. The device had to be calibrated using standard calibration tools for precise 

operation. Repeated results from a cell can be used to set up the system to its optimum 

performance level. The system can be developed further and customized according to the 

need of the researcher. 
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ABSTRACT 

 

Currently there is a high demand for rechargeable cells due to flooding of consumer electronics. 

Among many materials which can use as cathodes in rechargeable cells, conducting polymers (CP) 

takes a prominent place. At present, there are many research works going on applying CPs as cathode 

materials. This study reports on the influence of the cathode thickness on the performance of CPs 

Polypyrrole (PPy) based rechargeable cells. Most of the reported CP base rechargeable cells are based 

on Lithium (Li). In this study attempts were made to apply Zinc (Zn) instead of Li as the anode. The 

PPy cathode doped with Sodium Dodecylsulfate (SDS) was synthesis on a stainless-steel (SS) 

electrode using galvanostatic method. Cells were assembled using Zn as the anode, gel polymer 

electrolyte as the separator, and PPy/DS as cathode. Cells were fabricated for four different 

thicknesses of PPy. Cyclic Voltammetry, Electrochemical Impedance Spectroscopy (EIS) and 

Continuous Charge Discharge tests were used to characterize the cells. The Open Circuit Voltage 

(OCV) measured was in between 0.951 V and 1.035 V and the highest capacity was 0.0536 F for the 

thicker film which is 1.5 µm. From the characterization of the cells it was reveled that better 

performance of Zn/GPE/PPy:DS cells can be obtain when thicker cathodes are engaged for the cell 

fabrication.  

Keywords: Polypyyrrole, Cyclic voltammetry, Open circuit voltage, Electrochemical 

impedance spectroscopy.  

1.  INTRODUCTION 

CPs have been tested as cathode materials in rechargeable cells
1,2,3

. Mostly tested polymer 

rechargeable cells were lithium (Li) based
1,2,3

. Although Li based cells are mostly used, they 
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have some drawbacks due to high reactivity of Li and difficulty in disposing. Therefore, 

alternative materials like Mg, Zn, Cu are being tested as positive electrode. CP PPy has being 

identified as a promising candidate as cathode materials in rechargeable cells due to its easy 

propagation, high conductivity and resistive to chemical reaction etc
1,2,3

. When PPy doped 

with different type of anions it behave differently. It has been reported that when PPy doped 

with surfactant anions the anion still dropped inside the polymer structure and redox process
4
. 

In this study, the effect of the thickness of PPy cathode doped with SDS was investigated on 

the performance of rechargeable cells fabricated with a gel polymer electrolyte. 

 

2.  EXPERIMENTAL 

2.1 Preparation of Cathode 

The monomer pyrrol (Aldrich) and SDS (Aldrich) were used for polymerization. The 

polymerization electrolyte solution was consists of 0.01 M pyrrole monomer and 0.05 M 

SDS. The solution was taken in to the glass flask of the three electrode configuration. 

Standard Ag
+
/AgCl electrode was used as the reference electrode and a Platinum (Pt) wire 

was used as the counter electrode. PPy / DS film was prepared on a well cleaned SS which 

was used as the working electrode. Polymerization was carried out using galvanostatic 

method using current density of 1.0 mAcm
-2

. Thickness of the PPy film was varied 0.5 to 1.5 

µm. 

 

2.2 Preparation of the gel polymer electrolyte  

Polyvinylidenefluoride (PVDF, Aldrich), Zn trifluoromethanesulfate (ZnTF) (Aldrich), 

Ethylene Carbonate (EC) (Aldrich), Propylene Carbonate (PC) (Aldrich) were used for the 

preparation of gel polymer electrolyte. Required amounts of EC, PC were weighed. They 

were mixed and stirred until the EC dissolved in PC. The required amount of PVDF was 

measured and added to the above solution. The new solution was stirred magnetically about 

30 minutes until the PVDF get dissolved. Finally the required amount of ZnTF was added to 

the above solution and stirred magnetically about 10 minutes. The complete solution was 

heated at 130 
0
C for 15 minutes. The hot mixer was pressed in between two glass plates. 

There by it was possible to obtain a bubble free thin film. 
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2.3 Fabrication of cells  

The rechargeable cell was fabricated in a circular brass sample holder. The anode of the cell 

was a well cleaned Zn plate that matches with the size of sample holder and SS electrode. 

First a circular shape membrane was cut from the gel polymer electrolyte to the size of the SS 

electrode. A well cleaned doctor blade was used to cut and separate the membrane from the 

gel polymer electrolyte. Then it was smoothly laid on the PPy / DS film as the separator of 

the cell. Thereafter the well cleaned Zn anode was placed on the gel polymer separator. Next, 

the remaining SS electrode was placed carefully on the Zn anode and finally the cell was 

enclosed by the brass sample holder. The cells were characterized, first by measuring OCV 

then by cyclic voltammetry in a potential window of 1.0 V to 0.2 V, EIS measurements were 

obtained in the frequency range 400 kHz to 10 mHz in different time intervals during 6 hours. 

Continuous Charge Discharge tests were done in the range of 2.0 V and 0.5 V while keeping 

current at 7.5 × 10
-5

 A. This procedure was repeated for cells having different cathode 

thickness.  

 

3. RESULTS AND DISCUSSION 

The OCV measured for the Zn/GPE/PPy:DS cells fabricated with different PPy thickness are 

given in table 1. 

Table 1: OCV variation of the cells with the thickness of PPy cathode 

Thickness (µm) OCV (V) 

0.50 0.951 

0.75 0.995 

1.00 1.000 

1.50 1.035 

                                  

 As shown in above table 1 the highest voltage was observe as 1.035 V for the thickness of 

1.5 µm as well as the lowest voltage was observed as 0.951 V for the thickness of 0.5 µm. 

When the thickness was increase from 0.5 to 1.5 µm the voltage had increased by 0.084 V.  

Here all the cathodes in the cells were prepared using galvanostatic polymerization.  

Figure 1 shows the cyclic voltermmograms (CVs) obtained for cells will different PPy 

thicknesses. According to that for the same thickness, peak position shift to more negative 

potentials with the cycle number. This may be due to change in the polymer structure with 

the cycling. Also it is visible that there is a shift in peak positions towards more positive 
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potentials when the film thickness is increased. This may be due to change in the diffusion 

length with the increase in the film thickness
5
.   

 

 

 

 

                                  

 

 

 

 

 

 

 

 

 

 

Figure 1:  Cyclic Voltammograms of the cells according to cathode thickness. Scan rate 

0.01Vs
-1

 

 

Figure 2 shows the CVs obtained for each cell at the 10
th

 cycle. Table 2 indicates the 

differential capacities of the cells for each thickness. It seems that differential capacity almost 

follow the thickness as in figure 2. 

 

 

 

 

 

 

 

Figure 2: Differential Capacity variations for10
th

 CV 

 

 

Figure 1 (a): 0.5 µm  

(b): 0.75 µm 

(c): 1.0 µm 
(d): 1.5 µm 

(a): 0.5 µm 
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Table 2: Differential capacities of the cells obtain by figure 2 

 

 

 

Figure 3 shows the impedance plots obtained in different time intervals for cells having PPy 

cathode of different thickness 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

Figure 3: Impedance plot of Zn/GPE/PPy:DS for cathode in different thickness 

 

According to theory, this type of system should have two semi circles and a spike. First semi 

circle at high frequency represent the bulk electrolyte resistance the second semicircle at 

middle frequency corresponds to the charge transfer resistance of electrolyte electrode 

interface and spike at low frequency is responsible for the diffusion process that take place in 

the electrodes
5
. The plot of 1.5 µm film follows the theory that with the time, value of the 

Thickness (µm) Diff. Capacity (F) 

0.5 0.0228 

0.75 0.0325 

1.0 0.0404 

1.5 0.0536 

(a): 0.5 µm  (b): 0.75 µm  

(c): 1.0 µm  
(d): 1.5 µm  
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charge transfer resistance increases due to formation of passivation layer as a result of 

unwanted reactions. At lower thickness this is not visible, it may occur due to mismatch of 

thickness at lower frequency. With the time, the cathodes with lower thickness have diffusion 

controlled kinetics, this may be a reason for the different of impedance plots at lower 

thickness. 

Figure 4 shows the results of charging and discharging test for all thickness of cathode. 

According to that, charging time and discharging time for the thicker film take more time 

than other films. This is because of thicker films have more charges than thinner films. As 

shown in figure 5, discharging rate for thicker films is smaller than the other films. When the 

thickness is smaller, discharging rate has high values. This may occur due to short ion 

diffusion of thin films. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUTION 

Rechargeable cells were fabricated using PPy with different thickness having GPE and Zn as 

the anode. It was found that for Zn/GPE/PPy:DS cells better performance can be obtained 

when they are fabricated with thicker PPy cathodes.  
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ABSTRACT 

 

 

Building automation & power efficiency is one of the most prominent technology application areas in 

the world. It could be used for saving energy and utilizing natural resources. A building automation 

system is required for the building of the faculty of Applied Sciences Wayamba University of Sri 

Lanka as it waste energy by keeping lights ON at unwanted places without a need. The lights 

remained ON until the person who responsible for the lights would visits the place and switched OFF 

the lights. In this process there was high level of energy waste due to the unwanted consumption. To 

address this problem an Intelligent Automation system was developed with the intention of 

introducing an automated electrical equipment controlling system in order to reduce the power 

wastage from using the electrical equipment such as lights, fans, etc. The system was developed with 

the aid of 3 modules; Image processing, motion detection and wireless controlling which were 

introduced in the system for detecting persons and controlling the lights according to the requirement 

and controlling the lights from a remote place via a mobile phone. After implementing the prototype 

of the system it was identified that the lights and other equipment can be controlled to avoid 

unnecessary consumption of electricity in the faculty building. 

Keywords: Intelligent power automation,Building Automation Systems, Image processing, 

Motion detection, Wireless communication 

 

1. INTRODUCTION 

With the increment of the business world power saving, cost benefit and time-consuming are 

the key issues that should be considered when dealing with the new technology. A modern 

centralized automation system can be used to manage the energy efficiency of building and 

processes to ensure the correct use of the system
1
.An investment made to achieve energy 

saving is always a good investment. In an addition energy project improve the operational 
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reliability of the technical systems in the buildings and increase the value of the property
2
. 

With the improvement of the science, image processing, wireless control, and motion 

detection are some key technological processes that are widely used. 

1.1. Energy efficiency Building Automation Systems 

People spend the majority of their time in buildings. Creating comfortable and safe living and 

working environments is therefore rewarding in many ways. Buildings moreover account for 

a large part of society’s energy consumption. Making investments in energy saving 

technology is worthwhile. Balancing  the  contradictory  requirements  of comfort,  safety  

and  energy  efficiency  and  coping  with  the dynamics  of  constantly  changing  

environmental  conditions, usage patterns, user needs etc. is challenging. Solutions need to be 

found in co-operation between and adaptation of BAS in an attempt to achieve common 

goals
3
.
 

1.2. Intelligent Automation System for the Faculty Building 

The project was designed with the intention of reduce the energy consumption through 

switched off unwanted electrical equipment and switched on only the necessary lights. The 

main objective of the project was to provide intelligent building automation system with the 

functionalities; 

 Human detection 

 Automatically lights On/ Off 

 Extra ports to include future installing electrical equipment. 

 Intelligent lighting control 

 Controlling lights from a remote place 

2. EXPERIMENTAL 

There are 3 modules in intelligent automation system. The three modules were interconnected 

as shown in Figure 1 for the desired purpose. 

 

 

 

 

Intelligent Power 

Automation System 

Motion Detector 

Wireless Controlling Image Processing 

Figure 1:  Intelligent Automation System 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 137-142 
Department of Electronics – Wayamba University of Sri Lanka 

Intelligent power automation system for applied science faculty …                                                         139 

 

2.1. Motion detection 

Motion detection module helps the system to detect human motions.  

 

 

  

 

Figure 3: Motion detection circuit 

The circuit for the motion detection module was constructed as Figure 3. The motion 

detection circuit was designed as the PIR sensor detects changes in the amount of infrared 

radiation impinging upon it, which varies depending on the temperature and surface 

characteristics of the objects in front of the sensor
4
. When an object, such as a human, passes 

in front of the background, such as a wall, the temperature at that point in the sensor's field of 

view will rise from room temperature to body temperature, and then back again. The objects 

of similar temperature but different surface characteristics may also have a different infrared 

emission pattern. The sensor converts the resulting change in the incoming infrared radiation 

into a change in the output voltage, and this triggers the detection. The detected signal would 

be sent to the Arduino Uno board and the program inserted to the Arduino uno has been 

reading the incoming signal continuously. Once the Arduino board detects a difference of the 

input signal it process the signal and gives the output signal which would be leads to 

electrical equipment such as lights.  

PIR 

Sensor 

Arduino 

Uno 
Relays Output 

Figure 2: Motion Detection 
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2.2. Image processing 

 

 

 

Face recognition process is done using image processing technique with the aid of a camera 

located a place where it can detect a human face against a lecture room wall. The image sent 

by the camera would be processed by OpenCV image processing library which can be run by 

python language in order to identify and isolate a face from the background. The image area 

was divided in to 9 parts and numbered from 1 to 9 respectively. The program would be 

identified in which part the face is located and the signal will be sent to the Arduino board via 

SerialPy which used to establish the communication between OpenCV and Arduino board. 

Arduino board was connected to the timers used for a specific reason. After the signal 

detection is done by the arduino board it will be sent to the timers which are used to keep a 

delay before function the system. The special aim of timer delays were that whenever a 

human enters the room and at the same instant if the human leave the room it will be harmful 

for the lights and it will consume more electricity than a bulb is switched on. To avoid this 

inconvenience the timers were connected with the circuit. The python program for the image 

processing was the codes shown in below Figures. 

2.3. Wireless control via Global System for Mobile (GSM) technology 

One of the most important parts of the project is wireless controlling module. In order to 

achieve the wireless controlling process it uses the GSM technology. The GSM shield helps 

to control the system via a mobile phone from a remote place. The floor chart of the GSM 

module is shown in Figure 5 

 

 

 

The final module as illustrated in Figure 1 was constructed as a prototype for the complete 

system. The integrated system of 3 modules is shown in Figure 6 

Figure 4: Image Processing 

GSM Phone GSM Shield Arduino uno Relays 

Output 

Figure 5: Wireless Control 

Camera OpenCV SerialPy 

Arduino Uno Timer Circuit Output 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 137-142 
Department of Electronics – Wayamba University of Sri Lanka 

Intelligent power automation system for applied science faculty …                                                         141 

 

 

Figure 6: Integrated prototype 

3. RESULTS AND DISCUSSION 

The system was able to correctly recognize a person and control the light system according to 

the signals passed by any of three modules. The wireless controlling was an interesting 

feature includes in the system. The system was able to control from a remote place. Lights at 

the stair case was controlled by the motion detection module by whenever it detects a motion 

in front of the sensor it managed to switch On/ Off the lights according to the motion type 

and the delay times. Lights at lecture rooms and balcony were controlled by the Image 

processing module. Whenever the module detects a face in front of the camera it would be 

managed to switch on the respective lights of the area which the face was detected. At the 

same time the wireless control module introduced a system to control the lights of the faculty 

building from a remote place via the application installed to the mobile phone with the aid of 

GSM technology. 

3.1. Limitations 

 Initial cost. Although the system doesn’t spend much amount, cost for the cameras for 

the whole building would be considerably high. 

 Lack of knowledge about the technology within technical and maintenance staff 

 Resistance for change to a new system 
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3.2. Future work 

The same system can be improved to program for a preschedule in order to use for special 

occasions and also with the help of new technologies more accurate face detection systems 

could be implementing. By improving the designed system this can be used for control the 

Air Conditioning system and it would be leads to more saving of energy. 

4. CONCLUSIONS 

The system was tested with a prototype and it was a great success. Implementation of this 

system in the faculty building reduces the overhead work of the person who is responsible for 

controlling the lights and fans. The most important benefit of the system was the power 

efficiency throughout the faculty building. This system can be implemented in any place 

which would have similar requirements as the faculty building premises. The system should 

be beneficial for both students and the administration staff in since it solves the problem of 

forgetting to switch off lights and frequent visits to the place to checkouts.  
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ABSTRACT 

 

There are factories that use conveyer belts in their good manufacturing process. They have a 

requirement of checking the quality of samples while moving on the conveyer belts. Manual sample 

collection is a time wasting work and is a hard work for the worker. Therefore, a low cost automated 

sampling system has been developed to avoid the above mentioned problems. In this research work, 

the objective is to collect random samples. A proto type has been developed to implement this system 

properly. This system consists of three parts i.e. counting system, sampling and conveyer system. 

Using these systems, processes such as moving object counting, random samples generating and 

sample collecting has been automated.  

 

Keywords: Samples collecting, Object counting, Conveyer, Random samples 

1 INTRODUCTION 

1.1 Industrial Background 

In the speed running world everyone are considering the time factor as an important issue. 

Most of the modern manufacturing industries that use conveys, consist of highly automated 

workstations. These manufacturers produce a large quantity of objects like soaps, snack 

bottles…etc.
1
The counting of objects takes a lot of time when a large order is received. 

Therefore they are used some automated systems for counting those items. There are lot of 

automated counting systems based on image processing, Programmable Logic Devices 
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(PLDs)…etc. 
2
 But they are highly costed systems and they are not suitable to small and 

medium industries. 

Manufactures also check quality of the products by getting samples. These process also 

mostly can be found in conveys. Generally, the process of sampling objects is performed 

manually in small and medium industries. However, there are some automated systems 

related to this process. One of those systems is used an autonomous robot that can identify 

objects when placed on the conveyor belt based on color sensing and then sort by relocating 

them to a specific location. It synchronizes the movement of robotic arm to pick the objects 

moving on a conveyor belt. 
3
 But this system also highly costed and complexed. 

According to current manufacturing industrial background, there is a requirement of the 

automated system for counting and sampling objects on conveys. It should be cost effective 

and simple one. 

1.2 Project Description 

Considering current industrial background, an automated system is developed. The main 

intention of this project is to count the objects moving on a conveyer belt in industries and to 

get samples of objects randomly for checking quality of the objects. Main features of this 

system can be stated as follows, 

 Custom Selecting Function: Give ability to select number of products, that user need to 

deliver at one time (selecting total number). As well as give ability to select number of 

samples, that user need to check the quality of product (selecting sampling frequency). In 

this case, sampling frequency should less than or equal to total number.   

 Random Sample Generating function: A list of random numbers can be generated 

automatically, that equal to the selected sampling frequency. 

 Automatic sample gather function: According to the selected random list, suitable 

samples are gather automatically from conveys helping pusher arm. 
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2 EXPERIMENTAL 

The system consists of three parts i.e. counting system, sampling and conveyer system.  

2.1 Counting System 

Counting of objects take place through in LDR (receiver) and Laser LED (transmitter) which 

is main part of counting circuit. Sensor senses the objects when conveyor is rotating and 

material is flowing on belt. Sensor and send signal to IC(ATmega328), after converting this 

analog signal to digital signal, LCD display shows output which is value of counted by 

sensor. 

2.2 Sampling System 

According to the given total number of objects and sample frequency, random digits are 

generated by system automatically. This number of random digits is equal to the sampling 

frequency (number of object to be check).For this random number generation, an algorithm is 

used with Arduino programming language. While the counting is on progress, the previously 

generated random values are compared with the counting values. If the values are equal, it is 

indicated by LED and captured object number is displayed on LCD display.  

2.3 Conveyer System 

Conveyors are used for material handling between two working stations. Conveyor may be 

horizontal or vertical. Products of irregular shape can be easily carried on a horizontal 

conveyor. Therefore, used horizontal flat belt conveyor An AC motor of 5/6 r/min is used for 

rotating the conveyer belt. A solenoid is mounted near the conveyer belt. It is used as pusher 

arm. When a previously captured objects move towards, pusher arm gives a push to remove 

the object from the belt automatically. These removing objects can be collected using tray. 

For implementing the system, following block diagram is used. 
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3 RESULTS & DISCUSSION 

Main target of this project is to automate the sample collecting process when objects moving 

on conveyer belts. According to the experimental results, when entered the total number of 

objects that need to move on conveys and number of samples that to be check, random 

number list was generated. While the counting was on progress, previously generated random 

values was compared with the counting values. When a random number and a counted value 

were equal, it was indicated by a Blue LED. When the captured object came to in front of the 

solenoid, object was removed from conveyer belt by pushing of solenoid. This process can be 

done by changing total number of objects and sample frequency. In those process also 

achieved the expected output as properly. Proto type of the system was created to visualize 

outcomes of the project. 

Figure 1: Block diagram of the system 
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Figure 2: The proto type of the system 

There are some limitations of this system. Those are can be given as follows, 

 This system have to re-configure according conveyer belt rotating speeds.
 4 

 

 This system cannot used to collect heavy items.  

 This system cannot be used to collect items like glass bottles which can be brittle when 

apply force.  

 

4 CONCLUSION 

According to obtained results, expected output of the system is achieved. This automated 

sample collecting system is very useful to manufacturing industries because this system is 

cost effective system. As well as time wastage is also reduced because manual object 

counting and sample collecting consumes much time. Therefore, manufacturing productivity 

also can be increased using this automated system. This system can be developed further. A 

robot arm can be used to pick the selected objects instead of using a solenoid. Further, a 

memory card module can be used to store the sampling history.  
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ABSTRACT 

 

This project is to develop a low cost and flexible device for controlling the temperature of a water 

bath. The purpose of the temperature controller is to facilitate heating a system to a specified 

temperature, then maintain it at that temperature in a controlled manner. Microcontroller 

ATMEGA328P was used for precision control with low cost. DS18B20 was used as a temperature 

sensor for measuring temperature of the system. The Proportional–Integral–Derivative (PID) 

controlling was used for temperature controlling part in this work. PID controlling was implemented 

through the microcontroller. 

 

Keywords:  Temperature controller, Zero crossing detection, Microcontroller 

 

1. INTRODUCTION 

Temperature controlling is really important to monitor and adjust temperature without much 

operator involvement. Basic process first requires the measuring of the temperature of the 

room/tank which you are attempting to control and also to maintain that target temperature. 

There are various types of controllers in the market such as ON/OFF, Proportional and 

Proportional–Integral–Derivative (PID) controller
1
. In this project microcontroller has been 

chosen as the controller. The advantages in using microcontroller are the number of 

components for example relay and timer, the wiring and additional hardware of each new 

configuration of logic can be reduced and easy to troubleshoot when an error occurred. The 

PID was used to temperature controlling part in this device. The PID is widely used in 

feedback control of industrial processes on the market and has remained the most widely used 

controller in process control today. Thus, the PID controller can be understood as a controller 

that takes the present, the past, and the future of the error into consideration
2
. When using the 
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PID for tuning the system, that can have an ability to reach the target point existing the 

overshoot. A keypad was used to give a target value to the system there present temperature 

of the water and target value are displayed on the LCD display. 

 

What is PID? 

PID stands for Proportional, Integral and Derivative. Controllers are designed to eliminate the 

need for continuous operator attention. Cruise control in a car and a house thermostat are 

common examples of how controllers are used to automatically adjust some variable to hold 

the measurement (or process variable) at the set-point. The set-point is where would like the 

measurement to be. Error is defined as the difference between set-point and measurement. 

(error) = (set-point) - (measurement)  

The variable being adjusted is called the manipulated variable which usually is equal to the 

output of the controller. The output of PID controllers will change in response to a change in 

measurement or set-point. Manufacturers of PID controllers use different names to identify 

the three modes. These equations show the relationships
3
:  

P- Proportional Band = 100/gain 

I- Integral = 1/reset (units of time) 

D- Derivative = rate = pre-act (units of time) 

 

2. EXPERIMENTAL 

The block diagram of the prosed system is shown in the figure 1. 

 

Figure 1: Block diagram of the system 

In the proposed system, temperature controller part of the target point is the most important 

part in this project. There are various types of controllers in the market such as ON/OFF, 
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Proportional etc. Zero crossing phase controller circuit was used to control the given voltage 

of the heater coil. The PID is used to tune the device until better temperature controlling is 

obtained.  

The current temperature was received by temperature sensor and the target temperature was 

input by keypad. To get the temperature difference, the following equation is used in the 

Arduino code of the device. 

   (     )   (       )   (1) 

Where Di is temperature difference between current temperature reading & target 

temperature, Di-1 is temperature difference between previous stage temperature reading & 

target temperature, Tt is target temperature, T0 is present temperature in the water bath, Kp is 

proportional gain and Kd is derivative gain 

The result of the above equation is updated in the code and the zero cross point is detected by 

the zero crossing detector circuit. The zero crossing points are detected and the heater coil 

power supply is turned off for an inversely proportionally time between two zero crossing 

points. The Kp  and Kd  values were changed several times for implementing the better 

system
3
. 

     
 

  
 (2) 

Where toff is the heater power supply off time between two zero detection points 

The flow chart of the PID controlling process of the system is shown in the figure 2. 
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Figure 2: Flow chart of the PID controlling process 

The proposed circuit design is shown in the figure: 3. Both zero crossing detection part and 

AC phase controlling part are included in the design.  

 

Figure 3: The circuit diagram of the system 

 

 

 

3. RESULTS AND DISCUSSION 

The PID control combines the improvement that proportional control offers with an integral 

and derivative function. The integral function prevents the initial overshoot, while the 

derivative function eliminates the temperature instability once the set-point is achieved. 

The P and D parameters are used in equation that used in the program of the device. The part 

of the testing values and variation of the resulting temperature values are shown in the 

following table. Each and every time 70 
0
C was given to the device as target value. 

Table 1: Testing results of the system for temperature target of 70
0
C 
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Parameter Values Temperature Values ( 
0
C ) 

Kp Kd Minimum Value Maximum Value 

1.0 

7.0 

17.0 

19.0 

19.2 

19.4 

19.5 

20.0 

1.0 

3.0 

4.0 

4.0 

4.5 

4.7 

4.2 

4.3 

66.3 

68.4 

68.5 

69.0 

69.4 

68.7 

69.4 

68.7 

72.2 

72.6 

75.1 

75.8 

71.4 

70.2 

69.7 

72.3 

 

According to the testing value Kp =19.5 and Kd =4.2 are most efficiency for the system. 

Therefore these values were used as Kp and Kd values for the program of the device. Because 

at that state over shoot and variation of the temperature values were very low. 

This project is to develop a low cost and flexible circuitry for controlling the temperature in a 

water bath. The purpose of the temperature control is to facilitate heating system to a 

specified temperature, then maintain it at that temperature in a controlled manner. The 

temperature of a water bath could be controlled within ±1°C. 

Additionally, the PID was applied to the system for controlling the supplied power to the 

heater. Therefore, the device has an ability of achieving the target point smoothly existing 

overshoot. 

A water bath could be used as a laboratory or domestic equipment made from a container 

filled with heated water. Utilizations include warming of reagents, melting of substrates or 

incubation of cell cultures. It is also used to enable certain chemical reactions to occur at high 

temperature. Water bath is a preferred heat source for heating flammable chemicals instead of 

an open flame to prevent ignition. Different types of water baths are used depending on 

application. For all water baths, it can be used up to 99.9 °C. When temperature is above 100 

°C, alternative methods such as oil bath, silicone bath or sand bath may be used
4
.  
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4. CONCLUSIONS 

This Temperature control device is user friendly and cheaper. User can easily provide his 

required temperature through key pad. There is also display option for both current value and 

set value through seven segment display. DS18B20 temperature sensor was used in this 

project which has maximum error of ±1°C.  

The device has ability of achieving the target point smoothly and without overshoot because 

of using PID. 
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ABSTRACT 

 

Today, technology plays a vital role all around the world. Each and every aspect of the 

human’s life is impacted by the technology in numerous ways. With the enhancement of 

the technology, household and industrial applications are changed rapidly by using 

sophisticated methods. Nowadays, there are many technologies that have been developed 

for control appliance. Power line communication (PLC) is one of the technologies that 

have proved useful for control appliance. It is widely used in home automation systems, 

automotive and industrial applications. Power lines have been used for the transmission of 

electricity; but nowadays with the emergence of power line data communicate modem, 

data transmission is done over power lines has seen a really big growth. As well as power 

line data communication, Global system for mobile (GSM) based appliance control 

systems are also the emerging applications of home automation stream. By using GSM 

technology each appliance can be remotely accessed and controlled. The main attention on 

this project is introducing sophisticated appliance control systems to the modern home. 

This work will provide high reliability, high accuracy and flexibility of the existing 

systems. This research consists of ATmega16, TDA5051A, Metal oxide varistor (MOV), 

Opto- couplers, Crystal oscillators, 7805 Voltage regulator IC,GSM module, Arduino 

UNO board, Relay, Liquid crystal display(LCD), Keypad, Transistor, Resistor, Capacitors 

and Diodes, Light Emitting Diodes(LED) and design was done using Proteus software. 

 

Keywords: TDA5051A, ATmega16, Power line data communication, GSM technology 
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1. INTRODUCTION 

Automotive and industrial applications are widely used in home automation systems. 

Power line communication systems are also being changed day by day because it’s a vast 

ranged area that can be used for home and industry applications. In PLC (Power line 

communication) system communication signals were sent and received on household and 

industrial power line. The emerging applications of the GSM technology are implemented 

by GSM based control systems. Using GSM networks, a control system has been proposed 

that will act as an embedded system which can monitor and control appliances and other 

devices locally using built-in input and output peripherals. 

This project includes designing of a home automation system with power line data 

communication and a GSM based home appliance controlling system. This project 

basically concentrates for a modern home automation system. Power line carrier 

communication has recently become a popular technology. The reason is power line is a 

relatively cheaper and more robust communication channel which used throughout the 

world except wireless channel. It is used more commonly than any other communication 

channel. 

The system allows the user to effectively monitor and control the house/office appliances 

and equipments via the mobile phone set by sending commands in the form of SMS 

messages and receiving the appliance status. The concept behind this part of the project is 

receiving the sent SMS and processing it further as required to perform several operations. 

The type of the operation to be performed depends on the nature of the SMS sent. The 

principle in which the project is based is fairly simple. First, the sent SMS is stored and 

polled from the receiver mobile station and then the required control signal is generated 

and sent to the intermediate hardware that we have designed according to the command 

received in the form of the sent message
1
.  

2. EXPERIMENTAL 

In this study there are three important steps were used to execute this project, which are 

project planning, system design and system verification. Project plan consists of analytical 

studies and academic research on the existing technologies of the power line 

communication system and GSM technology. System design is the crucial part of this 

project and the designs have drawn using Proteus software. MikroC, Arduino program will 

be used in this project as the connector between the hardware and the software.
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Figure 1: PCB design of power line data communication part 
 

 

Figure 2: GSM module based home appliance control system 
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3. RESULTS AND DISCUSSION  

4. 3.1 Results 

In power line data communication device data sender can be entered data from 

slave1unit (or slave 2 unit). Then entered data will be passed in to master1 unit from the 

slave1 unit. Master1 unit is passed entered data via power line to master 2 unit. Master 2 

unit is passed received data to slave 2 unit and displayed it to the receiver. The same 

procedure can be done vice versa. 

 

In GSM based home appliance control system user can be sent a special code massage to 

the GSM module. Then after GSM module reads the received message and according to 

its control the appliance as mentioned in the program
2
.  

 

The final outcome of this project is a development of a power line data communication 

device and GSM based home appliance control system to automate the existing home 

appliance. In this project a simple experiment has been conducted in order to verify the 

accuracy of the power line data communication device .Through the power line send 

message from one room to another room by using power line data communication 

device.  It successfully sent from room 1 to room 2. The task was completed by the 

device successfully. 

 

GSM module based home appliance control system also checked by sending commands 

through massage. Following test was done to check the system. 

Table 1: Experiment results of the system 

Command Result 

1.   ON 1 LED1 turn on 

2.  OFF1 LED1  turn off 

3.   ON 2 LED2  turn on 

4.   OFF 2 LED2 turn off 

5.   ON 3 LED3  turn on 

6.   OFF 3 LED3  turn off 
 

 
3.2 Discussion 

The main purpose of this project is the power line data communication system. A GSM 

based home automation has been included in this system in order to improve the 

validity. It is a user friendly and flexible service. The main problem of this project is the 

lack of the Information in power line data communication. Actually, it was a hard part to 

find the literature study. When designing the circuit part of the power line 
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communication it was a critical situation because of the complexity of the circuit and 

testing should be done directly 230V main power. When designing the first circuit of the 

power line communication it didn’t work because of the mismatch of the voltage and 

current that flows from circuit to power line modem. It was a huge task when designing 

the programming part of the GSM based automation system. To overcome these 

problems I studied online e-books and found the suitable voltage regulator IC and refer 

several articles through internet. This system is introduced several advantages such as it 

is most important for the home automation system and doesn’t require an additional 

cable path to send data. It will send data through CEB power line. 

Finally, this system is concentrated about home and industrial automation system and 

furthermore, suggests developing this system in more effectively and efficiently at low 

cost. 

As a future enhancement to the proposed system, more smaller devices can be 

implemented. At the same time, including a touch system to slave unit of the power line 

data communication unit to enter data. This will make the system more advanced using 

touch technology. And also it is better to improve the feedback rate of the device
3
. 

 

5. CONCLUSION 

In this project, a basic understanding of the use of Power Line Modem ICs in Power Line 

Modem Devices has been achieved, a conceptual approach to detailed circuit construction 

using selected IC TDA5051A has been initiated, however, there are more to be learned 

about the communication scheme of the interface from MCU to PLC, and a detailed design 

of interface circuit is also another challenge. After all the hardware requirements have been 

achieved, the software development in PC to facilitate communication between two 

modem devices. All these requirements will be considered in the future plan for the project. 

The extensive capabilities of this GSM based home appliance control system are what 

make it so interesting. From the convenience of a simple cell phone, a user is able to 

control virtually any electrical devices. This makes it possible for users to rest assured that 

their belongings are secure and that the television and other electrical appliances was not 

left running when they left the house to just list a few of the many uses of this system. 
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ABSTACT 

 

Hydroponics is a technology of growing plants in a soil less medium with nutrients and water. 

Nutrient solution is a main part of the Hydroponics system. Because good nutrient management 

directly affect to the growth of the plants. Electrical conductivity is an effective way to estimate the 

nutrient content. Normally electrical conductivity meters are more expensive. The aim of this project 

is to design low cost Electrical Conductivity sensor conductivity level of the solution. Key pad is used 

to enter the change of values of the optimum range of Electrical conductivity for an Automated 

Hydroponics System. This system is consists of Electrical conductivity sensor, Microcontroller, 

Liquid Crystal Display (LCD), keypad and Relay Drive Circuit. This system monitors the Electrical 

Conductivity level a throughout 24 hours in a solution tank. When the recommended range of 

Electrical conductivity of the solution changed, the system allows adjust automatically by adding 

water or nutrients in to the solution tank. If the Electrical Conductivity is higher than the optimum 

range, the system automatically add fresh water to reduce it. If it is lower, add nutrients. The 

microcontroller is used to control the whole system. LCD is used to display Electrical. 

 

Keywords:  Automated Hydroponics System, Electrical conductivity, Relay drive circuit 

 

1. INTRODUCTION 

Soil is the natural growth media for cultivation of many crops. But it has created many 

problems such as soil borne diseases, undesirable microbial activities, changing acidity level, 

salinity, poor drainage, poor nutrient level and undesirable soil characters
1
. Also in some 

places, soil is not available for crop growing. Especially in urban society, people have not 
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enough space to growing their plants. Therefore to overcome these problems, new method is 

needed. 

Hydroponic is a good solution to reduce these problems. Hydroponic is a method of growing 

plants in soil less culture. Hydroponics has several advantages such as possibility of using 

areas unsuitable for conventional farming, independence of the crop to weather conditions 

such as frost, wind, and flooding, allowing cultivation throughout the year, off season 

production is possible, high yield, water wastage minimum. Also in hydroponic, weeds are 

easier to control. A well-kept soil less garden requires less work than its traditional 

counterpart. Therefore hydroponic system is very useful growing method for everyone. The 

success of Hydroponic garden depends on the strict nutrient management program. In 

nutrient management, the two most important factors are pH and electrical conductivity. 

Carefully manipulating the nutrient solution pH level, electrical conductivity will lead to a 

successful hydroponic garden
2
. 

Therefore, using pH and Electrical conductivity sensors, can calculate these values. These 

two sensors are available in market. But Electrical conductivity sensors are more expensive. 

Therefore, design low cost electrical conductivity sensor is needed.  

The aim of this project is to design a low cost Electrical Conductivity sensor for automated 

hydroponics system. 

 

2. EXPERIMENTAL 

The system is consists of Electrical conductivity sensor, Microcontroller, LCD, keypad and Relay 

Drive Circuit. 

Using Electrical conductivity sensor sense Electrical conductivity in a solution tank. Sensing 

values are displayed on LCD. Optimum Electrical conductivity level pointed in a programme. 

Also we can change that levels in a programme using keypad. First, sensors are sensed 

present value of the solution and that values displayed on LCD. Then present values and 

optimum value range compare using microcontroller. If the present values are not in optimum 

range, active relay for add water or nutrients into solution tank. When present values are in 

optimum range, relay is deactivated. The programme was written in mikroC PRO for PIC. A 

16F877 microcontroller basically controls the functionalities of the system. Relay driver 

circuit consist of two relays. One relay is used to active water pump. Next one is used to 

active nutrient pump.  
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Designed Electrical conductivity sensor tested several samples. That samples are consists 

with same volume of purified water and several salt weights. 

 

3. RESULTS AND DISCUSSION 

This system is designed to monitor Electrical conductivity. Reading unit of the sensor is 

dS/m. This designed electrical conductivity sensor is low cost. But in a market, electrical 

conductivity meters are high priced. 

Figure 1 shows the design of the system. 

 

Figure 1: Design of the system 
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Figure 2 shows the schematic design of the Electrical conductivity sensor. It consists of three 

parts. There are the sine wave oscillator, the gain loop and the AC to DC converter. 

 

 

Figure 2: Schematic Design of Electrical Conductivity sensor 

  

 

Two gold plated probes are used as a probe of this sensor. Gold is a good conductor and it 

does not tarnish or corrode easily. Graph of the tested values were shown in figure 3.  

 

Figure 3: Graph of test values 
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Figure 4: Exact values of the salt weight vs. Electrical conductivity 

 

Figure 4 shows the exact Electrical conductivity values with salt weight 
3
. By comparing 

figure 3 and 4, it was experimentally found that the output voltage of the designed sensor is 

linearly equal to the values of electrical conductivity (dS/m).  

4. CONCLUSION  

To get good harvest from hydroponics, good nutrient management system is needed. 

Therefore measuring electrical conductivity will help to maintain good nutrient solution. 

Normally electrical conductivity sensors are more expensive. Low cost electrical conductivity 

sensor is a good solution for hydroponics growers. 

Designed sensor is low cost and it can used to measure Electrical conductivity with unit of 

dS/m. 
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ABSTRACT 

 

It has become a well understood fact there are so many draw backs with the using of manual jack.  

The problems occurring mainly for the ladies and elder persons who are troubled with the tyre matter 

when traveling. Hence this is difficult to operate; this project suggested the solution of safe electronic 

jack with the features of gyro sensor and microcontroller, also the new design is powered by using 

internal car battery power from cigarette lighter adapter. The suitable and accurate gear wheel and 

motor is identified by calculating. The electronic circuit is designed by using ATmega8 

Microcontroller, FS1003 RF Module (Signal transmitting and receiving module), Gyroscope Sensor 

(GY271), 16*2 LCD, HT12E, HT12D, and DC547 Transistor. Also the project is used “Proteus 

Software” and “MikroC AVR” Software to design the electronic circuit. Finally the implementation 

part is carried out as a prototype. This product is safer for both user and vehicle because electronic 

jack detected the hand break status. By using “gyroscope sensor” this device detect the movements in 

both jack and vehicle. Also do not required too much money to develop this product where the initial 

cost of product is an investment for the user. More research activities are required to enhance the 

performances and this can be further developed with more advanced features as future work. 

Key Words: Gyroscope sensor, Microcontroller, Electronic jack, Scissor Jack, Radio 

Frequency Module 

 

1. INTRODUCTION 

Nowadays, most of the cars were equipped with the scissor car jack. We found that the 

scissor car jack were very difficult to be used especially by women and elder people, because 

this types of jack needed more strength and energy to operate this jack by turning the lead 
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screw. Also there are some safety issues such as if the hand break is forget to lift up or the 

jack is in a wrong angle, then the operator or the car driver is faced with accident while the 

tyre changing where the vehicle can be moved. This creates accidents to both vehicle and the 

user. To overcome this problem, a research has been conducted to find a solution of design a 

car jack for the car using the simplest and cheapest way while saving energy. Although there 

were many ways to solve this problem, but the design of electronic car jack system is the 

practical way when we considered all the factors and consequences especially about the 

analysis to develop this product.  

Hence, this project has implemented to make user friendly electronic car jack that is user 

friendly and easier to operate. This product is safer for both user and vehicle because 

electronic jack detected the hand break status. By using “gyroscope sensor” this device detect 

the movements in both jack and vehicle. Also do not required too much money to develop 

this product where the initial cost of product is an investment for the user. 

2. EXPERIMENTAL 

In the experimental phase the existing jack is modified by using the components such as DC 

Motor, Gears, ATMega8 Microcontroller, Radio Frequency Module, HT12D/12E ICs, 

Gyroscope Sensor (GY271), I2C, Liquid Crystal Display [LCD], Cigarette Lighter Adapter 

and Push Button, as well as this project used tools such as PCB drill, multi meter, soldering 

iron and sucker pump. And the selection of type of gear wheel system is justified in the 

results and discussion section. This project used the Proteus software for microprocessor 

simulation, schematic capture, and printed circuit board (PCB) design also MikroC AVR 

software as programming language of the microcontroller
1
.  

2.1 Circuit Design 
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Figure 1: Electronic circuit design 

Above figure no: 2.1 shows the components and the path for the designing of a project. The 

main of this project is to develop an existing scissor jack into a user friendly automated 

electrical jack which can be lift the vehicle more easier with low effort.  

The pushbutton switch which used to lift the jack is directly connected to the microcontroller 

is functioning as the user requirement. If the user need to lift up the jack, need to press the up 

button continuously till the required level and when the user put his/hand away from button 

the jack is not lifting further. Similarly to lift down the jack need to press lift down button 

and vice versa. But there are two conditions need to be satisfied for this operation. 

 Hand break status ( lift up/not) 

Role of the hand break of a vehicle is to lock the wheels without any movements. If the 

wheels are released at the time of jack is in use, there may occur accidents for user. Therefore 

it is essential to lifted up the hand break in standard level to lock the wheels for active the 

process of design and then one condition is satisfied to lift up the jack.  

 Angle of the jack (Using Gyro sensor) 

Tis jack is safe consideration product. If the jack angle is not at the suitable level, it may shift 

the jack or vehicle and caused accidents. So if the angle of the jack with respect to land is 

below 60
0 

degrees, the gyro sensor gives I2C signal to microcontroller and the process is 

stopped. Therefore if the jack is operating on a flat surface or the angle with the land is not 

below than 60
0 

degrees the other condition also satisfied. 

 

2.3 Implementation of the project 
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The following figure shows the implemented circuit of the project with the used components. 

 

Figure 2: The implemented circuit of the project 

3. RESULTS AND DISCUSSION 

Overall result of this project is to design and manufactured an electrical car jack with the least 

amount of components at the least cost, designed and manufactured an electrical car jack that 

works in efficient way.  

When selecting the equipments and components these steps and procedures are considered. 

For the Jack Design, this research used the techniques of evaluating the force (F), torque (τ), 

and gears in order to modify the scissor jack. Firstly evaluate the Force analysis based on the 

axis of scissor jack. 

The effort force for a screw jack when neglecting friction can be expressed as, 

                l)          (1) 

Where; F = effort force at the end of the arm or handle, Q = weight or load, p = pitch distance 

or lead of thread in one turn, r = pitch radius of screw and R = lever-arm radius  

The torque of the scissor jack can be expressed as, 

                   (2) 

And also Torque can be getting as with the terms of revolution per minute (rpm) and Horse 

Power (HP). 
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                         (3) 

τ1 means the torque which need to provide to the axis of the jack to hold the load. τ2 means 

the torque which provide by the electric motor’s hose power. The jack can be lifted when the 

τ1 < τ2. Otherwise cannot lift the load by using jack.  

Therefore as a solution, this project suggested using combined gear wheel system with the 

jack. 

This project design is requires hand break status (lift up/not) as an essential requirement. 

Because this product is more reliable need to lift up the hand break before use the electronic 

jack. Otherwise the jack cannot be worked and the LCD displays the error message. By using 

Gyro sensor, this project concerns the angle of the jack before the operations. This also more 

safety concern both in vehicle and user. Because of if the jack angle is not at the suitable 

level (more than 60 degrees), it may shift the jack or vehicle and caused accidents. The LCD 

displays the status of the angle on the screen and the user can inform what the error is 

regarding with. To modify a scissor jack into an electronic device, it can be modified without 

spending more money; hence the cost of production is being an investment for the 

manufacturer or the user. Although this kind of automated jacks are currently available with 

the brand new cars and those are only allocate for rich people. But this product is for normal 

users; also this will be more convenient to the ladies and older people who are troubled with 

the tyre problem when traveling.  

4. CONCLUSION 

The project design was modified by introduction of an electric motor in the scissor jack, 

connecting gear with the pinion, the cigarette lighter adapter connected to the motor and 

plugged to the automobile 12V battery source to generate power for motor, in order to make 

load lifting easier. In this modified design, the power screw is rotated through its gear when 

electrical power flows through it. 

The main advantages of the modified design over the existing design are that the modified 

designed motorized jack will save time, be faster and easier to operate and requires less 

human energy and additional work to operate. Also by using the gyroscope sensor this design 

have more safety considerations than existing products. Where the accident occurs because of 

the movements of a car or jack, this design can be easily identified. There by effectively curb 

the problems associated with Ergonomics - which is a fundamental concept of design process.  
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ABSTRACT 

 

The industrial robotics is an emerging technology which is highly effective in mass production 

procedures. The aim of this study is to design and develop a novel universal robot gripper with 

suitable robot design for picking and placing various types of items. This can be used in multiple 

industrial environments. There are various activities can be done by using this universal robot 

gripper. Such as pick up different shapes, different materials in different sizes and weights 

without causing them any damage. This design can be used in industrial environments to 

enhance the efficiency of the production procedures. 

Keywords: Robotics, Pick and place, Gripper, Electro-adhesion 

1.  INTRODUCTION 

Robotics is a branch in science and Engineering. The effectiveness of the robot lies with design, 

development, manufacturing, application and real time use in day today‘s world. It is mainly 

related to three branches which are mechanics, electronics and software development1.  

Industrial automation is a very important application of the robotics. Automation is defined as 

using different control system as either a contact control, programmable logic control or any 

other industrial control system that concerns computer application or information technology 

to use all the manufacturing equipment and processes, reduce the need for human intervention.  

Automated manufacturing mainly seems to use standalone, automatic systems typically found 

in a factory. The processing technology has many advantages, and it is effective in 

manufacturing and production processes 2.  
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The main advantages of the automated manufacturing are greater accuracy and quality, 

reducing time consumption, simplification of the production process, reducing human handling 

and improved performance. 

A robotic gripper is an essential component of a robotic manipulator in pick and place machines 

in industrial automation.  Electro-adhesive grippers are different type of gripper design than the 

conventional grippers.  Electro-adhesive grippers use electric mechanism to grab the items 

which has more advantages than the other types 3. 

The project consists of designing and developing a universal robot gripper with suitable robot 

design for picking and placing various types of items.  The gripper quality is measured if it can 

pick up different shapes, different materials and different sizes and weights without causing 

them any damage.  A prototype of a robot design with the electro-adhesive gripper is presented 

in this paper. 

2. METHODOLOGY 

2.1. Robot arm design 

Robots’ kinematic structure has selected of the “Articulated robot” to designed and developed 

under this project.  Articulated robots have three fixed axis connected to two revolute base. All 

joints of an articulated arm are revolute and most likely represent the human arm. Figure 1 

shows the movement range of an articulated robot. 

Figure 1: Movements of an articulated robot 

The revolute joints are called hinges and prismatic joints are called sliding joints. Each joint 

defines the relative motion of the arms it links. That determines the subset of the whole 

configuration space. Each configuration subset is a different position for each link. These 

subsets are simple to measure by considering a distance or an angle with each joint. 

Electro-adhesion based gripper is highly flexible, consumes low energy than the mechanical 

grippers.  Also electro-adhesion grippers can handle many types of objects, materials and 
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surface finishes. Electro-adhesion gripper manufacturing process is simpler than the other types 

and the manufacturing cost is also smaller. 

2.2. Electro-adhesive gripper 

Electro-adhesion based grippers offer compelling new solutions in robotic parts handling. It 

also eliminates the need for bulky, energy-intensive vacuum technology or mechanical grippers. 

They are consisted of an electro-adhesive pad and a high-voltage driver unit. This pad act as 

the gripper once it is powered up by a high-voltage supply. 

 Electro-adhesive pads (figure 2) is pads are composed of a stretchable dielectric that 

encapsulates stretchable electrodes.  When a DC voltage is applied to the electrodes, the 

generated electric field causes (a) polarization of nearby insulators or (c) surface charging of 

nearby conductive substrates.  This generates an attractive force, F N, between the substrate 

and pad. This attraction force grab the object.  

 

 

3. RESULT AND DESCUSSION 

This project consists of a functional prototype that approaches the intended outcomes. Also 

sensors are added and the complexity of the mechanism has been increased. 

3.1. Operation of the prototype design 

There are four main steps in the working process of the robot. 

1. Reach to the loading destination  

2. Grip the object 

3. Transport to the unloading destination 

4. Release the object 

 

 

Figure 2: Operating principle of electro-adhesion pad 
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3.2 Prototype of robot arm design 

The final design of robot arm constructed from the 5mm Acrylic sheet and using servo motors.  

3mm Machine Screws (M3 fixings) used to fit the parts of prototype. Cutting layouts of the 

robot arm shown in figure 3 and 4. 

 

 

 

 

3.3  Prototype design of the electro-adhesive gripper 

The prototype of the electro-adhesive gripper was designed with a computer aided design 

(CAD) software and the gripper had been implemented using a custom made circuit design as 

shown in figure 5. 

Figure 3: Robot arm parts of prototype (a) 

Figure 4: Robot arm parts of prototype (b) 
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Figure 5: PCB design of the robot gripper pad 

3. RESULTS AND DISCUSSION 

A prototype of industrial robot arm had been developed and implemented with this paper.  The 

prototype has main components as follows. 

1. Mechanical part of the robot 

2. Electro-adhesive robot gripper 

3. Controller circuit of the robot  

4. High voltage generate circuit for the electro adhesive gripper. 

Mechanical component is the moving part of the robot which produces the movements of the 

load. The electro-adhesive gripper is the hand of the robot which hold and carry the load. The 

control circuit is composed of an 8-bit micro-controller system that control every process of the 

robot. 

A high-voltage supply is needed to operate the electro-adhesive function of the gripper. A step-

up voltage regulator has been designed and implemented for this purpose. 

The implemented prototype of the robot has shown in figure 6 (a) & (b). 

 

 

 

 

 

Figure 6: Operational prototype of the robot 
(a) 

(b) 
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4. CONCLUSION 

The electro-adhesive gripper has many advantages that useful in the modern techniques in the 

world of robotics. It can deliver more precise operation than the traditional mechanical grippers. 

The electro-adhesive robot gripper is the principle focus of this project. This method is more 

cost effective than the other gripping technics.  However, further studies are necessary for this 

industrial robot design before it is deployed in industrial grade processes. The working 

prototype of the device has developed and verified its performance with tests.  

The load bearing capability is limited as this is based upon electro-adhesion rather than the 

frictional grip. But, in sensitive operation processes such as semiconductor fabrication and 

textile industries, this can be a more appropriate design. With appropriate hardware and 

software design, this can be developed up to a finished machine that can be used in the 

manufacturing processes. 
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ABSTRACT 

 

The laboratories mostly work with chemicals use magnetic stirrers frequently for mixing, 

stirring chemicals and do some biological experiments. The frequency of usage is more than 

traditional mechanical stirrer, because of its quieter and more efficient characteristic. When 

there is no exposed mechanical transmission components, it won’t been damaged easily 

Modern magnetic stirrers basically consist on motor with rotating magnet, heating element 

and control circuit. In chemistry the speed of the chemical reaction affect many factors such 

as concentrate of chemicals, Temperature, Pressure. In these factors Temperature is the most 

important factor. As an example temperature increase in 10
 0

C the reaction speed of the 

chemicals increase two-fold. The reaction speed of reaction increase with increasing 

temperature as same as decreasing temperature reaction speed is decrease. But Temperature 

decreasing magnetic stirrers is not available. This paper proposes the low cost and 

microcontroller controlled magnetic stirrer with temperature decrease function. New system 

consist microcontroller, cooling element and user interface for enter values for functions. 

Keywords: Magnetic stirrer, Cooling element, Low cost, Microcontroller control. 

 

1. INTRODUCTION 

In generally laboratories use different types of magnetic stirrers most of them can 

temperature increase only. But some reactions want to be test under low temperature 

conditions. For decrease temperature generally use ice pellets. But it is not possible at every 

time. Because it can’t control the temperature and the ice pellet making take too long time. 

The proposed system use thermo electric coolers for cooling purpose
1
.  
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LCD Display 

Cooling elements 

Thermo electric coolers works on 12v supply and it can easily control for different 

temperature levels. Also it use as a heating element. This system use for it both heating and 

cooling purposes. Cooling and heating levels controlled by PWM signals of ATMEGA 16 

microcontroller and IRF 540 mosfets. Because of the thermo electric coolers require a high 

current.  For motor control system use BT136 Triacs. Because where use induction motors. 

User can enter values for temperature, time and RPM also select plate of two plates via 4*4 

keypad
2,3

. 

 

2. METHODOLOGY 

 

 

  

 

 

 

 

  

 

 

 

Figure 1: Block diagram of the system 

Figure 1 shows block diagram of the system. In the start user must enter the values for 

temperature, time and RPM. Also select one plate of two using 4*4 keypad. When program 

starts, start counter for counting time. Temperature and RPM sensors sense their values if 

values not equal to entered values, microcontroller set PWM signal to keep temperature and 

RPM in entered values. If entered values are increase maximum values the error message 

display on LCD.  
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3. RESULT AND DISCUSSION 

When time reach to ending alarm will indicate it. Figure 2 shows flowchart of the system
4,5

. 

 

 time = T 

  

 

 

  

 Invalid      time<T 

 

 

 

Valid 

 Equal 

  

  

 

 

 

Not equal 

Figure 2.1: Flow chart of system 

The hot and cool plate temperature were measured 30s time intervals for its maximum value. 

Results were tabulated Table 3.1 and Table 3.2. 
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Table 3.1: Cool & Hot plate Temperature 

Time (s) Cooling Temperature (
0
C) Heating Temperature (

0
C) 

0 31.3 33.0 

2 31.1 33.2 

4 29.9 33.5 

6 26.9 34.7 

8 24.5 36.3 

10 22.4 39.5 

12 20.8 43.3 

14 19.7 47.2 

16 18.9 51.2 

18 18.3 55.0 

20 18.0 58.7 

22 17.8 62.2 

24 17.6 65.7 

26 17.6 68.9 

28 17.5 71.8 

30 17.5 74.5 

 

According to the Table No 1 graph 3.1 and graph 3.2 plotted.  

 

 

 

 

 

 

 

Graph no 3.1 Temperature vs. time for cooling plate. 
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Graph no 3.2: Temperature vs. time for heating plate. 

This project is called magmatic stirrer for both heating and cooling purposes. The device is 

design low cost and user friendly interfaces for controlling. According Graph no 3.1 and 

Graph no3.2 can determine the minimum and maximum values of the temperature to reach 

the device. The used Thermo electric coolers are easy to control than other heating elements 

such as heating coils. To reach the minimum and maximum Temperature take a minimum 

time. When take values the room temperature is 28 
0
C. When the device using areas ambient 

temperature is varies in large numbers, the minimum and maximum values differ than 

observed values. 

4. CONCLUSION 

For researching new innovations solutions scientists have done researches worldwide. The 

proposed device for heating and cooling stirring purposes can use easily chemical or 

biological testing. It is low cost and easy to control therefore the device more helpful who use 

this device. In design of the proposed 
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ABSTRACT 

 

The proposed system aims to protect animals from undesirable effects which happen due to 

human activities.  The system generates high frequency signal within elephant sensitive 

frequency range to inform train arrival and expel elephants from railway track to avoid 

train/elephant collisions. The system used vibration sensor to detect train arrival. PIC 

microcontroller was programmed to fulfill other requirements. As an energy source, the 

system used solar power battery charger. This is a low cost device and this can be placed 

anywhere.  

Keyword: Vibration detection, Solar power, Elephant’s protection 

1. INTRODUCTION 

 

According to the Sri Lanka railways the average number of elephants that get killed due to 

elephant/railway accidents is about 9 per year. Sometimes these elephants run to the railway 

track when they are chased from Chena cultivations and if this happens just when a train is 

passing by it is very difficult to stop the train when the elephant is seen a few yards ahead
2
. 

Sometimes the cargo trains have about 15 compartments and it is not possible to halt a train 

suddenly
1
. In such a situation there should be some system in place to avoid this problem. 

This project covered design and operation of automatic train arrival detection system using 

801S vibration sensor and PIC16F876 microcontroller. The circuit has in-built power supply 

and alarm system which generates alarm with frequency within the elephant sensitive 

frequency range. As energy source of this system solar power was used. Solar energy has 

been identified as a very popular renewable energy source during the past few decades, since 

it’s clean and free. This system also contains a solar power battery charger and here the solar 
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panel produces 12V DC. The charging current passes to LM317 voltage regulator through the 

diode. Sensor circuit is used to provide the signal to PIC16F876 after detection of the 

vibration on the railway track. The sensed signal will pass to alarm system through 

PIC16F876. The alarm system works at high frequency within the elephant sensitive 

frequency range and it is directly proportional to the vibration level. When a train comes 

towards the system, vibration level goes high and the alarm frequency is also increases. 

2. EXPERIMENTAL 

 

1.1 Operation of the system 
 

Train arrival detection system is used to detect the train arrival using 801S vibration sensor. 

When a train arrives in particular direction, vibration sensor will detect the vibration and 

generate output signal. This is an analogue output and output voltage is directly proportional 

to the vibration level. At the same time, when sensor detecting the vibration, whole circuit 

will be on, and the alarm rings based on sensor output. PIC16F876 was programmed to 

switch alarm system and alarm frequency is set to high frequency in the elephant sensitive 

frequency range. Alarm frequency goes high according to the vibration level. That means 

when decreasing the distance between train and detection system, alarm frequency goes high 

because sensor output is directly proportional to frequency value. Sensor is placed in side of 

the railway track. Solar power battery charger is used to charge the battery and output voltage 

of designed solar power charger circuit is adjustable. The output voltage and current are 

regulated by adjusting the adjust pin of LM317 voltage regulator.  

1.2 Block Diagram of the System 

 

 

 

 

Power 

supply 

Vibrate 

sensor 

Alarm 

system 

PIC16F876 

microcontroller 

Figure 1 : block diagram of the circuit 
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1.3 Solar Power Battery Charger  
 

Here the solar panel produces 12V DC. Solar panel consists of 1.2V rated solar cells.  The 

charging current passes to LM317 voltage regulator through the diode D1. Pot RV1 is used to 

set the output voltage to the battery. Diode D2 prevents the discharge of battery. The output 

voltage and current are regulated by adjusting the adjust pin of LM317 voltage regulator
6
. 

1.4 Circuit Design  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESUTS AND DISCUSSION 

 

The circuit was designed to detect the train arrival using vibration sensor and to generate 

signal to expel elephants from railway to avoid train/elephant collisions. The vibration sensor 

detects the vibration of railway track when train is arriving and at the same time generates 

alarm signal with high frequency within elephant sensitive frequency range.  

 

 

 

Solar panel 
Battery 

Vibration sensor 

Figure 2: Circuit Diagram of the circuit 
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801S vibration sensor has high sensitivity. There are many factors affecting to vibration 

induced by train on the railway. Some of those are mass of the train, speed, type of the train 

etc
7
. The system can detect the train arrival up to 150m for any train. The system should be 

placed at the best suitable position of the railway track to get high accuracy of the system. So 

the vibration sensor of the system can be placed as follows. 

 

Figure 3: sensors place on a rail road 

When considering the alarm system it is important to consider the behavior of the elephants 

due to selected frequency range. Elephants respond to the buzz of disturbed and aggressive 

bees with alarm by moving away from the sound source. The evidence suggests that 

elephants are aware of bees, they retain a memory about bees and they can identify bees by 

sound alone. Their response suggests that they remember or associate the sound of bees with 

a negative historical event be it individual or collective, to which the correct response was 

rapid retreat
9
. In this system used the bee sound frequency to expel elephant from the railway. 

It is the frequency in between 200Hz to 300Hz. Because, bee sound frequency band is 

between 225 and 285 Hz
10

. 

This is low cost and easy to build. Another advantage of this system is it can be placed 

anywhere because there is not any problem to implement and it is easy to maintain, because 

this system has a solar power battery charger to charge the battery. There are many 

advantages with this solar power battery charger. Main purpose of this circuit is supply input 

voltage of the above circuit can be get automatically using solar energy without human 

involvement. Other than this purpose this solar power battery charger gives more benefits. 

Those are adjustable output voltage, simple and inexpensive circuit design because it uses 

commonly available components and zero battery discharge when no sunlight falls on the 

solar panel. 
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Limitation of the system is it is impossible to active the system for wet season. Because, there 

is not existed power supply which can be use based on that situation. As further work, can be 

design proper method or system for supply voltage.  

4. CONCLUSIONS 

 

The system was designed and constructed using 801S vibration sensor and PIC16F876 

microcontroller to prevent elephant/train collision. The system is an effective low cost 

solution to save the elephants from train accidents. This work deals with an important area 

which has not yet been considered properly.   
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ABSTRACT 

 

There is a high demand for underwater communication systems due to the increase in current 

human underwater activities. Underwater communication systems employ either acoustic or 

electromagnetic waves as a means of transferring signals. These waves are different in physically 

and electrically, and thus the systems that employ them also differ in their design architecture, 

wave propagation and devices used for emission and reception. The objective of our work is to 

develop an underwater communication channel. The channel utilizes the propagation of 

underwater acoustic waves. The design starts with the making of the most critical component, the 

transducers for the transmitting and receiving. The transducers are made with the piezoelectric 

discs which are commercially available. The channel has the ability to transmit and receive 

digital signal by using a developed unique communication protocol. This paper presents the 

implementation and experimental results of the communication channel. 

 

Keywords: Acoustic,piezoelectric,transducer,underwater   
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1. INTRODUCTION  

The need for advanced researches in underwater communication encompasses many applications 

including diver communications, environmental monitoring, marine activities, disaster 

prevention and resource detection. Nowadays, there are extensive ongoing research activities 

relating to underwater communication and underwater sensor networks. The main goals of each 

research activities are based on increasing the communication distance and the increasing the 

bandwidth. In underwater environment typical radio frequency based communication is not 

appropriate because of two facts. One fact is the radio waves require large antenna and the other 

one is the high transmission power
1
. Thus we have concluded that the most suitable way of 

underwater communication is the acoustic waves. Normally in the fresh water velocity of the 

acoustic signal is around 1480m/s
2
.   

The objective of our research is to develop underwater acoustic communication channel which 

can utilize digital signals. Apart from that our attention is paid towards the energy awareness, 

low cost and the simplicity of the system. To accomplish these targets homemade transducers 

and simple circuitries are used. The overall idea of the research is depicted in following Figure1. 

 

 

 

 

 

 

Figure 1: Overall Idea of the Research 

As an example, we can consider that X needs to communicate with Y using wireless 

communication and selected medium as fresh water. In here, A and B are not physically 

connected. X sends the message signal through cable which is connected to the terminal A which 

is capable to convert the message signal into an acoustic wave and B receives the message signal 

from A and sends it to the Y through the cable which connects the B and Y. Therefore the 
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  ASK Modulator      Amplifier Message Signal 

Carrier Signal 

communication channel is a point to point communication channel which is tested in shallow 

water. 

 

2. METHODOLOGY 

The system consists of transducers, transmitting and receiving circuitry and the software 

platform to prepare data into usable format. The first task of this research is to initialize the 

analogue communication link between the two transducers. After initializing this link the further 

experiment can be done by transmitting digital signal under the water. The most important 

parameter is the frequency of the signal that the transmitter transmits. The selection of frequency 

depends on the transmission distance. With higher frequencies lower the distance and the smaller 

the frequency higher the distance
3
. Therefore the 44 kHz is selected as the frequency of the 

transmission signal. 

The components of the transmitting side can be shown in the following block diagram in its 

simple configuration. 

 

 

 

 

 

In order to transmit a digital signal it should be modulated. The Amplitude Shift Keying (ASK) 

modulation scheme is used because the demodulation of the ASK signal is easier. A simple 

transistor ON and OFF method is implemented by using the BC 547 transistor. Then the 

modulated signal is amplified before transmitted. The amplifier which is having a gain of 23dB 

is designed with LM384n IC. To generate the message signal an Arduino based program is 

developed by using our own communication protocol. The sinusoidal carrier signal of 44 kHz is 

generated by using the signal generator.  Finally the amplified signal is fed to the transmitter 

Figure 2: The Block Diagram of the Transmittting Side 
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through the co axial cables. The receiving side comprises with the amplifiers, filters and 

demodulator. The block diagram of the receiving side is shown in the Figure 3.   

 

 

 

The received signal is a noisy signal. The filter is a band pass filter which allows the signals 

within a certain frequency band to pass. The upper and lower cut off frequencies of the filter is 

118 KHz and 12 KHz respectively. Then that signal is amplified for further process by using an 

amplifier. The same amplifier configuration which is in the transmitting side is used in the 

receiving side. The ASK demodulator is an arduino based demodulation scheme which monitors 

the receiving signal by using a threshold voltage. 

2.1 . Transducer 

In this section the design of the transducers is described.  The transducer converts one form of 

energy into another form of energy. In the case of underwater communication, the function of the 

transducer is to convert acoustic energy into electrical energy and vice versa. Underwater 

transducers are typically made from piezoelectric materials such as lead zirconate titanate and 

certain ceramics. Those materials generate an electrical signal in response to an applied 

mechanic stress and produce a stress or strain when an electric field is applied.  In order to 

maintain the required frequency (44 KHz) the circular disc shape piezoelectric material is used. 

The following figure 4 shows the two piezoelectric discs which are used to make the transducers. 

 

Figure 4: Piezoelectric Discs 

   Filter      Amplifier 
     ASK 

Demodulator 
Message Signal 

Figure 3: The Block Diagram Receiving Side 
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The piezoelectric discs have 50mm diameter and 2.1mm thickness. The resonant frequency of 

the discs is 44 kHz and the resonant impedance is less than 8Ω. The most common method of 

making transducers is to solder two leads on the two surfaces of the disc. 

 

 

 

 

 

 

 

 

 (a) (b) 

 

 

The test tank is about 1m long and the distance between the transmitter and the receiver is kept 

around 60cm. Fresh water is used as the transmission medium. 

 

2.2. Communication Protocol 

An arduino based coding is done in order to develop the communication protocol. To represent a 

letter in the English alphabet six bits are needed. The following figure illustrated the overall 

picture of the protocol. 

Master Data Packet consists of two portions to distinguish the message signal properly. Every 

message begins with a null portion; therefore it is easy to analyse the received message signal 

through water. The data rate is 10bps. 

 

3. RESULTS AND DISCUSSION 

The first step is initialized by sending a sinusoidal signal through the channel. The received 

signal is a small amplitude and noisy signal. Therefore the system is further improved by 

Figure 5: (a) Trasducers and (b) the Final Set up of the System 
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introducing amplifiers and filters. After that the communication of digital signal is tested. The 

ASK modulation identifies whether the signal is sent or not, and generates the signal according 

to that. To test the channel, digital clock signal is used as the message signal. The various 

message signal frequencies are tested through the channel. The following figures show the 

results of the experiment. 

 

 

 

 

 

 

 

 

 

 

When increasing the frequency of the message signal demodulated signal gets problematic. This 

is due to the delay introduced in the arduino based demodulation scheme.  Therefore with the 

current demodulation scheme we can use message signals upto 8Hz. By utilizing a successful 

demodulation scheme we can go for higher frequencies. 

To check the communication protocol the letter ‘b’ is sent over the software interface. The 

following figure shows the comparison of the waveforms. 

 

4. CONCLUSİONS 

Underwater acoustic communication is the most suitable way to communicate under water. By 

enhancing the features of the transducers, the communication distance can be increased.  This 

work developed a short distance acoustic communication channel as hardware to perform 

(a) (b) 

(c) (d) 
Figure 6: Comparison of Waveforms (a) 2Hz, (b) 4Hz, (c) 7Hz, (d) 9Hz; (Purple-Message 

Signal, Green-Modulated Signal, Blue-Received Signal, Red-Demodulated Signal) 
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acoustic communication. There are several advantages. Thus, the advantages of our acoustic 

communication channel are as follows. First, our acoustic channel is a low-cost based acoustic 

modem with the capability of digital data communication which is having a rate of 10bps. 

Because there had been no prior existing communication channel with this capability based on 

low-cost, our communication channel is significant in this regard. 
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ABSTRACT 

 

This paper describes the design of low cost automated parking system for multi storied vehicle park. 

A multistoried car park (also called a parking garage, parking structure, parking ramp, parking building or 

indoor parking) is a building designed for parking and where there are a number of floors or levels on 

which parking takes place. Most of multi storied parking systems are non-automated due to high capital 

investment required for the automation. The designed system consists of a microcontroller to control the 

mechanical parts and web based system for control software of the system. The ultrasonic sensors 

continuously detect the existing situation of the parking block and update the database according to those 

results. Web base system facilitates for viewing details of parking block details and reserve the parking 

block for the system users. User can do their payments through Pay Pal payment system more securely. 

The system automatically generate unique authentication password for each reservation separately. This 

authentication password can be used to access the reserved parking block. The prototype developed to test 

the design worked well for a multi storied parking place. 

 

Keywords: Multi storied parking system, Microcontroller, Ultrasonic sensors 
 

1. INTRODUCTION 

Automated parking system is a very popular topic in today’s industrial world. The available 

parking systems which are considered as non-automated multilevel or multi-storied parking 

methods such as, robot car parking systems, automated multilevel circulation parking systems 

etc, have been implemented all over the world
1
. But, these systems have a major disadvantage of 

user inconvenience which is successfully eliminated with the use of automated multi storied 
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vehicle parking systems. This project was mainly focused on the problems of the already 

developed multi storied parking systems, because most of them are non-automated and it is not 

possible to apply most of automated parking technologies to these multi storied parking places. 

However, it is necessary to automate the systems which are in residential areas to maximize the 

user satisfaction. In this project, the main concern was to automate multi store parking systems 

with the aim of providing solution to areas such as, existing building architecture, cost required 

to deploy the automated system, user convenience, integration of existing systems with 

developed automated system and security of the vehicles. Those challenges were successfully 

eliminated with the developed automated system for non-automated multi storied parking 

systems.  

 

2. METHODOLOGY 

2.1 system overview 

A prototype of automated system for multi storied parking system have been designed and 

implemented according to the block diagram shown in figure 1. The LCD display was used to 

display the messages and information of each block. Dial pad was used to enter the verification 

code and, buzzer was used to detect unauthorized access. The web based system with serial 

communication was used for access the parking web site and retrieving database data for control 

the mechanical part of the system. Microcontroller and the SQL Server management system are 

the main controlling parts of the system. The mechanical part of the system was set to act 

according to information retrieved from the SQL Server database management system.  

 

Figure 1 Block diagram of the overall system 
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2.2 Mechanical part of the system 

Ultrasonic sensors which were used to detect the existence of a vehicle, always examine the 

existing condition of the parking block and the database status. Online users can also view and 

update the details of SQL server database management system. Customers of the parking station 

can enter their verification code using keypad module at the parking slots and LCD display and 

buzzer are reacting according to the information coming from serial communication. Figure 2 

shows the circuit diagram for the mechanical part of the system
2, 3,4

.  

 

Figure 2 Circuit design of the mechanical part 

The figure 3 shows the prototype design of the overall hardware system. It consists of ultrasonic 

sensors, LCD display, a keypad, a buzzer and a microcontroller to control mechanical part and a 

web base system for software system control.  

 

Figure 3 Prototype view of the overall system 

Figure 4 shows the main interface of the web base system. System user can use this web based 

system to reserve a parking block of the system and view details regarding to the parking system 
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Figure 4 Main interface of the web base system 

2.3 Microcontroller programming 

Microcontroller is programmed to determine the current condition of the parking block using 

ultrasonic sensors and to provide commands to other hardware sections according to the 

retrieving information through serial communication
5,6,7

. 

2.4 ASP.NET programming 

The ASP.NET web development technology was used to develop the web based system with 

SQL Server database management system. Pay Pal payment system was integrated with web 

based system to develop online payment system
8,9

. 

 

3 RESULTS AND DISCUSSION 

The results tested with the prototype developed showed (Table 1) that the microcontroller system 

controls the mechanical parts of the system according to the information retrieved from the 

database and update stored information of web based system according to the information 

retrieved from mechanical part of the system. 

Table 1 Testing results of the system 

Test 

Number 

Steps to test Expected result Result 

1 Parking block is empty Dispaly “Free to park” OK 

2 Park a vehicle in non-booking time slot  Display “No space” OK 

3 Booking time period without a vehicle  Display “Enter password” OK 

4 Booking time period with a vehicle and Display “Free to park” OK 
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password was entered  

5 Booking time period with a vehicle and 

password was not entered  

Display “Unauthorized”  OK 

6 Booking time period with a vehicle and 

password was not entered  

Alarm sound OK 

7 Enter password correctly Display “Allow to park” OK 

8 Correct user name and password Login to the system OK 

9 Incorrect username correct password Message “Your login attempt was not 

successful. Please try again” 

OK 

10 Correct username incorrect password Message “Your login attempt was not 

successful. Please try again” 

OK 

11 Incorrect username incorrect password Message “Your login attempt was not 

successful. Please try again” 

OK 

12 All fill without user name Message “The username field is required” OK 

13 All fill without E-mail address Message “The email field is required” OK 

14 All fill without Password Message “The password field is required” OK 

15 All fill without confirm password Message “The confirm password field is 

required” 

OK 

16 Select red colour parking slot You can't reserve  this block, please 

choose another block  

OK 

17 Select blue colour parking slot Free space for you, reserve your block  OK 

18 Save without filing date Please fill the date OK 

19 Save without filing category name Vehical number required OK 

20 Select already booked time slot Block already booked for the requested 

time slot. 

OK 

21 Save without filing level number Please add level number OK 

22 Save without filing level name Please add level name OK 

23 Save without select a level  Please select a level OK 

24 Save without filing block name Please add block name OK 
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The cost required to implement the entire system was about 4000 Sri Lankan Rupees. This value 

is very low compared to the systems developed to automate parking systems. Another advantage 

of the system is that it do not need any physical changes for existing parking stations for 

implement the system. The prototype worked well with serial communication using wired media. 

Sometimes it will be hard to implement the wired media peripherals in a parking station. This 

weakness could be removed with the use of ethernet microcontroller shield for this system.  

 

4 CONCLUSION 

This study was carried out to design a system to automate multi storied parking places. The 

system consists with Arduino microcontroller based mechanical section and ASP.NET based 

web system. The results tested with the prototype developed showed that system was able to 

fully automate the parking system. The total cost for the prototype system is about 4000 Sri 

Lankan Rupees which is very low compared to automated systems available in the market. 
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ABSRTACT 

 

 

Greenhouses are specially designed agricultural environments that offer a human creation of better 

way to growth of friendlier conditions for plants. The automation of green house is new trend of 

greenhouse elevation. The specific sensors are needed when the automating and well managing 

greenhouse efficiency.  Soil is used as the main growing media in the greenhouse. Good soil health 

is strongly effect for better harvesting. There are many indicators for measuring soil health. Among 

these properties soil electrical conductivity (EC) is better than others. Different types of soil EC 

meters are available. But they are not configured as suitable for automated greenhouse. This study 

has been introduced low cost soil EC meter. The soil EC meter is tested with different types of soil 

samples. In these test; the soil EC sensor is obtained linear change when increasing soil EC level.  

 

Keywords: Greenhouse automation, EC, Soil conditioning  

 

1.  INTRODUCTION 

1.1. Automated greenhouse 

Automated greenhouses are automatically controlled environment. It can be created 

favorable micro – climate which crop production could be made possible though out the 

year or part of the year. In this closed environment maintained greater control of 

parameters; temperature, light intensity, relative humidity, CO2 concentration, soil EC, soil 

PH, soil moisture, shade, irrigation and fertilizer application as major functions. 

Greenhouses may be used to overcome shortcomings in the growing qualities of a piece of 

land, such as a short growing season or poor light levels, and they can thereby improve 
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food production in marginal environments. When automating the greenhouse control 

systems have a number of sensors, both inside and outside the greenhouse, that monitor all 

of the important environmental factors which affect crop growth.  

Soil is used as main growing media in the greenhouse. Because the soil health is strongly 

affect plant growth and harvest. Soils have physical, chemical and biological properties. 

Among these properties the chemical component relates to the nutritional aspect of the soil. 

Chemical issues address the sufficiency of both the macro- and micronutrients in the soil. 

There are 15 major elements needed by crops to grow successfully: carbon, hydrogen, 

oxygen, nitrogen, potassium, phosphorus, calcium, magnesium, sulfur, iron, manganese, 

boron, zinc, molybdenum, and copper. Other important chemical factors affecting crop 

growth and yield include soil pH, salinity, and sodicity
1
. All the nutrients are have 

electrical conductivity (EC). Because EC is a good indication of soil health.  

1.2. Soil Electrical Conductivity  

Soil Electrical Conductivity means ability of a soil to conduct electricity. Soil EC level is 

a good indication of the amount of nutrients of the soil. Electrical resistivity uses the unit 

of Siemens per meter. Electrical conductivity is the reciprocal of electrical resistivity. 

Rather than use the units mho per meter. Siemens defined this unit as the resistance of a 

column of mercury 100 cm high and with 1 mm² cross-section and at temperature of 0° 

С. EC is a universal standard for measuring electrical conductivity. Parts per million 

(ppm) is also used that measuring. Soil electrical conductivity is an indirect measurement 

that correlates very well with several soil physical and chemical properties. It is a 

measure of the amount of salts in soil .It is an important indicator of soil health
2, 3

. 

1.3. Soil Electrical Conductivity Meter 

An EC meter measured the potential for an electrical current to be transported through the 

material. 

In this study, after considering theoretical concept a soil EC meter is produced. The system 

have three parts; probe, amplify circuit and programming part. First voltage difference 

between two probes is obtained and amplified. After the voltage is converted to the EC 

measured unit; Siemens(S) using universal standard. 
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2.   METHODOLOGY 

 

In the proposed system voltage difference between two probes were measured and 

amplified it using an op amp.  Here soil EC measured by applying an alternating electrical 

current (I) to two electrodes immersed in a solution and measuring the resulting voltage 

(V). During this process, the cations migrate to the negative electrode, the anions to the 

positive electrode and the solution acts as an electrical conductor. The system have been 

designed as follows.   

2.1. Probes 

In the system soil EC is measured between two probes 1cm apart, each probe length 30cm. 

1/3 length of the probes were inserted in to the soil and remained are insulated.     

2.2. Oscillator 

Oscillator circuit is used to produce a periodic, oscillating electronic signal. It converts 

direct current (DC) from a power supply to an alternating current (AC) signal. Here 

oscillator designed to generate sine wave.  

2.3. Gain (amplify circuit) 

Here amplify circuit used to controlled the output to match the input signal shape but with 

a larger amplitude. In this sense, an amplifier modulates the output of the power supply to 

make the output signal stronger than the input signal. It does this by taking energy from 

a power supply.  

2.4. AC to DC converter 

Here op-amp is configured to convert the AC signal level into a DC voltage with 

adjustable gain for scale.  

After getting amplified voltage difference it is converted Siemens. Here used universal 

standard for measuring electrical conductivity conversion; 1 ms/cm (EC 1.0 or CF 10) = 500 ppm 

(USA)
 4
. 

3. RESULTS AND DISCUSSION 

 

The device was tested with dry soil samples and mixed them with and distill water and 

0.001M Sodium Chloride (NaCl) solution separately. Then prepared ten soil samples in 

different moisture levels. Also tested gold plated probes and brass probes with this soil 
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samples separately. The amplified voltage difference between to probes were measured. 

The experimental results as follows.  

 

Figure 1: Voltage variation of soil with distill water with gold probes

 

Figure 2: Voltage variation of soil with 0.001M NaCl with gold probes 
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Figure 3: Voltage variation of soil with 0.001M NaCl with brass probes 

 

According to the above graphs voltage is varied linearly with soil moisture and soil 

salinity. Also that this linear variation is remained two types of probes gold and brass. The 

gold probes voltage variation is better than the brass probes. When consider those results 

the EC meter can be used to measure soil electrical conductivity. 

 

4. CONCLUTION 

The automated greenhouses are specially designed environment for agriculture. When 

automating the greenhouse, it can be created favorable micro – climate and it can be 

maintained as required environmental condition manually or automatically. To achieve this 

task number of sensors should be used. Here Soil is used as the main growing media in the 

greenhouse. Because more attention should be focused about Soil properties. Soil EC is a 

good measurement to knowing about the soil health. Automated greenhouse is needed 

specially configured soil electrical conductivity meter. The device is linearity, repeatable 
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results, calibratable and low cost. The system can be developed further and customized 

according to the need of the automated greenhouse.  
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ABSTRACT 

 

Microcontroller based greenhouse temperature, humidity and light intensity measuring and 

controlling system and is used the automatic measuring and controlling Equipment and quantities 

such as heating and cooling(temperature),humidity and light intensity in Green houses. In measuring 

pars consist on fore microcontrollers and each microcontroller has temperature sensor light sensor 

and humidity sensor. I used I2C protocol connect base microcontroller and other fore 

microcontrollers. And Base microcontroller was controlled all Equipment and quantities. And I used 

labVIEW program for analysis that  measurement and change its variables. Green houses from an 

important part of the agriculture and horticulture sectors in our country. Famer can be used to grow 

plants under controlled climatic conditions for optimum production. Automatic monitoring and 

controlling of the climatic parameters which directly or indirectly govern the plant growth and hence 

their production. 

Keywords: Temperature, Humidity, Light Intensity, Microcontroller, LabVIEW 

1 INTRODUCTION 

A greenhouse is a building in which plants are grown for commercial or research purposes. 

These structures range in size from small sheds to very large buildings, with different types 

of covering materials, such as a glass or plastic roof and frequently glass or plastic walls; it 

heats up because incoming visible solar radiation from the sun is absorbed by plants, soil, 

and other things inside the building. Air warmed by the heat from hot interior surfaces is 

retained in the building by the roof and wall. In addition, the warmed structures and plants 

inside the greenhouse re-radiate some of their thermal energy in the infrared spectrum, to 

which glass is partly opaque, so some of this energy is also trapped inside the glasshouse. 
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Framer can be used to grow plants under controlled climatic conditions for optimum 

production. But farmers have to provide and control all conditions such as temperature, light, 

humidity. wetter supply, soil PH and etc. Because Green houses are separate with natural 

environment .It is very diffult. Therefore utomatic monitoring and controlling of the climatic 

parameters which directly govern the plant growth and hence their production. 

Embedded green house parameters measuring and control is proposed to provide a highly 

detailed climate data for plants within a greenhouse environment with an innovative method 

of growing temperate crops in a tropical environment using climatic conditions. The 

greenhouse was equipped with conventional wired sensors that provide readings of the air 

temperature, light intensity and humidity.  

The proposed system is an embedded system which will monitor and control the climatic 

parameters of a greenhouse using microcontroller .This system enhance  production over the 

whole crop growth season and to eliminate the difficulties involved in the system by 

reducing human intervention to the best possible extent using sensors, Analog to Digital 

Converter, microcontroller and actuators and LabVIEW National Instrument program 

The base microcontroller then performs the needed actions by switching relays until the 

strayed-out parameter has been brought back to its optimum level, And Base microcontroller 

communicate with PC using Serial communication, because  climatic parameters monitoring 

system and variable controlling system was there in LabVIEW program . Since base 

microcontroller is used as the heart of the system, it makes the set-up low-cost and effective. 

As the system also have an LCD display .It was show current temperature ,Humidity and 

light intensity In the green house. 

2 EXPERIMENTAL 

 

2.1 Introduction 

This project involved the implementing of a green house control device in order to control, 

monitor and maintain the desired temperature in the green house by turning ON and OFF 

two Exhouts fans and Misters and foggers as when due also study the humidity level  by 

turning the Misters and foggers ON or OFF and also light level in the green house by On and 

OFF switches of  light And covering net .I implement that system controlling green house 

inside climate .Because it haven’t natural climate. 
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2.2 Description Of The Device 

The block diagram below shows how the inputs section is connected into the microcontroller 

through an arrow, the arrow indicate that data is passing through the microcontroller. The 

output section is connected out of the microcontroller through the arrow.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Main Units Of The Device  
 

 Climate Condition Monitoring Unite. 

This unite consists of PIC16f88 Microcontroller for controlling and read sensors convert that 

values analog to digital and send to It’s base Microcontrollers Using I
2
C   ,LM35 sensor for 

monitoring temperature , Photo  diode for monitoring light intensity also DHT 11 Humidity 

sensor for monitoring humidity. 

 Main Controlling Unit. 

Main controlling unit consist of PIC16f877A microcontroller as a main control unit, LED 

display and switching relays. It is control all climate condition unites which are exhouts 
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Figure 1: Block Diagram of unite 
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fans, misters and foggers, lights, covering net and also it use communicate between Climate 

Condition Monitoring Unite and LabVIEW program and it’s use to do all calculations parts. 

LED display shown as climate condition of inside green house.   

 LabVIEW Program. 

 

2.4 I2C  Communication 
 

This I2C tutorial shows you how the I2C protocol works at the physical bit level discussing 

single master mode which is the most common use for I2C in a small system.I²C  created by 

Philips Semiconductors and commonly written as 'I2C' stands for Inter-Integrated Circuit 

and allows communication of data between I2C devices over two wires. It sends information 

serially using one line for data and one for clock I2C is not only used on single boards, but 

also to connect components which are linked via cable. Simplicity and flexibility are key 

characteristics that make this bus attractive to many applications. 

 

Figure 2: Master Slave System 

Most significant features include Only two bus lines are required, No strict baud rate 

requirements like for instance with RS232, the master generates a bus clock, Simple 

master/slave relationships exist between all components Each device connected to the bus is 

software-addressable by a unique address,I2C is a true multi-master bus providing 

arbitration and collision detection 

2.5 Serial Communication Between Pic16f877 And PC 

This article series aims at teaching serial communication between a PIC microcontroller and 

a PC. We first introduce you with what is serial communication is and how it can used. Then 

we tell you how to perform serial communication using PIC microcontroller and how we use 

the USART peripheral for the purpose. We will tell you how our usart library for PIC16F 

series can be used for easy serial communication, in this part we also discuss how to set up a 
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MPLAB X project for using the USART library. After that we will build a demo project to 

explore the library. Finally we will burn this demo in a PIC16F877A and establish a serial 

communication with PC 

3 RESULTS AND DISCUSSION 

 

Figure 3: Proteus Schematic Diagram 

The circuit was designed to collect the analogue data readings using humidity, temperature 

and light sensors. PIC16F88 microcontrollers were programed to implement the desired 

function. It was programed to convert the captured analogue data into digital and I2C 

protocol carried the data into base microcontroller.  

Base microcontroller was able to read the digital input signal and display the values and it 

was programmed to control the climate conditions using relays base on the given data. 

Analyze the captured data by PC using serial communication.   

This project is to design a simple, easy to install, microcontroller-based circuit to monitor 

and record the values of temperature, humidity and sunlight of the natural environment that 

are continuously modified and controlled in order optimize them to achieve maximum plant 

growth and yield. The controller used is a low power, cost efficient and easily available. It 

communicates with the various sensor modules in real-time in order to control the light, 

aeration and drainage process efficiently inside a greenhouse by actuating a fans, fogger  and 

lights respectively according to the necessary condition of the crops. An integrated Liquid 

crystal display (LCD) is also used for real time display of data acquired from the various 

sensors and the same data is sent serially to a remote computer where complete data logging 

takes place. Also, the use of easily available components reduces the manufacturing 
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andmaintenance costs. The design is quite flexible as the software can be changed any time. 

It can thus be tailor-made to the specific requirements of the user. 

In this proposed Green house automation system, when climate condition change then 

Switches are automatically ON and OFFF which are connect to the climate controlling 

elements.This process was done by basically using two type of microcontroller which are 

PIC 16f88 and PIC 16f877A .When design the Green house automation system, the 

effectiveness and efficiency and reliability of the system must be considered in first.Hence 

this system was designed by considering reduce the human involvement. 

4 CONCLUSION 
A step-by-step approach in designing the microcontroller based system for measurement and 

control of the four essential parameters for plant growth, temperature, humidity and light 

intensity, has shown that the system performance is quite reliable and accurate. This will 

reduce the time of using the manual way of watering. Fewer workers are needed to maintain 

the plants or crops. The sensors such as temperature sensor, LDR and humidity probe are 

used to control the temperature and watering and lighting in the greenhouse. The system has 

successfully overcome quite a few shortcomings of the existing systems by reducing the 

power consumption, maintenance and complexity, at a reduced cost and at the same time 

providing a flexible and precise form of maintaining the environment. 
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ABSTRACT 

n type cuprous oxide (n-Cu2O) is a widely used and low cost material which can be fabricated by 

boiling a Cu plate in a CuSO4(5 × 10
-3

 M). Synthesis of Cu plate with reduced graphene oxide (rGO) 

before synthesis of n-Cu2O increases the photo effect of n-Cu2O, means rGO acts as an electron 

acceptor to exact photogenerated electrons from n-Cu2O. rGO is synthesized using electrophoretic 

deposition (EPD) technique. Fabricated samples are characterized using diffuse reflectance spectra, 

photocurrent response and stability of the cells. It can clearly say that there is a remarkable 

enhancement in photo effects in n- Cu2O when it is fabricated with rGO. 

1. INTRODUCTION 

The renewable energy sources are one of the greatest challenges facing us to address the 

increasing energy demand of our society. Solar energy is the largest energy source available us 

and can be converted into electricity through the photovoltaic effect
1
. Therefore it is 

encouraged the fabrication of low cost materials for energy conversion devices
2
. The potential 

for Cu2O to be used in semiconducting devices has been investigated as it is timely and 

attractive, since this material with a band gap around 2 eV. Many researches are based on p 

type Cu2O, but the simplicity of preparation and the non-toxicity of n type Cu2O, it has 

considerable attention for research on this material in the past
2
. For this study n-Cu2O layer is 

formed by boiling a well cleaned Cu plate in a CuSO4 solution. Since the beginning of the last 

century, carbon based systems played major role in energy conversion applications
3
. Graphene 

with two-dimensional structure has been used as excellent charge transfer medium, due to its 

high conductivity, excellent conductivity, high mobility of charge carriers and light 

transmission
4, 5

. For the ease of synthesizing of graphene layer, graphene oxide is used. For 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 219 - 224 
Department of Electronics – Wayamba University of Sri Lanka 
 

H2 evolution from graphene deposited / n-cu2o                                                                                             220 

 

further increasing of conductivity reduced graphene oxide is used. For this, electrophoretic 

deposition technique is used because of its high deposition rate, good thickness controllability, 

good uniformity, and simplicity of scale up coating
6
. The diffuse reflectance spectra, 

photocurrent response and pH variation of the cell are discussed. 

 

2. EXPERIMENTAL 

Cu plates (3 cm × 1 cm) were cleaned and polished with sand papers to obtain a mirror like 

surface. Then the plates were thoroughly washed with distilled water.  

 

2.1 Preparation of Graphene Oxide  

The Graphene Oxide (GO) used in this study was prepared from purified natural graphite by 

the modified Hummers method
7
. 2 g of graphite  powder was mixed with 46 ml conc. H2SO4 

and 1 g NaNO3 solution at 0 
0
C. 6 g of KMnO4 was added slowly to the flask while the 

temperature kept below 15 
0
C with vigorous stirring for 30 minutes. The suspension was 

mixed until the temperature exceed 35 
0
C then it became a brownish in color. 92 ml of de-

ionized water was added slowly while stirring for further 15 min. Finally, 10 ml of H2O2 (30 

wt. %) solution was added slowly to the mixture and the color of the mixture change into 

yellow in color. The mixture was centrifuged and washed with water and HCl based on a 

volume ratio 10:1 for several times to remove the residual ions. The powder was dried at room 

temperature in a vacuum desiccator for an overnight.  

 

2.2 Deposition of rGO layer 

GO was dispersed in distilled water and a solution of pH of 4 was made. Figure 1 shows the 

diagram of the EPD cell experiment. When 10 V DC voltage was applied between Pt plate and 

Cu plate, the rGO platelets migrated towards the Cu plate (positive electrode). After 

deposition, samples were dried
6
. 
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2.3 Preparation of Cu/rGO/n-Cu2O layer 

Cu/rGO substrate was immersed in a 5 × 10
-3 

M CuSO4 solution and boiled to obtain Cu2O 

layer on the substrate. Boiling time controls the amount of Cu2O formed on it. During the 

boiling a fixed volume of CuSO4 solution was maintained to provide the same experimental 

conditions for different preparations. The pH readings of the CuSO4 solution after boiling 

were obtained using Adwa AD1030 pH/mV & Temperature Meter. 

 

2.4 Characterization Techniques 

Diffuse reflectance spectra of Cu/n-Cu2O and Cu/rGO/n-Cu2O were obtained by using 

SHIMADZU 1800 UV spectrophotometer. The photocurrent measurements were done using 

Hokuto Denko HA-131 potentiostat. Here a Pt plate was used as the counter electrode, an 

Ag/AgCl electrode was used as the reference electrode and fabricated samples were used as 

the working electrode. 0.025 M FeSO4 solution was used as the electrolyte. 

3. RESULTS AND DISCUSSION 

3.1 Photo current response curves 

Figure 2 shows the photo current variation of Cu/n-Cu2O substrates for different boiling times 

in CuSO4 solution. As in Figure 2, a peak can be observed according to the boiling time of 45 

min.   

Figure 1: Experimental setup of the EPD technique 
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Figure 3: Photo Current response curve of Cu/rGO/n-Cu2O for various rGO depositing time 

 

 

 

 

 

Figure 3 shows the photo current variation of Cu/rGO/n-Cu2O for various rGO depositing time 

and boiling time in CuSO4 solution is 45 min as it is the best time observed from Figure 2. 

According to Figure 3 it is clear that the ultimate photo current is observed when rGO 

depositing time is 30 s.  

3.2 pH variation 

The pH variation of CuSO4 solution, when Cu2O layer grows on the Cu plate as a function of 

boiling time, is shown in Figure 3. It shows rapid reduction at the beginning and saturating at a 

value around 3.8, which means the acidity of the solution increases rapidly and then settles at a 

constant value.  So it is clear that at the beginning, the oxide layer grows rapidly and slows 
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Figure 2: Photo response curve of Cu/n-Cu2O for various boiling times in CuSO4 Solution 
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down after some time. The formation of Cu2O on a copper surface can be explained from 

following chemical reaction.  

                     
          [1] 

It is clear that the acidity of the CuSO4 solution increases as a result of the rapid growth of the 

Cu2O layer
8
. 

 

Figure 4 : pH variation in CuSO4 solution as a function of boiling time 

3.3 Diffuse Reflectance Spectra 

Figure 4 shows the absorption spectra of Cu/n-Cu2O (curve-a) and Cu/rGO/n-Cu2O (curve-b). 

The estimated band gap from the absorption edge corresponding to the light absorption of n-

Cu2O was ≈ 1.9 eV (λ ≈ 640 nm) [8]. It can be clearly seen that a relatively high absorption 

when Cu/n-Cu2O substrate synthesize with rGO layer. 

 

Figure 5: Absorption Spectra of (a) Cu/n-Cu2O (b) Cu/rGO/n-Cu2O 
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5. CONCLUSIONS 

The optimum Cu/rGO/n-Cu2O layer is produced by depositing rGO layer for 30 s and boiling 

Cu/rGO substrate in a 0.005 M CuSO4 solution for 45 min.  The absorption spectra indicates 

the band gap of this material as 1.9 eV and rGO exhibits the enhanced visible-light absorption. 

To conclude, we can say that rGO can act as an electron acceptor to enhance the photo effect 

of n-Cu2O due to the formation of n-Cu2O-rGO junction.  
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ABSTRACT 

 

Main objective of this research project was to develop a network monitor with SMS alert 

system to provide network monitoring solution to the Anantare Resort, Tangalle. This system 

scans the telephone network and sends a report to the maintenance Engineer using SMS alert 

system. This device scan the telephone network per 30 minutes and generates the scanned 

report. SMS alert system helps maintenance Engineer to repair the telephone connection 

breakdowns quickly. Arduino uno was used to control the SMS alert system. Sim900 GSM 

module was used to send a SMS to the maintenance Engineer. Network scanning software was 

used to scan the telephone network.  

Keywords: Network monitor, SMS, Telephone connections, Arduino uno 

 

1. INTRODUCTION. 

Anantara resort is a newly opened hotel in Tangalle. They have selected an IP PBX system to 

communicate with each other. The IP PBX is called the communication server which has 

several features like call routing, voicemail functions, conference calling etc. Every telephone 

has a unique IP address to communicate with communication server. All the telephones and 

communication server act as a voice network which communicate via IP addresses 1. Currently 

there is no network monitoring tool to scan the telephone network in Anantara resort. Therefore 

there are lot of problems when going to maintain the telephone system. There are two ways to 

identify that telephone connection breakdown. One is guest complaints about the telephone 

connection breakdown and other thing is manually scanning the system. Most of the time 

maintenance Engineer is going to repair a telephone connection breakdown after receiving a 

guest complains. But that is not a good method, because gust satisfaction is the most important 

thing of a hotel.  
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By considering these drawbacks, this network monitoring system with SMS alert was 

introduced to reduce them 

 

2. EXPERIMENTAL 

The bellow figure 1 shows the block diagram for the network monitor with SMS alert system. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1: The block diagram of the network monitoring with SMS alert system 

2.1 Operation of the network monitoring with SMS alert system  

The Arduino programming board is the main controller unit of this system 2. A computer is 

used to scan the telephone network by using a network monitoring software 3. The computer is 

connected to the voice network through a network cable. The 10 strike network monitor 

software was used to scan the telephone network. The system is scanning once every 30 

minutes and the result is generated as an output. That output is taken as the input to the 

ATmege328p. The message is received in hex numbers and it is should be converted to decimal 

to get the exact meaning of the message. Then message is sent to the maintenance Engineer 

through the GSM module which is interfaced with Arduino 4 The following figure 2 shows a 

picture of the device 

. 
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Figure 2: Designed system 

 

3. RESULTS AND DISCUSSION 

 Voice network is scanned by the computer per 30 minutes automatically. 

 System Engineer receives SMS only when a telephone connection breaks down. 

 SMS is sent to the specific number defined before. 

The device offers several advantages  

 Maintain Engineer does not need to stay in the server room every time. 

 SMS alert system is very fast communication method, therefore maintainer can get that 

message immediately and repair the broken telephone connection quickly. 

 Using this device we can reduce the guest complaints about telephone connection 

breakdowns.   

 This system helps the Hotel to increase the guest satisfaction by giving immediate 

service for them. 
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 4. CONCLUSION 

This study and the implementation presented in this paper was an attempt to solve one of the 

problems in existing in telephone system at Anantara resort Tangalle. That is identifying the 

telephone connection breakdowns before guest complains about it. The concept of Arduino and 

network monitoring software were used in this study to achieve the project goals. 

The developed network monitoring system with SMS alert will help to maintain the telephone 

system more efficiently. And also using this system, IT department can reduce the guest 

complains about telephone connection breakdowns. 
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ABSTRACT 

 

Adaptive modulation techniques have the potential to substantially increase the spectrum efficiency and 

bit error performance efficiency. Adaptive Modulation Radio (AMR) functionality enables link capacity 

to be optimized in accordance with the weather conditions. In the AMR scheme, the most efficient 

modulation is good weather conditions, while less efficient modulation is used during bad weather 

conditions. In this study, behaviors of the AMR has analyzed with the rain intensity data collected by 

the Department of Meteorology. Analysis data was collected from the eight commercial microwave 

links for 13GHz and 18GHz frequency bands of iPasolinks. In this paper outcomes feasibility prediction 

of function of AMR feasibility of throughout December month in Rathnapura district for both 13GHz 

and 18GHz. This shows highly percentage of hours in Rathnapura AMR operate in most efficient 

modulation level. These results will contributes to the telecommunication service providers in Sri 

Lanka. 

 

Keywords:  AMR, adaptive modulation, BER, QAM 

 

1. INTRODUCTION 

When considering the modern demand for multimedia services, the ability to provide spectrally 

efficient and flexible data rate access is one of the important design considerations of future 

wireless systems. One approach to satisfy both of these requirements is to adapt the modulation 

and transmission power according to the instantaneous propagation conditions, interference 

scenarios, and traffic or data rate requirements. This technique is called adaptive modulation 1, 

2. Adaptive modulation techniques have recently been proposed for two-way data transmission 

over cable 3. For instance, variable-rate QAM has been proposed for several third-generation 

wireless communications systems. It has been shown in 1, 2, that adaptive modulation 

effectively improves the Bit Error Rate (BER) performance on radio channels which suffer 
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shadowing and fading. AMR is the commercially available technology to perform adaptive 

modulation in commercial microwave. There are several vendors provide this technology. 

Purpose of this study is to analyses of behaviors of the AMR with rain intensities. The 

modulation switching is done by SNR level measurements of the present link condition. This 

means, BER at receiver level can be good enough to decide switching scheme. Figure 1 is 

shown the modulation variable process of adaptive modulation radio. 

 

Figure 1:  the modulation switching process of adaptive modulation radio. 

 

2. METHODOLOGY 

For this study, method was selected from the several methods by considering theoretical 

background deeply and data availability. The analysis has been done based on the error alarms 

generated and adaptive modulation level changing notifications to different modulation level 

generated history data. One of vendor was selected from vendors who provide AMRs by 

considering several factors for the study. The NEC ipasolink 200 AMR was selected for this 

study. Errors counted history data were collected from exporting to the excel sheet. Rain fall 

data were collected from the Department of Meteorology and analysis has done based on the 

requirements.  There are lots of error alarms generated in the rainy periods, according 

requirement, High Bit Error and Low Bit Error alarms occurred counts in faded minutes were 

analyzed with respect to rain intensities (mm/minutes). According to the iPasolink 

specifications , High Bit Error alarm generated in threshold BER are vary between 10-6, 10-7, 

10-8, 10-9 and Low Bit Error alarm generated in threshold BER are vary between 10-6, 10-7, 10-

8, 10-9 3,4.When considering collected alarms counted history with rain intensities for 18GHz 

links, analysis graphs are summarized as follows 
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Figure 2: High Bit Error Average Percentages relationship with Rain intensities 

 

 

 

 

 

  

 

 

 

Figure 3: Low Bit Error Average Percentages relationship with Rain intensities 

Figure 2 shows average percentage High Bit Error alarms fluctuations with the rain intensities 

(mm/minute). When considering fluctuation pattern, when rain intensities increases, Bit Error 

Rates also increases. But it’s coming to higher rain rates there is degradation of Bit Error Rate 

occurrence average percentages in both HBR and LBR.  

It can be concluded that in middle of rain intensities very high bit error rates occurrence 

percentages. Further it can be seen, with high rain intensities, there is more High Bit Error 

alarm occurrence average percentages than Low Bit Error and threshold bit error rate vary 

between 10-3, 10-4, and 10-5.There is an inversely proportional relationship between the SNR 

and BER. Then SNR fluctuation can be predict by above conclusion. 

Analysis based on the collected modulation level varies in minutes time periods, transmit  

modulation analysis for different rain intensities are details in charts. As a example one chart 

has described as follows. 
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Figure 4: Link Modulation variation for 0.4 mm/minute 

The bar chart is reperesents the maximimum minimum modulation levels with count  

percentages for all 0.4 mm/ minute rain intensity operate minutes. According to chart outline, 

it can be seen that percentage of maximum modulation count and minimimum modulation 

count is 128QAM. When  it consider about the range, there is no range minimum to maximum 

modulation level. Link operate more 128QAM level in whole minute which operate under 

0.4mm/minute.   

 

3. RESULTS AND DISCUSSION 

The results of the summery of analysis are show in below tables by using similar analysis 

method for each rain intensities for 13GHz and 18GHz frequency bands links 

Table 1: Modulation vary ranges regards to rain intensities for 18GHz links 
 

 

 

 

 

 

 

 

 

 

Rain Intensity (mm/minutes) Link modulation vary ranges 

0.4 128QAM 
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Table 2: Modulation vary ranges regards to rain intensities for 13GHz links  

Rain Intensities (mm/minutes) Link modulation vary ranges 

0.04 128QAM 

0.08 128QAM 

0.14 64 QAM - 16QAM 

0.34 32QAM 

0.47 32QAM - 16QAM 

1.14 16QAM 

1.54 16QAM 

By using this modulation level values, further study was done regarding modulation level 

availability for specific time period for specific region. For this, a district was selected from 

Sri Lanka by considering the historical rainy data of each district. Rathnapura district was 

selected for this study. Rain fall fluctuations of recent three year is shown in following figure 

3. 

 

 

 

 

 

 

 

 

Figure 3: Average Rainfall in Sri Lanka 2013 – 2015 (mm) 

Rain intensity data were collected for every 15 minutes for December month to Rathnapura 

district and mapped predicted modulation level regarding for every 15 minutes time period. 

Modulation availability for December moth predicted for both 18GHz links and 13GHz links. 

The following figures shows the results of the analysis 
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According to the analysis result, as shown in above figures, most of the percentage of hours 

are operating under the most efficient modulation it is 256QAM. It means there is AMR 

feasibility with the rain fluctuation. 

 

4. CONCLUSION 

The final outcome of this study is an analysis of behaviors of Adaptive Modulation Radio with 

rain intensities. In this study, AMR function feasibility was analyzed for the Rathnapura 

District. This shows highly percentage of hours in Rathnapura AMR functions in most efficient 

modulation level. These results of this study will contributes to the telecommunication service 

providers in Sri Lanka. 
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ABSTRACT 

Sri Lanka Ports Authority (SLPA) is a leading economical center in Sri Lanka. There are several 

container terminals in the SLPA, from which is the Jaya Container Terminal (JCT) is being the largest. 

Industrial training that was assigned, was focused on as covering the entire sections of the harbor 

according to a schedule. JCT was the first training place that were admitted. Problem found in the 

Gantry Cranes and Transfer Cranes which are used to move cargo containers. Both cranes are used load 

cells to measure the weight of the corresponding containers while moving them. The aim of this project 

is to design a pre-amplifier and data viewing system for the Gantry crane. While moving a container 

which has 0-40 tons weight, load cell produces a current 4-20x10-3A current output according to the 

weight of the container. Previously, this cranes have load cell amplifier system to measure weight of 

the load from container. But the output of load cell amplifier is not sufficient to be measured accurately 

in a PLC system. So that, these load cell amplifiers weren’t working properly. In that case, that output 

of the load cell should be amplified and system was renewed. The system consist a current to voltage 

converter, Microcontroller and indicator system and Liquid Crystal Display (LCD). Current to voltage 

converter is used to amplify output of the load cell. Also holding weight display on Liquid Crystal 

Display (LCD) and Microcontroller doing calibration part. After Microcontroller implementation part 

output goes to PLC system. When load cell output a current while moving container, it supply to this 

system as an input. Current converts to the voltage to acceptable value for the PLC system in the first 

part and then this voltage was calibrated to linear output. LCD display displays observations of the 

system. 

Keywords: Rail mounted gantry crane, Load cell, Current to voltage converter 
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1. INTRODUCTION 

Sri Lanka Ports Authority is a leading government institution in Sri Lanka. Currently it is a 

well-organized profitable institution that coordinates and administers the whole works in Port 

of Colombo and all other ports in the island. The specified ports now include Colombo, Galle, 

Trincomalee, Kankasanthurai, and Point Pedro. Nearly 50% of container cargo containers 

handled by SLPA in Port of Colombo. Jaya Container Terminal (JCT) is the largest container 

terminal among those other terminals in SLPA. In JCT, there are two types of cranes are used 

for the complete their task. Rail Mounted Gantry Cranes used for the loading and unloading 

purpose between ship and container yard. For the movement of the containers inside the yard, 

Rubber tired Transfer Cranes are used.  

Load cell is a sensor or transducer that converts a load force acting on it into an electronic 

signal. Strain gauge type load cells were used in cranes to measure weight of the container 

while moving1. So that operator can identify the corresponding container is suitable or not to 

move up. Container is over weighted, it can cause a huge damage because of the operator 

cannot notice the weight of the container. Maximum weight of the container is 40 tons. Output 

of the load cells is not sufficient to measure. At the beginning, a cranes had a system to take 

the output from the load cells and amplify this signal to indicate a data viewing system. All 

these years’ cranes worked with this unsecured situation. Because of this ignorance several 

accidents were occurred 2. 

In this project, designed a system to get output from the load cells and amplified it to a usable 

output. In this system, the output of load cell is amplified using current to voltage converter 

circuit. 
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Figure 1: Strain Gauge Type Load Cell 

 

2. METHODOLOGY 

For experimental purposes, in this system implemented four Current to Voltage converter 

circuits, Microcontroller and Liquid Crystal Display (LED) display for the display weight of 

the container. The output current of the load cell is amplified by using Current to Voltage 

circuit. In the Gantry cranes, there are four converters are need due to the PLC system require 

four outputs of the converters separately. For the 0-40 tons container weight, load cell output 

4-20 mA current. This current convert to 0-5 V using current to voltage converter 3. Here M1 

is the MOSFET. R1 is the resistor. IIN is the input current. 

 

Figure 2: Current to Voltage Converter Circuit 
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The output voltage of current to voltage converter is send to microcontroller as an input. atMega 

32 microcontroller doing the calibration part using PWM. The program was written in Bascom 

AVR. PWM output was supplied to the op-amp rectifier circuit. By this rectifier circuit, PWM 

output is amplified to 0-10 V. Using voltage divider half of this output again sends to the 

microcontroller as a feedback to calibration purpose. 

 

Figure 3: Circuit Diagram 

 

3. EXPERIMENTAL 

For experimental, this circuit was tested several times. Supplied 0-20x10-3A current using 

current source and got the output. Input current and output voltage was measured. 
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Figure 4: I-V curve of an Experimental Results 

4. RESULT AND DISCUSSION 

The system is designed to display weight of the containers with the indication system. When 

the supply current was increased output voltage should be increased. Also it should perform 

very precise linearity between input source current and output voltage. This system has both 

analogue and digital parts together. Therefore, analogue to digital conversion also needed 

which has been done by microcontroller. In the analogue part current to voltage performs 

amplifier behaviour. 

 

Figure 5: Completed Devices 
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5. CONCLUSION 

Rail mounted Gantry cranes handle 0-40 tons containers which is load cell output is the 0-20 

mA. Developed system converts this current to voltage output linearly. Due to this output 

supplied to a PLC system to further implementations, linearity is the very important factor in 

this project. Furthermore the system implemented a display unit for show observations to the 

operator. If the readings were exceeds the system, operator can prevent accidents. 
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ABSTRACT 

 

Providing quality of service (QOS) guarantees in an important requirements for multimedia 

communication networks. Providing QOS guarantees the performance of any network and ensures that 

the agreed QOS is sustainable, but it is not sufficient to just commit resources since QOS degradation 

is often unavoidable. Because of these reasons, QOS monitoring is required to track the ongoing QOS 

and compare the monitored QOS against the expected performance. It helps to detect possible QOS 

degradation, hence can be tune the network resources accordingly to sustain the delivered QOS. When 

considering about multimedia networks, more often the network devices are implemented by the 

different vendors. In this situation each vendor introduces different kind of technologies and methods 

for QOS monitoring over their devices. So, there will be critical situations when it wants to monitor 

QOS between devices of two different vendors. It is very important to have standard QOS monitoring 

protocol technologies for avoiding this kind of situation in network administration. The purpose of this 

study is to identify the optimal end-to-end QOS monitoring protocol for layer 3 IP network by literature 

survey and justify the outcome of literature survey by feasibility study for the considering network. The 

Python based software program was used to analyze the outcome of literature review for deciding most 

appropriate protocols suitable for telecommunication companies in Sri Lanka.        

 

Keywords: Quality of Service (QOS), Internet Protocol (IP), Provider Edge (PE) 

 

1. INTRODUCTION 

QOS monitoring mechanism can be classified into two main categories as, end-to-end QOS 

monitoring and QOS distribution monitoring. In end-to-end QOS monitoring approach, the 

end-to-end QOS between the sender and receiver of a real-time flow is monitored. When 
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considering about QOS distribution monitoring approach, the QOS distribution experienced by 

the flow in different network segments is also monitored. By considering the network 

architecture of the organization, end-to-end QOS monitoring approach was used for precede 

this study. As a first part of the study, observed already available standard end-to-end QOS 

monitoring protocols. Then observe the nature of the protocols with existing network by the 

literature survey. As a final part of the study feasibility analysis was done with the one of our 

newly developed software program for identify the optimal protocol for the layer 3 IP network.      

 

2. METHODOLOGY 

According to the layer 3 network architecture of the organization, it can identify six main 

traffics classes which flow through the network. It was monitoring the QOS of layer 3 network 

by considering the main traffic classes of Voice + Signaling traffic, Video traffic, Streaming 

traffic, Business critical traffic, Business data traffic, Best effort ( internet critical) traffic. 

Standard protocols were selected by considering these main traffic classes. Four main standard 

QOS monitoring protocols were identified by observing the available protocols which use for 

monitor the QOS in IP network. The identified protocols are RFC 2544, RFC 5357, RFC 6812, 

EtherSAM. This study was based on these identified four main QOS monitoring protocols. 

2.1. Review of literature    

The factors for observe literature review was defined by considering the layer 3 network 

architecture and the main requirements for implement QOS monitoring protocol in this 

network. The main factors which consider for the literature review are, Standarbility of the  

protocol, Appropriate with  layer 3 network, Device compatibility of the protocol, 

Compatibility of the protocols with QOS parameters, Compatibility with layer 2 network, 

Testing methodologies of the protocol. Table 1 shows the collected data set regarding to each 

QOS monitoring protocol by the literature review1, 2, 3, 4, 5, 6, 7, 8, 9 . Marking method was used 

for reporting each data as,  

1 : Condition is acceptable , 0 : Condition is not acceptable 

Table 1: Final results of the review of literature 

Weight Parameters 
EtherSA

M 
RFC 2544 

RFC 5357 

(TWAMP) 

RFC 

6812 

A Standarbility of the protocol 1 1 1 1 

A Appropriate with  layer 3 network 1 1 1 1 

 Device compatibility     
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A ASR 901 1 1 1 1 

A ASR 9006 1 1 1 1 

A ME 3600 1 1 1 1 

A ATN 910i 1 1 1 0 

A ATN 950b 1 1 1 0 

A NE 40 1 1 1 0 

A NE 5000 1 1 1 0 

 QOS parameters     

B Bandwidth monitoring 1 1 1 1 

B Latency monitoring 1 1 1 1 

B Jitter monitoring 1 0 1 1 

B Frame loss monitoring 1 1 1 1 

C 
Appropriate with layer 2,3 

network 

1 1 0 1 

C 
Testing methodology of the 

protocol 

1 0 1 1 

Weighting method was used for prioritize the each parameter which consider for observe the 

literature review as, A > B > C, A + B + C = 1 and all A, B, C values are restricted to two 

decimal points, where A is the highest priority value and C is the lowest priority value. Python 

software program was developed to find the average total marks for each protocol by 

considering the given weighting conditions. The average total value for each QOS monitoring 

protocol was generated by the Python code. The calculated average values are, RFC_2544 - 

5.81326530612, RFC_5357 - 6.09275510204, RFC_6812 - 4.38224489796 and EtherSAM - 

6.20551020408. According to the calculated average values, EtherSAM and RFC 5357 

selected as the theoretically most effective QOS monitoring protocols for implement in layer 3 

Ethernet network.  

2.2 Feasibility study 

Feasibility study for the selected protocols was done by considering three aspects of the 

network. They are Economical feasibility for protocol implementation, Adaptability of the 

protocols for existing network and Maintainability of the network for selected protocols.    

2.2.1 Feasibility study for two-way active measurement protocol (TWAMP) 

The TWAMP architecture is composed of four logical entities of TWAMP client, TWAMP 

session-sender, TWAMP session-reflector, TWAMP server that are responsible for starting a 

monitoring session and exchanging packets. It can deploy TWAMP in simplified network 

architecture, with the control-client and the session-sender on one device and the server and 

the session-reflector on another device. The TWAMP client has to implement in PE (Provider 
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Edge) routers of the network. There are six inner core sections as A, B, C, D, E, F and two PE 

routers for each section. The HP Proliant DL3800 GEN8 servers have to implement in each 

section of the inner core by covering the each section of the network. The total cost estimation 

for implement TWAMP client is considering network is $15,000.00.   

HP Proliant DL380 G8 servers can be configuring as the client for TWAMP implementation. 

In this case there will not any issue for existing network or process of the network. When 

considering about the network architecture of the organization, it has to configure all 

aggregation service routers, sub-aggregation routers and cell site routers for cover entire 

network. In this case it has to consider about the IOS version of the routers for configure 

TWAMP server. According to the network Huawei ATN 910i and 950b devices required the 

IOS version upgrade for TWAMP server configuring. TWAMP network architecture it consist 

with less hardware components than hardware components. It use HP Proliant DL380 as 

TWAMP client and existing routers can be used as the TWAMP servers. According to the 

TWAMP network architecture there will be software maintain cost than the hardware maintain 

cost4, 7. 

2.2.2 Feasibility study for EtherSAM 

The round-trip measurement scenario is used for implement the EtherSAM in considering 

network. In this case the measured value reflects the average of both test directions, from the 

test set to the loopback point and back to the test set. The BV-3100 verifier is used as the test-

set for implement EtherSAM in considering network. It is a single integrated instrument that 

support for service turn-up, monitoring and troubleshooting phases of the IP and Ethernet 

services life cycle of the network. EtherSAM verifier has to implement in PE (Provider Edge) 

routers of the network. It was required to implement EtherSAM verifier in all PE routers for 

covering all inner core sections of the network. Total cost estimation for implement EtherSAM 

verifier in considering network is $16,800.00. The BV-10 performance end point unit is used 

as the loopback device for implement EtherSAM in the network. When considering about the 

network architecture of the organization, all aggregation service routers, sub aggregation 

routers and cell site routers have to be consider as the responders for cover the entire network. 

The total cost estimation for implement EtherSAm end point unit in considering network is 

$9450.00. So, total cost estimation for implement EtherSAM is $26.250.00.  
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EtherSAM QOS monitoring protocol used external devices for verifier and end point devices. 

It is not required to configure existing components of the network. Because of this reason 

EtherSAM can easily adapt to the existing network of the organization.           

When considering about EtherSAM network architecture it is totally depends on the external 

devices of EtherSAM verifier and EtherSAM responder. So there will be hardware cost for 

maintain the EtherSAM effectively2.    

 

3. RESULTS AND DISCUSSION 

According to the review of literature, it was selected EtherSAM and TWAMP as the 

theoretically most effective QOS monitoring protocols for implement in layer 3 networks.  

According to the results of feasibility we identified that, total cost for implement EtherSAM is 

$26,250.00 and total cost for implement RFC 5357 is $15,000.00. EtherSAM can easily adapt 

to the existing network of the organization. Because it used external network equipments and 

it is not required to upgrade or change the existing system for implement the protocol. When 

considering about TWAMP, it required IOS upgrade for configure TWAMP servers. But 

TWAMP can adapt to the network without occurring any confuse situation for existing 

network.  

Another aspect of the study is network maintainability. EtherSAM has high maintain cost 

estimation than TWAMP and TWAMP has low error occurring probability for the considering 

time period.         

According to the overall results of the study TWAMP has the priority for implement in layer 3 

network of the organization. So the TWAMP is proposed for implement in layer 3 network of 

the organization. But it has to highlight that TWAMP is not possible to implement in layer 2 

Ethernet networks. If the QOS monitoring protocol wants to extend for measure QOS also in 

layer 2 network, we propose EtherSAM QOS monitoring protocol for implement in the 

considering network.             

 

4. CONCLUSION    

Quality of services monitoring in multimedia network is a very important process for 

guaranteed the better service provide for their customers. This study was basically focused on 

layer 3 network of the multimedia network. Because most probably network quality issues are 

occurring on layer 3 networks. This study can extend to identify standard QOS monitoring 

protocol for layer 2 and layer 3 networks equally. 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 241-246 
Department of Electronics – Wayamba University of Sri Lanka  
 

  

Identification of optimal standard end-to-end quality of service monitoring protocol…                           246 
 

When considering about the miner aspects of our study, we could use limited number of 

network devices for measuring parameters and feasibility of the network. This study can be 

farther extended to identify more convenient standard QOS monitoring protocol for the 

concerned network without having network devices dependency.   
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ABSTRACT 

 

At Dialog Axiata PLC, the transmission division has to decide the capacity for each service that they 

provide to the customers. In order to that, they have defined a scale of capacity for each service. They 

recommend those capacity values for all links in Sri Lanka. But when we consider about the customer 

base variation in Sri Lanka, it is inefficient to provide the same capacity for the whole country. Further, 

there may have areas which have excess link capacity and also shortage of the link capacity. To avoid 

this problem, a research has been done based on the customer utilization. An analysis has been done to 

calculate the capacity for a node with respect to the services by calculating the throughput of each 

service in the busy hour of a month. To find out the busy hour, data for a month have been analyzed 

according to 2G, 3G and FDD. By doing this kind of an analysis the company can save their expenses, 

and also this will help to improve their quality of the service and reputation. 

 

Key words: Throughput, Busy hour, Code tree, Spreading factor, HSDPA, Resource block 

 

1. INTRODUCTION 

Normally, capacity for a site depends on the services which are provided to those sites. In 

Dialog Axiata PLC, they have constant capacity value for each service. But the capacity which 

needs for a site depends on the number of users in that area. Because of that, we can provide 

different capacities for each service depending on the number of users in the area. Since all the 

sites have equal capacity for each service there are several disadvantages. In rural areas, there 

may have excess capacity for a site. It is an additional cost for the company. But in urban areas, 

there might be lack of capacity. It will be a reason to decrease of the quality of the service. 

Accordingly, it will affect the income of the company directly.  
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The company use Key Performance Indicator (KPI) analysis to measure the variation of the 

customer usage. These KPI analyses handle by the Network Planning division. It uses to 

identify view of the network. Using KPI analysis cellular operators can cover their networks. 

There are simple counters which based on an equation for each service. In 2G time slots 

occupancy, in 3G OVSF (Orthogonal Variable Spreading Factors) utilization and in FDD 

resource block utilization was obtained using KPI analysis. It helps to give more purposive 

measurements of performance. KPI data per cell and KPI data per BSC can be obtained1. 

 

2. METHODOLOGY 

Using KPI the data need for 2G,3G, FDD measurements have been collected. To calculate 2G 

throughput, time slots occupancy in a node has been collected according to each cell. Since the 

3G was based on code tree, spreading factor utilization by using KPI measurements. Downlink 

PRB usage was obtained to calculate the throughput of FDD using KPI counters1. 

Throughput of voice in 2G was calculated using Erlang B table because the relevant data 

observed in erlangs by using KPI analysis. The number of time slots can be finding out using 

Erlang B table. Further four steps to illustrate way of using erlang B table3. 

1. Collect traffic data 

2. Determine the average busy hour 

3. Choose a target GOS 

4. Use Erlang B table        

To find out the throughput for GPRS data and voice codec the speeds were used in Dialog 

Axiata PLC was 20Kbps and 12.2Kbps. Temporary block flow utilizations were used to find 

out throughput of GPRS. Following equations used for the throughput calculations for 2G 

Throughput for Voice = number of channel × 12.2 Kbps                                               (1) 

Throughput for GPRS  using TBF = number of time slots × 20kbps                            (2) 

 

Average Throughput ABC Node = Maximum For Voice + Maximum for GPRS             (3) 
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The techniques in Code tree were used to calculate 3G throughput in a link. According to the 

data observed from KPI analysis about spreading factor (SF) utilization the number of busy 

codes and number of blocked codes were measured. The spreading factor is different according 

to the service. Bellow table 01 shows the spreading factor and type of modulation in order to 

services4,5. 

 

Table 01: Modulation and SF analysis 

Services SF for Down 

link 

SF Up link Modulation 

AMR speech half 

rate 

256 128 QPSK 

Speech 128 64 QPSK 

CS 64 (video) 32 16 QPSK 

PS 64 32 16 QPSK 

PS 128 16 8 QPSK 

PS 144 16 8 QPSK 

HSDPA 16 8 16 QAM 

 

Table 02: Data rate and Modulations types for each SF 

 

 

Data rate =  
3.84

SF
×  No of bits according to Modulation                                                     (4) 

 

Throughput per Second =  
3.84

SF
 × No. of bits order to Modulation × No of codes       (5) 

 

In HSDPA using (SF = 16) there is special calculation because of the TTI (Transmission Time 

Interval). TTI has equal three codes in SF 164,5,6. There for the throughput calculation for SF 

16 is differ from above equation as in bellow equation 6.  

 

Throughput per second in SF 16 = bit rate × No. of TTI                                                 (6) 

 

Spreading Factor Data rate Modulation Used 

256 0.03 QPSK 

128 0.06 QPSK 

64 0.12 QPSK 

32 0.24 QPSK 

16 1.44 16QAM 

8 0.96 QPSK 

4 1.92 QPSK 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 247-252 
Department of Electronics – Wayamba University of Sri Lanka  

 

Capacity analysis for 2G, 3G and frequency division duplexing for a node according…                          250 
 

 

Number of TTI =
Number of used codes

3
                                                                                  (7) 

 

The procedure used for the throughput calculations for FDD is shown7. 

Subcarrier spacing = 15 kHz 

 

Time Period           = 0.5 ms 

 

Number of subcarrier per RB = 12 

 

One Resource Block = 12 × 7 = 84 Resource element (with normal PC) 

 

Bandwidth of a RB = 12 × 15 = 180 kHz 

 

One Resource Block = 12 × 7 × 2 = 168 Symbols per ms (normal PC) 

 

Modulation used = 64 QAM   (6 bits per symbol)  

 

Throughput for single chain   =       
168 × 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑠𝑒𝑑 𝑅𝐵 × 6 × 1000 .

106   Mbps.           (8) 

 

When using 2×2 MIMO throughput   = 2 × Throughput for single chain7                         (9) 

 

Effective Throughput    = Total throughput × 
75

100
 

 

When using 10MHz, Number of RBs in 0.5ms time = 50 

 

Total number of RBs in 1s = 50 × 2 × 1000 = 100000 

 

Number of used PRBs = Total PRB Usage × Total PRB available in time period × 10-2 (10) 

 

                                                                                                                                          

3. RESULTS AND DISCUSSION 

 

Table 03: Maximum capacity values and busy hour 

 

 

 

 

 

Services Date Time (h) Maximum 

capacity (Mbps) 

2G 2016/1/13 22.00 3.1611 

3G 2016/1/03 02.00 42.28 

FDD 2016/1/02 01.00 55.21 
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Table 04: Maximum capacity of each service due to each busy hour 

 

 

It was possible to determine the maximum value of capacity for each service in busy hour. The 

busy hour was selected from the same data set by using maximum utilization of each service. 

According to the calculations the table no.03 shows the maximum data rates which used in a 

period of the month. In order to above table 04 it is clearly understand that maximum value for 

the Node was 95.93 Mbps.  

 

4. CONCLUTION 

Dialog Axiata PLC uses capacity value of 100Mbps for a node which has both 3G and FDD 

and 50Mbps for a node which has only 3G and 2G services. According to this research, it could 

be obtained the actual capacity values which used in each service. Also it is clearly identified 

the busy hours for each service. Although it was necessary to decide initial capacity for a link, 

after doing this kind of calculation it is easy to decide correct capacity for a link at present and 

future. Further this research can be extended to according to rural and urban areas of the 

country. Doing such work, it will give many advantages for the company. And also this can be 

done for different district and provinces in Sri Lanka. Also we can find congestion of the link 

and find out how much of capacity should be added to those values. From this type of work, 

the optimum and the most suitable capacity for a node can be defined according to the areas. 
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Date 

 

Time 

 

2G 

(Mbps) 

 

3G 

(Mbps) 

 

4G (Mbps) 

 

Total 

(Mbps) 

 

2016/1/13 

 

22.00 

 

3.1611 

 

38.34 

 

11.32 

 

52.82 

 

2016/1/3 

 

02.00 

 

0.1164 

 

42.28 

 

36.63 

 

79.02 

 

2016/1/2 

 

01.00 

 

0.000 

 

40.72 

 

55.21 

 

95.93 
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ABSTRACT 

Mobile communication industry microwave links play a major role in establishing a connection 

between two or more towers. Due to some reasons, the receiving level of the microwave link 

can be changed. In present day practice, mobile communication service providers take two or 

more days to inform regional engineers. It will cause to reduce data transmission and loss data 

in the network. To overcome this problem, the microcontroller based system has been 

developed. The developed system uses a GSM module to send message to regional engineers. 

By using this system, the regional engineers can identify receiving level variation quickly and 

bring back to normal as soon as possible. Then the mobile communication service provider can 

bring expected level of the network availability.   

 

Keywords: Microwave Link, Receiving Level Monitor, Liquid Crystal Display GSM Module. 

1.0  INTRODUCTION 

Today wireless technology is used in many applications well integrated into our everyday life. 

Planning a good, stable and reliable microwave network can be quite challenging. Careful 

planning and detailed analysis are required for a microwave radio system before the equipment 

can be installed. A poorly designed path can result in periodic system outages, resulting in 

increased system latency, decreased throughput, or worst case, a complete failure of the system. 

It is generally agreed that a microwave signal is a signal whose fundamental frequency is 

between 300 MHz and 300 GHz (1 GHz = 109 Hz). In terms of wavelength, a microwave signal 

has a wavelength between 0.1 cm and 100 cm the waveguide is a hollow mechanical structure 
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that permits the propagation of microwave signals from one point to another with the least 

possible loss. Most commonly used waveguides are those having a rectangular form. There are, 

however, a variety of rectangular waveguides, each being identified according to its internal 

dimensions. Each type of waveguide allows microwave propagation within a particular 

frequency band. The figure 1 is shown main components are used in microwave link.  

 

 

Figure 1 : Elements of the Microwave Link 

Indoor Unit (IDU): It is used for the assigning the frequency, power to ODU for microwave 

link. It is also used for observing the alarms in working Link. 

Outdoor Unit (ODU): It is used for the allowing the different frequency and power for getting 

the maximum receiving power. It is of two types upper band & lower band, the upper band is 

having more Tx frequency then the Tx of lower and the Rx of upper is the Tx of lower and vice 

versa. 

Antenna: It acts as transmitter which can transmit and receive the microwave signals. 

Receiving Level: The receiving level is the actual received signal level (usually measured in 

negative dBm) presented to the antenna port of a radio receiver from a remote transmitter. 

 

2.0  EXPERIMENTAL 

The microwave link receiving level alarm detector with early warning system was designed is 

shown in the figure 2. TL072 OPAMP, PIC 16F877A Microcontroller, LCD display and 

SIM900A GSM module were used to develop the system.   



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 253-257 
Department of Electronics – Wayamba University of Sri Lanka  

Microwave link receiving level variation detector with early warning system                                           255 
 

 

Figure 2: Block Diagram of the designed System 

TL072 OPAMP: The OPAMP is used as a unity gain amplifier because of the developed system 

is connected to the Outdoor unit in the microwave link directly. Then equipment current of the 

outdoor unit goes through the developed circuit, it is caused to the actual function of the 

Outdoor unit. To overcome this problem OPAMP is serially connected to the input signal and 

output is connected to the microcontroller. The main feature of the OPAMP is a high impedance 

at the input then the equipment current doesn’t go through the designed system. 

PIC 16F877A Microcontroller: Microcontroller PIC16F877A is one of the PIC Micro Family 

microcontroller which is popular at this moment, start from beginner until all professionals. 

Because it is very convenient use the PIC16F877A and also it uses FLASH memory 

technology, so that can be write-erase until thousand times. The main task of system, analogue 

digital conversion is done by the microcontroller. And also builds a connection between Liquid 

Crystal Display and GSM module. 

SIM900A GSM Module: The GSM shield is used to send/ receive messages and make/receive 

calls just like a mobile phone by using a SIM card by a network provider. We can do this by 

plugging the GSM shield into the Arduino or PIC Microcontroller board and then plugging in 

a SIM card from an operator that offers GPRS coverage. The GSM module is used to send final 

output to regional engineers. 

LCD Display: The LCD screen is an electronic display module and find a wide range of 

applications. A 16x2 LCD display is a very basic module and is very commonly used in various 

devices and circuits. These modules are preferred over seven segments and other multi segment 

LEDs. The reasons being, LCDs are economical, easily programmable, have no limitation of 

displaying special & even custom characters (unlike in seven segments), animations and so on. 

With the help of the LCD, the rigger who is the person do the link alignment can see the current 

receiving level of the microwave link. 
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Figure 3: Implemented circuit sketch diagram 

3.0  RESULTS AND DISCUSSION 

The final outcome of this research project is the receiving level variation alarm messaging 

system for the regional engineers. Yet they have not a system to identify this faulty when it is 

occurring, because of the current working process is followed by the system operators. By 

using my system directly the regional engineer can identify this faulty and make the necessary 

arrangement as soon as possible. Then the system becomes back to normal immediately. 

The LCD display is used as the interface which shows the current receiving level. It’s more 

beneficial to rigger who do the link alignment at the top of the tower. This device contributes 

lots of advantages to Network Service Providers to maintain their microwave link. 

4.0  CONCLUSION 

By the sanctity of data transmission in the telecommunication, we have reduced the microwave 

acknowledgement with the particular alarm at particular frame, by providing the proper 

troubleshooting command action with respective to the feedback error signal. Due to 

minimization of microwave error signal we can improve the quality of microwave signal and 

maintain the data transmission speed at the desired level. 
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ABSTRACT 

 

 

Radio Frequency (RF) communications is based on laws of physics that describe the behaviour of 

electromagnetic energy waves. To measure this signal strength various meters have been developed, 

but they are expensive. In this study a method to develop a low cost, hand held device is reported. This 

is an easy to use solution to measure signal strength. Operation of this device is very simple. This system 

was developed using a logarithmic detector IC AD8313 and a simple LED bar graph display with 

LM3914 driver IC. A copper wire was used as the antenna to capture RF signals. The strength of the 

captured radio frequency signals will be displayed using a bar graph. Developed device was tested using 

radio frequency emitting devices. One of the main advantages of this device is that anyone can use this 

device even without deep technical knowledge regarding this field. Using the device a brief idea about 

the radio frequency strengths can be obtained. 

 

Keywords: Radio Frequency, Signal strength meter, Radio waves 

 

1.   INTRODUCTION 

Radio waves and microwaves emitted by transmitting antennas are one form of electromagnetic 

energy. They are collectively referred to as ‘radiofrequency’ or ‘RF. In the field of 

telecommunication radio waves are the most important parameter. Radio waves are used to 

communicate between two devices. RF is used in many products that most people interact with 

as a part of modern daily life, such as in Telecommunications, Microwave ovens, Radar, 

Industrial heaters and sealers, Medical uses1. 
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Existing devices to measure RF signal strengths are comparatively very expensive. This study 

reports on a low cost solution which can detect RF signals within the range of 0.1 GHz to 2.5 

GHz. 

 

2.    EXPERIMENTAL 

2.1 Basic block diagram 

 

Figure 1: Basic block diagram of the system 

 

The input for this device is RF signal. First of all the RF signal has to be converted into an 

equivalent decibel scale value. For this AD8313 logarithmic detector/controller IC was used. 

To display the output LED bar graph display was used. LM3914 IC was used to drive the LED 

bar graph display. A copper wire was used as the antenna to capture RF signals. 
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2.2   Circuit Diagram 

The total circuit diagram is shown in figure 2. 

 

Figure 2: Circuit diagram of the system 

 

Radio signal will be taken through the antenna which was built using a copper wire. 7809 

voltage regulator will control the input voltage given to the circuit and keep it at 9 V. 7805 

voltage regulator will keep the input voltage for the IC at 5 V. AD8313 IC converts input radio 

frequency signals to an equivalent decibel scaled value at its dc output. The output of the 

logarithmic detector IC will be given as the input to pin 5 of LED bar graph display driver IC 

LM3914. LM3914 will sense the voltage levels and drives LED bar graph display.  

 

3.    RESULTS AND DISCUSSION 

The input RF signal was converted into an equivalent decibel scale value using AD8313 

logarithmic detector/controller. The output was displayed through LED bar graph display 

which was drived using LM3914 IC. Device was tested using several mobile phones, Wi-Fi 

router, and cordless phones. Relative signal strengths were shown in the LED bar graph display. 

Total cost for the project is around Rs 1600.  

The final outcome of this project is a low cost device which helps to observe radio frequency 

signal strength. It can detect radio frequencies from mobile phones. 
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Figure 3: Implemented Circuit 

Strengths  

• Low cost device 

• Easy to use  

• Less time consumption 

• Easy to develop 

• Simple device 

 

Limitations 

• The outcome would be perfect if SMD components were used in the circuit. 

• IC used only detects frequencies within 0.1 GHz to 2.5 GHz and range is only up to 

70 dB2. 

• Background RF signals also affect the outcome. 

• Since there is no bandpass filter included RF signals within the ICs range will be 

detected. 

• Displaying is limited due to the use of 10 segment bar graph display. A LCD display 

would provide more accurate values.  
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4.   CONCLUSION 

This system was developed using a logarithmic detector IC AD8313 and a simple LED bar 

graph display with LM3914 driver IC. A copper wire was used as the antenna to capture RF 

signals. Radio signal will be taken through the antenna which was built using a copper wire. 

7809 voltage regulator will control the input voltage given to the circuit and keep it at 9 V. 

7805 voltage regulator will keep the input voltage for the IC at 5 V. AD8313 IC converts radio 

frequency signals at its input to an equivalent decibel scaled values at its dc output. The output 

of the logarithmic detector IC will be given as the input to pin 5 of LED bar graph display 

driver IC LM3914. LM3914 will sense the voltage levels and drives LED bar graph display. 

Device was tested using radio frequency emitting devices and the output was obtained through 

a visual reference. This device was developed mainly for a leading telecommunication provider 

in Sri Lanka. By developing these kinds of low cost devices within the company will save the 

money which can be invested in other important projects rather than spending them to buy 

devices.  
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ABSTRACT 

 

Nuclear technology is one of the most advance fields of science with numerous applications which 

are irreplaceable and unique. Yet, it can be extremely dangerous if handled without being careful. In 

Sri Lanka, nuclear technology is widely used in medical, scientific and industrial applications while 

having a power generation requirement after 2030 1. But, still the nuclear science education has limited 

to the theoretical concepts. As the local governing body of the nuclear technology, Sri Lanka Atomic 

Energy Board (SLAEB) has initiated a project to develop a low-cost educational tool for practical 

nuclear science2. The project was successfully completed and it is presented by this study. The goal 

of the project is to enhance the public awareness on nuclear technology and to improve the practical 

nuclear knowledge among advance and graduate level students. It is expected to launch this long-term 

plan in collaboration with the educational authorities. As the major component of the project, a scalar 

unit for a Geiger-Müller (GM) detector has been developed. The device has completed up to a factory 

ready prototype and tested for its performance. 

Keywords: Nuclear instrumentation, GM counter, Nuclear awareness 

1. INTRODUCTION 

Number of nuclear disasters and accidents have happened within the last century, where the 

Fukushima-Daiichi incident (2011) is being the most recent one. Most of the nuclear 

accidents have caused due to the unawareness and ignorance. The importance of educating 

the community about the about nuclear sciences has been discussed extensively to avoid such 
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incidents in the future 3. Also, the threat of CBRN terrorism has emerged with the possibility 

of deploying Chemical, Biological, Nuclear and Radiation weaponry against people. In such 

a scenario, it is very important to have an educated society that can handle the chaos and 

minimize the ill-effects. 

As a long-term plan, number of countries have developed educational kits to introduce the 

concepts, applications, detection methods and safety measures of nuclear physics. But, due 

to the extreme cost of these instruments, they are seldom used in Sri Lanka for educational 

purposes. 

Geiger-Müller (GM) Counter is a basic detector used to investigate radiation. It is generally 

comprised of two major components; a GM probe and a Scalar. The scalar unit is consisted 

of a high-voltage (HV) driver, a pre-amplifier, a discriminator and a counter 4, 5. 

 

Figure 1: A GM probe 

A GM tube/probe can detect ions produced when an ionizing radiation (α, β, γ or X-ray) 

interact with the gas at low pressure. Each ionizing burst produces a voltage pulse across the 

grounding resistor R (Fig. 1). Higher sensitivity to the low radiation doses is key 

advantageous of the GM detectors. 

2. METHODOLOGY 

For experimental purposes, the HV unit of the instrument has to be a variable one. Scalar unit 

was previously designed with a transformer based HV supply circuit. It had several 

limitations including higher loss, low-voltage range and lower processing power. A novel HV 

module was designed using switching technology that can controlled by Pulse Frequency 

Modulation (PFM ). This is the central part of the scalar unit. 
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The pulse generated at the resistor R is then buffered, filtered, stretched and modulated with 

2×103 Hz pulse using on-off keying modulation, to produce the iconic alarm sound of radiation 

detectors. 

The processed and filtered pulses are counted by the micro-controller unit (MCU), which 

coordinates all the functions of the device, including HV controlling and data transmission. The 

complete block diagram of the device is given in the Fig. 2 6. 

 

Figure 2: Block diagram of the scalar unit 

An external real-time clock source has used for precise time measurements. An analogue 

feedback to the MCU is monitored constantly to maintain the required high-voltage value at 

the output. An RS232 serial-to-USB bridge is used for data communication between the 

LABVIEW interface and the device. 

A separate container is used to place the radiation source varying the distance and shielding. 

The device functions in two operation modes; Radiation Counter and Ratemeter. A counter 

counts number of pulses for a given time period and the Ratemeter measures the rate of 

radiation exposure. 
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Figure 3: Completed device 

3. EXPERIMENTAL 

For experimental, the probe was irradiated using a low energy gamma (γ) source (Monazite 

sand sample). The experimental procedures were carried out in an environment with an average 

background radiation of 18 cpm. (counts per minute). Since the device was designed for 

educational demonstrations, data were obtained to verify two theoretical concepts. The 

experimental results are as follows. 
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Figure 4: Demonstration of the inverse square law of radiation 

Figure 5: Characteristic curve of the Centronic ZP190 GM probe 

4. RESULTS AND DISCUSSION 

GM probes have different characteristics. Therefore, the operation parameters has to be able 

to adjust on the preference of the user and the probe parameters. The scalar unit is designed 

as a separate, standalone unit. Therefore, it can be used for any GM probe while the internal 

adjustments are set by the advance settings. 

In the Ratemeter mode, the exposure rate is given in counts per seconds. Due to the randomness 

of radiation data the average of several adjacent readings has to be taken as the final reading. 

This data is plotted real-time in the LABVIEW interface. The interface is also usable to 

directly control the device, which is not available in the GM systems developed in previous 

efforts. This device can be used for number of basic experiments and demonstrations in 

nuclear science, including radiation protection methods (shielding), background radiation, 

counting statistics, dead-time, half-value thickness, backscattering and GM probe 

characterization. They are recommended to be taught in advance and undergraduate levels. 

The GM probe is sensitive even for small radiation doses such as in the environment 

(background radiation). This is an important feature, which allows the use of low-dose, low-

energy sources for the experiments. Thus ensures the safety of the users. 
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5. CONCLUSION 

As an advance, useful technology, nuclear science has number of benefits that can be used 

for the economic and social development. The use of nuclear science has rapidly growing 

applications in Sri Lanka. But, with the unavoidable risk of the technology, it is extremely 

important to enhance the public awareness on the technology. For Sri Lanka the introduction 

of the practical nuclear physics to the education syllabi, will be an affordable initiative that 

deliver a priceless payback in long-term basis. 

The device was fabricated at an affordable cost which is bearable by a developing country as 

ours. It has a fully functional setup that is expendable for several other applications. With 

minimum alterations, the system can be used for multiple applications such as multi-channel 

analysing (MCA) and ionizing chambers. 

As an educational tool, the system has successfully tested in the prototype level. With an 

appropriate training (which can be conveyed by the SLAEB) the teachers will be able to 

deliver the practical knowledge on nuclear science to the next generation. 
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ABSTRACT 

 

Auto Transfer Switch (ATS) is used to fulfill the requirement of switching one source of power to 

another source of power automatically without interfering of human. The main objective of the ATS is 

to transfer the power. Apart from this objective it provides a protection towards to the electrical loads 

as well as to the generator if one or both power sources are generators. Aththidiya branch had problems 

of phase unbalancing due to the loads it carry by 3 phases are not matching. The Miniature Circuit 

Breakers (MCB) are always try to break due to the unbalanced phases. To address this problem, special 

ATS was designed and implement by using contactors, delay timers, auxiliary relays and the most 

important component the Phase Fault Relay (PFR). After implementation and construction of the ATS 

the problem was significantly reduced. The similar kind of designs can be successfully used to address 

similar kind of problems exists in similar type of places.  

Keywords: Auto transfer switch (ATS), Phase unbalance, Uninterrupted power supply 

1. INTRODUCTION 

Many UPSs have been replaced because an uneven power draw gave the appearance the UPS 

was near overload. An unnecessary overnight replacement of big UPS wastes money disrupts 

an entire data center and exposes it to potential catastrophe [1]. 

All electrical networks suffer from power quality issues in varying degrees and frequencies. 

Brief sags and surges are common but networks can exhibit voltage supply irregularities that 

may be present for prolonged periods of time, or are constantly present on the network. Where 

a voltage imbalance exists on a supply network, it is usually due to generation faults, 

unmatched impedance on transformer banks, or large single phase loads on the three phase 

network [2]. 
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In cases where the UPS capacity has been provisioned for the maximum load of the DC, the 

UPS will always suffice for the part of the load, even when it is phase imbalanced. However, 

if a setup has under-provisioned UPS, more servers can be powered if the load is balanced [3].” 

2. METHODOLOGY 

The designing of the ATS panel was done after analyzing the functional requirements of the 

special featured ATS panel. As the first step the metal boards of enclosure frame was drilled in 

order to make holes to hold indication lamps as well as drilled the steel bard which will hold 

all the components of the ATS panel. Wiring ducks were placed in suitable places to do the 

wiring to avoid getting mess in the ATS panel. Relay holders and components of the ATS panel 

were placed in the suitable places of the ATS panel. 

2.1. The components placed in the constructed panel were; 

Contactors, Delay timers, Power relays and MCBs 

 

Figure 1: Wire duck locations and components location 

Wiring was done according to the designed circuit through the wiring ducks and all the time 

delays, relays and PFR were installed.  
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Figure 2: Finalized circuit diagram designed by AutoCAD 
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Figure 3: Colour code and the meanings of the abbreviations used in the Circuit 

Wiring was done with respect to the standards and there were mechanical and electrical 

interlocks as well. 

 

Figure 4: Final Product without the Enclosure 

After the wiring process was done a demonstration was done by providing a single phase to all 

the phase inputs as well as the generator input. The circuit was successfully constructed and 

the system was functioned as required. After the panel tested with the single phase the panel 

was also tested with 3 phase supply. 

3. RESULTS AND DISCUSSION 

Once there is a generator it is essential to have an ATS panel for the security as well as reduce 

the overhead work of the working personnel. Most of the industries required generators for do 
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their day today activities seamlessly. For this purpose ATS panel is very important. The most 

important factor is that the electrical equipment used in a building should be protected from 

the notarial electrical states. In order to fulfill this requirement the ATS panel will do a major 

job. 

4. CONCLUSION 

The main reason for installing an ATS panel is to reduce breakdowns of UPSs by keep the 

barrier for power until 3 phases get stabilized. Apart from the major requirement of the ATS 

panel there were other few requirements.  

One of the requirements was to reduce the work load of the banking staff while a power cutouts. 

The existing system has to be operated manually by a responsible person by starting the 

generator after all the loads were disconnected. Whenever a human error would occur in this 

process it would be harmful for the generator as well as the loads in the building. The other 

requirement could be identified as the safety of the data in servers which could be called as the 

heart of the bank or the branch. All the information about customers is holding in these servers. 

By installing an ATS panel it facilitates a high security for the servers by reducing the risk of 

data corruptions during power losses. 
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ABSTRACT 

 

 
In this paper a tuned propagation model is introduced for 2G mobile communication which consist of 

building geometrically condition and 3G mobile communication which consist of urban, sub urban and 

rural geometrical condition. This model is designed for the mobile service communication vendors1. 

Using this propagation model it is easy to plot the coverage levels of 2G and 3G. Then it is able to get 

a decision about the area which needs the enhancement of mobile coverage. Mentum Planet network 

planning tool is used to implement this model. When doing drive test it was possible to get idea, which 

area doesn’t consist of proper signal coverage and which place should be selected to build a tower to 

solve this problem but it is not technically acceptable and it is an overview. To prevent this situation 

technical solution is required. Tune a propagation model is the better solution for that. Implementing 

this model, it will help for marketing their telecommunication services and easy to identify the areas 

which have better signal coverage but not distributed the service. When planning a new tower and 

placement of antennas, authority can decide the configuration of the antenna. It will also further reduce 

the cost. The existing system is suitable for the whole geometric conditions so the accuracy level is at 

its minimum state, moreover model tuning errors can be occurred so the actual output will not produce 

but the proposed model has minimum errors than existing model. This system is introduced better 

formulation for tuning propagation model for 2G and 3G communication 

 

Keywords : Propagation model, Mentum planet, network planning, EIRP, Drive Test 

1 INTRODUCTION 

Theoretically a tower propagates signals around 3 to 4 kilometers but it is not practicable 

because the geographical situations. This is the reason for building most of towers at town areas 

due to the scattering, diffraction and reflection losses. Although bunch of towers are built in 
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town areas most of customer complaints are rising regarding signal issues day by day. Users 

can not obtained better signal quality and the level due to geographical situation thus a better 

method is needed to obtain signal level with respect to geographical situation. Then the 

requirement of the new site or sector addition is needed for that area. This research study is 

tuning a more applicable model for a selected geographical area. Gampaha town, Malwana and 

Kanduboda have been selected to build up the model since there are lot of customer complaints 

in those areas.  

 

Mentum Planet software is used for tuning the proposed propagation model. Although the 

vendor of the Mentum planet is given default tuned model, it is not relevant to the Sri Lankan 

geographical condition. There can be several differences in geographically so accurate model 

cannot be generated by using default model.  The accurate tuning model has been done before 

several years ago in Gampaha and Malwana. But nowadays such model is not suitable because 

the selected cluster tower antenna were changed with 2G or 3G sector addition, Moreover due 

to geographical condition and number of consumer of the mobiles, the old tuned propagation 

model is not accurate and suitable today. 

2 EXPERIMENTAL 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Block Diagram of  tuning  procedure of proposed System 
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Tower Details 

Data Processing Survey & Filtering 

Average Data Model Tuning Model Validation 
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It is important to obtain the signal level, coordinate, frequency channel number and scrambling 

code of every position that received to the mobile when the mobile equipment is traveled. Here 

Nemo outdoor tool is used to gather signal level during each and every 2 milliseconds with the 

coordinate of mobile location. Radio frequency signal can be filtered according to their 

scrambling code and absolute radio frequency number (ARFCN) by using Nemo analyser2. 

 

Selected area towers should be arranged to a group in Mentum planet and filtered data set 

should be inserted to the group. The data consists of signal level, coordinate, frequency channel 

number and scrambling code then data processing portion should be done. In this stage tower 

parameters should be included and data should be filtered according to geometric condition of 

the selected area. If there is unwanted geometric condition it should be removed. Filtered data 

should be averaged in this stage. Rayleigh fading is removed in this session. Then model tuning 

process is done. System requires each geometrically clutter heights and weighted values. 

Finally model validation should be checked3. 

3 RESULT AND DISCUSSION 

The vendor of the Mentum planet provide a propagation model to satisfy geometric condition 

of their country but it is not 100% accurate to geometric condition of Sri Lanka. This fact can 

be verified from the figure 2:(a) which indicate default model for 3G communication provides 

by vendor. It can be seen on drive test data obtained for the area concerned is not coincide with 

the default model that provides by the vendor. The drive test data is coincide with the proposed 

model and it can be seen on figure 2:(b).  The proposed system is more accurated when the 

drive test data and proposed system are coincided.  
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4 CONCLUSION 

The proposed tuned model is very useful for the new tower planning to obtain the coverage 

area. Service provider can do the prediction before implementing a tower. It is hard to find the 

values when assigning the weights and heights of the geometric parameters during the tuning 

model. Travelling each and every road was a challenge and it will be a reason to loss data but 

travelled every possible routes. The model will be introduced to the service provider in near 

future.  
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ABSTRACT 

 

Telecommunication plays one of the most prominent role in all aspects of Information 

Technology (IT) and IT has become inseparable in all the industries in the world today. As the 

stability of network service is not ensured in Sri Lanka, there is a big demand for finding the 

best service provider from area to area. In that aspect, we have done a research study for finding 

the best network provider only for a selected area, due to limited time, the Gampaha city area. 

All the data could be readable through software as all telecommunication data were virtual, 

they are not tangible. In this research, I considered both the currently popular technologies; 

GSM (2G) and WCDMA (3G). In order to obtain the data or values of parameters in each and 

every points, it is necessary to conduct a Drive Test (DT) that has to be done by driving all 

over the area considered. Analysis was done as the final part after Gathering all the data 

collected Via DT which observed them with the use of the software called Actix. Finally, we 

could be able to come up with the conclusion about the best network service provider even 

with a graphical illustration. With the use of the software based analysis, for the more 

applicable operator/Range (-70 to 0 dbm), we could select one of the leading government 

affiliated company acquires 69.70 dbm the maximum value. 

Keywords:  Drive Test (DT), mobile Communication, network provider, GSM, WCDMA 

 

1. INTRODUCTION 

Nowadays most of the industries are highly depend on telecommunication. There are lot of 

network providers in the world. In Sri Lanka, there are five network providers, namely Dialog, 
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Mobitel, Airtel, Etisalat and Hutch. As the telecommunication plays a unique role in today’s 

industry as it was explained, it is very important to find the more convenient network provider. 

Also as there are high network fluctuation from place to place in Sri Lanka, it is necessary to 

find the network strength or quality at all living areas. The scope was narrowed to one city; 

Gampaha city area. This research is only conducted for GSM (2G) and WCDMA (3G) 

technologies, because not the all five network providers come up with LTE (4G) technology 

island wide at present. 

 

2. EXPERIMENTAL  

2.1. Tools used for DT 

The required tools are mentioned below in detail. 

2.1.1. GPS (Global Positioning System) 

GPS or Global Positioning System is a network of orbiting satellites that send precise details 

of their position in space back to earth. The signals are obtained by GPS receivers, such as 

navigation devices and are used to calculate the exact position, speed and time at the vehicles 

location2. 

GPS is needed to fix the place, where the data had been collected. It could be connected to the 

computer through USB port and being detected and supported by the required software. 

2.1.2. A laptop with relevant software. 

Two laptops were used, one for GSM (2G) and the other one for WCDMA (3G). And this 

laptop was installed a software called TEMS which is essential for this analysis. 

Ascom Network Testing offers the TEMS Portfolio, a complete set of trusted solutions for 

drive testing, benchmarking, monitoring, and analysing network performance. These state-of-

the-art offerings facilitate the deployment, optimization, and maintenance of mobile networks2. 

It is the industry-leading tool for troubleshooting, verification, optimization, and maintenance 

of wireless networks. Offering data collection, real-time analysis, and post-processing all in 

one, TEMS Investigation is a complete solution for all of a network operator’s daily network 

optimization tasks3. 

This software need a hard licence key, which is expensive. 

 

 

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 285-290 
Department of Electronics – Wayamba University of Sri Lanka  
 

An analysis for verifying the best telecommunication service provider for GSM and 3G technology      287 
 

2.1.3. Phones 

There should be ten mobile phones as there are five network providers and there are two 

technologies, used here namely GSM (2G) and WCDMA (3G). So five network providers into 

two technologies, altogether it is ten. Five should support 2G and the rest should support 3G. 

2.1.4. Power hubs 

As in our laptops there are limited USB ports, it is impossible connect all the phones and hard 

licence key in a single laptop. So hubs were used. 

2.2. Methodology 

First of all the tools were connected properly. The following diagrame illustrates, the way to 

connect the investigation system properly. 

 

Figure 1: Connection of Tools for our investigated System 

After connecting the tools physically, all five phones and GPS were connected to the TEMS 

software, and ensure was it detected the tools. 

If the data were shown properly, it is the high time conduct Drive Test (DT). 

The Drive Test is a test performed in cellular networks regardless of technology (GSM, 

CDMA, UMTS, LTE, etc. ...).by Means of collecting data on vehicle movement4. 

At the end of the DT, all the data will be saved in a file, which was in a format, only could 

readable in TEMS. 

 

3. RESULTS AND DISCUSSION 

The data, which was obtained from DT have several parameters. Rx level, RSCP, BCCH, Band 

(900/1800), CPICH Ec/No, PSC are some of the parameters. But Rx level and RSCP values 

are more than enough to measure the strength of the networks of GSM and WCDMA 

respectively. 
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  Rx level means Received level. The power level corresponding to the average received 

signal level of the downlink as measured by the mobile station. Normal Range is from 

-30 to – 70 dbm. Level lower than -70 dbm shows low signal levels5. 

 RSCP means Received Signal Code Power. It is also like Rx level, but as the 3G is 

more power than 2G, it is measurement is slightly differ from Rx level. In 2G value of 

Rx level is from -10 to -110 dbm and in 3G value of RSCP is from -10 to -140 dbm5. 

 So, Rx level was used to analyse GSM (2G) and RSCP was used to analyse WCDMA 

(3G).   

This Rx level and RSCP values had been seen via a software called Actix. The files obtained 

through Drive Test were loaded to Actix and the data were seen in values. 

3.1 Rx level for GSM 

            

Figure 2: Rx Levels in Route Map                        Figure 3: Rx level values in Graph 

Figure 2 shows the all the route in Gampaha City and the Rx level or signal strength of Dialog. 

Here the dark green shows the maximum strength and the red shows the minimum strength, 

greater than -70 and below -100 respectively. This is for Dialog only, likewise all the five were 

obtained. 

Figure 3 shows the graphical expression of Rx level for all five network providers. X axis 

depicts the Rx level, -70 to 0, -80 to -70, -90 to -80, likewise. Y axis depicts the percentage, 0 

to 100 %. 

If Rx level lies between 0 to -70, it is maximum strength, below -100 is worse. According to 

the graph above dark blue is on the top in between 0 to -70 with around 70%. It is Mobitel. So, 

Mobitel is the best network provider in Gampaha city in GSM (2G) technology. This result can 

be tabulated as shown below. 
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Table 1: Values of Rx level in percentage in decreasing order 

 

3.2 RSCP level for WCDMA ; 3G network 

               

Figure 4: RSCP in Route Map                              Figure 5: RSCP values in Graph 

These figures were explained earlier for GSM network. Here also blue is on the top in the 

range of 0 to -70. So, it can be concluded that the Mobitel is the best network provider in 

WCDMA (3G) technology in Gampaha City area. The result can be tabulated as below. 

 

Table 2: Value of RSCP in percentage in decreasing order 

 

 

 

 

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 285-290 
Department of Electronics – Wayamba University of Sri Lanka  
 

An analysis for verifying the best telecommunication service provider for GSM and 3G technology      290 
 

4. CONCLUSION 

Although the aim of this project is to find the best network provider country wide, it will be a 

valuable information for a particular network provider to enhance their service throughout the 

country. The difficulties exist for this research is keeping the tools connected continuously, 

because the TEMS software disconnect the tools very frequently, especially the GPS. If it is 

being failed to identify that a tool is being disconnected from the TEMS, it is needed to redo 

the whole missed part again, sometime it would be a long journey. As this analysis is being 

done in a period of time by the network providers, they have to bear a large amount of money 

to spend. So we proposed a machine that could contain all the tools in a one machine, it could 

be a dedicated machine (computer). Then the disconnecting of tools and the expenses for the 

employees could be avoided. 
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ABSTRACT 

 

When considering the quality engineering process of the CCS Lanka (Pvt) Ltd, it is important 

to know the efficiency of the past hour and the current states of the production line. This project 

aims to provide a clear picture of the assembling line. It helps to identify the current state and 

to design a future state for the series of events. A system has been designed to count the number 

of PCBs which pass through the assembling line. The system was comprised of an Arduino 

board with base station computer (server) and another Arduino board (node) which 

communicates with each other through NRF24L01+2.4GHz wireless transceiver module. 

Server is designed to get updates from node and to display current state of the line.  

Keywords: Production monitoring, Counting production, Efficiency 

1. INTRODUCTION 

Productivity is the main important measurement in any production line or a manufacturing 

company. Productivity measures the relationship between inputs into the production process 

and the resultant outputs. Productivity can be measured in several ways. Some of those are 

output per worker or hour of labor, output per hour / day / week, output per machine, unit costs 

(total costs divided by total output)1. The proposed system was designed to find current state 

of the production line. This is the easiest way to find the productivity based on output per hour 

/day /week. This system also helps to find the efficiency of the production line during the past 

hour. This project included the wireless production monitoring system for collect the data from 

machines in a production assembling line. This data is directly used for analyze in graphical 

user interface such as LabVIEW. Data acquisitions for such systems are conventionally done 
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using wired sensors connected to a central controller. A less expensive and more advanced 

solution for this data acquisition is by using a distributed Arduino based microcontroller 

network connected wirelessly using Industrial, Scientific and Medical (ISM) bandwidth. This 

network uses a specially developed customizable counting algorithm to count PCBs 

simultaneously and reliable communication between nodes is ensured by using a unique Round 

Robin Algorithm (RRA). The system was comprised of the main Arduino board with the base 

station computer(server) and data acquisition Arduino board(node) which communicate with 

each other through NRF24L01+ 2.4GHz wireless transceiver module. The software portion of 

the project resided on the Arduino board and on the base station computer. Every node is 

capable of counting up to eight sensor inputs in parallel and the data is stored in the node’s 

non-volatile memory5. The acquired data is then transmitted to the base station upon request. 

The design is open up to use 10 number of nodes. 

2. EXPERIMENTAL 

 

The data acquisition system mainly contains two parts which are the data acquisition board and 

the main server. It is necessary to use a separate data collector at each point that needs its status. 

As the data collector an Arduino board with NRF24L01+ 2.4GHz wireless transceiver module 

has been used. It has the capability to collect the data and communication wirelessly with main 

server and Arduino mega board is used as main server2.  

 

2.1 Data Acquisition Board 

 

The data collector consists of three parts: sensor capture, the Micro Controlling Unit (MCU), 

and the wireless transceiver module. The sensor capture hardware consists of the relays that 

change the 24V sensor logic level into 5V logic level. The circuit works with 5-24V power 

supply and it contain 5V regulator for MCU and 3.3V regulator for wireless transceiver module. 

A detailed schematic of the board can be found in the appendix. The count goes up as the logic 

level change as LOW HIGH LOW.  
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2.1.1 Server software 

 

The server is programmed to work with the base station computer. The server module is 

connected to the base computer via USB as a virtual COM port. All communication between 

server and base computer is done through COM port. Server is programmed to wait for 

instructions from base computer. Once an instruction is received a request is sent to the 

corresponding node and returns the status of the operation to the COM port as a boolean value. 

If the operation was successful the return value is 1 and 0 otherwise. If the node is not available 

or no reply was received a string message is returned before the boolean value. Request to get 

count of a node return counts of input pins separately. The request messages are integer 

numbers and the replies for the count values are long numbers where the message is coded 

within the digits of the numbers. 

To read the count of any node request for count must be sent to the server. Once the request is 

received the server communicates with the node and collects the counting data. If the 

communication was successful the reply is sent to the COM port by the server. The reply is in 

the form of line separated long values. Number of lines depends on the number of enabled pins. 

Every line contains a code which indicated the reply type, node number, pin number and count.  

Figure 1: Data Acquisition Schematic 
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2.2 Node software 

 

The node is programmed to work independently and is able to communicate with the server via 

nRF24L01 radio module. Parallel input monitoring program is used to count PCBs. The 

program checks the input pins and if the pin changes from low to high the time is recorded. 

Once the input changes back to low the time input was kept high is calculated and checked 

against the PCB check time. If the time is higher than the check time the count is increased and 

saved on the EEPROM. A 5ms de-bouncing time is introduced to avoid noise interference. 

Every node has its own frequency channel for communication. Once the node number is set in 

the code the channel is set automatically. The channels are selected such that the interference 

in selected channels is, minimum in the area where the system is implemented. The node is 

programmed to accept requests from the server and act accordingly5. 

3. RESULTS AND DISCUSSION 

 

Arduino based wireless production monitoring system mainly designed to work as a counter. 

So the number of PCBs which passes through the conveyer belt has been counted. LabVIEW 

interface has been used to control and analyze the collected data by two nodes. The system 

contained the feature of target number of PCB within given time period. After completing that 

time period, the system generates a signal to perform the efficiency of the production line.  

 

Figure 2: server and node circuits 
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4. CONCLUSION 

 

The production line at CCS Lanka (pvt) Ltd maintained the manual PCB counting systems to 

count the number of PCBs which passes through the conveyer belt. But it is hard to implement 

and maintain because one employee should be allocated for the counting process always. An 

Arduino based production monitoring system was designed to fulfill the above requirements. 

The system is a data acquisition system that mainly focused to be used for value stream 

mapping with a LabVIEW interface for a production assembling line. The data is mainly sensor 

outputs. The project aims to provide a clear picture of the assembling line which helps to 

identify the current situation and designing a future state for the series of events.  
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ABSTRACT 

In the world of Electronics, motor is a vital device. There are different types of motors which 

is employed for various applications. Regarding maintenance/ repair of a motor, the coil inside 

them is of prime importance. Mainly, winding the coil is an activity that needs high efficiency 

as well as great accuracy. In most workshops, it is being done using a coil winding machine. 

At my training place there are coil winding machines but they are not very efficient. They do 

not have the capability to control the number of windings. As such, the number of windings 

results from the machine are lesser or higher than the exact value. This study was therefore 

aimed at designing a digital turn’s counter to be fixed in winding machines. The main attention 

is provided to reduce the effort behind manually operated machine and implement the idea of 

automation in coil winding process at a minimum manufacturing cost in order to increase the 

productivity of the existing armature coil winding machine. Furthermore, low operational cost, 

low power consumption, accuracy and flexibility to the system will be provided through the 

design. On the other hand, the quality of the winding as well as the life of the motor can also 

be improved by this device.  

Keywords – ATmega16, Encoder unit, Relay, Turns counting system, Winding machine 

1. INTRODUCTION 

Sri Lanka Ports Authority (SLPA) is one of the largest service providers in Sri Lanka focusing 

at all port development efforts and co-ordination and supervision of shipping services1. Among 

SLPA’s repairing and services activities undertaken, the motor repairing plays a vital role.  The 

service, repair, rewinding and load testing of all types of AC/DC motors are mainly undertaken 
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by the Unity Container Terminal (UCT section) of the SLPA. Even though the UCT section 

frequently performs rewinding of motor armatures, there is no special method to count the 

number of turns of the winding. They still use to count the required number of turns manually. 

The reason is their existing armature coil winding machine does not have an automated 

counting system even for large motor armature winding.  

The manual counting causes huge drawbacks as the chances of happening counting errors is 

high and it is more time consuming when counting large number of rounds repetitively. 

Therefore the need of an automated counting system is essential to overcome the existing 

drawbacks2.Since the purchasing of an advanced automated machine is very costly this study 

has been undertaken with the aim of developing a feasible solution for the wind counting 

problem. 

2. EXPERIMENTAL 

In this study there are three important steps used to execute the project. They are design, 

fabrication and installation. Design is the crucial part. In this project, the design has been done 

using Proteus software. After completing the project drawing, the materials that are suitable to 

fabricate were selected. On fabrication, it was divided into two sections, which is hardware and 

software. Arduino program was used in this project as the connector between the hardware and 

the software.  

Figure 1 shows the block diagram of the design and figure 2 is the corresponding circuit 

diagram.  

In the block diagram there are several components. Inputs (the number of required turns would 

need to wind) are given using keypad to the microcontroller. Keypad input and also the number 

of turns that system has wound at a moment is displayed by the LCD. Microcontroller reads 

the input signal from keypad. Then it is compared with the signal from the encoder unit. This 

process is done by the microcontroller continuously. Encoder unit is obtained current number 

of rotating rounds from the motor and passed it to the microcontroller. At the moment when 

the entered value and the encoder unit value become equal, a signal is sent to the relay by 

microcontroller and motor is turned off by the relay according to the microcontroller signal. 

Light emitting diode (LED) and buzzer alarm were used to indicate task completion signal for 

the user. Power is given to the system through the voltage regulator. Regulator converts income 

voltage to 5V and passes it to the system.   
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Figure 1: Block diagram of the device 
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Figure 2: Circuit design of the system 

The components in the proposed system are working with the 5V power. Therefore 5V power 

supply was designed for the proposed system. The power supply was designed using two 100 

μF capacitors, two 1 μF capacitors and a 7805 regulator as shown in the following figure 3 to 

use in the proposed system implementation3. 

 

Figure 3: Circuit design of the power supply 

Keypad 

LCD 

ATmega16 
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Encoder is another important component which is used in this project. Since the encoders are 

much expensive, an alternative design was done using a discarded CD, an IR diode and an IR 

receiver. When the CD is rotating a pulse from the two sensors will be created. If the second 

pulse from the two sensors is created within a programmed time period after the first pulse, 

then the count will increase. If the second pulse is created more than that of the programmed 

time period after the first pulse, then the count will decrease4. 

3.  RESULTS AND DISCUSSION 

According to the figure 2, number of required turns is given to the system using the keypad. 

Keypad input and also the number of turns that system has wound at a moment is displayed by 

the LCD. The number of turns that machine motor has rotated is continuously read and the 

details are simultaneously sent into the microcontroller by the encoder. The code is run by the 

microcontroller that has already fed to it and according to the program, components in the 

system are regulated by the microcontroller at the specific conditions given. The encoder output 

is read continuously by the microcontroller and it is compared with the keypad input. When 

keypad input and encoder output become equal, the winding machine is automatically turned 

off by the relay (which acts as an electrical switch). After receiving the signal from 

microcontroller, an audio indication of the completion of the number of turns is given by the 

buzzer and in addition a LED is used to indicate the user that the task has completed. 

   Table 1: Experiment results of the design 

Armature Type No. of Turns Given No. of Turns counted 

Armature 1 25 25 

Armature 2 50 50 

Armature 3 100 100 

Armature 4 175 175 

Armature 5 250 250 

 

According to the results mentioned in table 1, data collected from automated method. To check 

the accuracy of the proposed system five different type armatures were wound using automated 

system. At each time system is successfully counted number of turns given by user. 
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4. CONCLUSION 

Even though this is a preliminary study, the results show the possibility of fabricating a digital 

turns counter. The designed system meets the demand of high-speed production using the least 

mechanism requirements. The system has shown the ability to work effectively avoiding 

unnecessary wastage of copper and other resources. The system also provides high accuracy 

and precision in proportion of armature coil winding. 

The machine already has a constant speed to wind a turn and it will take considerable time to 

finish large number of turns. This study only focused on automating the counting process. It 

was not focused on fabrication of a fast automated machine. This is the main limitation 

associate with the proposed system. The time taken to finish the turns cannot be changed due 

to the fact that the speed of the machine cannot be changed. As a further development, it is 

expected to design a machine which is fully automated for the armature winding purpose for 

the UCT section of the SLPA to enhance the overall process efficiency.  
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ABSTRACT  

 

The solar power is considered as intermittent energy source, storing its energy is an important issue in 

order to have continuous energy availability.  Rechargeable batteries have been traditionally used to 

store excess electricity in standalone PV systems. The attempt to replace the batteries with 

supercapacitor bank to implement an energy storage design using a super-capacitor (SC) bank with a 

charging control system was proposed in the present study to enhance the charging performance of 

stand-alone solar PV system. In this study the simulator was implemented for 22.1V, 10Wp, 0.84A 

solar panel for the 3V output load and the similar behaviors of  batteries were observed.  

Key words: Supercapacitor charging, Solar Charging, Pulse Width Modulation  

  

1.0 INTRODUCTION  

The solar power is considered as intermittent energy source and storing its energy is an 

important issue in order to have continuous energy availability.  Rechargeable batteries have 

been traditionally used to store excess electricity in standalone PV systems. Energy storage 

technologies have the potential to offset the intermittency problem of renewable energy sources 

by storing the generated intermittent energy and then making it accessible upon demand. 

Currently, the dominating energy storage device remains the battery, particularly the lithium 

ion battery 3. Lithium-ion batteries power nearly every portable electronic device. Batteries 

store energy electrochemically, as a result, batteries have a low power density and lose their 

ability to retain energy throughout their lifetime due to material damage2. In the super 

capacitor, energy is stored electrostatically on the surface of the material, and does not involve 

chemical reactions. Given their fundamental mechanism, super capacitors can be charged 

quickly, leading to a very high power density, and do not lose their storage capabilities over 

time. Super capacitors can last for millions of charge / discharge cycles without losing energy 

storage capability 4, 1. Also the weight is very small, particularly when compared to batteries. 
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In this research project a single supercapacitor is 2.7V and 100F. To get higher voltages, several 

supercapacitors are connected in series. Serial connection reduces the total capacitance and 

increases the internal resistance. Strings of more than three capacitors require voltage balancing 

to prevent any cell from going into overvoltage. The characteristics including their charging 

and discharging performance and the drawbacks of the compared with the rechargeable 

batteries have been focused throughout this research project 4, 3. 

2.0 EXPERIMENTAL  

This solar charger supercapacitor simulator works in steps. 

 

The system mainly consists in basic units of;  

2.1 Voltage regulating circuit  

A typical solar panel offers output voltage ranging 0 to 24V. This circuit connects directly to 

the solar panel through a diode. This unit consists of range of 5.5V-30V. It offers 5V to 

MC34063 step down inverting switching regulator. The diode D3 protects the circuit from the 

polarity change of the solar panel.  

  
  
  
.   
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Solar Panel   

  

  

Output volt regulating unit   

Output volt controlling unit   

Output /load   

Supercapacitor Bank  

Figure 1: The block diagram of a solar charging supercapacitor simulator 

Charging controlling unit 
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2.2 Charging Control unit  

It is designed for regulating photovoltaic solar modules which is connected between solar panel 

and the battery regulates the voltage and current coming from the solar panels to the battery. It 

maintains a proper charging voltage on battery. As the input voltage from the solar panel rises, 

the charge controller regulates the charge to the supercapacitor bank preventing any 

overcharging.  

2.3 Output Controlling unit  

This unit covers when the solar power is low the switch SW2 turns the auto on and indicates 

for any polarity change. MOSFETT transistors are used due to the high efficiency than bipolar 

and FET transistors.  

2.4 Low Voltage Output Cutoff circuit  

When the capacitors are discharging this circuit doesn’t allow the desired output voltage of the 

load to be reduced.  

2.5 Output Voltage stabilizing circuit  

When the capacitors are discharging this circuit keeps the output voltage to be constant.  

 

Figure 2: Schematic diagram of the system 
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Figure 3: Implemented Circuit of the simulator 

 

3.0 RESULTS AND DISCUSSION  

This simulator is tested with the pre described solar panel to observe the charging and 

discharging patterns of the supercapacitor bank. The capacitance charging and discharging 

performances are observed 

Table 1: The values of current and voltage values obtained from the simulator 

Voltage (V)  Current(A)  

0.50  0.294  

0.75  0.288  

1.34  0.247  

1.57  0.257  

1.98  0.305  

2.21  0.324  

2.46  0.340  

3.11  0.300  

3.47  0.411  

4.26  0.450  

5.16  0.471  
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4.0 CONCLUSION  

The system was developed using MC34063 step down inverting switching regulator for voltage 

regulating, Atmega 8 for PWM controlling. The maximum input voltage is 20V for this system 

and the output load is 3V. The system was tested with 22.1V, 10Wp, 0.84A solar panel. The 

maintenance of the conventional rechargeable battery systems and their hazards for the 

environment and decaying with the time can be overcome with the supercapacitor bank. The 

high cost of the supercapacitors is one of a major drawback. 
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ABSTRACT 

 

Energy conservation is a very important concept to the world. All the energy sources are reduced due 

to day to day uses. Because of that this concept should be implementing in the local industrial 

environment. According to the bank management one of the main problems was the electricity 

consumption of the Tower.  Although as a bank the usage of electrical equipment are somewhat low, 

the electricity bill was considerably high with respect to the demand. At the same time it required high 

maintenance and repair cost. Thus the Seylan bank uses high quality and new technological equipment 

the electricity consumption of such equipment seems to be high. To address this problem the research 

was conducted to develop an energy efficiency model for the Seylan Towers which can be used in any 

building similar to the Seylan Building. In this research the designed model was partially installed in 

the Bank premises in order to reduce power consumption ratio. From the research out comes it has 

identified three components such as Chillers, motors and lighting which are having high power 

consumption ratio and by replacing these components it can be reduce 30% from total power 

consumption with 3.3year payback period Applying the energy efficiency concept is the most beneficial 

way to save not only the energy but also cost and time. 

Keywords: Energy efficiency, Energy conservation, Low power consumption 

1. INTRODUCTION 

There are many motivations to improve energy efficiency. Reducing energy use reduces energy 

costs and may result in a financial cost saving to the user if the energy savings offset any 

additional costs of implementing an energy efficient technology. Reducing energy use is also 

seen as a solution to the problem of reducing greenhouse gas emissions. According to 

the International Energy Agency, improved energy efficiency in buildings, industrial processes 
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and transportation could reduce the world's energy needs in 2050 by one third, and help control 

global emissions of greenhouse gases1. 

The purpose of advancing Power efficiency is to found characteristic parameter which can 

estimate how much building energy could be used for people, and to obtain the relationship 

between people and used energy. So the control and manage of wasted energy by people in 

buildings according to energy efficiency can be done. Though the present advanced power 

efficiency has certain inaccuracy and needs further research to found out how to ensure 

effective energy and wasted energy, it has laid the foundation of further compute for building’s 

based energy consumption2. 

Colombo is an area which has high energy usage. Since the Head Office of Seylan bank located 

in Colombo city, and energy efficient system will be a good chance to contribute to reduce 

energy consumption within Colombo city as well as to reduce the production cost on national 

electricity board. At the same time as the Seylan Bank is a commercial building with 17 floors 

with 76081.20 sq.feet floor area, this building consume much energy than normal buildings. 

These factors lead to high electricity bills on the Seylan Bank. Implementing an energy 

efficiency system for the Seylan Bank will be very helpful for them to reduce their electricity 

bill. 

2. EXPERIMENTAL 

Seylan Tower was analyzed for the identification of locations to be place power consumption 

meters. Power consumption meters were installed in the places of electrical equipment was 

located. An energy audit has been conducted to identify the power consumption of the each 

electrical components installed in Seylan Tower such as chiller, motors, lights. Meter readings 

were taken and recorded. The total consumption of each component was recorded for 4 months. 

The total of meter readings were calculated by adding up all the readings of the meters and the 

results were compared with the electricity bills. The audit report was analyzed and suitable 

actions were taken to reduce the electricity consumption. 

2.1. Modifications  

 Chiller was replaced with magnetic bearing chiller 

 VSD system was installed to the motors 

 Florescent bulb were replaced with LED bulbs  
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Figure 1: Percentage of converting energy 

 

3. RESULTS AND DISCUSSION 

Table 1 shows the electricity consumption of 5 components which were measured with the aid 

of meter readings. 

Table 1 : Power consumption of Seylan tower 

No Equipment Old Units, kWh Electricity 

consumption 

Old Cost, 

LKR 

1 Chilled Water Pump 521,661 11% 13,860,177 

2 Cooling Water Pump 509,835 11% 13,545,968 

3 Chiller 1,247,606 27% 33,148,054 

4 Lighting 364,203 8% 9,676,632 

5 Air Handling Unit (AHU) 

and Fans 

827,951 18% 21,998,711 

6 Other 1,128,471,24 25% 29,982,711 

 Sub-Total 4,599,728 100 122,211,637 

 

 

Figure 2: Electricity Consumption Percentage 
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Above Table 1 and Figure 2 indicates the percentage of the electricity usage with in the 

building. The maximum energy consumption is for the air conditioning plant and associated 

equipment account for 68% of the total energy usage. The cost of Air Conditioning plant per 

annum is Rs. 82,552,293. 

 

 Power consumption of the VSD system and existing  

 

Figure 3: Motor Speed and Current Relationship 

3.1. Replacement of 3060xT8 with LED lighting instead of T12 fluorescents 

Energy consumption of LED tubes over Fluorescent tube was analyzed and the 

information about the energy consumption of two types of light tubes ware shown below. 

The consumption details of modified components were calculated and it shows that the payback 

period is 3.3 year only. 
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4. CONCLUSION 

Thus the Seylan bank uses high quality and new technological equipment the electricity 

consumption of such equipment seems to be high. By implementing a framework to reduce 

power consumption of the Seylan tower the power consumption as well as the maintenance 

and repair cost can be reduced. The developed energy efficiency model for the Seylan Towers 

also can be used in any building similar to the Seylan Building. From the research out comes 

it has identified three components such as Chillers, motors and lighting which are having high 

power consumption ratio. The maximum energy consumption was for the air conditioning plant 

and associated equipment account for 68% of the total energy usage and by replacing these 

components it can be reduce 30% from total power consumption with 3.3year payback period. 

 

Applying the energy efficiency concept is the most beneficial way to save not only the energy 

but also cost and time. 
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ABSTRACT 

 

Waiting long time at a gate until gate is opened is a major problem occur with busy life style. 

Many gate barrier systems has been introduced these days, both manual and electrically. An 

entrance of place is special are to the both visitors and owners. The first impression of a person 

about the place is started to build up from the entrance. Most of the electrically controlled gate 

barriers come out with center separator, it also a big problem for narrow entrances. The 

traditional, manually operated gate barriers being still used in most of the places in Sri Lanka. 

It spend more time and money. Although these gate barriers don’t come up with data storing 

method. All the IN and OUT data were stored as written document. To overcome these problems 

and weakness’  “Automated gate barrier system” project was proposed. The system is based on 

arduino technology and the identification part developed using RFID technology. Both IN and 

OUT gates are controlled by servo motors. Only authenticated vehicles are allowed to enter the 

premises. A prototype has been built on Arduino mega 2560 using RFID readers, tags and 

ultrasonic sensors. 

   

Keywords: Rfid, Ultrasonic, Arduino, Automation 
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1. INTRODUCTION 

Time and cost are two important factors of human life, whether for an individual or a business 

organization. As quality of life increases, more and more people inhabiting to luxury life styles.  

Those people expect effective service from others. Nowadays People don’t like to spend their 

time for unimportant things. Traditional gate barriers which was operated by security officers 

manually doesn’t helps satisfy the busy people. So it should need to enhance the accuracy and 

the efficiency of the work process. Also there should be a time consuming and cost effective 

technique do this process. By considering these drawbacks and the improvements I 

implemented Automated Gate Barrier System 

 

System consist with RFID reader and a powerful antenna also pre-registered or authorized 

people must have RFID Tag. When someone try to access to the premises, RFID reader 

checking a RFID tag, and if found it, System check whether Tag was registered or not. If it was 

a registered one Open the IN gate [1]. 

When someone leave from premise, he was identified as a leaver using IR beams, then never 

check his access level and free to out from premise. All arrival’s and leaver’s details store in a 

computerized data base with time. After happen leave or arrival the gate was closed. A 

prototype has been built on Arduino mega 2560 using RFID readers, tags and ultrasonic 

sensors. 

2. EXPERIMENTAL 

 

Figure 1: Circuit diagram automated gate barrier system 
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The Circuit diagram of the gate barrier system is shown figure 1. The RFID reader was connected 

to the Aduino mega 2560 using pin 18, 19 to receive RFID tag input through serial monitoring. 

Arduino mega was programmed using C language. Output of RFID reader was displayed in serial 

monitor. Ultrasonic sensors were connected to arduino mega using 2, 3 to get inputs. Those 

Ultrasonic sensors used to arrival and leave vehicles separately. Servo motors were connected to 

pin 9, 10 of arduino mega and it was powered using output of arduino [2]. Also proposed system 

consists with Windows application was modified by C# language. It was used to store the arrival 

and leave vehicles details in a MYSQL Data base. Windows application access to the system 

using serial communication. 

 

 

 

 

 

 

 

 

Figure 02: Sensor Architecture. 

The Ultrasonic sensors are placed as in figure 2. This Ultrasonic sensor architecture is used to 

correctly identify the leavers and arrivals to the premise without center separator and give 

signal to microcontroller to open and close the relevant gates [3]. 

 

 

 

 

 

 

 

 

 

 X 
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3. RESULTS AND DISCUSSION 

 

 

Figure 03: Block diagram of the system 

 

The automated gate barrier system is designed and developed as in above figure using arduino 

and RFID technology. Identification results were displayed on serial monitor and store in 

MYSQL data base as the tag ID number, name of the user and time with arrival and leave. IN 

and OUT gates were opened for arrivals and leavers respectively and automatically they were 

closed. Cost of the used requirement is depending on the accuracy of the system. The cost of 

producing this device is around Rs.5200.00 (Arduino mega 2560 1400.00, RFID reader and 

Tags 800.00, Ultrasonic sensors 2000.00, Servo motors 1000.00) 

 

4. CONCLUSION 

The main goal of this project was to design and implement a low cost, time consuming and 

computerize data storing automated gate barrier system without center separator using RFID 

technology. 

To improve the accuracy and reliability of the system more accurate RFID reader and 

Ultrasonic sensors should be used. If the project need to be developed as an industrial 

application, Ultrasonic sensor should be replaced by outdoor industrial Ultrasonic sensors and 

RFID antenna should be replaced by high gain antenna. All the coding of the project written 

by C and C# languages. 
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ABSTRACT 

 

Radiography Test (RT) interpretation is done by using two major devices; x-ray film viewer and 

densitometer. The process has many repeatable steps which consumed longer time period to produce a 

final result. To reduce this time waste, a hybrid RT device was designed and developed. Industrial 

Radiographic Film Analyzer, tested over international Non-Destructive Testing instrument standards 

and met the required accuracy conditions properly.  

 

Keywords: Densitometer, Non-destructive testing, Radiography Film Viewer 

 

1. INTRODUCTION 

Every Non- Destructive Testing (NDT) perform under an international standard to make sure 

the accuracy, quality and safety1. A radiography test (RT) perform according to the 2010 

ASME Boiler and Pressure Vessel Code and film quality checking process take place by using 

x-ray film viewer and densitometer. 

To accept a film for interpretation, its density should lie between 2.0 to 4.0 in the concerned 

area beside visibility of IQI wires3. Whenever to produce the final result, films accepted by 

densitometer has to be interpreted by using x-ray film viewer as many times it required until 

end of full set of x-ray films which may consists hundreds in count. This high repeatable 

process causes lot of time consumption as well as man power.   

To overcome this long analytical process, a hybrid device was designed and developed. The 

device consists of an x-ray film viewer and inbuilt densitometer which reduce the number of 

repeatable steps considerably achieving low processing time with high flexibility. 
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Further, it was calibrated using a step tablet2 according to the ASME Boiler and Pressure Vessel 

codes to meet the industrial standards4.  

At the early stage of the designing of the system, a uniform light intensity distributing reflector 

was modeled and simulated using TracePro Ray simulator. Atmega32 micro-controller based 

main controlling unit was developed to achieved flexibility and accuracy at considerably low 

cost.  For construction of unity intensity reflector four 10W Light Emitting Diode (LED) array 

was used.  

Commercially available ray files of the LEDs were simulated using TracePro ray simulator to 

generate irradiation plots for analyzing the light intensity distribution at the reflector surface. 

CdS Light Dependent Resister (LDR) was used in the density measurement probe for 

measuring the density of the x-ray films. 

 

2. EXPERIMENTAL 

Figure 1: Design of the simulated reflector model 

Figure 1 shows the simulated reflector design. It was designed using acrylic plastic (with 

refractive index of 1.49207) as construction material and 90% diffuse reflecting white paint as 

the main reflection surface. Four LEDs were mounted in the central area of the reflector with 
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equal distance. Two mirror like surface, side reflectors were added to reflector so that it will 

cause to increase the light reflection in corner areas  

Figure 2: System block diagram 

The developed device block diagram shows in the figure 2 and there operation as follows; 

 

Microcontroller Unit: An atmega32 microcontroller was used as the brain for the system. 

Power Supply Unit: Dedicated power supply unit for controlling unit and high intensity Light 

Emitting Diodes (LED) separately. 

Settings and Function Switches: Two main switches were added to handle different user 

functions and settings over time. 

16x2 Liquid Crystal Display (LCD): As an output device to print the information. 

Light Intensity Controller: A potentiometer to change the light intensity. 

Density Probe: Density probe to determine the density in x-ray films. 

Mode Selector: As a densitometer and as an x-ray film viewer.  

Standby Mode Selector: This function simply change the device state to standby mode. 

Constant Current LED Driver: High intensity LED driving unit. 

High Intensity LED Array: Four 10W cool white LED array. 

Temperature Sensor: A temperature sensor for monitor the heat state in the system.  

Density Indicator: A LED indictor was used to indicate out of range density readings. 

Over Heat Indicator: If the system over heated at any state, this indicator will be triggered. 

 

The density probe was developed using commonly available CdS Light Depend Resistor 

(LDR). The sensor was mounted in a fully sealed pen type probe while only allowing light 
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from a 2mm hole. Since density is a linear response for incident light intensity, it can directly 

calculated by using LDR analog reading value.  

 

3. RESULTS AND DISCUSSION 

Figure 3: Simulated Reflector Design Irradiation Plot 

Figure 3 represent the irradiation plot for the simulated reflector design using TracePro 

simulator. This simulation was done by using 400000 light rays. The plot indicate intensity 

change in the middle area. But it was expected that this change does not high enough to make 

false results in the density calculation. Depending on this hypothesis, reflector was fabricated 

and practically measured another irradiation plot using the LDR. 

Figure 4: Practically observed irradiation plot 

Figure 4 shows that the intensity diff erence was small and hence light distribute over the viewer 

surface is even for this application scope. 
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To calculate the density, a response curve was plotted over known range of density values and 

observed graphs’ fitting equation by using Origin graph analyzing tool. Observed graph show 

in figure 5. 

Figure 5: Sigmoid fitting curve for LDR 

The corresponding fitting equation 1 was stated as follows; 

𝑦 =
𝑎

1 + 𝑒−𝑘(𝑥−𝑥𝑐)
                                                                                                                       (1) 

Where y = analog input value (ADC), x = density value, k = -1.6518 (coefficient),  

xc = 2.3624 (center) and a = 1011.66 (amplitude) 

With the help of derived equation, density was measured using developed device and a step 

tablet. The observed results were plotted as shown in figure 6. 

Figure 6: Density reading over step tablet 
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The curve appear to be linear and error was calculated as 0.03 for density range 0 to 4.2. 

According to the 2010 ASME Boiler and Pressure Vessel Code, a densitometer error has to be 

less than 0.05 to accept it as a valid device for calculate film density. Hence, the developed 

device fulfill the standard that needed as a valid densitometer to interpret the radiographic films. 

 

4. CONCLUSION 

By developing economical hybrid device for both Densitometer and X-ray film viewer, it was 

successfully reduce the interpretation time for a certain radiography tests and increased the 

efficiency. The device was experimentally tested over international standard and prove that it 

was qualified as a valid device for RT test interpretation. 
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ABSTRACT 

 

Lightning phenomenon is unpredictable and around fifty cloud to ground discharges will 

occurs per second globally. One of the most potentially catastrophic consequences of these 

discharges is the loss of human life and additionally these discharges affect electronic and data 

lines. In   lightning discharges huge amount of energy will release instantly and it will affect in 

directly and indirectly. Although there are many commercial products available it’s hard to 

guarantee the total protection against lightning damages and cost is high. This project was 

developed to overcome the limitations of current systems and allow people to have preventive 

protection procedure before exposing to the lightning discharges in playgrounds, airports, 

harbours, farming, and fishing activities. 

Keywords: Lightning Detection, Lightning and Surge Protection 

1. INTRODUCTION 

Current statistics and estimates of insurance companies show damage levels caused by 

lightning and surges excluding consequential or outage costs long since reached drastic levels 

due to the growing dependency on electronic equipment’s. The most obvious one is the 

destruction of electrical equipment, deaths and Injuries. Thunderstorms affect relatively small 

areas when compared with hurricanes. The typical thunderstorm is 15 miles in diameter and 

lasts an average of 30 minutes. Nearly 1,800 thunderstorms are occurring at any moment 
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around the world [1]. That’s 16 million a year. In recent years, people have been killed by 

lightning while playing on playground, talking on the telephone and fishing in a boat. The 

myths around the lightning is if it is not raining, then there is no danger from lightning, but 

lightning often strikes outside of heavy rain and may occur as far as 10 miles away from any 

rainfall[2]. If had a device to protect the equipment and early warning system the damage level 

can be minimized. In order to achieve protection and warning against due to the lightning 

strikes microcontroller based lightning monitoring system was made.   

 

Figure 1:  Direct and Indirect Damage from Lightning 

2. EXPERIMENTAL 

When lightning strikes it sends out pulses of radio waves and these can be used to detect 

lightning strokes. Research have been proven that most of the lightning cases it sends the radio 

pulses around 200 kHz to 300 kHz range [3]. This frequency range lies in the range in low AM 

band frequency and can listen the loud statics sounds from the radio when lightning periods 

and in most cases the first discharges occurs between the clouds to clouds. In this lightning 

monitor circuit uses a single inductor tuned circuit (tank circuit) to receive static pulses from 

lightning at a frequency near 300 kHz and amplify it. Amplified pulses then converted it into a 

sharp pulse with the help of NE 555 timer, then it transmits the pulses to a reference point via 

a 433 MHz transmitter link. At the reference point the transmitted pulses will be captured by 
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the RF receiver and then fed to the connected PIC16F844A microcontroller then connected 

equipment will be automatically disconnected from the connected line automatically. 

 

Figure 2: Block Diagram of the Project 

 

3. RESULT AND DESCUSSION 

The final outcome of this project is the lightning warning system for protecting the electronic 

equipment and lives from the direct and indirect lightning damages. A simple low-cost 

lightning warning system, based on static electric field caused by the clouds and the radio 

frequency interruptions are utilized to give lightning warnings, has been presented in this 

paper.Even there are many lightning protection systems like air terminals, surge arrestors it’s 

hard to guarantee the 100% protection against lightning and there is no warning alert before 

exposed to the lightning so that this project is useful to receive a warning when lightning 

occasions. 

The main strengths of this projects are this lightning warning system allows the user to take 

preventive measures to protect their electronic equipment and life from the lightning, more cost 

effective and easy to use with the any electronic equipment and have ability to count the lightning 

discharges. Also this project has several limitations than most advanced warning systems, which 

are  

AM Reciver Amplifire Detector

Transmeter433 Mhz 
LinkReciverMicrocontroller
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Good grounding is necessary for more sensitive operation, the detection unit should be mounted 

on outside for proper operation, the continuity of the service not reliable and unable to issue the 

lightning warning before lightning discharge occur.  

 

4. CONCLUTION 

This study was done to implement new, low cost equipment to protect the electronic equipment 

from lightning discharges and issue a safety warning in lightning occasions. In this project it 

will capture only the lightning discharge radio frequency only, but in most cases electric field 

strength in the atmosphere is also increases and there is no method to measure it in this project. 

As a further development electric field sensor can be used to develop most advanced system 

achieve more reliable results.   
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ABSTRACT 

 

This research presents an inspection system for determining the quality of crimping. The project work 

is carried out at the Variosystems (PVT) LTD, which is an international electronics vendor specialized 

in wire harnesses. Crimps are attached to the wires as a connector. Since the crimps have to be 

compatible with international standards, they are closely monitored for possible errors. Current 

inspection done manually, which is expensive and time consuming. This study presents an automated 

system to avoid these drawbacks, and the performance of the proposed system has been verified by the 

experimental results. 

 

Keywords: Crimp inspection, Digital Microscope, OpenCV 

 

1. INTRODUCTION 

Most of modern industries are tend to automate their manual works to reduce the labour cost 

and the time consumption. Variosystems is one of leading wire harness manufacturer in the 

world.  There is a crimping section under the wire harness division in Variosystems. It has an 

automatic crimping machine. This mac hine is used to attach crimps in to the wires. This 

crimping system is fully automated and it has high rate of crimping. The crimped wires are the 

output of this machine. After that process the crimped wires are sent to the visual inspection 

section. 

Visual inspection is a quality checking process. It was manual process done by two employees 

using optical microscopes. They inspect whether the crimps have fulfilled the IPC standards. 

IPC is a one of international quality standards that conducted by Institute of international 

electronic and packaging circuits1. According to IPC, a crimp can be divided in to 10 sections 

but only two selections are mainly considering in visual inspection. They are insulation 

inspection window and conductor inspection window. 
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Figure 1: Parts of the crimp 

1. Insulation inspection window 

2. Conductor inspection window 

 

The inspectors inspect through the windows and check whether the insulator and conductor are 

properly placed as shown in above figure 1. 

Crimping and visual inspection processes are done separately in Variosystems. The crimping 

process is fully automated. The connectors are attached to the harnesses and disposed at high 

rate. The inspection of the harnesses are done separately which is a manual, labour oriented 

task. Two inspectors inspect the harness and check for mal-functions. With a proper automated 

system the inspection process can be merged to the crimping unit. By that the two inspection 

can be further improved. This study presents the hardware and software components of the 

proposed system that can be used for automated, rapid inspection of harnesses. 

 

Automated 

crimping Machine 

Komax GAMMA  

Visual Inspection  

with Optical 

Microscopes  

One Operator Two Operators 

Automated 

crimping Machine 

Komax GAMMA  

Newly Implemented 

system with Digital  

Microscope   

One Operator 

Figure 2: Previous Process 

Figure 3: New merged Process 
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The hardware system consists of a camera and an optical microscope. The camera was mounted 

on the optical microscope. The software consisted of many features such as Ability of view 

magnified live image with zooming, Ability of get plugged camera list and switching among 

them, Taking snaps of viewed image, Maintain a logging system to log the system, Create user 

account for that logging system, Change captured image save location. 

The application software was created by using visual studio 2012 and OpenCV 2.3.12 and 

DirectShow2005  

 

2. EXPERIMENTAL 

The suggested solution was created using a camera, an optical microscope, computer and a 

home-made software. As the first step the software was created to communicate with the PC. 

The software was created with visual studio 2012 and OpenCV. The connected cameras were 

identified using DirectShow library3. The logging system was created in the system. All the 

user names and passwords in logging system were saved in a text files. Then the combination 

of optical microscope and camera were used to get a magnified image. A camera was mounted 

on the eye piece of the microscope. Then the system was connected to a PC and adjusted the 

magnification. Then magnified live image was displayed on the screen. 

 

3. RESULTS AND DISCUSSION 

The previous system is a manual labour oriented. They cannot be merged as a one process. 

After implementing this new process it was simple and easy. When the crimping machine 

operates the operator can easily inspect one by one simultaneously. The labour cost was 

reduced due to the omission of the two employees who were inspect manually in previous 

system. 

The developed system was implemented at Variosystems. 100 cables can be inspected with the 

two systems. 

 

In the previous system  

The time taken to finish 100 cable with inspection   -   29 mints 

No of employees -      3 

 

In the new system  

The time taken to finish 100 cable with inspection   -   18 mints 
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No of employees -      1 

Compared with the previous system new system saved 11 minutes and also two labours were 

reduced. Assuming the monthly salary of a one employee is 12000 LKR  

 

Time saving for 100 cables     -    11 mints 

The cost saving for a month    -     24000 LKR   

 

 

 

   

 

 

 

Figure 4: Combine system 

Figure 5: Main Interface of the Software  
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4. CONCLUSION 

A magnified visual inspection system has been implemented. According to the results, the 

labour cost and time can be saved. If the company makes 1000 wires per day, the total time 

saving for a day is 110 minutes. So this system monthly save nearly 55 hours of time and 24000 

LKR of labour cost for the company. This system can be further developed by using image 

processing. The application was designed with OpenCV to make compatible with further image 

processing developments.  
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ABSTRACT  

 

LTE is used mainly in the areas where the copper foot print is not available or if it is not 

possible to provide the high speed solution using the existing network. Since SLT uses 2600 

MHz band for LTE, the cell radius is smaller when it is compared to CDMA (Code Division 

Multiple Accesses). Further, when the customer base is increased cell gets shrunk and as a 

result the customer at the edge of the cell will face reception issues due to low signal strength. 

The main idea behind this research is to develop an antenna to enhance the signal reception at 

the customer end. For increasing this signal strength, the Log Periodic Dipole Array antenna 

was designed and prepared for solve this problem. As a result of designing, the antenna gain 

was performed as 14.39 dB at the 2556MHz. And when the antenna checked in practically the 

signal was increased than dipole antenna. Hence the requirement was successfully completed 

by this antenna.  

Keywords:  Long Term Evaluation (LTE), Log Periodic Dipole Array (LPDA), Gain, 

Frequency   

 

1. INTRODUCTION  

The frequency range of LTE (Log Term Evolution) is used as 2600MHz by Sri Lanka 

Telecom. The dipole antennas are used such as receiving antenna of 4G LTE routers. However 

this antenna doesn’t work effectively. Hence they required a 4G LTE outdoor antenna to 

increase signal strength at the customer end1.  
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According to this problem, the signal strength of required antenna should be higher than 

currently using dipole antenna. After comparing properties of the antennas, Log Periodic 

Dipole Antenna was selected as most suitable antenna for reducing this problem.  

The log periodic dipole array (LPDA) antenna is a directional antenna with relative 

characteristics across its wide frequency range. The LPDA antennas are wideband structures 

having geometry such that its impedance and radiation characteristics vary period with the 

logarithm of frequency. They exhibits a relative constant feed-point impedance, simplifying 

matching to transform line2.  

In this project, 2556MHz Log Periodic Dipole Array antenna was designed and prepared to 

increase the signal strength at the customer end.  

 

2. EXPERIMENTAL  

There are three important parameters while designing a Log Periodic Dipole Array antenna- 

Scale Factor, Spacing Factor and the apex angle defined by following equations ,  

  τ =               [1]  

  σ =d n / 2L n            [2]    

  α = tan          [3]    

Other important parameters were calculated using following equations,  

Length of last element (L (last))    

L              [4]  

Operating bandwidth (B),  

B =             [5]  

              

Where ;  

τ = scale factor  

σ = space factor 

C = velocity of light waves α 

= apex angle  
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The Log Periodic Dipole Array antenna used in this work is designed with τ =0.979,σ 

=0.187and  n =25. The scale factor should be such that its value is always less than one. The 

apex angle (α) should not be too small or too large, since it affects the bandwidth of the 

antenna. As the frequency increases the spacing factor decreases. This design methodology is 

based on the mutual coupling between the array elements 3.  

The basic structure was designed using LPCAD35 software and simulation was done by using 

4NEC2 software4.  

 

 

 

Figure 1: View of the designed antenna using 4NEC2 software  

  

3. Result and discussion  

As a results of simulations the radiation pattern was displayed as follows,  

 
 

Figure 2: Horizontal radiation 
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Next the frequency sweep in horizontal, vertical and full can be generated. Then following  

SWR, reflective coefficient, gain and impedance were displayed as follows,   

 
Table 1: Gain vs Frequency             Table 2: SWR vs Frequency  

Frequency (MHz)  Gain (dB)    Frquency (MHz)  SWR (Ω)  

2300  13.68    2300  2.24  

2556  14.17    2556  1.44  

2812  13.07    2812  1.53  

3068  11.98    3068  1.97  

3324  11.28    3324  2.55  

3580  9.02    3580  3.47  

  

 

Figure 3 SWR and Reflective coefficient 

For successful antenna, the reflective coefficient should be less than (-)10. According to this 

graph the best performance band width of this antenna is 2400MHz to 3050 MHz.  

When testing the antenna in practically the result was as follows, 
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Figure 4: Practical testing of antenna 

According above figures, the signal strength of this antenna was greater than the dipole 

antenna.  

4. CONCLUSION  

But the research of this project was to develop an antenna to enhance the signal reception at 

the customer end.  The frequency of LTE is around 2600 MHz. For this frequency range, the 

  

  

  

  

  

  

  

  

  

  

When connecting dipole antenna 

 

  When connecting LPDA antenna   



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 339-344 
Department of Electronics – Wayamba University of Sri Lanka  
 

Design LPDA outdoor antenna for 4G LTE router to Overcome the reception issues …                          344 

 

LPDA antenna was designed and prepared. As a result of designing, the antenna gain was 

14.39 dB at the 2556MHz. hence the signal strength of this antenna was improved than 

currently use antenna.  
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ABSTRACT 

 

The purpose of the project is verifying the accuracy of the Reflow Oven’s top, bottom zones temperature 

readings comparing original system with a newly designed system. This Reflow Oven (FL-VP1060N 

Nitrogen Lead-free) machine is mainly used in the reflow soldering of printed circuit board (PCB). 

Temperature readings were measured using K-type thermocouple, amplify the thermocouple output and 

this analog outputs were converted to digital data using NI USB. The data were displayed using 

LabVIEW software. 

Keyword: Reflow Oven, Temperature, K type thermocouple  

 

1. INTRODUCTION 

“Reflow Oven Verification System” is designed to measure the accuracy of the temperature 

reading of FL-VP1060N Nitrogen Lead-free Reflow Oven manufactured by FOLUNGWIN. 

This machine is mainly used in the reflow soldering of printed circuit board (PCB) 1. Reflow 

Oven is used in SMT (Surface Mount Technology) assembling line. Temperature of each zone 

is closed loop controlled and this ensures the best controlled accuracy. The machine has a 

tunnel styled structure with automated conveyor system and consists of multi preheating zones, 

soldering zones and cooling zones2. It has the following features: hot air convection heating 

method, heat source supply for top zone and bottom zone is independent from each other, PID 

independent temperature control for each zone, air and nitrogen (nitrogen is option) and pin 

chain and mesh belt conveyor system. The machine can be connected with other SMT 

equipment online. 
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2. EXPERIMENTAL 

2.1 Block diagram of the design method    

There are 10 heating zones in the reflow oven. The original system is used number of 20 k type 

(TC) thermocouple to read top and bottom temperature of the heaters. So the new system is 

also used k type thermocouples. An Amplifying circuit was designed to amplify mV range 

TC’s output to V range. Then the analogue voltage is fed to NI USB card to convert digital 

voltage. That digital output is fed to software program.  

 

 

Figure 1: Block diagram of the design method 

2.2 Circuit Diagram of the System 

 

Figure 2: Circuit diagram of the system 
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The LT 1025 is a micropower thermocouple cold junction compensator for use with type E, J, 

K, R, S, and T thermocouples1. It utilizes wafer level and post-package trimming to achieve 

0.5°C initial accuracy. The circuit can approximately initial value by varying 10 K potential 

meter.2   

3. RESULTS AND DISCUSSION 

“Reflow Oven Verification System” is used to measure the accuracy of the heaters using K 

type thermocouple. And also the values are displayed on the LabVIEW software interface. 

The measurements are more accurate and display the user friendly, easy to understand data. 

 

Figure 3: Temperature Display of each Zones 

 

Figure 4: Temperature Curve of a selected zone 
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4. CONCLUSION 

That system can used to measure more accurate temperature readings, easy to use GUI using 

LabVIEW. The reliability of the system can improve using best suitable calibration methods. 
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ABSTRACT 

 

When the transformer testing process is a manual system that consumes more time and labour. Labour 

is the most precious resources of a company. When the labour is handled efficiently, the company will 

be benefited. In rapidly growing industry, undesired and unexpected costs should be cut down and 

productivity should be increased to sustain in the competitiveness. This study reports the development 

of an automated transformer testing unit. Using this unit transformers can be checked efficiently and 

quickly. Results of the manual system in the company and designed system gave same values. This 

proved that the designed system is working accurately. It is possible to perform transformer testing on 

a production line where by improve the productivity.   

 

Keywords: Transformer, Isolation, Microcontroller, Printed Circuit Board 

1.0 INTRODUCTION 

A transformer is an electrical device that transfers electrical energy between two or more 

circuits through electromagnetic induction1. However electromagnetic induction produces an 

electromotive force across a conductor which is exposed to time varying magnetic fields. The 

working principle of transformer depends upon Faraday's law of electromagnetic induction. 

Mutual induction between two or more winding is responsible for transformation action in an 

electrical transformer2. A reputed company in Sri Lanka currently manufacturing transformers 

for various products. There the transformer testing process is carried out by manual process in 

the production line3. Due to that many problems such as, more time consumption, surge 

problems etc occur frequently.  

As a solution for this problem, an automated, transformer testing unit was developed. This 

system can be divided in to four basic parts, isolation test, open circuit test, short circuit test 

and load test. Isolation test observe whether the transformer is isolated or not. Open circuit test 

observe the core losses of transformer and shunt parameters of the equivalent circuit. Short 
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circuit test was carried to estimate the copper losses of transformer and approximate the 

equivalent resistance and reactance of the transformer4. Load test was done to measure the 

voltage, when the external load is supplied. By introducing this unit, company will be benefited 

less time consumption, reduction in electricity usage and using the unit as a surge protector 

too. 

2.0 EXPERIMENTAL 

2.1  Technologies used in the System 

Atmega 16 microcontroller was used to develop the system, which handle data processing and 

produce desired outputs. Printed circuit boards (PCBs) were designed using PROTEUS version 

7.6 software and PCBs were etched using Ferric Chloride (FeCl3) chemical etching process. 

 

2.2 Circuit development 

Necessary programs were coded step by step. Then the necessary circuits lay outs were 

designed and they were printed using injected printer on to the shiny sides of sticker papers. 

Those were transferred on to well cleaned copper boards using an electrical iron. Thereafter 

paper was removed from the copper board and copper board was washed carefully. Ferric 

Chloride (FeCl3) solution was used to etch the design. Then the unwanted areas of the copper 

board were dissolved in the FeCl3 solution completely. The PCBs were taken out from the 

solution and washed with soap. Etched PCBs were checked for desired connectivity and 

functionalities using the multimeter. Finally developed programs were uploaded to the Atmega 

microcontroller and circuits were completed to develop the system. 

 

2.3 Project design 

The basic functions of the transformer testing unit is shown in figure 1.0 below. 
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Figure 1: Block diagram of the designed transformer testing unit 

 

Figure 2 shows the schematic circuit diagram of the designed transformer testing unit. 

 

 

Figure 2: Schematic circuit diagram of the testing unit 
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Four tests are carried out by transformer testing unit namely Isolation test, Short Circuit Test, 

Open Circuit Test and Load Test.  

Isolation test 

In this testing, the circuit is connected to neon bulb which is active above 110V. The brightness 

of the neon bulb is depend on the resistor of the LDR in the circuit. Due to the variation of the 

LDR resistance value, microcontroller analog reading values also varies. The neon bulb will 

respond as relevant. Then the If the transformer is not isolated, the neon bulb doesn’t switch 

on. 

Open circuit test 

Under this test, when the relay RL07 and RL06 are switched on and all the other relays are 

switched off, output voltage and input current are measured. 

 

Short circuit test 

 

Under this test, when relay RL06 switched on, the output voltage will be short circuited. Then 

varying the input voltage, output current and input current are measured. 

Load test 

The values of output voltage, output current and input current are measured by making relay 

RL 04 on and by connecting output to resistance load. 

The designed transformer testing unit was checked with manual testing method for transformer 

of 10Amp power guards, 30Amp power guards and boosters. 

3.0 RESULTS AND DISCUSSION 

Results were obtained using the developed transformer testing unit and also with the manual 

system. 

 

Tables 1-3 show the comparison of testing results for the three types of the transformers by 

designed system and manual method. 
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Table 1: Transformer testing values of Power Guard 10Amp 

Primary Secondary  

Manual system 
Voltage 

(V) 

Current (mA) Voltage (V) Current (mA) 

Open Short Load Open Load Short Load 

210 1.60 40.8 16.6 35 21.5 222 88 Same value 

230 1.81 43.2 18.2 39 23.3 236 98 Same value 

250 2.16 47.5 19.9 42 25.8 254 106 Same value 

 

Table 2: Transformer testing values of Power Guard 30Amp 

Primary Secondary  

Manual system Voltage 

(V) 

Current (mA) Voltage (V) Current (mA) 

Open Short Load Open Load Short Load 

210 2.92 58.4 16.2 21.5 28.7 371.2 97.9 Same value 

230 3.57 63.4 18.0 31.7 23.5 411.1 103.5 Same value 

250 4.33 69.0 19.5 35.2 25.9 449.2 114.5 Same value 

 

Table 3: Transformer testing values of Booster 

Primary Secondary  

Manual System Voltage 

(V) 

Current (mA) Voltage (V) Current (mA) 

Open Short Load Open Load Short Load 

210 2.80 43.2 7.1 15.2 13.4 530 0.59 Same value 

230 4.12 48.0 8.2 16.8 14.9 586 0.66 Same value 

250 5.14 52.1 9.2 18.3 16.2 629 0.72 Same value 

 

Results showed that both systems gave same values. This proved that the designed system is 

working accurately. 

Strengths of the designed system,  

 Less time consuming when testing the transformers 

 It consists of a surge protection unit (Isolation unit) 

 Cost effective 

 Help to improve productivity 

 Ease of use 
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Limitations of designed system, 

 Can check only law frequency transformers. 

 Can only be used in step down transformers with 100V or below. 

 

4.0 CONCLUSION 

The designed transformer testing unit is a cost effective and efficient testing process. By using 

this transformer testing unit on a production line productivity can be improved. This system is 

less time consuming and also protects the workers from the surge sparks.  By applying this 

solution, the company will be able to increase the efficiency of the workers who are engaging 

in transformer testing process. 
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ABSTRACT 

 

In a telecommunication site, there is a base transceiver station. Antennas, remote radio unit, battery 

bank unit and microwave links are the main components of a site. There are two voltages that should 

be supplied to the sites. They are battery low voltage disconnect voltage and load low voltage 

disconnect voltage. Normally in a site, battery low voltage disconnect voltage is 43.2 V and load low 

voltage disconnect voltage is 44 V. When the site gets 43.2 V, microwave link breaks down. When 

battery bank reaches 44 V, the microwave link is going to breakdown within several seconds. At 

present, a signal passes to the network operating centre only after microwave link breaks down. It is 

not an efficient way to maintain a site because after a microwave link breaks down, a lot of problems 

can occur during several sites. Therefore, an alternative is required to know about the condition of the 

microwave link before it breaks down. In this study, it was attempted to fabricate a design to identify 

the link voltage before breakdown occur. 

Keywords: Microwave link, Battery bank, Base transceiver system 

1. INTRODUCTION 

A microwave link is a communications system that uses a beam of radio waves in the 

microwave frequency range to transmit video, audio or data between two locations, which can 

be from just a few feet or meters to several miles or kilometers apart1.  

Normally, the transmission site is functioning when the working voltage of base transceiver 

station is 44 V. In a site, microwave links are used to link two or more sites. To make a link 

with two or more sites, microwave link should be in “on” state. That voltage is 43.2 V. 

Therefore two voltages (44 V and 43.2 V) should be supplied to a site. These voltages are 

supplied through the battery bank. 
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The network operating centre (NOC) is the main control unit of the site2. When some issue is 

taken place at the site, alarms pass to the NOC. Then authorized person can identify the site 

and the problem. But for the proper functioning of these alarms, BTS should be in “on” state3. 

It means BTS should have 44 V. When this voltage is getting low, BTS comes to its “off” state. 

When BTS comes to off state, it cannot transmit alarms to the NOC.  

If a breakdown of BTS happens at 44 V, sometimes microwave link is in “on” state. That means 

still site can link with other sites. The reason is Mw link breaks down at the voltage of 43.2 V. 

If there is a breakdown in a Mw link, engineers can identify it only after the breakdown.  This 

creates so many problems in different forms. Through this project it is proposed a method to 

identify the Mw link voltage before breakdown. 

  

2. METHODOLOGY 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 shows the block diagram of the circuit. 0 V to 44 V voltages were supplied from the 

battery bank terminal4. Those voltages were taken as input to the DC to DC converter where 

they were converted to 0 V to 5 V. Converted voltages were supplied to the arduino board as 

its inputs. Arduino code was compiled using arduino software. Compiled code was written in 

arduino chip.The output of the arduino board was supplied to the GSM module. The messages 

were passed to the phone through GSM module.  

Battery Bank 

Terminal 

Arduino Board 

DC to DC Converter 

GSM Module 

Mobile Phone 

 
 

Figure 1: Block diagram of the circuit 
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Figure 2: Circuit Diagram of the system 

Figure 2 is the circuit diagram of the system. The circuit consists of a IN4001 diode, a 10K 

resistor, a 1K resistor, a ATMEGA 328P arduino board, a SIM 900 GSM module and a light 

emitting diode. 

 

3. RESULTS AND DISCUSSION 

 

Figure 3: Picture of the completed circuit 
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When the BTS voltage is getting below 44 V, several messages are passed from the system. 

When the voltage becomes 43.9 V, “BLVD voltage is 43.9V” message passes to the phone. 

After getting 43.5V, “43.5V microwave link can breakdown” message passes to the phone. 

When become 43.2V, “43.2V Microwave link is disconnected” message is pass to the phone. 

From those messages engineers can identify the voltage before breaks down the microwave 

link. Then they can take suitable decision for that. This devise has several advantages they are4, 

 Easy to use 

 Lower initial cost 

 Time saving 

4. CONCLUSION 

The purpose of this project was to design a simple messaging system for Mw link voltages. 

This project was successfully completed with the proper designing and implementing the 

arduino simulation. The final outcome of this project was a reliable, cost effective real time 

messaging system which can be used for industrial purposes. Moreover this simple system 

doesn’t require inconvenient wires because the system communicate through wireless 

connection. Also, this is a low cost design and hence affordable to any institution.  
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ABSTRACT 

 

Most of the telecommunication service providers use optical fiber as their transmission medium, 

because they want to provide their services to their customers with highest signal security, low 

transmission losses and enormous potential bandwidth. This paper investigates to provide the highest 

optical fiber path to enterprise customers of Dialog Axiata PLC when the network failures occur due to 

a damage in the fiber network. Physical and logical topologies are currently used to provide services to 

the customers through optical fiber network. But these topologies cannot provide 100% service 

protection for optical fiber paths. Dialog Axiata PLC wants to provide better services with highest 

protection for their most valuable customers. Path protection index (PPI) was calculated for each of 

them and most suitable path was identified for increasing 100% PPI. Metro ring networks are used to 

interconnect “network nodes” of Dialog Axiata PLC as well as “network nodes” of enterprise 

customers, then 100% protection can be provided for them. High survivability of the optical fiber 

network, high customer satisfactory and low customer turnover are some advantages of providing the 

highest protection fiber path to customers. 

 

Keyword: Optical fiber communication, Dual-homing, Ring topology, Protection 

 

1. INTRODUCTION 

Today’s Dialog Axiata PLC transport networks can be considered to consist of three layers. 

They are, transport-core layer, transport-aggregation layer and transport-access layer. Each of 

these layer has different functions to perform. Transport-core layer and transport-aggregation 

layer are based on fiber technologies to provide higher bandwidths and level of flexibilities 

required in those layers. For providing better services to enterprise customers of Dialog Axiata 

PLC, they use optical fiber as transmission medium because, network reliability is very 
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essential for any business1. Although they use optical fiber, it is not totally indestructible. Fiber 

cuts and accidental breaks in an optical fiber can be occurred. Implementation redundancy fiber 

network architecture is essential to ensure the continued availability of voice and data services 

to their customers and partners, regardless of what calamities may unfold. At that moment, 

their fiber network is comprised buried fiber and aerial fiber. Either it is buried or aerial fiber, 

damage of fiber can be major effect to the network2. An important issue in any networks is 

survivability which means capability of the network to operate in the event of node or link 

failures3. For enhancing the survivability of the network, dual-homing is normally used. In 

dual-homing, a customer node can be connected to two separate nodes that are connected to 

the core network. By installing dual fiber paths into customers, then they can typically achieve 

fiber network redundancy. But dual – homing network cannot be provided 100% for enterprise 

customers. My project is based on providing the highest optical fiber path to enterprise 

customers of Dialog Axiata PLC when the network failures occur due to a damage in the fiber 

network. So that, highest protection fiber path was optimized with connecting metro ring 

topology then increased protection for customers. 

 

2. METHODOLOGY 

2.1 Limitation of the current situation 

Figure 1 shows the currently available structure  

 

(a)                                                                     (b) 

Figure 1: a) linear connection b) dual-homing connection 

Figure 1 a) shows that some enterprise customers of Dialog Axiata PLC are directly connected 

to the one node without redundancy path. This node is also connected to aggregation site. But, 

this connection is not protected, because there is only one linear path between node and 

customer. Path between customer node and node A is unprotected. Path protection index (PPI) 

for such customers is 0%. 
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Figure 1 b) shows that customers are connected by using dual-homing connection. Distance 

between customer node and manhole is unprotected linear path. These two configuration 

cannot be provided 100 % protection. So, enhancing the security of fiber optic network and 

increasing the satisfactory of the enterprise customers must be considered. By considering these 

facts, the most suitable fiber optic path is optimized with low cost. 

 

2.2 Calculating Path Protection Index (PPI)  

Figure 2 shows dual-homing connectivity for customers. 

 

Figure 2: Dual-homing connectivity with distances 

Parameters that are used to calculated path protection index; 

 X = Distance from customer location to manhole i.e. linear portion (common path) 

 Y = Distance from customer location to site A 

 Z = Distance from customer location to site B 

PPI equation can be expressed as below. 

Unprotected Portion (UP) = (X/(Y+Z)) 

Path Protection index (PPI) =1- (UP)        (1) 

As a percentage, PPI can be mentioned. That is, [(1- (UP))] %. 

 

2.3 Providing highest protection fiber path  

There are several steps to plan highest protection fiber path. Such as; 

 Select the customers that want to provide highest protection. 
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 Categorize them who are already have dual – homing connection or not. 

 Identify existing fiber path setup and calculate the path protection index (PPI). 

 Investigate optical fiber network in the Dialog Axiata PLC and select the metro-ring 

that are available in the network. 

 Give the dual-homing fiber connection for customers that are not currently connected 

through optical fiber and calculate PPI for these customers. 

 Provide new access ring for customers to increase path protection index into 100% with 

cost effectively. 

Point-to-point connections are replaced by ring structure. Ring topology is used for providing 

highest protection to customers. Figure 3 shows ring network topology that are available and 

provided highest fiber protection path through access ring for customer.  

 

 

 

 

 

 

 

 

Figure 3: Ring network topology for increasing protection 

According to ring network topology is shown in Figure 3, 100% path protection index can be 

provided. Although any fiber path was damaged, service is provided to customers from either 

node A or node B. So, service down time can be minimized.  

 

3. RESULTS AND DISCUSSION 

3.1 PPI for all customers 

The final outcome of this project is providing the 100 % protection for dialog enterprise 

customers to their optical fiber path. 

Figure 4 shows PPI of exisiting fiber connection setup for customers. 

where, C1 – C6 are customers that are already connected through dual – homing connection. 

Providing 100% protection is the target for this study.  

Figure 5 shows PPI of new fiber setup.This 100% line is shown by straight line in the Figure 4 

and 5. 

where, C7 – C18 are customers who are not currently available fiber path 
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New dual – homing connection is proposed for these customers and calculated PPI for them.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4: PPI of customers already connected through dual – homing fiber connectivity 

 

Figure 5: PPI of customers who are connected through new dual-homing connectivity  

Table 1 shows the linear distance for customers i.e. unprotected portion, and the details about 

new path distance that have proposed for providing 100% 

Table 1: Details about customer and the additional path 

Customer C

1 

C

2 

C

3 

C 

7 

C 

8 

C 

4 

C 

5 

C 

6 

C 

9 

C 

10 

C 

11 

C 

12 

C 

13 

C 

14 

C 

15 

C 

16 

C 

17 

C 

18 

Linear 

portion 

/ m 

2
1
2

.6
5
 

2
2
4

.6
7
 

5
5
8

.9
9
 

1
0
8

.1
6
 

6
5
6

.6
1
 

3
9
.6

4
 

1
2
9

.5
4
 

1
2
7

.8
6
 

8
7
.9

4
 

8
5
.5

4
 

3
9
.6

4
 

1
4
7

.1
9
 

1
8
9

.9
5
 

4
9
.0

4
 

1
5
8

.6
4
 

1
6
3

.5
 

6
7
.7

2
 

2
5
8

.0
9
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Additional 
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7
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According to Table1, There is only one additional path for all C3, C7 and C8 customers. This 

is because, these customer locations can be connected one metro ring. So, PPI can be increased 

into 100% for these three customers by providing only one additional path. Table 1 also shows 

additional distances are want to provide 100% protection for other customers.  

 

4. CONCLUSION 

Providing high security optical fiber network is most important to all telecommunication 

service providers. So, this study is based on to investigate to provide the highest optical fiber 

path to enterprise customers of Dialog Axiata PLC when the network failures occur due to a 

damage of fiber network. Customers who are most valuable in the Dialog Axiata PLC, were 

selected for providing 100% protection. Among these customers, some of them are already 

connected through dual – homing connection through optical fiber. Optical fiber transmission 

is not provided some customers at that moment. Then new two nodes are proposed for these 

customers for dual – homing connection.  Path protection index (PPI) is increased into 100% 

by using metro ring connectivity for all these two types of customers. There are some 

advantages by increasing service protection of customers. They are high signal security, high 

customer satisfactory, low transmission losses, low customer turnover and high survivability 

of optical fiber network. It is very important to Dialog Axiata PLC, as a largest 

telecommunication service provider in Sri Lanka. 
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ABSTRACT 

 

Most of the telecommunication service providers in Sri Lanka consider Network Optimization to 

improve their service better than other service provider’s service. Network Optimization is very 

important in the Radio Frequency (RF) division in Mobitel Telecom, because this has close relationship 

with the customer satisfaction. Third Generation (3G) cluster optimization was done for Mobitel 3G 

sites in the areas from Negombo to Morattuwa Mobitel 3G sites. The aim of the work was to ensure 

that the Mobitel has more 3G strength than its competitor service providers. In this research, mainly 

five issues were to be solved. They were site coverage issue, site quality issue, swap issue, HSDPA 

throughput issue and HSUPA throughput issue. Pre-drive test was made to identify the issue. Then 

analyzing was done to find the optimization to be done for the 3G sites. After analyzing, analysis report 

was submitted to Huawei, the intermediate company. Then the analyzed report was approved by 

Huawei. Then cluster optimization was done for a cluster. The antenna’s tilt and azimuth were adjusted 

and also height of the antenna was adjusted in cluster optimization. In post drive testing, the previous 

issues were checked whether they were solved or not. After doing all these methods, final report was 

submitted to Huawei and it was approved by Huawei. After the approval, cluster optimization of one 

cluster was completely successful. The same procedure was adopted for other cluster optimization as 

well. From this research, a solution was found for Mobitel 3G cluster problem and the entire target KPI 

of the Mobitel 3G cluster of the considered area were achived.  

Keywords: Telecommunication, Third Generation (3G), Cluster Optimization, Radio 

Frequency (RF), Drive Testing (DT) 

1. INTRODUCTION 

Mobitel is one of the most famous mobile service providers in Sri Lanka. It is occupying a 

main role among mobile service providers. Mobitel service provider selected Western 

province of Sri Lanka to launch their project of optimizing clusters. Mobitel divided the 

particular area of Western province into 30 clusters. Each cluster contains roughly 20 sites. 
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The boundary of the north part of the area is Poruthota in Negombo, south part of the area is 

Koralawella in Morattuwa, and east part of the area is Yakkala in Gampaha. 

In this project, six out of the thirty clusters were considered for cluster optimization. Especially 

cluster optimization of 3G areas were done to identify the weak coverage, bad Ec/Io (ratio of 

the received energy per chip (= code bit) and the interference level) areas and improve the 

quality & coverage of those respective sites. These clusters are situated in Kalubowila, 

Kodagama and Koralawella which are the boundaries of north, east, and south part of that area 

respectively. 

The motivation for conducting this optimization is to ensure that the particular 3G sites  of the  

considerable area has more strength than the other service providers 3G sites of the areas and 

increase the throughput of the site. The main objective of this research is to identify weak 

coverage, bad Ec/Io areas and improve the quality & coverage. That was obtained after 

thoroughly optimize all the clusters. 

2. EXPERIMENTAL 

There are several different techniques used to optimize the telecommunication sites. The 

optimization techniques differ from each and every service provider’s preferences. The service 

provider’s preferences depend on their customer satisfaction. But all of them are trying to pass 

entire target KPI of their network.  

Key performance indicator (KPI) is a measure of performance. Such measures are commonly 

used to help an organization define and evaluate how successful it is, typically in terms of 

making progress towards its long-term organizational goals1. 

Main things to check earlier with Pre Drive Test as the target KPIs 

• Neighbor missing issues 

• Pilot Pollution issues 

• Coverage issues 

• Feeder Swap / Cross Feeder issues 

• Data Throughputs issues 

• Abnormal Events as call Drop , HO failures  , HO delays, Block calls  … etc 

2.1.   Cluster Optimization  
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2.1.1.   Objectives 

• Identify weak coverage, bad Ec/Io areas and improve the quality, coverage and need to 

pass the entire target KPI of the network. Each improvement should be justified with 

the changes made in the network. 

• Improvement can be claimed only under similar conditions and same method of plots. 

• Results claimed should be reproducible during pre-drive under similar conditions. 

2.1.2.   Scope of Work 

• Pre Drive Test needs to do in routs which were given by the service provider. 

• Prepare the cluster optimization report with optimization suggestion. 

• Antenna optimization with DT for abnormal area. All the changes should be recorded 

with the photos and need to show the improvement after optimization.    

• Final Drive Test need to do as requested method. 

2.2.   Methodology 

Sixteenth cluster was considered for comprehension of how to optimize clusters. The 

optimization of all clusters includes same methodology. 

The main part of the cluster optimization is considering the target KPI including Call Setup 

Success Rate (CSSR), Successful Call Rate (SCR), Call Drop Rate (CDR) & Handover Success 

Rate and need to pass these entire KPIs2.   

The 3G Cluster Test Methods and Test Items are given below in Table 1. And the Criteria of 

Drive Test are also given below.                                                                                                          

2.2.1.  Criteria of Drive Test 

A drive test system is set up to evaluate the statistical call data. Drive test shall be terminated 

at the point of RxLev -110 dBm is detected. Events should be included in drive test plots. 

 

 Idle mode drive test (Dual mode) should be performed 

 Dedicated mode drive test should be performed for both short call(Dual mode) 

and long call(3G only mode) 

 HSDPA data session drive test should be performed (3G only) 
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 HSUPA data session drive test should be performed (3G only) 

 

2.2.2. 3G Cluster Test Methods and Test Items 

Table 1: Test Method & Item Details 

                            

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. RESULTS AND DISCUSSION 

The final outcome of this research is to prepare final report about 3G cluster optimization. 

This final report had to be submitted to Huawei which is the intermediate company. Huawei 

Categories Test Item Evaluation Object 

Idle Mode 
RSCP Cluster 

Ec/N0 
Cluster 

Voice Long Call 

RSCP Cluster 

Ec/N0 Cluster 

Handover Success Rate Cluster 

No. of dropped calls Cluster 

Voice short Call 

Ec/N0 Cluster 

Call setup success Rate Cluster 

Call drop rate Cluster 

IRAT Handover success rate Cluster 

Video Short Call Function Cluster 

Data Calls 

Call setup success Rate Cluster 

Call drop rate Cluster 

Handover success rate Cluster 

IRAT Handover success rate Cluster 

Average HSDPA throughput Cluster 

Average HSUPA throughput Cluster 
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decides KPI as pass or not. A report which contained results of optimization of six clusters 

was submitted. The report showed desired outcome for all clusters. 

3.1.  Final KPI Summary of a Cluster 

As per table 2 given below, Call Setup Success Rate (CSSR) is 97.315% before the KPI 

improvement. After the KPI improvement Call Setup Success Rate is 99.130%. From these 

data, the Call Setup Success Rate has increased. Call Drop Rate (CDR) before the KPI 

improvement is 0.671% and the Call Drop Rate after the KPI improvement is 0.026%. So the 

Call Drop Rate has decreased. HSDPA and HSUPA Throughputs have also increased after the 

KPI improvement as well as the Call Setup Success Rate. 

CSSR = (No. of call attempt – No. of call fail) / No. of call attempt3 

CDR = No. of call fail / No. of call attempt3 

Table 2: KPI Results of a Cluster 

 

 

As per table 3 given below, azimuth of the antennas was not adjusted; it is same as before & 

after adjust of the sites. But some of the Electrical tilt and Mechanical tilt of the antennas were 

changed after optimizing.     
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3.2.  Final Optimization Summary of a Cluster 

Table 3: Optimization Results of a Cluster 

 

4. CONCLUSIONS 

The main outcome of this research was optimizing 3G clusters and found the problems and 

issues in the clusters. To solve the problems, at first pre drive test was done and identified the 

issues. After analyzing, the analyzed report was handed-over and got approval. Then cluster 

optimization was done for each and every cluster by adjusting tilt, azimuth and height of the 

antennas. Post drive test was made to check the previous issues were solved or not. As a result 

all the clusters were optimized in correct methodology and final report was prepared for each 

and every cluster. Mobitel also can use this same methodology of cluster optimization of 3G 

and 4G sites for their researches, in future too.   
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ABSTACT 

 

The aim of this project is to design indicator system to indicate weight that Rubber Tired Transfer 

Cranes hold. Already this cranes have load cells to measure weight of the load. But the output of load 

cell is not large enough to be measured accurately. In that case, that output of load cell should be 

amplified. Also  This system is consist of current to voltage converter, Microcontroller, Alarm and light 

system and Liquid Crystal Display (LCD). Current to voltage converter is used to amplify output of the 

load cell. Microcontroller is used to control the whole system. Alarm and light system acts like an 

indicator. If the holding weight is equal or less than four tons, green bulb will be lit. If the holding 

weight is greater than four tons and equal or less than six tones, yellow bulb will be lit. If the holding 

weight is greater than six toned and equal or less than seven tons, red bulb will be lit. If the holding 

weight is greater than seven tones, alarm will be ring. Also holding weight display on Liquid Crystal 

Display (LCD).  

 

Keywords: Rubber tired transfer crane, Load Cell, Current to voltage converter, Indicator 

 

1. INTRODUTION  

Sri Lanka Ports Authority is the state-owned operator of major commercial ports in Sri Lanka. 

In Sri Lanka Ports Authority, Jaya Container Terminal is one of the major terminal. In Jaya 

Container Terminal, Rubber Tired Transfer Cranes and Rail Mounted Gantry Crane are used 

to move cargo containers. In Rubber Tired Transfer Carnes, there are two types of Transfer 

Cranes. One type of transfer cranes are used to move loaded cargo containers. Other one is 

used to move empty cargo containers1. Maximum weight of empty cargo container is seven 
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tones. Also the maximum holding limit of Transfer crane, which moves empty cargo containers 

is seven tones. Any attempt to hold more than seven tones will critically damage the total 

system. So, holding weight should be calculated. In transfer cranes, there are two load cells to 

measure weight in containers. Load cell is a sensor or transducer that converts a load force 

acting on it into an electronic signal. It produces small current which is proportional to the 

weight of the cargo container. But the output current of load cell is not large enough to be 

measured accurately2. To use this current as a usable input, it should be amplified. Also if 

operator know weight of container that he hold, it will help to him for reduce damages. The 

aim of this project is to design indicator system to indicate weight that Rail Mounted Transfer 

Cranes hold. In this system, the output of load cell is amplified using current to voltage 

converter circuit. 

 

2. EXPERIMENTAL  

This system consists of two Current to Voltage converter circuits, Microcontroller, Alarm and 

Light indicator circuit and LCD. The output current of load cell is amplified using current to 

voltage converter. There are two load cells in this crane. Therefore two converter circuits are 

needed for this system. For the 0-7.5 tones, load cell produced 4-20×10-3 A current. This 

converter circuit converts 4-20×10-3 A current to 0-5v voltage. The output voltage of current to 

voltage converter is send to microcontroller as an input. 16F877A Microcontroller controls the 

indicator system. The program was written in mikroC PRO for PIC. There are Alarm and Light 

indicator circuit in this system. It designed to lit bulbs of several colors and ring alarm, 

according to holding weight of Crane. Microcontroller is used to compare holding weight with 

maximum weight that carne can hold. Alarm and light system acts like an indicator. Also 

holding weight display on LCD. 

This current to voltage converter circuit (Figure 2) tested several times. Supplied 4-20×10-3 A 

current and marked output voltage according to that current. 

 

3. RESULTS AND DISCUSSION 

Figure 1 shows the design of the system for Rubber Tried Transfer Crane. This crane has two 

load cells. Therefore two current to voltage converters were used for this system. 
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Figure 1: Design of the system 

 

Figure 2 shows the schematic of the current to voltage converter. This converter circuit converts 

4-20×10-3 A current into 0-5 V voltage. 

 

 

Figure 2: Schematic of current to voltage converter 

 

M is mosfet and R is resistor. 

This system is designed to indicate weight that Transfer Crane hold. Maximum weight of empty 

container is seven tone. Load cell produce current according to holding weight. That current is 

in between 4×10-3 A to 20×10-3A. The output current of load cell convert to voltage using 

current to voltage converter. This current to voltage converter acts like an amplifier. Graph of 

the test values were shown in figure 3. 

Load 
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Microcontroller 

Alarm and 

Light 

Indicator 

Circuit 

LCD 

Current to Voltage 

Converter 

Current to Voltage 

Converter 

Load 

Cell 
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Figure 3: Graph of the tested values 

  

Indicator system is consists of light and alarm system. Due to light system, Operator can 

identify weight that he hold. When crane hold load over maximum weight, immediately alarm 

will ring. Due to alarm sound, operator can stop holding that load. 

 

4. CONCLUSION 

This Rubber Tired Transfer Crane hold only empty containers. Maximum weight that this carne 

can hold is seven tone. Any attempt to hold load more than seven tone will critically damage 

to the whole system of the crane. In that case, if crane has overload protection system and 

container weight system, it will help to reduce these problems. Using designed system, can 

overcome these difficulties.  
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ABSTRACT 

 

The engineering industry is a vast updating field in Sri Lanka as a developing country. During the 

internship period I have found some drawbacks of the current system and develop a cost effective and 

convenient way to guest room lighting solution. This research is concerned on the circuit modification 

in a cost effective manner. Also this further considered on saving energy by system automation. This 

research used Dimmer circuit and port expander integrated circuit (IC) to the proposed system. 

ATmega8 microcontroller and MCP23008 are used to implement this research. ATmega8 

microcontroller is used with the consideration of the initial cost. BT136 Triac, MOC3021 Opto coupler 

and Relay are used for design the “air condition controller”, “dim beside the light of TV” and “inside 

light of room”. Additionally, 4*3 Keypad is used intend of BSC. By adding “Dimming Circuit” into a 

Relay Control unit [RCU] can provide safe, convenient and reliable service for guest in order to prevent 

eye problems by controlling the light intensity. The new system is able to control guest room’s A/C 

level, by fixing a temperature sensor to a room. According to the temperature readings the level of A/C 

will change. It is done by add a “PWM Fan Control Unit (FCU)” to RCU. This automatically 

temperature control system tends to save energy. There are so many technological findings in this field 

of lighting solution system and these can be used for gaining competitive advantage of a company over 

its competitors, and this can be further improve with more features as a future work. 

 

Keywords: Bed Side Console System, Lighting Solution, Dimming System, Temperature control 

system 
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1. INTRODUCTION 

This research is on developing a cost effective, energy saving and convenient way of lighting 

control solution for a guest room. The existing system has limitations to both of the 

manufacturer and client when design it and using it and they are as follows. 

 High cost of the existing system 

 Lack of controlling power of the intensity level of lights tend to health issues 

 Waste of Energy  

This new system is developed through identification of such significant cost creating 

procedures and components as well as inconvenience of existing system. The guest room 

lighting control system allows visitors/ hotel guests to experience comfort through bed side 

consoles from the comfort of the bed with a touch. Intelligent microprocessor-based system 

enabling user to operate all systems in the room such as lights, air conditioning, TV, music 

system, etc. 

 

2. EXPERIMENTAL 

For the research design it is used the components such as ATmega8, MCP23008 8-Bit I/O Expander 

with Serial Interface, 4*3 expander, Transistor, Relay unit and as well as this project used tools 

such as PCB drill, multi meter, soldering iron and sucker pump. To design the circuit as a 

solution for the problems of existing system, it is used the I2C-bus which allowed bidirectional, 

two-line communication between different ICs or modules also used Pulse Width Modulation 

(PWM), which is a technique used to generate analog output signal using digital signals which 

is commonly used to control average power delivered to a load, motor speed control, generating 

analog voltage levels and for generating analog waveforms. 

This project used the Proteus software for microprocessor simulation, schematic capture, and 

printed circuit board (PCB) design also MikroC AVR software as programming language of 

the microcontroller1. 

2.1 Research Improvements 

 Existing bed side console system consists with Programmable IC and Dual Layer Compl

ex circuit system. But by using a single IC can design the whole system with same functi
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oning. By this can cut off unnecessary component cost and can make simple bedside cont

rol unit with cost effective manner. Company can invest the savings money to other proje

ct and client also benefited with the price margins. 

 This system is only operates for switch “on and off” commands, but for operating it to a 

dimming or light intensity control system, can add “Dimming Circuit” into a Relay Contr

ol unit [RCU]. This may provide safe, convenient and reliable service for guest in order t

o prevent health problems.  

 The new system is able to control guest room’s A/C level, by fixing a temperature sensor 

to a room. According to the temperature readings the level of A/C will change. It is done 

by add a “PWM Fan Control Unit (FCU)” to RCU. This automatically temperature control 

system tends to save energy3. 

2.2 Implementation of the Circuit 

 

Figure 1:  New design circuit by software 

As in the above brief description about present system, here the modified systems also 

implement in order to have a cost benefit to company and create a comfortable environment to 

the guest. But the real difference in this system is one layer has been used in manipulation of 

the device due to the IC “MCP23008” and can process all the functions that can be done 

through bilayer technique. 

 

3. RESULTS AND DISCUSSION 
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The final outcome of this research is to minimize the cost and the energy conserved in a guest 

room and modifies the system as more convenient place for the user. Currently Metropolitan 

Company used a bed side console for the purpose of guest room lighting system and that 

contain some drawbacks regarding with the cost, energy and safety aspects. 

The existing system has no option of dimming system and only has a switch on/off option. This 

may create a health issue for a guest when the time of watching television, as well as the user 

cannot control the light intensity as per his/her convenience. But the new design comes up with 

the design of “dimming system” as a solution for this problem and also this save energy. This 

health advantage can be informed to both the client (Hotel, Guest house) as well as to the users 

(guests). Then automatically by time the customers tend to go for a guest house which has these 

kinds of modern system. It will result in increasing the projects to the manufacturing company, 

more business opportunities and energy savings to the client company. 

When considering the research methodology, this research used dimmer circuit and port 

expander integrated circuit (IC) in my proposed system2. ATmega8 microcontroller and 

MCP23008 are used to implement this research. ATmega8 microcontroller is used with the 

consideration of the initial cost. BT136 Triac, MOC3021 Opto coupler and Relay are used for 

design the “air condition controller”, “dim beside the light of TV” and “inside light of room”4. 

Additionally, 4*3 Keypad is used intend of BSC. 

 

Figure 2: Research design method 

The resultant device has an “MCP23008” IC and it designed to give out serial connection for 

parallel connections. This device contributes lot of advantages to Metropolitan Company 

during the technical site surveys. Instead of using expensive number of components in a 

complex system, this simple new system can functioning all operation using one IC. This may 

minimize excess cost of manufacturing and those savings can be used for another company 
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projects or new improvements. Also with these cost savings manufacturers tend to reduce the 

price margins and this will benefit to the client when purchasing the new system. 

Also the new system is developing with a temperature sensor to control guest room’s A/C level 

according to the temperature readings. This will result in more energy savings and the client 

company gets more benefit. Therefore they are tending to purchase a new system from the 

manufacturer and the number of projects of the system owns company. 

 

4. CONCLUSION 

As a developing country, Sri Lanka is experiencing an exponential growth in technological 

advancements in the field of engineering. As a leading company in engineering field, there is 

a huge competition with the other co-companies both in local and foreign companies. Always 

to be success as the service provider, company need to provide low cost, high quality, high 

accuracy, high efficiency and safety service and product to client. Using this type of new 

designs company can achieve these targets easily in an effective and efficient manner.  

This new design eliminate unnecessary cost components, gives more savings, consider user 

health and safety more than the existing system, this will give advantages to the whole parties. 

This system can be recommend as one of the best feasible solution in bed side console system, 

this can be further developed and market with the support of the company in financial aspects. 
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ABSTRACT 

 

Coil winding machine is a device that winds a copper wire with respective diameter, number 

of turns, and the sizes of copper wire. It uses an induction motor to coil winding, and an 

inverter unit to drive the induction motor various required speeds. A stepper motor has been 

used to control the action of wire positioning shaft.  The machine has an Infrared (IR) 

transmitters and receivers which operate as an optical encoder to count the number of rotated 

rounds. An electromagnetic braking system has been included to stop the rotator after 

achieving the number of required turns.   

The implemented controlling had capability to communicate with the induction motor driver, 

to control the stepper motor, to control the electro-magnetic braking system and to count 

number of turns using the IR sensor inputs.  The user can input values for required number of 

turns, bobbing width, coil diameter and winding speed to the controlling unit. The system has 

been fabricated and tested for its accuracy under the field conditions. 

Keywords: coil winding, microcontroller, rotary encoder, induction motor 

 

1. INTRODUCTION 

The coil winding machines are widely used in industrial environments to wind insulated 

inductor coils in electro-mechanical systems, such as motors and transformers. The 

coordination between rotational and horizontal movements is necessary when transferring 

wire to the bobbin. Studies show that, there are two common methods of winding coils. One 

is spindle winding and the other is fly winding. In the spindle winding process, the coil is 
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wound by rotating its core or the bobbin. In the fly winding process, the bobbin is fixed and 

the wire is wrapped around it 2. Spindle winding is easier when compared to fly winding 

process. Fly windings are tend to get twisted because of inconsistent rotation and inaccurate 

wire placement. The centripetal force in spindle winding machine is required to rotate the 

wire in circular path with an appropriate tension. It reduces the effect of coil tightening 

forces. Considering these factors, spindle winding is desirable because of the ability to 

control the wire position1. 

2. METHODOLOGY 

2.1. Operation flow of the system 

 

Figure 1: Working Flow chart 

According to the above workflow diagram, the system operate in a sensor data controlled 

loop, which continuously monitor the motor and the sensor data. 
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2.2. Circuit and PCB design 

There are 4 sub-units in the control system. They perform the various tasks of the device such 

as sub-system coordination, timing, counting and controlling.  

1. User interface circuit 

2. Micro-controller circuit 

3. Opto-coupler isolation circuit 

4. Module coordination circuit 

5. Motor control and voltage regulating circuit 

The user interface is responsible for maintain the communication between the user and the 

device. It accepts data (required number of turns, bobbin widths, profiles, etc.) from the user 

and display necessary notifications. Micro-controller unit is the central processing unit of the 

system, which control all the processes and functionalities. It also saves the data in the 

programmable memory for profiles.  

Opto-coupler isolation unit is used to isolate the control and driver circuits. Driver circuits are 

operated on mains power (AC) and are necessary to be isolated from the control unit. The 

module coordinator is a connection hub which distributes control commands and signals 

within the device. 

Motor control and voltage regulating circuits are used to control the induction motor. The 

regulator circuits produces necessary voltage and current values for the control unit and 

motor. The driver unit controls the movements of the induction motor and the stepper motor 

according to the commands received from the control unit. 

 

3. RESULTS AND DISCUSSION 

3.1. Operation 

After the completion of the controlling unit it was successfully implemented in the industry.  

Number of settings has to be set before initializing the winding process. The unit can save 

settings as profiles for various types of winding procedures. This is not available in most of 

the present winding devices. Setting up the system is required to be done only once. 

Configuration setting steps are as follows, 

1. Input number of turns 

2. Input bobbin width 
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3. Input coil width 

4. Input rotation speed 

These settings can be saved as a profile and the profiles can be selected whenever the same 

winding process is needed to be performed. Winding procedure of the machine is shown in 

figure 2. 

 

Figure 2: Working steps of the system 

 

4. CONCLUSION 

Transformer winding is one of the most important divisions of the company. Most of the 

commercial winding machines are based on programmable logic controller (PLC) systems 

which are comparatively expensive. When these systems fail, they are difficult to repair due 

to the higher cost and secured design. But, if the system is based on simple micro-controllers, 

as presented by this study, it will facilitate easier maintenance at a low-cost. 

This device has been fully fabricated using the low cost components and advance 

methodologies, which can be extended up to a mass production. The system can accept 

number of parameters which are essential in precise coil winding. Depending on these 
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parameters, the device automatically adjusts the operational requirement which increases the 

user-friendliness of the device. 

Also, since the device is fully digitalized, its functionalities can be upgraded depending on 

the user requirements. Thus, the system is adaptable for number of industrial winding 

processes. 

The system has been implemented and tested for its operation in an industrial environment. 

The system has passed all the tests performed to verify its operation. 
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ABSTRACT 

 

Liquefied Petroleum Gas (LPG) is an inevitable one in day-to-day life. LPG is used as a fuel in a range 

of applications including heating and cooking appliances, industrial applications, in vehicles and as a 

propellant and refrigerant. Due to leakage of LPG, it produces hazardous and toxic impact for human 

beings and also for other living creatures. Therefore a system was developed as a solution to detect the 

LP gas leakage and make alert the users and to take action to minimize the hazard. When the system 

detects the LPG concentration in the air that exceeds a certain level, it immediately alert the people by 

activating the alarm which includes the indicator bulb, buzzer simultaneously. Also it shuts off the main 

solenoid valve of the gas line and an exhaust fan will be switched on for exhausting leakage gas. 

Additionally, the location of the gas leakage is displayed on the LCD. The sensor has excellent 

sensitivity combined with a quick reaction time. The sensor can also sense hydrogen, iso-butane, 

propane and cigarette smoke. This paper provides designs of both software and hardware. 

 

Keywords: LP gas leakage, MQ-2 sensor, Safety system, Detector, Solenoid valves. 

 

1. INTRODUCTION 

The LPG which is a flammable mixture of hydrocarbon gases used as fuel in many applications 

like homes, industries, automobiles, because of its desirable properties which include high 

calorific value, which produce the less smoke, produce less soot and does not cause much harm 

to the environment1. Natural gas is another widely used fuel in homes. Both gases burn to 

produce clean energy. However there is a serious problem about their leakage in the air. The 

gases being heavier than air do not disperse easily and may lead to suffocation when inhaled 

also when gas leakage into the air may lead to explosion2. 
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In general, most places that use LPG employees some form of safety system for the safety of 

people and property. Usually this system is a fire alarm. In this case, the user has the ability to 

know about hazard only after a breakout of fire. Even the current advanced off-the-shelf 

systems only have the ability to detect LPG leakage and notify users but are ineffective in 

decreasing the hazard. As a solution, this system was designed having three main function of 

identification of the LPG leakage, indication of risk to the user and to minimize the hazard. 

 

2. EXPERIMENTAL 

The block diagram of the proposed system is shown in the following Figure 1. 

 

 

Figure 1: Block diagram of the system 

MQ-2 combustible gas sensor was used as LPG detector sensor in the proposed system. 

Although MQ-6 sensor is suitable for this task, MQ-2 sensor was selected, because the latter is 

sensitive to other combustible gases and smoke in addition to LPG3. ATMEGA328P 

microcontroller was used to implement solution. LCD display was used as the interface which 

indicate the place of LPG leakage. Also an alarm and a bulb were utilized to indicate the gas 

leakage.  

LPG Detector Sensor System 

(MQ2 Sensors) 

Control Unit (ATMEGA328P Microcontroller) 

Alarm and 

Indicator Bulb 

Exhaust 

Fan 

Main Solenoid 
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Figure 2: Circuit diagram of the controlling unit 

Additionally, a solenoid valve was fixed to main gas line to cut off the gas supply if the system 

identifies a gas leakage and an exhaust fan was used to exhaust the leakage gas. 

The main function of gas leakage detection module is to continuously detect the gas leakage in 

the air. For the gas leakage detection, a solid state gas sensor MQ2 was used. In gas sensors, 

Tin dioxide is the most common material, when any specified gases leak in the air, the electrical 

resistance in the sensor decreases. MQ2 gas sensor is less sensitive to air but high sensitive to 

combustible gases. When the target combustible gas exists in the environment, the sensor’s 

conductivity increases, and resistance of the sensor changes with the concentration of 

combustible gases4. The microcontroller monitors this difference and identifies that risk. Then 

controlling unit provide the needed action for indicating risk and minimizing hazards. The 

controlling unit circuit design is shown in the Figure 2.  

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 393-397 
Department of Electronics – Wayamba University of Sri Lanka  
 

Designing a safety system for a LP gas leakage                                                                                          396 

 

 

Figure 3: Circuit diagram of the sensor system 

For high accuracy of the system, number of sensors are used in the same room or place which 

are working as a system. For this sensor system, external power has to be provided. Because 

5V controlling unit power line is not sufficient to both the systems. The controlling system has 

the ability to identify the danger area using this sensor panel and indicate the user by an LCD. 

The sensor system circuit design is shown in the Figure 3. 

 

3. RESULT AND DISCUSSION 

Overall system was designed and tested by introducing a small amount of LPG near gas sensor 

module and was able to obtain the expected outcomes. 

An ATMEGA328P ATMEL microcontroller was used with Arduino for controlling the unit. 

For this system, the Arduino UNO board can be used as the controlling unit, because 

ATMEGA328P microcontroller also use for the Arduino UNO board. But using the Arduino 

boot loader burned ATMEGA IC is more cost effective than the UNO board.   

 

4. CONCLUSION 

The aim of this project is to develop a device that can identify the LP gas leakage, indicate the 

risk to the user and minimize the hazard. Implemented system uses MQ-2 sensors for 
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identifying the LP gas leakage, a bulb and a buzzer as the alarm system and a LCD display to 

indicate the position of the gas leakage, thus allowing the system to identify a hazardous 

situation and convey usable information to the user immediately and accurately. In an event of 

a leakage, the system automatically shuts off the main gas valve and activates exhaust fans to 

mitigate fire risk.    

This system can be used for LP gas leakage detection, but it was unable to find the threshold 

harmful LP gas level. Because it was difficulty find equipment to measure the LP gas ppm rate 

in the air to activate the system. 
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ABSTRACT 

 

 

Recent technologies have made real-time high data rate communication a reality. Long Term Evolution 

(LTE) is one of them. This paper, discusses the performance of Multiple Input Multiple Output (MIMO) 

communication in comparison with Single Input Single Output (SISO) communication to achieve high 

data rates in LTE communication. To achieve this target, frequencies of the network need to be re-

planed since there exist technical barriers. Objectives of this research are frequency plan designing, 

applying in to the 4G network in Kandy cluster and implement the MIMO.Finaly, data throughput 

improvement is expected as the result. 

Keywords: MIMO implementation, LTE data throughput, Frequency planning.     

1 INTRODUCTION 

Mobitel Private Limited is indeed a well-recognized mobile telephony operator in the country. 

As the fastest growing mobile network in the South Asia, the Mobitel has earned a great pride 

to the country. Mobitel which established in 1993 is the second mobile service provider in Sri 

Lanka. Mobitel is expanding their capacity and the coverage of the network through projects 

called stages. Latest stage, stage seven is going to be commencing immediately. Each stage has 

a main target to cover, to improve the capacity, increase coverage through the country and so 

on. 1 

The main aims of stage seven are to improve the coverage through the country and implement 

several LTE sites focusing Colombo and major universities. After the stage seven expansion, 
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the total Base Transfer Station (BTS) are increased by 38% and NodeBs (3G site) are increased 

by 66%. As well as SISO (Signal Input Signal Output) network throughput is not enough when 

increased network traffic. So MIMO implementation is a solution for this case. MIMO 

implementation also faced above technical barrier because Mobitel has a problems when 

frequency bands allocating because mobitel currently used 1800MHz band through 15MHz 

frequency range. From this frequency range, 5MHz range (778MHz to 798MHz) is used for 

2G deployment and 10MHz range (512MHz to 584MHz) is used for 2G and LTE deployment. 

2 Since Receiving Radio Unit (RRU) has limited capacity, 2G and LTE cannot allocating in 

same RRU without frequency reusing. Hence need to re-farm existing 1800 band to 

accommodate LTE MIMO deployment without changing 2G Quality and using hopping bands. 

So requirement occurred to develop a new frequency plan which has more capacity, higher 

throughput, easily expansion able and which is well organized. 

 

2 EXPERIMENTAL 

2.1 Methodology 

Pre-throughput data of existing SISO 4G network in Kandy cluster (40 signaling towers) were 

collected using Tems pocket software and Samsung S3 phone. After that design a well-

organized frequency plan with non-hoping bands and maintaining 2G network quality using 

Mapinfo Software. This frequency plan was applied in to the system with MIMO 

implementation. After MIMO implementation, post-throughput data in Kandy cluster were 

collected using Tems pocket software and Samsung S3 phone. After analyzing pre and post 

throughput data, success of the frequency plan was determined. 

2.2 Description of Software and Tools. 

 Tems Pocket Software 

TEMS Pocket is a phone-based test tool developed for measuring the performance and 

quality parameters of wireless networks. The tool collects measurement and event data 

for immediate monitoring. 3 

 Mapinfo Software 
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Mapinfo can perform geographic operations such as frequency planning, combining 

and splitting, creating thematic diagrams…etc. Frequency data can be displayed as 

points using Mapinfo software.  

 

3 RESULTS & DISCUSSION 

Main target of this research is existing LTE data throughput improving. When compared pre 

throughput data that network in SISO transmitting mode and post throughput data the network 

in MIMO transmitting mode, it was identified that there exist throughput increment after 

implementing MIMO. Three sites in Kandy was considered for testing this improvement. 

Those results can be tabulated as follows;  

Table 1: Throughput results in MIMO and SISO 

 

Sites 

 

Data throughputs in 

SISO transmitting 

mode(Mbps) 

Data throughputs in 

MIMO transmitting 

mode(Mbps) 

Improvement of the 

data 

throughputs(Mbps) 

Kandy 01 7.63 11.97 6.02 

Kandy 02 5.45 13.65 8.20 

Kandy 03 2.96 12.26 9.3 

 

Theoretically, this throughput should double as the improvement since MIMO implementation. 

But practically, there exist different situation. When considered the research problems, it can 

be predict that frequency plan is worked successfully.   

      

4 CONCLUSIONS 

According to above results, expected practical improvement of the network is achieved after 

MIMO implementation since frequency plan was applied into 4G network in Kandy cluster. 

But there exist difference between theoretical expected throughputs (15Mbps) and practical 

throughputs. However, these throughput gains depend on three factors: maximizing rich scattering 

conditions within a cell, configuring the eNodeB to properly match MIMO settings to real-world 
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conditions, and ensuring that UEs can take full advantage of the multipath conditions that are present. 

Scanning receivers that can provide accurate real-world measurements of multipath conditions and 

potential throughput are essential tools for evaluating the performance of all three of these factors. With 

these measurements, mobile operators can maximize the data rates and reliability of LTE networks, 

resulting in a premium return on their LTE equipment investments while improving customer 

satisfaction. 4 
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Solar simulators are key test systems used in the development and manufacturing of 

photovoltaic, cosmetics, paints and coatings, protective sports clothing and many other 

materials and devices. Sun simulators in photovoltaic devices testing according to the standard 

International Electro technical Commission (IEC) 61215. The accuracy of tested photovoltaic 

devices depends on accuracy of sun simulator they tested such as correct solar spectrum, 

intensity. Such a solar simulators cost is high and not easy to handle and maintains. The 

proposed system find solution for reduce cost in light source instead of high cost lights and 

increase accuracy using filters and make it size in small to easy to moveable. 

 

 

1. INTRODUCTION 

With increase of human population and growing technology, requirement for energy goes high 

which leads to find new clean sources of energy. According to the World Energy Council 2013 

survey (23 rd edition of the survey) ,where 2011 (WEC 2013) reports show that, from 1993 to 

2011 population has grown from 5.5 billion in 1993 to 7 billion in 2011 which is a 27% growth. 

And simultaneously energy resources requirement has gone high. Considering separately from 

year 1993 to 2011, coal requirement has gone up 68%, oil by 25%, natural gas by 62%, and 

nuclear by 13% and hydro power by 21%. And electricity production per year has risen by 

76%. Same time CO2 emission has gone high by 44% when comparing year 2011 with year 

1993. With increase of population it is essential to find efficient and effective methods to 
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harvest energy from clean renewable energy sources, such as sun and wind1,2,3. For give 

solutions for energy requirement most researches focused on solar power. Therefore the solar 

cell innovations has a daily improvement. The testing purpose of the solar cells should be want 

to simulated sun light. Therefore the proposed simulator directly focused more accurate solar 

simulator. 

2.  METHODOLOGY 

 

 

 

 

 

 

 

 

Figure 1: Block diagram of solar simulator. 

The solar simulator consists on two parts.  Power supply unit and IR filter cooling unit include 

in fixed part. Light source and filters include in moving part4. The power supply transformer 

24v and10A step-down. Light source is 250W Tungsten filament halogen bulb. 

The simulator includes 3 filters5. 

 IR filter 

 

  

 

 

Figure 2: IR filter 

 

 

Control panel 

Temperature Sensor Cooling fan 

IR filter 

Halogen bulb 1 Halogen bulb 2 
Xenon bulb 
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AM 1.5G Filter 

 

 

 

 

 

Figure 3: AM 1.5G filter 

Colour Filter 

 

 

 

 

 

 

Figure 4: Colour Filter 

Figure 5 shows internal assemble of moving part with cooling fan, reflector and IR filter. 

 

 

 

 

 

 

 

 

 

Figure 5: Implemented system for solar simulator 
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3. RESULT AND DISCUSSION 

The instrument tested with the commercial available solar cells. Generated voltages same as 

the solar cells with normal sunlight. 

 

 

 

 

 

 

 

 

 

Figure 6: halogen light intensity spectrum 

 

Proposed solar simulator is low cost and accuracy is high. The instrument use three filters for 

improve the output light Quality.  

The instrument is not use collimating lenses. Therefore collimating lenses decreases the 

intensity. For test the spectrum and simulate the light source and reflector use Trace pro 

software.  

The accuracy of the solar simulator can increase accuracy using Xenon arc lamp.  Because of 

the colour temperature of the sun is approximately 5800K. But halogen light colour 

temperature in between 3000-3800K. Xenon light has colour temperature between 5000-65006. 

 

4. CONCLUSION 

 

The solar simulator is a device that can approximately simulate the sun irradiation. For standard 

PV testing solar simulators, lots of research work has been done for improving the spectrum 

accuracy and reducing the cost, which will continue with the emergence of novel light sources 

and optical designs. Furthermore, portable, low power consumption and long life time are the 

other trends in the future simulator design7. 
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ABSTRACT  

 

The Samanalawewa Dam is used for hydroelectric power generation in Sri Lanka. It is the second 

largest hydroelectric scheme in the country and producing 405 GWh of energy annually. Here the intake 

and power station is situated about 5km distance. When process the power generation it is most 

important information is intake reservoir level. In the intake water level detecting sensor is used and 

intake reservoir level is displayed by processing Programmable Logic Controllers (PLC). This 

measured values should be transmitted to the power plant. But now the transmitting devices is 

completely disturbed.  Because there is no suitable communication method to get the intake water level 

to the power station. Therefore using mobile communication implemented a system to transmit the 

above data. 

Keywords: Intake, BCD, GSM   

1. INTRODUCTION  

The dam is stored lots of water behind it in the reservoir. Near the bottom of the dam wall, 

there is the reservoir intake. Gravity is caused to fall through the penstock inside the dam. At 

the end of the penstock there is a turbine, which is turned by the moving water. Here the intake 

is situated about five kilometers upstream of the dam on the right bank of the Walawe River.  

The intake is inserted a level sensor to indicate the reservoir level. A small analog (4-20) mA 

signal handed over to the PLC by the sensor. This analog signal converted to the digital signal 

and then the reservoir level displayed on the seven segment displays.  It is important to 

communication between power station, intake and dam. The maintaining process is controlled 

by PLC system of the power station, intake and dam. There had a telecontrol units to get each 

places information to another. But, now the telecontrol units are disturbed. Because 

implemented a system to transmit intake reservoir level to the power station1.   
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2. METHODOLOGY  

First a way is founded to obtain intake reservoir level sensor output. Here the sensor out (4 – 

20) mA analogue signal. It directly connected to the PLC.  

 

 

Figure 1: Water level measuring circuit 

This analogue signal converted to digital signal. After studied the system, parallel outputs were 

obtained from the PLC. After get these signal   designed a system to transmit the data.2 Here 

five BCD (Binary Code Decimal) digital signals are obtained from the PLC. Here three stages 

are included in the project. Data acquisition, processing and transmission.   
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Figure 2: Schematic diagram of data acquisition and data processing 

 

In the system the twenty BCD signals are acquired by the 8 – bit parallel in serial out shift 

registers. The serial output of the shift registers are handed over to the PIC microcontroller. 

After processing the data the intake reservoir level is transmitted to the power station though 

text message using GSM (Global System for Mobile Communication) module.  

 

Figure 3:TC35 GSM Module 
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3. RESULTS AND DISCUSSION  

This study was done to implement a system to transmit data from one place to another place. 

The water level is transmitted successfully through text message by this project. The system 

have three parts. Data acquisition, Data processing and Data transmission. 

A test circuit is designed to check the performance of the system.  

 

Figure 4: BCD data input schematic diagram 

 

The data processing unit is get the BCD values from this circuit. Here SN54LS65 parallel in 

serial out shift registers are used to data acquisition. 16F877 microcontroller is used to process 

the data. Siemens TC35 GSM module is used for the data transmission. Generally power station 

is get this value through telephone conversations. But it is not a better way to obtain the 

reservoir level. If the telephone facilities were down it couldn’t be received this value. After 

the device is implemented the intake reservoir is transmitted to the power station efficiency. 

 

4. CONCLUTION  

During the training period, mainly the attention is focused to develop a system to data 

transmission. A system is designed and it was chosen as my industrial training research project. 

Here input data get from the existing system and processed them using shift registers and 

microcontroller. After that a GSM modem is used and sent a text message to the power station.   



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 411-416 
Department of Electronics – Wayamba University of Sri Lanka  

 

Transmission of intake reservoir level through text message to the power station                                     415 

 

  

ACKNOWLEDGMENT   

 

Authors would like to thank to the staff of Department of electronics Wayamba University of 

Sri Lanka who helped to make this project success.  

REFERENCES 

 

[1]  "Reference Manual," Samanalawewa Power Station. 

[2]  Item Supervisory Control System (Part VII),, Power Generating Mechanical Plant, 

samanalawewa Power Station, CeylonElectriciry Board.  

 

 

 

  
 

 

 

 

 

 

 

 

 

 

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 411-416 
Department of Electronics – Wayamba University of Sri Lanka  

 

Transmission of intake reservoir level through text message to the power station                                     416 

 

 

 

 

 

 

 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 417-422 
Department of Electronics – Wayamba University of Sri Lanka  
 

Reflow oven verification system                                                                                                                 417 

 

REFLOW OVEN VERIFICATION SYSTEM 

 

 

B.W.D.S. Jayathunga*, C.A.N. Fenando 

 

 

Department of Electronics, Wayamba University of Sri Lanka, Kuliyapitiya, Sri Lanka 

dshehan118@gmail.com* 

 

ABSTRACT 

 

In competitive commercial world most of the companies try to minimize the production time, 

production errors and the cost so now a days most the organizations are tend to the automation rather 

than manual works. Reflow oven one of automated technique which use to solder SMT (Surface 

Mounting Technology) component in to PCB. Reflow oven verification system is temperature reading 

and analyze system that used to verify the temperatures in reflow oven. In the Reflow Oven having 

different temperature zones and it is important to verify those temperatures and manufacturing company 

also need to control that temperature levels. Because temperature is one of the most important factor in 

soldering process.  The system contains 10 different heating zones and those zones used to measure the 

different temperatures in different zones which placed in Reflow oven. They also had a controlling unit 

with the oven, but there has not existed system to verify the temperature levels inside Reflow Oven. In 

my project I introduced a separate temperature verification and analysis system using K-type 

Thermocouples, amplification circuit with graphical user interface using National Instrument LabVIEW 

program. So it is useful and the company could save more time and money by using this system. 

Keywords: Reflow oven, Temperature, k-type thermocouple, LabView 

1 INTRODUCTION 

In PCB assembling section have basically two sub arias, they are SMD assembling And THT 

assembling. SMD assembling process is shown as figure 1. 

 

Figure 1: SMT Line process 
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IPC standard is one of major acceptable criteria which used in PCB manufacturing. 

Manufacturing company should maintain their process according to the international standard. 

SMT is one basic method which used to PCB assembling process. Reflow oven is use to 

soldering SMD component on to PCB. This project basically focused to verify and analysis the 

temperature in reflow oven of CCS Lanka (Pvt) Ltd. Normally Reflow oven have ten or eight 

temperature zones. Each Zone has two top and bottom heaters. Basically zone’s temperature 

variation like graph 1.In my system, I proposed to create a user friendly interface with the real-

time temperature monitoring system in the PC Monitor screen and then can analyses and 

compare temperature in Reflow oven.  

 

Graph 1: TEMPERATURE PROFILE 

2 EXPERIMENTAL 

2.1 Block Diagrams 
 

I used K-type thermocouple as the temperature measuring sensor in this system and amplifying 

circuit was designed to amplify the thermocouple output because thermocouple output was 

within millivolt (mV) range. This amplifying circuit communicate Labview program through 

the NI USB devise. 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 417-422 
Department of Electronics – Wayamba University of Sri Lanka  
 

Reflow oven verification system                                                                                                                 419 

 

 

Figure 2: block diagram of the proposed system 

2.2 Amplifying Circuit 

This circuit contains mainly 4 sections which are thermocouple, thermocouple output linear 

section, amplifying section and summing section. An inexpensive, battery-powered, cold-

junction-compensated, thermocouple thermometer with an output of 1 mV/°F can be 

constructed using type-K thermocouple wire. Because type-K thermocouple wire has a 

relatively linear output characteristic, only an ice-point reference and a scaling factor are 

necessary to produce an output that can be measured with a digital meter. By plotting the 

thermoelectric voltage versus temperature, it can be seen that the slope of the type-K 

thermocoupleapproaches a constant over a range of −0° to 500°F. The best straight-line fit 

between −40° to 500°F yields the equation 

Y= 0.226X − 0.707 

Where Y is the thermoelectric voltage in millivolts and X is the temperature in degrees 

Fahrenheit. Solving the equation for X and multiplying by 101 for the gain of the inverting 

amplifier, the following equation can be derived: 

X= (101Y+71.4) / 22.8 

Therefore, by adding 71.4 mV to the thermoelectric voltage (101Y) and dividing the summed 

voltages by 22.8, 1-mV/°F output can be obtained. The circuit shown performs this function 

by adding a cold-junction compensated voltage to the thermocouple (LT1025) and amplifying 

the output by 101 (LT1013) . Then 71.4 mV is added to the amplified signal and the voltages 

are summed together in the summing amplifier (LF356). Finally, the output voltage is divided 

using a 15-turn, 10k potentiometer.+6 

To calibrate the circuit, used a digital voltmeter and adjust the 200-Ω 15-turn potentiometer 

until the meter reads 71.4 mV. Then obtain high-quality thermometer and connect a digital 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 417-422 
Department of Electronics – Wayamba University of Sri Lanka  
 

Reflow oven verification system                                                                                                                 420 

 

meter to the 10k, 15-turn output potentiometer and adjust it until it reads the same temperature 

as the thermometer. 

A more accurate way to calibrate the circuit is to immerse the thermocouple in a foam cup 

filled with ice water (32°F) and measure the output at pin 6 of the inverting amplifier. Then 

repeat the procedure using boiling water (212°F). After that, plot the thermoelectric voltage 

versus temperature. When this is completed, a straight-line equation between these two points 

can be derived. This will give a more accurate value of b, the y intercept. Finally, adjust the 

200-Ω, 15-turn potentiometer until the meter reads the same value as b. The adjustment of the 

10k potentiometer is performed as described above. This method takes into account the small 

thermocouple voltages generated wherever dissimilar materials are joined together. They can 

be generated where the thermocouples are soldered to the circuit board, or can even occur at 

the junction between the IC package and sockets. The circuit was optimized to measure 

temperatures from −40° to 500°F, although higher temperatures up to 1800°F can be measured 

with lower accuracy.  

 

Graph 2:Amplifying circuit unite calibration graph 
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3 RESULTS AND DISCUSSION 

 
FIGURE 3: AMPLIFYING CIRCUIT UNITE 

This circuit contains mainly 4 sections which are thermocouple, thermocouple output linear 

section, amplifying section and summing section. An inexpensive, battery-powered, cold-

junction-compensated, thermocouple thermometer with an output of 1 mV/°F can be 

constructed using type-K thermocouple wire. Because type-K thermocouple wire has a 

relatively linear output characteristic, only an ice-point reference and a scaling factor are 

necessary to produce an output that can be measured with a digital meter. By plotting the 

thermoelectric voltage versus temperature, it can be seen that the slope of the type-K 

thermocouple 

There is an interface to communicate my system to the end user. Basically it was divided in to 

three main parts such as Controlling Unit, Temperatures Displaying unit, analyzing and 

graphical data unit. The designed system displayed the more accurate temperature reading than 

the existed system. So this system can be used to verify temperature within any machine and 

as it is more accurate. But using another best method to calibrate this system it is possible to 

get more accurate results. 

 

4. CONCLUSION 

The resultant device has an K-type thermocouple they can measure Reflow oven heater’s 

temperatures and the LabVIEW program show the measuring temperatures and It can give 

statistic detail about zone's temperature. The device contributes lot of advantages to verify the 

Reflow Oven. Such as No need to open oven to get measurement and analysis measurement 

details, can get much accuracy readings, user friendly GUI interface, measurement can be get 

very fast etc.. 
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Limitation of this circuit is the system can’t measure up to 450 0C and lower to 100 0C, because 

that temperature measurement unit gets linear values only for 100-450 0C range. 
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ABSTRACT 

 

This paper reports on a real time solution for the problem caused by the oxidization of solder iron tip of 

an automatic selective soldering and optical inspection machine. DC motor with gear wheel mechanism 

was used for the movement of the system. The system consists of two cup brushes, when one cup brush 

rotates clockwise at the same time, the other rotates anticlockwise and the impurities automatically 

removed from the solder iron tip due to the rotation of the wool cup brushes. These processes were 

automated using PIC18F4550 microcontroller. Thus the system cleans the solder iron tip automatically 

avoiding the lead impurities flow in to the working environment and there by providing good solution 

to the problem. This system was well matched with the company environment, occupational health, 

safety and quality policies. It can be established at a cost effective and efficient manner and thereby 

increase the quality soldering process. 

Keywords: Selective Soldering, Solder Iron Tip, DC motor, Microcontroller 

 

1. INTRODUCTION 

Solder irons are used in the production lines for soldering purpose. After soldering more than 

once, residual flux particles collected on solder iron tip. Hence the heat transfer is not sufficient 

for the new joint to be soldered. As a result of this, quality of the soldering process is degraded 

in terms of applying solder on solder pad or accumulating solder on top of the solder iron tip. 

This is a very serious issue in a system operating in a high-end production line. 

Moreover, the common practice of cleaning the solder iron tip is by applying solder tip 

activator, brush on metal wool and wipe with wet sponge. Solder iron tip carried by automatic 

robotic arm specially require an automatic cleaning system. Most of the selective soldering 

machines use a nitrogen blower to reduce the effect of oxygen. But it is not completely practical 

method and not a very accurate cleaning mechanism. So accurate and efficiency of the 

mechanism has to be enhanced. Also there should be a less time consuming and cost effective 
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technique to clean the solder tip. By considering these drawbacks and the improvements, this 

automatic solder tip cleaning system was implemented. 

It was identified that lead dust and fumes releases during the soldering process. Lead impurities 

and fumes not only harm human but also to the machines. Equipments that are used in the 

automatic selective soldering machine like optical inspection camera can easily get damaged 

when exposed to the dust. This is one of the main reasons for heat production in the equipment. 

When large amount of heat is produced equipment may wear out before its actual life period 

ends. The proposed automatic soldering iron tip cleaner can be used in the production line to 

avoid all above problems. 

2. EXPERIMENTAL 

 

2.1. Methodology 

The real time automated solder iron tip cleaner is used to clean the solder iron tip automatically 

and to collect the residual flux particles accumulated on the solder iron tip during continuous 

soldering process. The system developed consists of a wire cup brush which brushes the iron 

tip. 

A DC gear motor was used to rotate the cup brush that is wound with the cleaning materials. 

This material was used to clean the solder iron tip and get hold of the impurities after cleaning. 

The entire apparatus was placed parallel to the automatic selective soldering machine at one 

end. The robotic arm is placed on middle of the two cup brushes, when it needs to clean. The 

microcontroller PIC18F4550 was used to automate the entire process.  

 

 

 

 

 

Figure 1: Block diagram of circuit design 
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Figure 2: Circuit diagram of the system 

 

2.2. Components and Circuit 

2.2.1. L298 Dual full Bridge Driver 

L298 is an integrated monolithic, high voltage, high current dual full bridge driver designed to 

accept standards logic levels and drives inductive loads such as relays, solenoids and DC 

motors. Two enable inputs are provided to enable or disable the device independent of the input 

signal. The emitters of the lower transistors of each bridge were connected together and the 

corresponding external terminal can be used for the connection of an external sensing resistors. 

Following Figure 3, shows the internal block diagram of the L298 dual full bridge motor driver. 

 

Figure 3: Internal block diagram of the L298 dual bridge motor driver 

This dual full bridge motor driver; operate up to 46 V supply voltage and total DC current up 

to 4 A.1 



Proc. Annual Symposium on Research & Industrial Training, 03(2016) 423-428 
Department of Electronics – Wayamba University of Sri Lanka  

 

Automatic mechanism to clean the solder tip of the solder iron                                                                 426 

 

2.2.2. LM317 Adjustable Regulator 

The voltage regulator circuit diagram using LM317 is shown in Figure  4. 

 

Figure 4: Voltage regulator Circuit 

2.2.3. LM324 Single Supply Quad Op Amp 

The LM324 is a low cost quad operational amplifier with true different inputs. It has several 

distinct advantages over standard operational amplifier types in single supply applications. The 

quad amplifier can operate at supply voltage as low as 3 V or as high as 32 V2. 

The current sensing control circuit diagram using LM324 is shown in Figure 5. 

 

 

 

 

 

 

 

Figure 5: Current Sensing Circuit 

3. RESULTS AND DISCUSSION 
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The experimental set up of the proposed system is shown in the Figure 6 and Figure 7. They 

illustrate the prototype of the automatic cleaning mechanism to clean the solder tip of the solder 

iron. 

 

Figure 6: Motor driving system 

 

Figure 7: Circuit of the system 

Advantages of the Proposed System 

There are lots of advantages of using the automatic solder tip cleaner for selective soldering 

machine. Some of them are, 

 Can obtain high quality PCB products 

 Low cost cleaning mechanism 

 Easy to operate and quick cleaning method 

 Less time consuming and motor can be driven in two directions 

 Motor current is continuously monitored and cutoff at excessive current consumption 

 

3.1. Limitations of the Proposed System 
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 RPM of the motor which is connected to the wire brush is a major limitation of this 

system. Lead impurity might spray on to the PCB board when the motor is rotating in 

excessive RPM values 

 Soldering iron placement is another limitation of this system. It should be placed 

through the two wire brushers according to the correct position, if not automatic 

cleaning machine will not support to the exact cleaning process. 

  

4. CONCLUTION 

The automatic solder iron tip cleaning mechanism has been successfully designed and 

fabricated. This project has been planned in cost effective manner to obtain high efficiency and 

reliability. This system is time saving solution and it will support to obtain high quality 

products. 
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ABSTRACT 

 

Most of the telecommunication service providers in Sri Lanka use microwave network to enhance their 

network coverage. This microwave connection is very important to the entire network because fault of 

the link may cause the sites out of control. Microwave link alignment is somewhat difficult task in the 

microwave installation process because it is done by using multi-meter. At the installation, a lot of 

problems occur. Sometimes manual alignment cannot find the most accurate align position and there is 

no any proper way to align those antennas.  

As there is no any specific approach or specific device to locate the microwave antenna in the precise 

position, this study was carried out with the main objective of finding the correct alignment of the 

microwave antenna. The system has 16*2 LCD to display measured and calculated parameters and LED 

panel indicates whether the antenna rotation direction is correct or wrong. An ATmega328p 

microcontroller was used for sampling and fast analog to digital conversion. It has been confirmed that 

the device designed in this study has a considerable accuracy and is effective and efficient. 

 

Keywords:  Microwave link, Signal strength, Alignment level. 

 

1. INTRODUCTION 

Telecommunication industry currently experiences an exponential growth in technological 

advancements. New Technologies demand new regulations and the regulator is forced to keep 

abreast with its regulations, especially with the burden of installation at a level field. 

Microwave link and Microwave antenna aligning play a main role in Telecommunication 

Microwave link installation. Currently most installation teams use a multi-meter to align the 

Microwave antenna. They check the voltage of the receiving signal. If that voltage is near equal 

to the peak voltage, it confirms that antenna has been aligned to the correct position. But in this 

process, installation teams face a lot of problems such as they have to remember the peak 

voltage, need more man power to align the antenna and this process does not have any solid 

proof for correct alignment of antenna. 
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This research was conducted to find out an easy and more efficient way for microwave link 

alignment 1. 

 

2. METHODOLOGY 

The block diagram of the proposed system for the microwave link optimization is shown in 

figure 1. 

 

 

 

 

 

 

Figure 1: Block diagram of the system 

 

Figure 2: Circuit design of the system 

This system has one LCD display, one LED panel and a buzzer. It also has a direct connection 

with radio unit of the Microwave antenna. If receiving signal power increases while changing 

the direction of the microwave antenna, green LED will light on and it means the microwave 

antenna should be rotated in the same direction manually. If power decreases, red LED will 

light on and it means the microwave antenna should be rotated in opposite direction. When 

power of receiving signal comes to peak voltage value, system will save that value and yellow 

LED will light on with the sound of buzzer. It means current position of antenna alignment is 

in correct direction. In this system, as the power of receiving signal differs from antenna to 
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antenna, data is recorded while antenna is rotating. As a result of that, antenna should be rotated 

until green LED bulb turns off. When the green LED bulb turns off, it means that the system 

has just reached the peak power of receiving signal. Also system will display current power 

and maximum power of receiving signal. By using this system, microwave antenna alignment 

can be adjusted to correct direction without any error. 

 

Figure 3: Alignment level (V) vs receiving signal power (dBm) 2 

The dBm is calculated through the formula given below. 

RX (dBm) = 40* (Alignment level in Volts) – 120                  [1] 

where, RX (dBM) is Receiving signal power in dBm. 

When aligning a Microwave antenna, it is always needed to give the position of the antenna 

referring to the receive signal power (dBm). 

In order to convert the alignment level value (V) to receiving signal power (dBm) value, the 

relationship between those values has to be identified. Figure 3 was considered for that purpose. 

The “ERICSSON” company has used the above formula to calculate the dBm value for the 

device considered for this research. According to figure 3, it has linear relationship with 

alignment level (V) and the RF power (dBm) value 2. 

 

3. RESULTS AND DISCUSSION 

Normally, the microwave antennas are aligned by detecting the voltage of the receiving signal. 

Therefore, the device that has implemented through this study, has significant role to play in 
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the industry of telecommunication. It detects the peak value of dBm accurately and efficiently. 

Then, it can align the micro wave antenna in precise position. As a result of that, labour cost 

and time consuming will be reduced in large numbers 3. 

 

Figure 4: Alignment level vs RX power (dBm)  

The above graph of the alignment level (V) vs RX power (dBm) was plotted by using the 

developed system. There is no opportunity to test this equipment in practical situation and due 

to that reason, an external power source was used to supply input signal to the system. Then 

the input voltage was varied from 0.5 V to 2.5 V and obtained RX power (dBm) values relevant 

to the input signals. By using the obtained results the graph of the figure 4 was plotted. 

Present day Sri Lanka does not have any specific resources to align microwave antennas. 

Therefore with a low budget and high accurate reading the device designed in this study will 

give the country like Sri Lanka a better chance to overcome the problem of aligning microwave 

antenna.  

The developed system can be used to identify the optimal position to align the antenna through 

dBm value. And also it is possible to get the optimal best position through LED light system 

that has been attached to the device. The light system will indicate whether the antenna is near 

the peak dBm value. An alarm attached to the device will warn the rigger that he has reached 

the optimal position. The system can be used only for the “ERICSSON” RAU, as the formula 

to calculate the dBm value is only used in “ERICSSON” product details 4.  
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4. CONCLUSION 

Telecommunication industry requires lots of installation costs. In Sri Lanka, there are different 

kinds of telecommunication activities and processes which need the precise installation. Most 

of those activities are done as manual process which creates accuracy problems. 

As there is no any program or specific device to locate precise position of the microwave 

antenna, this study is based on how to get the correct alignment for the microwave antenna 

through dBm values. The developed system get an input signal from the RX level monitoring 

point at the RAU, that signal is converted to the dBm value by using the system. And also the 

LED panel monitoring the rotation direction of the antenna to get an optimal position. As 

referring to figure 3 and figure 4 those are very much similar in shape. Therefore, it can be 

confirmed that the device designed in this study has a considerable accuracy and is effective 

and efficient. 
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ABSTRACT 

 

In Sri Lanka, we can see rapid expansions in the telecommunication network due to the growth of the 

network traffic. Hence the energy consumption and emission of greenhouse gasses from the 

telecommunication towers are rising up. Especially in off-grid areas, where the power supply for the 

telecommunication towers are dependent on diesel generators have requirements of power generating 

systems with renewable energy sources. The purpose of this study is to assess the possible power 

generating systems for each region of the country among three different options: solar, wind and wind-

solar systems in combination with diesel generators. The study shows that the generating high 

percentages of power demand by the renewable energy sources are convenient than generating less 

percentages of the power demand. And the suitable energy sources for each region were obtained at the 

end of this analysis. 

 

Keywords: Solar power, Wind power, Renewable energy sources, Photovoltaic modules, 

Wind turbines. 

 

1. INTRODUCTION 

With the expansion of telecommunication network over the country, they have to cover up rural 

areas as well as the urban areas. Most of the rural and distant sites are lack of electricity grid 

connectivity and they are running 24 hours with the use of diesel generators.  Moreover with 

the increment of energy demand, significant bottle neck is occurring due to the rising up of 

diesel price. In addition, diesel transportation cost for the off-grid sites are somewhat high. 

Renewable energy sources can be taken as alternative for above mentioned problems.  
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Energy that is collected from resources which are naturally available is called as renewable 

energy. Among all other renewable energies, the solar and wind power can be considered as 

the dominant renewable energy sources due to the gradual reduction in price of solar modules, 

wind turbines, hybrid power systems and cost of system installations.1  

But the feasibility of renewable energy sources is different over the different geographical 

locations.2 A region wise feasibility analysis for installing renewable energy sources was not 

done so far according to the literature. Thus this type of analysis is worth-while not only for 

telecommunication industry but also for other industries as well. 

 

2. EXPERIMENTAL 

 

Figure 1: Ten regions considered for the analysis. 

 

The analysis has been conducted for the off-grid sites which are running full time by the diesel 

generators. For that the accounted options are: Installing solar system, wind system or wind-

solar system with combining the diesel generator system available. The total analysis has been 

conducted based on the ten regions which depicts in the Figure 1. 

2.1 Determining the amount of energy to be produced by renewable energy source 

At first, the average power demand of off-grid site which is full time running by the diesel 

generator was identified. Then the average cost per month was calculated for an off-grid site 

that full time running with diesel generator. The energy demand to be full filled with the 

renewable energy sources was determined for the cost saving of 50%, 75% and 100%. 

2.2 Analysis for the installations 

Number of solar modules or/and wind turbines required were calculated for each and every 

region according to the energy demands (50%, 75% and 100%) for the three options 

1 - Central 

2 - Eastern 

3 - North Central 

4 - North Western 

5 – Northern 

 

6 – Southern 

7 – Uwa 

8 – Western Central 

9 – Western North 

10 – Western South 
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considering (solar only, wind only, wind-solar). Payback period was calculated. The most 

suitable regions for installing solar only, wind only and wind-solar systems were obtained with 

considering each and every demand that was considering. Analysis was conducted for the 

installation of 250 W solar cell, 1kW and 2kW wind turbines. Temperature is a factor which 

effects for solar installation. So temperature based analysis was conducted for each region by 

considering the temperature variation with respect to the standard temperature of photovoltaic 

(PV) systems. Finally the most suitable system for each region was obtained by considering 

the pay back periods. 

 

3. RESULTS AND DISCUSSION 

3.1 Determining the energy demands 

From the data of off-grid sites full time running with diesel generators, the average power 

demand was identified as 1.56 kW and the average cost per month was determined as Rs. 144, 

218.50. The Table 1 shows the power demands which was considered for this analysis. 

Table 1: Power demands accounted for the analysis 

Percentage of Saving 50 % 75 % 100 % 

Energy Demand (kWh) 19.15 28.73 38.31 

  

3.2 Analysis for PV system installation 

The Figure 2 depicts the region wise irradiation variation and per day energy output variation 

from 250 W PV module. The both graphs obeys same pattern, because the energy output of PV 

module depends on the solar irradiation. In here worst average irradiation per month was 

concerned as average irradiation. 

 

The Figure 3 shows the region wise variation of number of panel demand while Figure 4 depicts 

the payback period variation. Payback periods depend on the number of PV modules. Hence 

Figure 3 and Figure 4 show the same patterns. 
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Figure 2: Region wise variation of per day irradiation and per day energy output. 

 

Figure 3: Region wise variation of number 

of solar panels requirement 

 

Figure 4: Region wise variation of payback 

period 

 

According to the graphical analysis Western Central and Western North are the most suitable 

regions for installing PV systems due to the less payback period. 

The Table 2 shows the region wise average temperature variation form the standard 

temperature of the PV module ( 25 0C). 

 

The temperature variance was calculated by the equation below, 

𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑉𝑎𝑟𝑖𝑎𝑛𝑐𝑒 = (𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 − 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒) (1) 

PV system installation is suitable for Central, North Western and Western North regions 

according to the temperature variation. 
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Table 2: Region wise temperature variation with respect to standard condition. 

Region 1 2 3 4 5 6 7 8 9 10 

Temperature variance 2.4 3.5 3.0 2.4 3.0 2.9 2.8 3.0 2.4 3.0 

3.3 Analysis for wind power system installation 

Wind speed and air density are the factors that affects the output of wind turbine1. Air density 

has been calculated by using the equation below, 

𝐴𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝐴𝑖𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒

𝑆𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝐺𝑎𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 ×𝐴𝑖𝑟 𝑡𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒 𝑖𝑛 𝐾
   (2) 

where, gas constant = 287 J/kgK. Figure 5 shows the region wise variation of wind speed 

and per day energy output variation of wind turbine. From the calculations 1.15 kg/m3 to 

1.16 kg/m3 was obtained as the air density all over the island. Hence the air density is 

averagely same for all over the island. Hence wind speed is the most effecting factor for the 

output of wind turbine the wind speed distribution and per day energy output obeys the same 

pattern. 

 

Figure 5: Region wise variation of wind 

speed and per day energy output of wind 

turbine 

 

Figure 6: Region wise variation of payback 

periods 

The Figure 6 shows the payback period variation for wind turbine installations. As the 

Eastern, Southern, Uwa and Western Central region have wind speed they have achieved the 

less payback period. Hence wind system installation is suitable for these regions.  

The installation of 2 kW wind turbine have less payback period than the installation of 1kW 

wind turbine. Also wind installation for high demand is worthwhile than less demand. 

 

3.4 Finding the most suitable system for the regions with the energy demand. 

This analysis was conducted with considering the 250 W PV modules and 1kW wind 

turbines. The Table 3 shows the most suitable system for the each region with the demand. 
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Table 3: Analysis result of most suitable system for each region 

For 50% saving For 75% saving For 100% saving

Central Wind-Soalr Wind Only Wind Only

Eastern Wind Only Wind Only Wind Only

North Central Wind-Soalr Wind Only Wind Only

North western Wind-Soalr Wind Only Wind Only

Northern Wind-Soalr Wind Only Wind Only

Southern Wind Only Wind Only Wind Only

Uwa Wind Only Wind Only Wind Only

Western Central Wind Only Wind Only Wind Only

Western North Wind-Soalr Wind Only Wind Only

Western South Wind Only Wind Only Wind Only

Most Suitable system

Region

 

Wind is the most suitable power source. This is occurs due to the solar irradiation is available 

only 5 h per day while wind energy is available all over the day. But there are several other 

important factors to be considered while installing wind turbines such as analysis of terrain 

profile and geographical factors etc. 

 

4. CONCLUSION 

Installing renewable energy sources for saving high percentage of the energy demand is 

worthwhile.  The PV system installation is cost effective for the Western Central and 

Western South regions and but Central, North Western and Western North region’s 

temperature is appropriate for the PV installations. The Wind systems are suitable for the 

regions such as Eastern, Southern, Uwa and Western Central. According to the analysis wind 

systems are the most feasible to install among the country for the selected areas. 
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