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Abstract 

Photovoltaic (PV) systems are considered as renewable resources of energy that are utilized 

in the conversion of direct and diffuse solar radiation to electric power. These systems are 

considered as environmentally friendly energy resources as they reduce pollution. These 

systems’ produced power depends on the radiation of the sun as well as the temperature, 

the impedance of the load, and the unfitted parameters in PV systems. In this field, the PV 

systems and DC-DC converters will be explored in both configuration (the open loop and 

closed loop systems), whilst their implementation will be designed as a closed loop system. 

The success of the system depends on the algorithm of the maximum power point tracking 

that catches the maximum sunshine radiation amount to generate the maximum electrical 

power. This system simulation and hardware implementation will be done through the 

Proteus program and real components integration. 

Several digital communication technologies were identified in order to transmit the 

message signal to the receiver side with the minimum acceptable level of loss as a way of 

achieving better quality. The Power Line Carrier Communication (PLCC) is considered 

the most well-known technology that has recently occurred. The main idea of this 

technology; is to transmit the data over the power lines without any need for a new network 

infrastructure for communication purposes; since the same lines of power could be used. 

The main idea of this project is to transmit the values of the currents and voltages over the 

PLC lines. The system was simulated using the Proteus simulator.  

This system consists of an array of solar cells which are the source of the voltage and 

current, these values will be transmitted to PC in order to show the received values of 

currents and voltages. The system has been tested under four cases, which are; no sun and 

load off, no sun and some load on, no sun and all load on and finally in case of sun and all 

load are on. In these four cases, the system was able to effectively transmit the voltages 

and current vales over PLC lines. Some negligible losses were occurred due to the load 

effect.    
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𝑾

𝒎

𝟐
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P: Power (W) 

R: Resistance (Ω) 

T: Temperature (℃) 
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Chapter One: Introduction 

1.1 Overview 
 

Shortage of energy is the main problem that the world is facing, thus making investigation 

and growth of renewable energy power generation systems important. Although solar 

energy is a renewable and nonpolluting natural energy supply, how to utilize it has become 

a new central point [1, 2]. 

Photovoltaic (PV) systems are widely used by stand-alone systems mainly in remote areas 

where it is not practical or safe to connect to power outlets. In particular, a stand-alone 

system is not connected by hardware. Naturally the stand-alone system included in the solar 

Component, requires some power conditioning and control units (DC-DC converter). 

To advance the conversion efficiency of the PV system, a number of customized converter 

topologies were explored during numerous research programs, such as the voltage clamped 

techniques that were incorporated in the converter design to solve the diodes output 

problem. A spotlight on DC-DC Converter and its design will be given to present other 

significant components in the stand-alone photovoltaic systems similar to the charge 

controller. The charge controller is used to keep the system’s battery away from any 

probable damage which could over-discharge or over charge on occasions. In the stand-

alone system, the new controller scheme can manage the charge controller with the DC to 

DC Converter simultaneously during two different steps [3] 

The initial step of controlling the process intends to manage the DC to DC Converter, and 

then the photovoltaic system’s maximum power point (MPP) will be extracted. At the MPP 

point, to step the voltage up a high step up converter has to be employed to decrease the 

amount of the chain connected modules and to maintain constant DC output voltage. 

During the last few years, the development has been rapidly increasing in application, and 

the development recently has been focusing on the information and data technology that 

has made a major change in the structure of the automation system, so that lives of people 

are more secure, calm and stable in their home environment. Smart home appliances turn 
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the spotlight on the industry of home automation, such as how to make the television, alarm 

sensor and any home devices operate effectively and become simple to use, and also to 

prevent the devices at home from turning on by itself, but work together with any devices 

at home that are all connected to networks that can be managed easily, and also to control 

and manage the power consumption through the plug at home. For these developments 

more and more standards are established to support home monitoring by using "Power Line 

Communication (PLC)" technology [4]. 

Despite the huge development in the digital communication field, especially the optical 

fiber links, the PLC technology is preferable as it is a more cost-effective technology.  

Power Line Communication (PLC) can be considered as the technology in which the 

infrastructure for the electrical power in the distributed system is employed as the 

communication medium between the transmitter and the receiver. This technology is able 

to supply various services to the consumer, such as; home automation, internet, as well as 

home entertainment. This gives the Electricity Supply Authority (ESA) the ability to 

manage and control the distribution networks of the users effectively and in a competitive 

way. PLC has the direct attraction of the meter communication system, as each user is 

connected to the communication network which is controlled and managed via the ESA 

[5]. 

1.2 Problem Statement 

The remote continuous monitoring of the performance of the solar DC-DC converters is 

currently not implemented widely enough. The remote monitoring allows us to learn more 

about the fluctuation in irradiance over time. The success of the system depends on the 

algorithm of the maximum power point tracking that catches the maximum sunshine 

radiation amount to generate the maximum electrical power.   

A significant development has recently been achieved in the Digital communication field, 

several techniques were use in order to transmit the message to the receiver side with the 

most possible cost and best achieved quality. Despite the development in this field, 

especially the use of optical fiber, the need for a new technology that enables the 

transmission of the data in more effective ways is still required. The Power Line Carrier 
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(PLCC) technology is one of the most preferable technologies due to several attractive 

advantages, such as least cost and excellent performance. The main idea of PLC is to 

transmit the message signal on the same lines that are used for the purpose of power 

transmission. This project will introduce a method for the data transmission over the power 

lines.  

1.3 Aims and Objectives 
 

The main aim of this thesis is to evaluate the PV of a stand-alone system by building 

mathematical models. This is simulated by using the Proteus program to implement it by 

using real components. The results of the system’s simulation and construction will show 

the effectiveness of this system. It will introduce a way to transmit the message signal over 

the power line based on the Frequency Shift Keying (FSK) modulation techniques. 

 
 

The main aims of this thesis will be achieved by the following objectives:  

1. To introduce an in-depth study and analysis of the different concepts in a stand-

alone system with a PV generation converter control system. 

 

2. To explain the main structure and operational principles of the PV generation 

converter control system. 

3. Introduce DC-DC Converter control system which can be applied on the grid 

connected photovoltaic PV generation converter control system.  

4. To recognize FSK modulation and its concepts.  

 

5. To customize and implement the design to be simulated by using the Proteus 

program, and depending on the level of design and sophistication, microprocessor 

programming may be included 

6. Moving to the practical implementations of the whole system, and equipment that 

can be used as well as its restrictions will be discussed.  

7. Compare the results and recommend further improvements. 
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1.4 Methodology  

A study will be done on the power type DC-DC converter control system which can be 

applied on the stand-alone system PV generation converter control system so that it can 

reach the MPPT. This in addition to the random power output to the grid or to the load if 

its control system has a good stability. The above objective is achieved by building a single 

phase PV generation system from the enhanced power type PWM converter control system. 

This system will contain solar cell, Boost DC-DC Converter, regulators and a 

microcontroller. 

As previously mentioned; this project introduces a method to transmit the message signal 

over the power lines. Several advantages can be achieved by using the PLC technology and 

the design will be mainly performed using the Proteus simulator. The system will be 

designed to transmit the current and the voltage readings from the transmitter side to the 

receiver side over the Power lines. The Frequency Shift Keying (FSK) modulation 

technique will be used to modulate the message signal in order to achieve the best effective 

transmission 

 

1.5 Research Importance 
 

Due to the huge demand for electrical energy worldwide, important decisions were made 

globally in the development of new energy and related technology. Currently, the wide 

range of the photovoltaic power generation and the range of renewable energy are 

considered as important areas in the renewable energy development strategy, as well as the 

way in which it provides for the development of the photo voltaic industry [1]. 
 

The DC-DC chopper enforces the PV field in working with wider voltage ranges, fixed 

converter DC voltage, and simple designs for the system. Also, the DC-DC chopper 

heightens the cost, and lowers the conversion efficiency in almost all of the operating 

points. Both the transformer-less and the high-frequency transformer topologies are used 

in ignoring the huge transformer of the LF, and it is restricted to the single-phases output 

that has power range up to a few kW. Limitations arise from switching losses and restricted 

power of the HF magnetic components [6].  
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The line frequency transformers of the PV conversion schemes exist in an upper power 

range, from nearly few tens of kW to MW, and as a result of the cost per watt of a LF 

transformer decreasing when the rated power increases. The operating point of PV modules 

on their extreme power are forced by the (MPPT). The following peak power point has 

different strategies [7], Such as the   “perturbation and observation” method (P&O) [8], the 

“incremental conductance” method, [9], and the “ripple correlation control” method [10], 

[11] Recently, more methods have been proposed like the “pilot-cell” method [12],  and 

the “fuzzy logic control” method [13], etc. 

 

Due to it is attractive properties, the PLC technology is preferable to be used over several 

digital modulation techniques. The idea of PLC technology is to transmit the data over the 

power lines. This will enable the transmission of the data in a more cost effective way; 

since there is no need for new wires to be used for data communication purposes. This 

technology enables the using of the power infrastructure for the purpose of communication 

signals.  

1.6 Organization of Thesis 

The contents of this thesis are presented in eleven chapters combined with each other, and 

are set out as follows: 

 Chapter.1- The introduction of the photovoltaic system and PLC technology. This 

chapter provides information about the sight of the project, details of the 

terminology, and outlines the aims of the project, methodology and methods that 

will be utilized in its production. 

 

 Chapter.2- The introduction of different concepts in the form of a literature survey 

by comparing various research papers and system models therein. It also includes 

a detailed description for the PLC technology with it is advantages and 

disadvantages and modulation schemes for the PLC technology. It also contains 

detailed description for the DC-DC converting.   



Monitoring and Control of the Performance for a Photo-voltaic System DC-DC 
converter using Frequency Shift Keying 

2014 

 

Page | 20  
 

 Chapter.3- The market survey that contains information to identify the customer’s 

point of view on the project enabling the researcher to set up a summary regarding 

the program. 

 Chapter.5- The main components of the system and the design are explored. 

 Chapter.4- The proposed algorithm in addition to the hardware and software 

implementation for monitoring and control. 

 Chapter.6-The results. 

 Chapter.7- Conclusion, Recommendations and Limitations. 

. 
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Chapter Two: Literature Review 

2.1 Photovoltaic System 

2.1.1 Introduction.  

Commonly, photovoltaic (PV) systems are categorized into three different types according 

to many factors such as the system’s configurations, components, functions, requirements, 

and the system’s components’ connection manners with each other, power elements and 

loads. The major types of PV systems are stand-alone systems which utilize interactive 

systems. PV systems are able to supply two types of voltages, being DC and AC. These 

systems can work with or without a utility grid and can be connected with or without any 

energy storage elements (14). 

2.1.2 Stand-alone PV Systems.  
 

Stand-alone PV system may comprise of any type of storage that may be electrical, unlike 

water tanks, and may contain multi types of power generating sources to create the hybrid 

PV system. The aforementioned Figure 1 showed the most important components of the 

stand-alone PV system containing the electric power storage elements, with no extra 

generators, including AC loads. 
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Figure 1: Off stand-alone system’s components. 

Since any losses in the probability of the load is reliant on the PV system, which must be 

as low as possible, in a stand-alone PV system, the correct size of the electrical energy 

storage capacity is considered as a critical factor. The configuration of this system 

demonstrates that the system’s convertor operates as a voltage source on the contrary to 

the system’s grid where the convertor operates as a current source [44]. 

The stand-alone system’s convertor finds the voltage amplitude, frequency and shape-out, 

to maintain the supplying of the voltage. The System’s convertor requires surges of current, 

whichever the reactive power of the load needs to keep the voltage supplied, such as current 

surges which are required to start-up motors working. 

 

Several stand-alone PV systems are comprised of engine generator devices, where the 

generators are utilized as support generators that work during low sunlight times only, or 

at any time the excessive loads are connected and the electrical energy reduced to reach the 

minimum allowable charge rate. In such situations the system’s convertor feeds the low 

voltage of the battery and enables the generator to start working.  

 

Typically, when the generator of the stand-alone PV system generates (60Hz) AC power 

to supply the electric power to the system’s loads directly, the produced power does not 
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pass the convertor to attain the loads. In this mode of PV system, the convertor acts as a 

charger of the system’s battery with a rectifier that enables the generator to recharge the 

system’s batteries. This mode of the system is maintained until the generator recharges the 

batteries. Once the batteries are recharged the generator is stopped and then the system’s 

convertor resumes its ordinary job which is the regulation of AC bus voltage and drawing 

power from the PV system to the system’s batteries. 

 

The convertor of a stand-alone PV system regulates the system AC current output on the 

bus through supplying the required amount of current regularly, as the energy storages 

(batteries) are incorporated as power sources for demand surges, and the storage of the 

generated power through the minimal demand of the system’s power, hence the supplier of 

loads powers through the night or during cloudy conditions.  

The charge controller is considered as essential in the stand-alone system’s element which 

is utilized during the processes of the charging and voltage controlling subsequently, both 

voltage and current are delivered to the system’s storage element in a manner to protect it 

against both overcharging and over-discharged events.  

Typically, the common lead acid battery type is used because of its low cost, availability 

in many sizes and the understanding of its configuration. Generally, the batteries which are 

manufactured refer to four stages of charging within the charging cycle, namely, bulk, float, 

equalization and absorption. However, these stages do not exist in every charger but in this 

instance, the charger controller employs the charging PWM technique to overcome the 

gassing problem.  

In the hybrid system, the technology of stand-alone PV systems integrates with the grid-

connected PV convertor’s which require a high cost in comparison with the real power grid 

connected systems. The grid connected system spotlights the converting of the largest 

possible amount of irradiant power to electrical power, where the current flow to the 

system’s grid is in phase with the voltage. The goal of the system’s design is suitable for 

the technology that has an inadequate installed capacity, to advance the distinctive loads 

supplied by the utility electric power [45]. 
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Photovoltaic systems of stand-alone types work without an electric utility grid presence. 

These classes of PV systems are proposed in DC and AC power being supplied to a 

system’s loads. In a PV system, the using of supplementary power sources makes the 

system a hybrid PV system. 

To advance the conversion efficiency of the PV system, a number of customized converters 

topologies were explored during numerous researches. Voltage clamped techniques were 

incorporated in the converter design to solve the diodes output problem. Resulting a 

spotlight on DC-DC Converter and its design will be given to present other significant 

components in the stand-alone photovoltaic systems similar to the charge controllers. The 

charge controller is used to keep the system’s battery away from any probable damage 

which can be over-discharging, or over-charging occasions [42]. 

The Simplest form of the stand-alone PV system is the direct coupled system that delivers 

the produced DC output directly to the DC load since in this system there is no energy 

storage element, so its load is only energized during day by sunlight. This PV system class 

works properly in various situations such as a ventilation fan system, a water pump system 

or tiny pumps which are used in water heating by sun thermal energy systems. 

The utility interactive PV systems are connected with the utility grid in turn, to operate 

parallel with it. In PV systems of utility interactive, if the utility grid is not energized, the 

power electronic unit (PCU) automatically stops supplying the power to the utility grid. To 

supply produced AC power to the in-site electric loads, an interface is required between 

the PV system’s output circuits and the utility networks.  

To obtain the PV system to produce the maximum power, many factors have to be achieved 

by supposing that the efficiency is fixed for every PV cell.  The first factor is about the 

impedance of the load, the second being the system’s insulation, and thirdly is the 

temperature of every PV cell. 

Since the system is a stand-alone system’s type, there is a direct connection between the 

system and the load. The operation of a stand-alone system can be drawn at the intersection 

between the load line with an I-V characteristics curve, which will probably be remote 
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from the MPP. The MPP’s production will depend on the load line adjustment. The 

variation of the voltage and current characteristics of the PV structure is functional upon 

the sun irradiation and its temperature, which explains the temperature affect changes on 

the output voltage and the irradiation affect changes on the current output [42].  

Conversely, the PV systems are designed to reach the maximum levels of the output voltage 

during any sun irradiation and temperature levels during daylight. A further essential factor 

is the impedance of system’s load, which is usually inconsistent. Therefore, if the PV 

system is directly connected to its load, the system’s operation point will be located at the 

load line, and the I-V characteristic’s curve intersection may be remote from the maximum 

power point [43]. 

The solar cell’s voltage-current characteristics have nonlinearity property that varies 

among the irradiation and temperature variation. A unique point is exists on the V-I 

characteristics curves which is known as the maximum power point (MPP). At this point, 

the PV system acts with its maximum effectiveness and creates maximum power output 

[43]. 

Typically the maximum power extrication process needs to connect the DC to DC 

Converter between the PV system’s arrays and its battery, and to enable the MPPT to be 

reached, the controller has to be connected to the converter in a manner to ensure that the 

array’s operation reaches its maximum power point (MPP) by implementing the algorithm 

of the MPPT. 

Pollutant fuels are widely used which cause huge environmental problems, such as 

pollution. To solve these problems, the use of renewable energy sources, such as the 

photovoltaic (PV) systems is a very necessary issue. PV systems are inexpensive, growing 

in size and their schemes contain superior installations. One of the PV’s future 

improvements is that these systems will donate an important power generation split. The 

single-phase two-level photovoltaic generation system depends on repetitive control. The 

grid-current control can be achieved by releasing the MPPT. 
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 MPPT is useful in finding the maximum power of the photovoltaic collection at all times. 

For example, during the day when the sun is moving in the sky and its angle changes, or 

when  the weather becomes cloudy, the panel may become dirty, which leads to change in 

the MPPT by varying conditions 

The full power being generated from the system must be known at all times during day. 

Figure 2 shows a block diagram of the operation of the MPPT in a PV system, followed by 

Figure 3 and Figure 4 that shows MPPT voltage-current and MPPT voltage-power 

respectively. 
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Figure 2: Block diagram of operation of MPPT in PV system. 
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Figure 3: I-V characteristics of a solar panel. 

 

Figure 4: P-V characteristics curve of photovoltaic cell.  
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The output voltage that is generated by the Boost converter is higher or equal to the input 

voltage. When the switch is closed, the diodes operate in a reverse bias and the output 

becomes isolated. The input feeds power to the inductor. When the switch is opened, the 

output stage draws power from the input and so forms an inductor, which is the reason for 

large output. Figure 5(a), 4(b) and 4(c) show the circuit of a boost converter, boost 

convertor circuit when switch is closed and when switch is opened respectively. 

 

 

 

 

 

  

 

Figure 5: (a) Circuit of boost (step-up) converter (b) switch is closed (c) Switch is open. 

The principle of Boost DC-DC converter is to put the PV operational point (Vpv, Ipv) to 

MMP, and to set up Vpv to a higher DC voltage. The steady state operation of a Boost 

converter can be explained through the following equations were ∆i is the inductor ripple 

current and Vo is the output voltage   :  

(∆𝑖𝐿)𝑐𝑙𝑜𝑠𝑒𝑑 +  (∆𝑖𝐿)𝑜𝑝𝑒𝑛𝑒𝑑 = 0 … … … … . . (2.1 ) 

→
𝑉𝑑 𝐷𝑇

𝐿
+  

(𝑉𝑑 − 𝑉𝑜) (1 − 𝐷)𝑇

𝐿
= 0 

→ 𝑉𝑜 =  
𝑉𝑑

1 − 𝐷
 

The impedance of the matching between the electrical loads and PV systems is a critical 

issue to ensure the maximum output power. The design of fine performing and direct 
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coupled system type is required in this situation. In many loads, the electronic converter is 

needed for the positive displacement water pump’s system. The most common electronic 

converter is the DC-DC Converter which is known as the MPPT and can be connected 

between the system’s load and the system’s array, in turn, to improve the utilized maximum 

power output available. 

It is important to illustrate the factors that can affect the intensity of sun light, and its 

variations during the day, as well as in all seasons. Table 1 illustrates the intensity of 

sunlight per day, and describes its energy in watts [52].        

Table 1: The sun light intensity per day. 

Time 𝑊/𝑚2 𝑊. ℎ𝑟/𝑚2 

5-6 0 0 

6-7 25 25 

7-8 25 25 

8-9 50 50 

9-10 300 300 

10-11 1000 1000 

11-12 1200 1200 

12-13 1000 1000 

13-14 300 300 

14-15 50 50 

15-16 25 25 

16-17 0 0 
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Figure 6 represents the effects of seasons on the southern hemisphere, and it shows the 

irradiance in summer is higher than the irradiance in winter in.  

 

Figure 6: The effect of seasons[52].  

 

Figure 7 illustrates the effect of the local weather on irradiance. It shows that the irradiance 

becomes higher on clear and sunny days, and decreases in cloudy weather, and it becomes 

much lower in fog. 

 

Figure 7: The effect of local weather[52]. 
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Figure 8 and Figure 9 show the characteristics of solar panel on insulation and the effects 

of variation in temperature.  

 

Figure 8:Characteristic of I-V solar panel on insulation & temperature change. 

 

 

Figure 9: Characteristic of P-V solar panel on insulation & temperature change. 
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2.1.3 Comparison between different PV Systems.  

There are many differences between the different kinds of PV systems. The first difference 

is between the stand-alone PV system and the grid-connected PV system, in that the stand-

alone PV system works to supply power to comparatively smaller amounts of loads, 

incorporating many significant loads, in comparison with the generated capacity. 

Subsequently, the variations of the loads cause a relatively large and abrupt difference. The 

grid connected PV systems have several billions of small loads in comparison with the 

generated capacities; hence variations of the load tend to be stable.  

The other difference is the conventional grid of the electric power storing the electrical 

energy by reducing the consumption of the generating plant fuel. The generated solar 

power cannot be preserved to be used for next time, so the stand-alone PV system usually 

contains an energy storage subsystem to store a part of the unused electrical power, and 

then use it at any later stage, such as during low sunlight conditions. Once the storage of 

the photovoltaic system is full, on the one hand electric energy is removed, and on the 

other, conversion of the power is throttled back.  

In reality every generating plant has the capital cost while their owners wish to run the 

system through the full maximum capacity to increase the revenue of the system per day 

or year. System's worker has to enhance the power storing rate and throttle the power 

generation back when power demand falls or when generated power’s frequency escalates 

too high. The system worker has to handle this [46]. 
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2.2  Power Line Carrier Communication 
 

2.2.1 Introduction. 

The Power Line Carrier (PLC) Communication is preferable over several technologies. 

Several studies were introduced in many fields based on the PLC technology. The 

researchers tried to take the benefits of this technology in order to enhance the performance 

of the devices. This section will introduce some of these studies.  

2.2.2 Related Research.  
 

Their work was performed underground in a coal mine. A model of a coupling circuit was 

built (15). It was illustrated that the PLC lines can be used to transmit both the power and 

the data signals without any need to establish a new dedicated infrastructure for the 

communication purpose. An essential part in the PLC communication is the signal 

coupling. In order to get the design, first built a model for a filter circuit. This filter model 

was built using the “Band Pass Filter (BPF)” using the Butterworth filter type. A frequency 

band of  1MHz − 30MHz was designed, and probable components were used in order to 

get the final hardware design of the circuit model [15].  

The circuit model was built as illustrated in the following steps. 

 Designing the normalized “Low Pass Filter (LPF)”. 

 Designing the LPF depending on the usage of frequency conversion and impedance 

transformation.  

 Converting the LPF into BPF. 

 The parameters of the BPF can be summarized as follow; 

𝑙𝑜𝑤𝑒𝑟 𝑐𝑢𝑡 𝑜𝑓𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 = 𝑓1 = 1 𝑀𝐻𝑧 

𝑢𝑝𝑝𝑒𝑟 𝑐𝑢𝑡 𝑜𝑓𝑓 𝑓𝑟𝑒𝑞𝑒𝑛𝑐𝑦 = 𝑓2 = 30 𝑀𝐻𝑧 

𝐵𝑊 = 𝑓2 − 𝑓1 = 30 𝑀𝐻𝑧 − 1𝑀𝐻𝑧 = 29 𝑀𝐻𝑧 

𝐶𝑒𝑛𝑡𝑒𝑟 𝑓𝑟𝑒𝑞𝑒𝑛𝑐𝑦 = √    𝑓1 ∗ 𝑓2    = √    30 𝑀𝐻𝑧 ∗ 1𝑀𝐻𝑧    = 5.477 𝑀𝐻𝑧 
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Both normalized LPF and Butterworth LPF are illustrated in Figure 10 and Figure 11 

respectively [15].  

 

Figure 10: Normalized LPF [15]. 

 

Figure 11: : Butterworth LPF [15]. 

The conversion of LPF into BPF can be easily performed taking into consideration that 

the following adjustment must be made during the conversion process. All of these 

details are illustrated in Table 2.  
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Table 2: Equivalent conversion circuit from LPF to BPF [15]. 

 Inductance Capacitor 

Low-pass branch 
 

 

Band-pass branch 

 

 

Components value 
𝐶 =

1

𝜔0
2 ∗ 𝑙

 𝑙 =
1

𝜔0
2 ∗ 𝐶

 

 

Also illustrated that PLC technology is an essential and hot topic that has been extensively 

researched. The low voltage PLC is preferable due to several advantages, such as; economy 

and wide applications. The circuit of the coupling filter considered as essential link of PLC. 

This circuit consists of an isolation transformer, filter and coupling capacitor. Several types 

of tests can be performed using this isolation circuit, which are [15]; 

 Input impedance testing. 

 Noise characteristics testing.  

 Attenuation characteristics testing for the channel.  

During the design of the Butterworth BPF, the characteristics of the amplitude frequency 

were identified and; the feasibility of the filter was also proved. Contrast signals which are; 

 50Hz and 15MHz AC signal  to perform simulation were used. The results of the work 

show that an isolation effect occurs due to the usage of the coupling circuit. As a result of 

this, when coupling with the electric network less distortion occurred and the signal could 

be transmitted over the PLC lines in a better way and with a minimum possible loss [15]. 

Electrical networks were used to transmit the communication signal since the last century. 

The concept of the PLC is to use power lines to transmit the communication signal on the 

same lines that are used to transmit the power signal.  This will reduce the cost of 

constructing a new network for the signal transmitting and receiving process. So, as a way 

of avoiding the building of additional communication networks, a low-voltage, and high-
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voltage and medium voltage network of power supply should be build. The PLC is able to 

be applied within houses or buildings. The PLC technology uses the electrical 

infrastructure for the purpose of the transmission of data [16]. 

In their work, they analyze the PLC network, the construction of the system and the 

disturbance of the power line networks [18]. They also recognize the logical construction 

for the MAC layer of the power line system, and define the protocols that can be used to 

control and provide the transmission of the data between layers. This will enable a better 

utilization of the network, and a better realization for the Quality of Services (QoS). This 

will give the PLC technology the priority to be competitive to other technologies. It is 

proposed to transmit both the voice and the data with priority given to the connection of 

the voice.  

 The rest of the capacity of the network will be assigned to be used for the transmission of 

data; which is the traffic of the internet. An improved a simulation model for the MAC 

layer of the PLC system with several scenarios was made. In the simulation two types of 

the MAC layer protocol that were able to control the signaling part and then realized this 

in the simulation model. Also compared the PLC network with and without the effect of 

the disturbance for the two selected protocols. The results show that the throughput, 

Network utilization and the access delay can be observed through the simulation in case 

different sizes of the transmitted packet are used. 

 More attention has been given to the usage of the (PLC) in order to access the 

communication network. Despite that the power lines were not designed for the purposes 

of transmitting data between the transmitter and the receiver, they are characterized by 

transmission properties which are adverse. In order to attain a higher data rate for better 

transmission cases, digital systems which are well designed and sophisticated must be used 

as a way of exploiting the obtainable frequency for the transmission process.  

In their works; they considered the PLC for the purposes of the high data rate using” 

Orthogonal Frequency Division Multiplexing (OFDM)” (16). Observe the case, in which 

there is no attainable channel information at the transmitter side but they are attainable at 
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the receiver side. In order to measure the performance of the system in a suitable manner, 

the fading channel capacity had to be calculated.  

The results of the simulation show that the bandwidth of the transmission and the 

attenuation of the signal largely affected the Signal to Noise Ratio (SNR) that was needed 

for consistent communication at the receiver side 

Rapid development of the technology has taken place in the last few years. Also illustrated 

that the computers have been widely spread all over the world. There is a widening trend 

toward the involvement of computers in the application of home automation and industrial 

control.  These systems need to be locally configured, which seems to be a challenge in 

case of checking the status of those systems which are far [17].  

They also developed a new system of data communication; this system includes at least 

one host. The data communication process to the target unit will be initiated by the host 

units, keeping in mind that the host units may respond only to the host which sends the 

request message. An important point is that only one process of communication may be 

available for each host per time at any given time, as a way of preventing the system from 

collisions between the packets. Their design was divided into different essential 

components. They designed a modem which enables the communication process via the 

power line communication. Also designed a new Microcontroller to control and manage 

the communication between the target units and the host unit [17]. They implemented and 

defined a firmware and circuitry as an interface between the host unit and the Personal 

Computer (PC).  

They wrote a code that is used to enable user control between the host and target units.  

This designed system will be preferable for the devices which are presently attainable as a 

way of reducing the error rate due to the corrupted data. This will enhance and improve the 

system reliability. Another goal from this interface is to supply the user by the ability of 

rendering the remote control over several hosts in addition to the target units. This system 

takes into consideration the growth for the industrial and home control systems.  

The PLC technology is considered as an alternative to the traditional style of 

communication systems. The PLC technology is used to provide communication which is 
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in real-time as a way to protect the power grid from damage of overvoltage or overcurrent. 

Also illustrated that the PLC has several advantages over the old-style communication 

process, such as; reliability, economy and the availability of the dedicated channel in case 

of the proactive relaying. The PLC system is widely used to manage and control the 

communication among several substations and for the purposes of the PLC it is often the 

most economical and reliable high-speed dedicated channel available for protective 

relaying. PLC system is mainly used for managing the high voltage link and for 

communication between different substations [18].  

 It was illustrated that the PLC technology is used to transmit the data over the power lines. 

In this technology, each one of the houses and offices has its dedicated electrical lines. The 

existing power lines which are AC type will be used to transmit the information, and it will 

be able to connect several houses and offices via a high speed network without using any 

additional wire. They illustrated that the PLC system consist of three essential parts, which 

are [18]; 

 The transmission line, which in turns presents the channel, can be used to transmit 

the data in the system between two nodes. 

 Transmitter and the receiver circuit. 

 The transformers and the coupling devices; the benefits of this part is to supply the 

PLC system by mean of  connection via the transmission lines which is high voltage 

type, and it is also used to isolate the power lines from the transmitter and receiver 

circuits. 

The PLC technology is a widely used technology that has drawn the attention in the last 

few years. They also illustrated that this communication signal is modulated via the same 

lines that are used to supply the home and offices with the electricity. This will give this 

technology several advantages to be attractive over the traditional type of communication 

systems. They conclude that the early market opportunities of Power Line Carrier 

technology include [19]; 

 Utility Meters: this symbolizes an essential volume application for the PLC 

technology. PLC is a preferable technology for the “Automated Meter 

Infrastructure (AMI)” and “Automated Meter Reading (AMR)” communication 
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due to it is attractive advantages. The PLCV technology is also used for the purpose 

of connecting the energy monitoring equipment to the meters, such as; “In Home 

Display (IHD)” that is used for showing the consumption of energy  and the ability 

of this technology to be lower in cost than other technologies based on the customer 

demand . 

 The “Home Area Networks”: there is an orientation toward the PLC technology to 

achieve a balance between the home network and the needed devices to transmit 

the power to the home and offices.  An essential challenge that faces the PLC 

technology is the occurrence of the noise along the transmission lines which in turn 

affect the quality of the received signal. There is a need for an implementation 

which is strong, achieves a cost optimization, and finally be reliable to transmit the 

data in a way that ensures the recovering of the transmitted signal with the 

minimum possible error. Anyway; the narrowband PLC technology is now one of 

the most attractive systems that are related to the PLC technology.   

 Lighting: this is suitable for the industrial and home application, PLC technology 

facilities and intelligence integration of the OMEs into broad diversity of lighting 

products. Essential functions are; calculating the cost of the energy in an accurate 

way via the mentoring of the usage, light deactivation, the remote controlling of the 

lights, and finally the grid connectivity. Keeping in mind that there is an essential 

requirement for the PLC design which is to effectively manage the cost.  

 Solar: Solar investors can be supplied to the PLC system to manage and monitor 

the consumption of the power among the grid companies. It is well known that the 

Radio Frequency (RF) achieved an evolution in the solar installations. The PLC 

also tenders perfect earnings for connecting devices with low cost and high 

reliability for the transmitted signal on both the Alternative Current (AC) and Direct 

Current (DC) lines.  

They illustrated that the PLC technology is a general term that can be used to describe the 

status of transmitting the data communication over the power lines. Several factors and 

parameters that are related to the PLC application can affect the performance of the 

transmitted and received signal, the most two well-known are; the prime                                                   

and G3 they are standard use for PLC. 
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 Distance.  

 Conductor. 

 Network technology.  

 Load connection. 

 Generally, G3 concentrate on the robustness, there are several environments in which the 

PLC signal is able to be transmitted and there are several interfaces that are used between 

the channel and the transmitter/receiver circuit. The G3 robustness is one of the most 

attractive benefits that make this technology preferable to be used in several applications 

[19].   

The usage of the ordinary network has been extensively used in the last decades, but this 

type of networks have a drawback which is the high cost, so there is an orientation toward 

new types of systems that will serve the same purposes with lower cost, and the PLC 

technology is the best technology that achieves a balance between the cost and the quality 

of the recovered signal. 

They also illustrated that there are several applications of the power line carrier 

communication system; these applications can be summarized as follows [20]; 

 Home Automation  

 “Automatic Meter Reading (AMR)” 

 Process Control  

 Ventilation Control  and Heating  

 Air Conditioning Management   

 Lighting Control  

 Status Managing and Controlling  

 Communication networks which are characterized by low speed.  

 Intelligent Buildings  

 Information  and Signs Displays  

 Security  and Fire Alarm Systems 

  The Management of the Power Distribution. 
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Their work discusses the “Power Line Carrier Communication (PLCC)” over the grid that 

is low voltage type. They illustrated that this topic has drawn great attention recently and 

will still be a very heated topic in communication in the future. The main advantage of this 

technology is the use of the existing infrastructure that is used to transmit the 

communication signal. Each home and office has it is own dedicated power line 

infrastructure. Then conclude several application of this attractive technology.  

Also compare the application of the automated system and the power line carrier 

communication system. In order to attain enough knowledge about the power line carrier 

communication systems, they discuss and investigate the communication via the grid of 

the low voltage. They illustrate that the channel of the PLC system can be modeled and 

designed between signal to Noise Ratio (SNR) that is varying and changing along the time 

over the attainable bandwidth of communication. They also discuss the system parts that 

can be used to transmit the data over the channel of the power lines. The results show that 

there is an ability to create a successful link for the power line communication in addition 

to the frequency hopping, error correction and the stage of variable gain methods [20]. 

 

 

 

 

 

 

2.3 Power Line Carrier Communication 

2.3.1 Introduction.  
 

In the PLC system, the signals that are having a large power value are transmitted via the 

network. These signals are latterly received via all connected meters inside the 

communication system.  The PLC system may be used inside the building in order to 
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transfer the data via the power lines without taking into consideration the cost for installing 

the communication cables. The PLC has several advantages that make it preferable to be 

used in many applications as compared to the wired and wireless communication 

technology since it is more efficient and economic. One of these advantages is that the PLC 

system achieves great savings in the wires since it uses the same infrastructure for the 

power line communication. Another advantage is that more security can be achieved via 

using the PLC system, due to the fact that hackers cannot access the data inside the network. 

The PLC suffers from several drawbacks that affect the development of this system badly. 

One of these disadvantages is the interference which is created due to the radiation of the 

power lines. The loads and the devices which are connected to the PLC system also cause 

some noises which in turn affect the available bandwidth [21].  

The PLC system consists of two basic blocks, which are; the receiver and the transmitter 

blocks. The two blocks are connected via the power line communication line, which in 

turns acts as the channel of the communication. The function of the transmitter is to send 

the signal via the power line based on the usage of the isolation circuit. The transmitter 

stage consists of three subsequent stages, which are [22]; 

 Modulation of the signal. 

 Amplification of the signal. 

 Power line interfacing. 

 

 

The receiver function is to recover the original message by receiving signal through the 

isolation circuit from the power line. The block diagram for the PLC system is illustrated 

in Figure 12. 
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                                                            Transmiter  

 

 

 

 

                                                                            Receiver  

Figure 12: Block diagram of PLC system . 

As shown in Figure 12; the system contains an essential part, which is; the power line 

interface. This interface is needed since the circuit must be connected to the 110𝑣, 60 𝐻𝑧 

power line. The circuit is not isolated carefully; the remaining section will be definitely 

burnt. If the isolation circuit is ideal, then the 110𝑣, 60 𝐻𝑧 signal will be totally stopped 

and the message signal is only passed. The placing of the power line isolation circuit 

between the transmitter and the receiver will ensure that the transmitter and the receiver 

will not be affected by the 110𝑣, 60 𝐻𝑧 signal, so the information can be comfortably 

transmitted between transmitter and receiver. 

 

 

 

2.3.2 History of Power Line Communication. 
 

The communication over the power line network was introduced in the 1920s through the 

providers of energy, as a way of achieving inexpensive communication between the plants.  

The idea behind the cheap communication was that there was no need for a new network, 
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since the power network could be used for both communication and power purposes. This 

concept was used for controlling and monitoring the streets lights, in this way the light may 

be turned off and on based on the usage of the central switch, the lights in turns only require 

the decoder chip. During the 1980s, this system was used in the home product, such as 

baby phones [23].        

The advantage of using the PLC as a medium for transmission of the data is that each one 

of the homes or buildings is fitted to the power lines and linked to the local grid. The 

accessibility of the data is provided everywhere and the Alternative Current (AC) outlet 

exists; this is achieved by using the same power line for both communication and power 

signals. The broadband over the PLC is enabled via this technology.  

The old style of the PLC is still extensively used as a way of providing real-time 

communication for the users in order to protect and save the transmission lines that work 

on the high voltage. The PLC system consists of three main elements, which are; 

transmission lines, channel and the coupling equipment [24]. 

The system of the smart grid in the future will control and manage the flow of energy as a 

way of enhancing the reliability and efficiency of power delivery to the consumers. This 

management needs high reliability between consumers, low value of delay, regional 

utilities and local utilities. The double way communication links between the smart meters 

and consumers is an essential part of the smart grid [25].  

 In order to make this two way communication link available, the PLC system which is 

operating on the band of  3𝐾𝐻𝑧 − 500𝐾𝐻𝑧 can be attractive. The PLC is able to be 

deployed using the existing power lines which were already designed for only one direction 

of the delivery of the power. The remaining inimical environment is assigned for the 

propagation of the communication signals.  

The PLC system includes the high frequency signals that are injected over the lines of the 

electrical power. The PLC consists of two basic elements, which are; the Low and Medium 

voltage PLC networks. The two networks are labeled as LV PLC and MV PLC. Illustrated 

that the structure of the PLC networks can be summarized as follows [26]; 
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 MV head end: that enables the communication between PLC network and the main 

communication that is also named as backbone.  

 MV modem: the interface that lies between the MV PLC voltage and LC PLC 

network at the MV side. 

 LV head end: this signifies the end of the LV PLC network. It also signifies a 

gateway through the MV networks. This part is located on the distribution side 

which is in turns performances as the Low Pass Filter (LPF) for the signals inside 

the network.  

 "Network Termination Unit (NTU)": the interface that is located between the LV 

PLC network and the client device. 

 LV repeater: this part is essential as a way to keep the signals especially the high 

frequency at type in the acceptable level of loss. The repeaters are inserted between 

the NTU and the head end.  

The network topology of the PLC is strongly based on the grid topology distribution and it 

looks similar.  So the PLC topology may be radial or meshed. The structure, topology in 

addition to the transmission factor must all be taken into considerations in cases of 

analyzing and designing PLC networks [26]. 

The PLC signals are directly injected via the LV lines and, the PLC signals can also be 

transmitted over the MV distribution transformer. So, the signal attenuation must be 

recognized in order to design appropriate communication system. The performance of the 

LV distribution transformer must be recognized in order to determine the acceptable losses. 

The parameters of the transformer were described and used as a way to improve the model 

of the transformer that covers the band of  50𝐻𝑧 − 1𝑀𝐻𝑧 [27]. 
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Several types of wires can be used as PLC transmission lines, the parameters for these types 

of lines are illustrated in Table 3 [28]. 

 

Table 3: Power wire characteristics [28]. 

Wire Type Z0 

(Ω) 

c/ft 

(𝑝𝐹) 

L/ft 

(𝑚𝐻) 

r/ft 

(Ω) 

@130kHz 

v 

(𝑓𝑡/𝑛𝑠) 

12-2 BX 

metal clad 

74.2 22.7 0.13 0.0132 0.594 

12-2G 

Romex NM-

B 

143 10.4 0.214 0.0136 0.670 

18-2 Lamp 

cord 

124 13.2 0.203 0.0235 0.610 

18-3 IEC 

power cord 

79.6 30.8 0.195 0.0315 0.408 

 

In case of low impedance loads, the loads of the power line can be summarized as 

illustrated in Table 4 [28].  

Table 4: Loads for Low impedance power line [28]. 

Low Impedance load Impedance at 100kHz 

0.1uF EMC capacitor 16 Ohms 

2kW 240VAC space heater 30 Ohms 

 

 

 

 



Monitoring and Control of the Performance for a Photo-voltaic System DC-DC 
converter using Frequency Shift Keying 

2014 

 

Page | 47  
 

2.4 Modulation Schemes in PLC 
 

2.4.1 PLC Modulation and Transmission. 

A large improvement has been achieved in mobile communication recently, which is 

followed by big progress in the modulation approaches. This enhancement makes the 

networks of the PLC to be more flexible beside electromagnetic interfaces. So the 

bandwidth and the speed of the PLC communication have enabled faster and complex data 

flow, so there are groups of applications that can be expanded through these networks. 

There are several types of modulation techniques that are used in the PLC networks, which 

are [47];  

 Orthogonal Frequency Division Multiplexing (OFDM): this type of modulation 

mainly depends on the carrier’s orthogonality, in which the carrier signals are 

selected in a way that is orthogonal to each other. In this way, the crosstalk can be 

decreased to the minimum possible value. Which in turn raises the spectral 

efficiency to be as close as possible to the Nyquist rate, which enables taking the 

benefits of the total range of frequency; and because of it is preferable 

electromagnetic characteristics, the OFDM owns a white spectrum. The 

synchronization between the transmitter and receiver is needed in case OFDM. The 

orthogonality of the sub carriers will be affected in case of any deviation occurred. 

 Gaussian Minimum Shift Keying (GMSK): this is considered as a development of 

the Frequency Shift Keying (FSK) modulation type. The signal bandwidth adjusts 

based on the transmitted binary digit. A low pass Gaussian filter may be used as a 

way of controlling and monitoring the bandwidth. 

 Direct Sequence Spread Spectrum (DSSS): which is also recognized as “Direct 

Sequence Code Division Multiple Access (DSCDMA)”, is also recognized for the 

Local networks in IEEE 802.11. Some code of pseudo noise is used in the DSSS in 

order to decrease the “Power Spectral Density (PSD)” and increase the transmission 

bandwidth. The spectrum of the resulting signal looks like the frequency spectrum 

of the noise. This means that each one of the receptors considers the noise apart 

from the one for which the signal is directed. 
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2.4.2 Transmission Problems in PLC Systems.  

There are some parameters that must be taken in consideration for the PLC system, which 

may affect the transmission process, which are;  

 Attenuation: this is recognized as the loss of power that occurs when the signals are 

characterized by high values of frequencies. The attenuation value can be computed 

between two places or sites; one of them must be inside the building and the other 

one outside the building. Both distance and frequency affect the attenuation value. 

Both are directly proportional to the attenuation value; these means the attenuation 

increase in cases of longer transmission lines and larger values of frequencies.  The 

parameters that recognize the attenuation are illustrated in Table 5 [47];  

Table 5: Attenuation parameters [47] 

Parameter Units Meaning  

C dB/m/MHz Distance and frequency 

dependent attenuation 

D dB/MHz Frequency dependent 

attenuation 

E dB/m Distance dependent 

attenuation 

G M Base attenuation 

 

 

 

 

 

So the final value of the attenuation can be expressed as illustrated below in the following 

equation; 

              µ𝐴(𝑓 , 𝐷) =  𝑐 ⋅  𝑓 ⋅ 𝐷 + 𝑑 ⋅  𝑓 + 𝑒 ⋅ 𝐷 +  𝑔   (2.3) 
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 Noise: this signal is created via occupying and interfering some of the frequency 

spectrum. A noise created from the short wave range signals can affect the PLC 

communications. The noise signal must be measured in several positions. Anyway, 

the measurements are performed at the transformation substation or centers, for 

both Medium Voltage (MV) PLC and Low voltage (LV) PLC, different attenuation 

the threshold of the noise diminishes in case of increasing the frequency of the 

carrier signals. Good results may be achieved via using the notch filter to predict 

the interference which in turn increases the noise value. 

 

 Signal to Noise Ratio (SNR): this gives an indication about how much the carrier 

signals are affected by the noise signal, since it form a relationship between the 

carrier and the noise signals at a convinced point. SNR can be calculated from the 

following equation. 

 

𝑃𝑡𝑥 − 𝐴 = 𝑃𝑟𝑥  (2.4)         

           𝑆𝑁𝑅 =  𝑃𝑟𝑥 −  𝑁𝑟𝑥 = 𝑃𝑡𝑥 −  𝐴 − 𝑁𝑟𝑥   (2.5) 

Where; 

𝑃𝑟𝑥: The power of the transmitted signal. 

𝑃𝑡𝑥: The power of the received signal. 

𝑁𝑟𝑥: Receiver noise. 

𝐴: Attenuation value.  

 

 

 

 Crosstalk: this is recognized as the isolation that occurs between the two networks, 

which are; MV PLC and LV PLC networks. The crosstalk is measured at the two 

sides of the transformer for every voltage side. The crosstalk gives an indication 
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about how much the two signals are overlapping or interfering with each other.  The 

crosstalk value mainly depends on the frequency value, so both LV PLC and MV 

PLC suffer from lower value of crosstalk in comparison with the High Voltage 

(HV) PLC. The crosstalk value can be given as illustrated below in the following 

equation [47]; 

𝐴 =  𝑎𝑓3  + 𝑏𝑓 2 + 𝑐𝑓 +  𝑑   (2.6) 

Where; 

A: is the crosstalk attenuation 

f: the frequency in MHz 

a, b, c and d the adjustment coefficients as illustrated  in Table 6 [47].  

Table 6: Adjustment coefficients [47]. 

Coefficient Average coupling Minimum coupling 

a 0.00077 -0.00073 

b -0.0817 -0.0835 

c 2.258 2.545 

d 54.22 33.68 

 

 Delay spread: a much branched transmission sense is presented by the PLC 

networks. An essential reflection of the signal is presented in this way. Each one of 

the reflected paths has it is own different distance, as a result of this, several version 

of the transmitted signal will be reached at the receiver side. The delay spread or 

the spread delay can be recognized as the time difference between the first and the 

last reflected signal. 
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2.4.3 Frequency Shift Keying (FSK) Modulation.  

FSK is considered one of the most well-known digital modulation schemes in “high 

frequency radio spectrum”. It also has several applications in different types of circuits in 

the communication field. It is suitable to be used in the case of PLC communication. FSK 

modulation is used to transmit the data between digital equipment like Teleprompters and 

computers. The transmission of the data is performed by shifting the carrier signal 

frequency in a binary way. There are two discrete frequencies; one is assigned to 

transmitting the 1 digit “mark” and one of them is assigned for 0 digit “space”.  The Binary 

one is referred to the signal that has higher frequency value [48]; 

𝑠1(𝑡) = 𝐴 cos(𝜔1𝑡 + 𝜃𝑐) ;  0 <  𝑡 ≤  𝑇  (2.7) 

𝑠2(𝑡) = 𝐴 cos(𝜔2𝑡 + 𝜃𝑐) ;  0 <  𝑡 ≤ 𝑇    (2.8) 

 The relationship between the transmitted signal and the data are illustrated in Figure 13 

[48]. 

 

Figure 13: (a) Binary data (b) FSK signal (c) Frequency characteristics of FSK signal [48]. 
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   There are several parameters of the signal that are used in describing the FSK signal; the 

most common of them are illustrated in Figure 14 [48].  

 

Figure 14: Parameters of FSK signal [48]. 

 

𝑆ℎ𝑖𝑓𝑡 =  |𝐹2 −  𝐹1|……………... (2.9) 

𝐶𝐸𝑁𝑇𝐸𝑅 𝐹𝑅𝐸𝑄 =  
𝐹2+ 𝑓1

2
………. (2.10) 

𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =  
𝑆ℎ𝑖𝑓𝑡

2
=  

|𝐹2− 𝐹1|

2
 …. (2.11)  

𝐾𝑒𝑦𝑖𝑛𝑔 𝑠𝑝𝑒𝑒𝑑 (𝐵𝑎𝑢𝑑) =  
1

𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝑙𝑒𝑛𝑔𝑡ℎ (𝑠)
….. (2.12) 

The element length can be recognized as the minimum duration for the space or mark 

condition. The element length may be equal to one of these typical values: 22 ms or 5 ms, 

even though several values of element length that is either  < 1 𝜇𝑠  or > 1𝑠 have recently 

been used. Generally, an element length which is > 0.5 𝑚𝑖𝑙𝑙𝑖𝑠𝑒𝑐𝑜𝑛𝑑  must be used in 

order to achieve better propagation of the transmitted signal. The inverse of the element 

speed is recognized as the keying speed which is measured in bauds. For example, if the 
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element speed is equal to 0.2  𝑠 then the keying speed will be 50 𝑏𝑎𝑢𝑑 Parameters of FSK 

signal [48].  

Another parameter is the shift, which is recognized as the difference between space and 

mark frequencies. A typical value of the shift is in the range of 50 to 1000 Hertz. “Nominal 

center frequency” is defined as the point that is located half way between the space and the 

mark. The difference between the space or mark frequency and the center frequency is 

recognized as the deviation which is equal to 
1

2
∗ 𝑠ℎ𝑖𝑓𝑡.   FSK of which the signal can be 

transmitted by two manners, non-coherent or coherent process. In the coherence manner, 

the phase of the space or the mark has a phase relationship which is fixed regarding the 

reference. The phase is randomly changed in case of the non-coherent type. 

Several coding schemes may be used in the transmission of the FSK signal. Generally, 

there are two types of coding, which are; synchronous and asynchronous coding. In case 

of synchronous coding, there is a reference block (Clock), the transmission process of space 

or mark is performed in synchronism with this reference. The asynchronous coding does 

not require this reference, and instead of that the bits are transmitted based on special bit 

patterns. The two coding schemes are illustrated in Figure 15 [48]. 

 

Figure 15: (a) Synchronous coding (b) Asynchronous coding [48]. 
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More than one FSK signal can be transmitted at the same time by assigning each one of 

them a different center frequency. This process is called Frequency Division Multiplexing 

(FDM). In order to achieve better utilization of the bandwidth, a narrow shift is set 

between   50 𝐻𝑧 𝑎𝑛𝑑 200 𝐻𝑧 . In the case of High Frequency (HF) radio systems, the 

transmission of 16 channels is usually performed, but the transmission of 24 channels is 

still available.  A typical 16 channels FDM system for FSK signal is illustrated in Figure 

16 [48]. 

 

Figure 16: 16 Channels FDM system [48]. 
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2.4.4 FSK Demodulation.  

In order to recover the original transmitted signal, the demodulation process of the 

modulated signal can be performed in two ways, which are; filter type and Frequency 

modulation (FM) demodulation. In case of FM detector type, FSK is simply treated as the 

FM signal through binary modulation. The block diagram for the FM detector is shown in 

Figure 17 [48]. 

 

Figure 17: FM detector [48]. 

The demodulation process of FSK signal using FM a detector can be summarized as 

follows; first the FSK signal is filtered by Band Pass Filter (BPF) as a way of removing the 

out-of-band interference. After that the Amplitude Modulation (AM) interference is then 

removed using the limiter.  After the limiter, the FM detected signal results; this signal 

produces an output which is negative for the space condition, and an output which is 

positive for the mark condition. 

 The noise component that occurred at those frequencies which are greater than the baud 

rate is then removed using the Low Pass Filter (LPF). All positive voltages are then 

converted to represent binary 1 and all negative voltage is then converted to represent 

binary 0. This type of demodulation is commonly used in the demodulation of FSK signal 

since it is simple and characterized with the tuning which is non-critical in comparison 

with other demodulation techniques.  The Phased Locked Loop (PLL) has also been used 

recently, both techniques achieved the same performance, but in case of those classes of 

signals which are small, the PLL is preferable. The FM detector suffers from some 
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complexity in the case of FDM system. The frequency spectrum of the FSK signal is 

illustrated in Figure 18 [49].  

 

Figure 18: FSK signal frequency spectrum [49]. 

As shown above, the energy in the space and mark and space tones is inside bandwidth and 

𝑒𝑞𝑢𝑎𝑙 𝑡𝑤𝑖𝑐𝑒 𝑡ℎ𝑒 𝑏𝑎𝑢𝑑 𝑟𝑎𝑡𝑒.  and located at the center between the mark and space 

frequencies. 

The second type of demodulation of the FSK signal is the filter type demodulation as 

illustrated in Figure 19 [49]. 

 

Figure 19: Demodulation spectrum of filtered type FSK signals [49]). 
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 The suitable filter design is mainly based on the signal interference nature and the signal 

parameters. Generally, the matched filter demodulation is the best one for the coherent 

FSK signals in case of White Gaussian Noise (WGN).  Other types of filters are used for 

the non-coherent FSK signals [48].  

“Minimum shift keying (MSK)” is a technique of modulation that is considered as special 

case of “Continuous Phase-frequency Shift Keying (CPFSK)”, in case the modulation 

index is chosen to be ℎ = 0.5. This value of the modulation index allows the coherent 

transmission of the signal orthogonally. The technique derives it is name from the 

minimum distance that separates the frequency bands of transmission. The “Gaussian 

Minimum Shift Keying (GMSK)” is considered as a special case of the CPFSK in which a 

filter is used in order to decrease pulse train and the required bandwidth [50]. 

2.5 DC-DC Converters 

2.5.1 Introduction.  

In the photovoltaic system, the solar cells are considered as the DC electric power sources 

that could be connected in series connections or in parallel. The output of solar cells is of 

a relatively low value DC voltage which ranges from less than 1 volt up to 4 volts. The low 

voltage of the solar cell is not compatible with the requirements of the high power system, 

and as a solution to this problem the solar cells are joined as series connections in a manner 

to create a higher terminal voltage.    

As an example, the twelve volts PV panels enclose 36 solar cells joined together that 

produce approximately MPP of 16 to 17 volts under standard conditions. The series 

connected PV panels are suitable in the applications of the low power systems, except some 

applications that require several hundred of Watts (W), the PV panels are joined in series 

sequences to deliver superior efficiencies with minor currents. This technique resolves the 

power problem except when the long panel’s strings carry many complications to the PV 

system.  
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Photovoltaic panels strings are never the same, since the panels’ series connections 

constrains all conducted cells of a similar current with the least capable panel to decide the 

value of the string’s current. So, the overall efficiency of the panel is decreased to that cell 

efficiency which indicates the size of the PV panels that it has to have for the same 

orientation and size. The major problem appears when just one PV cell is shaded in that 

then, the produced photocurrent of that shaded cell drops to about 20% of the photocurrent 

of other cells. Subsequently the shaded PV cell appears in reverse to be biased since the 

photocurrent flows through it to make a large dissipation of the power. This difficulty can 

be resolved by putting a diode around the eighteen cell’s group to limit the reverse bias 

occasion and so reduce the dissipation of the electric power in any shaded cells. 

The entire power of the shaded cell is loosed as the photocurrent runs through the bypass 

diode. By using of the DC-DC Converter on every panel’s string, or in the half panel can 

solve this problem. DC-DC Converters are connected with the series strings in a manner to 

avoid several problems. A new approach of string DC to DC Converters is suggested by 

[29]. As a combination of two techniques, this is the single DC-AC convertor technique, 

with the individual DC-AC convertor s per panel technique. In this technique each panel 

owns a single DC-DC Converter, where every panel and its converter are joined together 

in series strings as a DC string, then a distinct DC-AC convertor  is joined to the system’s 

grid. The connection of a converter to every panel has many advantages as mentioned and 

summarized by [29], as follows: 

 Each converter manages and optimizes the power flow independently from the 

generator (source) to the load or system’s energy storage. In the string of batteries, 

each converter can separately charge the linked battery to decrease the equalization 

moment and enhances the charge effectiveness. In the applications of the PV system 

each converter separately executes the MPPT of the panel. The additional 

advantage of using this system is providing singular orientations with new system 

architecture possibilities. This system moreover provides a large tolerance in the 

localization of the shaded panels. All these advantages are considered as the most 

important benefits of this technique.  
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 The using of DC-DC Converter technology allows for the different sources mixing, 

whereas the smart and self-regulating power flow manages every source. The oldest 

and the newest batteries can be swapped with this system that allows different 

sources to be mixed. The previous existing PV panel strings can be expanded by 

adding an original high output panel.  

 By increasing protection of the power sources using smart protection that can be 

utilized on the basis of the source. As an example once the battery is damaged, the 

system can avoid any permanent damage of the battery through deep discharging, 

and in addition, if any single photovoltaic panel is shaded, the system decreases the 

power to go around the diode in a manner to protect the shaded PV panel. 

 The smart converter avoids any failed converter or source in the PV system 

installation and enables it to operate even with a slight reduction in the system’s 

capacity. 

 Each converter or power source has the inherent data collection capability and 

control network connection, to collect the data and report back to include the 

minimum extra cost and complexity. The PV panels and batteries which require the 

replacement or assessment can be recognized. 

 The greater installation and maintenance protection is DC-DC benefits since the 

safety concerns on the design of the system and every converter isolates the 

attached power source so the parallel connections or series connections of the 

converter will be established safely. The converter and power source connection is 

considered as a safe connection as well as a low voltage connection. 

 The cost validation on the majority of the PV system’s applications can be 

performed since many modules of the converter are of a small size so, a single 

converter per source can shift the large converter. Hence the entire power rating 

(VA) continues the same with the attractive cost of the system that distributed the 

solution [29]. 
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2.5.2 Types of DC-DC Convertor.  

The three basic types of DC-DC Converters are: boost DC-DC Converter; buck DC to DC 

Converter and buck- boost DC-DC Converter. 

2.5.2.1 Boost DC-DC Converter. 

This type of converter is the main type that is used in this thesis. The boost DC-DC 

Converter is an example of DC-DC Converter which the DC voltage on the output is higher 

than the DC input voltage, so it is therefore called the step-up DC-DC Converter. Other 

applications that the boost converter is used for are: to regularize the voltage, and, to 

provide the voltage to another driving voltage [30]. 

The operation of a boost converter is simple, which can operate DC voltage on the 

conductor for a number seconds at a time. During this, the switch is closed and the current 

produced and flows in the circuit, and the energy is stored. Then the switches are opened 

and connect to the parallel capacitor and resistor as shown in Figure 10, during which the 

voltage will appear at output which is controlled in a specific manner. To regulate it, the 

voltage at output must change to an on/off time ratio. The circuit of a boost DC to converter 

is shown in Figure 20 [30]. 

 

 

 

 

 

 

Figure 20: Step-up boost DC-DC Converter circuit [30]. 
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2.5.2.2 Buck DC to DC Converter. 
 

The Buck DC to DC Converter is one of type of DC to DC Converter which is a step-down 

converter.  Buck converter is shown in in Figure 21 [31].    

 

 

 

 

 

Figure 21: Step-down buck converter circuit [31]. 

 

2.5.2.3 Buck- boost converter 

The buck-boost DC to DC Converter is one of the types of DC to DC Converters. In the 

buck-boost DC to DC Converter the output voltage may become greater than the input 

voltage, or may become less than the input voltage. The Figure 22 shows the circuit of a 

buck-boost converter circuit [31]  
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Figure 22: Buck-boost converter [31]. 
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2.5.2.4 Single Phase Converter. 
 

The full-bridge PWM single-phase converter works in different industry applications, such 

as in the UPS, wind and solar power DC-AC interfacing, and stand-alone voltage regulators 

in distributed power systems. The single-phase converters work when there is a need for 

any transmission between the DC and the AC voltages, in other words, it works if the 

converters transmit the power to and from the DC and AC voltages. Figure 23 [32] 

describes the basic circuit topology for the single-phase full-bridge converter.  

 

 

Figure 23: Single-phase full-bridge converter topology and its waveforms [32]. 

The output voltage comes after changing the full-bridge converter in a suitable sequence. 

The 𝑣𝑎𝑐 is the output voltage for the bridge divided to +𝑉𝑑𝑐 , −𝑉𝑑𝑐 according to the way 

of the switching [32]. Table 7 describes the combination of the acceptable switching to the 

single-phase convertor and its consequences which generated the voltage of the full-

bridge, 𝑣𝑎𝑐. 
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Table 7: Switching combination for single-phase full-bridge converter. 

Mode S1 S2 S3 S4 𝑽𝒂𝒄 Note 

I ON OFF ON OFF 0 Freewheeling 

II OFF ON ON OFF -𝑉𝑑𝑐 - 

III ON OFF OFF ON - 𝑉𝑑𝑐 - 

III OFF ON OFF ON 0 Freewheeling 

 

2.5.3 Current Research on the Single Phase Full-Bridge Convertor. 

Recent research have described the techniques of the grid-tied converter control like the 

hysteresis control and predictive control for the grid-tied convertor mode, fuzzy control, 

sliding mode control, repetitive control for the stand-alone convertor mode, and predictive 

control for the rectifier mode. Literature reviews show that the seamless transitions for 

modes are described only in a few papers [33].  

 

The recent methods need several control systems for every mode in the operation, which 

introduces a high complexity, as well as influencing the reliability of the system, and finally 

providing a hard transition for the modes. Recent works also do not examine the entire 

acceptable modes for the operation, specifically ignoring the mode of the charger of the 

battery [33, 34, and 35]. 

 

From all the modes of the operation, the AC voltage control with the mode of the stand-

alone is considered the most difficult one as the old design for the control of the DC-DC 

converter does not implement on the DC-AC convertor directly. The full-bridge converter 

control system aims to provide rapid dynamic AC voltage and regular frequency among 

the transients when there is no steady-state error with several kinds for the loads.  
1.  

For many years, the deadbeat control has been used for applications of the UPS. This 

deadbeat control provides rapid dynamic sequence for the implementation of the digital. 

The technique of the deadbeat control needs suitable parameters for the system and an 
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environment for the work that is very sensitive for the parameters of the system and can 

decrease the performance or the stability, the transient performance having limitations 

because there is no existing for the response of the sub-cycle within the repetitive 

controller.  

 

The UPS applications also work with the sliding mode control which is used as a kind of 

nonlinear controller. The sliding mode control has high rapid dynamic response and high 

strength. This control mode has different disadvantages in that it hardly determines the best 

sliding surface, or its chattering phenomena, as well as limited switching frequency. 

Almost all the papers implemented the schemes of the non-linear control on the convertor 

s of the UPS, including both the reference adaptive controller model and the self-tuning 

regulator model, but, there is existence for high computational complexity which cannot 

decrease the cost of the digital signal processor. 

 

The rest of the non-linear controllers, like the online trained neural network controller, do 

not have drawbacks because of the high computational complexity of it. The multi-loop 

current-voltage PID controls according to the analysis of the frequency response and 

provide a simple design, easy implementation, stable region, and regular performance. The 

errors within this control relate to finite gain which has 60 Hz (line frequency), while the 

performance relates to the conditions of the real load [35, 36, 37]. 

 

This problem has been solved by different improved schemes, such as the load current 

feed-back, proportional PR control, and single-phase 𝑑 − 𝑞  frame controls with the 

imaginary stationary  –axis terms [38, 39, 40] 
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2.5.4 Modeling of Multi-Function Single Phase Convertor.  

Control method is based on numerous mathematical formulas that are correlated to KVL 

and KCL. Its major variables are the input which will be controlling for example: the PWM 

gate signals, as well as the device that works as a store of the energy, such as the inductor, 

capacitor, inductor current and capacitor voltage. The converter of single phase includes 

two legs together with two switches in series with each one of them. All of the switches 

represent SPST switches, whilst the inner structure is disregarded, which is shown in Figure 

24 [41]. 

 

Figure 24: Ideal switch demonstration [41]. 

SPST switches occupation is as specified by the equation below: 

 

𝑠 = {
1, 𝑣(𝑡) = 0, 𝑖𝑓 𝑠𝑤𝑖𝑡𝑐ℎ 𝑆 𝑖𝑠 𝑐𝑙𝑜𝑠𝑒𝑑

0, 𝑖(𝑡) = 0, 𝑖𝑓 𝑠𝑤𝑖𝑡𝑐ℎ 𝑆 𝑖𝑠 𝑜𝑝𝑒𝑛
… … … (2.13) 

 

Consequently, all switches of the converter legs are able to represent the same as an ideal 

SPST switch. Table 8 explains the classification of the major factors in the converter 

system.  
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Table 8: The classification of the major factors in the converter system. 

Parameters Definition Description 

𝑽𝒅𝒄 

 

dc voltage as constant Average Full bridge 

switching function 

𝒗𝒅𝒄 

 

DC voltage AC output filter capacitor 

𝑰𝒅𝒄 

 

Average DC current DC filter 

𝒊𝒅𝒄 

 

DC current AC line filter boost 

inductor 

𝒊𝑳 

 

AC inductor current DC charging inductor 

𝑺𝒂, 𝑺𝒃 

 

Phase leg switching 

function 

DC side load 

𝒗𝒂, 𝒗𝒃 

 

Phase leg terminal voltage AC side load 

𝒗𝒂𝒃 

 

Full bridge terminal voltage AC output voltage 

𝑺𝒂𝒃 

 

Full bridge switching 

function 

Grid voltage 
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2.6 Proposed Design  

The common stand-alone systems work through a single mode just like the photovoltaic 

system that supplies the power to the battery of the system, supplying power to the system’s 

load. During the operation mode in these systems, the life cycle’s time of the battery may 

be reduced, due to the repetitive discharging and charging processes.  

The built system will operate in such a mode that the system directly supplies power to the 

system’s loads. When solar radiation and power generation decreases, the output voltage 

become insufficient. The proposed system is shown in Figure 25. 

 

 

Figure 15: The block diagram of the proposed PV system. 

By implementing the MPPT algorithm, the temperature and solar radiation will be 

frequently varied, to ensure every maximum power point (MPP) reaches one input 

resistance value of the converter. Therefore, with temperature or radiation changes, the 

value of the system’s input resistance will be changed. Subsequently if the location of the 

fresh maximum power point (MPP) is desired, these points can be attained by using the 

verification of the duty cycle during the switching mode converter. The simple algorithm 

of the MPPT is proposed and shown in Figure 26.   
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Figure 16: MPPT algorithm. 
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At the beginning, the load’s voltage and the system’s voltage are calculated, and then in 

respect to their values, the controller will create a suitable duty cycle and deliver it to the 

system’s DC- DC Converter. The optimum duty cycle (D) value can be founded through 

the following equation: 

D = −3.211 ∗ e−2.11
Vl

Vs + 0.3301 ∗ e−0.2582
Vl

Vs … … … (2.14) 

Where the load voltage is abbreviated by  Vl  and system voltage is abbreviated byVs. 

In general, the array of the PV systems include numbers of PV models that are connected 

in series or parallel that are based on a number of cells which allow the light to arrive to 

the cells on one side. The PV cells have an equivalent circuit that is shown in Figure 27.  

 

 

 

 

 

 

Figure 17: Solar cell equivalent circuit. 

The output current from the PV array (IPV) can be explained by the below equation: 

𝐼𝑝𝑣 = 𝑛 𝑃 𝐼𝑝ℎ − 𝑛𝑝 𝐼𝑠𝑎𝑡 (exp [
q

KTA
 
Vpv

ns
] −  1)     (2.15) 

Where: 

Vpv: output voltage of PV array. 

ns: The total numbers of cells in series. 

np: the total number of cells in parallel. 

q: charge of an electron. 

Iph 
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K: Boltzmann constant. 

T: temperature of PV array. 

I sat: saturation current. 

A: ideally factor for p-n junction. 

 The saturated current is called reverse current in the cells of PV system that id deepened 

in PV cells temperature. The equation of the saturated current is shown as: 

𝐼𝑠𝑎𝑡 = 𝐼𝑟𝑟[𝑇/𝑇𝑟] exp [
𝑞 𝐸𝑔𝑎𝑏

𝐾𝐴
 (

1

𝑇𝑟
−

1

𝑇
)]    (2.16) 

Where: 

Irr: Reverse current when temperature is𝑇𝑟. 

𝑇: Temperature of PV cell. 

𝑇𝑟: Reference temperature of cell. 

𝐸𝑔𝑎𝑏: Band-gap energy of the PV cell semiconductor. 

 

In addition the output power for the PV array is described by the following equation: 

𝑃𝑝𝑣 = 𝐼𝑝𝑣 𝑉𝑝𝑣 = 𝑛𝑝 𝐼𝑝ℎ 𝑉𝑝𝑣 − 𝑛𝑝 𝑉𝑝𝑣 (exp [
q

KTA
 
Vpv

ns
] −  1)    (2.17) 

 

And the equation for the MPPT is expressed as: 

𝑃𝑀𝑃𝑃𝑇 = 𝐼𝑝ℎ 𝑉𝑟𝑒𝑓,𝑀𝑃𝑃𝑇 − 𝐼𝑠𝑎𝑡𝑉𝑟𝑒𝑓,𝑀𝑃𝑃𝑇 ⌈exp (
q

KTA
Vref, MPPT) − 1⌉     (2.18) 

That the V ref, MPPT equation is: 

𝑉𝑟𝑒𝑓,𝑀𝑃𝑃𝑇 =
𝐾𝑇𝐴

𝑞
𝑙𝑛 (

KTA [ Isso+K i(T−Tr)S i– 100 Isat]

100 I sat[q Vref,MPPT + KTA]
)     (2.19) 
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Chapter Three: Market Survey 

3.1 Introduction 
 

The DC-DC Converter is used on solar cell system in order to get the maximum power 

point tracking. So, the major objective is to design the PV model by building mathematical 

models for this system, and this is simulated by applying Proteus program to execute it 

with real devices.  

 

In this chapter, market survey is made and distributed to 11 persons in order to obtain their 

opinions about using the solar cell system. This survey contains data that is imperative to 

help the researcher to outline the proposed system and to recognize the customer’s point of 

view regarding the project.  

 

3.2 Survey Approach 
 

The user’s and customer’s points of view are taken into consideration in developing a 

successful and useful design. These opinions offer essential keys to the thesis for the 

development phase. The answers from the respondents can be obtained by various methods 

such as face to face interviews, computer assisted questions, and web based questionnaires. 

The survey is distributed to respondents who have a background in PV systems. Through 

the complete survey the response was 100%. The amplified response percentage and survey 

questions with are illustrated below. Also, the complete questionnaire is set out in 

APPENDIX B. 
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Question 1: 

Are you: 

A. Male 

B. Female 

 

 

 

 

 
 

Question 2: 

The percentage of your knowledge about the photovoltaic system is: 

 

A. 10%-30% 

B. 30%-50% 

C. 50%-70% 

D. 70%-90% 

E. 90%-100% 
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Question 3: 

 

In your station, do you envisage the photovoltaic system being used to generate 

electricity? 
 

A. Yes  

B. No 
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Question 4: 

From your point of view, do you suppose that the photovoltaic system is the most clean 

and safe model that offers electricity to the load: 

 

1. Yes 

2. No 

 

 

 

Question 5: 

From your point of view, the major advantage by using the photovoltaic system is: 

A. Photovoltaic system is low-cost hardware equipment that can be used in the design 

of a system. 

B. The designed system is an environmentally friendly renewable energy source that 

is used to solve the problems of the traditional energy sources. 

C.  The designed systems can be used in rural areas 

D. The small usage of power 

E. The ability to use the wireless applications 
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Question 6:  

From your point of view, the percentage of the need for a photovoltaic system is: 

 

A. 10%-25% 

B. 25%-50% 

C. 50%-75% 

D. 75%-100% 
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3.3 Detailed Analysis  

The survey is distributed to 11 persons; 3 males and 8 females. The purpose was to obtain 

those respondents opinion about the photovoltaic system that uses solar cell to generate 

electricity. The majority of the subscribers in this questionnaire had excellent information 

about the photovoltaic system. The obtained results show that the majority of the 

subscribers in the survey agree that the PV system is a very important system and there is 

an extensive need for it to be used as alternative power source.  

5.1  

The obtained results demonstrate that 36.36% of the subscribers have between 50%-75% 

knowledge about the PV system. Also, 60% of the subscribers use the PV system in their 

stations. From the subscribers’ views, the main advantage of using the PV system was that 

the designed system is an environmentally friendly renewable energy source that is used to 

solve the problems of the traditional energy sources.  
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CHAPTER FOUR: THE MAIN COMPONENTS 

OF THE DESIGN ARE EXPLORED 

4.1 OVERVIEW 
 

The PV systems are considered as renewable resources of energy that are utilized in direct 

solar radiation conversion to electric power. The most important elements in such systems 

are PV cells that are connected as an array which forms to produce a useful electric power 

amount. These systems need electronic power converter’s elements to convert the system’s 

output current and voltage in proper form with the conditions of the system’s load and its 

needs. The most common used electronic power converter is the DC-DC Converter where 

the high voltage is generated from the low solar cell voltage. 

These systems’ produced power depends on the radiation of the sun and temperature, the 

impedance of the load, and the unfitted parameters in the PV systems. In this thesis, the PV 

system and DC-DC Converter will be explored in both situations, the open and closed 

loop’s systems, while its implementation will be designed as a closed loop system, since 

the situation of the system depends on the algorithm of the maximum power tracking that 

catches the maximum sunshine irradiation to generate the maximum electrical power. This 

system simulation and hardware implementation will be done through Proteus program and 

real components integration. 

 

 

 

 

 

 

1.  
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4.2 THE PROPOSED PHOTOVOLTAIC SYSTEM DESIGN 

The common stand-alone systems work through single mode the same as the photovoltaic 

system that supplies the power to the battery of the system, when the power will be supplied 

to the system’s load. In the operation mode of these systems, the life cycle time of the 

battery may be reduced due to the repeated discharging and charging processes.  

The built system will operate in the mode that when the system directly supplies the power 

to the system’s loads, and when solar radiation and power generation decreases making the 

output voltage insufficient, the system will then supply the power to the battery and deliver 

it to the load. The block diagram of the system is shown in Figure 28: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28: Photovoltaic system's components. 
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4.3 THE SYSTEM COMPONENTS 
 

The design of the photovoltaic system contains the solar cell which outputs 9.5 Volts with 

1.8 Ampere, so the usage of three cells will be appropriate to give a total output of 19 Volts 

with 1.8 ampere. This output will be applied to a rechargeable battery. The used 

rechargeable battery has 12 Volts with 1.5 Ampere. The voltage across the battery’s 

terminal is measured by the control and monitor unit. 

1.  

The DC-DC converter is connected between the battery terminals and the DC loads to 

convert the output voltage according to the loads limitations. The control and monitor unit 

consists of a PIC Microcontroller, which is the main part of this unit and its function is to 

measure voltage and current, store reading for 5 minutes display on LCD, and to 

communicate with the computer through its serial port. The LCD, where voltage and 

current are displayed is another element in the control and monitor unit. The EEPROM 

element which is used to store readings (i.e. the microcontroller's EEPROM may also be 

used), and the MAX232 element which used to interface the PIC microcontroller with the 

PC through a COM port, and many other simple components like resistors and capacitors. 

A computer is used and connected to the system to store and transfer all data, which is 

stored for 5 minutes, and the readings taken every 20 seconds. 
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4.3.1 The Microcontroller. 
 

The microcontroller or the PIC (Programmable Intelligent Controller or the Peripheral 

Interface Controller) is used to perform the function of the main CPU and direct the minor 

devices. The microcontroller has the same function as a human’s brain. The following 

Figure 26 shows the packaged microcontroller.  

 

Figure 29: The microcontroller [51]. 

The PIC16F877 is one category of the microcontroller family which is manufactured by a 

Microchip company. PIC16F877 microcontrollers all have general elements and 

characteristics of the new microcontrollers, the PIC16F877 microcontrollers having a 

number of advantages. For example, the wide variety of application, the easy accessibility 

and low cost, etc. Hence the PIC16F877 microcontroller is regarded as a good solution in 

many applications similar to the machine managing systems, as well as the procedures used 

in managing industries etc.  

Microcontrollers are considered as low cost microcomputers which have a wide capability 

to build up and run programs. They may be programmed to accomplish many functions 

that rely on measured conditions and collections. The microcontroller replicates the fuzzy 

logic with the electronic circuits according to the ability of the microcontroller to execute 

the arithmetical or logic functions.  

A number of programs might convert the microcontroller’s performance according to the 

fuzzy logic controller and the neural circuit; therefore, microcontrollers are measured as is 

any brain function. There are many characteristics of the microcontroller, such as the 

interior disrupts, which trigger the disrupt routine when the timer overflows, and the 
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exterior disrupts which trigger the disrupt routine when the port is adjusted, timers that 

calculate the surroundings, the output ports for the lashing LEDs, and finally the input ports 

for realizing logic stages.     

The microcontroller has a group of registers that operate as common principles of RAM. 

The exacting principle control registers of the on chip sources are designed on the 

information domain. The storing process of the microcontroller is defined as the technique 

to retrieve the addresses to the supplementary memory. The orders are moved through a 

series of the equipment’s characteristics, which may cover the whole addresses space with 

the free chosen bank. Several register shifts have to be achieved through the collector by 

the previous equipment, for example, the middle range cores plus the baseline. The exterior 

information memory is ultimately addressable without some high pin count of PIC18 

microcontroller device.  

The whole PIC’s characteristic has a design of a Harvard structural type; therefore the code 

space and the information space can be divided. The PIC code space is usually performed 

as ROM, or flash ROM or EPROM. Commonly, the memory of exterior code is ultimately 

addressable remaining to the exterior memory interface’s need.  

Microcontroller’s word size could be the resource of mystification. The whole PIC 

microcontrollers seize and address the information in eight bit, so they are named as the 8-

bit PIC microcontrollers.  The addressability component of the code space is diverged from 

the information space. The PIC microcontrollers in the groups of the baseline and middle 

range have addressable program memory with comparable word size. The PIC18 

microcontroller sequence has addressed 8-bit additions program memory. The capability 

of program memory is characteristically stated in orders amount rather than in bytes.     

In the low end PIC microcontrollers, the microcontrollers’ instructions are about thirty five 

assembly instructions while the high-end microcontrollers’ instructions are about seventy 

assembly instructions. The set of instructions have ordered instructions to perform the 

selected procedures that are placed on the registers directly. Once the higher level language 

like C language is executed, then the code will be simpler, because each syntax, or order, 
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in written C language occupies a great amount of assembly instructions. The following 

Figure 30 illustrates the arrangement pin in PIC16F877 microcontroller. 

 

Figure 30: PIC16F877 microcontroller pins [51]. 

 

The pins of PIC Microcontroller can be classified into two kinds, the programmable pins 

and the operational pins. 

 

 Operation microcontroller Pins: 

Microcontroller operation pins that are the pins are required to be joined to make the device 

operate. These pins are as follows: 

1.   pin (A0): 

  Pin is active low pin which is utilized to clear microcontroller‘s memory. 

When the pin goes high- the microcontroller is working, but when it goes low- the 

microcontroller will be reset, so a ten kilo ohm resistor is joined to the MCLR pin and 

the +5 volts power supply, to avoid any possible short circuit among the essential 

ground and the connected power supply. The ten kilo ohms resister connection can 

also avoid any attaching of the +5 volts power supply to the needed encoding voltage 
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of +13.4 volts once operating the In-circuit Serial Programming (ICSP). The 

following Figure 28 shows the connection of the   pin. 

 

 

Figure 31:   Pin in addition of crystal connection. 

 

2. VDD and  VSS pins: 

VDD Pin provides the power to the microcontroller which is joined to the power 

supply of +5 volts; consequently +5 voltages have to be in 4.5V-5.5V range to avoid 

any broken or flaming apparatus in the system. VSSPin of the microcontroller is a 

digital ground pin which is attached to the GND. 

 

3. OSC1 and OSC2 pins: 

OSC1 and OSC2 pins are utilized to hold the microcontroller up with the necessary 

oscillation, in turns, to run the system’s code, and as the program’s counter runs one 

order every 4 cycles, the attached crystal oscillator to these pins is 4MHz crystal in 

order to make the microcontroller run its program correctly. The above Figure 26 

shows the connection of the oscillator. 
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 Programmable microcontroller pins: 

The other pins of the microcontroller are known as the programmable pins. These pin’s 

correlations rely on the main function of PIC microcontrollers. Programmable pins are 

divided by ports. Each port consists of a specific number of pins. In the PIC16F877 

microcontroller there are 5 ports that are named as, Port “A” which has six pin ports (RA0 

– RA5), Port “B”, Port “C”, Port “D”, and Port “E”, which has three pins (RE0 – RE2). 

These ports inputs, without RA4, might be digital or analog input, since these contain 

Analog to Digital Converters (ADC), that result in the analog input to digital input. But the 

other ports which are Port “B”, Port “C” and Port “D” have eight digital pins. 

 

4.3.2 Crystal Oscillator Device. 

This device is considered as an electronic circuit that is utilized in periodic electrical signal 

generation in very exact frequency. This periodic electrical signal is required in the 

microcontroller to increase the program counter to run the subsequent instruction by 

utilizing the mechanical vibration of the crystal device. It is built using a piezoelectric 

substance. The following Figure 32 shows the crystal oscillator device:   

 

Figure 32: Crystal oscillator device. 

 

Crystal oscillator will be attached to microcontroller pins (OSC1 and OSC2) to the timing 

the circuit that shows in Figure 33. This figure also shows the attached capacitors C1 and 

C2 that are identified as gain capacitors.  
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Figure 33: PIC16F84A microcontroller Timing circuit. 

The gain capacitors are connected in order to manage the gain of the oscillation; 

consequently when they are employed, they have to have an exact magnitude to rely the 

working frequency and PIC microcontroller. These capacitors are preferred to be selected 

as ceramic capacitors according to their temperature and time stability. In the practical 

domain, once the crystal was packaged using metal, the metal plate’s efforts the capacitor 

work.   

 

 

 

 

4.3.3 MAX232 and RS232. 
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There are a number of situations, when the microcontroller is connected to the computer, 

or other devices like GSM modems, a mismatching between these devices have happened. 

. The common microcontrollers were manufactured using TTL logic, where high state 

represents the +5 Volts and the low state represents 0 Volts. The protocol in computers and 

GSM Modems is the RS232 protocol. The Logic of RS232 protocol defined the low state 

to represent the range of +3 Volts to +25 Volts while the high state represents the range of 

-3 Volts to -25 Volts.  

2.  

Subsequently, equipment is required which converts the information among these different 

logic situations. Once that equipment is attached to the apparatus that operates within 

different logic situations, the apparatus is able to recognize them and convert them. This 

apparatus is a MAX 232 chip which is illustrated in Figure 34.  

 

Figure 34: MAX232 chip. 

 

The MAX232 device is produced by Maxim Dallas Company.  This device can change the 

information level of the TTL logic and RS232 logic. Number capacitors are used to connect 

with the MAX232 to make it operate correctly as a level converter chip. The used 

capacitors are employed to cut the ripple of the high rate switching of the information bits. 

Figure 35 below shows the connections of MAX232 device, with a microcontroller, 

respectively. 

The RS232 tool is a very common, simple, constant and effortless understood tool. The 

RS232 has many important functions in cases where a suitable easy information interfacing 
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is needed. The standards of RS232 logic are 256 kbps or fewer, and line lengths of 15M or 

fewer. 

 

 

Figure 35: MAX232 connections. 

The RS232 tool is a very common, simple, constant and effortless understood tool. The 

RS232 has many important functions in cases where a suitable easy information interfacing 

is needed. The standards of RS232 logic are 256 kbps or fewer, and line lengths of 15M or 

fewer. 

 

4.3.4 Liquid Crystal Display (LCD) Device. 
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The Liquid Crystal Display (LCD) device is an optical device which is filled with liquid 

crystal which arrays in borders of light sources, or sometimes reflectors. Figure 36 shows 

this device. 

 

Figure 18: Liquid Crystal Display. 

LCD devices have many different pin configurations, the used LCD pin configuration is 

shown in Figure 37 of LCD with 2×16 configuration, which have forty pins, but some other 

LCD’s may have two extra pins for backlight.  

 

Figure 19: LCD pin configuration. 
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The functions and names of every pin of the LCD device can be explored through the 

following Table 9, after the connection of LCD’s pins to the system’s microcontroller. 

Table 9: LCD's pins. 

# Name Function 

1 VSS Source Voltage Connected to GDN 

2 VDD Drain Voltage Power pin, connected to +5V 

3 VEE Emitting Voltage Contrast control (0V-5V) 

4 RS Register Select Selecting which byte to be displayed 

5 RW Read/Write 1= Read, and 0=Write. 

6 E Enable Displaying enable 

7 D0 Data bus (LSB) Data 

8 D1  

9 D2  

10 D3  

11 D4  

12 D5  

13 D6  

14 D7 Data bus (MSB) 
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Figure 20: LCD Connection with Microcontroller. 
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4.3.5 JZ871 Micro-power wireless module.  

The Radio Frequency that is used in this system is the JZ871 module; the features for this 

module can be summarized as given below; 

 Frequency: 430-434MHz 

 Distance:1200m(1200Bps)  

 Modulation scheme: GFSK  

 Almost 512bytes data buffer  

 Suitable for built-in installation 

The pin definition for this module can be summarized in Table 10.  

Table 10: pin definition for JZ871. 

Pin definition Specification User terminal Level Remark  

1 VCC +5V +5V DC5V   

2 GND Power/terminal DGND/AGND GND  

3 RXD/RS485 Serial data 

receiving 

TXD/RS485  User 

transmitting  

4 TXD/RS485 Serial data 

transmit 

RXD/RS48  User 

receiving 

5 SLE Sleep mode 

input control 

 TTL Not open 
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Chapter Five : The Hardware and Sofware 

Implemention for Monitoring and Control System 

5.1 Software Requirements 

5.1.1 Overview. 
 

Before the circuit of any system is designed and implemented, a simulation program is 

used to test and built the circuit correctly. In this project the Proteus program is used to 

review and freely simulate the system design.  In other words, Proteus ISIS simulation 

software tests the proposed design of system circuit. In the Proteus ISIS program, the 

intended circuit will be dragged and drawn while the code of the microcontroller is loaded 

on it to run the program using Proteus software. 

 

In this part of the report, a short outline of Proteus ISIS simulation software and how to 

utilize the Proteus program in system circuit building and running is shown. At the end of 

this section how to run the designed circuit will be explored to show system results. The 

following Figure 39 shows the start screen of Proteus ISIS.  

 

Figure 39 Proteus ISIS interfacing screen. 
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After the program has loaded, the ISIS IDE program is presented as shown in Figure 40. 

 

Figure 40: Proteus ISIS IDE. 

In Figure 40 above, the working screen of the Proteus IDE program can be split into 5 

major branches which are: 

 The work space where the circuit is drawn. 

 The Part which holds all devices, components, etc. 

 The Part which holds all rotating tools.  

 The Part which holds running control tools. 

 The Part which holds error and warning messages.  
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5.1.2 Drawing the Circuit. 
 

To proceed with designing the circuit drawing, the required devices have to be selected for 

the design of the desired system. The first step is to select the component mode button 

which displays as (  ), secondly select the device button which displays as ( ). Figure 

41 illustrates where the selected devices are browsed with their type. 

 

Figure 41: Device selection Screen. 

 

 

 

 

 

 

 

 

 



Monitoring and Control of the Performance for a Photo-voltaic System DC-DC 
converter using Frequency Shift Keying 

2014 

 

Page | 95  
 

By clicking on any device, double click, then the device can be drawn onto the list of 

devices, as Figure 42 below shows. 

 

Figure 42: The list of selected Devices. 

To select any device from the devices list, left click once and the devices can then be 

dragged to the work-space as shown in Figure 45 below, where the selected devices have 

been dragged to the work-space. 

 

To join the components of the designed circuits, a wire on the drawing is selected, and 

using the mouse, the edge of the wire can be dragged until a small square appears, then left 

click on the square and then move the mouse to the other component wire edge and the 

wiring between the circuit’s components will be completed as shown in Figures 43 and 44. 

Once the connection of the wires has been accomplished, the complete circuit is finished 

and then, to run the circuit of the system, right click once on the run button displayed as (

). 
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Figure 43: The placing of selected device on the work space. 

 

Figure 21: Wiring components together. 
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5.1.3 Drawing the Design Circuit. 

The use of software implementation is very important in testing the design before the 

hardware is implemented. The Software implementation is started by fitting devices that 

are needed for the design in the work-space and then wiring it together. The design of the 

photovoltaic system is based on a DC to DC Converter, after the devices are dragged and 

connected. The microcontroller is connected by 10KΩ with pin 1 to the +5 power supply, 

the frequency of crystal oscillator is determined as 4MH and it is connected to PIC 16F877 

by pin number 13 and pin number 14, and the LCD device is connected with a 

microcontroller as shown in Figure 45.  

 

Figure 22: System simulation. 
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5.2 Software Implementation 

This program is designed to use solar cells to produce voltage that can turn on any load 

connected to it. It also proves that the PV system is environmentally friendly. The idea is 

to connect the array of solar cells with a DC-DC Converter, connected to a control circuit 

that includes a Microcontroller. The Microcontroller receives the data and makes an 

analysis of the data received, and thereafter, the connected load will either be on or off, 

based on the case requirements. The LCD will display the system’s status. The software 

implementation of this system is based on a PIC microcontroller program. The code is 

written to control the device that connection with the microcontroller on receipt of the data. 

After that the measured values of the currents and the voltages will be wirelessly 

transmitted to a winded module which is in turn connected to the PC in order to show the 

received values of currents and voltages. The overall circuit of the design system is 

illustrated below in Figure 46.  

 

 Figure 23: Overall designed circuit. 

The above Figure illustrates the designed system. As shown above, the system consists of 

a battery that inputs current, and voltage comes from array of solar cells, on the other hand, 

the output for the battery is directly connected to the loads. The load in this system will be 

chosen to be LEDs as a test for the circuit only and the user can latterly turn on any type 

of loads on this system; such as motors. The previously mentioned components are 
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connected to a microcontroller device, which is selected to be PIC 16F877 as mentioned in 

previous sections. The input for the battery will be named V1, I1 and the output from the 

battery is V2, I2. These values for the currents and voltages will be connected to the PIC 

microcontroller to be displayed on the LCD and then wirelessly transmitted to the other 

side which will contain a (PC) to display the received values of the currents and voltages. 

The above system can be divided into several parts as a way of simplifying the proposed 

design. The main essential component of the proposed system is the solar cell, which is 

considered as the main source of the current and the voltage is the battery which is 

illustrated below in Figure 47. After producing the current and voltage; the collar cell can 

be designed via voltage division as illustrated below in Figure 48.  

 

Figure 24: Battery. 

 

Figure 25: Solar cell. 
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The above Figure shows the design for the collar cell, the main components that form the 

solar cell are, the battery, three resistors; two of them form the voltage division part and 

the remaining one is R3 which must be less than R1 and R2. The current and the voltage 

that are produced by the battery will be measured via the voltmeter and the ammeter; as 

show above is connected in parallel with the circuit, on the other hand, the ammeter is 

connected in series with the designed circuit.  

Another essential part of the designed system is the loads, which will be used to test the 

ability of the current that is provided by the solar cell to turn on and turn off the loads. The 

loads in the proposed system will be chosen to be LEDs since the idea of them is only for 

testing, the user can latterly change the loads based on what is the main purpose that is 

aimed to be achieved. The loads part is illustrated below in Figure 49.  

 

Figure 49: Loads of the designed system. 

 In order to get the values of 𝑉𝑖𝑛 , 𝐼𝑖𝑛 , 𝑉𝑜𝑢𝑡 𝑎𝑛𝑑 𝐼𝑜𝑢𝑡 the measurement circuit will be used. 

This circuit consists of four sources which are symbolic for  𝑉𝑖𝑛 , 𝐼𝑖𝑛 , 𝑉𝑜𝑢𝑡 𝑎𝑛𝑑 𝐼𝑜𝑢𝑡 

respectively. As shown below, all current and voltages are regulated using the Zener diode 

which is mainly used for regulation purposes in order to prevent the PIC microcontroller 

from the irregular values of the currents and voltages; which if it exceeds some threshold 
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will be a reason for the burn of the circuit. The measurement circuit is illustrated below in 

Figure 50.  

 

Figure 50: Measurement circuit. 
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5.3 Hardware Implementation 

The design of the system is made in the ISIS Proteus as a software implementation, when 

the hardware implementation is established. Figure 51 shows the hardware connection. 

 

Figure 51: The hardware connection. 

 

The above figure shows the hardware implementation for the overall system. As illustrated 

in Figure 52. The system consists of a set of solar cells, battery, PIC 16f877 

microcontroller, RF transmitter, RF receiver and LCD to display the output. RF was chosen 

because it was easier to implement.  
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Figure 52: Control Board. 

In order to perform the control process of the system, some microcontroller must be used 

to achieve this purpose. The PIC microcontroller 16F877 was used in this system.  

In order to transmit the signal, such a Radio Frequency (RF) transmitter must be used. The 

proposed system uses the JZ861 transmitter/receiver, Figure 53 and Figure 54 illustrates 

the hardware connection for the RF transmitter and receiver connection respectively. 

 

Figure 53: RF Transmitter Connection. 
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Figure 54: RF Receiver connection. 

 

The connection of the LCD to the PIC microcontroller and the RF transmitter is illustrated 

in Figure 55.  

 

Figure 55: LCD connections. 
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Another essential part of the system is the solar cells which will be used to send the energy 

to the battery which in turn switch on the overall circuit. The connection for the solar cells 

and the battery are is illustrated in Figure 56 and Figure 57 respectively. 

 

Figure 56: Solar cell connections. 

 

 

Figure 57: Battery connection.  
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Chapter Six: Results 
 

6.1 Introduction  
 

In this section, the results of a photovoltaic system were obtained to support the thesis 

objective after testing was done by using the Proteus software program. To operate the 

model, the three solar cells are connected to the input of the printed circuit board as well 

as a battery of 12 V. Thereafter, the system is running and ready to provide any load 

according to the power demand.  After running the hardware model a test pertaining to 

each case is run and the output voltages and currents in every condition were recorded and 

arranged in tables as shown below. 

6.2 Proteus Simulator Results 
 

As previously mentioned; the design was simulated using Proteus simulator, the design 

were previously illustrated and discussed in details in chapter five. Now, the results of the 

simulation can be shown by taking several states of the sun and loads as illustrated below 

in the following Figures. 
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Figure 58: Measurement, all loads are off. 

The first case is when the loads are off. At this case the values of the currents and voltages 

can be summarized as given below;  

𝑉𝑖𝑛 = 18.00 𝑉 

𝐼𝑖𝑛 = 0.00 𝐴 

𝑉𝑜𝑢𝑡 = 14.49 𝑉 

𝐼𝑜𝑢𝑡 = 0.00 𝐴  
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Figure 59: Measurements: (Iin = 0), and some loads are on. 

The second case is when some loads are on. At this case the values of the currents and 

voltages can be summarized as given below;  

𝑉𝑖𝑛 = 18.00 𝑉 

𝐼𝑖𝑛 = 0.00 𝐴 

𝑉𝑜𝑢𝑡 = 14.23 𝑉 

𝐼𝑜𝑢𝑡 = 7.10 𝐴  
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Figure 60: Measurements:(𝑰𝒊𝒏 =  𝟎), and all loads are on. 

The third case is when all loads are on. At this case the values of the currents and voltages 

can be summarized as given below;  

𝑉𝑖𝑛 = 18.00 𝑉 

𝐼𝑖𝑛 = 0.00 𝐴 

𝑉𝑜𝑢𝑡 = 14.00 𝑉 

𝐼𝑜𝑢𝑡 = 9.39𝐴  
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Figure 61: Measurements: Charging and all loads are off(𝑽𝒐𝒖𝒕 =  𝑽𝒊𝒏), and (𝑰𝒐𝒖𝒕 =
 𝑰𝒊𝒏). 

The fourth case is when all loads are off. At this case the values of the currents and voltages 

can be summarized as given below;  

𝑉𝑖𝑛 = 17.52 𝑉 

𝐼𝑖𝑛 = 4.36 𝐴 

𝑉𝑜𝑢𝑡 = 17.52 𝑉 

𝐼𝑜𝑢𝑡 = 4.36 𝐴  
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6.3 Hardware Results  
 

Firstly, the results are obtained when the temperature was 15°C as the input voltage was 

more than 10V. The results of voltage and current are shown in Table 11.  

Table 5: The voltage and current obtained from all cases at temperatures equal to 15°C and 

the input voltage over 10V. 

V volt 10 10.2 10.5 10.7 10.8 10.9 11.1 11.3 11.4 

I A 1.81 1.82 1.81 1.79 1.75 1.76 1.50 1.05 1.090 

 

In the second case, the results were obtained when the temperature was 20°C with an input 

voltage over 10V. The results of voltage and current are shown in Table 12. 

 

Table 6 : The voltage and current obtained from all cases at a temperature equal to 20°C 

and the input voltage over 10V. 

V volt 10 10.4 10.6 10.7 10.9 11.0 11.4 11.6 

I A 1.80 1.81 1.80 1.75 1.72 1.5 1.4 1.090 

 

 

 

Finally, the results obtained when the temperature was 30°C with an input voltage more 

than 10V. The results of voltage and current are shown in Table 13.   

 

Table 7: The voltage and current obtained from all cases at a temperature equal to 30°C 

with an input voltage over 10V. 

V volt 10 10.1 10.3 10.5 10.7 10.8 10.9 11.0 

I A 1.80 1.81 1.80 1.81 1.78 1.56 1.09 1.091 
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After all the results are obtained, the MATLAB is used to plot the characteristics between 

the voltage and current which is obtained from the hardware. The I-V characteristics of a 

solar panel in all cases with different temperatures are shown in Figures below.  

 

Figure 62: I-V Characteristics of solar panel with 15°C. 

 

 

Figure 63: I-V Characteristics of solar panel with 20°C. 
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Figure 64: I-V Characteristics of solar panel with 30°C. 

 

Figure 65: I-V Characteristics of solar cell as various temperature values. 
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As shown in all the above figures, the maximum current is equal to almost 1.8 A in all 

conditions, the value decreasing with any increase in the voltage value, according to 

prevailing conditions. Note from these figures that the voltage of a photovoltaic system is 

decreased as the temperature is increased.  

 

Several hardware experiments were done using this design during several days, the result 

were as follows.  

The results were taken through two periods during three days, the first one is from (7.00-

13.00) O’clock and the second one is from (14.00-19.00) O’clock as follows: 

 In the first day: 

From (7.00-13.00) 

The data for the time, temperature, voltage, current and power are presented in the 

following Table 14. 

Table 8: The data for the first day during the first period. 

Time 

(O’clock) 

At 

7 

At 

7:30 

At 

8 

At 

8:30 

At 

9 

At 

9:30 

At 

10 

At 

10:30 

At 

11 

At 

11:30 

At 

12:00 

At 

12:30 

At 

13:00 

Temperature 

(CO) 

20 20.5 23.5 24 25 26.5 27 27.3 28.5 29 30 32 33 

 

V volt 

10 10.3 10.6 10.8 11.1 11.5 12 12.3 12.6 12.9 13.2 13.8 14 

 

I A 

1.81 1.8 1.79 1.8 1.8 1.74 1.7 1.69 1.7 1.66 1.6 1.6 1.6 

P (Watt) 18.1 18.54 18.97 19.1 19.4 20.01 20.5 20.79 21 21.41 21.6 22.08 22.4 

 

Through this period, the temperature increases and then the voltage increases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 66.   
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Figure 66: Voltage vs Time in the first day during the first period. 

 

The relationship between the current and the time are shown in Figure 67. 

 

Figure 67: Current vs Time in the first day during the first period. 
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The relationship between the power and the time are shown in Figure 68. 

 

Figure 68: Power vs Time in the first day during the first period. 

 

When the voltage increases, the current will decrease. The I-V characteristics are shown in 

Figure 69. 

 

Figure 69: I-V Characteristics in the first day for the first period. 
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From (14.00-19.00) 

The data for the time, temperature, voltage, current and power are presented in the 

following table 15. 

Table 9: The data for the first day during the second period. 

Time  

(O’clock) 

At 

 14  

At 

14:30  

At 

15:00  

At 

15:30  

At 

16  

At 

16:30  

At  

17  

At 

17:30  

At 

18  

At 

18:30  

At 

19:00  

Temperature 

(CO) 

34.1 32.2 31.2 30.1 29.5 28.4 28 26.3 25 24.7 24 

 

V volt 15.3 14 13.5 13 12.7 12.2 12 11.6 11 10.8 10.4 

I A 1.5 1.48 1.47 1.46 1.45 1.42 1.41 1.38 1.37 1.37 1.35 

P (watt) 22.95 20.72 19.85 18.9 18.2 17.32 17.00 16.01 15.1 14.8 14.1 

 

Through this period, the temperature decreases and then the voltage decreases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 70.   

 

Figure 70: Voltage vs Time in the first day during the second period. 
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The relationship between the current and the time are shown in Figure 71. 

 

Figure 71: Current vs Time in the first day during the second period. 

 

The relationship between power and the time are shown in Figure 72. 

 

Figure 72: Power vs Time in the first day during the second period. 
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The I-V characteristics are shown in Figure 73.  

 

Figure 73: I-V Characteristics in the first day for the second period. 

 

 In the second day: 

From (7.00-13.00) 

The data for the time, temperature, voltage, current and power are presented in the 

following Table 16. 

Table 10: The data for the second day during the first period. 

Time  

(O’clock) 

At  

7  

At 

7:30  

At 

 8  

At 

8:30  

At  

9  

At 

9:30  

At 

10  

At 

10:30  

At 

11  

At 

11:30  

At 

12:00  

At 

12:30  

At 

13:00  

Temperature 

(CO ) 

19 20.3 21 21.5 22.6 23.4 25 26.3 28 29.3 29.8 30 31 

V volt 10 10.4 10.6 10.8 11.2 11.8 12 12.8 12.9 13.1 13.2 13.3 13.6 

I A 1.81 1.78 1.76 1.7 1.7 1.7 1.65 1.65 1.6 1.6 1.6 1.6 1.5 

P (watt) 18.1 18.512 18.66 18.8 19.3 20.06 20 20.12 20.9 20.96 20.7 20.6 20.7 
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Through this period, the temperature increases and then the voltage increases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 74.   

 

Figure 74: Voltage vs Time in the second day during the first period. 

 

The relationship between the current and the time are shown in Figure 75. 

 

Figure 26: Current vs Time in the second day during the first period. 
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The relationship between the power and the time are shown in Figure 76. 

 

Figure 27: Power vs Time in the second day during the first period. 

 

The I-V characteristics are shown in Figure 77.  

 

Figure 28: I-V Characteristics in the second day during the first period. 
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From (14.00-19.00) 

The data for the time, temperature, voltage, current and power are presented in the 

following Table 17. 

Table 11: The data for the second day during the second period. 

Time  

(O’clock) 

At 

14  

At 

14:3

0  

At 

15:0

0  

At 

15:3

0  

At 

16  

At 

16:3

0  

At 

17  

At 

17:3

0  

At 

18  

At 

18:3

0  

At 

19:0

0  

Temperatur

e 

(CO) 

31.8 31 30.5 30.2 30.

1 

29.2 29 27.1 26.

2 

24.5 23 

 

V volt 13.7 13.2 13 13 12.

9 

12.5 12 12 11.

4 

10.6 10.3 

I A 1.52 1.51 1.51 1.5 1.5 1.47 1.46 1.45 1.4

4 

1.42 1.40 

P (watt) 20.8

2 

19.93

2 

19.63 19.5 19.1 18.38 18.0

0 

17.4 16.4 15.05 14.4 

 

Through this period, the temperature decreases and then the voltage decreases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 78.   
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Figure 29: Voltage vs Time in the second day during the second period. 

 

The relationship between the current and the time are shown in Figure 79. 

 

Figure 79: Current vs Time in the second day during the second period. 
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The relationship between the power and the time are shown in Figure 78. 

 

Figure 80: Power vs Time in the second day during the second period. 

 

The I-V characteristics are shown in Figure 81.  

 

Figure 30 I-V Characteristics in the second day during the second period. 
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 In the third day: 

From (7.00-13.00) 

The data for the time, temperature, voltage, current and power are presented in the 

following Table 18. 

Table 12: The data for the third day during the first period. 

Time 

(O’clock ) 

At 

 7  

At 

7:30  

At 

 8  

At 

8:30  

At 

 9  

At 

9:30  

At  

10  

At 

10:30  

At 

11  

At 

11:30  

At 

12:00  

At 

12:30  

At 

13:00  

Temperature 

(CO) 

21 21.4 21.6 22.3 22.8 23.4 25 25.3 27 29.6 30.4 32.6 34 

 

V volt 10.3 10.6 10.8 11 11.4 11.8 12 12.9 13 13.6 14 14.5 15.3 

I A 1.8 1.77 1.75 1.7 1.7 1.68 1.65 1.62 1.6 1.58 1.56 1.5 1.5 

P (watt) 18.54 18.762 18.9 19.1 19.4 19.82 21.00 20.9 20.8 21.49 21.8 22.2 23.0 

 

Through this period, the temperature increases and then the voltage increases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 82.   
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Figure 82: Voltage vs Time in the third day during the first period. 

 

The relationship between the current and the time are shown in Figure 83. 

 

Figure 83: Current vs Time in the third day during the first period. 
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The relationship between the power and the time are shown in Figure 84. 

 

Figure 84: Power vs Time in the third day during the first period. 

 

The I-V characteristics are shown in Figure 85.  

 

Figure 31: I-V characteristics in the third day during the first period. 
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From (14.00-19.00) 

The data for the time, temperature, voltage, current and power is presented in the following 

Table 19. 

Table 13: The data for the first day during the second period 

Time  

(O’clock) 

At  

14  

At 

14:30  

At 

15:00  

At 

15:30  

At 

16  

At 

16:30  

At  

17  

At 

17:30  

At 

18  

At 

18:30  

At 

19:00  

Temperature 

(CO) 

34.1 32.2 31.2 30.1 29.5 28.4 28 26.3 25 24.7 24 

 

V volt 15.3 14 13.5 13 12.7 12.2 12 11.6 11 10.8 10.4 

I A 1.5 1.48 1.47 1.46 1.45 1.42 1.41 1.38 1.37 1.37 1.35 

P (watt) 22.95 20.72 19.85 18.9 18.2 17.32 17.00 16.01 15.1 14.8 14.1 

 

Through this period, the temperature decreases and then the voltage decreases too. The 

current decreases due to the loads. The values of the power based on the multiplication of 

the voltage and the current. The relationship between the voltage and the time are shown 

in Figure 86.   

 

Figure 32: Voltage vs Time in the third day during the second period. 
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The relationship between the current and the time are shown in Figure 87. 

 

Figure 33: Current vs Time in the third day during the second period. 

 

The relationship between power and time are shown in 88.  

 

Figure 34: Power vs Time in the third day during the second period. 
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The I-V characteristics are shown in 89.  

 

Figure 89: I-V characteristics during the second period in the third day. 
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Chapter Seven: Conclusion, Recommendations 

and Limitations 

7.1 Conclusion 
 

In this project, a model for the photovoltaic (PV) system is implemented and simulated 

with the use of the Proteus software program. The photovoltaic (PV) system is used in 

order to extract electricity from the sunshine which is an alternative environmentally 

friendly renewable energy source that is widely used instead of the traditional sources of 

energy that require fossil fuel and produce waste, as well as pollution. 

The implemented model is used to measure the electrical characteristics that affect the 

photovoltaic system, which is solar temperature. This in turn solves the problem of the 

need for parameters that are not fitted with the standard data sheets. This model uses only 

one unidentified parameter that can be fitted easily by hand, while the other system 

parameters can be obtained from a datasheet. The implemented photovoltaic (PV) system 

model offers good results in finding the current-voltage characteristics of the system.  

 

In addition, the survey was done and distributed to 11 persons in order to get their point of 

view about the photovoltaic system and to assist the researcher to obtain the outlines for 

the project. The majority of the subscribers in this questionnaire has excellent information 

about the photovoltaic system. The results obtained in the project indicate that the majority 

of subscribers in the survey agreed that the photovoltaic system is a very important system. 

From the subscribers’ opinion, the major benefit of using the photovoltaic system is that 

the designed system is an environmentally friendly renewable energy source that can be 

used to solve problems of the traditional energy sources. There are several digital 

communication methods that can be used to transmit the data between the transmitter and 

the receiver, the PLC technology is one of the most preferable technologies that have been 

developed recently.  

The design of the system was performed Using Proteus simulator, the main idea of the 

design is to transmit the values of the current and voltages over the PLC lines using a 
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specific type of modulation; which is selected to be FSK modulation. The system mainly 

consists of a solar cell that take it, is the input current and voltage from the battery, from 

the output side, the solar cell is connected to the loads which are selected to be LEDs. The 

input and output currents and voltages are connected to the Zener diode which in turns 

regulates these values in order to be entered to the PIC microcontroller. The PIC 

microcontroller is connected to the solar module which is considered as the transmitter. 

These values will be wirelessly transmitted to PC to show the received results of the current 

and voltage.  

7.2 Recommendations 
 

There are two recommendations that can be used in order to improve the implemented 

photovoltaic system model. The first one is to include measures voltage-current diagrams 

for two different levels of solar radiation, such as 200W/m2 and 1000 W/m2 at three 

different module temperatures, such as +25C° and +75C°. This will assist in validating the 

voltage range of the DC bus depending on both solar radiation and temperature. In addition, 

this will ease the comparison of the model with other various models at several 

temperatures. This comparison is not probable with recent data sheets. 

The second recommendation is finding an appropriate way to decrease the power error 

which is the difference between the resultant and expected maximum values of power. In 

addition, the resultant maximum power point tracking is unstable since sunshine is 

unstable. Thus, this model can be improved by discovering a suitable way that can stabilize 

the system’s power.  

 

 

 

 

 



Monitoring and Control of the Performance for a Photo-voltaic System DC-DC 
converter using Frequency Shift Keying 

2014 

 

Page | 133  
 

7.3 Limitations 
 

Through the constructing and testing of this project, several limitations were observed. 

These limitations related to the weather and the corresponding voltage, current and power.  

The voltage which is received from the solar cell must be enough to run the system and 

must be suitable for the input of the voltage regulator to keep the components. According 

to the code of this project, it must be written in an appropriate way to get the desired results. 

 The second part of the system is the design of the PLC system, in which an FSK signal 

will be transmitted over the Power line communication. Several disadvantages occurred 

during the FSK modulation process which may limit the usage of this system; such as the 

high bandwidth which is required to transmit the signal, so this technique is preferably to 

be used in the modems which are characterized by low speed.   
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Appendix A: PIC Microcontroller code 
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#include<16f877.h> 

#fuses NOWDT, XT 

#use delay (clock=4000000) 

#include<lcd.c> 

#use rs232 (baud=9600,xmit=PIN_C6,rcv=PIN_C7) 

 

unsigned int8 ADC1, ADC2, ADC0, ADC3, ADC4; 

float V1, V2, V0, V3, V4, Iin, Iout; 

int i=0; 

 

#int_EXT 

EXT_isr() 

{ 

   printf("\f   Vin      Iin      Vout     Iout "); 

   printf("\r\n------------------------------------"); 

   for(i=0;i<10;i++) 

   { 

      V2=read_eeprom(i); 

      Iin=read_eeprom(i+10); 

      V3=read_eeprom(i+20); 

      Iout=read_eeprom(i+30); 

      printf("\r\n   %2.1f      %2.1f      %2.1f      %2.1f  ",V2,Iin,V3,Iout); 

   } 
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} 

void main() 

{ 

   lcd_init(); 

   enable_interrupts(GLOBAL); 

   enable_interrupts(INT_EXT); 

   setup_adc_ports(ALL_ANALOG); 

   setup_adc(ADC_CLOCK_INTERNAL); 

   ext_int_edge(H_TO_L); 

   i=0; 

   while (true) 

   { 

      set_adc_channel(0); 

      delay_us(10); 

      ADC0= read_adc(); 

      V0=(ADC0/255.00)*5.00; 

      delay_ms(10); 

      set_adc_channel(1);     //V1: output of solar cell 

      delay_us(10); 

      ADC1= read_adc(); 

      V1=(ADC1/255.00)*15.00; 

      delay_ms(10); 

      set_adc_channel(2); 
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      delay_us(10); 

      ADC2= read_adc(); 

      V2=(ADC2/255.00)*15.00; 

      Iin=(V1-V2)/2; 

      set_adc_channel(3); 

      delay_us(10); 

      ADC3= read_adc(); 

      V3=(ADC3/255.00)*10; 

      delay_ms(10); 

      set_adc_channel(4); 

      delay_us(10); 

      ADC4= read_adc(); 

      V4=(ADC4/255.00)*10; 

      Iout=(V3-V4)/2; 

      delay_ms(1000); 

 

      if (V0>=2) 

      { 

         output_low(PIN_B1); 

         printf(lcd_putc,"\fIN: 

V=%2.2fV  I=%2.2fA\nOUT:V=%2.2fV  I=%2.2fA",V2,Iin,V3,Iout); 

         write_eeprom(i,V2); 

         write_eeprom(i+10,Iin); 
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         write_eeprom(i+20,V3); 

         write_eeprom(i+30,Iout); 

         delay_ms(1000); 

         i++; 

      } 

      else 

      { 

         output_high(PIN_B1); 

         printf(lcd_putc,"\fLOW LIGHT 

INTENSITY\nOUT:V=%2.2fV  I=%2.2fA",V3,Iout); 

         write_eeprom(i,V2); 

         write_eeprom(i+10,Iin); 

         write_eeprom(i+20,V3); 

         write_eeprom(i+30,Iout); 

         delay_ms(2500); 

         i++; 

      } 

      if(i==10) 

         i=0; 

   } 

} 

 

APPENDIX B: Field survey 
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University of Johannesburg  
Faculty of engineering built and environment  

Photovoltaic system 

 

Date: ___/____/ 2013 

Dear Sir/ Madam or Miss  

Greetings … 

I am -----------, graduate student at --------------- in -----------. One of the practical requirements for the Master 

Degree is to carry out a research work in a related area. For this purpose, I am conducting a field study 

related to the subject of “photovoltaic system”. Under the supervision of Mr. Abraham Snyders 

In order of completion of the study, the work includes a field survey that has to be filled by people selected. 

The main aim of this questionnaire is to review the importance of the photovoltaic system in the world. 

 

The collected data and information through this questionnaire will represent one of the main sources for my 

research work and its finding. Your response, therefore, is highly appreciated. Data given in this 

questionnaire will be treated with the most confidentiality and will be used for scientific research and not 

allowed to be published or used in public. 

I would be indebted to you if you could spare some of your valuable time participating in this survey. Thank 

you very much your anticipation and you’re assistance. Please feel free to contact me if you need any 

clarification or to let me know in order to collect the survey. 

Thank you 

Ahmad Ali 

 

 

 

 

 

First: Personal Information 
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1. Gender:       

□ Male  

 

 

□Female 

 

2. Age: 

□ 18-20 

□22-25 

 

 

□ 20-22 

 

□ other 
 

3. Education: 

□ Bachelor.  

 

□Master  

 

Second: Please answer the following questions follows: 

Question 1: 

Are you: 

1. Male 

2. Female 
 

Question 2: 

The percentage of your knowledge about the photovoltaic system is: 

 

1. 10%-30% 

2. 30%-50% 

3. 50%-70% 

4. 70%-90% 

5. 90%-100% 

 

Question 3: 
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In your station, Will you see the photovoltaic system used to generate electricity? 
 

1. Yes  

2. No 

3.  

Question 4: 

From your point of view, do you suppose that the photovoltaic system is the most clean 

and safe model that offers the electricity to the load: 

 

1. Yes 

2. No 

 

Question 5: 

From your point of view, the major advantage by using the photovoltaic system is: 

1. Photovoltaic system is low-cost hardware equipment that can be used in the design 

of a system. 

2. The designed system is an environmentally friendly renewable energy source that 

is used to solve the problems of the traditional energy sources. 

3.  The designed systems can be used in rural areas 

4. The small usage of power 

5. The ability to use the wireless applications 

 

Question 6:  

From your point of view, the percentage of the need for a photovoltaic system is: 

 

1. 10%-25% 

2. 25%-50% 

3. 50%-75% 

4. 75%-100% 

Question 7: 
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From your point of view, is the microcontroller used for this project suitable: 

1. Yes 

2. No  

 

Question 8: 

From your point of view, did Proteus program simulation give the desired results? 

1. Yes 

2. No  

 

Question 9: 

From your point of view, the aims and objectives of the project are being achieved through 

the simulation and hardware results: 

1. Yes 

2. No 

Question 10: 

The percentage of your knowledge about the documentation of the project is: 

1. 10%-25% 

2. 25%-50% 

3. 50%-75% 

4. 75%-100% 

5.  

Question 11: 

Do you have the required skills to make the documentation of the project: 

1. Yes 

2. No 

Question 12: 
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From your point of view, the future work of this project is available: 

1. Yes 

2. No  

Question 13: 

From your point of view, is this project has certain drawbacks:  

1. Yes 

2. No         

 

 

 

 

 

 

 

 

 

 

 

 

 

 


