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Design and Implementation of a Fuzzy Logic PWM 

Charge Controller for the Photovoltaic Systems 

تصوين و تنفير هنظن شحن لونظىهت فىتىفىلتيت بإستخدام الونطق 

 الوبهن ذو النبضاث الوتغيرة السعت
 

Eid Gouda, A. Abdelhaleim and S. S. Eskander 

eid.gouda@yahoo.fr 
 

 الولخص
حى تقٌو  تين انخلايا انشًسي ةانًٌنذ تياً في انًنظٌيت انفٌتٌفٌنتيت حيج أنيا تستخذو نتخضين انطاقىادسًاً نهبطاسياث 

اني  تبالاضاف فتشاضيػًشىا الا ةداصييؼًم ػهي  بطاسياثنه انحًم. يقتشح ىزا انبحج تصًيى ًتنفيز ينظى شحن تيبتغز

تتحقق ىزه  .تانفٌتٌفٌنتي تين انًنظٌي تانًتاح تلإستغلال كم انطاق ًرنك انقذسه انؼظًي تتشغيم انخلايا انشًسيو ػنذ نقط

ينغ حذًث انشحن انضائذ أً  انًنظى ػهيىزا  م ً يخاسج ينظى انشحن بحيج يؼًمالأىذف ين خلال انتحكى في يذاخ

بانتاني ً ىبإستخذاو انًنطق انًبي انبطاسياثنيقتشب ين جيذ  تانشًسي تجيذ انخهي بتنظيىانتفشيغ انتاو نهبطاسياث. أيضاً يقٌو 

 تسؼين  ةتفادًتبخش انحًض بذاخهيا يًا يسًح بالاس تياحشاس تيًنغ إستفاع دسج بحيج انبطاسياثتياس شحن ظى ني

يقهم ين  ً تانفٌتٌفٌنتي تين انًنظٌي ةانًٌنذ تستغلال انطاقإين انًنظى ىزا  ضيذي نزنك .بشكم تاو تانبطاسياث انًستخذي

  .انفٌتٌفٌنتيت تػهي انًنظٌي تػتًاديلإيحسن ا يًانشاءىا إ تتكهف
 

Abstract 
Charge controller is the device which is connected between the photovoltaic (PV) modules, DC batteries 

and loads. This paper proposes the design and implementation of a charge controller which is capable to protect 

the lead acid batteries in the PV system from overcharge and undercharge states. Moreover, this charge 

controller is designed to make the battery voltage near the PV voltage at the maximum power point (MPP) for 

the PV modules. Also, the designed charge controller uses the fuzzy logic Pulse Width Modulation (PWM) 

control, in order to make use of the full capacity of the lead acid batteries in the system. Therefore, this proposed 

design improves the reliability of the PV system and reduces its total cost. 
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1. Introduction 
All the energy produced by a PV array 

is supplied to the load and stored in the 

battery bank. During periods of strong 

sunlight, the batteries may be fully charged 

much of the time. During the night, electrical 

loads supplied from battery bank. Therefore, 

reliable energy storage system is important in 

a stand-alone PV system. The energy storage 

allows the user to find electrical energy at 

any time of a day. 

A charge controller device plays an 

important role in PV system. It is used to 

regulate the flow of current from the PV 

array into the battery bank, and from the 

battery bank to the various loads. The main 

tasks of the charge controller can be 

summarized in following points:  

- Protection against battery 

overcharging and excess discharging and 

accidental short-circuits. 

- Automatic selection of charging rates, 

depending on the estimated State of Charge 

(SOC) of the battery bank. 

- Prevention of reverse current at night 

for the PV array. 

- Display of important parameters such 

as battery voltage, estimated SOC, and 

warning of impending load disconnection 

[1]-[3]. 

There are two types of charge 

controller. The first type is a series controller 

which includes two power semiconductor 

switches. The first switch is connected in 

series with PV modules to control the 

charging current. The other switch is 
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connected in series with the load to control 

the discharge current. 

The operation of a shunt controller depends 

also on two power switches. Here, the switch, 

which controls the charging current, is 

connected across the PV array rather than in 

series with it. Therefore, when the switch is 

open, the battery receives charge. When the 

switch is closed or short circuiting the PV, 

the charging current becomes zero. The shunt 

switch needs a larger heat sink and must 

carry the full short - circuit current of the PV 

module. In practice series charge controller is 

used in general more than shunt controllers 

on the market [4], [5]. Therefore, this paper 

will focus on the design of a series charge 

controller.  

Artificial intelligence techniques can improve 

the performance of the charge controller in 

the photovoltaic system. There are many 

types of artificial intelligence techniques. 

Firstly, artificial neural network technique 

can learn from training cases and captures 

relationships among input data. Secondly, 

case-based rule technique solves a problem 

by recalling similar past problems, so it 

requires similar past cases. Moreover, swarm 

intelligence technique involves simple agents 

which are collectively solving a problem by 

local interaction. In addition, genetic 

algorithms are a search technique mimicking 

natural selection. This algorithm evolves a set 

of potential solutions towards a global 

optimum. Another technique is the fuzzy 

logic. This technique applied to many 

environmental problems because they can 

handle imprecise and incomplete data [6]-[8]. 

In this paper, a fuzzy logic charge 

controller is designed for the photovoltaic 

power system because the availability of sun 

light is randomly varying. In the conventional 

controller, the system should be modeled to 

provide adequate control. But the fuzzy logic 

charge controller provides an effective 

solution for measurements of uncertainties 

present in this varying PV system. The 

proposed controller depends on single input 

buck converter and fuzzy logic control. It 

recognizes the SOC for battery bank. Then 

charge controller generates suitable control 

pulses for its power switches to perform its 

required tasks. 

This paper is divided into 5 main 

sections. An introduction was represented in 

section 1. The design steps of each 

component of the proposed charge controller 

such as the used batteries, switches, gate 

driver circuit, protection circuits will be 

shown in section 2 in details. The control 

system, and microcontroller coding will be 

located in section 3. The most important 

section of this paper will be found in sections 

4 and 5 where the implementation of the 

charge controller and results discussion will 

be analyzed. Finally a conclusion will be 

found in section 6. 
 

2. Charge Controller Design 
The design of charge controller is 

closely related to the PV array and the DC 

batteries. As shown in figure 1, the main 

components of the charge controller are 

power switches, driver circuits, control 

system, and protection devices. Therefore, 

this section will discuss the design of these 

elements. 
 

2. 1. DC Batteries 
Deep cycle lead acid battery is the main 

component in the PV systems.  The deep 

cycle battery is designed to discharge 

between 45% and 75% of its capacity, 

depending on the manufacturer and the 

construction of the battery [9]. In the market, 

these batteries usually have the 12V, and 

100Ah specifications.  Therefore, the DC 

voltage of the storage system may be 12V or 

its multipliers. 
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Loads

DC Batteries

Reverse Current 

Protection

PV Modules

Charging Switch
Discharging 

Switch

Driver Circuit Driver CircuitMicrocontroller

Charge Controller  
Figure 1 Block Diagram for the Charge Controller within the PV System 

 

In the designed system, The DC system 

voltage is 24 V in order to operate the PV 

modules near the maximum power point. The 

PV modules have I/V characteristics shown 

in figure 2, where      equals to 34.2 V as 

stated in the datasheet. The shaded region in 

the figure specifies the location of maximum 

power point at any solar radiation. The 

shaded region is near to 24 V [10]. Therefore, 

the proposed charge controller should have a 

rated voltage of 24V. 

 
Figure 2 Characteristics Curves of PV Module 

Used in the Proposed System 
 

2. 2. Power Switches 
Figure 3 shows the electric circuit of 

series-type charger controller which has two 

power switches. The designed charger 

controller uses a P-channel MOSFET as a 

charging switch in order to be controlled by a 

simple driver circuit, where the charging 

switch is used to control the charging current 

for the battery bank. On the other hand, the 

discharging switch is N-channel MOSFET 

for the same reason. The purpose of the 

discharging switch is the prevention of 

excessive discharge of the battery bank by 

disconnecting the load. MOSFET switches 

have many advantages: 

- High switching capability that is the 

operational frequencies up to 1 GHz. 

- Simple protection circuits and voltage 

control. 

- Easy paralleling for increasing 

current-handling capability. 

- The capabilities of MOSFET can 

reach up to 10kVA, 1000 V, and 200 A 

[11], [12]. 

These advantages of MOSFETs will allow 

the designed charge controller to have a 

current rating up to 30 A and to use PWM for 

controlling the charging current of the DC 

batteries.  
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Solar 

Radiation

Charging 

Switch

Discharging 
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Modules
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Figure 3 Circuit of Series Charge Controller 

Type 
 

2. 3. Snubber Circuit Protection 
Snubber circuit is an additional circuit 

used to reduce stress on the power 

semiconductor switches. It limits the peak 

voltage across the semiconductor switch 

during turn-off. Snubber circuit has many 

configurations. The simplest snubber circuit 

for MOSFETs is the RC snubber circuit as 

shown in figure 4 [13]-[14]. Designing of 

snubber circuit for MOSFET switches can be 

simplified as follows [15]:  
 

CS

RS

 
Figure 4 Schematic Diagram of the Snubber 

Circuit 
 

- The resistance value is chosen to allow the 

flow of load current without voltage 

overshoot after the switch opens. The 

resistance value calculated from equation (1) 

depending on    and I.     is off voltage 

across the switch after it opens and I is on 

current before  the switch opens. 

     
  

 
  

  

  
                                         

- The resistance will dissipate the energy 

stored in the snubber capacitor, ½*Cs    , 

for each voltage transition regardless of the 

resistance. The capacitance will be chosen to 

cause the 7-watt resistor to dissipate half of 

its power rating, 3.5 watts. For two times    

transitions per second, the resistor will 

dissipate 3.5 watt then: 

                                              (2) 

        Where     = switching frequency = 5K 

Hz 

   
   

     
                     (3) 

 

2. 4. Driver Circuits 
There are two driver circuits in the 

proposed design of the charge controller. 

Both circuits are shown in figure 5 and figure 

6. They use two NPN transistors and one 

PNP transistor to amplify the 5 V 

microcontroller control signal into 12V for 

the gate of the power MOSFETs. The NPN 

transistor turns the MOSFET switch ON, 

while the PNP transistor turns it OFF. 

There is a resistance between the gate and 

source of the MOSFETS. This resistance is 

designed from equation (4) based on the 

allowed collector current in a datasheet of 

used transistors Q1P, Q2N, Q3N, and Q3P.  

                          
             

     

  
      

       
                    

Similarly R3P and R3N are calculated from 

equation (5). 

             
       

     
  

     

       

                                                                      
 

 
Figure 5 Schematic Diagram of the Driver Circuit 

for P-channel MOSFET 
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Figure 6 Schematic Diagram of the Driver 

Circuit for N-channel MOSFET 
 

2. 5. PV Module Reverse Current 

Protection  
To prevent PV module reverse current 

at night, a blocking diode is included between 

the PV array and the DC batteries as shown 

in figure 3. The diode allows current flow 

from the PV array to the battery bank and 

blocks the flow of a current in a reverse 

direction.  
 

2. 6. Charge Controller Protection 

Fuses 
There is a fuse connect in series with 

the battery bank. This fuse has a rating of 30 

A. The purpose of the fuse is to avoid the 

damage for the batteries and charge 

controller, when there is a short circuit on the 

batteries, or when the load exceeds the rating 

of the charge controller. 
 

3. Charge controller 
Figure 7 shows the diagram of the 

proposed charge controller. This control 

system consists of microcontroller, voltage 

sensors, and LEDs. Firstly, the 

microcontroller is a main element in the 

charge controller. Microcontroller is 

programmed to generate the control signals 

for the charge controller switches. Also, 

microcontroller displays the status of the 

system through two LEDs. The green LED 

indicates the state of charging. On the other 

hand, the yellow LED shows that the load is 

connected to the batteries. Finally, there is a 

voltage sensor which consists of potential 

divider resistances to measure the voltage of 

battery bank. These resistances divide the 

voltage of battery bank in order to be suitable 

for microcontroller. 

 
Figure 7 Schematic Diagram of the Microcontroller 

Circuit 
 

3. 1. Microcontroller PWM Coding 
The proposed charge controller can 

simply prevent the excess discharging of the 

battery by disconnecting the load. But, during 

the charging of the battery, it operates as a 

buck converter for PV module voltage 

according to the state of charge for the lead 

acid batteries. The proposed design uses 

PWM control for the P-MOSFET switch. 

Microcontroller controls the duty cycle of the 

control signals in order to change the output 

voltage from the PV modules. Consequently, 

it regulates the charging current for the 

batteries.  
 

 
Figure 8 Typical Charging Characteristics of a 12 

V Lead-acid Battery [16] 
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Figure 8 shows the relationship between the 

battery voltage and the state of charge for this 

battery. It shows that the overcharging occurs 

when the battery voltage reaches an upper set 

point, normally preset at about 14.5 V. Also, 

when the voltage falls to a lower set point, 

normally about 11.5 V, the state of charge is 

an excess discharge [17], [18]. Therefore, the 

algorithm of microcontroller’s program will 

be as follow: 

1- Read the voltage of the batteries (     ) 

2- If      less than 22.5 V  

     YES: Disconnect the load 

     No: Connect the load 

3- If      more than 29 V  

     YES: Disconnect the PV modules and go 

               to step 1 

4- Calculate the PWM duty cycle 

5- Connect PV modules 

6- Go to step 1 

This algorithm can be shown as in the 

flowchart of figure 9.  
 

Start

V Batt
adRe

VIf V batt
29

VIf V batt
5.22

Connect  

Load

Disconnect 

Load

YESNO

Connect  PV 

Modules Disconnect 

Load

Calculate PWM Duty 

Cycle

YES

 

Figure 9 Flowchart of Microcontroller’s Code 

 

 

 

3. 2. Fuzzy Logic Control Loop 
The microcontroller should change 

PWM duty cycle according to a required 

charging scheme shown in figure 10. In this 

scheme, charge controller provides an initial 

boost charge using all the available current, 

then, as the SOC approaches 100%, 

absorption charge will become at constant 

voltage and low current. This helps to keep 

the battery operation in top condition [19]-

[21].  
 

 
Figure 10 the change of the battery current 

(     ) according to the battery voltage (     ) 
 

 
Figure 11 the Required Relationship between 

the Battery Bank Voltage and the PWM Control 

Signal. 
 

To achieve this charging scheme, figure 11 

shows the required relationship between the 

battery bank voltage and the PWM control 

signal. This relationship can be achieved by 

the following fuzzy logic controller. Firstly, 

the difference between the measured value of 

battery bank voltage and the upper set point 

is calculated according to equation (6).  
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The fuzzy logic controller depends on the 

membership functions in the figures 12, and 

13. Moreover, the value of the duty cycle is 

controlled by using the fuzzy logic 

membership function shown in figure 13. 

Because the driver circuit invert the control 

signal of microcontroller, these membership 

functions shows that the output PWM duty 

cycle will increase as the battery voltage 

increase or the percentage difference 

decreases.  The proposed fuzzy logic 

controller achieves the continuous change in 

the pulse width of the control signal in 

sympathy with the SOC, making use of the 

PV ’ s output while at the same time 

protecting the battery and prolong its life 

time.  
 

 
Figure 12 Input Membership Function 

 

Figure 13 Output Membership Function 
 

4. Implementation 
The designed charge controller uses 

microcontroller PIC 12f675. This 

microcontroller is programmed by MikroC to 

generate the control signals for the charge 

controller switches [22]. 

- The designed circuit of charge controller is 

implemented on a Printed Circuit Board 

(PCB) by using PROTEUS DESIGN 

SUITE [23]. In this PCB, there are power 

terminals for connecting the battery bank, 

solar array, and load into the designed 

circuit. Also, the tracks of power circuit 

are designed with width 15mm, while the 

control circuit consists of 2 mm copper 

tracks in the designed PCB. 

- Load can be controlled manually either by 

using push button on the PCB or through 

remote control switch. 

- 5V Voltage regulator is used as a power 

supply to provide adequate and stable 

voltage for the microcontroller, and driver 

circuits. 

- Heat sink is fixed to P-MOSFET in order to 

dissipate the generated heat on MOSFET. 

- There is anti-parallel freewheeling diode 

across the load in order to eliminate the 

back electromotive force from the load. 
 

5. Experimental Results and 

Discussion 
The printed circuit board for designed 

charge controller is shown in figure 14. And, 

figure 15 shows the schematic diagram for 

this charge controller. 
 

 

Figure 14 Photograph for the Designed Charge 

Controller 

PIC12F675 

Microcontroller 

P-channel 

MOSFET 

Reverse Current 

Protection Diodes 

Power 

Terminal 

N-channel 

MOSFET 

Voltage 

Regulat

or 

Driver 

Circuit

s 
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Figure 15 Schematic Diagram of the Proposed Charge Controller 

 

The following figures show the control 

signals for the P-channel MOSFET and the 

charging current at different state of charge 

for batteries. The charging current was 

measured by measuring the voltage across a 

series connected resistance between the PV 

module terminal and DC battery terminal. 

The value of this resistance is 5Ω.  

Figure 61 displays that the control signal will 

be with zero duty cycle. This control signal 

causes the P-channel switch to conduct all 

available charging current (figure 17) from 

PV module to the battery bank because the 

state of charge for the battery bank is low. 
 

 

Figure 16 Waveform for PWM control signal 

when battery voltage equals 22 V 
 

 
Figure 17 Waveform for charging current when 

battery voltage equals 22 V 
 

As the state of charge increases, the duty 

cycle of control signal increases (as in figure 

18) in order to decrease the charging current 

(as in figure 19). 
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Figure 18 Waveform for PWM control signal 

when battery voltage equals 24 V 

 

Figure 19 Waveform for charging current  

when battery voltage equals 24 V 
 

Similarly, figures 20, 22, 24 shows the 

change of the control signal according to the 

change in state of charge of battery bank until 

it becomes full charged. And figures 21, 23, 

and 25 are the waveforms of the charging 

current which are produced from these 

control signals.  
 

 
Figure 20 Waveform for PWM control signal 

when battery voltage equals 26 V 

 

 

 
Figure 21 Waveform for charging current when 

battery voltage equals 26 V 

 
Figure 22 Waveform for PWM control signal 

when battery voltage equals 28 V 

 
Figure 23 Waveform for charging current when 

battery voltage equals 28 V 

 

Figure 24 Waveform for PWM control signal 

when battery voltage equals 29 V 
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Figure 25 Waveform for charging current when 

battery voltage equals 29 V 
 

6. Conclusion 
This paper discusses in details the 

design and implementation of PWM fuzzy 

logic charge controller for PV system. This 

charge controller designed to operate near the 

maximum power point of the PV modules. 

The proposed charge controller prevents the 

overcharging and excess discharging for lead 

acid batteries in PV system. Also, a control 

strategy based on fuzzy control theory has 

been proposed to control the charging current 

in an effective way which make use of the 

full capacity of the battery and prolong its 

lifetime. Moreover, microcontroller system 

improves the reliability and decrease the cost 

of the designed system because all functions 

are performed by programming instead of 

designing different electronics circuits. 

Finally, the results obtained under different 

conditions are discussed and presented in this 

paper. The results prove that the validation 

and real time feasibility of the proposed 

charge controller.  
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