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Abstract 

Charging system plays an important role in solar storage 

system in order to get the maximum efficiency in extracting 

energy from the solar radiation. A microcontroller is used to 

maintain certain condition of power production, which is to 

maximize power production from the solar panel as well as to 

convert low voltage to higher on cloudy conditions, otherwise to 

maintain high voltage of the solar panel into suitable voltage. 

Atmega 32 based on fuzzy technique has been designed and 

experimentally carried out to increase charging efficiency of 

solar panel system in this study. A fuzzy technique enables to 

read multiple signals and further producing single output. Three 

scenarios of fuzzy-based charging have been performed 

experimentally to get the best performance .Charging based on 

fuzzy of linear with temperature compensation recorded the 

lowest temperature rise of the battery which was only 30.4 C. 

Charging efficiency based on fuzzy attained up to 98.08% for the 

linear with temperature compensation scenario whereas 

efficiency of charging without fuzzy attained 86.54%.  Linear 

with temperature compensation scenario concluded as the best 

charging design based on fuzzy. This study proved to be able to 

control battery temperature and attained high charging 

efficiency. It was also able to keep battery lifecycle by protecting 

battery from overcharging and high temperature rising. 

Keywords: charging design, solar system, efficiency, ATMEGA 

32, a fuzzy technique  

I. INTRODUCTION  

Techniques of solar energy exploitation use paintings 
photovoltaic and thermal compound solar, with mechanical 
and electrical devices, to convert sunlight into other sources 
of useful energy. Battery Power is a device that consists of 
one or more electrochemical cells that converts stored 
chemical energy into electrical energy. A ccommon example 
is alkaline battery, which is used for flares and a large 
number of portable devices. A second type can be discharged 
and recharged several times and can restore the original 
configuration of the poles by the opposite trend. Celani 
(2013) described the LT3652 2A battery charger 
characteristics maintaining a solar panel at peak operating 
efficiency by applying input voltage regulation [1]. When 
available solar panel is inadequate to meet the power 

requirements of this kind of battery charger, the input voltage 
regulation reduces the battery charge current. 

Fuzzy techniques have been successfully used in 
controlling the system for several fields of engineering. The 
fuzzy logic controller delivers improved performance over a 
classical controller that has been tested by many researchers 
[2]. One of the advantages of using the fuzzy logic is the fact 
that the software implementation of complex system is not 
computer intensive. Therefore it can be utilized cost-
effective microcontrollers to interpret complex signals. The 
fuzzy logic can propose battery charger with higher 
efficiency that will be more than 96.623% with faster and 
high battery protection with low temperature rise [3]. 

Previous studies have been carried out to get suitable 
design charging system for solar panel which is also able to 
improve its efficiency. Ali et al (2012) designed a cost 
effective, flexible, and a portable PV parameters monitoring 
system [4]. Dakak et al (2012) declared that charge 
controllers are needed to improve the efficiency of the PV 
system and protect the storage batteries [5]. Thounaojam et 
al (2014) proposed the development and design of 
microcontroller based solar charge controller [6]. 

The use of the microcontroller in this case gives some 
advantages. It can be designed to control collecting the 
energy and maximize the power production from the solar 
panel as well as converting the low voltage to higher on 
cloudy conditions, otherwise to convert high voltage from 
the panels into suitable voltages. Based on the function of  
the microcontroller, the researcher has used ATMEGA 32A 
devices to increase the charging efficiency of the solar panel 
in this study. 

II. BASIC THEORY 

A. Solar Panel 

Solar panels contain a system of solar cells that are 
interconnected so that they can transfer the induced 
voltage/current between one another so that the required 
parameters can pile up and a suitable throughout can be 
obtained. Series connections of solar cells in solar panels 
help add up the voltage and the same is true for solar cells 
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connected using parallel connections. Solar cells have 
materials that are mostly rigid. But when it comes to the thin 
films, they need extra care as they are available in semi-
flexible nature. It all depends upon how the solar panels are 
designed and manufactured. These factors help them to 
produce electricity from a range of frequencies of light. Solar 
panels cannot be designed practically in order to capture 
photons of the entire spectrum of light emitted by the sun. 
Capabilities of solar panels that capture a rage of frequencies 
mostly exclude the infrared and ultraviolet [6].  

Solar cells are designed in conjunction with concentrators 
which contain lenses or mirrors to focus the light on to 
tightly packed and coupled array of solar cells. Although 
there is an increase in the design and implementation of the 
solar panels in terms of high cost per unit area, the basic 
motto of increase in efficiency is achieved with least efforts. 
Thus the science and technology behind solar panels is 
increasing by the day and advancement in occurring at a 
rapid pace [6]. 

B. Storage Battery  

Storage batteries are being the most critical component of 
any the solar panel system in view of cyclic availability of 
the sun in 24hours domain and the intermittent nature of 
available radiation. The world has changed dramatically 
since then both in design and technology. What has not 
changed is the role of the old lead-acid battery for 
rechargeable systems, to the contrary its market share has 
increased and there is no sign that it can be replaced near 
term by any other secondary battery system [1]. 

C. Microcontroller 

    The microcontroller is a highly integrated chip containing 

a processor core, memory and all the components 

comprising a controller that can be used as an embedded 

system. Microcontrollers are widely used in today’s control 

system for the following reasons: [2] 

1. Flexibility: Ability to reprogram using Flash, 

EEPROM or EPROM allows straight forward 

changes in the control law used. Programming of 

the microcontroller is simple to learn. 

2. High Integration: Most microcontrollers are 

essentially single chip computers with on-chip 

processing and memory. Some contain 

peripherals for serial communication and reading 

analog signals. 

3. Microcontrollers are cheap and very small in 

size, so can be embedded on any device. Cost 

savings come from several locations. Because so 

many components are included on one IC, board 

area and component savings are often evident as 

well. 

4. Easy to use 

D. Fuzzy Logic System 

       The fuzzy logic idea is similar to the human being’s 
feeling and inference process. Unlike classical control 
strategy, which is a point-to-point control, fuzzy logic 
control is a range-to-point or range-to-range control. The 
output of a fuzzy controller is derived from fuzzifications of 
both inputs and outputs using the associated membership 
functions. To implement fuzzy inference to a real product or 
to solve an actual problem, three consecutive steps are 

needed, which are: Fuzzification, fuzzy inference and 
defuzzification [2]. 

 

There are two processes of fuzzification to derive the 
membership functions for input and output variables and 
represent them with linguistic variables. An example of a 
fuzzy membership function is shown in figure 1.This process 
is equivalent to converting or mapping classical set to fuzzy 
set to varying degrees. The main point of a fuzzy set is the 
set of elements whose degree of membership in that set is 
equal to 1, which is equivalent to a crisp set and then 
defining the fuzzy control rule [2]. 

The control output derived from the combination of 
input, output membership functions and fuzzy rules is still a 
vague or fuzzy element and this process is called fuzzy 
inference. A defuzzification process is needed to make that 
conclusion or fuzzy output available to real applications. The 
defuzzification process is meant to convert the fuzzy output 
back to the crisp or classical output to the control objective. 
The fuzzy conclusion or output is still a linguistic variable, 
and this linguistic variable needs to be converted to the crisp 
variable via the defuzzification process [2]. 

 

Figure 1 A fuzzy membership function 

III. METHODOLOGY  
 The experiment of present study started by preapring 

hardware and software implementation. The further 

explanation of hardware installation and software 

modulation are explained as follows:  

A. Hardware Implementation 

Solar panel, Atmega 32, battery was set systematically to 

perform the experiment. 

 

1) Solar Panel  

The solar panel converts the sunlight to electricity and 

then store it into rechargeable battery 12V. The first step to 

conduct this experiment study was preparing the solar panel 

device to be installed to other devices that needed. 
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Polycrystalline silicon is an aggregation of small silicon 

crystals. As a result, silicon molecules are irregularly 

aligned within the crystals and do not allow a regular flow 

of current even if electricity is changed. This study used 

solar panel of SLP005-12 polycrystalline silicon cell. The 

specification of the used solar panel  is shown in Table 1 

and the capacity of the solar panel parameter described on  

Table 2.[6]. 

 

 
Table 1 Specification of solar panel 

Specifications SLP005-12 

Cells 
Polycrystalline silicon solar 

cell 

No. of cells and 

connections 
36(3×12) 

Module 

dimension 

222mm (8.74in.)×270mm 

(10.63in.)×17mm (0.67in.) 

Weight 0.75kg(1.65lbs) 

 

 

Table 2 Capacity of solar panel parameters 

Parameter Specification 

Open circuit voltage (Voc) 21.6 A 

Optimum operating voltage 

(Vmp) 
17.2 A 

Short circuit current (Isc) 1.31 A 

Optimum operating current 

(Imp) 
1.16 A 

Maximum power at STC 

(Pm) 
20 Wp 

Standard test condition 
1000 W/m2, 

AM1.5 and 25°C 

 
2) Solar Battery  

Battery was the second important thing that prepared as 

energy storage which extracted from the sunlight through 

solar panel to conduct this study. Lead-acid battery charger 

with low current is used as a battery storage in this study. 

The battery charger is designed for a solar panel that has 

similar characteristics to that used for the charger. The 

YUASA NP 1.2-12 battery is used with the specification; 12 

volt, weight of 0.58 kg and dimension of 97 × 48 ×54.5 mm 

[6]. 

 

3) Atmega 32  

Atmega 32 is used in this study. Furthermore, the fuzzy 

algorithm was applied on this chip and installed among the 

solar panel and battery, in Table 3 provides descriptions of 

ATmaga32A. 

 

 

Table 3 Descriptions of ATmega32A 

Description of  ATmega32A 

 32Kbytes of In-System Programmable Flash Program 

memory with Read-While-Write capabilities 

 1024bytes EEPROM , 2048bytes SRAM 

 32 general-purpose I/O lines, 32 general purpose working 

registers. 

  JTAG interface for Boundary-scan   On-chip Debugging 

support and programming. 

 Three flexible Timer/Counters with compare modes 

Internal and External Interrupts. 

 A serial programmable USART, a byte oriented two wire 

Serial Interface, an 8-channel. 

 10-bitADC with optional differential input stage with 

programmable gain (TQFP package only). 

 A programmable Watchdog Timer with Internal 

Oscillator, an SPI serial port. 

 Six software selectable power saving modes. 

 A/D Converter, SRAM, Timer/Counters, SPI port, and 

interrupt system to continue functioning. 

 

 ATmega32A is a powerful microcontroller that provides 

a highly flexible and cost-effective solution to many 

embedded control applications. The schematic diagram of 

this present study was drawn Figure 2. [5]. 

 
Figure 2 Circuit schematic diagram 

B. Software Implementation 

Software modulated to complete this experiment work. 

Simulation software interactes the embedded project with 

screen indicators for example LED, LCD display switches 

and buttons. The simulation takes place in real time. 
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Figure 3 Schematic diagram of simulation 

 
It simulates the execution of object code (machine code), 

like real chip. There are three blocks used to define the 

fuzzy algorithm which were fuzzification, inference, and 

defuzzification as in Figure 4. This study used MISO or 

multiple inputs, single output. The inputs were battery 

voltage and battery temperature where the output was 

charge voltage. 

 

 
 

Figure 4 Fuzzy system block diagram 

 

1) Fuzzification block 

This bock consists of two input parameters, which were 

battery voltage, and battery temperature signals. This study 

conducted three scenarios of charging based on fuzzy, 

which were linear with temperature, 2-step with and without 

temperature compensation. The membership of fuzzy was 

explained in Tables 4 to 6 for the scenario of linear with 

temperature and 2-step with temperature compensation. 

Tables and explained the membership of 2-step without 

temperature compensation where the temperature parameter 

was the same with other fuzzy scenarios described in Table 

4. The crisp facts converted on this step. 

2) Inference block 

The Fuzzy Inference forms a key part of Fuzzy Logic 

Control. The Fuzzy IF-THEN rule has been explained in 

Table 7 for linear with temperature and Table 8 for 2-step 

with temperature compensation. The scenario of 2-step 

without temperature explained in Table 11.  These table 

explained decision roles on fuzzy sets. 

3) Defuzzification blocks 

Defuzzification was a process of producing a result in fuzzy 

logic, given fuzzy sets and corresponding membership 

degrees. The desired output voltage was explained Table 6 

for the scenario of linear with temperature and 2-step with 

temperature compensation, meanwhile the output of 2-step 

without temperature compensation explained Table 10. 

Three fuzzy scenarios of solar charging have been 

proposed in this study. The three scenarios of charging 

based on fuzzy were linear constant current with 

temperature compensation, 2-step constant current with and 

without compensation. The linear constant current scenario 

with temperature compensation maintained to decrease 

voltage linearly with the increasing of battery storage under 

charging rule limit, which was not more than charging rate 

based on the battery temperature. The 2-step scenario with 

temperature compensation means to charge battery beyond 2 

steps of charging (voltage charge) but it was not more than 

charging rate based on temperature of battery. The 2-step 

scenario without temperature means to charge the battery on 

the maximum voltage which can be produced by PV on any 

condition of battery temperature. The parameters or fuzzy 

membership and fuzzy set decisions of charging based on 

fuzzy are shown in Table 4 to 11. 

 
Table 4 Battery temperature with temperature compensation 

Code Battery Temperature 

T0 10° 

T1 23.3° 

T2 36.6° 

T3 50° 

 
Table 5 Battery voltage with temperature compensation 

Code Battery Voltage  

V0 11 

V1 11.7 

V2 12.4 

V3 13 

 

 

Table 6 Output Voltage with temperature compensation 

Code Output Voltage  

C0 13 

C1 13.4 

C2 13.6 

C3 13.8 

 

Fuzzy set decision of linear and 2-step with 

temperature compensation described in Tables 7 and 8. 

T represents temperature and V represents voltage 
battery, meanwhile C is voltage charging as fuzzy output as 

shown in Tables 4 to 6. This fuzzy table decision explained 

that when temperature battery was T0 and voltage battery 

was V0, voltage charging was set to be C3 and so on. 

 
Table 7 Decision table of linear constant current with temperature 

compensation 

      T         

V 

T0 T1 T2 T3 

V0 C3 C2 C1 C0 

V1 C2 C2 C1 C0 

V2 C1 C1 C1 C0 

V3 C0 C0 C0 C0 
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Table 8 Decision table of 2-step constant current with temperature 

compensation 

   T    

V 

T0 T1 T2 T3 

V0 C3 C2 C1 C0 

V1 C3 C2 C1 C0 

V2 C3 C2 C1 C0 

V3 C0 C0 C0 C0 

 
Further tables 9 to 11 were membership of battery voltage 

and output voltage for 2-step constant current without 

temperature compensation. The temperature membership for 

this scenario was the same with previous scenario which has 

been explained in Table 4. 

Table 9 Battery voltage without temperature compensation 

Code Battery Voltage  

V0 11 

V1 11.9 

V2 13.2 

V3 13.8 

 

Table 10 Output Voltage without temperature compensation 

Code Output Voltage  

C0 13.8 

C1 14.1 

C2 14.4 

C3 14.7 

 

 

Table 11 Decision table of 2-step constant current without 

temperature compensation 

 

  T      

V 

T0 T1 T2 T3 

V0 C3 C3 C3 C3 

V1 C3 C3 C3 C3 

V2 C3 C3 C3 C3 

V3 C0 C0 C0 C0 

IV. RESULTS AND DISCUSSION 

Charging based on fuzzy and without fuzzy have been 

carried out. When charging reaches 100% of battery storage, 

charging disconnection is needed between solar panel and 

battery. Fuzzy algorithm injected to a microcontroller in 

order to read multi signal of voltage and current to 

overcome the voltage and current flows. This was expected 

to keep the temperature of battery on the safety and to 

maintain the critical time of charging when it reaches certain 

charge avoiding required disconnection in case of battery 

full charge. The obtained results were  battery temperature, 

voltage charge, voltage battery, and current. These results 

are compared to analyze the charging performance of each 

scenario. Efficiency was calculated to analyze the scenario 

performance. 

 

Battery Temperature  

Battery temperature is an important factor influencing  

the battery lifecycle. High temperature damages battery 

faster. Battery temperature was taken out using temperature 

sensor, which was placed below of the battery to avoid room 

temperature, and getting real temperature of battery. Figure 

5 illustrates the battery temperature with respect to the time 

charging on this study. It compares scenarios with and 

without fuzzy which have been conducted. The results show 

battery temperature without fuzzy determined 29.6°Cat 

initial charging and it reached 30.6°C at the cut off charging 

along 211 minutes.  

The battery temperature of the first scenario with fuzzy, 

which was linear with controlled temperature, was being on 

the range of 28.4°C to 30.4°C during charging. It was 

between 28°C to 31.3°C for 2-step with temperature 

compensation and it was approximately 26.6°C to 31.6°C 

for 2-step without temperature compensation. The charging 

time took 527 minutes to reach full battery for the linear 

current with temperature. It took 426 minutes for the second 

scenario and 589 minutes for the third scenario. Based on 

the results of fuzzy charging, the battery temperature was 

reduced although it took longer time to get the battery full 

charge. 

 

 
Figure 5 Battery temperatures with time 

 

     Charging based fuzzy determined to be able to control 

the temperature, which means improving the battery safety. 

Linear with temperature compensation seems to be the best 

in controlling temperature, which reached lowest 

temperature at the end compared with other fuzzy scenarios. 

The battery temperature also increased smoothly which the 

linearly controlled voltage on this scenario, which gave 

positive influence toward the battery temperature, probably 

causes. 

Voltage 

Voltage charging of this study is illustrated in Figure 6. 

Voltage charging without fuzzy was approximately 12.77 

Volt. There was no adjustment of the voltage charging on 

this scenario, which means that the voltage produced by PV 

was the voltage charging. Linear with temperature 

compensation as the charging based on fuzzy recorded 12.1 

volt at the first minute of charging and it reached constant 

voltage charge after 162 minutes, which was 13 volt until 

full charge. The average charging voltage was 12.92 volt 

during charging. The 2-step linear current scenario with 

temperature recorded 13.4 volt at the first minute and it 
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reached the constant voltage charges of approximately 13 

volt after 40 minutes until the battery got full. Voltage 

charging was approximately 13.04 volt during charging for 

this scenario. The last scenario, which was 2-step without 

temperature, recorded 11.5 volt at the first minute and it 

reached up to 13.8 volt at the end of charging, as shown in 

Figure 6. 

 
Figure 6 Charging voltage characteristics 

 

 
Figure 7 Battery voltage characteristics 

 

Figure 7 illustrates the battery voltage during charging. 

Battery voltage of scenario without fuzzy was 13.24 during 

charging along 211 minutes where it was about 11.3 Volt at 

the initial charging time and further increasing up to 13.8 

Volt at the cut off. Meanwhile the charging based on fuzzy, 

the linear constant current with temperature scenario 

recorded a battery voltage of 11.5 volt at the first minute of 

charging. The cutoff voltage was 13 volt at full charge. The 

average battery voltage was 12.79 volt during charging 

which was 527 minutes until full charge of battery.  

The 2-step linear constant current with temperature 

compensation recorded 11.7 volt at the first minute and  the 

cutoff voltage happened at 13.1 volt at the full charge of the 

battery. Its average reached 13.04 volt during charging was 

426 minutes. It was 11.4 volt at the first minute of charging 

for the 2-step without temperature scenario. This case 

recorded a cutoff voltage at 13.8 volt with an average 

battery voltage during charging of 13.30 volt along 589 

minutes. 

 

 Current 

Current was another important variable to assess the 

charging performance. Current data retrieved based on the 

current sensor modulation, which was connected to the 

microcontroller. Current comparison of charging with and 

without fuzzy was shown in Figure 8. It can be figured out 

that there was higher current of charging without fuzzy 

compared with the fuzzy scenario. It was around 760 mAh 

at the initial charging. Then it decreased up to around 80 

mAh  at the cutoff.  

Charging based on fuzzy of linear with temperature 

scenario recorded higher current at the beginning of 

charging compared with the other two fuzzy scenarios, 

which was 620 mAh. The 2-step with temperature scenario 

recorded 540 mAh at the first minute. Further the current of 

linear with temperature started to drop at 139 minutes until 

full charge. The 2-step with temperature current rose 

significantly up to 1000 mAh at 37 minutes of charging 

while the voltage charge was 12.9 volt. It was started to 

drop after 100 minutes until the full charging of the battery. 

The current of 2-step without temperature rose up to 900 

mAh at 112 minutes of charging, then it started to drop at 

365 minutes forward until full charging. 

 

 
Figure 8 Current characteristics 

The current always dropped up to full charge for all 

scenarios either with fuzzy and without fuzzy. However, the 

current decrease of charging based on fuzzy happened 

smoothly compared to without fuzzy scenario.  

 

Comparison of Current and Voltage of Charging with and 

without Fuzzy 

Figure 9 describes the comparison between current, 

voltage charge and battery voltage for linear with 

temperature scenario. It can be seen that voltage charge 

increased on the initial charging. Voltage charge started 

with 12.1 Volt when battery voltage was about 11.5 Volt. 

 
Figure 9 Comparison of current, voltage charge and voltage battery 

for linear with temperature compensation 
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Further voltage charge increased and started at constant 

value approximately 13 volt until full charge. Voltage 

charge was 13.1 Volt at cut off. In another side, voltage 

battery appeared same behavior with lower voltage values 

starting at 11.5 Volt, voltage battery increased up to the 

highest value of 13 Volt. Voltage battery was 12.9 Volt at 

cut off along 527 minutes. A high gap between voltage 

charge and battery at initial charging consequently caused 

high current flowing in the battery. The current started to 

decrease after 135 minutes of charging when the voltage 

charge and the battery voltage were almost constant until 

full charge. The average current charging was 

approximately 343.87 mA during charging. 

 

 
Figure 10 Comparison of current, charge voltage and battery 

voltage for 2-step with temperature compensation 

 

A comparison between voltage charge, voltage battery 

and the current produced were depicted in Figure 10 for 2-

step with temperature scenario. This figure shows clearly 

there is a significant gap of voltage charge which was 13.4 

Volt and battery voltage which was 12.7 Volt at the initial 

charging. It consequently flew a large current to battery. The 

current increased along with the increase of both voltage 

charge and battery during charging until reaching 113 

minutes of charging. Further the voltage of charge and 

battery kept constant until full charge of the battery which 

lead the current decreased after 113 minutes. It can be 

noticed also after 280 minutes, the voltage charge and 

battery came onto same level and it consequently let lower 

current flowing into battery. The average current was about 

402.72 mA during charging for this scenario. 

 

 
Figure 11 Comparison of current, charge voltage and battery 

voltage for 2-step without temperature compensation 

 

Figure 11 illustrates the voltage charge and battery 

voltage with the current that produced for scenario of 2-step 

without temperature compensation. This figure shows that 

charge voltage was 11.5 volt at initial charging while the 

voltage battery was 11.4 volt. Consequently, flaw current 

low was only approximately 100 mAh. Further it started to 

increase after 20 minutes of charging as voltage charge 

appeared being higher than voltage battery. The voltage 

charge was 11.8 Volt while the voltage of battery was 

around 11.6 Volt. The figure also shows that current 

decreased after 304 minutes accordingly until the cutoff 

voltage of 13.8 volt and the battery at charge. Meanwhile 

the average current flown in during charging was 497.48 

mA. 

 

 

Figure 12 Current, charge voltage and battery voltage of charging 

without fuzzy 

A comparison of current, voltage of charge and battery 

voltage for charging without fuzzy was shown in the Figure 

12. The figure shows that voltage charge which was 11.4 

Volt and battery voltage which was only 11.3 at the initial 

charging. The current that produced was 760 mAh at initial 

charging and it dropped up to 80 mAh at a cutoff time. 

Charging voltage was 15.3 V and battery voltage was 13.8 

V at a cutoff time. It took only 211 minutes for this scenario 

to get the battery a full charge. Then the current dropped 

until full charge. Although there was a large gap of the 

voltage of charge and battery at the end of charging, the 

current kept dropping and probably caused by the battery 

storage was getting close to full. The average current 

charging was 266.25 mAh. 

 
Discharging 

Figure 13 illustrates the discharge characteristic of three 

scenarios of this study. The similar trends happened in the 

charging characteristics where the 2-step with temperature 

recorded the shortest time of discharge, which was 249 

minutes. The average discharging current was -626.987 

mAh for this scenario. Meanwhile the linear with 

temperature compensation recorded an average current of -

625.775 mAh along 284 minutes and it was -628.48 mAh 

along 356 minutes for the 2-step without temperature 

compensation. Average current of discharging without fuzzy 

was -258.51 mAh along 188 minutes. Table 12 describes 

clearly the average discharge and charge of current and also 

time of charging. 



546 

ICTS32830112020-EC1017 

 
Figure 13 Discharge comparisons 

 
Table 12 Discharge and charging rate of this study 

Scenario 

Average 

discharge 

current (mA) 

Average 

charge 

current 

(mA) 

Time 

charging 

(minutes) 

Linear with 

temp. 
-625.78 343.87 527 

2-step with 

temp. 
-626.99 402.72 426 

2-step without 

temp. 
-628.48 497.49 589 

No Fuzzy -258.51 266.25 211 

 

There is required to design charging system based on 

fuzzy to overcome condition which avoid disconnection 

charging requirement in solar system charging and over 

charging when the battery has been got full storage and 

maintain the battery lifecycle. Average discharging and 

charging current are shown in Table 12. The table also 

shows the time charging with and without fuzzy. Charging 

based on fuzzy recorded longer time compared to without 

fuzzy. 

 

Efficiency 

A series of experiments of a fuzzy based charging on 

solar panel system have been performed. Efficiency 

charging needed to be calculated to determine the charging 

performance of this study. 

 
Table 13Comparisons of efficiency 

Scenario 
AH 

Discharge 

AH 

Charge 

Efficiency 

(%) 

Linear with 

temp. 
2.962 3.02 98.08 

2-step with 

temp. 
2.602 2.859 91.01 

2-step 

without 

temp. 

3.729 4.884 76.35 

No Fuzzy 0.81 0.936 86.54 

 

 

Figure 14 Charging efficiency with and without fuzzy 

 
Figure 14 and Table 13 describe the proposed method 

and without fuzzy efficiency. Charging based on fuzzy of 

linear with temperature compensation attained 98.08%. It 

was 91.01% for the 2-step with temperature and 76.35% for 

the 2-step without temperature compensation. Meanwhile 

charging without fuzzy efficiency recorded 86.54%. Based 

on the results, charging of linear with temperature scenario 

attained the best efficiency of the proposed method. 

Charging efficiency based on fuzzy can be concluded as 

the suitable charging for solar panel system considering the 

overcharging reason. Linear with temperature compensation 

scenario determined as the suitable design of charging based 

on fuzzy to keep high efficiency and battery lifecycle.  

V. CONCLUSIONS 

This study has experimentally implemented a fuzzy 

technique to increase charging efficiency for the solar panel 

system. Results have proven that charging based on fuzzy 

was able to control the battery temperature to keep the 

battery lifecycle. Charging efficiency based on fuzzy 

technique was able to attain highest efficiency. The fuzzy 

based technique was able to meet up the purpose for keeping 

the battery life cycle by protecting the battery from 

overcharging and high battery temperature. 
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