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Abstract—This paper presents a cost efficient PV charge 

controller with the function to disconnect and reconnect 

battery and load during battery overcharging or under 

discharging. The proposed charge controller is equipped 

with LCD to display the temperature, battery voltage and 

current flow through the battery. Output of these 3 inputs is 

used to obtain the accurate and efficient disconnecting and 

reconnecting action which is capable of protecting the 

battery and the load. The source code is written in Arduino 

Uno which is open source. Furthermore, this smart charge 

controller is developed to increase the efficiency of charge 

controller and product life to an affordable level. This 

project deals with the design of a smart charge controller 

using Aurdino Uno microcontroller to control and 

coordinate the activity of charge controller. 
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I. INTRODUCTION 

Increasing power requirements and high cost of fossil fuels 

have resulted in an acute shortage of energy, especially in 

developing countries [1]. The demand for renewable energy 

resources has therefore grown significantly over the last 

decade [2]. In this paper the design of circuit is based on 

solar charge controller, which is designed with Arduino. 

Solar charge controller is basically a voltage and current 

regulator to keep batteries away from overcharging but in 

this paper solar charge controller is used for overcharging 

and discharging with help of current voltage and current of 

battery. 

II. BLOCK DIAGRAM 

Fig 1 shows the block diagram used for designing the buck 

converter type solar charge controller .As shown in this 

block. 

 
Fig. 1: Block diagram of proposed solar charge controller 

 A charge controller is a heart of all power systems 

that charge batteries and battery can be charge with solar 

power.[3] 
 This system implemented in following step. 

 Simulation of solar panel in series and parallel 

connection using Matlab 

 Design of buck converter using Arduino . 

 Design of constant current charge controller. 

A. Simulation of Solar Panel 

The simulation of solar panel is done on Matlab using 
Simulink. Fig .2 shows the equivalent circuit of a solar cell. 
Equation (1) describes the the behavior of solar cell in 
mathematical form.[1] 

 
Fig. 2: equivalent circuit of solar cell 
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 Figure 3 and 4 shows I-V,P-V and optimized value 

of solar characteristics for different temperature and 

irradiance[3] 

 

Fig. 3: I-V and P-V characteristics of solar cell 

B. Zero Current Switching Buck Converter 

Fig .5shows the circuit diagram of ZCS buck converter. Fig 

8 shows its simplified diagram with various parameters of 

voltage and current marked on it.[4] This converter 

amplifies the input voltage as well as down the input volt 

age.[5] So when input is low we will amplify the input 

voltage and when input voltage is low we can down the 

input voltage.  

 
Fig. 4: Dc to dc converter 
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C. Design of Constant Current Solar Charge Controller 

For design a constant current solar charge controller we 

need to apply a zenar diode on the output after the low pass 

filter there circuit diagram is shown in figure 5. 

 
Fig. 5: LC low pass filter with a zener diode 

D. Calculation of Value for Buck Converter 

Output voltage required for battery = 15 volt 

Let us assume switching frequency 𝐹𝑠 = 16𝑘𝐻𝑧 

Solar panel capacity = 112𝑊𝑝 

Maximum charging Current = 
112

12
= 10A (approx) 

Taking higher value max o/p current=15A. 

The equivalent output impedance = 
𝑉0

𝐼0
=

15

15
=1Ω                                (2.3) 

Q=1, 

Hence characteristic Impedance, 

𝑧0  =
𝑅0

𝑄
=1Ω,                  (2.4) 

 Let us assume normalized switching frequency, fns 

=0.7 The necessary resonant frequency is derived from 

𝑓0 =
𝑓𝑠

𝑓𝑛𝑠

=
16𝑘

. 7
= 22.85𝑘ℎ𝑧                          (2.5) 

Resonant Angular Frequency,  

𝑤0 =
1

√𝐿𝐶
= 143.57 ×

103𝑟𝑎𝑑

𝑠
             (2.6) 

Resonant Inductor is, 

𝐿𝑟 =
𝑧0

𝑤0

=
1

143.57 × 103𝑟𝑎𝑑/𝑠𝑒𝑐
= 6.96 µ𝐻         (2.7) 

Resonant Capacitor is, 

𝐶𝑟 =
1

𝑤0 × 𝑍0

=
1

143 × 103𝑟𝑎𝑑/𝑠𝑒𝑐
= 6.96µ𝐹      (2.8) 

To limit charging current ripple and the output voltage 

ripple , the circuit parameters for the low pass filter of  the 

ZCS battery charger are set as follows, 

𝐿0 = 100 × 𝐿𝑟 = 696µ𝐻                         (2.9) 

𝐶0 = 100 × 𝐶𝑟 = 696µ𝐹                          (2.10) 

The calculated circuit parameters are as follows in table 1. 

Solar panel 112W 

Input Voltage 17.5V 

Switch Frequency, 16KHz 

Resonant Frequency, 22.85kHz 

Output voltage 15V 

Resonant inductor, 6.96µH 

Resonant Capacitor, 6.96µF 

Filter Inductor, 696µH 

Filter Capacitor, 696µF 

Main switch MOSFET IRF250 

Table 1: Circuit Parameter 

III. FUZZY LOGIC CONTROLLER 

The power output of a solar cell varies according to the load 

across the device. In order to provide maximum power 

transfer from the solar cell to the load, the voltage across the 

load must correspond to the peak power point of the solar 

cell [7]. To reduce the current flow from the solar cell to the 

load, the operating point of the solar cell can be shifted to be 

close to the open-circuit voltage of the cell. Thus current 

output control may be achieved by controlling the effective 

impedance seen by the solar cell [6]. 

 A pulse width modulator (“PWM”) is used to 

supply a pulse train to the switching MOSFET. The 

MOSFET is biased into a conducting state when the pulse 

voltage is high and into a non-conducting state when the 

pulse voltage is low. The duty cycle of the pulse determines 

the effective impedance seen by the solar cell. Thus by 

simply adjusting the duty cycle of the switch, the current 

flow to the battery may be controlled. 

 The algorithms used to provide the charge control 

are based on a fuzzy logic approach. There are four 

parameters that are monitored inputs to the fuzzy model: 1) 

the solar cell voltage, 2) the current flowing through the 

battery, 3) the battery voltage, and 4) the analog control 

voltage that controls the duty cycle of the PWM chip. The 

output of the fuzzy model is a bipolar voltage signal that is 

summed with the control signal to decrease, increase, or 

leave unchanged the control voltage input to the PWM chip. 

 The input and output parameters were fuzzified 

into three subsets each - low, medium and high, and 

triangularly trapezoidal membership functions used for each 

variable. A large number (81) of control rules were 

established to control the system of the form, e.g., “if solar 

cell voltage is high and current flowing is high and battery 

voltage is low and control voltage is high, output is 

constant”. When the solar cell is in the dark, the battery is 

disconnected from the load to prevent the battery from 

discharging through the solar cell. If the battery is fully 

charged, the solar cell is again detached from the battery to 

prevent overcharging. 
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