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This work presents the development of an experimental platform of the 

solar photocell under the influence of inclination, humidity temperature 

with the use of embedded systems. This system consists of 8 resistive 

loads with different values each connected to an NPN type transistor 

coupled to an instrumentation chain. A digital control programmed by 

an ATmega electronic board allows the automation of the variations of 

the resistive load fed by a solar panel of 19V 5 W of power. A 

computer program developed on the basis of an algorithm according to 

the defined operation, drives the Arduino electronic board. The 

movement of the sun during the day leads to the consideration of angle 

of incidence. During experiments this fundamental parameter is set 

electronically for automatic acquisition with the parameters: of the 

solar panel temperature, ambient temperature and humidity in the 

environment. The automatic variation of the resistive load with the 

combinations of the 8 electrical resistors to obtain 256 measurements in 

a few milliseconds. This speed of measurement makes possible the 

assumption of constant sunshine during the characterization, with a 

high number of points, of current-voltage curves of the photovoltaic 

solar cell with good precision. 
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Introduction:- 
Faced with demographic and industrial growth, our countries' energy needs are constantly growing. In the meantime, 

the so-called «renewable» energies are used. Despite its enormous potential, solar energy is the most exploited and 

corresponds to only a negligible part of the production and consumption of energy in Senegal [1,2] The exploitation 

of solar radiation is competitive on several levels compared to other renewable energy sources. The solar cell as a 

solar energy converter leads us in a tank to study parameters influencing: temperature, humidity. 

 

Solar cells operate under the influence of several internal or external parameters: technology, solar panel orientation, 

environment, dust, temperature, humidity... 

 

On the one hand, these parameters have been studied in theories from the density of the minority load carriers, the 

density of photocurrent, photovoltage, I-V characteristics, serial resistors and shunt, the capacity of the solar cell. [3-

6] 
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On the other hand, experimentation with solar photovoltaic generators is often done manually with common 

laboratory instruments [7-9]. However, this method of manual measurement contains errors that are not negligible. 

[10] Solar lighting during the day poses the problem of the speed of measurements which must also be numerous to 

be representative of the physical phenomena involved in semiconductors. 

 

The objective of this work is to:  

i) Design an experiment platform to automate loads, [11] with industrial technologies, embedded systems, during 

experiments on the solar photocell.  

ii) Parameters (inclination angle, sun tracking, atmospheric dust, electromagnetic disturbance, etc.) and data 

acquisition (current, voltage, temperature, humidity, illumination level) at a distance for pooling resources between 

research structures.  

iii) Study the photopile by processing data acquired using computer algorithms using powerful mathematical tools. 

 

Automatic device of the variation of the resistive load of the solar cell 

The method consists in remotely controlling the value of an equivalent electrical resistance; this thanks to digital 

electronics. The principle is to put in parallel the electrical resistors taken among a set of n resistors. We proceed by 

a binary variable association using static switches for switching. The status of the Tx switch determines the status of 

the Rx resistance relative to the association. The experimental design is shown in Figure 1 

 
Figure 1:- Automatic characterization scheme of the solar cell. 

 

Numerical equivalent resistance block diagram 

In Figure 2, we propose the association of binary variables of transistors with the association of electrical resistors. 

 

 

 

 

 

 

 

 

 

Figure 1:- Schematic diagram of the automatic characterization of a solar panel. 

 

Equation of the numerical equivalent electrical resistance 

For the calculation of the resistance association, the value of the equivalent resistance is determined by using the 

formula expressed by the following equation: 
𝟏

𝐑𝐞𝐪
=   𝐓𝐱

𝐧−𝟏
𝐱−𝟎 .

𝟏

𝐑𝐱
(1) 

For a numerical function with binary n variables, the equivalent electrical resistance is given by the following 

formula: 

𝐑𝐞𝐪 = 𝐟 𝐓𝟎, 𝐓𝟏, 𝐓𝟐, 𝐓𝟑 …… . . 𝐓𝐍−𝟏 (2) 

This numeric function has a countable number of defined values. The following expression expresses N as a 

function of n 

𝐍 = 𝟐𝐧(3) 
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Numerically controlled electrical resistance control laws 

The numerically controlled electrical resistor, the sequencer controls the transistors through binary signals that obey 

a logic.  To obtain a command law, let us define a binary number A having as digits the n binary variables 

associated with the n transistor, thus A is presented as a continuation: 

A= 𝐓𝐧−𝟏 ……𝐓𝐗 ……𝐓𝟎 (4) 

 

The decimal representation of the binary number denoted D which is a natural integer defined at 2n  that is to say 

going from 0 to 2n−1is to formula: 

𝐃 = 𝐓𝐧−𝟏. 𝟐𝐧−𝟏 + ⋯𝐓𝐱. 𝟐𝐱 + ⋯ + 𝐓𝟎. 𝟐𝟎(5) 
𝟏

𝐑𝐞𝐪
=

𝐓𝐧−𝟏.𝟐𝐧−𝟏

𝐑𝐧−𝟏.𝟐𝐧−𝟏+
𝐓𝐧−𝟐.𝟐𝐧−𝟐

𝐑𝐧−𝟐.𝟐𝐧−𝟐 + ⋯ 
𝐓𝐱.𝟐𝐱

𝐑𝐱.𝟐𝐱 …+
𝐓𝟎.𝟐𝟎

𝐑𝟎.𝟐𝟎(6) 

By identifying the binary number D, we will have as equation :𝐑𝐞𝐪 =
𝐑𝟎

𝐃
 (7) 

 

Experimental device with 8 charge electrical resistors 

The experimental set up is composed of n = 8 load resistors. A value of 10 Ω is arbitrarily set for the first electrical 

resistance R7. Thus the transition from one position to the next doubles the resistance value according to Table 1. 

 

Table 1:- Regulated electrical resistance values. 

R7 R6 R5 R4 R3 R2 R1 R0 

10 Ω 20 Ω 40 Ω 80 Ω 160 Ω 320 Ω 640Ω 1280 Ω 

The value of the equivalent electrical resistance𝐑𝐞𝐪is obtained according to the order law with𝐑𝐞𝐪 =
𝟏𝟐𝟖𝟎

𝐃
(8) 

 

For each load resistor, place static switches of the transistor type NPN which plays the role of switching between the 

electrical resistors of charge. 

 

Control of the digital equivalent resistance controlled by an ATmega electronic board 

Let’s develop a basic algorithm for the study of the static and transient regime. The resistance load is supplied by the 

PV solar panel. The program from the algorithm allows the selection of loads.  The delay between two consecutive 

states is done automatically via the program set up. The resistor connected to each base of the transistor is used to 

fix the current for switching transistors. We schematize the control device on figure 3. 

 
Figure 3:- Automatic programming of the experimental solar panel process. 
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Control solar tracker using ATmega electronic board for solar panel and tilt angle. 

The proposed system includes the installation of the photovoltaic module on a plastic structure, all put on a vertical 

support. In order for the system to follow the movement of the sun, the ATmega microcontroller, an open source 

hardware, is used via its digital and analog ports and is connected to the computer via a USB cable. 

 

It is fixed two photoresistors on both ends with a light field separator. The information sent by the photoresistors is 

processed by the ATmega microcontroller which controls a servo motor of 25Kg ,12V and loads (resistance) by 

switching. [12] The solar module attaches automatically to the azimute. A voltmeter and a digital ammeter are 

placed to visualize the voltage and current at each load rotation to plot the characteristic I-V curve shown in Figure 

4. 

 

Figure 2 : representation of photovoltaic solar panel device servo motor, photoresistors 

 

Figure 5:- Gives the representation of photovoltaic solar panel servo motor, photoresistors. 

 
 

Figure 3:- Control of the programming of the solar panel device. 

 

Acquisition system 

The ATmega microcontroller processes the system’s operating information (data) [13,14]. 
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The computer present in the device allows to upload the operating program into the ATmega card and supervise the 

process. 

 

Electronic Board 

The ATmega microcontroller used is pen source, via its digital and analog ports, the controls and loads are activated. 

The ATmega is connected to the computer via USB cable. 

 

Transistors 

The transistors whose charge resistors are connected to its base ensure the combination. With n transistors we will 

have 2n  combinations. We chose 8 transistors for the combination of loads automatically. 

 

Temperature and humidity sensors 

Type K thermocouple measuring photovoltaic solar panel surface and Dht11 ambient temperature and humidity are 

used in our device. 

 

Review System 

A digital oscilloscope is a measuring instrument intended to visualize an electrical signal, often variable over time. It 

makes it possible to observe temporal variations, either of electrical voltages or of various other physical quantities 

[13,15]. The oscilloscope is connected in the device to visualize the characteristic I-V curve 

 

 
Figure 4:- Presentation of the intelligent electronic solar panel management system [16]. 
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Figure 5:- Photocell solar panel with photoresistance and temperature sensor. 

 

In the device a 200 MHZ digital oscilloscope was placed to visualize the characteristic curve I-V [17] according to 

the angular deviation of the photovoltaic solar panel. 

 
Figure 6:- Solar Panel I-V Digital Display Device. 

 

Temperature and Humidity Scans 

The selected Max6675 type k thermocouple temperature sensor does not require calibration to give an accuracy of 

±0,5˚C over a temperature between −20˚C and +85˚C. This sensor is characterized by the equation. 
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Vcap = 10mv x T(11) 

 

The type k thermocouple is placed directly on the surface of the PV solar panel. Indeed, the sensor allows us to read 

the temperature (in degrees and farad)  of the photovoltaic cell. The DHT11 sensor provides a digital output 

proportional to the temperature and humidity measured by the sensor. The technology used to produce the DHT11 

sensor ensures high reliability, excellent long-term stability and a very fast response time. The DHT11 is precisely 

calibrated in the laboratory. The single-wire serial interface enables fast and simple integration of this sensor into the 

digital system [18].With this sensor, we receive the data of the ambient temperature and humidity of the medium. In 

addition, temperature, humidity are analog values. These temperature and humidity values are read from the 

Arduino software serial monitor [18]. 

 
Figure 7:- Arduino Serial Monitor. 

 

Both type k thermocouple sensors and the DHT11 are connected to the electronic board, read the data in real time 

according to the angular position of the photovoltaic solar panel. 

Algorigram of the automatic experimental process for the solar panel is thus presented in figure 10. 
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Figure 10:- Algorithmic presentation of the general functioning of the process. 

 

Realization of the experimental device 

This work was carried out in the electronic laboratory (of the CEDT "the G15" of Dakar. The assembly of the 

automatic experimental process placed in the laboratory while the photovoltaic solar panel is placed outside under 

solar lighting as shown in Figure 9.11 

 
Figure 8:- Intelligent system operation. 
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Figure 9:- Solar panel under solar lighting. 

 
 

The results of the experiments 

Figure 13 shows the curve of the current and the voltage produced by the photovoltaic panel with the follower 

system at a position The observation of the curve highlights the influence of the temperature and the illumination on 

the electrical quantities of the photovoltaic modules. 

 

The system operating flowchart is shown in Figure 13. The shape of the I-V curve below is obtained and the 

temperature and humidity data in tables 2 and 3. 
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Figure 10:- Automated operation diagram. 
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Figure 11:- I-V feature in static mode under illumination. 

 

The temperature on the surface of the photovoltaic panel, humidity and ambient temperature are thus obtained 

thanks to the sensors bet in the device. Depending on the arbitrarily chosen angular position,60°,90°,120° and the 

angle of position of the sun, we obtain the results of the following tables. 

 

Table 2:- Temperature and humidity values. 

angle of inclination 60° 90° 120° 

Ambient temperature in degrees (°C) 34.80 34.40 34 

humidity 75 79 74 

Panel surface temperature in degrees (°C) 37.50 36.25 37.25 

Voc 19.14 19.16 19.4 

Jphcc 117mA 111.5mA 111mA 

 

Table 3:- Azimut temperature value. 

Tilt angle sun position 120 

Ambient temperature in degrees (°C) 39.90 

humidity 60 

Panel surface temperature in degrees (°C) 38.75 

Voc 19.4 

Jphcc 111mA 

 

Conclusion:- 
The design and implementation of an experimental platform for the solar photocell under influence: use of 

embedded systems using an ATmega open source microcontroller, two photoresistant sensors, Dht temperature 

sensors of thermocouple type K, the oscilloscope was used to visualize the characteristic I-V curve of the 
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photovoltaic solar system.The use of this tracker on the photovoltaic system made it possible to have the panel 

temperature at different angles chosen arbitrarily in relation to the angle of the sun’s position. The automated system 

allows to accurately visualize the I-V curve as well as the surface temperature of the panel and the ambient 

temperature, environmental humidity. 
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