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Abstract— Proportional integral derivative controllers are 

widely used in industrial processes because of their simplicity 

and effectiveness for linear and nonlinear systems. The PID 

controller is the most suitable for the human decision-making 

mechanism, providing the operation of an electronic system 

with decisions of experts. In addition, using the PID 

controller for a nonlinear system allows for a reduction of 

uncertain effects in the system control. In this study, a 

proportional integral derivative controller and a PID logic 

controller are designed and compared for a single-axis solar 

tracking system using an Atmel microcontroller. According 

to the angle of solar energy, a s olar panel is oriented to the 

side where light intensity is greatest by being designed for the 

related supervisory controllers. Thus, the aim is to increase 

the energy obtained from solar panels by providing the 

specular reflection of the sun’s rays to a solar panel. At the 

same time, a maximum efficient processing system has been 

determined by taking account of two controllers for the 

designed. [1]. 
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I. INTRODUCTION 

Renewable energy is a type of energy that is derived from 

ongoing natural processes and energy of natural processes 

converted into available forms. Renewable energy sources 

can be listed as sunlight, wind, flowing water, biological 

processes, and geothermal. The use of renewable energy 

sources is growing rapidly because of the fact that fossil fuels 

are limited, being rapidly depleted, pollute the environment 

and cause climate change. In addition, another factor that 

increases the use of renewable energy sources is that they can 

be installed everywhere, and can be developed using various 

technologies. 

 The most common sources of renewable energy are 

solar and wind energy. The siting of wind turbines must 

ensure maximum exposure to wind in order to achieve wind 

energy, but not every province in Turkey can provide such 

conditions. Also, PV turbines must be built far from 

residential areas, due to the fact that the sound of wind 

turbines greatly inconveniences people. In addition to this, 

the rural setting of wind turbines is generally on the migration 

route of birds. Research shows that birds often change their 

migration routes or that birds die by hitting operational 

turbines due to the siting of such PVs. Accordingly, it is 

observed that solar farms, as a source of renewable energy, 

are more widespread than PVs. [2] 

II. PHOTOVOLTAIC MODELLING 

In PV modeling, the generation of electrical power is directly 

converted from sun energy by photovoltaic cell. The panel 

used in PV modeling works under the photoelectric effect the 

modeling of photovoltaic system is done by connecting a 

current source in parallel and inverted diode connected along 

with a series and a parallel resistance as shown in Fig.1. [3]. 

 
Fig. 1: Single diode model of a PV cell 

 Here: Rs: series resistance (Ω); Vt: diode thermal 

voltage (V) Np: No. of solar panel are connected together in 

parallel;  Rsh: shunt resistance (Ω); [4]. 

 
Fig. 2: I-V characteristics of PV model 

 In the solar panel model to performing better result, 

by using two diode models but in proposed work our aims of 

this study focus on the single diode model. [5]. 

 
Fig. 3: P-V characteristics curve of photovoltaic cell 
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 The power voltage characteristics of the PV system 

are found by the multiplication of voltage and current as 

shown in Fig 3. The maximum power will be achieved, 

depend on the amplitude of voltage and current, the point 

denoted by MPP in Fig. 3. 

III. BOOST CONVERTER 

Basically, dc-dc boost converter is mostly used in nowadays 

for many industrial applications, which a variable dc supply 

needed. In solar application dc-dc boost converter use for 

boosting the output voltage of solar panel for varying in the 

input side resistance of solar panel compare with the load side 

resistance by changing the duty cycle a boost converter [6]. 

A boost converter is use for this work, it misses out the 

maximum tracking point, our system either for trying to other 

application such as water pumping system which operate on 

230 V, so we use a boost converter [7]. 

 
Fig. 4: Boost converter circuit 

1) Mode 1-The operating condition of the boost converter 

is depending on the duty cycle of the switching 

frequency, if the switch is closed (ON), battery provides 

the charging current to the inductor and inductor is fully 

charged. There is no current flowing through the diode 

cause of capacitor polarity and so that load current 

remains constant which is being supplied due to the 

discharging of the capacitor [8]. 

2) Mode 2- In the operation of second mode the switch is 

disconnecting (off), the diode is becomes forward bias. 

The capacitor will charged through the energy released 

by inductor. The load current remains constant in the 

operation of boost converter [8]. 

IV. MAXIMUM POWER POINT TRACKING 

The many techniques are available for achieving the 

maximum power from solar PV system. 

Some import ant techniques are given:  

1) Neural networks 

2) Fuzzy logic 

3) Perturb and observe 

4) Fractional open circuit voltage 

5) Fractional short circuit current 

6) Incremental Conductance method 

 Perturb and Observe 

In this method the controller adjusts the voltage by a small 

amount from the array and measures power; if the power 

increases, further adjustments in that direction are tried until 

power no longer increases. This is called the perturb and 

observe method and is most common, although this method 

can result in oscillations of power output [9][10].It is referred 

to as a hill climbing method, because it depends on the rise of 

the curve of power against voltage below the maximum 

power point, and the fall above that point.[11]  Perturb and 

observe is the most commonly used MPPT method due to its 

ease of implementation .Perturb and observe method may 

result in top-level efficiency, provided that a proper 

predictive and adaptive hill climbing strategy is adopted 

[12][13] 

 
Fig.5: Perturb and observe 

 Incremental Conductance: 

In the incremental conductance method, the controller 

measures incremental changes in PV array current and 

voltage to predict the effect of a voltage change. This method 

requires more computation in the controller, but can track 

changing conditions more rapidly than theperturb and 

observe method (P&O). Like the P&O algorithm, it can 

produce oscillations in power output.This method utilizes the 

incremental conductance (dI/dV) of the photovoltaic array to 

compute the sign of the change in power with respect to 

voltage (dP/dV).[14] 

 The incremental conductance method computes the 

maximum power point by comparison of the incremental 

conductance (IΔ / VΔ) to the array conductance (I / V). When 

these two are the same (I / V = IΔ / VΔ), the output voltage is 

the MPP voltage... The controller maintains this voltage until 

the irradiation changes and the process is repeated [15] 

 The incremental conductance method is based on the 

observation that at the maximum power point dP/dV = 0, and 

that P = IV. The current from the array can be expressed as a 

function of the voltage: P = I(V)V. Therefore, dP/dV = 

VdI/dV + I(V). Setting this equal to zero yields: dI/dV = -

I(V)/V. Therefore, the maximum power point is achieved 

when the incremental conductance is equal to the negative of 

the instantaneous conductance. 

Techniques used 

for MPPT 

Characteristics 

Implementatio 

n 

Complexity 

Periodic 

Tuning 

Convergenc 

e Speed 

Sensed 

parameters 
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Neural network High Yes Fast Varies 

Fuzzy logic control High Yes Fast Varies 

Perturb & observe Low No Varies Voltage 

Fractional Voc Low Yes Medium Voltage 

Fractional Isc Medium Yes Medium Current 

Incremental Medium No Varies Voltage, 

Conductance    current 

Table 1: Different MPPT techniques with their Characteristics 

V. MODELING OF PHOTOVOLTAIC SYSTEM 

A single phase inverter and boost converter using 

modelling.[16] The panel output is given to the boost 

converter after boosting the voltage is connected to invert and 

then supply to load. In this MPPT algorithm switching pulse 

generated and given to the boost converter for varying the 

duty cycle of the boost converter. The interfacing with 

renewable energy sources is also possible for different solar 

panels can be feed to the inverter as a dc source [17]. The 

power coming from battery backup is given to inverter 

through a bi-directional dc-dc converter; the controlled flow 

of electrical power in either direction is possible by varying 

duty cycle. 

 

Fig. 6: Block Diagram of MPPT Techniques based 

Photovoltaic System 

VI. RESULT & SIMULATION 

As the capacity of PV systems is growing significantly, the 

impact of PV modules on utility grids cannot be ignored. 

Grid-connected PV systems can cause problems on the grid, 

such as injecting more harmonics or reducing the stability 

level or margin by exciting the resonant mode of the power 

system. This problem can be severe when a large scale PV 

module is connected to the grid. Current harmonics produce 

voltage distortions, current distortions, and cause 

unsatisfactory operation of power systems. 

 Therefore, harmonic mitigation plays an essential 

role in grid-connected PV system. To both increase the 

capacity of PV arrays and maintain power quality, it is 

necessary to comply with some requirements such as 

harmonic compensation. 

 
Fig .7.PID based Modeling 
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Fig .8.PID based Modeling 

Parameter 

Calculated 

Value 

( Design 

Before) 

Calculated 

Value 

Peak current(DC Output of PV 

Panel) 
1.661 A 1.981 A 

Peak voltage (AC Output) 110.4 V 220 V 

Table 2: Values of Output 

 
Fig. 9: Output PID based Modeling 

VII. CONCLUSION 

This thesis concludes that the Internal Model Controller tuned 

Proportional Integral Derivative Controller gave the best 

response in terms of stability and speed of response (rise time 

and fall time) when compared with CHR, ZN and TL tuned 

PID for a dual axis solar tracker. The internal model control 

provides a transparent frame work for control system design 

and tuning. The internal model control based proportional 

integral derivative controller design is simple and robust to 

handle the model uncertainties and disturbances and less 

sensitive to noise than proportional integral derivative 

controller for an actual process in industries. Modeling of a 

dual axis solar tracker. An IMC-PID controller was 

developed for a dual axis solar tracker. The result of this work 

showed that the IMC-PID controller provided an efficient and 

commendable improvement in the relative stability, 

disturbance attenuation, set point tracking and an improved 

speed of response for the system. 
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