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Abstract— The growth in the automobile industry has been rising due to the improvements in 
the design with the employment of renewable energy resources and energy storage devices. This 
manuscript provides a novel solar- fuel cell based hybrid electric vehicle with maximum power 
point tracking system. Also two tracking algorithms named as perturb and observe method and 
incremental conductance have been analysed with the combination of proportional + integral + 
derivative controller. The proposed vehicle has been controlled with the sensors generating hall 
signals and speed form the vehicle. It concludes with the comparison of performance of two 
proposed trackers for the proposed electric vehicle using MATLAB simulink software.  
 
Index Terms— Hybrid electric vehicle, solar-fuel hybrid system, perturb and observe MPPT, 
incremental conductance technique. 

I. INTRODUCTION 

The conventional vehicles exploiting the life of entire world due to huge amount of gases that are being spitted 
out of the vehicles. If this goes on increasing the survival may become a complicated issue [1]. So there has to be 
an alternative that overcomes the problems of fuel based vehicle and replaces with renewable based vehicle. So, 
among the numerous types of sources, solar energy has been [2-3] opted due to its huge advantages and also fuel 
cell has been chosen as another source for driving the vehicle.   
But the renewable sources suffer from problem of variable power values for varying irradiance and temperature 
conditions.  So to extract the maximum power from the solar panel, tracking algorithm has been opted which [4-
6] tracks the maximum power for variable weather conditions. Among the available tracking techniques, like hill 
climbing, fixed duty cycle, constant voltage method, perturb and observe, incremental conductance have been 
chosen for tracking the solar energy. Perturb and observe tracking algorithm finds the peak power point with 
certain perturbations and observations with a step size. Incremental [7] conductance algorithm finds the peak 
power point with the change in both power of the solar system and also with the change in voltage. Also this 
tracking algorithm suffers with the problems of transient variations in the output parameters. So to attain stability 
in the transient [8] and steady state performance the trackers have been analysed with the PID controller where 
the proportional gain reduces the steady state error, integral gain nullifies the steady state error and derivative 
gain reduces the overshoot problem.  
The paper is organized as follows; Section I presents introduction to the proposed PID fed MPPT trackers based  
electric vehicle, Section II deals with the block diagram explanation of proposed MPPT trackers based hybrid  
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electric vehicle, Section III deals with perturb observe and incremental conductance MPPT techniques, Section 
IV deals with the simulation of the proposed vehicle and results and Section V deals with the conclusions drawn 
from the projected work. 

II. BLOCK DIAGRAM EXPLANATION OF PROPOSED VEHICLE 

The block diagram model of the MPPT controlled vehicle is given in Fig.1 which consists of photovoltaic 
system and fuel cell system generating electricity with two types of MPPT techniques fed PID controller. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig 1: Block Diagram Of The Proposed Vehicle 

When the solar rays falls up on the panel, it generates [3] DC energy and when the hydrogen is being pumped 
into the fuel cell, it also generates DC energy. The DC energy from both the sources is integrated and the hybrid 
energy will be directed to high gain interleaved boost converter which enlarges the magnitude of voltage at the 
output of the converter.  
The boosted output from the converter will be passed to inverter which converts the DC output from the 
converter into AC input to drive the [11-14] BLDC motor. Also the integrated output will be passed to [15] 
maximum power point tracker for attaining the maximum power all the times from the hybrid system.  
The maximum voltage tracked by the tracker is fed to PID controller where it compares the actual voltage with 
the peak voltages and generates processed error. The processed error will be compared with the carrier signal 
there by generating gate pulse for the high gain interleaved boost converter.  
The expression for the voltage at the output of the solar cell can be given as 

RIV pvpv       (1) 

The expression for the current through the solar cell can be given as 
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The expression for the filter inductances of the converter can be given as 
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The expression for the filter capacitances of the converter can be given as 

f
V

s
VR

K
C


 0      (4) 

 

III. PID CONTROLLER FED MPPT TRACKERS 

3.1 Perturb and observe MPPT 
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The flow chart for perturb and observe MPPT technique is given in Fig.2 where the inputs for the tracker are 
voltage, current of the hybrid system. Then it calculates change in power, change in voltage. The changes are 
being compared with their past change values and the difference between past value and present value will be 
calculated. If there occurs greater than zero, then perturbation [9-10] will be in the similar path. If there exists 
lesser than zero then perturbation gets reversed and moves in reverse direction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2: P&O MPPT Flowchart 

3.2 Incremental conductance MPPT 
 
Perturb and observe will suffers from the problem of swinging around the maximum power point which can be 
overcome with incremental conductance MPPT technique anywhere it achieves the peak power and prevents the 
perturbations if maximum point is reached. If maximum power is not achieved, then lane of perturbation will be 
achieved [9-10] using dI/dV and –I/V. It is attained through the verity that dP/dV is negative, if the tracking is to 
the right side of maximum power and that dP/dV is positive, if the tracking is to the left side of maximum power. 
It calculates at what point peak power will be attained instead of fluctuating around maximum power point like 
as perturb and observe method does. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 3: Incremental Conductance MPPT Flowchart 

IV. SIMULATION OF PROPOSED ELECTRIC VEHICLE 

The proposed PID controller based electric vehicle has been simulated using MATLAB simulink and the 
following are the results obtained.  
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 PID-P&O controller and PID-INC controller 
The solar and fuel cell systems are integrated and the integrated voltage of hybrid system is given below. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: Potential Of Integrated System 

The integrated output has been fed to the converter which is controlled with PID controller based MPPT 
controller whose voltage, current and power are given Fig.4 

 

 
Fig 4: HGIBC Output Voltage, Current And Power With PID-INC And PID-P&O Controller 

An output voltage of 360V has been produced from the HGIBC whose peak value is 385V and settled at 
t=0.21sec with PID-P&O controller as revealed in Fig.4 and also output voltage of 372V has been produced 
from the HGIBC whose peak value is 379V and settled at t=0.1sec with PID-INC controller . The current of 
6.1A has been obtained from the boost converter whose peak value is 6.5A and settled at t=0.21sec with PID-
P&O controller as revealed and also current of 6.28A has been obtained from the boost converter whose peak 
value is 6.1A and settled at t=0.1sec with PID-INC controller . The output power of the converter has been 
observed to be 2280W whose peak value is 2500W and settled at t=0.21sec  with PID-P&O controller as 
revealed and also output power of the converter has been observed to be 2336W whose peak value is 2450W and 
settled at t=0.1sec  with PID-INC controller . 
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Fig 5: Voltage Of Inverter With PID-INC And PID-P&O Controller 
The output of the converter has been directed into the inverter which generates AC output for driving the BLDC 
motor and shows the voltage generated from the inverter with PID-P&O and PID-INC controller. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6:Currents, EMF’s And Hall Sensor Of BLDC Motor With PID-P&O Controller 

The output from the HGIB converter is passed to the three-phase inverter to produce AC output for the BLDC 
Motor whose value is 360V and the performance characteristics (Speed, Torque, EMFs’ and Currents) of the 
Motor are as shown whose speed of BLDC motor is 1450RPM and torque obtained is 0.65N-m, three phase 
generated EMF whose magnitude is 85V, three phase currents whose magnitude is 19A with PID-P&O 
controller. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7:Currents,EMF’s And Hall Sensor Of BLDC Motor With PID-INC Controller 

The output from the HGIB converter is passed to the three phase inverter to produce AC output for the BLDC 
Motor whose value is 372V and the performance characteristics (Speed, Torque, EMFs’ and Currents) of the 
Motor are as shown whose speed of BLDC motor is 1520RPM and torque obtained is 0.705N-m, three phase 
generated EMF whose magnitude is 87V, three phase currents whose magnitude is 20.3A  with PID-INC 
controller. 
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 Fig 8: Speed And Torque Of BLDC Motor With PID-INC And PID-P&O Controller 

TABLE I. ASSESSMENT OF DC LINK VOLTAGE, CURRENT AND POWER OF HGIBC WITH PID-INC, PID-P&O MPPT 

Parameter PID-INC MPPT PID-P&O MPPT 
DC voltage 372V 360V 
DC current 6.28A 6.1A 

DC power 2336W 2280W 

Speed 1520RPM 1490RPM 

Torque 0.705N-m 0.69N-m 

Torque ripples 0.11N-m 0.15N-m 
 
The comparison Table.1,2 with PID based INC and P&O MPPT technique has been provided in terms of 
dynamic, static where PID-INC MPPT shows the better performance than the PID-P&O MPPT. 

TABLE II. COMPARISON TABLE IN TERMS OF STATIC AND DYNAMIC PERFORMANCES WITH PID-INC, PID-P&O MPPT 

Performance Parameter PID-INC MPPT PID-P&O MPPT 

Dynamic 
Response time (ms) 0.1 0.21 

Overshoot (W) 150 300 

Static Ripple (W) 180 200 

Efficiency Output power 
average value (W) 2336 2280 

V. CONCLUSION 

It presents the design of renewable source based electric vehicle with the use of the solar and fuel cell as the 
supply resources. Also, PID based MPPT tracking system has been designed in this paper with two trackers 
named as   incremental conductance and perturb and observe method. The assessment of the performance of 
controller based maximum power point technique in terms of voltage, current, power, response time, torque 
ripples and efficiency of the system and also comparison has been made in between incremental conductance 
based MPPT system and also perturb and observe based MPPT system with designing the system using 
MATLAB simulink. 

REFERENCES 
[1]. M. S. Alam Chowdhury, K. A. A. Mamun and A. M. Rahman, "Modelling and simulation of power system of battery, 

solar and fuel cell powered Hybrid Electric vehicle," 2016 3rd International Conference on Electrical Engineering and 
Information Communication Technology (ICEEICT), Dhaka, Bangladesh, 2016, pp. 1-6, doi: 
10.1109/CEEICT.2016.7873126. 

[2]. S. Bhadra, P. Mukhopadhyay, S. Bhattacharya, S. Debnath, S. Jhampati and A. Chandra, "Design and Development of 
Solar Power Hybrid Electric Vehicles Charging Station," 2020 IEEE 1st International Conference for Convergence in 
Engineering (ICCE), Kolkata, India, 2020, pp. 285-289, doi: 10.1109/ICCE50343.2020.9290651. 

[3]. M. Ali, S. Mohammad and M. M. Rahman, "Modelling a Solar Charge Station for Electric Vehicle with Storage 
Backup," 2019 1st International Conference on Advances in Science, Engineering and Robotics Technology 
(ICASERT), Dhaka, Bangladesh, 2019, pp. 1-4, doi: 10.1109/ICASERT.2019.8934645. 

[4]. N. Kawamura and M. Muta, "Development of solar charging system for plug-in hybrid electric vehicles and electric 
vehicles," 2012 International Conference on Renewable Energy Research and Applications (ICRERA), Nagasaki, Japan, 
2012, pp. 1-5, doi: 10.1109/ICRERA.2012.6477383. 

[5]. Muhammad Sifatul Alam Chowdhury, Al Mahmudur Rahman and Nahidul Hoque Samrat, "A comprehensive study on 
green technologies used in the vehicle", Green Energy and Technology (ICGET) 2015 3rd International Conference on, 
2015. 

[6]. I. Azeem, M. M. A. Baig and M. H. Uddin, "A Strategy to Evaluate MPPT Techniques," 2018 Asian Conference on 
Energy, Power and Transportation Electrification (ACEPT), Singapore, 2018, pp. 1-4, doi: 
10.1109/ACEPT.2018.8610792. 



 

 
62 

[7]. A. Kchaou, A. Naamane, Y. Koubaa and N. K. M'Sirdi, "Comparative study of different MPPT techniques for a stand-
alone PV system," 2016 17th International Conference on Sciences and Techniques of Automatic Control and Computer 
Engineering (STA), Sousse, 2016, pp. 629-634, doi: 10.1109/STA.2016.7952092. 

[8]. T. Selmi, M. Abdul-Niby, L. Devis and A. Davis, "P&O MPPT implementation using MATLAB/Simulink," 2014 Ninth 
International Conference on Ecological Vehicles and Renewable Energies (EVER), Monte-Carlo, Monaco, 2014, pp. 1-
4, doi: 10.1109/EVER.2014.6844065. 

[9]. F. Z. Hamidon, P. D. A. Aziz and N. H. M. Yunus, "Photovoltaic array modelling with P&O MPPT algorithm in 
MATLAB," 2012 International Conference on Statistics in Science, Business and Engineering (ICSSBE), Langkawi, 
Malaysia, 2012, pp. 1-5, doi: 10.1109/ICSSBE.2012.6396616. 

[10]. T. M. Chung, H. Daniyal, M. H. Sulaiman and M. S. Bakar, "Comparative study of P&O and modified incremental 
conductance algorithm in solar maximum power point tracking," 4th IET Clean Energy and Technology Conference 
(CEAT 2016), Kuala Lumpur, Malaysia, 2016, pp. 1-6, doi: 10.1049/cp.2016.1300. 

[11]. E. Kim, M. Warner and I. Bhattacharya, "Adaptive Step Size Incremental Conductance Based Maximum Power Point 
Tracking (MPPT)," 2020 47th IEEE Photovoltaic Specialists Conference (PVSC), Calgary, AB, Canada, 2020, pp. 
2335-2339, doi: 10.1109/PVSC45281.2020.9300956. 

[12]. Y. B. A. Apatya, A. Subiantoro and F. Yusivar, "Design and prototyping of 3-phase BLDC motor," 2017 15th 
International Conference on Quality in Research (QiR) : International Symposium on Electrical and Computer 
Engineering, Nusa Dua, Bali, Indonesia, 2017, pp. 209-214, doi: 10.1109/QIR.2017.8168483. 

[13]. P. Suganthi, S. Nagapavithra and S. Umamaheswari, "Modeling and simulation of closed loop speed control for BLDC 
motor," 2017 Conference on Emerging Devices and Smart Systems (ICEDSS), Mallasamudram, India, 2017, pp. 229-
233, doi: 10.1109/ICEDSS.2017.8073686. 

[14]. P. Sarala, S. F. Kodad and B. Sarvesh, "Analysis of closed loop current controlled BLDC motor drive," 2016 
International Conference on Electrical, Electronics, and Optimization Techniques (ICEEOT), Chennai, India, 2016, pp. 
1464-1468, doi: 10.1109/ICEEOT.2016.7754925. 

[15 ]K. Sreeram, "Design of Fuzzy Logic Controller for Speed Control of Sensorless BLDC Motor Drive," 2018 
International Conference on Control, Power, Communication and Computing Technologies (ICCPCCT), Kannur, India, 
2018, pp. 18-24, doi: 10.1109/ICCPCCT.2018.8574280. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 


