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1.ABSTRACT

This paper proposes a solution to find the best way to combine battery banks with Zinc Oxide (ZnQO) capacitors so that electric
vehicles can store more energy. The combination of ZnO capacitors, which have a high power density and can be charged and
discharged quickly, with batteries allows for high energy density, long-term energy storage. To overcome the drawbacks of each
technology when used separately, these two energy storage systems will be integrated.

In order to improve the system's performance, the converters have been regulated using both traditional controllers like Pl and PID
and intelligent controllers like fuzzy controller. A comparison of the results has been done. In order to assist the batteries, maintain
their charge as efficiently as possible, an Arduino-based power circuit has been developed to interface the battery pack with ZnO
capacitors, which are known for their high performance in high terrains and low charge batteries.

Keywords: Ttraditional controllers like Pl and PID and intelligent controllers like fuzzy controller.
1.1 INTRODUCTION TO FUZZY SYSTEM

The idea of fuzzy logic was first proposed by L. A. Zadeh in 1965. According to him, classical theory is all about precision and not
about efficient control. The classical theory could only take two values—one or zero—so it couldn't provide an efficient solution. This
led to the development of fuzzy set theory, which allows for several analyses of the same solution instead of just two. The foundation
of fuzzy logic is the rule-based system, in which a set of predefined rules is used to identify a solution for the system. The use of
IF.THEN rules to generate member functions for the inputs is also an integral part of fuzzy solutions. In an IF-THEN rule, the IF
statement serves as the antecedent and the THEN statement as the consequent.

1.2 SETS AND OPERATIONS

Sets are divided into two types namely: classical set and fuzzy set.
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Classical Set: In this Set, it defines if a factor belongs to a particular set or does not belongs to which can be represented as
A={x € U] x satisfies some conditions}

The above condition can also be represented as pA(x) = {l if x €A

0ifx not€ A}

Fuzzy set: In this set, it not only defines if a factor belongs to a particular set or not and also define how much the element belongs to
that set can be represented as

A= {(x, pA(x) [x € U}
Operations
There are some of the operations that can be obtained with the fuzzy sets which are described below:
Consider two fuzzy sets A and B, universe of discoursebe U and the operations union, intersection and complement.
o Union
It is the set of all the elements that contain in set A or set B that can be represented as AUB whose expression can be given as
HAUB(x) = max {HA(X), UB(x)}
. Intersection
It is a set of all the elements that contain in set A or set B, can be represented as ANB whose expression can be given as
HANB(x) = min {uA(x), uB(x)}
1.3 ADVANTAGES OF FUZZY CONTROL

There are a number of benefits to using it instead of the more traditional controllers. Here they are:

. Easy to grasp as the controller's underlying principle is straightforward.
. It also includes seeing things through the eyes of a person who gains the strength to adapt to the challenges of controlling.
. It will also function better when inputs are interrupted. Also, according to rule theory, it can take in a lot of inputs and come

out with a lot of outputs. Compared to providing operators for the proportional-integral-derivative controller, producing the rule-based
system for the fuzzy controller is easy.

. To ensure the system continues to run safely, the sensor can be programmed to turn off when it ceases working.

. Rather of requiring complicated analytical analysis, it will be quickly applied.

. It leverages the accuracy of intuitive controllers while making efficient use of them, rather than relying on higher-accuracy
Sensors.

. This controller has an intuitive Ul that even a non-technical person can pick up and use with ease.

. The simpler computations are incorporated into the controller.

. An often-used method of presenting unknown information is the fuzzy logic controller.
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1.4 IMPLEMENTATION OF FUZZY LOGIC

It provides a highly ordered map of the effort to production, and the mapping is permissible even for those without extensive
procedural expertise. The procedures that must be followed in Fuzzy control are as follows:

o It is essential to grasp the idea of applying the rule-based arrangement and the machinist to the controller.

o It is necessary to grasp the notion of linguistic variables and membership functions. It is necessary to do an analysis of the
power system and its controls. The plant's status variables need to be determined.

) It is now necessary to construct the rule-based system for the input and output language variables.
1.5 BASIC COMPONENTS IN FUZZY CONTROL

Fuzzy logic controls (FLCs) are defined by a system that determines a set of language rules that describe the basic controls. Because
the system defines the rules, mathematical modeling is not necessary. There are typically three main components that make up an
FLC:

1. Fuzzification,
2. Interference engine, and
3. Defuzzification.

Further, the fuzzy controls are characterized by the following steps:

) For each input and output apply seven fuzzy sets
o For simplicity use triangular membership functions
o Implementation of using mamdani “s” min operator; and

o Finally defuzzification using “centroid” method

When faced with ambiguity or imprecision, FLCs are renowned for producing suitable outcomes. With its user-friendly interface and
straightforward explanations, even a layperson can grasp the concept and create their own practical control algorithms. They provide
comparable or even more accurate outcomes than conventional PID controllers and perform better overall.

. Fuzzification

Seven fuzzy subsets are used for fuzzification and for the linguistic variables, different membership values will be assigned.

I. Negative Big (NB)
Negative Medium (NM)
Negative Small (NS)

4, Zero (ZE)

Positive Small (PS)
Positive Medium (PM) and

Positive Big (PB)

2

o)

N

o B A

The input scaling factor is taken into account in the system design to be with input values ranging from -1 to +1.

Furthermore, it is anticipated that the membership function will possess a triangle form, and for every given input, a singular type of
domain fuzzy subset will be accessible.
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. Interference Method

While other compositions like Max-Dot and Max-Min are available, the Min technique is used here. Currently, the minimum and
maximum operators will determine the output membership function for every rule that is implemented.

) Defuzzification

Because non-fuzzy control values are required, defuzzification plays a crucial role. In order to determine the fuzzy logic output and
subsequently alter the control output, the centroid approach is utilized.

You can control the inverter switches using the same FLC output. It is necessary to detect all of the control parameters and compare
them to the reference values in order to carry out the necessary operations.

This thesis made use of a non-uniform fuzzifier for fuzzification. When the margins of error and the amount of change in error are
negligible, they are divided up equally. But when they're really large, they're split open.
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Figure 1. 1 Block diagram of fuzzy logic controller

General methods adopted for Defuzzification are:

1. Center of Gravity or Centroid Method: It finds the center point of the targeted fuzzy region by finding weighted mean of the
fuzzy region.

2. Weighted averages Method: It assign weight to each membership function in the output by their respective maximum
membership values.

3. Max membership principal Method: It chooses elements with max membership values.

A fuzzy logic controller takes as inputs, in accordance with the aforementioned principle, the difference between the reference and
obtained voltages, and as inputs, in turn, the change in the differential. The fuzzifier takes these as input and uses them to transform
crisp variables into fuzzy ones. Next, we look at the two transformed fuzzy membership functions using seven variables: PB, PM, PS,
ZE, NS, NM, and NB. The output membership function is formed by applying 49 rules that are derived from the rule based system's
IF-THEN rules. The centroid-type defuzzification method is then used to transform the fuzzy output membership function into a crisp
value. The fuzzy logic table utilized by the DC link voltage controller is provided in the table below.
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Table 1. 1 Rule Based System of Fuzzy Controller

S NB NM NS Z0 PSs PM rBe

e
NB NB NB NB NB NM NS 70
NM NB NB NB NM NS 70 PS
NS NB NB NM NS 70 Ps PM
70 NB NM NS 70 Ps PmM rB
Ps NM NS Z0 PS PM PB re
PM NS 70 Ps PM rB rB re
rs 7.0 PS PM PB PB rB rB

1.6 SIMULATION OF INTELLIGENT CONTROLLER FOR PROPOSED ELECTRIC VEHICLE:

Using MATLAB Simulink, we created models with fuzzy controllers for buck boost converters; Figure 1.2 shows the suggested
electric car model of the buck boost converter with fuzzy regulators. Figure 1.3 shows that the 48 volt output voltage of the converter
settled at 0.025 seconds.

ey
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b

Figure 1. 2 Simulink diagram of Electric Vehicle with Fuzzy controller

JETIR2605527 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetirorg | 228


http://www.jetir.org/

© 2026 JETIR May 2026, Volume 13, Issue 5 www.jetir.org (ISSN-2349-5162)

Sj’ ! | T
4
L]

1 1 | !
0 00 204 0% 008 o a0k 008 0l
Tme(see)

Figure 1. 3 Output voltage of the Converter
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Figure 1. 4 Speed of the motor
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Figure 1. 5 Torque of the Motor

Figure 1.4 indicates that the BLDC motor is operating at a speed of around 420 revolutions per minute. The BLDC motor's torque, as
shown in figure 4.5, starts at approximately 13 N-m and drops to around 17 N-m after t=0.2 sec.
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The comparison of the buck boost converter with various controllers is shown in table 4.2. Among these, the converter with the fuzzy
controller outperforms the converter with the Pl and PID controllers.

Table 1. 2 Comparison of Buck Boost Converter with controllers

[Parameter IPT IPTD [Fuzzy
Kp 53 52 X
[Ki 25 17 -
Kd - 7 N
rise time 0.01 0.02 0.012
Settling time 0.17 0.1 0.04
[Peak time 0.03 0.03 0.04
[Peak overshoot 10.4% 7% 0
Steady state error

0.7 0.6 0.01
[Efficiency 20.1% 20.5% 21%

When compared to PID controllers, fuzzy controllers significantly improve the performance of buck boost converters, with 50%
shorter settling periods, 100% less peak overshoot, 50% less stable state error, and 91% efficiency.

This section compares the efficiency of converters using Pl, PID, and fuzzy controllers and details the design and construction of an
electric vehicle using a fuzzy controller. Fuzzy controller achieves 50% better settling time, 100% better peak overshoot, 50% better
steady state error, and 91% better efficiency than Pl and PID controllers, which in turn increase the performance of EVs. With the
fuzzy controller, the electric vehicle's speed and torque are increased by 10%.

References :

1. S Tavakol-Sisakht, SM Barakati —“Energy management using fuzzy controller for hybrid electrical vehicles” Journal of
Intelligent & Fuzzy. 2016 - content.iospress.com

2. S. Ban, J. Zhang, L. Zhang, K. Tsay, D. Song, and X. Zou, “Charging and discharging electrochemical super capacitors in
the presence of both parallel leakage process and electrochemical decomposition of solvent,” Electro chimica Acta, vol. 90, pp.
542-549, 2013.

3. S. Fletcher, L. Kirkpatrick, R. Drink, R. Puttock, R. Thring, and S. Howroyd, “The modeling of carbon-based super
capacitors: distributions of time constants and pascal equivalent circuits,” Journal of Power Systems, vol. 345, pp. 247— 253, 2017.

4, S. Hala, N. Khalil Faris, and N. Khaled Faris, “Ultra capacitor: modeling and characterization for electric vehicle
application,” International Journal of Engineering Research, vol. 5, pp. 681— 686, 2015.

5. S. M. Lukic, J. Cao, R. C. Bansal, F. Rodriguez, and A. Emadi, “Energy storage systems for automotive applications,” IEEE
Trans. Ind. Electron., vol. 55, no. 6, pp. 2258-2267, Jun. 2008.

JETIR2605527 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetirorg | 230


http://www.jetir.org/

© 2026 JETIR May 2026, Volume 13, Issue 5 www.jetir.org (ISSN-2349-5162)

6. Samuel, Edmund & Joshi, Bhavana & Kim, Yong & Aldalbahi, Ali & Rahaman, Mostafizur & Yoon, Sam. (2020).
ZnO/MnO x Nanoflowers for High-Performance Supercapacitor Electrodes. ACS Sustainable Chemistry & Engineering.
10.1021/acssuschemeng.9b06796.

7. Schupbach, R.M. & Balda, Juan & Zolot, M. & Kramer, B.. (2003). Design methodology of a combined
battery-ultracapacitor energy storage unit for vehicle power management. PESC Record - IEEE Annual Power Electronics Specialists
Conference. 1. 88 - 93 vol.1. 10.1109/PESC.2003.1218278.

8. Singh, Prabhdeep. (2023). Enhancing Performance of Hybrid Electric Vehicle using Optimized Energy Management
Methodology. International Journal of Data Informatics and Intelligent Computing. 2. 1-10. 10.59461/ijdiic.v2i3.74.

9. Singh, Thoudam Paraskumar & Kumar, Sudhir. (2017). Comparative Performance Investigation of Battery and
Ultracapacitor for Electric Vehicle Applications. 10.13140/RG.2.2.26837.24806.

10. Song, Junseok & Toliyat, Amir & Turtle, D. & Kwasinski, Alexis. (2010). A rapid charging station with an ultracapacitor
energy storage system for plug-in electrical vehicles. 2010 International Conference on Electrical Machines and Systems,
ICEMS2010. 2003 - 2007.

11. Song, Ziyou. (2022). Battery/Supercapacitor hybrid energy storage system in vehicle applications.
10.1016/B978-0-08-102888-9.00007-0.

12. Srinivasa rao Gorantla, Rakada V.B. Attuluri, Siva N.R. Sirigiri, “Design and development of an affordable plug in/solar
assisted electric auto rickshaw”, Modeling, Measurement and Control A, Vol. 91, No. 2, June, 2018, pp. 41-47.

JETIR2605527 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetirorg | 231


http://www.jetir.org/

