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The innovative replacement models of fuzzy logic in electric bus charging can enhance the 

efficiency and environmental advantages of electric public transportation systems. This study 

examines the utilization of fuzzy logic models to enhance charging schedules, battery management, 

and energy consumption in electric buses. The integration of such a model reduces energy waste, 

enhances battery longevity, and decreases greenhouse gas emissions that could otherwise pollute 

the clean urban environment. Fuzzy logic-based solutions achieve adaptability across many 

operational situations and real-time data, thus providing a more responsive and efficient charging 

infrastructure. This progressive strategy enables the implementation of sustainable urban mobility 

while concurrently enhancing economic returns through reductions in operational expenses and an 

extended lifespan for electric buses. Optimal expression is achieved by balancing power demand 

across grid, commercial, and residential activities, without allocating places for idle charging. 

Results indicate that vehicle categorization comprises 20% routine and 80% non-routine, hence 

demonstrating the system's prioritization of charging requirements. The power variation data 

verifies the grid's suitability for the system, enabling it to meet fluctuating demands with peak levels 

of 475 kW during the day, down to 418 kW at night. 

Keywords: Fuzzy Logic, Electric Vehicle, Energy Wastage, Electric Bus Charging, Battery 

Management.  

 

 

1. Introduction 

Growing concerns about greenhouse gas emissions, impacts of global warming, and reliance 

on fossil fuels have driven the transportation sector to adopt Electric Vehicles (EVs).  The 

industry is rapidly shifting towards an extensive use of EVs, covering both Battery Electric 

Vehicles (BEVs) and Plug-in Hybrid Electric Vehicles (PHEVs). Hybrid vehicles, such as the 

Prius, utilize energy from both the internal combustion engine and the electric battery. 

Furthermore, they can be recharged by an external power source and the onboard engine 

generator [1]. However, BEVs rely exclusively on electric batteries that require recharging 

from external power sources [2]. As both BEVs and PHEVs depend entirely on power 
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infrastructure for charging, a substantial share of energy demand in transportation would move 

from fossil fuels to renewable energy sources [3]. 

EVs could not attain much popularity in the market initially at the beginning of the 20th 

century due to their high price and slow speed. However, this scenario has changed with the 

advancement in the 21st century as well as technological developments and rising 

environmental concerns as the desire for low-priced, high-speed, zero-emission, and long-

range EVs is continuously increasing. Despite these improvements, one of the biggest 

challenges in India is the absence of sufficient charging infrastructure that prevents the 

diffusion of EVs [4]. A variety of approaches, such as pulse charging, Constant Power Mode 

(CPM), Constant Voltage Mode (CVM), and Constant Current Mode (CCM), can be used with 

EVs. Shorter charging periods and better control over the maximum battery voltage are some 

of the benefits that have been associated with the hybrid technique, which integrates CCM and 

CVM in charging Li-ion batteries in electric vehicles [5]. The use of such model has gained 

popularity in the discharge of EVs.  One well-known example of a cyber-physical system is 

an EV charging network, which consists of hundreds of dispersed EVs and aggregators in 

charge of data management and charging regulation [6]. These modern sensing and 

communication technologies allow energy management systems to extract data from both the 

energy consumer as well as the power grid with high efficiency [7]. 

Fuzzy logic, established in 1965, is essential for enhancing the sustainability of electric bus 

charging systems via a flexible decision-making approach. This is due to the ability to generate 

intermediate values between common binary evaluations, such as true/false or high/low, which 

enables the usage of fuzzy logic to be more adept to uncertain conditions as it applies to electric 

bus charging [8]. Fuzzy logic is based on the concept of fuzzy sets, where X is the input space, 

and x represents its elements. A membership function, represented as μA(x), maps items to a 

value between 0 and 1, indicating the degree of membership of x in fuzzy set A. It can be 

expressed as: 

A = {x, μA(x) | x ∈ X}                                                                  (1) 

Consequently, the charging process of electric buses can be optimized by fuzzy logic models, 

leading to higher energy efficiency and superior load management with reduced battery 

degradation. This technique enhanced the sustainability of electric bus operations by 

decreasing energy usage, increasing battery lifespan, and minimizing emissions [9, 10]. 

The objective of this study is to improve the operational aspects of EV charging stations with 

a particular focus on the optimization of space allocation. The study addressed the challenges 

related to charging control using fuzzy logic functions, where information like arrival time, 

departure timings, and State of Charge (SoC) supplied by electric vehicle owners is essential 

to address scheduling in extensive parking facilities.  EVs are categorized into regular usage 

and irregular usage to ensure that the system can adequately assist with the charging 

demands. The power grid, distribution infrastructure, baseload management, Distribution 

System Operators (DSOs), and communication networks are all vital elements that are 

required for the effective administration of EV charging. 

The remaining parts of this work are structured as follows: Section 2 reviews the previous 

research on investigating the impact of fuzzy logic replacement model in EV bus charging. 
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Section 3 outlines the proposed approach used for this study. Section 4 presents the results, 

accompanied by a brief explanation to enhance understanding. 

 

2. Related Work 

This section presents a comprehensive review of related studies by various authors focused on 

the Sustainable impact of fuzzy logic replacement model in EV bus charging. 

Ahmadi et al. (2023) [11] introduced a novel multi-objective optimization framework for 

Electric Vehicle Smart Charging (EVSC) with the Dynamic Hunting Leadership (DHL) 

approach. The findings illustrated that under certain operational constraints, this algorithm 

could effectively address trade-off requirements and improve the voltage distribution of the 

grid. 

Du et al. (2023) [12] implemented an advanced Particle Swarm Optimization (PSO) method 

for optimal optimization of charging strategies for EVs. A PSO algorithm is employed to 

demonstrate the systematic charging method. The proposed systematic charging method 

lowered both charging costs and the disparity between peaks and troughs. 

Raj et al., (2021) [13] implemented a solar-powered lithium-ion battery charging system that 

employed a Battery Management System (BMS) using fuzzy logic. The design and 

development were conducted on the MATLAB/Simulink platform to enhance the system's 

performance. The findings indicated that the proposed BMS attained an overall accuracy of 

95.1%. 

Hussain et al. (2020) [14] proposed a Fuzzy Logic Weight-Based Charging Scheme (FLWCS) 

to improve the Quality of Experience (QoE) via fuzzy logic. The research enhanced service 

quality for FLWSC concerning First-Come, First-Served queuing methodologies. 

Chen et al. (2019) [15] created a decentralized infrastructure for EVs that run on FLC for 

charging and discharging. The findings showed that the average level of charge, random delay 

charging, and instantaneous charging systems were all less successful than the FLC strategy. 

Park et al. (2019) [16] created an EV scheduling method that utilized fuzzy logic to enhance 

charging network performance. Based on simulations, it was found that the scheduling method 

enhanced smart charging networks. 

Nienhueser et al. (2016) [17] investigated the benefits of using renewable energy sources to 

charge EVs at public Electric Vehicle Service Equipment (EVSE) from an environmental and 

financial standpoint. The findings suggested that charging using renewable energy might result 

in 433% rise in the usage of charging stations. 

UI-Haq et al. (2015) [18] investigated the impact of EV charging stations on voltage imbalance 

in urban distribution networks. The findings indicated that an uneven EV charging scenario 

can generate voltage imbalances beyond the permissible 2% level. 

 

3. Proposed Methodology 

This section presents the structure of the proposed gradient rule-based fuzzy system. 



2327 Archana Dubey et al. Exploring the Sustainability Impact of Fuzzy...                                                                                               
 

Nanotechnology Perceptions Vol. 20 No. S16 (2024) 

System Model of Gradient Rule-Based Fuzzy Logic 

A gradient rule-based fuzzy system is presented including the salient feature of the power grid, 

power distribution, and communication networks. The power grid deals with the generation of 

energy from nuclear and fossil fuel plants and sends it to DSOs through a High Voltage (HV) 

network. Then the Distribution System Operator (DSO) changes HV into Medium Voltage 

(MV) in some transforming stations and supplies the energy to business and habitation places. 

The low-voltage network supports Baseload (BL) for essential needs like lighting and air 

conditioning, as well as the Parking Lot (PL) load for EV charging. In a smart PL scenario, 

the study examines a PL where each parking space has a Charging Station (CS) with a J1772 

connector for EVs, providing level 2 charging with 19.2 kWh of energy. A PL controller 

manages the system using gradient-based fuzzy logic, divided into three components, ensuring 

efficient overall operation [19]. 

• Data Aggregation And Charging Station Allocation. 

EV owners must furnish the parking lot driver with necessary data upon their arrival, including 

their SoC, arrival time, and departure time. Upon initial processing of the data, any available 

CS is assigned to the just-arrived EV [20]. 

• Fuzzy Logic Controller 

The issue of charging scheduling addressed in this study pertains to a substantial public 

parking lot where the simultaneous charging of all EVs during the current time slot would 

result in a significant charging burden. Electrical vehicles are divided into routine and non-

routine categories according to the owner's behaviour. The daily commute consists of EVs 

travelling from their residences to their workplaces, with EVs also parked during duty hours. 

EVs that are not routine may be parked for extended or brief periods, contingent upon the 

nature of their owners' engagements, including visits to retail malls, movie theatres, medical 

appointments, or social gatherings. In the fuzzy logic controller, the operational data of EVs 

and the present condition of the power grid are crucial, depending on the kinds of EVs present 

in the parking lot [21]. 

• Charging Control And Power Distribution 

It is feasible to manage the volume of charging operations and distribute electricity to the most 

appropriate EVs by employing the weight values obtained from the fuzzy inference 

mechanism, which are adjusted according to the power grid condition and electric car data. 

For consideration during the subsequent scheduling period, the updated state of charge (power 

utilization) of each EV and the current condition of the CSs are measured and reported. 

• Proposed Algorithm 

Step 1. Initialize each variable that the algorithm needs to perform computations. It requires 

the initialization of the charging capacity of the jth station, the number of charging stations, 

and the initial and maximal simulation times. 

Step 2. Check for the new arrival of electrical bus users in the current slot time. The algorithm 

checks any of the new arrivals of the EVi and the availability of a parking spot at a charging 

station. 
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Where t is the current slot time of the EVi bus user. 

EVi: is the ith electrical vehicle bus user. 

Spotij = {
1;       if spot is available at charging station j

0;                                                                     otherwise
                   (2) 

Where Spotij is the availability of a parking spot at charging station j. 

If a spot is located, then the new EV user should be registered, and their information should 

be stored at the charging station. After that, indicate that the charging station is in use. 

Step 3. Calculate Edemand, AP and NEV. 

Where Edemand: Total Energy demand of the EV bus users, P: Available power on the jth 

charging station, NEV: Total Number of EV bus users. 

Step 4. After calculating the energy demand, check 

Edemand > AP                                                               (3) 

then follow step 5. 

where Edemand is the energy demand of the EVi user and AP are the available power on the 

jth charging station. 

Step 5. A fuzzy logic controller is activated when the energy demand exceeds the available 

power supply. The fuzzy logic controller initially entails the generation of the WEV by 

calculating the WEVi for each ith EV, based on the input data through the established fuzzy 

inference system. After calculating the weight, sort the vector of EVs in non-decreasing order 

according to the weight list. 

Where WEV is the weight vector of Evs, WEVi is the weight vector of ith EV, NEV is the sorted 

vector of EVs based on WEV. 

The proposed gradient fuzzy rule-based logic involves the concept of FCFS (first come, first 

serve) and the logic of left charging capacity. WEVi of the ith EVs user. The algorithm takes 

the left charging of the ith EVs in the sorted vector. WEVi Which provides from low to high 

charging capacity. The fuzzy inferences system takes the charging capacity as the input and 

applies the FCFS algorithm and priority scheduling logic. The FCFS algorithm used a concept 

of Queue data structure to track the record of the ith EVs owner to serve the concept of first 

come and first serve. 

FCFS (WEVi): First come, first serve. 

The mathematical form of the priority scheduling algorithm is given below. 

WEVi ≤ 30%                                                              (4) 

and ith EVs user come first it would serve first. The proposed gradient fuzzy-based algorithm 

utilizes this concept of priority scheduling and decides to provide charging services for EV 

vehicles. 
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4. Results And Discussion 

This section presents and discusses the study's results in detail. 

Figure 1 represents a Mamdani-type fuzzy logic control system for EV charging with three 

inputs (SoC, Arrival Time, and Departure Time), one output (Charging Control), and four 

fuzzy logic rules. This system uses fuzzy logic to make decisions about charging control, 

providing an effective way to manage EV charging stations. 

 

Figure 1. Fuzzy Logic Control System 

Figure 2 illustrates the inference process in a fuzzy logic control system for EV charging, 

showing how input values affect the MFs and the application of fuzzy rules. Let's break down 

the components and explain the inference rules: 

 

Figure 2. Inference rules for fuzzy logic control system 
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Based on the FCFS principle and considering the SoC, arrival, and departure times, vehicles 

are prioritized for charging (see Table 1). Routine vehicles are generally given higher priority, 

especially those arriving early and with lower SoC. Non-routine vehicles are prioritized based 

on their SoC and arrival times, with lower SoC and earlier arrivals being more urgent. The 

fuzzy logic system ensures an efficient and fair allocation of charging resources, optimizing 

the charging process and reducing wait times. 

Table 1. Classification of vehicles using fuzzy logic system. 

SoC Arrival Time (in 
hours) 

Departure Time (in 
hours) 

Category 

20 8 18 Routine 

50 9 17 Non-Routine 

30 7 19 Routine 

40 10 20 Non-Routine 

70 6 15 Non-Routine 

80 12 22 Non-Routine 

10 14 23 Non-Routine 

60 16 18 Non-Routine 

90 13 24 Non-Routine 

25 11 21 Non-Routine 

Figure 3 shows the variation of power (kW) across the grid, commercial and residential areas 

within 24 hours duration with power consideration starting from 6 AM. It shows that the grid 

power is always greater than the energy demand from commercial and residential areas, which 

is necessary to efficiently supply electricity to the EV parking units for meeting the charging 

needs. It also shows the voltage and current variation across the grid over the 24-hour duration 

with higher energy demand during daylight in comparison to nighttime. 

 

Figure 3. Power, voltage and current variation for Grid, Commercial and residential areas. 
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Figure 4 depicts the power consumption of a communication network over 24 hours, with 

power consideration starting from 6 AM. The x-axis represents time (in hrs), and the y-axis 

represents power usage in kilowatts (in kW). The graph reveals that the network's power 

consumption isn't constant throughout the day. It shows a trend of higher power consumption 

during daylight hours (between 12 PM and 9 PM) which lowers slightly during midnight. 

 

Figure 4. Communication Network Power consumption 

Figure 5 depicts the power consumption taking place in EV parking units over 24 hours, with 

power consideration starting from 6 AM. The x-axis denotes time (in hours), while the y-axis 

indicates power consumption in kilowatts (in kW). The graph reveals that the EV parking 

power consumption isn't constant throughout the day. It shows a trend of higher power 

consumption during daylight hours (between 6 AM and 12 PM) as the EVs are engaged in 

working and transportation, which demands for charging decreases from 12 PM to 8 PM and 

again rises in the night time as more time is available for charging EVs while at rest. 

 

Figure 5. EV Parking Power Variation 
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Figure 6 shows the comparison between occupied and vacant spaces of EV charging for 

optimal allocation of free charging space after the application of a gradient rule-based fuzzy 

system. It shows that all the 10 EVs are properly placed, and no vacant space is left for charging 

depicting optimal resource and space allocation. 

 

Figure 6. Optimal allocation of free charging space 
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