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Abstract:  The rapid advancement of Electric Vehicle (EV) technology has increased the demand for accurate modelling, 

simulation, and optimization techniques to improve vehicle performance, energy efficiency, and reliability. In modern 

transportation, electric mobility is gaining significant importance due to government initiatives aimed at reducing greenhouse 

gas emissions. Among various EV technologies, regenerative braking plays a crucial role in enhancing energy efficiency by 

recovering kinetic energy during deceleration and converting it into electrical energy for battery charging. Unlike conventional 

braking systems, which dissipate energy as heat, regenerative braking improves energy utilization and reduces mechanical brake 

wear. This paper presents the modelling and simulation of an Advanced Regenerative Braking System (RBS) for an electric 

vehicle using MATLAB. The proposed model incorporates vehicle longitudinal dynamics, blended braking control, regenerative 

torque generation, battery State of Charge (SOC) monitoring, and energy recovery estimation. Numerical modelling enables 

efficient real-time analysis of EV performance under different driving conditions while reducing development time and cost. 

Simulation results demonstrate effective braking performance and energy recovery capability. The proposed system recovers 

approximately 30% of the vehicle’s initial kinetic energy and stores it in the battery, thereby improving overall energy efficiency 

and extending the driving range of the vehicle. The developed model provides a reliable platform for further research and 

optimization of regenerative braking strategies in electric vehicles. 

Index Terms:  Electric Vehicle (EV), Regenerative Braking System (RBS), MATLAB Simulation, Energy Recovery, Battery 

State of Charge (SOC), E-Mobility, Vehicle Dynamics. 

I. INTRODUCTION 

The increasing demand for sustainable transportation and the growing concern over greenhouse gas emissions have accelerated 

the development of Electric Vehicles (EVs) worldwide. Governments and automotive industries are actively promoting electric 

mobility (e-mobility) as an alternative to conventional internal combustion engine vehicles due to its potential to reduce 

environmental pollution and dependence on fossil fuels. However, one of the major challenges associated with EVs is the 

efficient utilization of stored battery energy to maximize driving range and overall vehicle performance. Regenerative braking 

has emerged as one of the most important technologies for improving the energy efficiency of EVs. In conventional braking 

systems, the kinetic energy generated during vehicle deceleration is dissipated as heat through friction brakes, resulting in 

significant energy loss. In contrast, regenerative braking systems (RBS) recover a portion of this kinetic energy and convert it 

into electrical energy using the electric motor operating in generator mode. The recovered energy is then stored in the battery 

for future use, thereby improving energy efficiency, extending driving range, and reducing mechanical brake wear. 

The performance of regenerative braking depends on several factors such as vehicle speed, braking force distribution, motor 

characteristics, battery State of Charge (SOC), and driving conditions. Therefore, accurate modelling and simulation of 

regenerative braking systems are essential for analyzing vehicle behavior and optimizing braking strategies. Numerical 

modelling provides a cost-effective and time-efficient platform for real-time testing and performance evaluation without the 

need for extensive experimental setups. In addition, simulation-based approaches assist in optimizing the configuration and 

sizing of EV powertrain components under varying operating conditions. Recent advancements in MATLAB/Simulink have 

enabled the development of detailed EV models incorporating vehicle longitudinal dynamics, battery management, motor 

control, and braking strategies. Blended braking techniques, which combine regenerative braking with conventional friction 

braking, are widely adopted to ensure vehicle safety, braking stability, and efficient energy recovery. Effective implementation 

of these techniques can significantly enhance the regenerative braking capability and overall system performance. 

This paper presents the modelling and simulation of an Advanced Regenerative Braking System for an electric vehicle using 

MATLAB. The proposed model integrates vehicle longitudinal dynamics, regenerative torque generation, blended braking 

control, battery SOC monitoring, and energy recovery estimation. The developed system is evaluated under different operating 

conditions to analyze braking performance and regenerative energy recovery. Simulation results demonstrate that approximately 

30% of the vehicle’s initial kinetic energy can be recovered and stored in the battery, leading to improved energy efficiency and 
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extended driving range. The proposed model provides an effective platform for further research and optimization of regenerative 

braking strategies in electric vehicles. 

II. SYSTEM ARCHITECTURE 

Proposed Architecture: The proposed Advanced Regenerative Braking System (RBS) for the electric vehicle is designed to 

recover kinetic energy during braking and convert it into electrical energy for battery charging. The system consists of several 

major components, including the driver input unit, brake controller, electric motor/generator, battery pack with State of Charge 

(SOC) monitoring, mechanical braking system, vehicle longitudinal dynamics model, and energy recovery estimation unit. The 

driver input unit provides acceleration and braking commands based on the operation of the accelerator and brake pedals. These 

inputs are processed by the brake controller, which implements a blended braking strategy to distribute the required braking 

force between regenerative braking and conventional mechanical braking. The controller determines the regenerative braking 

torque depending on vehicle speed, braking demand, and battery SOC. 

During normal driving conditions, the electric motor operates in motoring mode by drawing electrical energy from the battery 

to propel the vehicle. When braking is applied, the motor switches to generator mode and converts the kinetic energy of the 

vehicle into electrical energy. The recovered energy is then supplied to the battery pack for storage. The battery management 

and SOC monitoring system continuously supervises the charging condition of the battery to avoid overcharging and maintain 

safe operation. The vehicle longitudinal dynamics model is used to simulate the motion of the vehicle by considering parameters 

such as vehicle speed, traction force, rolling resistance, and aerodynamic drag. In situations where regenerative braking alone 

cannot provide the required braking torque, the mechanical braking system assists in achieving safe and stable braking 

performance. 

An energy recovery estimation unit is incorporated to calculate the amount of recovered braking energy and evaluate the 

efficiency of the regenerative braking process. The proposed system architecture improves overall vehicle energy efficiency, 

reduces mechanical brake wear, and enhances driving range. Furthermore, the MATLAB-based simulation model provides an 

effective platform for analyzing and optimizing regenerative braking strategies under different driving conditions.  

III. METHODOLOGY 

The methodology adopted for the development of the Advanced Regenerative Braking System (RBS) involves modelling, 

simulation, and performance evaluation of the electric vehicle braking system using MATLAB/Simulink. The proposed 

approach focuses on recovering kinetic energy during vehicle deceleration and improving the overall energy efficiency of the 

electric vehicle. The methodology consists of vehicle dynamics modelling, regenerative braking control, battery modelling, and 

energy recovery analysis. Initially, the vehicle longitudinal dynamics model is developed to represent the motion of the electric 

vehicle under different driving conditions. The model considers important parameters such as vehicle mass, rolling resistance, 

aerodynamic drag, traction force, and braking force. These parameters are used to calculate vehicle speed, acceleration, and 

braking characteristics during operation. 

The regenerative braking system is then integrated with the vehicle model. During braking conditions, the electric motor operates 

in generator mode and converts the kinetic energy of the moving vehicle into electrical energy. A blended braking control 

strategy is implemented to distribute braking torque between regenerative braking and conventional mechanical braking. The 

controller continuously monitors vehicle speed, braking demand, and battery State of Charge (SOC) to determine the amount of 

regenerative braking torque that can be safely applied. A battery model with SOC monitoring is incorporated to analyze the 

charging and discharging behavior of the battery during regenerative braking operation. The recovered electrical energy 

generated by the motor-generator is supplied to the battery pack for storage. The SOC monitoring system ensures safe charging 

operation and prevents battery overcharging during energy recovery. 

The entire regenerative braking model is developed and simulated in MATLAB/Simulink. Different braking conditions and 

driving scenarios are applied to evaluate the performance of the proposed system. Parameters such as braking torque, vehicle 

speed, recovered energy, battery SOC variation, and braking efficiency are analyzed during simulation. Finally, the energy 

recovery efficiency of the regenerative braking system is calculated by comparing the recovered electrical energy with the initial 

kinetic energy of the vehicle. The simulation results demonstrate the effectiveness of the proposed system in recovering braking 

energy, improving vehicle efficiency, and extending the driving range of the electric vehicle. The developed methodology 

provides a reliable framework for further optimization and implementation of regenerative braking strategies in modern EV 

applications. 

IV. IMPLEMENTATION 

The software implementation of the proposed Advanced Regenerative Braking System (RBS) is developed to simulate and 

analyze the operation of regenerative braking in an electric vehicle. The software model consists of virtual representations of an 

electric motor, motor controller, rechargeable battery, braking control algorithm, sensors, monitoring modules, and user interface 

components. The implemented software enables the simulation of kinetic energy recovery during braking and the storage of 

recovered energy within the battery model. An electric DC motor model is used to represent the traction motor of the electric 

vehicle. During normal operation, the motor model drives the vehicle dynamics using energy supplied by the battery model. 

During braking conditions, the motor model operates in generator mode and converts rotational kinetic energy into electrical 
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energy. The generated electrical energy is then routed back to the battery model for charging. A rechargeable battery model 

serves as the primary energy storage component of the system. The battery model supplies power during acceleration and stores 

the recovered energy during regenerative braking. Battery monitoring algorithms are incorporated to evaluate battery voltage, 

state of charge (SOC), and charging conditions. 

The braking operation is managed through a software-based control algorithm implemented within the simulation environment. 

The controller continuously monitors braking input, motor speed, and battery condition. Based on the braking command, the 

control algorithm activates regenerative braking and manages the transition between motoring and generating modes. A motor 

control module regulates motor behavior and controls operating speed and torque characteristics. The control logic also ensures 

a smooth transition between acceleration and regenerative braking modes. Virtual speed sensors are used to measure wheel or 

motor speed for evaluating braking performance and energy recovery. 

In the proposed software model, braking input is provided through user-defined simulation parameters or graphical interface 

controls. During deceleration, the generated electrical energy is fed back to the battery model through a charging algorithm. The 

recovered energy and system parameters such as motor speed, battery voltage, and SOC can be monitored using graphical 

dashboards, plots, or simulation output interfaces. The software implementation validates the functionality of the regenerative 

braking system and demonstrates effective energy recovery during braking conditions. The developed simulation platform 

provides a flexible environment for analyzing braking efficiency, battery charging performance, and real-time control strategies 

for regenerative braking in electric vehicles. 

V. CONTROL STRATEGY 

The proposed regenerative braking system employs a rule-based blended braking control strategy to effectively coordinate 

regenerative braking and conventional mechanical braking. The primary objective of the controller is to maximize braking 

energy recovery while ensuring vehicle stability, braking safety, and driver comfort under varying operating conditions. The 

control system continuously monitors important vehicle parameters such as brake pedal input, vehicle speed, motor speed, 

battery State of Charge (SOC), regenerative braking capability, and battery charging limits. Based on these inputs, the controller 

dynamically distributes braking torque between regenerative and mechanical braking systems. During light braking conditions, 

when the driver applies a small braking force and the battery SOC is below the maximum charging limit, the controller prioritizes 

regenerative braking. In this mode, the electric motor operates as a generator and converts the vehicle’s kinetic energy into 

electrical energy, which is stored in the battery. The total braking torque is primarily provided by regenerative braking and can 

be represented as:  𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑟𝑒𝑔𝑒𝑛  

This operating mode maximizes energy recovery and minimizes the use of mechanical brakes, thereby reducing brake wear. 

During medium braking conditions, regenerative braking alone may not be sufficient to generate the required braking torque. 

Therefore, the controller combines regenerative braking with mechanical braking to achieve the desired vehicle deceleration. In 

this condition, the total braking torque is expressed as: 𝑇𝑡𝑜𝑡𝑎𝑙 = 𝑇𝑟𝑒𝑔𝑒𝑛 + 𝑇𝑚𝑒𝑐ℎ 

Here, regenerative braking is utilized to its maximum possible capability, while the additional braking torque is supplied by the 

mechanical braking system to ensure stable braking performance. Under heavy or emergency braking conditions, rapid 

deceleration is required to maintain vehicle safety. Since regenerative braking capability is limited by motor torque and battery 

charging constraints, the controller activates maximum mechanical braking torque while regenerative braking operates only 

within safe operating limits. This ensures effective braking performance during sudden stopping conditions. At low vehicle 

speeds, regenerative braking becomes less effective due to the reduction in motor-generator speed. Consequently, the controller 

gradually decreases regenerative braking torque and transfers braking responsibility to the mechanical braking system to ensure 

smooth vehicle stopping. 

When the battery SOC reaches the maximum allowable limit, regenerative braking is disabled to prevent battery overcharging. 

Under this condition, the regenerative braking torque becomes zero: 𝑇𝑟𝑒𝑔𝑒𝑛 = 0 

Therefore, the complete braking torque required for vehicle deceleration is supplied entirely by the mechanical braking system. 

Similarly, if the total braking torque demanded by the driver exceeds the maximum regenerative braking capability of the motor, 

the regenerative braking system provides its maximum available torque, while the remaining braking torque is generated using 

the mechanical braking system. The required mechanical braking torque is calculated as: 𝑇𝑚𝑒𝑐ℎ = 𝑇𝑟𝑒𝑞 − 𝑇𝑟𝑒𝑔𝑒𝑛 

This blended braking approach ensures safe and stable braking performance during medium and heavy braking conditions while 

maximizing regenerative energy recovery. The proposed control strategy is implemented in MATLAB/Simulink using switch 

and logic operators, relational operators, lookup tables, and PID/control blocks. The controller continuously evaluates real-time 

operating conditions and dynamically adjusts braking torque distribution between regenerative and mechanical braking systems. 

The proposed rule-based control strategy offers several advantages, including improved regenerative energy recovery, reduced 

mechanical brake wear, enhanced battery charging efficiency, improved overall vehicle efficiency, and stable braking operation. 

Simulation results indicate that the proposed system is capable of recovering approximately 30% of the vehicle’s kinetic energy 

during braking events, thereby extending the driving range and improving the performance of the electric vehicle.  
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VI. VEHICLE PARAMETERS AND DESIGN ASSUMPTIONS 

      Vehicle Parameters - The simulation parameters used in the proposed Advanced Regenerative Braking System (ARBS) are 

selected based on a typical midsize electric vehicle. These parameters are used for vehicle dynamics modelling, regenerative 

braking analysis, and battery charging evaluation in MATLAB/Simulink. 

Design Assumptions - To simplify the mathematical modelling and simulation of the proposed regenerative braking system, 

several assumptions are considered during system development. These assumptions reduce modelling complexity while 

preserving the essential characteristics of regenerative braking operation. The proposed model considers only longitudinal 

vehicle motion. Therefore, the vehicle is assumed to move in a straight-line direction, while lateral dynamics such as steering 

effects, yaw motion, cornering, and side-slip are neglected. This assumption simplifies the vehicle dynamic equations and allows 

the braking analysis to focus only on acceleration and deceleration behavior.  

The road surface is assumed to be completely flat throughout the simulation. Hence, road gradient effects such as uphill and 

downhill driving conditions are neglected. Under this assumption, gravitational force components due to road inclination are 

ignored, and the vehicle resistance includes only rolling resistance and aerodynamic drag. The battery voltage is assumed to 

remain constant during charging and discharging operations. Although practical battery voltage varies with State of Charge 

(SOC), charging current, temperature, and internal resistance, these variations are neglected for simplified battery modelling and 

regenerative power calculations. 

The efficiency of the electric motor is assumed to remain constant during both motoring and regenerative braking operations. In 

real applications, motor efficiency varies with motor speed, load torque, operating temperature, and switching losses. However, 

an average efficiency value is used throughout the analysis to simplify regenerative power estimation and braking torque 

calculations. 

The proposed model assumes ideal wheel-road contact without wheel slip during braking operation. Therefore, tire traction is 

considered sufficient, and anti-lock braking effects are neglected. This assumption simplifies braking force calculations while 

maintaining acceptable accuracy for regenerative braking analysis. These assumptions provide a practical balance between 

simulation accuracy and modelling simplicity while enabling effective analysis of regenerative braking system performance. 

 

 

Parameter Symbol Value 

Vehicle Mass M 1500 

kg 

Wheel Radius Rw 0.30 

m 

Drag Coefficient Cd 0.29 

Frontal Area A 2.2 m² 

Air Density ρ 1.225 

kg/m³ 

Rolling Resistance 

Coefficient 

Cr 0.015 

Gear Ratio G 9 

Motor Efficiency ηm 0.90 

Battery Voltage Vbat 350 V 

Battery Capacity Qbat 50 Ah 

Initial Battery SOC SOC_0 60% 

Maximum Battery 

SOC 

SOCmax 95% 

Maximum 

Regenerative 

Torque 

Tmax 180 

Nm 

Simulation Time Tend 20 s 

Sampling Time dt 0.1 s 

VII. RESULTS AND DISCUSSION 

This section presents the simulation results obtained from the MATLAB/Simulink implementation of the proposed Advanced 

Regenerative Braking System (ARBS). The primary objective of the simulation is to evaluate the effectiveness of 

regenerative braking in recovering vehicle kinetic energy during deceleration while maintaining safe braking performance 

and battery charging constraints. The developed model integrates vehicle longitudinal dynamics, regenerative braking 

control, mechanical braking assistance, battery charging characteristics, and energy recovery estimation. Important 

performance parameters such as vehicle speed, braking force distribution, regenerative power, battery SOC variation, and 

recovered energy are analyzed in detail. The simulation is conducted for a duration of 20 seconds with a sampling interval 

of 0.1 seconds. A braking demand is applied during the interval from 5 s to 15 s to emulate a realistic braking event under 

moderate-to-heavy braking conditions. 
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Simulation Environment 

The simulation model is developed using MATLAB R2024a with a fixed-step time-domain solver. 

Parameter Specification 

Software MATLAB 

Simulation 

Type 

Time-

domain 

Solver Fixed Step 

Sampling 

Time 

0.1 s 

Simulation 

Duration 

20 s 

  

Simulation Scenario 

The vehicle is initially operated at a speed of: V0=25 m/s which is approximately equal to 90 km/h. This operating condition 

represents a typical highway driving scenario for an electric vehicle. A braking demand of 0.8 is applied during the interval: 5s 

≤ t ≤ 15s  

This braking demand corresponds to moderate-to-heavy braking conditions where both regenerative braking and mechanical 

braking participate in vehicle deceleration. The blended braking controller continuously evaluates braking requirements and 

distributes braking torque between regenerative and mechanical braking systems. 

Vehicle Speed Analysis 

Initially, before brake application, the vehicle speed decreases slowly due to rolling resistance and aerodynamic drag. Since no 

active braking force is applied during the interval from 0–5 s, the deceleration rate remains relatively small. When braking begins 

at t=5s, rapid deceleration occurs due to the combined action of regenerative braking torque and mechanical braking assistance. 

The vehicle speed decreases continuously and reaches approximately zero at t ≈ 12st, indicating successful vehicle stopping. 

The obtained speed profile confirms stable vehicle deceleration, smooth braking operation, effective braking torque control, and 

absence of oscillatory behavior. The linear reduction in vehicle speed demonstrates proper implementation of the blended 

braking controller. 

Regenerative Braking Force Analysis- The regenerative braking force is calculated as: 𝐹𝑟𝑒𝑔𝑒𝑛 = 𝑇𝑟𝑒𝑔𝑒𝑛𝐺
ɳ𝑚

𝑅𝑤
= 4860𝑁 The 

simulation results indicate that the regenerative braking force remains approximately constant at: Fregen ≈ 4860N during the 

braking interval. The regenerative braking system effectively absorbs vehicle kinetic energy and converts it into electrical energy 

for battery charging. The obtained force profile confirms stable regenerative braking operation, efficient energy conversion, and 

proper controller functionality. 

Energy Recovery Performance- The simulation results obtained from the proposed regenerative braking system are summarized 

below: 

Parameter Value 

Initial Kinetic 

Energy                

468750 J 

Recovered 

Energy 

140625 J 

Recovery 

Percentage 

30% 

Recovered 

Energy 

0.039062 

kWh 

Final Battery 

SOC 

60.52% 

The results indicate that approximately 30% of the vehicle’s initial kinetic energy is successfully recovered and stored in the 

battery during braking operation. The battery SOC increases from 60% to 60.52%, confirming successful regenerative charging 

operation. 
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Recovered Regenerative Power Analysis- The instantaneous regenerative power generated during braking is calculated based 

on regenerative torque and motor speed. At the beginning of braking, vehicle speed and kinetic energy are maximum; therefore, 

regenerative power reaches its peak value. The maximum recovered regenerative power observed during simulation is 

approximately: Pregen, max ≈ 41 kWP. As braking continues and vehicle speed decreases, regenerated power gradually reduces 

until it reaches zero when the vehicle stops completely. The power profile confirms efficient kinetic-to-electrical energy 

conversion, stable regenerative power generation, and proper operation of the motor-generator system. 

Performance Comparison- The proposed Advanced Regenerative Braking System is compared with conventional braking 

systems as shown below. 

Parameter Conventional 

Braking 

Proposed 

ARBS 

Energy 

Recovery 

0% 30% 

Battery 

Charging 

No Yes 

Brake 

Wear 

High Low 

Heat Loss High Reduced 

Vehicle 

Efficiency 

Lower Higher 

The comparison confirms that the proposed ARBS significantly improves energy efficiency, reduces mechanical brake wear, 

minimizes heat loss, and enhances overall electric vehicle performance. 

VIII. CONCLUSION 

This paper presented the modelling and simulation of an Advanced Regenerative Braking System (ARBS) for electric vehicles 

using MATLAB/Simulink. The proposed system employed a rule-based blended braking control strategy to effectively 

coordinate regenerative braking and mechanical braking under different operating conditions. The developed model incorporated 

vehicle longitudinal dynamics, regenerative torque generation, battery State of Charge (SOC) monitoring, braking force 

distribution, and energy recovery estimation. Simulation results demonstrated that the proposed regenerative braking system 

effectively recovered a significant portion of the vehicle’s kinetic energy during braking events while maintaining stable and 

safe braking performance. The blended braking controller successfully distributed braking torque between regenerative and 

mechanical braking systems based on braking demand, vehicle speed, and battery charging conditions. The results confirmed 

smooth vehicle deceleration, stable regenerative power generation, and efficient battery charging operation. The proposed 

system achieved approximately 30% recovery of the vehicle’s initial kinetic energy, which was successfully stored in the battery. 

In addition, the regenerative braking system reduced dependence on mechanical braking, thereby minimizing brake wear and 

reducing energy losses in the form of heat. The obtained results indicate improved overall vehicle efficiency and extended 

driving range compared to conventional braking systems. 

The MATLAB/Simulink-based model provides a flexible and reliable platform for further research and optimization of 

regenerative braking strategies in electric vehicles. Future work may include incorporation of thermal effects, battery aging 

characteristics, adaptive braking control algorithms, anti-lock braking integration, and real-time hardware implementation for 

enhanced regenerative braking performance under practical driving conditions. 
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