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Abstract— This paper represents a novel 

regenerative braking approach for 

electric vehicles. The proposed method 

solves the short-range problem which is 

related to the battery discharge. The 

direct torque control switching algorithm 

is modified to recover electrical energy 

from an electric vehicle, driven by 

brushless direct-current motor, without 

using the additional power converter or 

the other electrical energy storage 

devices. During regenerative braking 

process, a switching pattern is applied to 

the inverter which is different from the 

normal operation due to the special 

arrangement of voltage vectors. The new 

switching pattern is considered to convert 

mechanical energy into electrical energy. 

State of charge of the battery is used as a 

performance indicator of the proposed 

method. Simultaneously, a model 

reference adaptive system is designed to 

tune the system's parameters. Several 

simulations are conducted to validate the 

performance and effectiveness of the 

proposed methods. The results show the 

high capability of designed methods. 

 

1.INTRODUCTION: 

Present global scenario the Electric Vehicles 

(EVs) draws every one’s attention to 

substitute conventional fossil fuel viz. petrol, 

diesel and natural gas operated vehicles. The 

ecological and financial instability is major 

problem of fossil fuel. The higher 

diminishing of crude oil source at one hand 

and exponential rate of demand on the other 

hand create high inflation, pollution and 

global warming issues for every government 

and every common man. The prevailing 

situation forces us to go for green fuel, 

abundant sources at cheaper prices to 

stabilize the economy and environmental 

protection at the global level.  

The results of recent research on electric 

vehicles. The greatest alternative to 

replacing current fossil fuel-powered cars is 

to use batteries, motors, and related 

controllers. Performance and mileage are 

comparable to those of traditional car 

engines. The dedicated charging stations 

make it simple to move from fossil to green 

fuel for electric vehicles by providing fast 

charging.  
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1.1. Current Scenario 

     The global level of environmental 

pollution is rising because of the release 

of greenhouse gases. Additionally, the 

price of fuel is rising. Electric vehicles 

must take the place of vehicles powered 

by fossil fuels to address these issues. 

Electric vehicle motor and battery usage 

is a significant component that needs 

effective and appropriate control 

strategies. In many ways, BLDC motor 

performance characteristics are better. 

Overall performance indicates that 

lithium-ion batteries are more 

economical for electric vehicles. The 

longevity and capacity of the batteries 

are another challenge with electric 

vehicles. Regenerative braking is one 

remedy to the mentioned problems. 

With the use of simulation findings, this 

project compares the performance 

characteristics of various controllers 

that are best suited for driving and 

regeneration modes. Using MATLAB 

SIMULINK, the suggested controllers 

and driving systems are simulated. 

 

1.2. Purpose of the Project 

The use of non-renewable energy 

sources, which will exhaust in a few 

decades, is being replaced with 

renewable energy sources, which can 

last indefinitely. Similar efforts are 

being made to develop EVs by 

engineers, designers, and scientists in 

the automotive industry. The achievement of 

specific objectives will bring magnificent 

benefits in automobile manufacturing and 

revolutions in general transportation.  

The automotive sector consistently doing 

researches for alternative fuel technology to 

global economy moves to sustainable energy 

in response to climate change. The only 

solution to this global crisis in future is only 

the electric vehicles. But major issue is how to 

extend the range of electric vehicles.  

 

    2. CURRENT SOURCE INVERTER 

 A dc power flow, these static power 

converters generate ac output current 

waveforms. For sinusoidal ac outputs, its 

magnitude, frequency, and phase should be 

controllable. Due to the fact that the ac line 

currents ioa, iob, and ioc feature high di=dt, a 

capacitive filter should be connected at the ac 

terminals in inductive load applications (such 

as ASDs). 

  

 Should be closed at any time; however 

it cannot be opened because the dc bus is of 

the current-source type hence there must be 

one top switch and another bottom switch. 

Although both constraints can be expressed 

concisely as ‘at each instant only one top 

switch and one bottom switch shall close. 

Three-phase CSIs have nine admissible states 

which yield zero ac line currents. In this case 

either through S1-S4 or S3 –S6 or through S5-

S2, freewheels dc link current. 
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2  Relevant Research Papers: 

The order of papers discussed below 

is are same as the list of references.  

 

PAPER [1]: The different types of 

regenerative braking methods for 

electric vehicles are discussed in this 

paper. A suitable suggestion given to 

resolve the short-range issues due to 

battery drain. In order to recover 

electrical energy from electric vehicles 

by brushless direct-current motors 

without the use of an additional power 

converter, the direct torque control 

switching algorithm evolved  to convert 

mechanical energy into electrical 

energy. The battery's state of charge is 

used as a performance indicator. A 

model reference adaptive system is 

simultaneously created to adjust the 

system's parameters. A number of 

simulations are run to verify the 

efficiency and performance of the 

suggested methods.  

 

PAPER [2]: This research paper 

explained regenerative braking method 

using a battery, converters, brushless 

direct current motor and energy storage 

devices. In order to control and regulate 

power, four quadrant operations with no 

power loss with three-phase BLDC 

motor uses fuzzy PID logic control 

employed. The analysis carried out to 

power flow during acceleration and 

braking mode. The power is transferred from 

the battery to the motor during acceleration 

and normal operation, while during braking or 

regenerative mode, the motor's kinetic energy 

is converted to electrical energy and returned 

back to the battery. The simulation carried out 

using MATLAB/Simulink for BLDC with 

fuzzy-PID controller 

 

3   ELECTRIC VEHICLE 

SUBSYSTEMS 

This chapter discusses the history and electric 

motors, the brushless DC motor's benefits over 

other electric motors, how it is used, how 

current is controlled, and other BLDC motor-

related applications. 

3.1. Electric Vehicle and    

Electric Motors 

Although they are not particularly new to this 

planet, electric vehicles now have the 

reputation of being the form of transportation 

of the future thanks to technological 

advancement and growing concern over 

pollution. Electricity serves as the primary 

source of propulsion for EVs. The electrical 

energy is getting converted into mechanical 

energy using BLDC motor with regenerative 

braking system and stored in electric vehicle 

battery. 

Through the use of the proper transmission 

system, the wheels of the 
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vehicle are connected to this rotational 

energy. In hybrid electric vehicles, 

batteries work in tandem with gasoline 

engines to power the engine. Electric 

vehicles can also run entirely on 

electricity. The three main parts of any 

electric vehicle are the battery, motor 

drive system, and controller. 

Electric motors are used to convert 

electrical energy into mechanical 

energy. The magnetic field of the motor 

is coupled with electric current in a wire 

winding in the electric motor to produce 

mechanical force in the form of torque, 

supplied to the motor shaft. Electric 

motors can be powered either by direct 

current sources like batteries, motors, or 

rectifiers and powered by alternating 

current sources like power grids, 

inverters or generators.  

The fundamental force for a vehicle's 

propulsion is provided by the motor, 

which makes it an important part of 

electric vehicles. While technically 

equivalent to an electric motor, an 

electric generator uses a reversed 

control flow to convert mechanical energy into 

electrical energy. 

3.1.1 DC motor with brushes: 

In a dc brushed motor armature of motor and 

the external supply circuit are connected by 

brushes and commutators. The brush used in 

motor is generally rectangular in shape made 

up of carbon, copper, graphite or metal 

graphite. The main problems with dc brushed 

motors is wear and tear of commutators by 

continuous use of the brushes. The mechanical 

friction between brushes and commutators 

reduces the motor output. However, DC 

brushed motor is used in traction systems 

since it provides better torque at low speeds. 

  

4.CONVERTERS: 

  Basically, An AC-DC bidirectional 

converter is a power electronic device 
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capable of converting electrical 

power bidirectionally between 

alternating current (AC) and direct 

current (DC) forms. It allows energy 

to flow in both directions, enabling 

power transfer from AC to DC and 

vice versa. These converters are 

commonly used in applications such 

as renewable energy systems, energy 

storage systems, electric vehicle 

charging, and grid-tied systems 

where energy needs to be efficiently 

managed and transferred between 

AC and DC sources. These are the 

forms of signals needed for variable 

frequency drives (VFDs), 

uninterruptible power supplies 

(UPSs), static var compensators 

(SVCs), active filters, FACTS, and 

voltage regulators. For a sine wave 

ac output; we need to be able to 

control amplitude, frequency as well 

as phase. Based on the type of ac 

output waveform, these topologies 

can be classified as voltage source 

inverters (VSIs), where the 

independent controlled ac output 

is a voltage waveform. 

 

4.1 TYPES OF INVERTERS: 

Here Generally inverters are of Two 

Types: 
 

1. VOLTAGE SOURCE INVERTER 
 

2. CURRENT SOURCE INVERTER 

 

 

   1. VOLTAGE SOURCE INVERTER 
 

A Voltage Source Inverter (VSI) is a 

power electronic device used to convert 

DC power to AC power. It's a crucial 

component in various applications 

including renewable energy systems, 

motor drives, and uninterruptible power 

supplies. 
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 Fig Single-phase half-bridge VSI. 

4.2 Design methodology of 

BLDC motor drive system 
 

Figure 4.2 shows the block diagram 

for operating a BLDC motor using a 

voltage source inverter. The two 

operating modes for an inverter are 

motoring mode and regenerating 

mode. The inverter gives power to 

the motor while in motoring mode, 

functioning as a rectifier. The 

inverter feeds the battery during the 

regenerating mode using motor. A 

voltage source inverter serves to 

charge and discharge the battery. In 

need for the battery to power the 

BLDC motor drive. All four 

quadrants can be handled by the 

brushless motor. The mechanical 

energy created during braking 

condition is converted into electrical 

and stored in the battery.  

Control 

Choosing a control scheme, running 

simulations, tweaking parameters, and 

other sophisticated processes are all part 

of the actual design of the BLDCM 

drive. For the servo system's controller 

parameters to be tuned for optimum 

performance, system expertise is the 

Power and Force of Electric Vehicles 

The force that propels the electric 

vehicle must overcome the forces of 

rolling resistance (Frr), hill climbing 

force (Fhc), aerodynamic drag force (Fad), 

and acceleration force (Fla). In this 

dissertation, the required motor power 

rating and other electric motor 

specifications are chosen while taking into 

account an automobile with a gross 

weight of 1500 kg (m). To determine the 

overall force required to move a vehicle, 

use the equation below. 

In order to move the vehicle, the motor 

must overcome the total force (Ftot), so 

the motor of choice must produce a force 

greater than total force in order to prevent 

wheel sliding. Changes in the inclination 

angle of the road surface can cause 

havoc with the system, as shown in 

Figure 4.4. The controller must has the 

ability to eliminate disturbances. 

Mathematical Design Equations 

related to Project: 

 

 𝑭𝒕𝒐𝒕 =  𝑭𝒓𝒓 + 𝑭𝒉𝒄 + |𝑭𝒂𝒅 + 𝑭𝒍𝒂 

       (4.6) 

 
 

       𝑭𝒉𝒄 = 𝑴.𝒈. 𝐬𝐢𝐧𝝋  is the hill 

climbing force   (4.7) 

 

       𝑭𝒂𝒅 =  𝟏𝟐  𝝆. 𝑪𝒅 . 𝑨. 𝑽𝟐  is the 

aerodynamic drag   (4.8) 
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       𝑭𝒍𝒂 = 𝑴𝒅𝒗𝒅𝒕   is the 

acceleration force   

  (4.9) 
 

 

       The total torque load can be 

calculated as: 

 

     

𝑻𝑳  𝑭𝒕𝒐𝒕 ∗  𝑹𝒘  𝒘𝒉𝒆𝒓𝒆 𝑹𝒘                                                                                                       𝑷  = 𝑷𝒎𝒂𝒙 X 0.15 + 0.85 X P 

(@Zero grad & constant speed)  

       𝑷𝒎 = 𝑷𝜼𝒎   

                      𝑾𝒓𝒐𝒂𝒅 = 𝑷𝒎 𝒕 =  𝑷𝒎 𝑺𝑽                                                

        (4.13) 𝐒𝐎𝐂 % = (𝑾𝒓𝒂𝒕𝒆𝒅−𝑾𝒓𝒐𝒂𝒅)𝑾𝒓𝒂𝒕𝒆𝒅  𝑿 𝟏𝟎𝟎 %   

       

4. Mathematical Modeling of 

BLDC Motor for Electric 

Vehicle: 

When modeling the BLDC motor, 

only Phase A is taken into account for 

simplicity's sake. Figure 4.8 provides the 

equivalent current of the BLDC motor's 

phase A winding. V, the terminal voltage, 

is assumed to be V. 

Current of the Phase-A 

The literature contains the current 

formulae for the three windings' phase 

variables. The following is the model of the 

armature winding for the BLDC motor:  

 𝑽𝒂𝒔 = 𝑹𝒔𝑰𝒂 + 𝑳𝒂 𝒅𝒊𝒂𝒅𝒕 + 𝑳𝒂𝒃 𝒅𝒊𝒃𝒅𝒕 + 𝑳𝒂𝒄 𝒅𝒊𝒄𝒅𝒕 + 𝒆𝒂    (4.15) 

 𝑽𝒃𝒔 = 𝑹𝒔𝑰𝒃 + 𝑳𝒃 𝒅𝒊𝒃𝒅𝒕 + 𝑳𝒃𝒂 𝒅𝒊𝒃𝒅𝒕 + 𝑳𝒃𝒄 𝒅𝒊𝒄𝒅𝒕 + 𝒆𝒃   (4.16) 

 

 𝑽𝒄𝒔 = 𝑹𝒔𝑰𝒄 + 𝑳𝒄 𝒅𝒊𝒄𝒅𝒕 + 𝑳𝒄𝒂 𝒅𝒊𝒃𝒅𝒕 + 𝑳𝒄𝒃 𝒅𝒊𝒄𝒅𝒕 + 𝒆𝒄   (4.17) 

 

 

  

 

 

frequently utilized in electric vehicles (EVs) 

to improve performance. Fig. 3 depicts the 

BLDC drive system's general switching 

circuit. The BLDC comparable dynamic 

model is represented as 
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[𝑽𝒂𝒏𝑽𝒃𝒏𝑽𝒄𝒏] =  [𝑹 𝟎 𝟎𝟎 𝑹 𝟎𝟎 𝟎 𝑹] [𝒊𝒂𝒊𝒃𝒊𝒄] +
[𝑳 𝟎 𝟎𝟎 𝑳 𝟎𝟎 𝟎 𝑳] 𝒅𝒅𝒕 [𝒊𝒂𝒊𝒃𝒊𝒄] + [𝒆𝒂𝒆𝒃𝒆𝒄] 

 𝑳 =  𝑳𝒔 − 𝑳𝒎    

Where,  

Van, Vbn, Vcn - phase voltages, ia, ib, 

ic - phase currents, R - phase 

resistance, L - equivalent inductance 

in each stator windings, Ls - 

inductance of each phase,  Lm - 

mutual inductance between phases,  

ea, eb, ec  back emf of each phase 

 

The literature contains the current 

formulae for the three windings' phase 

variables. The following formulas are 

the model of armature winding for 

BLDC motor: 

   𝑽𝒂𝒔 = 𝑹𝒔𝒊𝒂 + 𝒅𝒊𝒂𝒅𝒕  (𝑳 − 𝑴) + 𝒆𝒂  

    

   𝑽𝒃𝒔 = 𝑹𝒔𝒊𝒃 + 𝒅𝒊𝒃𝒅𝒕  (𝑳 − 𝑴) + 𝒆𝒃         

𝑽 𝒄𝒔 = 𝑹𝒔𝒊𝒄 + 𝒅𝒊𝒄𝒅𝒕  (𝑳 − 𝑴) + 𝒆𝒄 

   

 

Rearranging Equations (4.20), 

(4.21), and (4.22) given the two 

phases of current difference 

equations as follows: 

     
𝒅𝒊𝒂𝒅𝒕 = 𝑽𝒎(𝑳−𝑴) − 𝑹𝒔𝒊𝒂(𝑳−𝑴) − 𝒆𝒂(𝑳−𝑴)

           

 

         
𝒅𝒊𝒃𝒅𝒕 = 𝑽𝒎(𝑳−𝑴) − 𝑹𝒔𝒊𝒃(𝑳−𝑴) − 𝒆𝒃(𝑳−𝑴)  

         

 

        

 

   
𝒅𝒊𝒄𝒅𝒕 = 𝑽𝒎(𝑳−𝑴) − 𝑹𝒔𝒊𝒄(𝑳−𝑴) − 𝒆𝒄(𝑳−𝑴)  

𝒅𝒅𝒕 [𝒊𝒂𝒊𝒃𝒊𝒄] =
 [  
  − 𝑹𝒎(𝑳−𝑴) 𝟎 𝟎𝟎 − 𝑹𝒎(𝑳−𝑴) 𝟎𝟎 𝟎 − 𝑹𝒎(𝑳−𝑴)]  

   [𝒊𝒂𝒊𝒃𝒊𝒄] +
 𝟏𝑳−𝑴 [𝑽𝒂𝒏𝑽𝒃𝒏𝑽𝒄𝒏] − 𝟏𝑳−𝑴 [𝒆𝒂𝒆𝒃𝒆𝒄]  (4.26) 

State space form is given by: 

             
𝒅𝒙𝒅𝒕 = 𝑨𝒙 − 𝒃(𝑽 − 𝒆)   

         

 

=  [  
  − 𝑹𝒎(𝑳−𝑴) 𝟎 𝟎𝟎 − 𝑹𝒎(𝑳−𝑴) 𝟎𝟎 𝟎 − 𝑹𝒎(𝑳−𝑴)]  

  
,  

     

                   b =
1(𝑳−𝑴) ,   

 

(4.18) 
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                   V = [𝑉𝑎𝑛𝑉𝑏𝑛𝑉𝑐𝑛 ], e = 

[𝑒𝑎𝑒𝑏𝑒𝑐] 
 

necessary. For the speed control design 

of BLDC motors, numerous order to 

help ensure solutions have recently been 

put forth. However, the standard PI 

controller algorithm is simple, 

trustworthy, and easy to alter. It also 

uses a normal speed control scheme.  

The technique, data analysis, controller 

design, and mathematical modeling of 

the BLDC motor drive are all covered in 

this chapter. Analyses of the vehicle 

dynamics and the identified motor 

specification are performed. The system 

is finally modeled using the 

MATLAB/Simulink program. 

5.MODELING OF EVS CONROLLERS 

WITH RBS 

5.0 Introduction: 

This chapter presents various controllers, 

BLDC motor drive system data analysis, 

controller design, and mathematical 

modelling. Analysis of the controllers' 

specification that were obtained was 

performed. The system is then simulated using 

the MATLAB / Simulink software. 

P-I controller disadvantages: high starting 

overshoot, sensitivity to controller gains and 

sluggish response to sudden disturbances. The 

non-interactive PI-controller is the optimum 

PI controller because it is not suitable for 

direct field contact. If the derivative function 

is enabled, it is very responsive to electrical 

noise on the process variable input.   

5.1 Conventional DTC Controller: 

Conventional direct torque controller is one of 

the method used in variable frequency drives 

to control the torque and thus finally the speed 

of three-phase AC electric motors. This 

involves calculating an estimate of the motor 

magnetic flux and torque based on the 

measured voltage and current of the motor. 

Conventional Direct Torque Control is an 

optimized AC drives control principle 

where inverter switching directly controls the 

motor variables: flux and torque. The 

measured input values to the DTC control are 

motor current and voltage. The voltage is 

defined from the DC bus voltage and inverter 

switch positionS 
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Switching Logic  

The suitable voltage vector is selected 

based on change in torque, change in 

flux and sector. In the above block 

diagram, there are to input stages, one 

for selecting flux table based on the 

obtained sector and Torque values. The 

second stage, from the 

selected flux table correct voltage are 

selected and sent to voltage source 

inverter switches. 

The first stage, inputs are change in 

toque (dte), change in flux (dfe) and 

sector. Change in torque is either 1 or 2 

and sectors are 1, 2, 3, 4, 5, and 6. Both 

change in torque and sectors are used to 

select correct flux table. To implement 

the table logic we use a control block 

that compares the values of reference 

torque and estimated torque and generate 

output. Change in torque value is 

determined by the difference between 

reference torque and estimated torque. 

Change in torque is 1, if the reference 

torque is less than estimated torque, this 

means the estimated torque value should 

decrease to meet reference torque value 

change in torque is 2, if the reference 

torque is less than estimated torque, 

estimated torque value should decrease 

to meet reference torque value. 

To implement the logic 2 multi switch port is 

used, one is used for selecting flux table from 

change in torque and sector values. Multi-port 

switch consists of two types of inputs, one for 

magnitude the other data. The magnitude port 

decides which data input is to be passed to 

output of multi -port switch. In this case, 

change in torque value is used for input of 

magnitude port and sector value is given to 

flux tables.  Flux 1 table is for values of 

change in torque: -1, change in flux:  1, 0 and 

for 

sector: 1, 2,3,4,5 and 6. (From table).   

Flux 2 table is for values of change in torque: 

1, change in flux:  -1, 0 and for sector: 1, 

2,3,4,5 and 6 (From table). The change in 

torque values 1 and -1 are converted to 1 and 2 

by control bloc which follows same switching 

logic. The change in torque (dte) values 

decides which flux able to be selected. If the 

change in torque (dte) value is 1, then flux – 2 

table passes through the switch output port. If 

the change in torque (dte) value is 2, then flux 

–1 table passes through the switch output port.  

The second stage, from the selected flux table, 

suitable voltage vector is selected.  There are 8 
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voltage vectors: v0, v1, v2, v3, v4, v5, 

v6 and v7. Two are zero vectors: v0 and 

v7 remaining six are non-zero vector: v 

v1 v2 v3 v4 v5 v6.From the values of 

change in torque, change in flux and 

sector suitable flux table is selected and 

sent to input of second multi – port 

switch. The output from first multi-port 

switch can be any of these values: 0,1 

2,3,4,5,6,7 as representation of 8 

voltage vectors. Second multi-port 

switch consists of one magnitude port 

and 8 data ports. The 8 data ports are for 

8 voltage vectors: V0, V1, V2, V3, V4, 

V5, V6 and V7. The output from multi-

port switch 1 is input to magnitude port 

of multi-port switch 2, the maximum 

output from multi-port switch 1 can be 7 

whereas multi -port switch has 8 data 

ports from the output of multi-port 

switch 1 only up to data port 7 that is v6 

can be selected, to compensate this we 

use constant value 1 to addition block 

alonG 

with multi-port switch 1 output.  

By this addition constant   value 1, the 

switching logic is same. The output of 

multi-port switch 1 is 0 that means v0 is 

to be selected similarly for all other 

values: 1 for V1, 2 for V2, 3 for V3, 4 

for V4, 5 for V5, 6 for V6 and 7 for V7 

.For all output of multi-port switch 1 

addition constant value 1 is added. The 

magnitude port can now select all 8 data 

ports that is till V7 .The selected voltage 

vector is then sent as output from multi-

port switch   2 to VSI switches: s1, s2, 

s3, s4, s5 and s6.  If voltage vector v0 is 

selected, [0 1 0 1 0 1] is sent voltage 

source inverter switches: s1 - 0, s2 - 0, 

s3 - 0, s4 - 1, s5 - 0, s6 – 1. 

 

6.SIMULATION RESULTS AND 

DISCUSSION 

. Speed Tracking for Conventional DTC 

(PI):  
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7.CONCLUSION AND FURTHER 

SCOPE OF WORK 

 

7.0 Conclusion: 

The performance characteristics like 

Battery SoC, Torque Error and Speed 

Error are analyzed for different control 

techniques. In case of Battery SoC, the 

Modified DTC with MRAS controller 

performs better, compare to other 

controllers. Hence it improves energy 

regeneration. In case of Torque Error, 

Modified DTC strategy is perform 

better than Conventional DTC strategy. 

Hence it is good at tracking reference 

torque and reducing ripples. In case of 

Speed Error, Modified DTC with PI 

controller performs better compared to 

other controllers. Hence it is good at 

tracking reference speed and reducing 

errors. The controllers can be selected, 

based on specific applications.  

 

The MRAS controller handles better at 

unexpected disturbances in system 

dynamics.  Variation of system parameters 

and to maintain system stability. The 

Regenerative Braking System increases 

driving range and improves energy 

efficiency. Modified DTC converts 

mechanical braking energy into electrical 

energy and used to charge the battery. 

Driving cycle consists increasing, constant 

and decreasing of speed and torque 

respectively. 

The simulation results are plotted for speed 

and torque tracking along with their errors 

and battery SoC From battery SoC plot, 

MRAS controller with modified DTC 

shows improved energy generation 

compared to other controllers. The torque 

ripples and tracking errors are reduced 

using modified DTC strategy. The results 

show that torque ripples are reduced by 

designed strategy with different controllers 

compared to conventional strategy  

The simulations results shows that model 

reference adaptive controller with modified 

DTC improves battery energy efficiency. 

The battery's state of charge with modified 

direct torque control compare to 
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conventional direct torque control for 

1.2sec simulation. Subsequently, a 

portion of energy needed to drive an 

electric vehicle is compensated by the 

energy generated using regenerative 

breaking 

The advantages of the model reference 

adaptive controller include stability 

control, increasing energy efficiency 

with good speed and torque tracking 

characteristics. When compared to other 

controllers, PI controller with modified 

DTC provide faster response, low speed 

error and less energy generation. The 

modified DTC with Fuzzy-logic 

controller moderately perform in battery 

SoC, torque tracking and speed 

tracking. This controller is best suited 

for medium range applications. 

7.1. Further Scope of 

Works: 

For further scope of the research works, 

it is proposed to use the hardware 

components to design exactly match 

with the simulated result output or 

latest components to design more 

efficient controllers. The control 

methods can also be used for 

hysteresis current controller to 

overcome present limitations of MRAS 

controller. There are superior methods 

are available to control current of 

BLDC motor. 

In the advanced technology development 

in the area of sensors, controllers, batteries, 

motors and other associated control 

circuitries will open many opportunities for 

remarkable achievements in future 

applications in transportation and relevant 

fields of research.  
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