
International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-2, December 2019 

1691 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: B7551129219/2019©BEIESP 
DOI: 10.35940/ijitee.B7551.129219 
Journal Website: www.ijitee.org 

 
Abstract: The high-speed trains are eight times more efficient 

than traditional trains because it significantly operates faster than 
the other trains; however, the train accidents are happened as 
because of its poor braking system. From this reason, effective 
braking system control techniques are developed. In this paper, 
the electric brake regenerative system is introduced to control the 
high-speed train. Therefore the braking system of a high-speed 
train is modeled in Brushless Direct Current (BLDC) motor, 
which is controlled by the gain of Proportional Resonant (PR) 
controller. Subsequently, the parameters of the controller and 
error percentage from the controller in the braking system are 
optimized using Multi-Objective African Buffalo Optimization 
(MOABO). The developed controller in braking system stability is 
analyzing by the Lyapunov function. The results of the braking 
system are validating by the torque and speed of the high-speed 
train braking system. Furthermore, the proposed high-speed 
braking system control is compared with existing control 
techniques in a high-speed train. 

 
Keywords : Braking system, Brushless Direct Current motor, 

Current controller, Stability analysis.  

I. INTRODUCTION 

In recent times, the high-speed train plays a considerable 

role in encouraging the growth of the industrial fasten and the 
latest industrial services in the city, as well as the raise of the 
inhabitants stream rate and the inhabitants addition in the 
regions along the strap and road in many countries [1]. 
Nevertheless, the safety measures are considered as a very 
important section in the high-speed train. Because the faults in 
train braking system tend to causes an accident with a huge 
loss [2]. Thus the braking system in high-speed trains plays an 
essential role to avoid accidents [3]. Formerly, the brake pad 
materials are often used in high-speed trains, which is formed 
by Copper (Cu) - based composite materials [4]. Moreover, 
the production of metal matrix friction can be separated into 
powder metallurgy and monomer metal casting materials such 
as cast iron, steel, bronze, etc. [5]. Nevertheless, the powder 
metallurgy and monomer metal casting had been eliminated 
as because of its restriction in braking systems [6], [7].  
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Besides, there are six types of braking systems are used in 
high-speed train [8] namely mechanical braking scheme, 
hydraulic braking system, pneumatic or air braking system, 
vacuum braking method, magnetic braking coordination and 
electric braking system. Furthermore, in prior times, the stress 
of rails has dramatically increased due to the reason of 
high-speed and overloaded trains [9]; therefore the 
identification of damage part in track is the critical case [10]. 
To resolve these issues by the eddy current brake based 
scheme with optimization approach is introduced [11]. The 
performance of braking system in high-speed train is 
enhancing by the eddy current brake [12], which is also 
known as an electric brake or induction brake [13]. 
Consequently, the eddy current brake system is a more 
effective and highly applicable method in the braking system 
of high-speed trains [14]. To guarantee secure operations 
braking scheme of high-speed trains is essential to keep 
massive braking forces in control [15]. 

In recent literature, the performance of the braking system 
is defining by the friction materials. However, there is a 
complexity occurs in friction material. From this reason, 
Serrano-Munoz et al [16] proposed a sintered friction 
material for the obscure mechanism of the braking system. 
Moreover, the thermocouples are placed in the system to 
monitor the friction material temperature and the real-scale 
dynamometer is used to the braking program. In a high-speed 
train, the high running speed and heavy carrying capacity is 
the necessary goal. Hence Peng Zhang et al [17] proposed the 
brake pads based on the copper with Aluminum Oxide 
( 32OAl ) fiber for the high-speed and larger load of the train 

breaking performance improvement. Moreover, with and 
without fibers are tested in two fabricated tests on a 
reduced-scale dynamometer is taken by this approach. 
Consequently, the friction coefficient raised and stabilized the 
coefficients at the heavy load and high running speed. The 
coefficient of friction based layer is the key to safety 
measures, thus the friction coefficient is a major mechanism 
in the braking pads to ensure the safety of the high-speed 
trains. Hence, Peng Zhang et al [18] proposed brake pads 
based on the copper for the endangered braking conditions. 
Moreover, here explained the friction coefficient losses based 
on the changes in the friction layer. To enhance the braking 
system with ceramic procedure, Yelong Xiao et al [19] 
proposed Copper Metal Matrix Composite (Cu-MMC) for the 
brake pads in the high-speed trains. Moreover, it is a powder 
metallurgy method based braking system.  
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The full-scale dynamometer is used to estimate the 
properties of mechanical and microstructure of the Cu-MMC 
and the performance of the braking enhanced under the 
dynamic braking conditions. In past decades, controlling the 
friction and characteristics of wear material in the high-speed 
railways braking system is the major challenge. Hence, Peng 
Zhang et al [20] proposed copper-based brake plates 
containing Iron powders for the friction coefficient 
stabilization. The properties of friction and wear of the 
braking pad materials are tested effectively in the high-speed 
railways. Nevertheless, the mechanical braking scheme usage 
in the high-speed train has some severe difficulties as because 
of its wastage of kinetic energy, this leads to the poor 
performance of the system. To address those problems, in this 
current research a new regenerative electric braking system is 
designed to control the high-speed train braking. 

The key contribution of this research is initially the train 
brake pedaling system with the use of Brushless DC motor is 
designing. Afterward, the current constraint in the BLDC 
motor is regulated using PR controller. Consequently, the 
parameter of the PR controller is optimized using ABO 
approach. Moreover, the stability of the PR controller is 
analyzed using Lyapunov function. Therefore, the proposed 
braking strategies enhance the efficiency of the braking 
system. The rest of this work is organized as, Section 2 
elaborated the model of high-speed train system and Electric 
braking system with BLDC motor, Section 3 detailed about 
the proposed control strategies and optimization, section 4 
described the result and discussion, comparison with existing 
techniques, finally section 5 concludes the paper. 

II.  MATHEMATICAL MODEL OF HIGH-SPEED 

TRAIN TRACTION MOTOR 

The dynamic model of high-speed train can be expressed 
by the subsequent (1) as, 

R
jijjjj Fffuvm ˆ
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Where the mass of the thj  block is termed as 
jm , braking 

or traction efforts of thj  block is ju , the force of the coupler 

thj  block is denoted as if   and R
jF̂  is represents as the 

normal running resistance created on the 
thj  block , R

jL̂  is the 

resistance of track gradient, R
jĈ  is the resistance of line 

curvature and R
jM̂  is the resistance of rolling in (2). Besides 

the high-speed trains are running with the help of electric 
motors terms as Brushless DC motor Fig. 1. Moreover in 
BLDC motor, the coils are not placed on the rotor and 
permanent magnet is fixed instead of the rotor [21]. However, 
the coils are not rotated also it is fixed in stator place. As 
because of the coils are stable in brushless motor, so there is 
no need of brushes and commutator. The permanent magnet is 

rotated in BLDC motor. Rotation is attained by altering the 
track of the magnetic fields, which is produced by 
surrounding motionless coils. The rotation is controlled by 
adjusting the magnitude and its direction. The torque measure 

mT  can be defined in (3), the angular motion of BLDC motor 

is elaborated in (4) and the relation among angular position 
and angular velocity in (5). 
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Where, 
mT  

is the torque measured, back emf of motor in 

volts is 
ah , 

s  
is the state variable, the input current of motor 

is  cba iii ,, , M  is the inertia of rotor  2kgm , D  is the 

damping constant, LT̂  is the torque load  mN  , l  is the 

count of rotor poles, B  is denoted as friction coefficient and 
M  as inaction of the motor. Moreover, the friction coefficient 
is neglecting from the (4), then the torque is represented in the 
braking system is in (6) as, 
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Even though at the time of braking condition the measured 

torque mT  tends to negative, then it is portrayed as 

atm iKT
~

 . Afterwards the braking torque is expressed in (7) 

as, 
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Fig. 1. The schematic diagram of dynamic model of 
high-speed train system 
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III. CONTROLLER DESIGN IN BRAKING SYSTEM 

The flux and torque estimator unit measure the torque of 
the electric machine and flux of stator from the current and 
terminal voltage measurements. The estimated flux of stator 
and torque are regulated straightly by contrasting them with 
its relevant required values. The schematic diagram of the 
speed control in high-speed train braking system is shown in 
Fig. 2. The reference flux and torque utilized in the PR 
controller presented by the speed controller of high-speed 
train. 

A. PR Controller 

Once the orientations of negative and positive sequence 
currents are dogged, it is difficult to control both negative and 
positive components in   stationary frame accurately. The 

development of PR controller in BLDC motor is to control the 
braking system of high-speed train. Besides, it controls the 
overall current including both negative and positive 
components. The calculated Direct Current (DC) fed into the 
regulator which has pedestal however, the reference signals 
are separated in the form of negative and positive rotating 
synchronous edge. The block diagram of the PR controller is 
shown in Fig. 3. Moreover, the process of current regulator 
based on open-loop transfer utility can be elaborated in (8). 
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The coefficient of proportional and resonant can be defined 

as ipR
 
and iIR , ,2 fp    the line frequency 50f Hz. 

PR controller is introduced to measure the random 
performance of the system under exterior turbulence and the 
large gain of the fundamental frequency is achieved. The 
planned control format is recognized in a single fixed 
orientation frame to compensate both negative and positive 
series components under unbalanced circumstances. As a 
significance, the computational load is noticeably reduced 
when it judges against other conventional controllers. 

The transformation process from dq synchronous base 
frame to   reference frame set is evaluated using (9). 
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Where, G  is the base reference frame. Furthermore, the 

equivalent control transfer function for the positive sequence 
element, while 

T
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Where 
riR  

is the resonant gain, r  is the integral resonant 

frequency. Consequently, the equivalent control transfer 

function for the negative sequence element, while 
T

R
TG i

dq )(  

is defined in (13). 
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From the derivations the diagonal elements of both (12) 
and (13) are equal. However, the opposite direction of 
diagonal elements indicates the reverse direction of negative 
and positive component, which is elaborated using (14). 

   GTGTG )()(              (14) 

+ _

pR

22

2

r

ri

t

tR



Flux 
function

Flux

Torque 
limiter

Torque

Low pass 
filter

Speed 
ramps

N

N*

Proportional resonant 
cotroller

*
i

i

V

 

Fig. 2. Speed control of high-speed train braking system 
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Fig. 3. PR controller block diagram 
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Zero indicates off-diagonal elements of a transfer 
function in (15), the cross pairing among alpha and beta 
signals on fixed reference bloc is negated. Moreover, the 
compensation of voltage feed is also eradicated. 
Furthermore, in the unbalanced condition the burden 
voltage has sinusoidal capacities of both negative series 
components and positive series components in the solitary 
motionless reference frame. Therefore the PR controller 
with right tuning is proficient to control both the negative 
and positive sequence currents concurrently in the static 
reference frame. The transfer function of PR controller is 
defined in (16). 
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Where the proportional gain is denoted as pR , 

resonant gain as riR  and the resonant frequency is 

denoted a r . Moreover, the PR controller in BLDC 

motor for high-speed train braking can achieve high gain 
which is close to frequency resonant therefore the 
proficient to eliminate the steady state fatal flaw between 
the reference and restrained control signal. The dynamic 
enactment of the controller is dogged with the right tuning 
of its controller factors. The parameters are attuned by 
function the frequency reply analysis. The characteristics 

of magnitude are plotted by 1pR also the gain of 

integral resonant as sradr /314 . The bandwidth is 

based on gain integral of the resonant series. Moreover, the 
huge value of resonant gain tends to broader bandwidth 
and minor value results in tapered bandwidth. Thus the 

voltage base signal V  is elaborated using (17). 
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B. MOABO Algorithm 

ABO attempts to unravel the problem of pre-mature 
stagnation or convergence by guarantees the location of each 
buffalo, moreover the location of each buffalo is regularly 
updated. In relative to the particular buffalo’s the best 

preceding location and the current location of the best buffalo 
in the drove. The model of ABO has three important 
characteristics behavior which is extensive intelligence 

capacity, cooperative in nature and democratic nature. In 
addition the learning parameters such as exploration and 
exploitation can help for the movement of the buffalo’s. The 
flow of work process is elaborated in Fig. 4. 

In the exploitation is used to find a safer location and 
exploration is for searching food. Moreover, the 
communication of the buffalo’s is studied under “waaa” and 

“maaa” sounds. Thus the ABO calculation arbitrarily 

initializing in (18) the buffalo to location into the search 
space, it evaluates the exploitation and exploitation fitness 
respectively using (19) to each buffalo to determine the herd’s 

best animal as well as individual buffalo personal best 
location ).( *kbu . 
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Fig. 4. The flow chart of MABO for PR controller 
parameter tuning 

Where 
kw  and kp  represent the respective 

exploration and exploitation fitness of ),....3,2,1( ** Nkk   

1lp , 2lp  are the learning parameters bg  denotes the best 

location of each buffalo   denotes the random number. 

Moreover the probability of buffalo can be calculated by 
the (20) as, 
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Where p  is the symbol of the “maaa” sound of the buffalo, 

w is the symbol of the “waaa” sound of the buffalo and 

ab is the buffalo move the 
explore curve.  
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Consequently, the probability of buffalo d  is leaving from 

the vertex of a  and b . In this research the multi-objective 
ABO algorithm is used to tuning and optimizing the 
constraints of PR controller for high-speed train braking 
system. 

C. Stability Analysis 

The stability evaluation of the controller is more important 
to evaluate how it remains stable while performing its 
dynamic condition. Thus the stability verification of PR 
controller is braking system is analyze using Lyapunov 
strategy [22]. However, the success of the controller function 
depends upon the stability measure. To evaluate the stability 
measure in PR controller using Lyapunov function following 

parameters should be satisfied such as 1L  and 2L , also the 

function of Lyapunov function is elaborated as 1f  and 2f . 

The positive terminal of Lyapunov function [23] can be 
elaborated in (21) also the process function of Lyapunov 
scheme is defined in (22) and (23). 
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where, 
Lf , 

 , 
bi , 

0c
 and 

0d  are the constants which 

remains positive, )(ˆ~
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Moreover the functions of Lyapunov 2f is calculated using 

(24) that contains 
~

 and Lf~ . Thus the parameters of 

Lyapunov function represented as 1L  and 2L , which is 

defined in (24) and (25). 
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Therefore the function of Lyapunov process is defined in 
(26) as, 

    Ctt rLrLf 
2

22

2

112
'             (26) 

Where, the condition of Lyapunov process is satisfied 

under the positive constants of 1L  and 2L  is expressed as in 

the (27) and (28) as, 
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Nevertheless, if the positive constants are true then 
2f   is 

negative for some exterior case. The result should have the 
closed loop scheme that is equally enclosed with the states of 
 01r  and  02r . Recollect the values of  tr1

 and  tr2  this 

result can conclude the stability analysis of PR controller in 
braking system under different operating conditions. 

IV. RESULT AND DISCUSSION 

Controlling and calculating the wear characteristics and 
friction of entrant materials for brake pads in high-speed 
trains is a challenging task and requires a simulative test 
process. The working of the proposed braking strategy is 
verified using simulation results. The implantation of the 
high-speed train braking system is performed on the 
simulation model MATLAB/Simulink R2018b, running on 
windows 10 platform. The brake pedal for the simulation is 
realized by ramp signal with various lopes and different 
voltage levels. Besides the BLDC motor rotor is designed by 
permanent magnet also the selection of magnetic material is 
confirmed by the density of the magnetic field. Moreover, the 
commutation in BLDC motor is controlled electronically; 
predominantly the stator windings in the motor should be 
energized in series to rotate the motor.  

 

Fig. 5. The resonant gain of PR controller in the braking 
system 
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Fig. 6. The output waveform of the motor current 

Furthermore, the parameter of torque measure elaborates 
the performance of BLDC motor, torque parameters of BLDC 
motor such as rated torque and peak torque. The braking 
system of the high-speed train is performed by the gain of the 
PR controller and the controller gain tuning as well 
optimizing by multi-objective ABO optimizer. From this 
reason, when the current is controlled efficiently then the 
friction has happened and it stops the train. 

The small resonant gain in PR controller deals with very 
high gain in a tapered frequency band, which is close to the 
resonant frequency to track the current signals to diminish the 
steady-state fatal flaw between calculated and orientation 
signal and ensures the better dynamic reply of the controller. 
The average gain of proportional resonant controller is 314 
rad/sec. Consequently, the proposed MOABO tuned the PR 
controller resonant gain and optimized as 419 rad /sec in Fig. 
5. The rise time of the proposed controller is 0.067 seconds 
and the settling time of the controller is attained in the range 
of 1 second, nevertheless, there is no overshoot occurred in 
the controller. 

The output waveform of the BLDC motor in the train is 
shown in Fig. 6. At the initial stage, the current of the motor is 
gradually raised, once the speed of the train attained stable 
value then the current drops down. 

The brake commands and acceleration are specified to the 
control component that impels the motor for different driving 
conditions. When acceleration rule has pertained, the brake 
domination is inactive respectively. The pedaling or 
switching time of braking pads is shown in Fig. 7. 

The measured torque characteristic of the high-speed train 
motor is shown in Fig. 8. Primarily the torque of the motor 
attained stable range then the torque minimized to the rated 

range. Moreover, at the instant 5.0t sec the load torque is 
raised to twice the range. Therefore the measured torque also 
raised by the equivalent percentage. 

The Output graphic representation of the speed of the 
motor in a train is shown in Fig. 9. The set response of the 
motor speed is 12000 rpm; the motor attained the set speed 
rapidly with the use of PR and MABO control. At this point, 
the load torque is minimizing from 0.24 to 0.1 Nm at time 0.5 
sec. After that the speed of the BLDC motor increase. Thus 
traction motor also works at corresponding currents and 
different speed levels, and the association among current and 
torque determined the torque values. Subsequently, the 
association among speed and torque can be interpolated with 
the torque-speed linear condition in BLDC motor. 

Furthermore, the efficiency of proposed techniques used in 

the high-speed train braking system is compared with existing 
techniques like Adaptive Controller (AC) [25] and 
Cooperative Cruise Control (CCC) [26] are elaborated as 
follows. The gain achieved by the proposed PR controller is 

6.07 rad/sec at the parameter point of riR
 
is 1 and r  as 

0.127.  

 
Fig. 7. Pedaling time of braking pads in the high-speed 

train 

 
Fig. 8. Torque characteristics of the high-speed train 

motor 

 
Fig. 9. Output graphic representation of the speed of the 

motor 
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Fig. 10. Comparison of proposed gain (rad/sec) with the 

existing methods 
 

The existing methodology used adaptive controller 
evaluated the health system of the train also cooperative 
cruise controller is utilized for communication purposes in 
railway, which means the cooperative cruise control is 
designed for multiple trains for message transformation 
purposes in Fig. 10. Besides these, while implementing the 
cruise controller with BLDC motor in high-speed trains, the 
gain value is obtained as 3.08 rad/sec. Thus the gain achieved 
by the adaptive and cruise controller is elaborated in Table I. 

Moreover, the speed control of the high-speed train 
proposed braking system compared with the other existing 
controller, which is illustrated in Fig. 11. 

Table- I: Comparison of proposed gain with existing 
methods 

Time 
(sec) 

Cooperative Cruise 
Control 

Adaptive 
controller 

PR-MOABO 

1 2.05 3.05 5.05 

2 3.08 4.07 6.07 

3 3.08 4.07 6.07 

4 3.08 4.07 6.07 

5 3.08 a 4.07 b 6.07 c 

a. the gain constant values used in the cooperative cruise control at the time 5sec.  
b. the gain constant values used in the adaptive controller at the time 5sec. 

c. the gain constant values used in the proposed controller with optimization at the instant 5sec. 

 

Fig. 11. Comparison of speed control of motor in 
high-speed train with existing techniques 

While the PR controller gain is increased at the same time 
the speed of the BLDC motor also gets increased. Thus the 
usage of PR controller in BLDC motor can enhance the 
performance of the motor. Thus the train can process or run in 
high speed. Consequently, the enhanced braking system with 

optimization approach of control at high-speed trains. Hence 
the proposed system can reduce train accidents. Moreover, 
the torque value measure achieved by cruise controller, 
adaptive controller, and propose PR controller with BLDC 
motor are defined in Table II. 

The lower revolving speed in BLDC motor can achieve less 
shear strength and high frictional resistance. The error is 
raised between the reference signal and the control signal. 
Besides, the PR controller achieved less error percentage, 
which is compared with the conventional controllers in Fig. 
12. From this, the combination of MOABO with PR 
controller validated tremendously the error percentage 
minimization. 

Table- II: Comparison of proposed braking system 
with existing methods 

Time 
(sec) 

Cooperative Cruise 
Control 

Adaptive 
controller 

PR-MOABO 

0 0.7 0.8 1 

1 0.7 0.8 1 

2 1 1.1 2 

3 1 1.2 2 

4 1 a 1.2 b 2 c 

a. the maximum torque obtained by the cooperative cruise control is 1n-m at the 4 sec instant.  
b. the maximum torque attained by the adaptive control is 1.2 n-m at the 4 sec instant. 

c. the maximum torque obtained by the proposed controller with optimization is 2 n-m at the 4 sec 
instant. 

Table- III: Comparison of Error Percentage 
Controll
er 

Cooperative Cruise 
Control 

Adaptive 
controller 

PR controller with 
MOABO 

Error 
percenta
ge a 

0.3 0.24 0.1826 

a. error percentage is defined as (|true value-simulated value|\true value) x100%.  

 

Fig. 12. Comparison of speed control of motor in 
high-speed train with existing techniques 

Therefore, the implementation result shows the error 
percentage of both adaptive and cruise controller. From this, 
the result shows that the PR controller can have less error rate 
and high efficiency. However, the PR controller has less error 
rate compared to the conventional controller, also while the 
usage of optimization strategy can enhance the performance 
of PR controller because it optimized the error which the PR 
controller has obtained. Thus finally the PR controller 
achieved a very low error rate, and the comparison results 
ranges are detailed in Table III.  
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This shows the efficiency of the proposed approach of the 
braking system in a high-speed train. 

V. CONCLUSION 

The aim of this research is replacing the novel electric 
regenerative braking system instead of a friction mechanism. 
Therefore this elaborated the control based electric braking 
scheme in a high-speed train, thus the current controlled the 
brake pads and friction. A novel PR with MOABO controller 
was designed in high-speed train braking system and achieved 
high gain. Moreover, the stability of the proposed controller 
in the braking system is validated by the Lyapunov function 
and satisfied the conditions under different operating 
conditions. Consequently, the simulation outcomes are 
validated and attained the gain of PR controller by MOABO 
tuning to the braking system as 479.6 rad /sec. In addition, the 
proposed controller with an optimization mechanism 
optimized the percentage of error rate at 0.1826%. Thus the 
proposed system is improved the braking system in 
high-speed trains to avoid the train accident consequently 
reducing the wear rate and so on. 
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