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Abstract: Coasting in gear is a common driving mode for the conventional vehicle equipped with the internal combustion engine (ICE), 

and the assistant braking function of ICE is utilized to decelerate the vehicle in this mode. However, the electric vehicle (EV) does not 

have this feature in the coasting mode due to the relatively small inertia of the driving motor, so it will cause the driver cannot obtain the 

similar driving feeling to that of the conventional vehicle, and even a traffic accident may occur if the driver cannot immediately adapt 

to the changes. In this paper, the coasting control for EV is researched based on the driving feeling. A conventional vehicle equipped 

with continuously variable transmission (CVT) is taken as the reference vehicle, and the combined simulation model of EV is 

established based on AVL CRUISE and MATLAB/Simulink. The torque characteristic of the CVT output shaft is measured in coasting 

mode, and the data are smoothed and fitted to a polynomial curve. For the EV in coasting mode, if the state of charge (SOC) of the 

battery is below 95%, the polynomial curve is used as the control target for the torque characteristic of the driving motor, otherwise, the 

required torque is replaced by hydraulic braking torque to keep the same deceleration. The co-simulation of Matlab/Simulink/Stateflow 

and AVL CRUISE, as well as the hardware-in-loop experiment combined with dSPACE are carried out to verify the effectiveness and 

the real-time performance of the control algorithm. The results show that the EV with coasting braking control system has similar 

driving feeling to that of the reference vehicle, meanwhile, the battery SOC can be increased by 0.036% and 0.021% in the initial speed 

of 100 km/h and 50 km/h, respectively. The proposed control algorithm for EV is beneficial to improve the driving feeling in coasting 

mode, and it also makes the EV has the assistant braking function. 
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1  Introduction 
 

Electric vehicles (EVs) are suitable for urban conditions 
because of its lower speed, shorter driving range and 
non-pollution compared to conventional internal 
combustion engine (ICE) vehicles[1–2]. In urban traffic, the 
working conditions change frequently among acceleration, 
deceleration, parking and starting[3]. For the conventional 
vehicle with ICE, the decelerating situation includes 
coasting in gear and braking. In the coasting mode, the 
assistant braking function of the ICE[4] is utilized to 
decelerate the vehicle, and the driving feeling associated 
with the speed and the deceleration change during the 
process is important for the driver to avoid traffic accidents. 
However, EVs do not have the function due to the small 
inertia of the driving motor, so the driver who is used to the 
conventional vehicle may not be able to adapt to the EV 
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immediately, and even traffic accidents may occur, such as 
rear collision, running through the red lights and braking 
emergently, etc. So, it’s very important for EVs to retain the 
similar driving feeling to that of conventional vehicles in 
coasting mode. Moreover, recovery of braking energy is the 
main energy-saving method for an EV[5–6]. For EVs, the 
assistant braking which can be achieved by motor braking 
not only can improve the driving feeling in coasting mode, 
but also recover part of the braking energy. 

Some scholars have conducted massive research works 
in the domain of regenerative braking and control of EVs. 
XU, et al[7], proposed a fuzzy-logic based regenerative 
brake strategy, and achieved high quality performance. BO, 
et al[8], proposed H∞ robust control strategy for regenerative 
brake torque control, which improved control unit’s ability 
to resist disturbance. YANG, et al[9], proposed a control 
strategy to maximize the recovery braking energy, and the 
sequential quadratic programming technique is applied to 
optimize the braking torque. Most studies mentioned above 
mainly focus on regenerative brake when the vehicles are 
in deceleration condition, while the regenerative brake in 
coasting mode is seldom researched. 
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It has been proved that the coasting mode of the vehicle 
accounts for about 14% of the entire urban cycle[10]. WANG, 
et al[11–12], researched the regenerative braking of hybrid 
electric vehicle (HEV) in coasting mode. An electric motor 
torque optimization control algorithm was proposed to 
maximize the recovered power, and the corresponding 
optimal shift-control rule of the automatic transmission was 
obtained. SUN, et al[13], introduced a control algorithm 
according to the target brake distance in coasting mode for 
a HEV with the gear box at the neutral position, which is 
not common in real conditions. Based on various vehicle 
attributes, CIKANEK, et al[14], discussed a new improved 
parallel regenerative braking system for a PHEV to 
maximize the regenerative braking force without adding 
additional cost. For pure electric vehicles, only a few 
researchers studied the regenerative braking in coasting 
mode. LU, et al[15], studied the regenerative braking during 
coasting process, but the driving feeling is not taken into 
consideration. CHEN, et al[16], proposed the adaptive- 
learning regeneration control for the EV in coasting mode, 
but the control algorithm needs large amount of calculation 
and is not suitable for real time control. 

In the literatures mentioned above, the research works 
are mainly focused on regenerative brake, but the driving 
feeling is seldom considered during coasting process, 
especially for EVs. In this research, the coasting control 
algorithm is proposed to obtain the similar driving feeling 
to that of the ICE vehicle. The main works include the 
coasting characteristic simulation of the reference vehicle, 
the establishment of the EV simulation model, the control 
strategy development in coasting mode, the analysis and 
discussion of the simulation and hardware-in-loop 
experiment results. 

 
 

2  Drive System Layout and Parameters    
of the Reference Vehicle 

 

A small-sized front-wheel drive ICE vehicle, whose 
transmission system is mainly composed of an engine, a 
torque converter, a CVT, a main reducer, a differential is 
taken as the reference vehicle. The transmission system of 
the vehicle is shown as Fig. 1. The vehicle parameters are 
listed in Table 1. The input and output characteristics of the 
torque converter are shown in Fig. 2 and the CVT 
transmission ratios and shift schedule are shown as Fig. 3. 
 

 

Fig. 1.  Drive system layout of the reference vehicle 

Table 1.  Main parameters of the reference vehicle 

Parameter Value 

Curb weight m/kg 910.00 
Drag coefficient c 0.33 
Frontal area A/m2 1.72 
Wheel dynamic rolling radius R/m 0.264 
Final drive transmission ratio i 3.40 
Engine displacement V/cm3 1186.00 
Engine working temperature t/℃ 80.00 

 
 

 

Fig. 2.  Input and output characteristics of the torque converter 

 

 

Fig. 3.  CVT transmission ratios and shift schedule 
 

 
3  Torque Characteristics of CVT Output 

Shaft for the Reference Vehicle 
 

Due to the similar specifications and characteristics of 
main reducer, differential and the wheels used in the EV 
with the reference vehicle, just the torque characteristic at 
the output shaft of the CVT need to be studied: 
 

CVT ENG CON CVT T ,T T i i =              (1) 

 
where TCVT is the output torque of the CVT, TENG is the 
engine torque, CONi and CVTi is the transmission ratio of the 
torque converter and the CVT respectively, ηT is the total 
transmission efficiency. 

Assuming the operating temperature of the engine is 
constant and the engine throttle opening is zero when the 
vehicle is in coasting condition, then Eq. (1) can be 
rewritten as Eq. (2): 
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CVT CVT( ),T f n=                (2) 

 
where CVTn is the output rotation speed of the CVT. 

The simulation model of the reference vehicle is 
established in the AVL CRUISE environment and the 
coasting task is set. In the coasting task, firstly the vehicle 
is accelerated with full load for two seconds at a certain 
initial speed, secondly the accelerator pedal is released 
gradually till the engine throttle opening is zero, and then 
the vehicle begins the coasting mode. The variable Ls is 
defined to represent the load signal associated with the 
accelerator pedal position. Fig. 4 shows the operating mode 
designed in MATLAB/Simulink. 

 

 

Fig. 4.  Operation mode designed in MATLAB/Simulink 
 
Because the speed of a vehicle is generally less than 100 

km/h in urban cycle, so the maximum initial speed of the 
reference vehicle is set to 100 km/h. The braking energy 
cannot be recycled by driving motor of the EV when the 
vehicle speed is less than 10 km/h, thus the minimum 
speed is set to10 km/h. 

Fig. 5 shows the torque characteristic of the CVT output 
shaft with rotation speed when the vehicle is in coasting 
mode (Ls=0). The original data are collected from the 
experiment, then smoothed and polynomially fitted using 
MATLAB software. The obtained polynomial is shown as 
Eq. (3): 
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Fig. 5.  Torque characteristic of CVT output                
of reference vehicle 

 

4  Layout and Main Parameters of the 
Developed EV 

 

The transmission system of the developed EV is shown 
as Fig. 6. It is mainly composed of a driving motor, a main 
reducer, a differential, four wheels, a motor controller, a 
brake controller and the battery pack. The main parameters 
of the EV are listed in Table 2. 

 

 

Fig. 6.  Layout of the developed EV 

 
Table 2.  Whole-vehicle parameters of the developed EV 

Parameter Value 

Curb weight m/kg 1310 

Drag coefficient cd 0.33 

Frontal area A/m2 1.72 

Wheel dynamic rolling radius R/m 0.264 

Final drive transmission ratio iF 3.4 

Centroid height hg/m 0.56 

Distance from centroid to front axle a/m 1.087 

Distance from centroid to rear axle b/m 1.603 

Wheelbase L/m 2.690 

Motor’s rated voltage Ue/V 288 

Motor’s rated power Pe/kW 15 

Motor’s maximum power Pm/kW 30 

 
 

5  Coasting Brake Control Algorithm for the 
Developed EV 

 
5.1  Torque characteristic of the driving motor      

in coasting mode 
When the vehicle is in coasting mode, the relationship 

between the rotation speed of the driving motor mot ( )n t and 
the speed of the EV ( )V t is expressed by Eq. (4): 

 

mot

( )
( ) ,

V t
n t i

R
= ´                 (4) 

 

where R is the dynamic rolling radius of the driving wheels, 
i is the transmission ratio of the EV transmission system. 

In order to achieve the similar driving feeling to that of 
the reference vehicle, the demanded torque of the driving 
motor Treq(t) can be expressed by Eq. (5) according to Eq. 
(3): 
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The load signal Ls of the driving motor is gained by Eq. 

(6): 
 

req

motmax mot

( )
( ) 100%,

( ( ))

T t
Ls t

T n t
= ´            (6) 

 
where motmaxT is the maximum torque of the driving motor. 

If the demanded torque is greater than the maximum 
torque that the driving motor can provide, then the braking 
torque is supplied by the hydraulic braking system. 

For a disk brake, the braking torque BM  generated 
under a certain pressure Bp can be expressed by Eq. (7): 

 

B B B B B B B2 ,M p A r C = ´ ´ ´ ´ ´          (7) 

 
where  pB—Pressure of the hydraulic, 

AB—Brake piston surface, 
ηB—Efficiency, 
μB—Friction coefficient, 
rB—Effective friction radius, 
cB—Specific brake factor. 

The left and the right hydraulic brake system of each 
vehicle axle have identical size and attribute. Thus the 
demanded pressure req ( )p t can be calculated by Eq. (8). In 
Eq. (8), the subscript f and r represent the front and rear 
axle respectively: 
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5.2  Development of the coasting braking control 
algorithm for the EV 

The effect of battery SOC on feedback braking is taken 
into account to avoid overcharge, and the regenerative 
braking is disabled when the SOC is above 95%. In order to 
avoid frequent switch between enabling and disabling of 
the regenerative braking, the regenerative braking is kept 
disabled until the SOC is less than 90%. The demanded 
braking torque is provided by the hydraulic braking when 
the regenerative braking function is disabled. The control 
algorithm developed in Matlab/Simulink/Stateflow for 
coasting braking of the EV is shown as Fig. 7. The input 
parameters of the control system are the driving motor 

speed, the maximum brake torque of the driving motor at 
current time, the speed of the EV, the pressure signal of the 
hydraulic system and the SOC of the battery pack. The 
output parameters of the system are the demanded pressure 
in the hydraulic system, the demanded load signal and 
torque of the driving motor. The coasting control system is 
activated when the accelerator pedal is completely released. 
Fig. 8 shows the coasting control subsystem in detail. 

 

 

Fig. 7.  Coasting control algorithm for the EV 
 

 

Fig. 8.  Coasting control subsystem  
 

6  Simulation Result Analysis 
 
The simulation of the EV is performed with the same 

coasting task of the reference vehicle defined above. The 
co-simulation of AVL CRUISE and Matlab/Simulink is 
carried out to research the consistency of the velocity and 
acceleration between the EV and the reference vehicle on 
condition of different initial speed as well as battery SOC. 
The simulation step is set to 0.001 s. 

 
6.1  Result analysis of the motor braking         

with SOC 60% 
The comparisons between the EV without braking 

control and the reference vehicle in coasting mode in the 
initial speed of 100 km/h and 50 km/h are shown as Fig. 9, 
Fig. 10, respectively. 

From Fig. 9(a) and Fig. 10(a), it is evident that the 
difference of the speed is increasing with the coasting time, 
and the speed of the reference vehicle decreases more 
quickly due to the additional engine braking besides the 
common driving resistance, i.e., the air resistance, the tire 
rolling resistance, etc. Correspondingly, the deceleration of 
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the reference vehicle is larger than that of the EV, as shown 
in Fig. 9(b) and Fig. 10(b). Due to the great differences of 
the speed and acceleration between the reference vehicle 
and the EV, the driving feeling of the two vehicles is 
remarkably different. 

 

Fig. 9.  Simulation results of reference vehicle and EV   
without braking control at initial speed of 100 km/h 

 
Fig. 10.  Simulation results of reference vehicle and EV   

without braking control at initial speed of 50 km/h 

Fig. 11 and Fig. 12 show the simulation results 
comparison at the initial speed of 100 km/h and 50 km/h, 
respectively for the reference vehicle and the EV with 
coasting braking control.  

 
Fig. 11.  Simulation results of reference vehicle and EV     

with braking control at initial speed of 100 km/h 

 
Fig. 12.  Simulation results of reference vehicle and EV     

with braking control at initial speed of 50 km/h 
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Fig. 11(a) shows that the speed of the reference vehicle is 
slightly higher than that of the EV after the full-load 
acceleration (Ls=1) due to the better acceleration 
performance of the reference vehicle. After the accelerator 
pedal is entirely released (Ls=0), the two speed curves are 
almost parallel. The two acceleration curves are almost 
coincident after the accelerator pedals are completely 
released, as shown in Fig. 11(b). It means that the similar 
coasting driving feeling can be achieved for the EV 
compared to the reference vehicle. 

Fig. 13 shows the battery SOC changes of the EV with 
coasting braking control at the initial speed of 100 km/h 
and 50 km/h, respectively. At the beginning of simulation, 
the SOC has a rapid decline because of the full load 
acceleration. When the accelerator pedal is released entirely 
(Ls=0) and the regenerative braking is active, the SOC 
begins slowly rising. The changes of the SOC are shown in 
Table 3 in the process of the regenerative braking. It can be 
seen that the SOC increased by 0.036% and 0.021 2%, 
respectively at the two initial speeds, so the effectiveness of 
the regenerative braking is confirmed.  

 

 
Fig. 13.  SOC changes of the battery 

 
Table 3.  SOC changes during coasting process 

Initial speed 
u/(km • h–1) 

Start_coasting 
SOC SOC/% 

Final SOC 
SOC/% 

SOC change 
∆SOC/% 

100 59.948 9 59.984 9 0.036 0 

50 59.946 1 59.967 3 0.021 2 

 
 

6.2  Results analysis of the hydraulic coasting braking 
with SOC 96% 

When the SOC is above 95%, the battery cannot be 
charged and the function of regenerative braking of the EV 
is disabled. So the demanded braking torque of the EV in 
coasting braking is provided by the hydraulic braking 
system. Fig. 14 shows the simulation results of the 
hydraulic coasting braking control of the EV and the 
reference vehicle. The acceleration curves are shown in 
Figs. 14(a) and 14(b) at the initial speed of 100 km/h and 
50 km/h, respectively. It is obvious that the acceleration 
curves of the two vehicles are coincident with each other, 
which means that the two vehicles have the similar coasting 
driving feelings. 

 

Fig. 14.  Hydraulic coasting braking control of the EV 

 

7  Hardware-in-loop Experiment and Result 
Analysis 

 
For the control unit, the real-time performance is very 

important. Due to the low cost, high accuracy and 
simplicity, the hardware-in-loop experiment is widely used 
to validate the real-time performance of the control 
unit[17–18].  

Based on dSPACE, the hardware-in-loop experiment is 
conducted to testify the effectiveness of the coasting 
control algorithm. The whole vehicle model is compiled 
and downloaded to the DS1006 board and the control 
algorithm is compiled and downloaded to the Micro 
AutoBox to transform to the rapid control prototype 
(RCP)[19]. Controller area network (CAN) is used for the 
signal communication between Micro Autobox and 
DS1006[20]. The CAN communication protocol is 
ISO11898. The simulation step is set to 0.001 second. The 
ControlDesk displays vehicle status, such as speed, 
acceleration, battery SOC, and so on. The physical 
connection of the simulation test is shown as Fig. 15.  

The comparisons of experiment results concerning speed 
and acceleration at the initial speed of 50 km/h and 100 
km/h are shown as Fig. 16 and Fig. 17, respectively. It is 
evident that the speed and acceleration of EV have the 
same trend with that of the reference vehicle under different 
battery SOC, so the similar driving feeling can be ensured 
for the EV. Moreover, the real-time experiment results are 
coincident with that of the off-line simulation discussed 
above, so the real-time performance of the control 
algorithm is validated. 
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Fig. 15.  Hardware-in-loop physical connection 

 

Fig. 16.  Experiment result at initial speed of 50 km/h 

 

Fig. 17.  Experiment result contrast                            
at initial speed of 100 km/h 

 

8  Conclusions 
 

(1) By controlling the motor braking torque or hydraulic 
torque, the EV can achieve the similar driving feeling to 
that of the reference vehicle in coasting mode. 

(2) When the battery SOC is below 95%, the EV can 
realize the coasting braking effect by using motor braking, 
and the battery SOC will increase by 0.036% and 0.021 2%, 
respectively at the initial speed of 100 km/h and 50 km/h. 

(3) The control algorithm with the advantage of 
simplicity and practicality is proposed, and its real-time 
performance is validated through the hard-in-loop 
experiment. 
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