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ABSTRACT

Regenerative braking systems (RBS) are a promising technology for
recovering wasted kinetic energy during the braking process of electric
vehicles. This energy can be stored in the vehicle’s battery for later use,
reducing fuel consumption, prolonging travel distances, and reducing
maintenance costs. RBS is particularly beneficial in heavy traffic, where
the brakes are used more frequently. In this research, an artificial neural
network (ANN) model was developed to predict the amount of the recovered
current and stoppage time needed for different braking scenarios. The
ANN model was trained using data from a developed MATLAB Simulink
model that was used to investigate the effects of braking force capacity and
vehicle running speed on RBS performance. The performance of the RBS
was evaluated in terms of the amount of recovered current and the time
needed for the vehicle to come to rest. The outputs from the Simulink model
were validated statistically using Design Expert ANOVA analysis before
being implemented in the ANN model. The results of this study showed that
the ANN model was able to accurately predict the amount of the recovered
current and the stoppage time needed for different braking scenarios. Hence
ANN models can be considered an accurate flexible model that can be used
to develop efficient and effective RBS controllers for electric vehicles.
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1. Introduction

The evolving energy crisis and growing environmental
awareness compelled automotive researchers to consider
electric vehicles (EVs) as a potential replacement for
conventional fuel vehicles. This is to minimize vehicle’s
pollutant emissions and the used energy in transportation
[1]–[3]. As, it was found that about 1/3 to 1/2 of transporta-
tion energy is consumed during the braking process [4].
Regenerative braking system (RBS) has been introduced
as a potential replacement for hydraulic and mechanical
brakes as they do not produce any pollutant emissions or
consume large amounts of energy during braking. Instead,
they can be used for charging EV batteries during the
barking process [5], [6]. For instance, the kinetic energy
wasted in the form of heat during the vehicle braking
can be recovered by integrating RBS in EVs or by using
hybrid braking systems [1], [7]–[9]. These braking systems
are used to recover a portion of the wasted kinetic energy
during braking vehicles in motion. The recovered energy
can be used for charging an onboard energy storage system

such as vehicle batteries. During the braking process, the
electric motor acts as generator and reverses the direc-
tion of current back to be stored in the battery. It was
mentioned that, integrating RBS in buses and trains can
reduce fuel consumption by about 30% and increase energy
efficiency to 30% [4], [8], [10], [11]. To ensure the efficiency
of the energy recovery process some parameters must be
considered such as the type of used motor, the applied
braking force and EV batteries, different road surfaces
coefficients, driver intentions, state of charge of the battery,
drive distance, motor braking torque and braking forces
distribution on the wheels [2], [9], [12].

Investigations showed that induction and permanent
magnet motors generate eddy currents specially when the
vehicle is running at high speed (>1500 rpm). These gen-
erated currents have a bad impact on the energy recovery
process, to enhance the efficiency of the recovery pro-
cess brushless DC motors (BLDC) are recommended.
Moreover, it was also found that the used motor control
technique can have an impact on the recovery process. It
was proved that integrating fuzzy logic controllers with the
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regular PID motor controller can improve the efficiency of
the recovery process. As this integration can prolong the
vehicle travel distance increasing the amount of energy that
can be recovered to the battery [5], [13], [14].

The braking force was considered one of the most influ-
encing parameters as it governs the distance traveled by
the vehicle. The travel distance decreases upon increasing
the applied braking force reducing the efficiency of the
recovery process. The applied braking force can be con-
trolled using the vehicle pedals thus its sensitivity must
be enhanced to ensure efficient performance of the energy
recovery process [15]–[17].

EVs batteries are characterized by their frequent charge
and discharge which has a bad impact on their life span.
Hence, the development of the battery technology was
hindered due to the low battery energy density and the
large charging time needed. As a result, researchers are
investigating the possibility of introducing energy saving
technologies to enhance the expected EVs batteries’ life
span [1], [18]. It was found that EV battery life span can
be enhanced by connecting ultracapacitors or super capac-
itors with the batteries. These capacitors act as a shield and
protect the battery from shocks that can occur due to high
charging and discharging currents. In addition, they can
store larger amount of energy in shorter intervals of time,
providing a means of faster charging for the battery than
charging using the regular battery energy recovery process
[11], [19], [20]. Up to authors’ knowledge, it was observed
that most of these investigations have been conducted
experimentally which is expensive and time consuming
to construct. In this research artificial neural networks
(ANN) have been implemented to study the effect of
parameters affecting the efficiency of the energy recovery
process in passenger EVs RBS without using expensive
time-consuming experimental testing. The ANN was used
to map a relationship between the RBS recovered current
and resultant vehicle stoppage time against variable vehi-
cle speeds and variable amount of braking force applied.
To eliminate the need for experimental data needed to
construct the ANN, a simulation model using Simulink
MATLAB GUI was constructed. At the beginning this
model was validated using results obtained from previous
experimental work. Then used to study the effect of differ-
ent vehicle parameters on the performance of the RBS. In
terms of vehicle speed and the applied braking force on the
recovered current and vehicle stoppage time. The obtained

results were validated from statistical point of view using
ANOVA test on DESIGN EXPERT software.

2. Simulation Model

This section discusses the MATLAB Simulink model
established to study the effect of the applied braking force
and vehicle speed using permanent magnet synchronous
motor (PMSM) on the vehicle stoppage time and the
amount of regenerated current from the vehicle braking
process. PMSM was selected over BLDC motor due to
its higher efficiency and performance especially at low or
high speed. In addition to its ability to produce higher
torque and light weight [21]. Fig. 1 presents a layout of the
simulated regenerative braking system. The results of this
simulation process will be validated then used to build an
ANN model that can be used to predict the amount of the
regenerated current and time needed to brake the vehicle.

2.1. Simulink Model Setup

The Simulink model was established to resemble a real
RBS of a passenger vehicle. To ensure the simulation
results present a real-life RBS, the simulation time is set
to infinity to monitor the effect of variations of the vehi-
cle speed and braking force on the regenerated current
and time needed to brake the vehicle. The simulation
process is set to begin when the SOC (state of charge)
of the battery is greater than 20% [5], [10], [18]. This is
the least amount of battery SOC sufficient to discharge
the current necessary for operating the vehicle’s motor.
During the braking process, the current is recovered and
stored in the battery when its SOC is less than 80% [15].
Fig. 2 shows a flowchart for the RBS simulation process.
Fig. 3 shows the details of the built Simulink model. The
model consists of four main blocks and two subsystems.
The main blocks are responsible for setting the motor
speed, converting motor speed (rpm) into voltage (V) and
frequency (Hz), producing a balanced three sine waves,
and generation of a variable width pluses, respectively.
The two subsystems represent the RBS, the motor control
unit, and brakes, respectively. Fig. 4 shows details of the
recovered current control subsystem. In this subsystem, the
lithium-ion battery DC current is converted to AC current
necessary to operate the vehicle’s motor using a three-
phase inverter having six insulated gate bipolar transistors
(IGBTs). These transistors are connected to the PMSM

Fig. 1. A schematic layout of the simulated RBS.
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Fig. 2. A flow chart for RBS simulation process.

motor through the three ports A, B, and C. These ports
represent the three-phase current used to drive power the
PMSM whose magnitudes are displayed on an oscillo-
scope. The brake and On/OFF Ports indicated in Fig. 4
monitor the brakes’ position, the amount of the braking
force applied and the motor condition whether it is ON or
OFF. Whereas the voltage and current measurement ports
monitor the battery current charge state, the battery will be
charging when the brakes are applied to the rotating motor.

The brakes subsystem will be activated when the mag-
nitude of the braking force is greater than zero. The
magnitude of the applied braking force was controlled
using a slider block (brake pedal) shown in Fig. 3 to sim-
ulate the effect of the brake pedals. Fig. 5 shows details of

the brakes control subsystem responsible for controlling
the braking system of the model.

2.2. Simulation Testing

The simulation testing process was conducted in three
phases to study the effect of the vehicle speed, and the
amount of the braking system capacity applied on the
recovered current and time needed to stop the vehicle.
The first phase studies the effect of varying the applied
braking force using the brake pedal indicated in Fig. 3 with
an average constant motor speed of 1500 rpm. The test
was made by applying variable amount of braking system
capacity using the brake pedal indicated in Fig. 3 ranging
from 0%:0.95% with step of 0.1%.

Fig. 3. RBS Simulink simulation model.
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Fig. 4. Recovered current subsystem control (first subsystem).

Fig. 5. Brakes control subsystem (second subsystem).

The second phase of simulation tests studies the effect of
varying the vehicle speed while applying the same amount
of braking force. The test was conducted at a variable
vehicle speed ranging from 1000 rpm to 2000 rpm with a
step of 100 rpm. As for the applied braking force it was
assumed that the driver will use approximately 0.5% of the
braking system capacity in most driving situations to stop
the vehicle.

The third phase of simulation tests studies the effect of
varying both the vehicle speed and the applied amount
of the braking system capacity. In this test, the amount
of braking capacity used is the same as that tested in the
first phase of simulation tests. Also, the range of the vehicle
speed used is the same as that tested in the second phase
of simulation tests. For each simulation run, the amount of
the regenerated current and time taken to stop the vehicle
is recorded.

2.3. Simulation Results

For the first phase of testing, it was found that the
amount of the regenerated current, and the time taken to
stop the vehicle decreases with increasing the amount of

the applied braking force using the brake pedal. This is
due to the fact that increasing the amount of the applied
barking force decreases the amount of time available for
regenerating current to the battery before the vehicle comes
to rest. Figs. 6 and 7 show the effect of the applied amount
of the braking force on the recovered battery current, and
the time needed to recover current to the battery, and time
needed to stop the vehicle, respectively. Upon applying
the braking force, the amount of the current supplied to
the motor from the battery drops to zero then reverses its
direction towards the battery indicating the initiation of
the current regeneration process. This process continues
during the free rotation of the motor after initiating the
braking process till the vehicle comes to rest. The nega-
tive magnitudes of current shown in Fig. 6 indicate the
peak value of the regenerated current before dropping to
zero when the motor stops during each simulation run.
The time needed to stop the vehicle can be estimated by
studying the curve joining the speed steady state position
and zero position for each simulation run indicated in
Fig. 7. Also, it can be shown that, at the beginning of
each simulation run, the motor applies twice or thrice
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Fig. 6. Recovered current and recovery time at variable amount of braking force applied and constant vehicle speed of 1500 rpm.

Fig. 7. Vehicle stoppage time at variable amount of braking force applied and constant vehicle speed of 1500 rpm.

its average running current, for approximately 3 msecs
before dropping to its steady state. These fluctuations in
motor current cause fluctuations in the applied speed till
it reaches its steady state. The overshot Phenomenon that
occurred is due to the system trials to reach its steady
state in a short interval of time. Further developments
can be made to overcome this phenomenon by chang-
ing the magnitudes of the used proportional and integral
gains.

For the second phase of testing, it was found that the
amount of the regenerated current, and the time taken to
stop the vehicle increases with increasing the vehicle speed.
This is because increasing the vehicle speed increases the
time needed for the vehicle to come to rest. Hence, the
amount of the regenerated current to the battery increases.
Figs. 8 and 9 show the effect of different vehicle speed on
the recovered battery current, the time needed to recharge
the battery, and the time needed to stop the vehicle, respec-
tively. In addition, it can be observed that the time taken
to reach the peak amount of recovered current of −300
Amp in case of variable applied vehicle speed is more than
that taken during the first phase of testing. Moreover, from
Figs. 6 and 8, it can be observed that the effect of variation
of the vehicle speed is more significant on the amount of
the recovered current. Whereas the effect of variation of
the applied braking force is more significant on the time
needed for the vehicle to come to rest as shown in Figs. 7
and 9.

For the third of phase of testing, to mimic the actual
vehicle driving scenario, A simulation test was run to study
the effect of interaction of both variable applied braking

force and vehicle speed. Figs. 10 and 11 show the effect
of variation of applied braking force and time taken to
recharge the battery and time needed to stop the vehi-
cle, respectively. It can be observed that the interaction
between both variations had a significant effect on both
the amount of the recovered current to the battery, and
time needed for recharging, and vehicle stoppage time.
Hence, to enhance the efficiency of the current regenera-
tion process, the vehicle is recommended to be running at
speeds higher than its average speed while applying a small
amount of braking force for a long period of time.

To verify the obtained results, the behavior of the pro-
posed system was compared with the one presented in
[13]. It was found that despite the two different control
techniques used in both systems, at the same applied speed
of 1500 rpm both systems showed the same behavior and
stopped the motor in the same interval of time. For further
validation of the proposed model, ANOVA analysis is
conducted in the next section before using its output results
to build the ANN model.

3. ANOVA Test

ANOVA analysis was conducted using DESIGN
EXPERT software to validate the simulation results
obtained from section 2.3. The analysis studies the effect
of variation of applied braking force and the effect of
variation of vehicle speed separately on recovered current
and stoppage time. Then studies the effect of interaction
between them on the amount of recovered current, time
needed to charge the battery with the recovered current,
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Fig. 8. Recovered current and recovery time at variable vehicle speed (1000:100:2000 rpm) and constant amount of braking force applied of 0.5%.

Fig. 9. Vehicle stoppage time at variable vehicle speed (1000:100:2000 rpm) and constant amount of braking force applied of 0.5%.

Fig. 10. Recovered current and recovery time at both variable vehicle speed and braking force.

Fig. 11. Vehicle stoppage time at both variable vehicle speed and braking force.
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and vehicle stoppage time. Where A is the vehicle speed
in rpm and B is the applied amount of braking force
capacity %.

From ANOVA analysis for the current recovery process,
it was found that the model is significant with P-value
< 0.05. The model indicates that the vehicle speed is the
most significant parameter on the amount of the recovered
current to the battery. Fig. 12 shows a 3D surface plot
for the effect of vehicle speed and the amount of braking
force applied on the recovered current to the battery and
vehicle stoppage time. It can be observed that the peak
value of the recovered current can be obtained when the
vehicle is running at average speed slightly higher than
its average speed with least the amount of braking force

capacity applied. The least amount of the recovered cur-
rent can be recovered when the vehicle is running at its
minimum speed with the largest amount of braking force
applied. These results are consistent with results obtained
using MATLAB Simulink model. The effect of interaction
between the two parameters has a significant effect only at
higher levels of A and linear values of B such as A2B, A3B,
A4B and A5B in addition to square orders of both A and
B (A2B2) as shown in Fig. 13.

From ANOVA analysis for the vehicle stoppage time,
it was found that the model is significant with P-value
< 0.05. The model indicates that the vehicle speed is the
most significant parameter on the amount of the recovered
current to the battery at higher levels i.e., starting from

Fig. 12. 3D surface of the battery recovered current.

Fig. 13. Interaction plot between vehicle speed and the amount of applied braking force on the battery recovery current.
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squared value of the applied vehicle speed. As for the
applied braking force it has an effect only when its linear
or squared magnitude has an interaction with squared and
triple magnitude of the applied speed, respectively. Fig. 14
shows a 3D surface plot for the effect of vehicle speed
and the amount of braking force applied on the recovered
current to the battery and vehicle stoppage time. It can
be observed that the peak value of the vehicle stoppage
time can be obtained when the vehicle is running at its
maximum speed with the least amount of braking force
capacity applied. The least vehicle stoppage time can be
reached when the vehicle is running at its minimum speed
with the largest amount of braking force applied. These
results are consistent with results obtained using MAT-
LAB Simulink model. The effect of interaction between

the two parameters has a significant effect only at higher
levels of A and linear values of B such as A2B, A3B, and
A3B2 as shown in Fig. 15. Hence, it can be observed that
applied vehicle speed can be considered as the most factor
governing the vehicle stoppage time.

4. Artificial Neural Networks

Artificial neural network (ANN) is one of the most
powerful tools that can be used to map a relationship
between different I/P and O/P parameters that cannot be
related using conventional mathematical equations. ANN
prediction models reduce cost, effort, and time needed for
constructing experimental test rigs to study the parameters

Fig. 14. 3D surface of the vehicle stoppage time.

Fig. 15. Interaction plot between vehicle speed and the amount of applied braking force on vehicle stoppage time.
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Fig. 16. ANN Simulink model.

TABLE I: Comparison between Predicted Recovered Current and Vehicle Stoppage Time Using Simulink and ANN Models

Speed (RPM) &
braking force (%)

Simulink
recovered

current (Amp)

Simulink
stoppage time

(Sec)

ANN
recovered

current (Amp)

ANN
stoppage time

(Sec)

Recovered
current error

%

Stoppage time
error %

1400 RPM 295.5 1.24 300.4 1.24 1.66 0.16

0.068%
1500 RPM 298.7 1.25 310.2 1.22 3.09 2.01

0.081%
1600 RPM 300.6 1.36 293.6 1.33 2.32 2.28

0.095%
1800 RPM 268.3 1.53 265.1 1.62 1.19 5.81

0.122%
1900 RPM 258.8 1.78 259 1.70 0.08 4.22

0.136%

affecting the performance of RBS. In this research, ANN
was used to predict the effect of variable vehicles’ speed and
applied braking force capacity for a passenger vehicle RBS.
In terms of the current that can be recovered to the vehicles’
battery and the time needed for the vehicle to come to rest.

MATLAB Simulink output data sets obtained from
section 2 were used to build the proposed ANN model.
The training process was made on 70% of the available
Simulink output data. The remaining 30% of the available
data were used for validating and testing the proposed
ANN. The network architecture consists of a feedforward
network having 3 layers: input, hidden and output lay-
ers, respectively. The hidden layer consists of 10 hidden
neurons while the number of neurons in the I/P and O/P
layers depends on number of I/P and O/P parameters under
investigation. The training process was conducted using
Levenberg-Marquardt algorithm and was completed in 71
epochs. The resultant mean square error was <1 for all
the training, validation, and testing phases. Further, the
regression correlation coefficient for the three phases was
<1 of magnitude of 0.9946 indicating the efficiency and
strength of the proposed ANN model.

To ensure the efficiency and validity of the proposed
ANN model, it was imported to Simulink workspace as
shown in Fig. 16. Where the effect of random data sets of
I/P parameters was predicated using the built ANN model.
The ANN O/P parameters readings were compared against
the O/P obtained using the Simulink model presented in
section 2 as indicated in Table I. It can be observed that
the average error % was estimated to be 2% and 3% for

recovered current and stoppage time respectively proving
the efficiency of the built ANN.

5. Conclusions

This paper showed that ANN models can be considered
as a potential accurate flexible models for predicting the
performance of RBS in EVs. The proposed ANN model
can be used as a promising tool for developing efficient and
effective RBS controllers. As, the average error between
Simulink model and ANN model was 2% and 3% for the
recovered amount of current to the battery and vehicle
stoppage time, respectively. The proposed ANN model can
be further improved by increasing its size to include the
effect of other parameters such as road surface coeffi-
cient, distribution of braking forces on the wheels, and
SOC of the battery on the performance of RBS. In addi-
tion, further developments can be made to the proposed
Simulink model to enhance its response by integrating
anti-winding to prevent the accumulation of errors in the
integral controller to overcome the overshot phenomena.
Moreover, further research can be conducted to improve
the accuracy and robustness of the ANN model, as well as
developing more sophisticated Simulink models to capture
the dynamic behavior of RBS in real-world conditions.

Funding

This research was not funded by any grant.

Vol 8 | Issue 5 | October 2023 57



Artificial Neural Networks: A Promising Tool for Regenerative Braking Control in Electric Vehicles Rezk and Abuzied

Conflict of Interest

Authors declare that they do not have any conflict of
interest.

References

[1] Qi L, Wu X, Zeng X, Feng Y, Pan H, Zhang Z. An
electro-mechanical braking energy recovery system based on coil
springs for energy saving applications in electric vehicles. Energy.
2020;200:117472. doi: 10.1016/j.energy.2020.117472.

[2] Zeh DW, Heydari S, Fajri P, Trzynadlowski AM, Ben-Idris M,
Yang L. Maximizing energy harvesting in electric vehicles through
optimal regenerative braking utilization. Ph.D thesis, University of
Nevada, Reno, Nevada; 2020.

[3] Kaple BR, Biradar AS, Bharud DS, Panchal NP, Patil PRJ. Simu-
lation of electric vehicle & regenerative braking. Int Res J Mod Eng
Technol Sci. 2023;5. Available from: www.irjmets.com.

[4] Pan S, Song Z, Wang X. Electro-mechanical braking force dis-
tribution strategy for electric vehicle. 2015 IEEE International
Conference on Communication Problem-Solving, ICCP 2015, pp.
387–90, Guilin, China. 2016. doi: 10.1109/ICCPS.2015.7454182.

[5] Nian X, Peng F, Zhang H. Regenerative braking system of electric
vehicle driven by brushless DC motor. IEEE Trans Ind Electron.
2014;61:5798–808. doi: 10.1109/TIE.2014.2300059.

[6] Toh Xiang Wen M, Tong Kum Tien D. Analysis of a hybrid
mechanical regenerative braking system. MATEC Web Conf .
2018;152:1–15. doi: 10.1051/matecconf/201815202011.

[7] Erhan K, Özdemir E. Prototype production and comparative
analysis of high-speed flywheel energy storage systems during
regenerative braking in hybrid and electric vehicles. J Energy Stor-
age. 2021;43,1–11. doi: 10.1016/j.est.2021.103237.

[8] Saiteja P, Ashok B, Wagh AS, Farrag ME. Critical review on opti-
mal regenerative braking control system architecture, calibration
parameters and development challenges for EVs. Int J Energy Res.
2022;46:20146–79. doi: 10.1002/er.8306.

[9] Mondal S, Nandi AK. An improved parallel regenerative braking
system for small battery electric vehicle. World J Eng. 2022;1–16.
doi: 10.1108/WJE-02-2022-0067.

[10] Hamada AT, Orhan MF. An overview of regenerative
braking systems. J Energy Storage. 2022;52:105033. doi:
10.1016/j.est.2022.105033.

[11] Ko JW, Ko SY, Kim IS, Hyun DY, Kim HS. Co-operative control
for regenerative braking and friction braking to increase energy
recovery from the wheel lock. Int J Automot Technol. 2014;15:253–
62. doi: 10.1007/s12239.

[12] Xiong Y, Yu Q, Yan S, Liu X, Lee S. An innovative design of
decoupled regenerative braking system for electric city bus based on
Chinese typical urban driving cycle. Math Probl Eng. 2020;13,1–13.
doi: 10.1155/2020/8149383.

[13] Yoong MK, Gan YH, Gan GD, Leong CK, Phuan ZY, Cheah
BK. Studies of regenerative braking in electric vehicle. IEEE Con-
ference on Sustainable Utilization and Development in Engineering
and Technology, Kuala Lumpur, Malaysia, 2010, pp. 40–5. doi:
10.1109/STUDENT.2010.5686984.

[14] Nashit S, Adhikari S, Farhan S, Avinash S, Gambhire A. Design,
fabrication and testing of regenerative braking test rig for BLDC
motor. Int Res J Eng Technol. 2016;3:1881–4. Available from: www.
irjet.net.

[15] Ahn JK, Jung KH, Kim DH, Jin HB, Wang SH, Kim HS. Analysis
of a regenerative braking system for hybrid electric vehicles using an
electro-mechanical brake. Int J Automot Technol. 2009;10:229–34.
doi: 10.1007/s12239.

[16] Li L, Wang X, Xiong R, He K, Li X. AMT downshifting
strategy design of HEV during regenerative braking process
for energy conservation. Appl Energy. 2016;183:914–25. doi:
10.1016/j.apenergy.2016.09.031.

[17] Ji F, Pan Y, Zhou Y, Du F, Zhang Q, Li G. Energy
recovery based on pedal situation for regenerative braking sys-
tem of electric vehicle. Veh Syst Dyn. 2020;58:144–73. doi:
10.1080/00423114.2019.1567927.

[18] Zhang Y, Tong L. Regenerative braking-based hierarchical model
predictive cabin thermal management for battery life extension of
autonomous electric vehicles. J Energy Storage. 2022;52:104662.
doi: 10.1016/j.est.2022.104662.

[19] Zhang QY, Huang J. Research on regenerative braking
energy recovery system of electric vehicles. J Interdiscip Math.
2018;21:1321–6. doi: 10.1080/09720502.2018.1498047.

[20] Zhao W, Wu G, Wang C, Yu L, Li Y. Energy transfer
and utilization efficiency of regenerative braking with hybrid
energy storage system. J Power Sources. 2019;427:174–83. doi:
10.1016/j.jpowsour.2019.04.083.

[21] Gao Q, Lv C, Zhao N, Zang H, Jiang H, Zhang Z. Regenerative
braking system of PM synchronous motor. AIP Conf Proc, Xi’an
City, China, 2018;1955. doi: 10.1063/1.5033775.

Vol 8 | Issue 5 | October 2023 58

https://doi.org/10.1016/j.energy.2020.117472
www.irjmets.com
https://doi.org/10.1109/ICCPS.2015.7454182
https://doi.org/10.1109/TIE.2014.2300059
https://doi.org/10.1051/matecconf/201815202011
https://doi.org/10.1016/j.est.2021.103237
https://doi.org/10.1002/er.8306
https://doi.org/10.1108/WJE-02-2022-0067
https://doi.org/10.1016/j.est.2022.105033
https://doi.org/10.1007/s12239
https://doi.org/10.1155/2020/8149383
https://doi.org/10.1109/STUDENT.2010.5686984
www.irjet.net
www.irjet.net
https://doi.org/10.1007/s12239
https://doi.org/10.1016/j.apenergy.2016.09.031
https://doi.org/10.1080/00423114.2019.1567927
https://doi.org/10.1016/j.est.2022.104662
https://doi.org/10.1080/09720502.2018.1498047
https://doi.org/10.1016/j.jpowsour.2019.04.083
https://doi.org/10.1063/1.5033775

	Artificial Neural Networks: A Promising Tool for Regenerative Braking Control in Electric Vehicles
	1. Introduction
	2. Simulation Model
	3. ANOVA Test
	4. Artificial Neural Networks
	5. Conclusions
	Funding
	Conflict of Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


