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Abstract 

The vehicle is interfered by the lateral wind in the traditional anti-skid control method, which results in a bad anti-skid 

control effect of electric vehicle torque drive. For this reason, a method of torque adaptive drive anti-skid control for electric 

vehicle is proposed. In order to realize the driving force control of distributed driving electric vehicle, the driving motor is 

modeled and simplified. A battery model was established to analyze the influence of the bus voltage fluctuation on the motor 

torque response. The power system model is added to the existing vehicle model to complete the simulation model design of 

the distributed drive electric vehicle. According to the characteristics of the friction circle of the tire, the driving torque of the 

driving wheel is analyzed. In order to resist the influence of interference factors on vehicles during vehicle movement, through 

the concept of vehicle stability control, the left and right driving torque is dynamically adjusted by using the obtained ideal 

driving force distribution ratio of front and rear axles. The simulation results show that the proposed method can effectively 

increase the driving torque and improve the fitting coefficient of the driving anti-skid torque. 
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1. Introduction 

Automobile is an important industry of national 

economy. As a big country of automobile production and 

sales, China is not a strong country, and the technology of 

independent products is still weak. We should grasp the 

opportunity of the development of electric vehicles, achieve 

the leap of automotive core technology, reach the 

international advanced level. With its unique advantages 

(more controllable degrees of freedom), high-performance 

distributed drive electric vehicles will occupy a place in the 

field of electric vehicles [1]. 

There are many types of electric vehicle drive motors, 

such as dc motor, ac induction motor, permanent magnet 

synchronous motor and so on. The following is a brief 

description of its characteristics. Distributed drive electric 

vehicle is an electric vehicle that is powered by one or more 

groups of vehicle-mounted power sources to provide power 

to the drive motor of the wheel, so as to distribute a single 

controllable drive system to each wheel [2]. The so-called 

distributed drive electric vehicle (dev) is an electric vehicle 

that is powered by one or more sets of on-board power 

sources for each wheel’s drive motor. In this way, a separate 

controllable drive system is distributed to each wheel. 

Traditional distributed drive electric vehicles can better 

realize the power distribution and control by taking 

advantage of their own structural advantages [3]. For 

example, the increase and decrease of driving motor torque 

can be used to realize the drive anti-skid control. Driving 

force distribution is realized by using the advantages of 

independent control of driving motor and response speed. 

The driving anti-skid system controls the sliding rate of the 

driving wheel in the vicinity of the optimal sliding rate, so 

as to ensure that the driving wheel has the best longitudinal 

driving force and the ability to resist lateral interference. 

UOT Electric March II is an Electric car with two front 

wheels driven by an Electric motor [4]. The control 

algorithm of anti-skid drive and anti-lock braking is verified 

by controlling the wheel slip rate, and the concept of 

recognizing the wheel roll state by the driving force of the 

wheel is put forward. Some domestic scholars use the 

sliding mode control theory to achieve the drive anti-slip 

control. The control method of the synovial variable 

structure is to build the sliding mode surface by the slip rate 

error and the rate of error change. So it can achieve the 

purpose of controlling the roller slip rate. This method has 

good robustness, but its control principle leads to a high 

frequency switching of the slip rate on the synovial surface, 

which will cause the chattering of the drive motor and 

seriously affect the effect of the drive anti-slip control [5]. 

In order to solve the disturbance caused by side wind and 

buffeting of driving motor in the traditional anti-skid control 

method. An adaptive anti-skid control method for electric 

vehicle torque based on objective optimization is proposed. 

The effectiveness of the proposed method is verified by 

experiments. 
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2. Electric vehicle torque adaptive drive skid control 

2.1. Objective optimization of power control algorithm 

Based on the driving force control of distributed driving 

electric vehicles, the problem of the friction coefficient 

mismatch between the tire and the road caused by the torque 

of the driving motor and the slip of the driving wheel is 

studied. Under the condition of studying the driver's 

longitudinal intention, the car has the biggest problem of 

resisting lateral interference, that is, the problem of the 

driving force and ideal distribution between the front axle 

of the distributed drive electric vehicle [6]. In order to carry 

out research, firstly, an equivalent dynamic system model 

of distributed drive EV is established. Through this model, 

a model is sought to reflect the torque response 

characteristics of the motor. It can reflect the torque 

response caused by the battery bus voltage fluctuation 

problem. And the required model can meet the requirements 

of real-time simulation to prepare for the rapid prototyping 

of control algorithms in the future. In the distributed driving 

ev power system, the performance of the battery directly 

determines the performance of the vehicle [7]. Therefore, in 

the electric vehicle simulation, the battery model is an 

important link, it is very necessary to study the battery 

comprehensively and systematically. But the 

electrochemical reaction process of the battery is extremely 

complicated. It involves multidisciplinary fields, such as 

chemistry, electricity, heat, especially in the charging and 

discharging process, and all the performance parameters of 

the battery. For example, electromotive force and internal 

resistance, state of charge, Coulomb efficiency, self-

discharge rate, and temperature, etc. can all affect each 

other, and there is a complicated relationship [8]. In this 

paper, the influence of bus voltage fluctuation on motor 

torque response is mainly concerned with distributed 

electric vehicle driving, so only a simplified internal 

resistance model is established. Although the internal 

resistance model is simple, it can reflect the basic 

characteristics of battery charging and discharging process, 

such as bus voltage fluctuation, the influence of temperature 

on the internal resistance, and the change of battery charge. 

This model is simple, universal, and convenient for 

simulation [9]. The following figure is the schematic 

diagram of the internal resistance model of the battery. 
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Figure 1. Internal resistance model of battery 

In the vehicle model, the road adhesion coefficient is an 

important parameter to calculate the tire. The road adhesion 

coefficient where the wheels are located will change with 

the vehicle’s track. In order to adapt to the change of the 

road adhesion coefficient with the track. This paper also 

models the road input, the idea of which is to set the road 

adhesion and the coordinate range [10]. When the center of 

mass of the wheel moves to this coordinate, the road 

adhesion input model will output the adhesion coefficient 

under the current road surface as a parameter to calculate 

the current tire force. This paper illustrates how to use the 

road adhesion input model by taking the docking road as an 

example. The simplified internal resistance model 

simplifies the battery into the series of voltage source and 

internal resistance, and its basic voltage balance equation is 

as follows: 

 =E RI U                                                  (1) 

where E  is the electromotive force of the battery, R  is 

the internal resistance of the battery, I  is the current, and 

U  is the bus voltage of the battery. Battery electromotive 

force E  is determined by temperature Tess and battery 

charge Soc , and its functional expression is:
 

 = /f(Soc,Tess) pE E                                 (2) 

The internal resistance R  of the battery is determined 

by the battery temperature Tess , the battery charge Soc  

and the demand power p . The functional expression is as 

follows: 
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where is the ( )f p  lookup table function. Then the 

power balance equation of the battery can be further 

obtained: 
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where, 
limP  is the charging and discharging power of the 

battery after power limitation. The charging and discharging 

current of the battery can be simplified as follows: 
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As an emerging form of automobile, distributed drive 

electric vehicle has its unique advantages and many 

theoretical problems have not been solved. The state has 

carried out major basic project research (research on key 

basic issues of high-performance distributed drive electric 

vehicles) to provide theoretical support for the development 

of distributed drive electric vehicles. This research is not 

only of great significance to social environment and 

resource issues, but also a major strategic demand for 

national development [11]. The research is carried out from 

the two directions of driving anti-skid and driving force 

distribution. In the aspect of driving anti-skid control, 

firstly, the basic principle of driving anti-skid control and 

the estimation of reference speed are studied in detail, and 

finally, the driving anti-skid control logic for distributed 

driving electric vehicles is designed [12]. The distribution 

of driving force of distributed driving electric vehicles is 

divided into two parts: one is the ideal distribution of 

driving force in front and rear axle; the other is the dynamic 

adjustment of driving force from left to right. The 

distribution of driving force front and rear axle is a method 

to ensure the maximum lateral force allowance while 

ensuring the longitudinal acceleration of the vehicle. 

Dynamic adjustment of driving force from left to right is to 

dynamically adjust the driving torque from left to right 

based on the ideal distribution of driving force of front and 

rear axles to ensure the lateral stability of the vehicle [13]. 

Due to the minimum operating current limitation in the real 

battery system, when the battery charging current is 

recorded as a negative value, the minimum operating 

current of the battery is the maximum charging current. In 

order to prevent the charging current from being too large, 

the minimum current needs to be limited in the model. In 
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the actual ev, due to the road condition or the driver, the 

power of the driving motor is often greater than the 

maximum power provided by the battery [14]. In order to 

be closer to the actual physical system, the model limits the 

external power demand. When the demand power of each 

driving wheel is greater than the maximum discharge power 

of the battery, the discharge power of the battery is limited. 

2.2. Modeling of auto adaptive drive anti-skid control 

system 

The longitudinal driving force of the vehicle is provided 

by the interaction between the tire and the ground. The 

adhesion coefficient of the road surface directly affects the 

longitudinal driving force, and the adhesion coefficient of 

the road surface has a nonlinear relationship with the slip 

rate of the vehicle. Through many experiments, the 

researchers proved that when the vehicle wheel slip rate is 

within a certain range, the maximum road use adhesion 

coefficient can be obtained. When the modified rotational 

slip rate becomes the optimal slip rate, the vehicle can 

obtain the maximum driving and braking force [15]. The 

larger driving force and braking force can guarantee the 

vehicle’s handling stability and dynamic performance, so 

the optimal slip rate can be obtained and controlled in the 

optimal range, which can improve the vehicle performance. 

In order to make the magnetic flux density generated by 

PMSM close to sinusoidal distribution, the rotor magnetic 

steel is designed as a parabola [16]. In order to eliminate 

harmonic magnetomotive force, the stator windings are 

connected with a star. When the stator winding is connected 

with three-phase sinusoidal alternating current, the stator 

winding will generate a rotating magnetic field. The rotating 

magnetic field and the constant magnetic field generated by 

the permanent magnets of the rotor will influence each other 

to push the rotor to rotate. According to the above working 

principle of permanent magnet synchronous motor, it can be 

known that as long as the phase and frequency of three-

phase sinusoidal ac power supply of stator winding are 

changed, the speed and position of the rotor can be 

controlled [17]. Fuzzy control is a control method based on 

fuzzy mathematical theory, which represents control 

variables by fuzzy sets. By refining human thinking and 

logical reasoning methods, human experience rules are 

transformed into reasoning rules of logical operations, and 

then the controller ACTS on the control object to achieve 

the control effect on the controlled object [18]. In the 

simulation control system, the most commonly used control 

method is PID control, its control system principle block 

diagram is shown in the figure. 

PID control belongs to A linear control method [19], 

which constitutes the control deviation according to the 

given target value ( )r t  and the actual output value ( )e t , 

namely ( ) ( ) ( )e t r t y t  . Then carry out proportional, 

integral and differential calculation on the control deviation 

( )e t , and then add up the results of the three operations, 

and the control output ( )u t  of the PID controller is 

obtained. In the continuous time domain, the expression of 

PID control algorithm is as follows: 
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Figure 2. Schematic diagram of auto adaptive control system 



 © 2021 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 15, Number 1  (ISSN 1995-6665) 42 

 

Torque 

distribution 

controller

Drive skid 

controller

Electric 

machinery

Electric 

machinery

Drive skid 

controller

Optimum slip rate

Slip rate calculation 

module

Vehicle model

Slip rate calculation 

module

Optimum slip rate

+

+

 

Figure 3. Skid control structure of electric vehicle 

As the main controlled object of the electric vehicle, the 

driving motor’s performance directly affects the 

performance of the vehicle. Therefore, we need to establish 

the mathematical model of the motor and analyze it [20]. 

The motor is a complex physical system. In order to 

facilitate the analysis, the following assumptions are made 

in the modeling process: 

1. The inductance of the motor is constant. 

2. Ignore rotor damping. 

3. The permanent magnetic field is sinusoidal. 

4. The stator winding magnetic field is sinusoidal. 

5. The stator windings are symmetrically distributed, 
and the axes differ from each other by 120 
electric angles. 
Based on this, the control strategy can be divided into 

two layers according to the function. The upper layer is the 

torque distribution control layer, and the lower layer is the 

driving anti-skid control layer [21-23]. Based on the fuzzy 

self-tuning PID control, the lower controller adopts the 

optimal sliding rate control strategy to control the sliding 

rate of the left and right driving wheels respectively to keep 

them near the optimal sliding rate. The two layers of control 

complement each other, which not only guarantees the 

stability of the vehicle when turning, but also makes full use 

of the adhesion coefficient of the ground, and improves the 

dynamic performance of the vehicle. The control structure 

is shown in the figure. 

According to the automobile theory, when the wheel 

enters the state of sliding rotation during the driving 

process, the angular acceleration of the wheel will increase 

rapidly, and the sliding rate of the wheel will also increase 

sharply. Therefore, the angular velocity of the wheel can 

reflect whether the vehicle is in a state of skidding to some 

extent. There is an important relationship between wheel 

slip rate and wheel angular acceleration. Therefore, an anti-

slip control algorithm based on wheel angular acceleration 

and reference slip rate is proposed to combine the two as the 

input of the controller. The observation model of wheel 

angular acceleration and reference slip rate is derived. The 

drive anti-skid control method based on the optimal slip rate 

can solve the problem of excessive sliding of the drive 

wheel when the electric vehicle accelerates rapidly to a 

certain extent. However, there are also some defects, such 

as drive torque fluctuations, speed detection difficulties. In 

order to solve the above problems, a driving anti-skid 

control method based on wheel angular acceleration and 

reference slip rate is proposed. This control method can 

monitor the wheel angular acceleration in real time and 

predict the change of slip rate according to the positive and 

negative of the angular acceleration. The reference slip rate 

is used to estimate the speed. Therefore, it can effectively 

make up for the shortcomings of the control method based 

on the optimal slip rate. 

2.3. Realization of anti-skid control of electric vehicle 

drive 

Vehicle drive skid control system (ASR) belongs to 

vehicle traction control system (TCS), which is a kind of 

vehicle active safety control. Driving anti-skid control can 

control the wheel slip rate within a reasonable range, so that 

the wheels can obtain greater adhesion. It can prevent the 

vehicle from over-driving the wheels to slip during starting 

or accelerating, resulting in reduced longitudinal driving 

force and vehicle side adhesion. The drive skid control can 

effectively improve the stability and safety of the vehicle. 

With the development of pure electric vehicle (ev) has 

become a hot topic among researchers from all over the 

world, the research and development of anti-skid driving 

system has attracted more and more attention. One of the 

most important parts of the automobile drive anti-skid 

control system is the control method of the drive anti-skid 

system. At present, the logic threshold control method is 

used in most of the widely used drive anti-skid products. 

The logic threshold control method does not involve 

specific mathematical model, avoids complex theoretical 

calculation and analysis, and simplifies the controller design 

process. However, the controller threshold value can only 

be obtained through repeated tests, which is largely 
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dependent on experience and has no sufficient theoretical 

basis. In addition, the vehicle's dynamic characteristics and 

road attachment conditions will change in real time during 

actual operations. Therefore, the robustness of logic limit 

control is not enough to satisfy the control effect of the 

vehicle under different conditions. The torque control of 

each wheel of distributed drive ev is independent of each 

other, so its driving force distribution scheme is varied. 

Also, since the driving force of each wheel is independently 

controllable, there is no need to add additional equipment 

for the driving force control of each driving wheel, and the 

driving anti-skid control system can be used at a lower cost. 

The purpose of this paper is to study a method of reasonably 

distributing the driving force of the front and rear axles to 

drive the wheels under the condition of ensuring the 

longitudinal force. So that the vehicle has the largest lateral 

force margin during driving. During driving, to resist lateral 

interference and ensure the lateral stability of the vehicle 

during driving. In actual electric vehicle systems, there are 

various forms of interference. For example, the drive motor 

drive torque expression error interference (the so-called 

drive motor drive torque expression error interference, such 

as a torque command of 100 N/m from the upper control 

system). And the actual output torque of the drive motor is 

80 N/m, and yaw operation deviation is likely to occur. With 

the help of ESP, a driving force control algorithm for 

dynamic adjustment of left and right driving forces is 

designed to make the car more stable during driving. The 

relationship between slip rate and road adhesion coefficient 

can be seen that with the change of tire slip rate, both 

longitudinal and lateral road adhesion will change. In order 

to ensure a good longitudinal adhesion, lateral adhesion and 

not too much loss, it is necessary to control the tire slip rate 

in a certain range. The basic idea of logic threshold control 

is to control the tire slip rate between S (S is the specified 

slip rate range of vehicle tires). To ensure that the car tires 

have greater longitudinal adhesion during driving. In order 

to ensure the driving dynamic performance, there must be 

greater lateral adhesion to ensure the steering of the vehicle 

and prevent sideslip. 

As can be seen from Fig. 4, the optimal adhesion 

characteristics of tires can be guaranteed as long as the 

control of wheel slip rate is maintained. Vehicle dynamics 

is mainly to study the vehicle motion under various working 

conditions, including longitudinal motion, lateral motion 

and vertical motion. Longitudinal dynamics mainly studies 

the dynamic response of vehicles in the longitudinal 

direction under driving and braking conditions. Lateral 

dynamics mainly studies the dynamic response of the 

vehicle in the lateral direction and the lateral characteristics 

of tires under the influence of steering wheel Angle input or 

crosswind. Vertical dynamics studies the dynamic response 

of vehicles in vertical direction, and mainly analyzes the 

vibration, pitch and other motion of vehicles under the 

excitation of road surface. An effective tool to study the 

dynamic characteristics of vehicles under various operating 

conditions is to establish mathematical models of vehicles. 

The mathematical model can express the motion state of the 

vehicle in the form of mathematical equation, and further 

study the vehicle dynamics. CarSim software was used to 

parameterize the vehicle model, including rolling resistance 

and air resistance characteristics of the vehicle, yaw 

moment of inertia, nonlinear tire sidetracking 

characteristics, steering gear ratio and other parameters 

[24]. The formula of longitudinal slip rate of wheels in the 

process of automobile driving is as follows: 

 S 100%
2

R

E I


 
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                               (7) 

It can be seen from the formula that the wheel slip 

rate is determined by the vehicle speed and wheel 

speed. As long as the wheel speed is controlled, the 

purpose of controlling the wheel slip rate can be 

achieved. When a car is running, almost all external 

forces, except air resistance, act on the tires through 

the ground. The motion characteristics of the vehicle 

are closely related to the forces exerted on the tires, so 

the tire model has a great impact on the accuracy and 

reliability of the simulation results. Further calculate 

the anti-slip control program, and the iterative process 

is as follows: 
1. Specify the population size, that is, how many 

individuals are in each generation. Using a large 

population scale, the genetic algorithm can search the 

space more thoroughly, but will make the genetic 

algorithm run slowly. Here, the initial population scale 

is set to 200. That is to seek the optimal solution of tire 

model parameters among 200 vectors. 

2. The genetic algorithm iterates with the mechanism of 

superior and slight elimination to eliminate the 

individuals with small fitness and select the high-quality 

individuals with large fitness for reproduction. The best 

individual is selected through a sorting algorithm. This 

sorting algorithm measures the pros and cons of 

individuals based on the order of individual fitness 

values rather than the size of individual fitness. Thereby 

eliminating the influence of original fitness. 

3. High quality individuals produce offspring through 

crossover and mutation. Crossover is when two good 

individuals swap genes at one point or more to produce 

a new individual. The probability of crossing is 0.85. 

Variation is to create variation children by changing 

individuals in a population with a small random number, 

so that the genetic algorithm can search a wider space 

and select uniform variation with a probability of 0.010. 

4. Repeat 2 and 3 steps to carry out iterative calculation on 

the population, meet the cut-off condition, and get the 

optimal solution. 

At present, the commonly used tire models are divided 

into empirical model, theoretical model and semi-empirical 

model. The semi-empirical model is based on theoretical 

research and combined with data. It has the advantages of 

other two models and is more accurate. The vehicle anti-

skid (ASR) control system adjusts the torque of the driving 

wheels through appropriate control algorithms and control 

strategies. In this way, the slip ratio of the driving wheels is 

kept within the optimum range, thereby ensuring a vehicle 

with the best driving capability. In this paper, the anti-skid 

control algorithm and strategy of four-wheel drive vehicle 

are studied, as shown in Figure 5. 
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Figure 4. Anti-skid control flow of electric vehicle drive 
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Figure 5. Anti-skid control mode of electric vehicle drive 
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Based on the sliding mode variable structure control 

algorithm, the optimal driving torque of the vehicle is 

determined in real time according to the speed of the vehicle 

and the sliding speed of the driving wheel. The torque 

allocation strategy is based on the fuzzy control algorithm, 

which comprehensively considers the driving speed, battery 

SOC and demand torque, and reasonably distributes the 

torque of engine, motor and wheel-yi motor on the principle 

of high engine efficiency and good economy. Both the 

sliding mode variable structure control and the fuzzy control 

have strong robustness. It does not need to establish an 

accurate mathematical model of the controlled system, and 

it has little dependence on the system. 

3. Analysis of simulation results 

3.1. Simulation design 

Due to the real motion of the vehicle system there will 

be many unpredictable interference factors, such as lateral 

wind interference, driving motor, driving torque expression 

error interference. In order to resist the influence of 

interference factors on vehicles during vehicle movement, 

with the help of the concept of vehicle stability control, the 

left and right driving torque is dynamically adjusted by 

using the obtained ideal driving force distribution ratio of 

front and rear axles, and the theoretical algorithm is 

simulated and verified. Simulink was used to build ideal 

vehicle model. Simulink is a software package used to 

model, simulate and analyze dynamic systems. It supports 

linear and nonlinear systems, continuous and discrete time 

models, or a mixture of the two. In the vehicle simulation 

system, the ABS controller reads the wheel speed signal 

from the wheel speed sensor. According to the internal 

algorithm, it sends out the pressure increase, hold pressure 

and pressure reduction signals that make the brake actuate. 

This signal is input to the computer through the interface 

circuit and converted into a signal that can be recognized by 

the vehicle model. The vehicle model accepts inputted 

vehicle parameters such as vehicle mass, initial braking 

speed, etc., to simulate the operating state of the vehicle 

under ABS control. But the ideal model would ignore some 

degree of freedom, wind resistance, road surface and other 

factors. Therefore, this kind of simulation platform cannot 

well verify the control effect of the controller under the limit 

condition. A general electric vehicle co-simulation platform 

was established by using Simulink and Carsim software, 

and a simulation platform for pure electric vehicle drive 

control system was designed according to the requirements. 

Its structure is shown in the figure. The control strategy and 

motor model are built in Simulink software, and the vehicle 

dynamics model is built in CarSim software. The two can 

form a seamless connection. Based on this, the vehicle drive 

anti-skid control simulation platform based on Simulink is 

demonstrated as follows: 

The vehicle test platform developed in this paper adopts 

the independent drive scheme of the rear wheel double 

motor. Considering cost, design difficulty, feasibility and 

other factors according to the actual requirements, the 

vehicle design mainly aims at the power and range. The 

vehicle design objectives are summarized as follows: 

Power: maximum speed >50 km/h; 100 km acceleration 5 

s; Maximum climbing grade 10%; 

Range: >30 km on a single charge; 

Control system: it is a general configurable control 

platform which can quickly realize the modification of 

driving control strategy and realize the acquisition and 

processing of sensor signals. 
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Figure 6. Simulation platform of vehicle drive anti-skid control based on Simulink 
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Table 1. Simulation parameters 

Parameter numerical value Units 

Vehicle quality 350 Kg 

Length × width × 

height 
160*120*180 mm 

Wheelbase 1600 mm 

Track width (front 

/ rear) 
1240/1260 Mm 

Reduction ratio of 

reducer 
4.2 - 

Minimum ground 

clearance 
80 mm 

Centroid height 320 mm 

Distance from 

center of mass to 

front / rear axle 

860 mm 

Yaw moment of 

inertia 
221.62 Kg/m2 

Rated power 36 Kw 

peak power 84 Kw 

Torque setting 80 Nm 

Peak torque 140-160 Nm 

Maximum speed 300-320 Rpm 

input voltage 300-330 v 

Rated current 560-590 A 

peak current 8000 A 

Rated torque 5.4 Nm 

Maximum torque 12000 Nm 

Maximum input 

speed 
3.6 Rpm 

Quality 2.75 KG 

Nominal capacity 4.6 mAH 

Rated voltage 70 V 

Discharge cut-off 

voltage 
160 V 

Charging cut-off 

voltage 
280 V 

Maximum 

continuous 

charging current 

16 A 

Maximum 

instantaneous 

charging current 

≤0.6 A 

Maximum 

continuous 

discharge current 

264±0.2 A 

Maximum 

continuous 

discharge rate 

12-3600 C 

internal resistance 3*360 m 

Weight 3 kg 

Operating 

temperature 

(charging and 

discharging) 

0-35/-16-20 °C 

Combined with the data in the above table, CRIO vehicle 

controller is further used for experiments. Its main functions 

include: collecting and processing the driver’s driving 

intention, vehicle status and other signals, the calculation of 

vehicle drive control strategy, and sending the command 

signals such as torque output, mode and running state to the 

motor driver through the communication association. As the 

underlying controller, the main functions of the motor 

driver include: receiving the command signal of the vehicle 

controller, collecting the actual torque, speed, current, 

temperature and other signals of the drive motor, and 

feeding them back to the vehicle controller through the 

communication protocol. The sensor system is responsible 

for collecting the driver’s driving intention and vehicle 

status signals, mainly including: accelerator pedal sensor, 

brake pedal sensor, steering wheel Angle sensor, triaxial 

acceleration sensor, wheel speed sensor, etc. CRIO vehicle 

controller input interface definition and each signal form are 

shown in Table 2. 

Table 2. Output signal acquisition of vehicle controller 

Input quantity 
Function 

description 
Signal source Signal form 

Accelerator 

pedal signal 

Expected 

torque of the 

whole vehicle 

Accelerator 

pedal sensor 
0.5-4.5 v 

Brake pedal 

signal 

Brake control 

signal 

Brake pedal 

sensor 
0.5-4.5 v 

Steering wheel 

angle signal 

Check steering 

wheel angle 

steering wheel 

angle sensor 

Can 

communication 

protocol 

Motor speed 

times 

Detection of 

motor speed 

Motor driver 

motor driver 

Can 

communication 

protocol 

Motor torque 

signal 

Test motor 

torque 

Motor driver 

motor driver 

Can 

communication 

protocol 

Yaw rate 

multiple 

Obtain yaw 

rate 

Triaxial 

acceleration 

sensor 

0-5 V voltage 

Longitudinal 

acceleration 

signal 

Obtain 

longitudinal 

acceleration 

Triaxial 

acceleration 

sensor 

1.2 ~ 1.2 V 

Lateral 

acceleration 

signal 

Obtain lateral 

acceleration 

Triaxial 

acceleration 

sensor 

1.2~ 1.2 v 

Wheel speed 

signal 

Get wheel 

speed 

Wheel speed 

sensor 
0~5 V voltage 

Reserved 

interface 

Follow up 

signal 

supplement 

- - 

3.2. The simulation results 

3.2.1. Drive skid - proof buckle notification rule detection 

According to practical experience and simulation 

results, in order to prevent the wheel from over-sliding, the 

wheel angular acceleration should be kept within the range 

of PM, and the slip rate should be kept within the range of 

PS. Therefore, the design of fuzzy inference rules is shown 

in the table, with a total of 28 fuzzy inference rules. 

Table 3. detection results of the notification rules of the adaptive 

drive skid buckle 

Rule 

Input Output 

Wheel 

angular 

acceleration 

Slip ratio 
Torque 

output 

1 PS NB PS 

2 ZE NB ZE 

3 PM NB PM 

4 PB NB PB 

5 ZE NM PS 

6 PS NM ZE 

7 ZE NM PM 

8 PB NS PB 

9 PB NS PS 

10 PS NS ZE 

11 PM NB PM 

12 PM NM PB 

In Table 3, P is the initial value of actual acceleration, 

PB is the range of actual acceleration value, PM is the 

reasonable range of acceleration, PS is the predicted range 

of acceleration, N is the initial value of slip rate, and NB is 

the range of actual slip rate. NM is the reasonable range of 

slip rate, and NS is the predicted range of slip rate. ZE is the 

reasonable range of torque output. It is the key of the 
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research to simulate the road running condition of the 

vehicle when the vehicle starts or accelerates rapidly, when 

the vehicle starts with the maximum output torque. In the 

simulation, the steering wheel angle was set to remain at 

zero. The road adhesion coefficient is 0.85. The driving 

torque of the vehicle within 15s under DRI reaches the 

maximum 70Nm dimension command. The vehicle 

continues to accelerate until the steering wheel is 

overloaded. The initial speed of the vehicle is set to 20 m/s, 

maintaining a uniform speed, the front wheel Angle reaches 

60 at 0.5 s and remains unchanged, and the accelerator pedal 

opening remains unchanged. The road adhesion coefficient 

is set to 0.2. This condition is simulated when the driver 

suddenly encountered in front of the obstacle, there is no 

time to brake, to suddenly hit the direction of the operation. 

3.2.2. Comparison of front and rear drive wheel slip rate 

Based on the above, the simulation was conducted, and 

the test results were recorded. The specific results are shown 

in Figure 7: 
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Figure 7. Detection of front and rear driving wheel slip rate of 

electric vehicle 

As can be seen from Fig. 7, the dotted line is the slip rate 

of the driving wheel under the control of non-skid control. 

During acceleration, the slip rate of the driving wheel 

rapidly increases to 0.9, reaching the maximum value, and 

the wheel overrolls. The solid line is the curve of the sliding 

rate of the driving wheel after the driving anti-skid control. 

It can be seen from the figure that under the driving anti-

skid control, the sliding rate of the driving wheel can be 

effectively controlled within the optimal sliding rate of 0.25 

or so, and the maximum sliding rate does not exceed 0.3. 

Under the driving anti-slip control, the yaw velocity 

fluctuates greatly because of the additional yaw moment. 

Under the drive anti-slip control based on objective 

optimization, the yaw velocity is basically coincident with 

the ideal value, and the response is quick, and the overshoot 

is small. Under the drive anti-slip control, the maximum 

value of the center of mass side Angle is -0.16 rad, which 

fluctuates seriously and does not reach the steady-state 

value within 10 s. Under the drive anti-slip control based on 

the objective optimization control, the maximum value of 

the center of mass side Angle is -0.018 rad, and the response 

is rapid, and the steady-state value is reached at 0.5 s. It can 

be seen from the above analysis that the drive anti-skid 

control can control the slip rate of the drive wheel within the 

ideal range, and effectively control the excessive roll of the 

wheel. But it will produce extra yaw moment, increase the 

value of yaw angle, speed and center of mass yaw angle. 

And the fluctuation will become larger, which will damage 

the lateral stability of the vehicle. The anti-skid control 

based on objective optimization, by optimizing the left and 

right driving torque distribution and offsetting the 

additional yaw torque, ensures the lateral stability of the 

vehicle while controlling the driving wheel slip rate. 

3.2.3. Comparison of fitting coefficient of driving anti-skid 

torque 

In order to further verify the anti-skid control effect of 

the designed method for electric vehicle driving, the anti-

skid torque fitting coefficient is detected, and the detection 

result is shown in Fig. 8. 
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Figure 8. Test of torque fitting coefficient of driving skid resistance 

The fitting coefficient of driving anti-skid torque 

determines the anti-skid control effect. The larger the 

coefficient is, the better the anti-skid control effect will be. 

Fig. 8 shows that the fitting coefficients of the driving anti-

skid torque are different at different speeds. When the 

vehicle speed is low and the vehicle speed is 10 km/h, the 

fitting coefficient of the driving anti-skid torque of the 

traditional method is 0.01, while the fitting coefficient of the 

driving anti-skid torque of this method is 0.71. When the 

vehicle speed increases to 50 km/h, the fitting coefficient of 

the traditional method is 0.14, while the fitting coefficient 

of the driving anti-skid torque of this method is 0.75. The 

fitting coefficient of the driving anti-skid torque is always 

large, which indicates that the torque anti-skid control in 

this paper is effective. 

3.2.4. Driving moment contrast 

In order to verify the effect of driving torque control of 

the method in this paper, the anti-skid control method with 

energy consumption optimization and the anti-skid 

feedback control method with driving anti-skid control with 

target optimization are compared. The results are shown in 

Fig. 9. 
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Figure 9. Driving torque control effect 

Fig. 9 shows that when the motor speed of electric 

vehicles is within 0-500 RPM, the driving torque of the 

three methods is kept at 400 Nm. When the motor speed of 

the car exceeds 500 RPM and reaches 600 RPM, the driving 

torque of the energy consumption optimization anti-skid 

control method is 380 Nm. The driving torque of the anti-

skid control method for driving is 369 Nm, and the torque 

of the target optimized anti-skid control method is 397 Nm. 

When the speed of the car motor reaches 1300 RPM, the 

energy consumption of the anti-skid control method with a 

driving torque of 240 Nm is optimized. The driving torque 

feedback control method is 220 Nm. The goal is to optimize 

the anti-skid control method of 321 Nm driving torque. This 

method can effectively increase the driving torque when the 

motor speed is too high and improve the anti-skid control 

effect. 

4. Conclusion 

In order to control the torque of electric vehicle, this 

paper designs a method of anti-skid control of vehicle 

torque based on objective optimization. The wheel angular 

acceleration and the reference slip rate are used as the two 

inputs of the fuzzy controller, and the torque of the driving 

motor is used as the output of the fuzzy controller. This 

controller can predict the change direction of tire slip rate 

according to the signal of wheel angular acceleration and 

prevent the fluctuation of driving torque caused by sudden 

change of motor torque. The wheel angular acceleration and 

reference slip rate were estimated by motor torque signal 

and wheel angular velocity signal. The following 

conclusions are drawn from the experiment: 

1. The fitting coefficient of the driving anti-skid torque is 

always large, and the torque anti-skid control effect is 

better. When the vehicle speed increases to 50 km/h, the 

fitting coefficient of the traditional method is 0.14, while 

the fitting coefficient of the method in this paper is 0.75. 

2. The method in this paper can effectively control the 

torque of electric vehicles against skid. When the motor 

speed reaches 1300 RPM, the driving torque of the 

method can still reach 321 Nm. 
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