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ABSTRACT  
 
In this paper, the working principle of pure electric passenger car is analyzed, the task 
requirements are set up according to the selected  model, and the parameters of  the power 
system of pure electric passenger car are matched, and the parameters of  the drive motor 
and power battery of pure electric passenger car are analyzed and calculated. 
In MATLAB/simulink, the whole vehicle control strategy of pure electric passenger car is 
designed, which focuses on the drive control strategy and the control strategy modeling and 
simulation of braking energy recovery mode are analyzed in detail. The whole vehicle model 
of pure electric passenger car was built in AVL CRUISE software, and the parameters of 
modules such as pure electric passenger car, drive motor, power battery and automobile tire 
were set. After that, each module was connected. The results show that the drive control 
strategy of pure electric passenger car does have its unique practicability and superiority. 
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1. INTRODUCTION 
 
The control strategy of electric vehicle is a part of the controller of electric vehicle, and the 
control strategy is also a software way to improve the performance of electric vehicle. 
Foreign research on electric vehicle in this area is relatively early, so their research on the 
control strategy of electric vehicle also has a certain depth[1-4]. The University of Minnesota 
proposed a layered control strategy for electric vehicles, through which the economic 
performance of electric vehicles has been significantly improved. Yin D, Hori Y. et al. put 
forward the approximate calculation method of the maximum torque of pure electric vehicles, 
which improves the operational stability of pure electric vehicles to some extent. William T. 
Kirchner and others proposed to control the driving environment of electric vehicles and the 
real-time rotation of electric vehicles in order to achieve the cooperation between the driver 
and the car[5-7]. 
 
2. THE FORMULATION, MODELING AND SIMULATION OF THE WHOLE 
VEHICLE CONTROL STRATEGY FOR PURE ELECTRIC PASSENGER 
VEHICLES 
 
The vehicle control system of pure electric passenger car is composed of the vehicle 
controller, cockpit controller and other subsystems. In the vehicle control system, the vehicle 
control strategy is the core of the control. The vehicle control strategy of pure electric 



 
 

 

passenger car is based on the analysis of the driver's operation intention and the analysis 
and integration of other modules in each vehicle. And then the collected information through 
complex processing and analysis, and finally to the other subsystem controller and their 
control components for coordination and control. 
The system of pure electric passenger vehicle can be roughly divided into two categories, 
one is the car power supply system, the other is the vehicle signal transmission part. The 
system depressurizes the voltage generated by the power battery through the vehicle power 
supply control part, so that the generated current can meet the requirements of pure electric 
passenger vehicles. For the vehicle signal transmission part of pure electric passenger 
vehicles, it collects the driver's driving intention and the current status signals of some small 
modules of the car.  These  signals through the CAN communication system of the car, and 
then the current information of the vehicle collected by the system is handed over to  the  
control system of the pure electric passenger car, which is analyzed and processed here to 
achieve the control effect of the pure electric passenger car[8-9]. 
 
2.1 Drive control strategy formulation   
 
The drive control strategy of pure electric passenger cars mainly depends on the operation 
intention of the car driver, because at the same time, it is necessary to take into account the 
safety of the power battery and the drive motor of pure electric passenger cars, that is, to 
prevent the power battery output current is too large and cause damage to the power 
battery, and to prevent the motor temperature from being too high so that it burns out. To 
strictly meet the power goals of pure electric passenger cars, is the core content of pure 
electric vehicle control strategy. It is also possible to make the motor work efficiently to 
reduce energy loss and improve the driving range of pure electric passenger cars.The 
driving control strategy model of pure electric passenger car established in 
MATLAB/Simulink software is shown in Figure 1. 

Figure.1.drive control strategy model 
2.2 Braking energy feedback control strategy 
 
The speed of pure electric passenger vehicles, charge state SOC and brake pedal opening 
have a certain impact on the distribution of braking force. As can be seen from Figure 2, 
these modules also affect the determination of regenerative braking force under the premise 
of working together[10-12]. 



 
 

 

 
Figure.2.Braking energy feedback system 

Here we choose fuzzy module in MATLAB for fuzzy control, and establish a fuzzy diagram in 
MATLAB/fuzzy module, as shown in Figure 3, Figure4 and Figure 5. Taking the speed of 
pure electric passenger car as an example, when the speed of the car is 40km/h, it can be 
seen that about 0.5 belongs to the "low" range, and about 0.5 belongs to the "medium" 
range. 

 

Figure 3 Schematic diagram of the division of speed 

 
 

Figure.4.Schematic diagram of division of brake pedal opening 



 
 

 

 
 

Figure.5.Schematic diagram of the division of regenerative braking force ratio ‘k’ 
When setting the implementation rule of brake energy feedback mode in fuzzy control, it is 
necessary to meet the intention of the driver as much as possible, so as to ensure the safety 
and comfort of the pure electric passenger car, and to ensure that as much energy as 
possible can be recovered to make the pure electric passenger car have a longer driving 
range[13-14]. 
According to the actual life experience, and by referring to a large number of relevant 
studies, the fuzzy rules summarized here are as follows: 
(1).If(speed is low)and(brake pedal opening is low)then(regenerative braking force ratio k is 
low); 
(2).If(speed is low)and(brake pedal opening is medium)then(regenerative  braking force ratio 
k is low); 
(3).If(speed is low)and(brake pedal opening is high)then(regenerative braking force ratio k is 
medium); 
(4).If(speed is medium)and(brake pedal opening is low)then(regenerative braking force ratio 
k is low); 
(5)If(speed is medium)and(brake pedal opening is medium)then(regenerative braking force 
ratio k is medium); 
(6)If(speed is medium)and(brake pedal opening is high)then(regenerative braking force ratio 
k is medium); 
(7).If(speed is high)and(brake pedal opening is low)then(regenerative braking force ratio k is 
medium); 
(8).If(speed is high)and(brake pedal opening is medium)then(regenerative braking force ratio 
k is high); 
(9).if (speed is high)and(brake pedal opening is high)then(regenerative braking force ratio k 
is high) 
The basic rule is that when the car speed is very low or the brake pedal opening is relatively 
small, the regenerative braking force can be generated is small. If the brake pedal opening 
of pure electric passenger cars remains unchanged, the car speed increases, and the 
proportion of regenerative braking force will increase. However, due to the operating power 
of the driving motor is limited, in order to ensure that the motor works in the rated power, 
When the speed of the car reaches a certain value, the regenerative braking proportion of 
the energy feedback system will not continue to increase, and will remain at the maximum。 
in the future. These Settings not only meet the requirements of real working conditions, but 
also ensure the driver's brake comfort requirements. 



 
 

 

 
Figure.6.Fuzzy rule distribution diagram 

 
Figure.7.Fuzzy rule response MAP surface 

The braking energy feedback model in MATLAB/simulink is shown in Figure 8. 

Figure.8. Brake energy feedback model 
 

3. SIMULATION OF DRIVE CONTROL AND BRAKE CONTROL STRATEGY 
 
3.1 Drive control strategy formulation   



 
 

 

 
In the simulation of drive control strategy, it is necessary to make MATLAB/SIMULINK 
simulate the signal of speed change with time, the signal of acceleration pedal change with 
time, the signal of battery SOC state and battery voltage change with time[15]. If the gear is 
forward gear D (1), the speed change curve with time is shown in Figure 10,the acceleration 
pedal change curve with time is shown in Figure 11, and the input curve of battery SOC (%) 
change with time is shown in Figure 12, and the battery voltage change curve with time is 
shown in Figure 13. At this time, the simulation picture of the drive control strategy is shown 
in Figure 9. 

 
Figure.9.Driver control policy simulation diagram 

Among them, according to the driver's operating habits, it takes about 2s for the opening of 
the accelerator pedal to increase from 0 to 100% when accelerating steadily from a standstill 
to 80km/h. After that, we keep the opening at 100%, that is, let the accelerator pedal pedal 
pedal to the end. At this time, the simulation execution time is set to 40S, because the 
execution time does not exceed 100S, there is no need to adjust the step length. 

 
Figure.10.Input curve of vehicle speed with time in D gear 



 
 

 

 
Figure.11.Input curve of accelerator pedal with time in D gear 

 
Figure 12 Input curve of battery soc with time in D gear 

 
Figure.13.Input curve of battery voltage with time in D gear 

In this state, the output images of the final output torque of the motor and the allowable 
output torque of the battery are shown in Figure 14,15 respectively. It can be seen that in the 
first 2s, the throttle makes the motor torque change rate is very large, when the accelerator 
pedal is stepped on to 100%, the accelerator pedal opening remains unchanged, at this time 
the car is still accelerating, so the motor demand torque is still increasing, when the time 
reaches about 7S, The maximum torque allowed by the maximum output of the battery is 
reduced to less than the required torque, so due to the influence of the battery on the 
maximum output torque, the final torque of the motor mutates, and with the passage of time, 
the final torque of the motor is also decreasing. 



 
 

 

 
Figure.14.Final motor torque change curve 

 
Figure.15. Maximum output torque allowed by  the battery 

 
3.2 Simulation of brake control strategy 
 
When the input signal is simulated to the curve with time of vehicle speed as shown in 
FIG.16, and the curve with time of accelerator pedal opening as shown in FIG.17, the curve 
with time of compensation torque is shown in FIG.18. 
Since the speed is not suitable for slamming on the brake when the speed is very 
high, we let the accelerator pedal opening gradually step down in 6 seconds, so that the car 
will not side slip due to too much braking force and cause an accident. 

 
Figure.16. Simulation signal of speed curve over time 



 
 

 

 
Figure.17.Brake pedal curve with time simulation signal 

 
Figure.18.Compensation torque curve over time 

When the speed gradually decreases with the passage of time, and the opening of the brake 
pedal gradually increases with time, the torque of the braking recovery energy of the vehicle 
will also gradually decrease with time. Because the minimum speed of the speed set by the 
analog signal is not a certain limit speed at this time, the recovery energy torque will not 
become 0. 
4. CRUISE-BASED VEHICLE MODEL CONSTRUCTION AND INTEGRATION 
WITH DRIVE CONTROL STRATEGY 
 
4.1 Cruise-based vehicle model building 
 
In AVL CRUISE, the vehicle model building of pure electric passenger cars mainly includes 
the following steps: first, the selection of each module of the vehicle; Second, establish the 
mechanical connection and electrical connection between each module of the vehicle; Third, 
establish the signal connection between each module of the vehicle; Fourth, set the detailed 
parameters in the various modules of the car established before. By analyzing the function 
and structure of the vehicle, the corresponding components in the CRUISE software 
component library are determined according to the structure of the vehicle power system, 
and the components are dragged to the modeling window. The main modules used are 
power battery module, drive motor module, differential module, vehicle brake module, car 
wheel module, driver's cockpit module, display module, control model Matlab DLL and so 
on[16-19]. 



 
 

 

 
Figure.19.pure electric vehicle simulation model 

 
4.2 CRUISE vehicle module parameter setting 
 
After building a pure electric passenger car model in AVL CRUISE and completing various 
connections between various modules of the car, parameters of the vehicle module, drive 
motor module, power battery module, driver's cockpit module, transmission system module 
and vehicle wheel module can be set[20]. 
 
4.3 The drive control strategy simulink model is integrated with the whole 
vehicle CRUISE model 
 
After modeling the control strategy of pure electric passenger car in MATLAB/simulink and 
building the whole vehicle model of pure electric passenger car in AVL CRUISE, it is 
necessary to verify the practicability and effectiveness of the developed drive control 
strategy of pure electric passenger car. Here, it is necessary to jointly simulate the pure 
electric passenger car drive control strategy and the pure electric passenger car complete 
vehicle model built in AVL CRUISE in MATLAB/simulink, and deliver the simulation results to 
the complete vehicle model built in AVL CRUISE through the set output port. After all the 
processes described above, the entire simulation process can be completed. 
The calculation result of the maximum speed of pure electric passenger car is a relatively 
accurate result obtained after the joint simulation of MATLAB/simulink and AVL CRUISE. 
When analyzing and calculating the maximum speed of pure electric passenger car, the car 
is required to be carried out under the condition of uniform full load. At the same time, it is 
also necessary to remove the driving resistance and the influence of road ramps during the 
driving process of the car. The calculation results of the acceleration task of the co-
simulation car are shown in Figure 20, and it can be clearly seen that when the car starts, 
the acceleration of the vehicle is 6.1, and the driving speed of the car reaches 50km/h. The 
acceleration of the car began to slowly decrease, and the pure electric passenger car 
accelerated for a period of time, about 20S, and finally the maximum speed of the pure 
electric passenger car reached 180km/h. 



 
 

 

 
Figure.20.Acceleration, speed, and distance curve 

When analyzing the simulation results of Acceleration performance of pure electric 
passenger car from stationary to 100km/h, after setting the target parameter in the left Full 
Load Acceleration calculation module of AVL CRUISE simulation software, the driving speed 
of pure electric passenger car is set to gradually accelerate from stationary. Among them, 
the acceleration task of the vehicle is set to 0-100km/h, and then 10 intervals are set here, 
and the interval of each interval is 10km/h, and then all the simulation parameters that need 
to be set are set, and finally the joint simulation is carried out. It can be seen in the following 
figure that when the control strategy is added to the vehicle model established in AVL 
CRUISE, the acceleration performance calculation results of the co-simulation are shown in 
Figure 21. 

 
Figure 21 Acceleration performance from 0 to 100km/h with the control policy 

 
5. CONCLUSION 
 
The whole vehicle control strategy of pure electric passenger car is designed in 
MATLAB/simulink. The driving control strategy and the control strategy modeling and 
simulation of braking energy recovery mode are analyzed in detail. The model of pure 
electric passenger car was built in AVL CRUISE software, and parameters were set for 
modules such as pure electric passenger car, drive motor, power battery, and automobile 



 
 

 

tire. After that, all modules were connected, including physical connection and electrical 
connection between modules. The most important step before co-simulation is as follows: 
That's the signal connection. In AVL CRUISE software, the drive control strategy of the pure 
electric passenger car designed in advance is imported into MATLAB/simulink software, and 
AVL CRUISE software makes a joint analysis to analyze the economic and dynamic 
performance of the pure electric passenger car through the set calculation tasks. It is 
concluded that the drive control strategy of pure electric passenger car has its unique 
practicability and superiority. 
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