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Abstract: With the development of electronic technology, the application of electronic control system 

(CS) in automobile is more and more, especially the dynamic CS. As a typical dynamic CS, ESC not 

only plays a key role in the field of active safety, but also is the key executive layer of intelligent driving 

system. Vehicle state parameters are the basis of ESC control and have a direct impact on the 

intervention effect of ESC related functions. From the cost of engineering application, a considerable 

part of the state parameters can not be directly measured by sensors. Therefore, the real-time and 

accurate estimation of state parameters becomes the key to limit the industrial application of ESC. At 

present, the key technology has not been mastered in the research and industrial application of ESC 

control in China, which makes the developed ESC products difficult to meet the needs of 

industrialization. This paper mainly studies the automotive engineering(AE) CS. Through the analysis 

of the ESC dynamics CS, we can understand the functional modules of the dynamics CS, and elaborate 

the control scheme of the ESC dynamics CS. We also study the vehicle yaw rate algorithm and analyze 

the vehicle yaw steering wheel angle and speed by chart analysis method. The experimental results 

show that the natural frequency of vehicle yaw is generally between 0.5Hz and 0.7hz. Compared with 

the single sinusoidal input test, the steering wheel angle required to excite the vehicle yaw rate 

response is smaller in the sinusoidal stagnation test. At 0.5Hz, the sinusoidal stagnation test needs to 

swing 130 degrees, while the single sinusoidal input test needs to swing 200 degrees. 
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1. Introduction 

The safety of automobile has been concerned by the world since its birth, because it is not only 

related to the safety of people's lives and property, but also affects people's living environment [1-2]. In 

recent years, with the gradual entry of cars into ordinary people's families, leading to the non 

professionalization of drivers, traffic safety has become a problem in front of everyone, affecting 

everyone's life [3-4]. Automotive electronic stability CS (ESC) is a typical dynamic CS, and as a 

representative of automotive active safety system, it plays an important role in daily driving [5-6]. It is 

an indisputable fact that ESC can effectively reduce the traffic accidents caused by car out of control 

and reduce the casualties of passengers and property in traffic accidents. With the continuous 

improvement of people's safety awareness and the increasingly strict national regulations and standards, 

automobile manufacturers continue to optimize and transform automobile safety technology in the 

production process, and strive to ensure vehicle safety to the greatest extent in the production process 

[7-8]. Because ESC system can improve the driving stability and driving safety of vehicles under 

various driving conditions, it has become one of the most important active safety systems since its birth, 

and gradually become one of the standard safety devices of vehicles [9-10]. 

In the research of AE electronic stability CS, many scholars at home and abroad have studied it and 

achieved good results. Ueda s and others put forward the integrated control method to control the 

handling stability of the vehicle, that is, the ABS, ASR, suspension and steering system are integrated 

to control, which provides a reliable guarantee for the safety of vehicle driving [11]. Based on RLS 

estimation method and longitudinal dynamics and acceleration deviation slope estimation model, 

Hakim a e et al. Carried out joint research on mass estimation and road slope estimation of truck. It can 

be seen from the research results that when the road slope changes little, only the longitudinal dynamic 

model can meet the requirements, but when the road slope changes rapidly, the estimation result of the 

joint slope estimation model is more accurate [12]. 

This paper mainly studies the AE CS. Through the analysis of the ESC dynamic CS, we can 
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understand the functional modules of the dynamic CS, including the information interface module, the 

parameter estimation module, the functional logic module, the functional coordination module, the 

pressure control module and the functional safety module. This paper describes the control scheme of 

ESC dynamic CS, understands its basic control principle, control target object, and studies its vehicle 

yaw rate algorithm. It is found that the greater the yaw moment is, the earlier the ESC dynamic CS 

intervenes to protect vehicle safety. Based on big data, this paper uses data collection to analyze the 

ESC loading rate, and uses chart analysis method to understand the rising of ESC loading rate and the 

analysis of vehicle yaw steering wheel angle and speed. 

2. Vehicle Dynamics Control System 

2.1 Function Module of Dynamics CS 

(1) Signal interface module 

The signal interface module includes the input and output signals of ESC and external modules, 

which are divided into sensor signal and can bus signal. It calculates, processes and compensates the 

measured value of the sensor. The signal interface is composed of a single module to realize the 

separation between the basic software and the application software. The communication between 

modules is realized through the standard entrance function, which is conducive to the transplantation of 

software. 

(2) Parameter estimation module 

The parameter estimation module includes the key parameter estimation in ESC system, including 

reference speed estimation, road adhesion coefficient estimation, centroid side deflection angle and 

wheel side deflection angle estimation, tire stress estimation, vehicle mass and centroid position change 

estimation, and vehicle stability behavior. The estimation of different parameters will affect each other, 

and these parameters have a great influence on the triggering and control of the dynamic characteristics 

and functions of the vehicle. 

(3) Functional logic module 

The function module includes the control algorithm of main functions such as EBD, ABS, TCS and 

VDC, and other additional functions such as brake assist, brake characteristic improvement, auxiliary 

deceleration and auxiliary speed control. Different functions have different priorities and different 

control targets. For example, the auxiliary speed control function needs to control the current vehicle 

speed, the brake assist and brake characteristic improvement function needs to control the longitudinal 

acceleration, in addition, AVH and other functions also need to coordinate the longitudinal force. 

(4) Function module coordination module 

The purpose of function coordination module is to get the final target torque according to the 

priority of function and different coordination quantity when multiple functions are triggered at the 

same time. The function coordination module can select the most suitable function to release and 

coordinate the optimal control quantity to avoid fighting between different functions. 

(5) Pressure control module 

The pressure control module includes the estimation and control of the wheel cylinder pressure. 

According to the characteristics of the brake and HCU, the PWM command of the solenoid valve and 

the switch command of the motor are calculated. 

(6) Functional safety module 

Whether it is the measurement signal or the estimation signal, it can not guarantee that all the values 

are correct or credible in the real vehicle. When there is an error value in a certain period of time, it 

may cause the wrong trigger of the function, leading to serious consequences. Therefore, it is necessary 

to monitor and verify all the signals, find out the wrong signals in time, and ensure the safety and 

reliability of all the systems, which is the task of the functional safety module. 

2.2 Control Scheme of Dynamic CS 

ESC system contains all the control functions of ABS and TCS. When the vehicle is running, ESC 

system continuously detects the driver input and the actual driving condition and state of the vehicle 
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through the sensor system, and judges the detected driver input and vehicle state, compares and makes 

corresponding response according to the expected vehicle motion state and the actual vehicle motion 

state. In order to meet the requirements of vehicle stability control, a hierarchical CS is adopted in ESC 

system. On the one hand, the information input of the whole CS comes from the sensors installed on 

the vehicle, on the other hand, it comes from the state parameter estimator. This is because the 

important state parameters such as longitudinal speed, sideslip angle and road adhesion coefficient 

needed in ESC system control are difficult to be directly measured by on-board sensors, so they need to 

be estimated on the basis of measurable signals. The deviation between the driver's expected motion 

and the actual motion calculated by the input information is taken as the input of the upper motion 

controller. The upper motion controller is responsible for calculating the nominal yaw moment needed 

to eliminate the motion deviation and distributing the nominal yaw moment to the braking force of each 

wheel. The nominal braking pressure of each wheel can be calculated by the braking force on each 

wheel. The lower layer executive controller controls the braking pressure on the bottom layer, and 

finally applies the force on the vehicle system through the road surface. Although different ESC system 

manufacturers and automobile manufacturers use different names for ESC system, it is only in the 

design goal, control strategy and pursuit of ESC system. 

2.3 CS Evaluation Parameter Algorithm 

The combined sensor signal includes longitudinal acceleration signal, lateral acceleration signal and 

yaw rate signal. The value measured by the external combined sensor can be received through CAN 

bus. Because the installation position of the sensor is not necessarily in the center of mass, coordinate 

transformation is needed. When the vehicle is turning (without considering the rear wheel steering), the 

yaw rate of the vehicle is: 
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According to the formula, the yaw moment Mz needed to keep the vehicle running according to the 

specified route can be calculated under different steering wheel angle input characteristics. When the 

vehicle speed and steering angle amplitude are the same, the greater the yaw moment Mz is, the easier 

it is to stimulate the vehicle's ultimate yaw rate response, and the ESC system can intervene earlier. 

3. Experimental Study 

3.1 Subjects 

In this paper, the AE CS is studied, and the ESC dynamic CS is analyzed. By studying the 

functional modules of the dynamic CS, the control scheme of the dynamic CS and the CS evaluation 

parameter algorithm are understood. The development status of the AE CS is studied and its future 

development trend is prospected. 

3.2 Experimental Process Steps 

This paper mainly studies the automotive engineering CS. Through the analysis of the ESC 

dynamic CS, we can understand the functional modules of the dynamic CS, including the information 
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interface module, the parameter estimation module, the functional logic module, the functional 

coordination module, the pressure control module and the functional safety module. This paper 

describes the control scheme of ESC dynamic CS, understands its basic control principle, control target 

object, and studies its vehicle yaw rate algorithm. It is found that the greater the yaw moment is, the 

earlier the ESC dynamic CS intervenes to protect vehicle safety. Based on big data, this paper uses data 

collection to analyze the ESC loading rate, and uses chart analysis method to understand the rising of 

ESC loading rate and the analysis of vehicle yaw steering wheel angle and speed. 

4. Experimental Research and Analysis of ESC Vehicle Dynamics CS 

4.1 Loading Rate Analysis of ESC CS 

The vehicle ESC system can be used to realize the stability control of the vehicle. By controlling 

the yaw moment generated by the difference between the braking force or driving force of the left and 

right wheels, the vehicle can be prevented from losing control in the process of turning at high speed or 

emergency braking. Therefore, the ESC CS can keep the vehicle stable and safe under certain 

conditions. Based on this, this paper uses data collection and analysis methods to collect the percentage 

of vehicle ESC loading rate every two years since 2012. The results are shown in Table 1. 

Table 1.ESC CS loading rate 

years 2012 2014 2016 2018 2020 

truck 36 54 85 100 100 

Family car 27 39 66 100 100 

 

Figure 1 ESC CS loading rate 

As can be seen from Figure 1, in the early years, people did not have a strong awareness of the 

safety performance of the ESC CS, and they did not have a strong concept of equipped with the ESC 

CS. In 2018, the ESC CS had achieved a 100% loading rate, and people had a basic car safety 

awareness. 

4.2 Vehicle Yaw Steering Wheel Angle and Speed 

In order to study the relationship between vehicle yaw steering wheel angle and speed, this paper 

simulates vehicle speed measurement to study steering wheel angle. As the natural frequency of vehicle 

yaw is generally between 0.5Hz and 0.7hz, this paper selects vehicle yaw frequency between 0.5 and 

0.8hz, and the results are shown in Table 2. 
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Table 2. Analysis of vehicle yaw steering wheel angle and speed 

test method Test angle 

Single sine input 

0.5HZ 200 

0.6HZ 240 

0.7HZ 180 

0.8HZ 170 

Sine stagnation 
0.5HZ 130 

0.7HZ 160 

 

Figure 2 Analysis of vehicle yaw steering wheel angle and speed 

As shown in Figure 2, the sine stagnation test requires less steering wheel angles than the single 

sine input test to stimulate the vehicle yaw rate response. When the sine frequency and the yaw natural 

frequency are closer, the more likely the vehicle to produce the yaw limit state, and the experimental 

data show that the sine stagnation input steering test is not sensitive to the natural frequency of the 

vehicle yaw, the requirements are lower, and the range of applicable vehicle models is wider. 

5. Conclusions 

The ESC CS of automobile has connected the steering, braking and power systems together. It has 

been proved to be one of the main active safety technologies to effectively reduce automobile traffic 

accidents. It is of great significance to carry out the research and evaluation of ESC CS. This paper 

mainly studies the automotive engineering CS, through the research of ESC dynamics CS analysis, 

understand the dynamic CS function module. This paper describes the basic control principle of ESC 

CS, the object of control, and the algorithm of vehicle yaw rate, and the angle and speed of vehicle yaw 

wheel. 
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