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61. Background and Motivation

◼ Challenge of Motion Control

The Tracking-Stability Coordination is the Core Challenge in Motion Control

Environment

Ego Vehicle

e2e

Perception 

Layer

Planning 

Layer

localization

perception

decision-making

global-planning

trajectory-planning

tracking control

stability control

Human DriverHierarchical Architecture

Control

Layer

Maneuverability Loss: Over-

conservative stability criteria limit 

maneuverability in extreme conditions.

Safety Risk: Lack of strict 

stability bounds leads to loss of 

control.

Tracking Accuracy 

Enhancement
Stability Guarantee
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DDEV Architecture Unleashes the Potential of  Vehicle Motion Control

1. Background and Motivation

Software-DefinedWheel-End Actuation Independent Wheel Control

The Optimal Platform for 

Autonomous Driving

High Control DOFs

Extended Dynamic Boundaries

Wheel-end Driving, Braking, and 

Steering
Tire-Road Adhesion      Extremum AD-Chassis Domain Integration，

Customizable Functions

Power-by-Wire

Ultimate Efficiency

contoller



82. Current Research Status

◼ Current Research on Vehicle Lateral Stability Analysis

Need to Quantify Stability Characteristics Under Actual Closed-loop Control

Stability Analysis Method

➢ Tire Force Analysis Method

➢ Phase Plane Method

Phase Plane Considering Active Control Inputs

➢ Phase Trajectory Convergence via DYC：
➢ Lyapunov Function Method 

➢ Energy Method
➢ Phase Trajectory Convergence via AFS：

Inability to Model Complex Nonlinearities Based on open-loop assumptions

Impractical for Real-vehicle Application Neglect of Active Control

predetermined 

control 

sequences



92. Current Research Status

How to Integrate Dynamic Stability Region into Motion Control is Crucial

Coordination of Control Weights

AFS

ijT

◼ Current Research on Coordinated Tracking and Stability Control
Constraints for Optimization Framework

AFS

AFS&DYC

DYC
decision
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Model Predictive Control
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Controller
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Controller DDEV

Dynamic Environments Path-tracking Controller
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103. Research Content and Methodology

◼ Targeted Problems and Main Contributions

Neglect of Closed-Loop Active Control 
Capabilities in Existing Stability Analysis

Severe Restriction of Path-Tracking Potential 
by Open-loop Stability Criteria

➢ Severe load transfer and combined 

slip characteristics at the limits.

➢ Existing stability analyses overlook the 

stabilizing potential of active control.

A closed-loop Controlled Stability Region (CSR) 
Quantification Method

A Controlled Stability Region based 
Hierarchical Motion Controller (CSR-HMC)

➢ Analyze phase trajectory convergence by 

embedding control laws into nonlinear 

dynamics.

➢ Quantify the active stabilization capacity by 

computing the maximal recoverable state set 

over a finite time horizon.

➢ Conservative stability region constrains the 

vehicle dynamic capabilities at the limits.

➢ Ensure the lateral stability of the vehicle 

near the stability boundary

➢ Constructing an offline CSR database with multi-

dimensional time-varying factors to parameterize 

CSR boundaries.

➢ Utilize the CSR to constrain path tracking and 

quantify stability margins for dynamic weight 

adjustment between tracking and stability control.



113. Framework of the Work
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123.1 Construction of Controlled Stability Region
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133.1 Construction of Controlled Stability Region
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The predictive model                                 ,the state vector is 

defined as                    , the control vector is                    , the 

objective function is formulated as:   
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The direct yaw moment is allocated to the four-wheel torques via 

a quadratic programming (QP) optimization problem:
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143.2 Construction of Controlled Stability Region

7DOF Phase PlaneStability Controller
*
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153.2 Hierarchical Motion Control Architecture
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The predictive model                          , the state vector is                         , the 

control vector is                         , the objective function is formulated as:   

where                      and                         are the current and reference state vectors, 

and      represent the reference lateral position and heading angle.                     
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where the upper bounds of the control variables are                                     ,
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To ensure the stability of the optimization problem, the CSR is integrated into the 

controller as a state constraint:
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163.3 Simulation Platform

Screen

Host PC

UDP

Hardware-in-the-loop Platform

Hardware-in-the-Loop Platform (HiL) F-class Sedan 



173.4 Simulation Results

0.35m0.60m

0.17m

(a) (b)

(c)

(a)

(b)

(c)

◼ Single Lane Change under 𝝁=0.2，𝒗𝒙=90km/h

Fig. 1. Tracking performance. (a) X-Y tracking results; (b) Phase plane trajectory; 

(c) Radial length of the state.

Fig. 2. Motion states. (a) Sideslip angle; (b) Yaw rate; (c) Lateral acceleration. 
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(a) (b)

(c)

0.11rad

0.04rad

0.11rad

3.4 Simulation Results

Fig. 4. Motion states. (a) Sideslip angle; (b) Yaw rate; 

(c) Lateral acceleration. 

◼ Double Lane Change under 𝝁=0.8，𝒗𝒙=120km/h

Fig. 3. Tracking performance. (a) Heading tracking results; (b) Phase plane 

trajectory; (c) Radial length of the state.

(a)

(b)

(c)
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4. Future Work

Hybrid Model- and Data-Driven Motion Control

➢ Residual Reinforcement Learning for Emergency Obstacle Avoidance

➢ Real-Vehicle Experimental Validation of the Control Algorithm
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5.1 Real Vehicle Platform-4WD Electric Vehicle 

Steer-by-Wire

In-Wheel Motor

Electro-Hydrostatic 

Actuator (EHA)

IMU&GPSController-ECU
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5.2 Real Vehicle Platform-BYD
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