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An aggressive cornering framework for autonomous vehicles combining
trajectory planning and drift control

Wangjia Weng', Cheng Hu!, Zhouheng Li', Hongye Su', and Lei Xiel*

Abstract— Vehicle slipping may cause an accident while
driving. However, professional drivers usually perform high
side-slip angle maneuvers, such as drifting to minimize lap
time or avoid obstacles. Tracking the desired trajectory while
maintaining drift is a challenging task due to the complexity
of the vehicle model. In this paper, we first solve a series
of minimum-time cornering problems under different initial
conditions. The results show that an aggressive cornering can
be divided into three segments, including the entry corner stage,
the drifting stage, and the exiting stage. We then propose a
complete trajectory planning and motion control framework to
conduct the drift cornering maneuver. The trajectory planner
calculates the speed profile and then updates the initial path
by optimizing curvature. A switch-mode control system is
proposed for the above three stages to track the reference
trajectory, which is based on pure pursuit control and Model
Predictive Control (MPC). Finally, we validate the cornering
framework by simulation on the Simulink-Carsim software and
experiments on a 1/10 scale RC vehicle.

I. INTRODUCTION

In the past few years, research on autonomous vehicles
has mainly focused on normal operating conditions, when
the vehicle is in a ”stable” state, that is, the tires and the
ground do not slide relative to each other. For safety reasons,
some vehicle auxiliary control systems have been developed
to prevent the vehicle from sliding, such as vehicle anti-
lock braking systems (ABS) and electronic stability systems
(ESC). However, in some extreme situations, such as rain,
snow or slippery roads, traditional control methods will not
work well. Therefore, more aggressive control strategies
are needed to enable the vehicle to cope with sudden tire
slippage. When professional racing drivers compete in rally
races, they usually use a control strategy called “drifting”
to reduce lap times as much as possible while ensuring the
safety of the vehicle. Its main characteristics are that the
rear wheel friction is completely saturated and the vehicle
steering wheel angle is opposite to the forward direction. By
studying this aggressive driving strategy, the range of motion
of autonomous vehicles can be broadened and vehicle safety
can be ensured in more dangerous situations.

Previous research mainly focused on controlling the vehi-
cle near a stable drift equilibrium. Common control methods
include the sliding mode control, linear quadratic regulator
(LQR), and reinforcement learning. Different from previous

*The corresponding author of this paper

lare with State Key Laboratory of Industrial  Control
Technology,  Zheliang  University, = Hangzhou, 310000, China
{22260379@zju.edu .cn, 22032081@zju.edu.cn,
zh.li@zju.edu.cn, leix@iipc.zju.edu.cn}

research, this paper is dedicated to studying an aggressive
cornering strategy that minimizes cornering time while en-
suring vehicle safety. This strategy includes normal working
conditions before entering a bend and extreme working con-
ditions during cornering. Due to the complexity and nonlin-
earity of vehicle dynamics, we first construct an optimization
problem to solve the optimal trajectory and design a switch-
mode controller to cope with different working conditions.
In order to verify the effectiveness of our proposed control
method, we conducted numerical simulation and real vehicle
experiments respectively. This paper primarily offers the
following contributions:

o By solving minimum time cornering problem and ana-
lyzing the phase portrait of the vehicle model, this paper
indicates that an aggressive cornering maneuver can be
divided into three stages, that is, the guidance stage
before entering the corner, the drift stage with a large
sideslip angle, and the exiting stage after cornering.

o The proposed planning algorithm optimizes the global
trajectory by iteratively optimizing the curvature. For
different local trajectories, corresponding controllers
are designed to track reference trajectories, including
normal driving conditions and drift conditions.

e In order to verify the real-time performance of the
planning and control method proposed in this paper,
we successfully conduct cornering experiments in both
simulation environment and on a 1:10 scale car.

The subsequent sections of this paper are structured as
follows: In Sec II, previous research about autonomous
racing are introduced. Sec III describes the vehicle and tire
models and formulates the minimum time cornering problem,
then shows a series of demonstrations of optimal trajectory.
Sec IV plans the speed profile and optimal path for the
vehicle. The switch-mode controller combined with pure
pursuit and MPC is stated in Sec V. Section VI presents
an analysis of the numerical simulation and experimental
results obtained through the proposed method, while Section
VII offers the paper’s conclusion.

II. RELATED WORK

Previous research about autonomous racing or cornering
mainly focus on limiting the tire lateral force within the
linear operating region. Arab et al. [1] presented a motion
planning algorithm for autonomous aggressive maneuvers,
which takes advantages of the sparse stable trees and en-
hanced rapidly exploring random tree (RRT*). To improve
vehicle safety, Yi et al. [2] and Di et al. [3] adopted a
differential braking strategy to control the tire side slip

979-8-3503-4881-1/24/$31.00 ©2024 IEEE 2749
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