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Abstract : Recent developments in the automobile industry include the introduction of e-Corner modules, which incorporate
driving, braking, steering, and suspension systems within each wheel of a vehicle. Accordingly, research on the control
strategy of a four-wheel independent drive and steering EV is actively underway. This paper proposes a path-tracking
controller by applying PPO reinforcement learning in four-wheel independent steering vehicles. An algorithm for switching
the steering mode of a four-wheel independent steering vehicle was used with the turning radius gain variable. Then, a
learning environment was developed and evaluated by using a vehicle dynamics simulator with repeated low and high
curvature paths. Next, the learned agents compared performance with commonly used lateral controllers, namely, Pure
Pursuit and Stanley. The proposed controller’s lateral path offset error performance was less than 30 cm in the low-curvature
scenario, while, in the high-curvature scenario, the paths following performance and stability were better than those of Pure
Pursuit and Stanley.

Key words : Autonomous driving shuttle(A}&=3 A &), 4-Wheel independent steering(4& = ¥ Z=3F), Path tracking
algorithm(7d & & < 312] %), Reinforcement learning(“d 8} 3}55), Turning radius gain($] 7 7H7 A Q1)

Nomenclature Kego  :inverse of vehicle turning radius, 1/m
m : mass, kg 8 : steering angle, deg
L : wheel base, m % : outer wheel steering angle, deg
w : tread, m 8; : inner wheel steering angle, deg
h : height, m Spp : Pure Pursuit steering angle, deg
R : vehicle turning radius, m Ostantey : stanley steering angle, deg

e .
Vi - target velocity, m/s y : lateral path offset error, m

€y = ¢ : heading offset error, rad

Vy : longitudinal velocity, m/s

ax : longitudinal acceleration, m/s? Fr : turning radius gain

T : motor torque, Nm ky, : look-ahead distance gain

u - look-ahead point angle, rad k : lateral offset error gain, 1/s

I, - look-ahead distance, m ksore  : stanley - softening factor, m/s
; - road curvature, 1/m MDP : markov decision process
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Table 1 Simulation vehicle specifications

Vehicle specifications
Overall length, width, height (m) 53,2.1, 1.1
Wheelbase (m) 3.7
Overall mass (kg) 3,400
Motor maximum output (Nm) 630
Motor maximum speed (rpm) 450
Wheel steering speed (deg/s) 213
‘Wheel steering range (deg) "l"ToOee-:Et%:)S
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Fig. 2 Simulation vehicle schematics
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Table 2 State space definition

State Meaning
S; Target velocity, Viager
S5 Longitudinal velocity, v,
S3 Longitudinal acceleration, a
Sy Lateral path offset error, e,
Ss Heading offset error, €» = ¢
Ss Road curvature, k
S, Absolute road curvature, | k|
Ss Steering angle, §
So Turning radius gain, k,
S0 Inverse of vehicle turning radius, Kego

Table 3 Action space definition

Action Meaning
A; Motor torque, T
Az Turning radius gain change, Ak,
A3 Steering angle change, A§
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Table 4 Reward function definition

Reward Gain Definition

% -1.0 [rorgne — ]
Vtarget

Tpath_front -1.0 - |ey_fr0m:|

Tpath_rear -0.5 7+ |ey rear|
Tsteer -1.0 - |AS|
Tradius 2.0 U+ Ak, |

Tierk -0.5 7+ (|jy| + D

Table 5 Hyperparameters of PPO reinforcement learning

Parameter Meaning Value

Kepocn Num of epochs in 1 update 80

Clipped te objective’
. ipped surrogate objective’s 02

maximum degree of clipping

14 Discount factor 0.99
Wactor Learning rate of actor 3e-4
Weritic Learning rate of critic le-3

Unax Maximum training timesteps Se6
Jupdate Update frequency in timestep 3e3

Oinit Initial standard deviation for action distribution | 0.6

Omin Minimum standard deviation 0.1

Ao Standard deviation decaying rate in timestep | 0.05

fo Standard deviation decaying frequency 4e5

~ . v,
U= mln[ - ,1]
Vtarget
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Fig. 6 Actor & Critic network structure
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Table 6 Training scenario turn descriptions

Type Turning radius Turning degree
Straight 10 ~ 100 m (Length) -
Left turn 15~100 m 50 ~ 90 deg
Right turn 15~100 m 50 ~ 90 deg
U-turn 5~15m 180 deg

Fig. 7 Examples of randomly generated scenario
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Table 7 Low curvature test scenario description

Type Turning radius Turning degree
Right 30m 120 deg
Right 85m 42 deg
Left 65 m 38 deg
Right 80m 45 deg
Right 80 m 70 deg
Left 40m 30 deg
Right 40 m 35 deg
Right 49 m 160 deg
Left 60 m 120 deg
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Table 8 Low curvature test scenario results

Max e, | Mean e, | Mean e, | Max Jerk | Mean Jerk
Pure pursuit | 0.265 | 0.047 0.046 1.154 0.053
Stanley 0.193 | 0.044 | 0.045 3.972 0.055

Reinforcement

learni 0.216 | 0.043 0.062 3.563 0.157
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Fig. 10 Trajectory results in low curvature scenario
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Table 9 High curvature test scenario results

Max e,|Mean e,| Mean ¢, | Max Jerk | Mean Jerk
Pure pursuit | 2.256 | 0.157 | 0.084 4.086 0.088
Stanley 0.805 | 0.078 | 0.076 3.612 0.076

Reinforcement

0.65 | 0.095 | 0.046 2.535 0.121

learning

—— Pure Pursuit
2 Stanley

- Reinforcement Learning
—A_J

-

=)

Path Offset (m)
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Fig. 13 Path offset results in high curvature scenario
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