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Development and Verification of Curvature-based Path Tracking Control
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Vehicles
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This study proposes a path-tracking algorithm based on feed-forward (preview distance control) and feedback (LQR, linear
quadratic regulator) controllers to reduce heading angle errors and lateral distance errors between a predefined path and
an autonomous vehicle. The main objective of path-tracking is to generate control commands to follow a predefined path.
The feed-forward control is applied to solve heading angle errors and lateral distance errors in the trajectory caused by
curvatures of the road by controlling the steering angle of the vehicle. An LQR was applied to decrease the errors caused
by environmental and external disturbances. The proposed algorithm was verified by simulating the driving environment of
an autonomous vehicle using a CARLA simulator. Safety and comfort were demonstrated using the test vehicle. The study
also demonstrated that the tracking performance of the proposed algorithm exceeded that of other path-tracking algorithms,
such as Pure Pursuit and the Stanley Method.
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1. Introduction

NOMENCLATURE
C, = Cornering Stiffness of Front Wheel A& 71t Aol g wet gelketar ks,
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L, = Distance between Mass Center and Front Wheel Center L - I el 1 R e = e 2 R P A R
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2. State Space Model of Vehicle and Validation

2.1 Vehicle Dynamics based Error Model
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Fig. 1 Lateral bicycle model of the vehicle for lateral dynamics
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Table 1 Main vehicle parameters

Definition symbol Value [unit]

m 1,800 [kg]

I, 2,800 [kg-m?]
Ce, C, 55,000 [N-rad™']

L¢ 1.15 [m]

L, 1.55 [m]

Input Steering [rad]

|

2
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Data Points

Fig. 3 Input steering angle
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Fig. 4 Compare side slip angle for validation
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Fig. 5 Compare yaw rate for validation
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3. Lateral Control System

3.1 Feedback (LQR) Control
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3.2 Curvature-based Feed-forward Control
3.2.1 Preview Distance
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4. Simulation

4.1 CARLA Simulator

ROS 3#-74<9] Ubuntu 20.04 OSolA] CARLA Simulator 2!
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4.2 Control System Architecture
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4.3 Simulation Method
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(b) Global path at CARLA Town05
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Fig. 12 Creation of a driving path using waypoints in CARLA
Town05
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(b) Heading angle error for path tracking algorithm at 30 kph

Fig. 13 Heading & lateral distance error with steering at a vehicle
speed of 30 kph in Town05

Table 2 Heading & lateral distance error RMS at vehicle speed of

30 kph in Town05
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(b) Heading angle error for path tracking algorithm at 60 kph

Fig. 14 Heading & lateral distance error with steering at a vehicle
speed of 60 kph in Town05

Table 3 Heading & lateral distance error RMS at vehicle speed of
60 kph in Town05

Lateral distance Heading angle Lateral distance Heading angle
30 kph (PP) 0.197 [m] S,fgé [[32‘;]] 60 kph (PP) 0.351 [m] 3’82521 [[:122]]
30 kph (Stanley) 0.412 [m] g'g ?31 [[crli‘;]] 60 kph (Stanley) 0.576 [m] 2.';) 57 2 [[(rlig]]
30 kph (85,) 0.021 [m] ot [[32‘;]] 60 kph (3, ) 0.128 [m] s [[(riig]]
30 kph (8, + 8¢) 0.011 [m] g:??i[g:g]] 60 kph (8, + ) 0.01 [m] 8:2288 [[;eg]]
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Fig. 15 Odometry of the path tracking algorithm and heading &
lateral distance error at 30 & 60 kph over curvature in
Town05
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Fig. 16 Creation of a driving path using waypoints in CARLA
Town04
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Fig. 17 Heading & lateral distance error with steering at a vehicle
speed of 30 kph in Town04

Table 4 Lateral distance error and heading angle error RMS at
vehicle speed of 30 kph in Town04

Lateral distance Heading angle
30 kph (PP) 0.161 [m] ?gig [[32;”1
30 kph (Stanley) 0.295 [m] 239668 [[crlig]]
30 kph (8, ) 0.016 [m] 8332 [[criig]]
30 kph (35, + 85¢) 0.008 [m] (())..8271 [[crleg]]
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(b) Heading angle error for path tracking algorithm at 60 kph

Fig. 18 Heading & lateral distance error with steering at a vehicle
speed of 60 kph in Town04

Table 5 Lateral distance error and heading angle error RMS at
vehicle speed of 60 kph in Town04

Lateral distance Heading angle
60 kph (PP) 0.276 [m] 2406 [[SZZ]]
60 kph (Stanley) 0.433 [m] 22351 [[(rizc:]
60 kph (3,) 0.103 [m] 057 [[r(?:;]
60 kph (8¢, + 3¢ ) 0.009 [m] (())24(1)36 [[SZZ]]
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Fig. 20 Creation of a driving path using waypoints in CARLA
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Fig. 21 CARLA TownOS5-inner map curvature and vehicle speed

Table 6 Vehicle speed according to value of curvature

Curvature Vehicle speed
0.05-0.086 [rad] 20 [km/h]
0.016-0.05 [rad] 30 [km/h]
0.005-0.016 [rad] 45 [km/h]
0-0.005 [rad] 60 [km/h]
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Fig. 22 Heading & lateral distance error of &, + Jy in CARLA
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Table 7 Lateral distance error and heading angle error RMS at
vehicle speed of 20-60 kph in Town05

Lateral distance Heading angle
20-60 kph 0.033 [rad]
) 0-131 [m] 1.89 [deg]
20-60 kph 0.013 [rad]
(8, +8¢r) 0.041 [m] 0.744 [deg]
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