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Abstract : This study proposed a parameter-free, adaptive steering control algorithm for universal path tracking of autonomous vehicles
with Recursive Least Square(RLS). A parameter-free, steering control algorithm was designed for autonomous driving by using error
dynamics with RLS-based parameter estimation. The error dynamics was based on path tracking errors and steering inputs, such as front and
rear wheel angles. The path tracking errors used in this study include yaw angle error and lateral error at preview point. The RLS method that
relied on multiple forgetting factors was used to estimate coefficients in the error dynamics, and to compute control input. Based on the
estimated coefficients and the Lyapunov direct method, the front and rear steering wheel angles are designed to be computed with the sliding
mode approach. The proposed control algorithm was tested by conducting a performance evaluation under the Matlab/Simulink environment

with co-simulation of the CarMaker software.
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Nomenclature

) : desired wheel angle, degree

v, : longitudinal velocity, m/s

v, : longitudinal velocity, m/s

14 : yaw angle, rad

A : recursive least squares forgetting factor
e,, :lateral preview error, m

e,  :yaw angle error, rad

: weighting factor constant

a,b  : RLS-based estimated coefficients for errors
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Fig. 2 Schematics diagram for performance evaluation

Table 1 Vehicle specification

Vehicle model | Vehicle | Vehicle | Vehicle
Specification A B C
Mass (kg) 2,108 1,600 | 1,644.8
Moment of inertia z-axis (kgmz) 1,585.3 | 2,333.6 | 1,921.3
Distance between front axis and 1,470 1,488 1,240
mass center (m)
Dist: twi
.1s ance between rear 150 1,487 151
axis and mass center (m)
Front cornering stiffness 118,270 | 73,563 | 105,679
Rear cornering stiffness 117,990 | 140,740 | 107,006
Table 2 Recursive Least Square parameters
RLS parameters
Parameters Front Rear
Forgetting factor (A) 0.9999 0.9999
Initial of estimated value () 0 0
Initial of covariance matrix ( P) 0.00001 0.00001
Table 3 Linear Quadratic Regulator parameters
LQR parameters
Parameters Vehicle A Vehicle B Vehicle C
The weight matrix Q.. =10x1 Q.. =1
for states (Q)
The weight fi
e weight for 10 100 10
input (X)
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Fig. 20 Yaw angle errors : 3 cases
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Table 4 Vehicles steering wheel angles

0|2 E - 234

Case Parameter-free control
LQR

Vehicle / [Max/Min]| Case-1 | Case2 | Case-3
Steering ang]l [Max/Min] | [Max/Min] | [Max/Min]

Front | 1.6810/ 1.9633/ 1.7310/ 2.2022/

Vehicle | [deg] | -1.5933 -2.3563 -1.8142 -2.7435

A Rear | 3.7455/ 0.0717/ 0.0957/ 0.4143/

[deg] | -3.3993 -0.0941 -0.0745 -0.4740

Front | 0.9468/ 1.9693/ 1.7276/ 2.1923/

Vehicle | [deg] | -0.9139 -2.3775 -1.8123 -2.7399

B Rear 1.0815/ 0.0732/ 0.0945/ 0.4161/

[deg] | -0.9932 -0.0964 -0.0741 -0.4514

Front | 0.8677/ 1.7794/ 1.6446/ 2.0004/

Vehicle | [deg] | -0.8575 -2.2093 -1.7249 -2.6114

C Rear | 2.7221/ 0.0769/ 0.0972/ 0.4501/

[deg] | -2.4910 -0.0946 -0.0775 -0.4751

Table 5 Lateral and yaw angle errors(absolute value)

Case LOR Parameter-free control
Vehicle / error Case -1 | Case -2 | Case -3
Lateral
ATl Aot 6 0160 | 0.1333 | 0.5026 | 0.1301
Vehicle [m]
A Yaw angle
26830 | 1.1872 | 1.9259 | 1.5312
error [deg]
Lateral
AL AT 6 0682 | 0.1489 | 0.4982 | 0.1492
Vehicle [m]
B Y: 1
AWANEE 1 64817 | 1.1735 | 1.9048 | 1.5207
error [deg]
Lateral
| FAEREEION 6 0568 | 0.1707 | 05175 | 0.1681
Vehicle [m]
C Y: |
AWange 1 ga41 | 12702 | 1.9518 | 1.6609
error [deg]
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