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Abstract : This paper proposed an adaptive wheel torque control algorithm that simultaneously performed target acceleration
tracking, preceding vehicle following, and DC motor speed control for autonomous mobility, based on the Recursive Least
Squares (RLS) method. An error dynamic model was derived using the acceleration error state to design the adaptive
controller. The parameters of the error dynamic model were constructed through a virtual relationship function based on the
system’s dynamic characteristics, which was estimated in real time using the RLS algorithm with multiple forgetting factors.
Furthermore, the control input torque was derived by establishing stability conditions based on the Lyapunov direct method.
Performance evaluations for acceleration tracking and preceding vehicle following were conducted under different gear ratios
and vehicle model configurations in a straight-driving scenario using the co-simulation of MATLAB/Simulink and
CarMaker, while the speed control performance of the DC motor was validated using an actual platform. Consequently, the
proposed control algorithm demonstrated reasonable performance across various scenarios.

Key words : Recursive least squares(5-8F |4~ X5, Target acceleration tracking(E-H 7R 338, Virtual coefficient
function(ZF Al &), Forgetting factor("8Z 1A}, Adaptive torque control(%}-3-% &= #|0Y), External constraint(2]%]
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ag, :desired acceleration, [m/s’] A e ], =8, A8 AsAE
a, : subject vehicle acceleration, [m/s’] T ol sAl S0l T, S, all e of 2] Al 2=
e : acceleration error, [m/s*] 2 o] 5e F lE AlARE ofn| it} B E Eol
7, :wheel torque, [Nm] 2225 o] Faly] flelA = e E o] Aot A 27
A : forgetting factor, [-] o] Ao 3 A 7| B Ass AFstal, 484 o
J : cost function, [m%/s*] gt FE71ES o]83) AEE A e 5 o]
5 : adaptation gain, [-] ogith. A o= AlgH Al A} S5 FF&
n : sigmoid scale factor, [-] A B IMEE EF 9 TS 2% Alojr1E AAlsE
g : sigmoid function slope, [-] = ol stk o] uf Hik VR FFE 9la o] &5
C : coefficient, [-] v U4 Fe7|E ds ZE7E ook 2 E Al
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Fig. 1 Overall block diagram for adaptive torque controller
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Table 1 Parameters used for RLS and control

Parameters Unit Value
Adaptation gain, y [-] 20,000
Estimation initial value, T [-] 0.001
Covariance initial value, Pj, [-] 0.01
Forgetting factor, A [-] 0.9994
Sigmoid slope, g [-] 0.1
Sigmoid scaling gain, n [-] 0.1
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Table 2 Vehicle parameters

Specification Vehicle A Vehicle B
Mass [kg] 2,108 1,645
Di fre i
istance between front axis 147 124
and mass center [m]
Distance between rear axis
1.50 1.51
and mass center [m]
Heigh
eight between ground and 0.545 0475
mass center [m]

Table 3 Performance evaluation scenario and case

Car- Angular
Scenario | Acceleration tracking . velocity
following R
tracking
Case (1] ‘ (2] [3] [4]
System Vehicle A and B DC motor
Desired | Sinusoidal Ramp Acceleration Step
value | acceleration | acceleration | From LQR | velocity
Gearratio| 1 | 4 | 1] 4] 1] 4 -

3.1 Case [1] A8 28 I8
Case [1]o1 A& 2= 29 A9} Bol| A&} Jejo] &
¥ IEEE Qrfslal, BE 7|ojn|E 13} 45 WA 5

5N E AR BE SRS 77 102, A
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7R FF 22k W= oF £0.08 mis® o] FelH
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g RH A Ao S nojFEr,
710117+ 491 739, Ea LS
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Desired
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0 /_\I/'
L L L n
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t[secl

Fig. 3 Desired acceleration tracking results (sinusoidal)

Tracklng error
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Fig. 4 Acceleration tracking error (sinusoidal)

Motor torque
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Fig. 5 Motor torque control input (sinusoidal)
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Fig. 6 Longitudinal velocity (sinusoidal)
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Fig. 9 Estimated coefficient C; (sinusoidal)
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Fig. 12 Acceleration tracking error (ramp)
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Fig. 13 Motor torque (ramp)
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Table 4 Parameters and matrices for LQR

Parameters Unit Value
Initial clearance, Ci, [m] 10
Clearance min, Cpiy [m] 10

Preview time, 7, [s] 0.5
System matrix, A [0 1]
ystem matrix, [-] 00
Input matrix, B [-] [o-1"
State weight matrix, Q ] [(2) 001}
Input weight matrix, R [-] 0.01
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Fig. 19 Desired acceleration tracking results (LQR)
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Fig. 30 DC motor platform for test

Table 5 Parameters for DC motor

Specification Value
Rotational moment of inertia [kg * m’] 4.07 x 10°
Motor torque constant [V/rad/s] 0.036
Back EMF constant [Nm/A] 0.036
Inductance [mH] 0.85
Resistance [ohm] 6.3

Table 6 Input conditions for angular velocity control

Category Case

Desired angular velocity 2 rev/s ‘ 3rev/s ‘ 4 rev/s

Input condition Step input

2 DC B Al&Ee] Zh&% Ao & 918 F85 3}
2H) ¥ = tS- Table 73} 2t}

Table 7 Parameters used for RLS and control

Parameters 2 rev/s 3 rev/s 4 rev/s
Adaptation gain [-] 0.005 0.010 1.800
Estimation initial value [-] -0.1 -0.1 -0.1
Covariance initial value [-] 0.01 0.01 0.10
Forgetting factor [-] 0.9920 0.9996 0.9500
Sigmoid slope [-] 0.05 0.05 0.10
Sigmoid scaling gain [-] 8.0 0.5 0.1
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Fig. 31 Angular velocity (DC motor)
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Fig. 32 Angular velocity tracking error (DC motor)
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