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Abstract : This paper presents a self-tuning-based adaptive model predictive control algorithm for improving the handling
performance of four-wheel independent- steering vehicles. The model predictive control algorithm was adopted to independently
compute the optimal four-wheel steering angles of a vehicle for its handling performance by considering the physical constraints,
such as the steering limits and the opposite-direction steering condition. The vehicle nonlinear model was used, and its Jacobian
matrices were utilized to compute the control input for determining of the independent steering wheel angle with the driver’s
steering input. Due to the model uncertainty and calculation process of the model predictive control algorithm, the uncertainty is
increasing in the prediction step of the control algorithm, which may result in a relatively low control performance. To overcome
the limitation by model uncertainty of the model predictive control algorithm, self-tuning and adaptation algorithms were designed
based on the recursive least squares and MIT rule. Performance evaluation was conducted under a step steering scenario with
various velocity conditions.

Key words : Model predictive control(:==.2 <5 #|©]), Self-tuning rule(AH7} &== 7132)), Independent steering(5 H Z=3F),
Physical constraints(& 2] 2] Al €k3231), Recursive least squares(s=3F Z 4= A1), MIT rule(MIT 713])

Nomenclature F,; :lateral force (i1, 2, 3,4),N
0q : driver’s input, rad m : mass of vehicle, kg
. . l : distance between front axis and center of gravity, m
A¢; :controlled front overlay input (i=1, 2), rad ! gravity
. . l, . distance between center of gravity and rear axis, m

0, : controlled rear input (i=3, 4), rad ! gravity *

. C L : wheel base of vehicle, m
r : input weighting factor, - . o . )

. A : rotational inertia of z-axis, kgm
C : proportional factor, -
. t. : track tread, m
P : yaw angle, rad u
W . yaw rate, rad/s v, : longitudinal velocity, m/s
Y4, - desired yaw rate, rad/s Yy + lateral velocity, m/s
F.. :longitudinal force (i=1,2, 3, 4), N v :adaptation gain, -
A : forgetting factor, -
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Fig. 1 Model schematics for adaptive model predictive control
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Fig. 3 Model schematics for performance evaluation

Table 1 The used parameters and values

Conditions Parameters Values Values
(Case-1) | (Case-2)
Desired longitudinal velocity | 40 kph 80 kph
Driving Step steer angle (driver input) | 80 de; 20 de;
condition P £ 4 g g
Step steer angle (wheel) 457 deg | 1.14deg
Updating period 0.1 sec
MPC Discrete time 0.1 sec
condition Prediction step 20 step
Initial input weighting factor 9% 10°
F.ront‘wheel angle boun(%ary 115 deg
(driver input + controlled input)
MPC
. Rear wheel angle boundary
constraints . +3.5 deg
( controlled input)
Wheel angle rate +2 deg/sec
Self-tuning . . 13
1
condition Adaptation gain(-y) 5x10
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Table 2 Vehicle parameters for performance evaluation S 913 LQR(Linear Quadratic Regulator) 715+ & 7+ S1}
Parameters Description Value 8k &5 FE3} ) Case-1, Case-2, Case-3°4] Q.
m Mass 2,270 kg T S5 77} 40 kph, 80 kph, 60 kph = 74 €13}
. S - B
A Rotational inertia (z-axis) 4,600 kgm' o} B Ao A Aoty 28 28k Ao] otaa]=o] I
t, Track tread 1.6 m 7} A= 7)== 23 zg(}:(zqg 2D gAE x| 7)Hk 4
L Distance between fror.1t axis and 142 m 3 w2] 23 obyg|Zo] Wy} Axte}l 1) vlaL ) B4
center of gravity
Distance between rear axis and = A
. . 1.44m
center of gravity
G Cornering stiffness (front) 64,000 N/rad 3.1 AHOo|A - 1 : A8 RSF (AE
G Cornering stiffness (rear) 65,000 N/rad H] 114 A 4: 48101 Case-12] 7-9-40 kph == 53
k, Understeer coefficient 0.0025 =809 S HAF 23k & luL A Q3 F3) AFslo|t)

A el digk & ZF = Fig. 504 2 5 9L
Longitudinal velocity Fig. 6= 3 7[5 28 H o1 91 01| Figs. 6~9+ Y]
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Velocity [kph]

- . Driver input
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Time [sec] k=3
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T 21
[
N Longitudinal velocity =
== =Desired velocity
= Subject vehicle 0 - . - >
85| i 0 2 4 6 8 10 12 14 16 18 20
= Time [sec]
= A
>0 I R Fig. 5 Driver input : step steering
3
TJ .
> 75k i Lateral acceleration
5 T T T
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L 1 ' L L s L 1 ' 4 Liaawai " . .
700 2 4 6 8 10 12 14 16 18 20 4WIS (adap(lve WEIghtlng r) -----------------------------
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(b) Case - 2 [80 kph] o
Eqf
Longitudinal velocity 1F
70 T T T T T T
w= = Desired velocity
0
65 2 4 6 8 10 12 14 16 18 20
Time [sec]

Fig. 6 Result: lateral acceleration
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01
. o (c). Case - 3 [60 kph] . g o —— - = = e
Fig. 4 Longitudinal velocity for performance evaluation = oost e L) Ty 1

s W7 2¥l(Step) 23 9 71 A A%

(40 kph) 3} 315580 kphyol A &) 7 744 AlLtel 2.5 9] R T T
(Weave) =3 AL 271 &5 ) ke 54 53 Fig. 7 Result: lateral velocity
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Fig. 8 Result: yaw rate
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Fig. 9 Result: yaw rate error
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Table 5 The calculated maximum steering wheel rate

Division

Limits of steering

Absolute value of maximum

wheel rate steering wheel rate
Case-1 0.672 deg/s
Case-2 20 deg/s 0.663 deg/s
Case-3 0.655 deg/s
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