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Abstract : This paper presents a nonlinear model predictive control-based indirect self-tuning integral control algorithm for
improving the vehicle braking yaw stability of the 4WIS system. In general, the MPC can calculate the optimal control
inputs, but it is unpredictable due to the existence of various uncertainties in the mathematical model. Although the integral
controller shows effective and stable control performance, it can only be used for a single control input. Therefore, the
MPC-based self-tuning integral controller has been designed in order to overcome the aforementioned weakness. The MPC
calculates the four-wheel steering angles in order to stabilize the yaw rate in the braking situation. The self-tuning rule is to
determine the integral control gains by deriving the ratio of each wheel angle calculated by the MPC. The weighting factor
and ratio of the MPC control input differences are used to compute the integral control inputs. The performance evaluation
has been conducted under straight and turning scenarios by using MATLAB/Simulink and CarMaker software.

Key words : Integral control(%}i% #|©1), Self-tuning(A}7} & =%), Model predictive control(:22 o= A1), 4-wheel
independent steering(45 55 H 3=3F), Yaw stability(2 2FA]), Brake stability( 4] 5 <8 4])

Nomenclature R . turning radius, m
. 0; : wheel steering angle, deg

m : V?hlde mass, kg . VAV R : control inputs, deg
L : distance between center of gravity and 5, ' . driver wheel steering input, deg

front axle, m mp;‘i : model predictive control input, deg
L + distance between center of gravity and Ab i : difference of model predictive control in-

rear axle, m put, deg
ty : track width, m Sinti : integral control input, deg
& : cornering stiffness, N/rad Vutn : longitudinal velocity threshold for in-
v, : longitudinal velocity, m/s tegral gain calculation, m/s
v, : lateral velocity, m/s Kt catii : calculated integral control gain, -
1'p . yaw rate, rad/s Kint fizea; - fixed integral control gain, -
Vies strai gt - desired yaw rate (straight driving), rad/s Kint,i + integral control gain, -
Vs turning © desired yaw rate (turning driving), rad/s k, : weighting factor of ratio of mpc, -
A ~: yaw moment of inertia, Nm Ci : ratio of mpc inputs, -
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Desired T - algorithm
value |Se —tuning
rule
- Yaw rate
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velocity Vehicle states

Fig. 1 Model schematic for self-tuning Integral control based
MPC
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Fig. 2 Model schematic for model predictive control
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Fig. 11 Result: MPC inputs (30~34.4 [s])
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Fig. 12 Result: ratio of MPC inputs (30~34.4 [s])
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Fig. 13 Result: integral gain (30~34.3 [s])

Fixed integral gain
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Fig. 14 Result: fixed integral gain (30~45 [s])
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15 Result: integral control inputs (30~45 [s])
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16 Result: wheel angles with partial braking and without
control (25~45 [s])
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Fig. 17 Result: wheel angles with partial braking and with
control (25~45 [s])
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Fig. 18 Result: wheel angels without partial braking (normal
condition) (25~45 [s])
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Wheel angles - constant integral gain
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Fig. 19 Result: wheel angels with partial braking with constant
integral gain (25~45 [s])
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Fig. 20 Result: wheel angles comparison (30~34.3 [s])
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Fig. 21 Result: vehicle trajectory (25~45 [s])
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Fig. 22 Result: longitudinal velocity
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Fig. 23 Result: driver steering wheel input
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Fig. 24 Result: yaw rate (100~130 [s])
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Fig. 25 Result: lateral velocity (100~130 [s])
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Fig. 26 Result: longitudinal velocity (100~130 [s])
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Fig. 27 Result: longitudinal tire force (100~130 [s])
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Fig. 28 Result: MPC inputs (120~122.3 [s])
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Ratio of MPC inputs

Fig. 29 Result: ratio of MPC inputs (120~122.3 [s])
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Fig. 30 Result: integral gain (120~122.3 [s])
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Fig. 31 Result: fixed integral gain (120~130 [s])
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Fig. 32 Result: integral control inputs (120~130 [s])
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Fig. 33 Result: wheel angles with partial braking and without

Fig.
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control (100~130 [s])
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34 Result: wheel angles with partial braking and with
control (100~130 [s])
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35 Result: wheel angles without partial braking (normal
condition) (100~130 [s])
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Fig. 36 Result: wheel angels with partial braking with constant

integral gain (100~130 [s])
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Fig. 37 Result: wheel angles comparison (120~122.3 [s])
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Fig. 38 Result: vehicle trajectory (100~130 [s])
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Fig. 39 Result: vehicle trajectory (120~130 [s]) [zoom in]
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Fig. 40 Result: yaw rate (25~45 [s])
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Fig. 41 Result: lateral velocity (25~45 [s])
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Fig. 42 Result: longitudinal velocity (25~45 [s])
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Fig. 43 Result: SMC inputs (25~45 [s])
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Fig. 44 Result: wheel angles with partial braking and with
SMC (25~45 [s])
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Fig. 45 Result: wheel angels comparison (30~45 [s])
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Fig. 46 Result: vehicle trajectory (25~45 [s])
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