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Abstract : This study presented a driving capability index to control autonomous mobility based on the model predictive
control (MPC) algorithm. To compute the driving capability index, the control error between the driver steering input and the
MPC-based control input was computed, and its squared term was regulated based on recursive least squares with forgetting.
The regulated control error was used to compute the driving capability index with two parameters and a scale factor. To
ensure a reasonable performance evaluation, the CarMaker software was employed with MATLAB/Simulink, and a path
tracking scenario was applied in evaluating various drivers’ response delays, such as normal, elderly, and drowsy drivers.
The evaluation results reveal that the proposed driving capability index can represent degraded driving capability effectively
in real time. It is expected that the proposed approach can be used as a perception algorithm for safety control and takeover

applications in a fail-safe system for autonomous mobility.
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e, : yaw angle error, rad AL v 3 PSSR E = Q= ThkSE A
v, : longitudinal velocity, m /s o] A7} e Qi) 53], XA F2-H ol
P : yaw rate, rad/s ol 2 Igh AL dlels Al=Hl o] T8
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) : front steering angle, rad AApe] FaS HEsHA N vheket - atel g ] A
Suriver - driver input steering angle, rad HE 183 7)od= sHA7F 9Tt ol mhel $# =12
Syre  : MPC input steering wheel angle, rad T3 FEE AEH o2 U= AH 74 7=
I, : monitoring index, - o] & a1 sk Alo] Al 2=¥le] g d o] v+ AL T
R : Turning radius, m Cao, S. 9] 4¢1-& th5 2= A7 wS- A ) Essahraui,
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Fig. 1 Overall block diagram of the proposed algorithm
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Table 1 Vehicle parameter

Division Value [unit]
Mass 1,600 [kg]
Length between mass center and front axle 1.48 [m]
Length between mass center and rear axle 1.48 [m]
Wheel tread 1.614 [m]
Rear track width 0.85 [m]
Front wheel cornering stiffness 85,030 [N/rad]
Rear wheel cornering stiffness 68,147 [N/rad]
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Table 2 Controller and regulator parameters

Symbol Description Value
Q Weighting matrix for state [(1) (1)]
R Weighting for input 15,500
A Forgetting factor 0.9995

P Initial covariance 0.1

0 max Max value of squared error 2.0

0 min Minimum value of squared error 0
C Coefficient of monitoring index 100
N Prediction step 10
T Discretization time 0.1
T, Update period 0.1
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Table 3 Reaction time parameter

Case Reaction time
Case 1-1 1 [sec]
Case 1-2 2 [sec]
Case 1-3 3 [sec]
Case 1-4 4 [sec]
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Table 4 Reaction time value

Case Explanation Reaction delayed time
2-1 Older driver average 0.51
2-2 Older driver p+ 30 1.14
2-3 Drowsy driver(w/ rest) 2.78
2-4 Drowsy driver(w/o rest) 3.58
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