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Development of Vehicle Longitudinal Controller Fault Detection
Algorithm based on Driving Data for Autonomous Vehicle
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ABSTRACT

This paper suggests an algorithm for detecting fault of longitudinal controller in autonomous vehicles.
Guaranteeing safety in fault situation is essential because electronic devices in vehicle are dependent each
other. Several methods like alarm to driver, ceding control to driver, and emergency stop are considered to
cope with fault. This research investigates the fault monitoring process in fail—safe system, for controller
which is responsible for accelerating and decelerating control in vehicle. Residual is computed using desired
acceleration control command and actual acceleration, and detection of its abnormal increase leads to the
decision that system has fault. Before computing residual for controller, health monitoring process of
acceleration signal is performed using hardware and analytic redundancy. In fault monitoring process for
controller, a process model which is fitted using driving data is considered to improve the performance. This
algorithm is simulated via MATLAB tool to verify performance.
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Fig. 1 Outline of vehicle longitudinal controller fault detection algorithm
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Table 1 Standard deviation of acceleration signal noise

(m/s?)

a, 4os =0.5m/5" | a, 4., =1.0m/s* | a, ;. =15m/s*

Chasmg 0.0357 0.0466 0.0655
Acceleration

GPS - 0.1297 0.1043 0.1501
Acceleration

Estlmate_d 0.1635 0.2010 0.2828
Acceleration
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Table 2 Configuration of residuals and thresholds

Residuals Sensors Involved Thresholds
Chassis
71 = | Gy hassis — @mrs| | accelerometer, GPS | 44/07+ 03
accelerometer
GPS accelerometer,
Ty = | @y gps— @y esti] Yaw—rate sensor, 4/o3+ 03
Wheel speed sensor
Chassis
Wheel speed sensor
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Fig. 2 Fault detection of vehicle longitudinal controller
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Fig. 3 Simulation result of acceleration signal fault detection
algorithm. (a) Measurement and estimates of acceleration
(b) Residuals (r,, r,, r;) and thresholds (c) Fault
detection result
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Fig. 4 Simulation result of vehicle longitudinal controller
fault detection algorithm. (a) Desired acceleration
(b) Measured acceleration and process model output
acceleration (c) Residual (r,,,,..,) and threshold
(d) Fault detection result
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Fig. 5 Simulation result of vehicle longitudinal controller
fault detection algorithm — comparison with algorithm
without process model (a) Desired acceleration and
measured acceleration (b) Residual with process
model (c) Residual without process model
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