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Fault Detection and Diagnosis of CAN-Based Distributed Systems
for Longitudinal Control of All-Terrain Vehicle(ATYV)
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Abstract : This paper presents the fault detection and diagnosis(FDD}) algorithm to enhance reliability of a longitudinal controller for
an autonomous All-Terrain Vehicle(ATV). The FDD is designed to monitor and identify faults which may occur in distributed
hardware used for longitudinal control, e.g., DSPs, CAN, sensors, and actuators. The proposed FDD is an integrated approach of
decentralized and centralized FDD. While the former is processed in a DSP and suitable to detect faults in a single hardware, it is
sensitive to noise and disturbance. On the other hand, the latter is performed via communication and it detects and diagnoses faults
through analyzing concurrent performances of multiple hardware modules, but it is limited to isolate faults specifically in terms of
components in the single hardware. To compensate for disadvantages of each FDD approach, two layered structure including both
decentralized and centralized FDD is proposed and it allows us to make more robust fault detection and more specific fault isolation.
The effectiveness of the proposed method will be validated experimentally.
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NOMENCLATURE
v Longitudinal velocity of ATV
Vies Desired longitudinal velocity
VGps Longitudinal velocity measured by GPS
g Moment of inertia of engine
Sy Moment of inertia of axle and wheel
E, Rolling resistance force
F, Aerodynamic drag force
1% Rolling resistance coefficient
C, Aerodynamic drag coefficient
m Total weight of ATV
T, T, Brake and engine torque
o, ®,  Angular velocity of wheel and engine
R, Effective gear ratio
h Effective wheel radius
a, Angle of throttle and brake control motor

04,0z  Angular velocity of @ and 8
Vi Vi Input DC voltage to throttle and brake motor
1 Iy Input DC current to throttle and brake motor

Ky Back-EMF constant of DC motor

R, Armature resistance of DC motor

ViaVsa  Input DC voltage to throttle and brake motor driver
Dy Input PWM duty ratio of throttle motor driver

D, Output PWM duty ratio of throttle motor driver

Dy, Input PWM duty ratio of brake motor driver

Dy, Output PWM duty ratio of brake motor driver
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Fig. 1. Hardware layout for autonomous ATV.
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Fig. 2. Schematics of data communication among DSPs via CAN.
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Table 1. Hardware set for fault detection and diagnosis.

Processor|  Hardware Target for FDD | Variables for FDD

DC motor Vi
Throttle actuator encoder a

motor driver Dy,

DSP?2 DC motor Vi

Brake

actuator encoder B

motor driver Dy,

Communication CAN AT, ATaps
DSP3 | Speedsensor |wheel speed encoder Dy
DSP6 | Speed sensor GPS VGps
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Table 2. Truth table of residuals for centralized FDD.
A Sy | fo) | fr) | S | Flag
Throttle actuator H H L L | f{a)
Brake actuator H L L | f(5)
Encoder for wheel speed | H L L H | flw,)
GPS L L L H | f(vgrs)
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Table 3. Truth table of fault symptom for Integrated FDD.

Hardware Fault Isolation DFDD CFDD
DC motor FR)=H
Motor dri =
Throttle actuator otor driver FR)=H Ha)=H
Encoder FRs)=H
Throttle actuator FR)=L
DC motor FRy)=H
M i =
Brake actuator otor driver FR)Yy=H AB=H
Encoder F(Rg)=H
Brake actuator FR)=L
Encoder for CAN message FR)=H
wheel speed Hay=H
pe Rotary encoder FR)=L
CAN FRy=H
GPS e %) Sep)=H
GPS FR)=L
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Fig. 6. DFDD for fault in DC motor by increase of inner resistance.
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