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[Abstract]

If there is a defect in the wheel bearing, which is a major part of the car, it can cause problems
such as traffic accidents. In order to solve this problem, big data is collected and monitoring is
conducted to provide early information on the presence or absence of wheel bearing failure and type of
failure through predictive diagnosis and management technology. System development is needed.

In this paper, to implement such an intelligent wheel hub bearing maintenance system, we develop
an embedded system equipped with sensors for monitoring reliability and soundness and algorithms for
predictive diagnosis. The algorithm used acquires vibration signals from acceleration sensors installed in
wheel bearings and can predict and diagnose failures through big data technology through signal
processing techniques, fault frequency analysis, and health characteristic parameter definition. The
implemented algorithm applies a stable signal extraction algorithm that can minimize vibration frequency
components and maximize vibration components occurring in wheel bearings. In noise removal using a
filter, an artificial intelligence-based soundness extraction algorithm is applied, and FFT is applied. The
fault frequency was analyzed and the fault was diagnosed by extracting fault characteristic factors. The

performance target of this system was over 12,800 ODR, and the target was met through test results.

» Key words: Autonomous vehicle, Intelligent vehicle monitoring, Wheel bearing failure diagnostic
module, Fault diagnosis prediction algorithm, analysis, Vibration analysis
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I. Introduction
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II. Preliminaries
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III. Intelligent wheel hub bearing
system design

1. Considerations when designing wheel

bearing systems

2 =wollde Akg 298 Al 2 AOREZE 59 2 )
ol Al53 Y] AlAH 1S Slsll A15F 2 H|oiFY]
Al 2 5140 thgt RUEIYE AN 2 o5 AiTtet
g n2i50] YAIE YU = A AR Jpelec). 5,
2 Hold Y §8 2 A =3 dlole £4 HolHE
2SR5 R glolg] A4S 95t AlA BES Jfdst=
o CAN, SPI 54lo] 7}5%t A8 MICOMS AAsto]
ol25 A7staL PCB AlAF 2 4], EMI, ESDo]| tf-3-
stol wlojedoll AbR 7153t 4% RES FPslRICH1l]

E3t, 1A ATS 9Jgh AT Shego] AlAR) A
< YHdE 2=A 9 CAN, SPL GPIO 5 tfet &4l

rlr



Development of smart car intelligent wheel hub bearing embedded system using predictive diagnosis algorithm 3

ZE AFo] 7hseh CPUS A3t =g Ad7Alsto]
PCB AAf 8l t#7dS &3l EMI, ESDo] o g ottt &

=2
HofR) 0 AT % Al5S oY YnE e A

a

o 9ES slo] @ v
dne]5s Jigsta PC, EVMEE, EFIEE

O.

i
ofm d
ol
p——1
N
L
12 oy
g o
Ir
>
o
)

a2 4

=

A8 I153 AE s
ALEAL BES AR3to] AE A

Zict.

rlot

r oX

oo ok
A

=~
o]l

oL

o

oXx
o
o
o>

)
>~

2. Sensor module design and development
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Table 1. Sensor data module data analysis for
vibration data transmission

Module Item Specification Detail
CPU 300Mhz (Min. Sensor data,
120MHz) CAN
256KB 0S, Cor.ltro.l,
Program Communication
Sensor Memory 0S, Control,
Module 1A Communication
2MB (Min.
RAM (25600(0DR) = Sensor Data
6(3Ax.*2Byte) processing
* bsec.

2.1 Sensor module concept design
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Fig. 1. Sensor internal function diagram
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2.2 Selection of core algorithms based on vehicle
operation data
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2.3 Data collection and evaluation of applicability
of low-cost MEMS sensors
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3. Development of core algorithm for wheel
bearing failure diagnosis
3.1 Development of wheel bearing vibration
monitoring system
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3.2 Intelligent wheel bearing failure prediction
diagnosis algorithm
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Fig. 7. Intelligent wheel bearing failure prediction
diagnosis algorithm

3.3 Algorithm Testing
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IV. Development and optimization of fault
diagnosis algorithm module

1. Wheel bearing failure diagnostic module
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2. Performance test configuration diagram
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Table 2. Test result

Sample #1 #2 #3 #4 #5
number

Test result

(count of 2617 2619 2619 2605 2627
data)
o Fig. 156 Al Al® d&olil Fig. 16&

PCAN-view 78X} s}Ho|ct.

Fig. 15. Test using equipment
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V. Conclusions
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