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ABSTRACT

Recently, with the development of sensor and communication technology, researchers at home and
abroad have actively conducted research on methodologies for determining maintenance through
diagnosis and prediction techniques by collecting information on the status of equipment or systems.
Based on the status of vehicle parts at this point in time, this study presented a system framework
for making maintenance decisions by predicting the change in vehicle part status to a future date
based on the current state of vehicle parts. In addition, condition diagnosis and predictive data
adjustment was configured through tracking the status of vehicle parts before and after maintenance
activities. We hope that the application of the results of this study will contribute a little to the safety
of citizens using public buses and to the activation of the condition-based maintenance system of

vehicles.
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<Fig. 2> Data—based anomaly detection method
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<Table 2> The configure collection data for battery

index | SoC |Current| V01 V02 Vo3 V04 Vo5 V16 V17 V18 V19 V20
0001 663 |-24405| 17.10 | 1720 | 1720 | 17.10 | 17.10 17.10 | 17.10 | 17.10 | 17.10 | 17.20
0002 66.3 |-24405| 1690 | 1670 | 16.60 | 16.50 | 16.50 17.10 | 17.10 | 17.10 | 17.10 | 17.20
0003 663 |-24405| 17.00 | 1680 | 1680 | 16.70 | 16.60 1650 | 16.50 | 16.50 | 16.50 | 16.80
3291 498 |-25585| 1450 | 1430 | 1400 | 1390 | 13.80 1440 | 1430 | 1440 | 1430 | 14.80
3292 498 |-25585| 1540 | 15.00 | 14.80 | 14.60 | 14.50 1440 | 1430 | 1440 | 1460 | 1520
3293 498 |-25585| 1540 | 1500 | 14.80 | 14.60 | 14.50 1440 | 1430 | 1450 | 14.60 | 15.10

el 5o 43t g2 A i dsS W e £5 ke kel Zbolrt AA Uehal k34t 119
25y &5 o] A Aozt A yehdvia ZHgska, wiEE] 5 Adstel At Hage 2
o1& dv ztal Hojsiginh. AHolE 42k dREEE dV g T8t AAIE HolHE AR F, viE
2] o) AH A, BE A, mAEs A @AClA ARskiT
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olf Ztzte] ez FdS £ty 1 FAFEE A miE Y £F AEHS5FS dV %S o) &8

5 < FAEE AEEE dv el 045V ©]3k 070V ©]3l, 095V ©)3},

12V o3} & 4719 AEl2 TR o) HEEE 12V 23 1709 HElE FR3be] 3203719 dVEOE
e olHE TG

FYsA ) <Fig. 63 2ol dV A5 34 7IEHS 12VE Aol wiEe] 2F ol BAE Y3t
32937 F 524707 AE 88 7S 23 202 YET dV g2 A A, g ol <}
24 5 AFEd Ao weh dAHo R ~uart dAst 4% §E Ve HeE 24T 7
g 7F o] g Adaly] AsiAe A F7] Bt dV #ho] 1.2V 2H3 Fo R FAHAS
& ooz #ad aUt Q) <Fig. 6>9 a YYo= 6577] St dV #kel 1.3V ~ 1.9VE el
O ol%E B AT 7Tl E FAHNSERE wiHE] BF oo ® #ustA] d=th sHARE b FHol
© 71277] &<k dV Fhol 12V o]ake] gro® YFFEoA = YEPUARE tF-E 1.3V ~ 35V 2 FAFHA
o

=
ftl EO‘rN'

S AYsHA - 500A ~ 200A HYE FX5t Y= W b FYol A= -80.0A ~ 150.0A HLZ =g
% 3}Zo] u]$- AstA YElh
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<Fig. 6> The performance allowable range for dV

FH el A= gt dolElet Z47te] AElsEE dEdelHE o83l dHole 7|k sy BAS
Fegitt, Aoy dolEe AATCE FREHE MEL tolEE tjilsly] 3] AgulolElolA AALE
2 207 vlolHY =4 AEE dHolHE 7Pg3t 1, 42+e] delsad ddulolE= 10071 HolE 4 ¢
o2 FEIHTh a3 A@E o83 HE FAS B4E Fst Ha FAE e e AT
HEdolEl7F &8 Fel S-S ATt dole o] FElEE o2 MDAt <Table 3> ] kS 913
e WA FAE £4 Adfolth F 165719 HTthd HlolE = AdElle] 537, AEl2rt 5271, AEl3o] 237,
El47} 1471, AJEiS7E 2370 082 g it
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<Table 3> The result of data-based matching

Diagnostic Target Data Pattern Data by State Grade
(index) State 1 State 2 State 3 State 4 State 5 Current State
1 0.866025 0.984886 1.670329 2.84605 5.9279 1
2 1.780449 1.363818 1.363818 2.289105 5.106858 2
3 0.67082 0.4 1.349074 2.495997 4.988988 2
Similarity
141 3.667424 2.758623 1.920937 1.004988 2.808914
142 7.031358 6.166036 5.005996 3.977436 1.555635
143 9.569744 8.71493 7.664203 6.542935 3.487119

<Table 4> The result of data-based matching for precision verification

. . Pattern Data by State Grade(State Diagnosis Count/Total Number of Actions)
Diagnostic Target Data

State 1 State 2 State 3 State 4 State 5
State 1 100/100 0/100 0/100 0/100 0/100
State 2 1/100 96/100 3/100 0/100 0/100
State 3 0/100 0/100 100/100 0/100 0/100
State 4 0/100 0/100 0/100 92/100 8/100
State 5 0/100 0/100 0/100 0/100 100/100

| ¢58 JAdid dolg oM deieEEE sty
Ho|Z FEste] oy 7k dE v

Ak ) , Z+7} SER=RS i

FHAT o] AHE FHTEEE 1003] BHESIG oW T A= <Table 4>9F 23Utk AEI1] 75 100
A% 10074S gnt2A st on, Ae2el 749 967, AEi3e] A 1004, del4e] A5 927, AEl59
A5 10074S 7442 nlEA Adsth 28y A2 It dlolEle] Aol 1Ae Az Jdsla,
3L AH3oE et on, Adej4 At wole o] 9ol 8dE AEsE ke o1 Atz A

SHATh A4 AEIE o4k AEE & B Ausks Zol telAe SaelEe] nee] Wag Frol,

3) def o5 A
W2 $Eo) oie Gsimd F22 Fa v Aol oe 32 Fasl] SaAE A7 A%

fez]
dolg w37 F5 8 g 2 fAEs SFdS, s, ol A3 Fof et ol ol g
& Fu3kal glojopwt 7hssitt

R
i

(a) (b) (@

ST S2  S3 S4 S5 ST 82 S3 sS4 S5 ST 82 S3 sS4 S5
S1 | 075 0.24 0.02 0.00 0.00 S1 | 1.00 0.00 0.00 0.00 0.00 S1 | 1.00 0.00 0.00 0.00 0.00
S2 | 023 060 013 004 0.00 S2 | 090 010 0.00 0.00 0.00 S2 | 1.00 0.00 0.00 0.00 0.00
S3 | 009 026 052 013 0.00 S3 | 010 085 0.05 0.00 0.00 S3 || 1.00 0.00 000 000 000

S4 | 0.00 013 020 047 0.20 S4 |1 0.00 000 031 069 0.00 S4 | 1.00 0.00 0.00 0.00 0.00
s5 | 0.00 000 000 013 087 55 | .00 000 0.00 000 1.00 55 | 100 000 000 0.00 0.00

<Fig. 7> The state transition probability matrix by maintenance activity
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A7 e 2T Aol ARSSE 1657019] Tt HolEe] AdE Je AHE 7|F0E A7 T AH
o] AE o] 83| <Fig. 7>3 22 ) HolgEWE S TEI0TE &, Wt diojee] e It AdE
71Zo2 A3 Fo wiEe] 2F AHE vt deolrt e A, dlT 84l 15 Hdhs WAoE
sketo] e MolREgd S o}, o5 o] &3l 7 3 TR o] AT F3 tin] ZF Q49| HlE-S
ALt <Fig. 7>¢] @< 22 P8 fr=2 ]Ef‘r ol mE e HolgERE S
Feo} nA fFARS S wE FEH dolFdEPES =T F §lolA 0), (0

<Fig. 7>% Z& "3, &, 18 FARST S5l wE Je) Ho|gdEh D 217e e 4% A
ARV 4 B d3lrd F25 5 el el dS5e] hesith A7) ded A% FAA
S 1~ 4 THTMA 22} 144, 143, t+2, t+12 7P <Fig. 8>3 2L IS FESIATE 2P S 2
AL 713e] +22012kaL & o, FAH@OS 71ESE +7 AFH SH S37} HAS o, FE FART
G5o= A A 28 Ho|HATI} t+12 A e 47t HAE o, w 5 5
Al ZdE Stol it &, fARESF EF glo] 1422 AF7A Aol fAHI JUth
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Fig. 8 The deterioration elevation by interfere

4 RR=T 2N M
FARSF 23 4GS 5 ALY 712, Belg, HUSFE GBS BF 0, ALY 717 v
ANSTE AEANE Ao A ) A5 PN £ET FABS FF) mE Y8 HolREYIS
HEo] Wdstel AU 1ARE AR GFASE PPOR AAHoIAS A ARG BEE

FAEHEE <Table 5> 20| T3 T

<Table 5> The result of maintenance priority

. Maintenance Actions
C;f::’em M;’i;‘;’m Priority 1 Priority 2 Priority 3
Action Cost LCC Action Cost LCC Action Cost LCC
2 3 2 8.5853652 | 8.5732452 3 60 60.464645 1 0 0
2 3 2 8.6658301 | 8.7337792 3 60 60.539471 1 0 0
3 4 2 23.462417 | 23.896854 3 60 60.497939 1 0 0
3 4 1 0 0 2 23.623670 | 24.967230 3 60 60.573686
3 4 2 23.501544 | 23.637553 3 60 60.465575 1 0 0
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uLIl
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5) &gl Zot
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