12872

EHIANRAT
(ARAERK  EARBBT  F2EXZEY > XERTIHFIRE)

M PHER 5SS
X P8 9 9 v XIPC 58 :Qlob 1Y 00;/5/08/
— ~BRLRE  (F/EX)

HERIETRBE A ARE ik

INTELLIGENT ENGINE NOISE DIAGNOSTIC SYSTEM AND

DIAGNOSTIC METHOD THEREOF

ZNHFAI(RTA)

WMALERLMSE (PX/HEX)
3 % i A2/ NATIONAL CHIAO TUNG UNIVERSITY

REA(Px/#X) (%£F) 5k#% 2/ CHANG CHUN-YEN

RSB EMME : (PX/HEX)
300 4 K2 1001 3%
No. 1001 Dasyue Road, Hsinchu, Taiwan, R.O.C.

B #:(Px/3%x) PERBA/TW

F 3 03-5131443 £ 1 : 03-5131441
SEBHHA (%3 A)

oA (FX/EX)
& 89 &/ BAI MINGSIAN R
& % &/ CHEN MENG-CHUN
23238 /WU JIAN-DA

1]

B #:(Fxx/#X)
PR E/TW
3% R E/TW
iR EH/TW




1287216

W FHFR
BEEZ ST TYERENY £ gl EECINE EE TR ES S BF
FRHELAMAE: £ A B
(] ###eaTHARE GLE) ¥#E4
[#XEk: 2EBRAR (BE) - PH0 - PHER EAER]
(] AxmEAHEE—+ChE—ARRELH

[] sxmEMEE -+ chE—RRRELHM
(] 2 EAEE Ak E—ABNELH
[#X#H&: ¥3H0 - $HER EFER]
HES 2 LEY B XX e
(] AHmsmprs
AR aypi [HXHKR: Faa48 88 HRA RFER]

RshEdpptdt [#XHK: FHEEAR K& B8 - 7B EFER]

(] RAFA MR -
# B BRI Y B B Aot f AR RAFHE -



1287216

B PXBAFE

—HE BRI ELT AWM ARARRE ST E AR —RRFEURE
BN EETAK A —HHMBREEZBINERELIAR
MR B ARESMLE  EAHA - FEAIBEERREIHBH
SEBBTIBUEALAABEDHER  IABSEHERBRFN —
BMEEEL  HPHMLBOEABRLIBH  HREIFHUAR
Gt Lz H# BRASHERFENSBRMAER A KB & P E I
EHERE -

N EXFEAFER

An intelligent engine noise diagnostic system and the diagnostic
method thereof are disclosed herein. A signal-receiving device is
utilized to receive an engine signal, and a plurality of feature
parameters can be extracted from the engine signal by a
feature-extracting device. And then these feature parameters can be
‘ classified into one of a plurality of diagnostic results by an
intelligent-classifying device. Finally, the diagnostic result is shown
in an output device. These feature parameters aforementioned can
be classified into three types: frequency-domain features,
time-domain features, and statistical features, and multiple
intelligent-classifying technologies can be utilized to effectively and

automatically diagnose the fault type of the engine.
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Networks algorithm) 2 & #& & & T &k # & (Hidden Markov
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50 .3 — B #1& A & 1 ®@ (graphical user interface, GUD) & &
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BELERA A—FTHRBA T ABEROERLIHZHERD
SR A AR LZIHEM —HFREZIHEBRR ST LH
Mo ATHRBEXIHUGHAAFEINER T AR I A ELE
## # (Short Time Fourier Transform, STFT)4% % ; M B 3K 2 45 #
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E 40 2 A7 » EMb(normalized) T L H B 5 #H P -1 2 1 &
enX—FwhplT LAFER>BEKE 40 PAERAR
¥ 4% 48 3% 0% B %k (Artificial Neural Networks algorithm) ~ 4% #g 35
7 4% 48 35 3 & 7% (Fuzzy Neural Networks algorithm) ~ £ i # &
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¥ & (Hidden Markov Models algorithm)$2 sA £ £ b 42 — & B '
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# 7+t #£F & (timbral) & 48 3% (spectral) 7 & 69 # i F > 4b 17
THEREBRANEHE LR RATET=EAHENnOHLT
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T 48 8 (frequency domain) 2 & BF 3% (time domain) b & 45 #L - &
b2 s > R4 JE MPEG-7 4  FXHERF & o K A3 B
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. Z o {5 4o 48 M A 4& 4% #% (Linear Predictive Coding, LPC)F 7% &,
M B S8 % B 48 # 14 B (Mel-scale Frequency Cepstral
Coefficients, MECC)F 74 £4F ; M L A rF s L 2 4% » £ 1%
FAGENER T AN EZLRABEZL  fllotEBE R
(zero-crossing rate, ZCR) ; % > 43t L Z #H#MGHA — &3t F
B EAFZ 0 R P 4 ik &5 B E A ey 1k & 14 (Skewness)
g% fE 48 (Kurtosis) » Bl gt > RNt THH F > A T+ ALEH
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1287216

Frequency Cepstral Coefficients, MFCC) ~ # & (loudness) »
% (pitch) ~ & 48 B (autocorrelation) ~ F M IEH F v ( Audio
Spectrum Centroid ) ~ ¥ M4 # & TR ey &£ K ( Audio
Spectrum Spread ) ~ ¥ M A # F 32 £ B ( Audio Spectrum
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s & > ( Harmonic Spectral Centroid )~ 3 ¥ 48 3¢ 4% # ( Harmonic
Spectral Deviation) ~ 3# & #A3% v & £ oy £ & ( Harmonic
Spectral Spread ) & 3% & #8 # % £ ( Harmonic Spectral
Variation ) ; B3k L 2 S & #F H & B £ /) (log attack
. time )~ # 48 € v ( Temporal Centroid ) & i& % % ( Zero Crossing
Rate); M &3t L2 @& A 74 &E (skewness) RE K@
(kurtosis) #3tH - £ F » EREBBMBMER Y AT R £ 44
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2 KB 1 KBV EETRSE 24 0 £ PHBASRLE
Z AR R A B S AR X 45 54 3 ¥ 48 4% (Short Time
Fourier Transform, STFT)4F % -

3k RE 1 HEXIKFERFINETASEH 24 AP HFRLE
Z 5 #A A R 3T R 5 B R TR g W (waveform)iF 2 -

4o kA 1 mEXIEERNINETRSE 24 EP3aktx
B A A — Gt kst RS ERTRRSZ

S5 RAE 1 AEZFBANETRLE AL RE&S— AR
® MAEEEAZBUBEREERZFEN P HEERE -

6.k KE 1 HEXIFERINETRSE 24 EPZFER
N EE T 64544 A A& W% HE E k (Artificial Neural Networks
algorithm) ~ 4% #3 %8 4% 4& 48 3% /% B /% (Fuzzy Neural Networks algorithm) ~ &
3 #R & 7 B (Nearest Neighbor Rule algorithm) ~ [& & X, & 7T A A )% &/,
(Hidden Markov Models algorithm)$2 A + £ Vi —F k2 @4 -
ThoE KRB 1 AEXIRFENINETRIH AL AT HRBEEE
&,4— B #4& A £ 1 @ (graphical user interface, GUI)# § -
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Fourier Transform, STFT)4§ X -
12403 KA 11 EZXHERAFNETRSEF & K ¥R
Pz Mmas THEMBERYE ' G MIEHHSH (Linear
Predictive Coding, LPC )~ # # 18 48 3 1% #t ( Mel-scale Frequency
Cepstral Coefficients, MFCC ) ~ # & (loudness) >~ & & ( pitch) »
B #8 B ( autocorrelation ) ~ F 3 A % £ v ( Audio Spectrum
Centroid ) ~ ¥ A B E v r T £ E (Audio Spectrum
. Spread) ~ ¥ 4A % T2 £ & (Audio Spectrum Flatness) ~ & #
38 3£ i% 3t ( Audio Spectrum Envelope )~ 3% % 48 3% & v ( Harmonic
Spectral Centroid ) ~ 2% % #8 #% 4% £ ( Harmonic Spectral
Deviation ) ~ 3% ¥ 48 3% £ < & T % £ E ( Harmonic Spectral
Spread) AR # & Ja# % & ( Harmonic Spectral Variation) °
1343 KA 10 EXH BRI EET RSB F ik > £ P RFR
Lz B A A E R ERERRIAMEZ
14403 KRR 13 i H RV EFT RSB F & 0 £ 7 HFR
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time )~ # 48 €~ ( Temporal Centroid) & i& & % ( Zero Crossing
Rate ) o

1540 K78 10 i 2 H B AN EFTAIW % > X v A&t
b2 B AR A — G R B3R R AR

1640 K3E 15 REXFERINETRSE H & B P&t
F koA E %G EEERR XK EE (Skewness) 2 & B &
(Kurtosis) °

1740 % K8 10 XK BHINETRAIEH T Z > ZyaLH
% # 84 MPEG-7 2 % 3 # it + (audio feature descriptor) o
® 1840 KA 10 X H B A EFT ALY T % > X ¥ ol
B AHAT  PAAERICTEHHMEH -

199 KA N0 HEXHBHINETRSE S AP AFER
MRS B EESEE L BMBENEERRE L REMEER]
EHRABTAEANEE SRR LE VM E—FE iz @b -

20403 KA 10 X H BRI ELTRASEH x> Ry AR E
HByfEEzas—BERINKRTHE-

21k KA 20 2 FEAHINETRSE T BT REH
VST HBOLBIBLERNE A -

® 2. kAE 10 X FEHINETRSE & - £+ 5P H
R ZEEMEHBL T L OHRGZLEHEBRSIHTE
BRI oA e R R D R 4F M E R (feature space) &) 4 B
(dimension) °

2k kA 22 mEIBEHINETRSEH T AP LHR
MBI LEBEB LA TERIA AN IFTEL LB FATEE
B (sequential forward selection, SFS)7 7% -

2040 KRB 22 2 HERNETRSE ik Ky D H
B e g E 2N k64 X m M » # (principle component
analysis, PCA)7% /% o
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