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Abstract

Current quality inspection of automotive sunroofs heavily relies on human
experience, tactile feedback, or visual judgment, which are easily affected by subjective
factors and lack consistency and objectivity. To improve detection precision, this study
proposes a signal-processing-based anomaly detection method. The approach
establishes an objective and reliable acoustic anomaly index and realizes an automated
inspection workflow.

The audio signals analyzed in this study were labeled and provided by the
cooperating manufacturer. According to their inspection procedure, sunroof operation
is divided into four phases: (1) horizontal movement from fully closed to fully open,
(2) returning from open to closed, (3) tilting up from the closed position to a ventilation
position, and (4) returning from ventilation to fully closed. All abnormal sounds in this
study occurred during the first phase. This phase can be further segmented into four
time intervals: NG1 and NG2 are associated with poor fitting between sliders and guide
rails in intervals 1 and 2; NG3 arises from spring misalignment in interval 3; NG4
results from wind deflector rebound in interval 4; and NGS5 spans all intervals, caused
by rope friction.

Three time—frequency analysis methods are compared: short-time Fourier
transform(STFT), Mel spectrogram, and Mel-Frequency Cepstral Coefficients
(MFCC). Since anomalies typically exhibit increased signal energy, both the STFT
power spectrogram and Mel spectrogram reveal bright bands corresponding to these
events. The STFT power spectrogram provides clearer visual features and is therefore
adopted in this study for analyzing the five types of anomalies.

To identify the characteristic frequency bands of each type of anomaly, STFT

power spectrograms of the loudest samples were observed to locate bright bands. Then,
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bandpass filters were designed based on the characteristic frequency bands and applied
to the audio signals. After auditory confirmation by quality assurance engineers, these
bands were verified to represent the target anomalies. The filtered signals were used to
construct energy envelopes for estimating anomaly durations. A sliding window, set to
the estimated anomaly length, was applied to the time-domain signal to compute the
energy within the characteristic band for each window. The window with maximum
energy was defined to contain the anomaly, and this energy was defined as the anomaly
index.

After computing the anomaly index across all signals, a clear distinction between
normal (OK) and abnormal (NG) signals was observed. Two thresholding strategies
were employed: (1) the minimum anomaly index among NG signals, ensuring no NG
is misclassified as OK; and (2) the maximum anomaly index among OK signals,
ensuring no OK is misclassified as NG. Using the first threshold, classification
accuracies for NG1-NG5 were 97.7%, 97.3%, 98.0%, 100%, and 100%, respectively;
with the second threshold, the accuracies reached 99.2%, 94.9%, 98.4%, 100%, and
100%. These results confirm the effectiveness of the proposed anomaly index.

Since the initial characteristic bands were determined manually, this study further
develops a systematic approach to automatically search for optimal frequency bands,
considering both classification accuracy and robustness. The optimized bands yielded
improved accuracies: 100%, 96.9%, 100%, 100%, and 100% (first threshold), and
100%, 99.6%, 100%, 100%, and 100% (second threshold). The results demonstrate
enhanced detection performance.

Finally, a generalization test was conducted using signals from different sunroof
models. Misclassification occurred due to model-specific differences in anomaly
frequency bands, suggesting that the proposed method must be re-applied for each

model. Nevertheless, for a given sunroof type, the method effectively distinguishes OK
VI
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and NG signals. In practical applications, the proposed technique can be developed into
an automated detection system to assist quality assurance engineers and generate

diverse anomaly samples as training data for quality control personnel.

Keywords: automotive electric sunroof, quality control, signal processing, time—

frequency analysis, anomalous sound detection.
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!

WAVE File

B 2-3 2 PREUELIAZR]
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2-2-2 b EE
FRA ARG LA P AR PR AR PR o AR E

o oA B E 0 A kPR Foandk i i 32 (Transducer Principle) #-4% % it

He iR FMEL > (S 2 ML AT 4 4T o
AT * T %% # 5k (Condenser Microphone) > i d 3= %22 B % % &5 =2
F2ZRF o RFULIIRA L2 FE A A2 ) R B R H I RE LT

FEH(d)e g ARTFECO)AZ FM > 4082 FAEHFBREITAR - F54A

FOALMO REEFHARDETLR -
ed A
C—gocg (2-1)

FP O CHETFERZR) e AT FB(E 2 R/ AL HERFRKZL 5

(B 2% 2 )0 d 5 48908 B 2% 44 2 BERR(E 2 @) o

RHETFAEALES S TRAF  THOLTFCEAPLM B T3
2N R EA0N(2-2)
O=CxV 2-2)

FY LR REEER) QLT RECREE) VETRE R

(2-3)

FP O ACLENEHI A EFERES AR T ERCHE 2R AQL T

G.R.A.S.Sound & Vibration %+ % & £ %F R E X G RF - AF7 1 T *

DPird A2 3R pd FHRFNE b 0 A5 GRA.S. Sound & Vibration
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1/2" Prepolarized Free Field Microphone 40AE - Serial NO. 82179 - 3f {& it
(Prepolarized) % 7 % 5. b 4%k &2 F § 4 Lm0 3 RHIRE KA 0 EF
bk B2z THITTET pd 3 S (FreeField) & su b % 3R HE - Rk
2B P ERIPFE R Tih g REEN R R RS ik o

Hobp 5 B 5 £2dB $HEHA 5 45 ] 3.15 Hz-20 kHz ~ + 1dB $F /& AR & 42 /] 12.5

Hz-10kHz > 4r@ 2-6 = ¥ 5 b % T 4B 2-6 > & /=5 1/2" -

?13.2

16.3

@12

Thread
12.70-60 UNS-2

L 15
— Inner thread

B12.7 11.70-60 UNS-2

B 2-6 & 5k %~ (mm)

% 5o b 223k 2 kB S ¥c(Reference conditions) & » # X (Celcius)23 A - 4p %%
& (Relative humidity)50% > # /& (Barometric pressure) = 101.3kPa > - ~ 5 /& -

Frh Y RACE 2-7 0 F b Rpedok 2-1 0
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Hz

n
v
o
\

Decibels re. level at 25(
n
-

N

-15

10Hz 100Hz 1kHz 10kHz 100kHz

Bl2-7 FdRLAd FHE R THRLIRS B R AFER -
(KR D ASHRP F)

Z2-1 RENEF R RE

Specifications FE/RP
Nominal Open Circuit Sensitivity 50 mV/Pa (at 250 Hz)
Frequency Response +2dB, 3.15 Hz ~ 20 kHz

+1dB, 12.5 Hz ~ 10 kHz

Polarization Voltage Preamplifier Type , 0 V
Upper Limit of Dynamic Range 146 dB re. 20 pPa

3% Distortion

Lower Limit of Dynamic Range 14 dB re. 20 pPa

Thermal noise

Nominal Cartridge Capacitance 20pF
Polarized
Resonance Frequency 14 kHz

90° Phase shift

Effective Front Volume 50 mm?3

12
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Nominal at 250Hz
Static Pressure Coefficient -0.008 dB/kPa
250Hz at 25°C
Sensitivity vs Variation in Temperature 62 dB re. 20 uPa
Equiv. SPL for 1 m/s? perpendicular to diaphragm
Temperature Range -40 to +150°C
Mean Temperature Coefficient -0.01 dB/°C
-10 to +50°C
IEC 1094-12 Type Designation WS2F
Length with Protection Grid 16.2 mm
Diamater with Protection Grid 13.2 mm
Diamater without Protection Grid 12.7 mm
Thread Protection Grid 12.7 mm 60 UNS
Thread Preamplifier 11.7 mm 60 UNS
Weight 9¢

(FH KM AR F)

13
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223 HE %A E

TENE LR TR B R IELAR Y M3l 0 BT BB o

I3

k- R S

PR T BRI AR E AT AT S R B B R B R AR

Y

NLERET B UREEIL I AL DE RS FHO A S bR U2
7 #74 A& 1 CCP (Constant Current Powered) Preamplifier Type 26CA, Serial No.
74864 5 4rRl 2-8 0 M AT E A BHE AT R nF b L A DT RE

FRFERE SRSy > B Aok 2220
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Specifications BiE /P
Frequency Range 2 Hz - 100 kHz
(0.2 dB) (cable load 4.7nF)
Input Impedance 20 GQ, 0.4 pF
Output Impedance <50Q
(Cs =20 pF, =1000 Hz)
Output Voltage Swing +8V
(peak)
Noise A- weighted: <2.5uV

(measured with 20 pF '4" dummy mic.)

Linear (20 Hz - 20 kHz): <6 pV

Attenuation Typical -0.25 dB
Power Supply 2 - 20 mA (4 mA typical)
Temperature Operation: -30°C to + 60°C

Storage: -30°C to + 80°C

Relative Humidity

Operation: 0 - 90%

Storage: 0 - 95%

Dimensions

Diameter: 12.7 mm (0.5")
Length: 73 mm (2.85")

Weight: 27 g (0.95 0z)

15
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ae

-
2-2-4 FRRE B
% 5. b % ¢ (Sensitivity) T_& 7
PR FARREELRYPFR A Z R > FNAFIERTEED  RR® AR

I ER

b

FEF@HITRALE
*EF 2 F RRE B 5 Larson Davis Model CAL200 > 48] 2-9 o A& & ¥ 1Y
& 4 B % 1000Hz 45 > #ij 41 94dB(1 Pa) ~ 114dB(10Pa)2 B % /& » d 3% 24 7

50 94dB %3¢ 1 bagi+ (Pa)c B 4 > 114dB 4 %+ 10 tagi+ (Pa)cr/B 4 o

P
L, =20log,, (P_) (2-4)
ref

F¢ s PAER R iPa) B, A B K7 E 5 20x10°Pa 0 ALy, b

#R B (8 :dB) -

NF LR RERNTREY,, o deat 250 A BAFR L PR FRRE E

T
%F
"
(]
3
It
&
e
sk
(!1 -
==
=
3
(\x
B
TL
&=

AR FHETEZLERRS, c THEF

V |4
polr _ e 2.5
. S, 22
S, =V S
ix = ix_‘ 2-
= Vs v, (2-6)

KNP PLF AR BAS ERE :Pa)y S, S EEFARE =V /Pa)
Spm F2E$ b 2 GARME 2V /Pa) V, S RFHNTRAE D)V

B F Lk 2 R )
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2-2-5 ?‘ HiEe =

FERLEIEFL D E A B o RERERZAFTREL fj*“
HAHEV B o e 5T B BLR % Y4 National Instruments #7% % 2. LabVIEW -~
R ZAE* TR BLAJE 2. Matlab & 88 0 AT F £ * National Instruments 2.
A & NI-9239 » 4] 2-10 -

BRE Y T ORAELE ~ 5 B g i B w0 (Analog-to-Digital Converter, ADC) »
FELE N TRER FRTEA R RSB R R K E (Overvoltage
Protection) » & »* {s =8 4 F 2x + B (Amplifier) » Jg & B (Prefilter){s » #n 5Lig 5

Byl >R E it e E 4 4@ 2-11 -

Overvoltage —\ :
Protection < ADC .
Amplifier Prefilter .

NI 9239

W 2-11 NI-9239 i
(FA KR & *HRME)
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2-2-6 R+

Bt R s B TR E - A7 % PCB Pizotronics #T4 & 2

Bl 2-12 Model 070A02
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23 X FFERAE

AT HEI LR AFTHARR R FLALER AT AS: A %o
4o @] 2-13 -
2-3-1 % § 6 1E

X % 2w Fd ¥ & B 5 Close-Open ~ Open-Close ~ Close-Tilt ~ Tilt-Close » &
BFRAZXTHABIMP KT BT Bl ~d BEEE KT B w 3
FoMPREIIIER 2 AR R rIIMPFRLE - 5% T B RE
BEFFLE > PEFEFE o FEILFHEF o Close fk fi 2 9712 23 jf e
B T8 TE T 2k T F]pt Close ik i 73 - M & 0 4r[B] 2-14 ¢ Close 2
=% -

Close-Open # (¥3& (7 pFfF ) 6 §; » ¥ » fi2 5 Close & Open > 4-§] 2-15 - %
- % Close» A8 TR PR A FTEI KT ER it » TR T RGN
AR R e B FR AR BB e PEE B FIFRUES 0 5 2

» Open> ptpErifd SR HPBRIFEEKIHE > 3§ o8-k HE D

F_&

B o 35 b %F%%r} SEEFIFH e P iFdH @ (S B ECX § -Open-Close 5 Close-
Open 2_4p & # 1% » 4[] 2-16 -
Close-Tilt # (38 FPER X 1 §) > 4oB 2-17 - 2 & (T BB PR G2 X § w

HdeH o T Bd Close # % T & (7 3 /LA =4 - Tilt-Close 5 Close-Tilt 2 4p

F 5 it o 4o 2-18 -
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(a) TF-FECHR)

(b) #lAR 8]
W 2-13 % § 827 L F ¢ (a)FmcH 5 (b)RRF

B 2-14 < § #1757 L R
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@l 2-15 Close-Open # ¥

Open # %

B 2-16 Open-Close # i
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B 2-17 Close-Tilt # i®

a‘\

Tilt #

B 2-18 Tilt-Close # i®
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232 THE

AFHRER Y PR ORT RS FERE G T B RR 0 F
éfv %: E:’]ri’p@‘@l‘%""\’EJ%;?FNOI1°’}§§T#ﬁ”|?4\;mlﬁﬁ—"?’

4 %] & Close-Open(f§ #i= C-O) ~ Open-Close( # #= O-C) ~ Close-Tilt(f§ #- C-T)%
Tilt-Close(f§ #£ T-C)e % T > e 3 & & (8¢ 1 ¥ (OK)&Z & ¥ (NG = § i
Tl & BRITIHTRE R ARG TR AR e iy b CO B
Tl R TEPBHERAINFR G L RAFHRE A L5 NGl & Ap it
RaepfEeld OKlebldr %7 £ % FH 2249 % 7 50 & C-O #7113 NG3
1R F o Bl C-O NG3 NOS-5 5 88 o

X FHREEG S8EL MBI T O HRE L 406 L F 0 R FE XL KAPE
T FIL MBS S 2550 A A B S BB A T A B F AL AN
Lheders B AR R L g0 U NGLE ] NGLE F 0 4cs 18 & f fr i

WA gk 237 £ ek 23

# 2-3  Close-Open # i¥2. NGI~NG5 % 4 B ¥ # 2 %52 & ¥ % A dc

HARE 2R GRS BamE
NG1 | 1,5-1, 11, 56-1, 56-2, 57-1 18
NG2 | 1,4-2~7,5,6,7, 10, 11, 13, 23, 24, 26, 27, 29-2~7, 31-2~7, 50, 51, 53, 54, 56, 57 144
NG3 | 16-1,17-1, 24-1, 25-1 4
NG4 |5,13 14
NG5 | 6,9 14
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233 A TR EF ek

it FRARPEERT R EL LA AGF AR omEME ARG 2

T
ml4

>
o

x ARk d 2% R 6§ R R R G SR Ry F RS
e mi o e AE 2 EATREZ X T2 > WA Close-Open # i 1172
FoHB X FTHITLTENRE S 0 FW A T 44 Close-Open # iT:8 {7 4 47 o
1995 5 R 3 2. Close-Open £ 4 £ Flie 44 404 2-4 > = NG6~10 5 #h 3wk

FONET R AT o

424 B3 KTk

REER AERE EEEEMY

NG1 B LSRR R Ay %
NG2 TR LS 2 B R A RS %
NG3 5% 3 R A 4F AR E %
NG4 1% B AR =1 38 L #
NGS5 PR E BEE i
NG6 s8R 6 BARE) &

NG7 IhERR A B

NG8 0.1secHicén = 38 &

NG9 HrF ey EE

NG10 BFahEE
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£ ¥ %% NGI ~ NG2

FORRER O ERFABLFEERTEES L ONREFE AT
2P PRESLR PR ERPERFEFHER 2 F g2 85 -
BAEFA BRI 2-19 ¢ iz o

B 2-19 X §F#(EES wH)

£ ¥ %% NG3
% Close Iy fig A > Jj b 37 #le ) 2 A > @ gt 16 D 0 sl 484 « o 3B

s

FEENREA BL S FrED IRFBORES RV F L R

W 2-20 SEF {5
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3.

B ¥ %% NG4

Tk A As KPR BT S RSREAER e AT AR TR
BREG  FRHEFENRB L B P g aEF RN A2 Rz 14
ERREFERE R 221 F o FF S FA A R EF SHLFA

s N
2k e

Ik

e
At

=1

e

B 2-21 $HR B

2 ¥ %% NG5

T F Close 2 = iy X% 7T =4 Open & iTH4nis » X T I

R p (S kI BEBEINR2BEOFN T AFE ORI THFF LD

PR TARKARS o A BB T AR A2 > B % X F 2 Open AR
SEKHPBDRIEA I HFpALR o7 2T B X ApRA R o

X F|P NGS fEirt ®AE: D EEF R > 2.0 A 2§ Close #

TR 4ete >+ ,T‘q—\NG2 g MM THEFIRI|Z 2R Lo
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3z
R
3% MENE RN

& (phon) g

H A

R g R RW0)

A

A5 FRTRA

" H B R (sone) e 5 7 BB X

LA H e

2-3-4-1 FREPRE

B g b X F R RasES

R R Tl

B 3 @R (Loudness) »

RS s R g

¥ J& {8 %% s (Sound Pressure Level, SPL) > #k @ SPL % %t#c % & »

Tf'l—}?z.'vkﬂlpm VR 5 ;r\‘ Z‘ 5o

2R EF

SRACRHEE G T UEE FR(Pa) - i~ HER

R

7 4 SPL #4 5 R

AR Y L R (Pa)

WPF s & RS EF A SR

oA 4 fEiRIL o GBS R A R R RO ARCR R e L R

Amplitude (Pa)

s

02

0.3

2

5 B AR H ATR

B A S g R A B] 2-22 o

Rde sl 5

o
o

o

o

0 5 10 15 20 25
Time (sec)

B 2-22 Riesrd

RS T RPIESE L FE AN

1R © Raesil

A e ilgit AR

Amplitude (Pa)
- 2 ~

&

&
[~

03

Liniaunts

0 5 10 15
Time (sec)

A AR 2 B
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BAELGEE A g TV EHRBEBIIFTEFT2Z e B F Close-

Open ~ Open-Close ~ Close-Tilt ~ Tilt-Close > 4[] 2-23 -

Amplitude (Pa)

0.2

01

01 r

0.2

0.3

A 4ot 5

—_--

Close-Open Open-Close Close-Tilt Tit-Close
5 10 15 20 25
Time (sec)
B 2-23 = FE{Fehe BT
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2-3-4-2 PERFIES B
#- Close-Open # (T2 MELFHB- N K » 57 BB EFX TR g4
e Hp o F 0 g R ESUELE (72 @ 2 # #4% (Short-Time Fourier Transform,
STFT) » & 04 i £ AEm H 45 F R o 05 NO.I-1 L% NG1 ~ NG2 » 1 4%
% NO.16 @2 NG3 > M # NO.S Bz NG4 > M # NO.6 Bz NG5 T 12
NO2 5 25 #AIFEENG 2 2 v 5 HR e
GWRET B OF L 2 WL AR IFERORAT > AR RSN T
m-RE > §x- NGZEFREFFEFT g2
B NMASF NGS 2 B EF S pBARY BT § e S AT B

FEL?{%%‘F; BEFHBPLBIES T ED B 2P E 5 NG2 18176 o 3 o135

Y

PRt B2 RS PHF TRMTE S AR EE g S AAHENE 50
MFRT UL NG 28 2 B AR REGUFSR > 2 I L R Aok

2-5 -
%25 BRHFLPR

A B R B &, sec

NGI 0~0.5

NG2 0.5~0.9

NG3 0.9~1.1

NG4 1.5~2

NG5 Continuously after NG2

Poeb AL I > 3 d% OK S NG 240 mF g2 4 - & ) 5 g8 o

PR AT L TRE- P F T2 F T A08HzwF > P i B &

EE i AR 9 1 A 400~500Hz > 900~1000Hz » 1400~1500Hz ! 31

KT R D P AL FREDNR A FEABEFFHLRF FLG AR

F_&

P EFesED -

30

doi:10.6342/NTU202502271



1. NGI ~ NG2
B 224 ¢ 5 BH 2 AR A 0.2 e~ 0~300Hz IR F 5 NGLo & &
0.8 ) fie~ 0~450Hz 132 F P 5 NG2 o @ & ¥ 4% 2 2 P4 ) e — P P spig o)

-~

RAF - ARG NG A

Frequency Range[0~5000]Hz Frequency Range[0~500]Hz
B ¥k P¥

C-O_NG1_NO1-1.wav C-O_NG1_NO1-1.wav
5000 100 500 100
4500 % 450 %0
4000 80 400 80
3500 70 350 70
= 3000 60 T 300 60
3 3
2 2500 50 2 250 50
[ o
g g
o o
© 2000 40 @ 200 Ll 40
P i
1500 30 150 30
1000 20 100 | I m 20
500 " ol |"'|J|I |||| IIII”‘lm“ i W
L 0 0 . | 0
Time (sec) Time (sec)
2 25 2 2
k&Rt e
C-O_OK1_NO2-1.wav C-O_OK1_NO2-1.wav
5000 100 500 100
4500 % 450 %0
4000 80 400 80
3500 70 350 70
= 3000 60 % 300 60
3 3
2 2500 50 2 250 50
[ o
g g
o o
2 2000 40 @ 200 40
P i

1500

1000

500

Time (sec) Time (sec)

Bl 2-24 NGI1 ~ NG2 2z STFT
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2. NG3
Bl 225 ¢ > B¥ PR 0 XA | fe 0~5000Hz MR EAT R F 5

NG3 o & ¥R &1 f/ah] @t R F o

Frequency Range[0~24000]Hz Frequency Range[0~5000]Hz
ER R LR R

«10% C-O_NG3_NO16-1.wav C-O_NG3_NO16-1.wav
1 2 3

10 5000
9 4500
8 4000
7 3500
6 3000
5 2500
4 2000
3 1500 [
2 1000 ¢
1 500 |
0 0 S
4 5 6
Time (sec)

¥ Ty

«10% C-0O_OK3_NO2-1.wav C-O_OK3_NO2-1.wav

10 5000

9 4500

8 4000

7 3500

6 3000

5 2500

4 2000

3 1500

2 1000 g2
g

1 500

0 0

4 5 6
)

Bl 2-25 NG3 2z STFT

Frequency (HZ)
Frequency (HZ)

Time (sec)

Frequency (HZ)
Frequency (HZ)

1 2 3
Time (sec
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3. NG4
B 2267 > BHRE2EFHERT > 9 1.7 Fae 80~2900Hz I % F 5 NG4 -

AR PR - FRHITARAT > RN EiLG NG £

Frequency Range[0~24000]Hz Frequency Range[0~5000]Hz

Ak Bk

“10% C-0_NG4_NO5-1.wav C-0O_NG4_NO5-1.wav

10 5000 10

9 4500 9

2

8 4000 8

7 3500 7

g8 6 T 3000 6
3 3

< 5 £ 2500 5
[ [
E] E}
T =3

4 4 @ 2000 4
Iy Iy

3 1500 3

05 2 1000 [ 2

1 500 1

0 0 o = 0

1 2 3 4 5 6
Time (sec) Time (sec)

¥ ¥

«10% C-O_OK4_NO2-1.wav C-O_OK4_NO2-1.wav

10 5000

9 4500

8 4000

7 3500

6 3000

5 2500

4 2000

3 1500

2 1000 g2
g

1 500

0 0

4 5 6
)

Bl 2-26 NG4 2z STFT

Frequency (HZ)
Frequency (HZ)

1 2 3

Time (sec Time (sec)
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4. NG5
Bl 2277 » BAREZEERY 0 A 09 ft8 8 1500~3500Hz ) 345 4
24 5 NGSea T ¥FHE2ZFaERY - B 09§~ 5 1500~3500Hz ) L4

FHad TH i $ 340 NG < o

Frequency Range[0~24000]Hz Frequency Range[0~5000]Hz
B ¥k P¥

“10% C-0_NG5_N06-1.wav C-0_NG5_NO6-1.wav
2 5000 2
18 4500 1.8
2
16 4000 1.6
14 3500 1.4
B 12 T 3000 12
3 3
e 1 £ 2500 1
[ [
E) E}
T =3
I 08 ® 2000 0.8
Iy Iy
06 1500 S 0.6
0.5 0.4 1000 M 0.4
02 500 § 0.2
0 0 0 0
1 2 3 4 5 6
Time (sec) Time (sec)
2 25 2 2
ik - A ¥
“10% C-0_OK5_N02-1.wav C-0_OK5_NO2-1.wav
2 5000 2
18 4500 1.8
16 4000 1.6
14 3500 1.4
¥ 12 T 3000 12
3 3
e 1 £ 2500 1
[ [
E) E}
o o
I 08 @ 2000 0.8
Iy Iy i
06 1500 EESEE. igigenian iy it 2 06
0.4 1000 |8 04
02 501 0.2
0 0 0
Time (sec) Time (sec)

Bl 2-27 NG5 2z STFT
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% = i ‘ ?uw 3
MELRIZARE Y B A R T kg A 47 P o B R T R e A
o SR N R AL IR G o 5 RS AP S R
b ¥ g% 2pF & > ¥ i 3% (Short-Time Fourier Transform, STFT) - #A @ » STFT 2
RAPIFRRAADGZERAP R o F P T T 22 - RoZPRITHFRFE - SRTE
R TR R T ER LAY R aovlie andk T2 o 15 B 4 (Mel
spectrogram)i% i1 i © B £ ATBHRAE 5 o 4o (U SR AT R 0 RO A R R

FEAARS

ReX 5 - o 5 EE 3 % #ii(Mel-Frequency Cepstral Coefficients,

>‘1\

MFCC) P &5 [ #7 3 ¢ % 2 S R o £ M HAT AR R ## 3% (Discrete Cosine
Transform, DCT)if = "% 587 321 )k 4 for AR IR EPESY ¥R
M e

AT g BRA *HFOK)EZEFNGHRE - 571 S F s igirdlan
WD AL IR A GTUREAC AR F AR R4 X § G e Tk

T vl TR AR ISV R e UL AT 2 2 (T S (8 A AR ik g o

3-1 BT EJe
Lo HEFEFB M AT AR R T 2 B R T RY

(AR 2B R o

3-1-1 *» 35

%ﬁfﬁ”:‘?f"@i?‘b%é%\‘Eflﬁﬁvi%’g;:\pﬁﬁ’&" rTJ-E-I FJLc’ » B v A

ol

Close-Open #5 {% » ¥ £ il SLEp LR R 3 B so ¥ 5o 2] o | 4o4 ]
MELE A SRk (s 0 At fpt HBERI| X § T2 AR L 0 N %&-IF
BB o Jm AT A ARSI - RENRS TR E O B iv o 4o

B 223 0 A 42 L3 #t A3 a fie— HiEad o
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S P T
. HASEAEREHE M2 - BIHE 4 BHEELIFLIIFTEEH

% e[ & (Threshold) » 4- ] 3-1 2. &= ¢ R T 4R o

0.1

Amplitude (Pa)

0 5 10 15 20 25
Time (sec)

B 3-1 A 4o e ig 4 $ U5

N
N

B R BETAF S FAAER B AELT B AR 05§ Bl =

T E2 ASEE o helB] 3-2 0

e

0.1

Amplitude (Pa)
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Time (sec)

Bl3-2 A4fidRifs $Ens
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3. M- A GBS v HAEEE T 0 4ol 330 £ S B R sl o o)

34 .

Amplitude (Pa)

Amplitude (Pa)

021
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A Hr ﬁﬂ‘ 7
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RS AR
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B34 Rdodrtlansiss s %
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#- Close-Open 5 (T ELE B k18 > Bofs £ #-8f k2 @ 20 FL7 xﬁg e
REZARE 2T EEATHR 55 2l L B LRAE 75 FFpt

PR RS E TR o R R oW 35

A 4B

0.1

Amplitude (Pa)

0 ‘ s . s ) )
0 1 2 3 4 5 6
Time (sec)

B 3-5 *» ",!rt £ PTIEL
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3-1-2 mit

WAL B R AMELEY Rt im a4t o @ 2EAT A b
Bkt TuE o G A ki SR A B REHFNE > L H gk Ea g
53R F FHCT AR R 0 B I R By e b B ARE TR
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EPERY L

feik
=
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ml4

BEAGT A SO B A E BRI B RE e
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NGS5 2000~3500 100 100338.6

# 55 B EMEFERBZERT - B
ABERE Epreshors = max E,
% 7]

B 47 7% (Hz) Accuracy (%) L —
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NG2 110~210 99.6 1125.9
NG3 1966~6800 100 21.6
NG4 533~3200 100 66.8
NGS5 2000~3500 100 81969.3
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