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By o VN TR FF 0 AL AR A RIFMA R
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14k ) ~ openSMILEE 5 4 #5 A 47 21 18 B 5 3 SR 2
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Criminal Policies and Crime Prevention

A Preliminary Research of
Chinese Acoustic Lie Detection
Technology Exploitation

Chun-Chiao Tzeng & Yi-Ying Kao & Yu Tsao

Abstract

The polygraph test can be used for criminal investigation
and prevention. Contactless lie detection has become a trend
sooner rather than later in our country due to the requirement of
polygraph policy and business management for lie detection. The
goal of this research is to create a prototype of a native acoustic
lie detection technology based on this concept. Due to the
scarcity of a Chinese audio database, this study relies on the
principle of personalized lie detection. In a simulation test, 27
participant sample data sets were obtained, containing truth and
deception acoustic files in varied chronological sequences. In 50
genuine polygraph cases, audio files from the neutral/relevant/

comparison questions during the pretest interview stage were

Associate Professor of Taiwan Police College; Ph.D., Graudate School of
., Crime Prevention and Corrections, Central Police University,

Section Chief of Ministry of Justice Investigation Bureau; Ph.D., College

of Pharmacy, Taipei Medical University.

Research Fellow of Academia Sinica; Ph.D., Graudate School of Electrical

and Computer Engineering, Georgia Institute of Technology.
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collected to evaluate the real polygraph cases. Only the subjects’
voices are preserved when the audio files are edited. These files
are submitted to voice activity detection, openSMILE feature
extraction and selection, and discrimination analysis during the
data editing process. The results indicate that identifying the
truth purely based on specific auditory features is unreliable. The
accuracy rate of corss-validation is 85% in simulation cases and
92% in real cases. By examining the classification results, we
can see that the acoustic characteristics used for categorization
are roughly the same, although each person has subtle variances.
The number of features selected varied with recording quality;
more features were picked in higher recording quality files, but
there is no positive correlation between the number of features
selected and the accuracy rate. Based on these results, we believe
that the personalized acoustic analysis methodology utilized in
the study has the potential to be used for native lie detection. The
subsequent research will concentrate on the subject's standard

corpus collection for comparison.

Keywords: Lie Detection, Acoustic, Pretest Interview, Feature
Seletion, Discriminat Analysis
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ik
Qi

ot e R B E M A B H S RINTT R 0 BT N
wo AUEmENZENG S - LA DI E B A fE &
$EHTEERE (DePaulo et al., 2003) o AR B i G RIS
e - (g R E TR HBEEL - AEE S
HH M E o NN ASERBLEIAG T K - mE A
EBRTTREAMRE - EESARFORHIR - MRS
ANE g ke 575 - SR D NEESE -

Wenlen 5 1 AE S BHERAREN TEHEGESR
B2 BEAEMARZRE » Hiw b L B4 # =03
SEARARVER S - H ul 58 HH B3R = A PR I 0y R B0 Al (F

Ry AIAREY > RS PR aER e i1 My AV 28 £ 578 - REL W]
% B JE O EE{T B (nonverbal behavior ) ~ [OEE{T &
(verbal behavior) -~ EIFES{T /Ay (paralinguistic behavior )
KA ERSE (physiological reaction) ZEVUKAH - JRE
FRAIEGZRINIEIFES S - AR - 5~ && - BHEE
FREEM ﬁﬁxlﬂﬁ’\]ﬁ%fﬁﬂﬁ% o iE LB (AR Y
WINEI ~ O Fk ~ B ~ FE - 365 ~ R - B - BUR
BE ~ B - SR SR E - BE) - BR% - Al
E—HFK - EHKRE - eI LA A DOAER
BRRSE

Ry B ER R MM B - MRPHISR B OlT - st El B s
I 4f fEE (L o 3 B AFE 1966 4F k1T 35 BN B &
( American Polygraph Association, APA) - $f¥f &% fdE{FE
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woRE - EFSE-EBEHT 25U AZHER
SRR - PR A ER 0 SR K fla i 5 HAS - 12 2 Al
[ 4k B 2 =B 2 Fl - & H R LLSE B A e AR w5
# o (225 E B & 32247 DU ST E8 #2818 ) =X
R —RERF T - 8B FEAELN A% o
PEAET 6 - Bo & M M0 B DA SR & 3 AP0 ~ Lok
BLOMAREN SR » B 1% 7 48 2 G0 o B RIS [ == DABH A& ==
ANEEERSE (National Research Council, 2003 ) - JHIEw1E
A - SEAE T H 7y 2 G TE - (HE A HEE B
€ WEER THEEGEES)N > BEEESEEE - G
oM E >~ AT HEE  H A s DU SR AT
( Grubin & Madsen, 2005 ) -

A L BEER LG ERIEFEEEREE B0
FHREESEATH - RILgABEEEMNE  BEEE
1 SR RS FE K L H R R m B 2R Ry By & e T
Hh o RGO - B LERE > BRHEEE - fla
EE 2 5 TN R% %2 (Employee Polygraph Protection
Act, Public Law 100-347) - BEBHEFAI EE8F¥ 8 T &
AR - BN EEABE (&7 BUF - NBUR K&
i mins ) ~ Bl fee e ie % ~ FBEEZLRER ~ BAA
RECIERBRAEGZHE  REQFHEBEZ2E A
Z A Rl S AH R R S MRk > A 2 2R 1 HIER Z FR A1 ( Onder
& Brittan, 2009) - [AFRAEFF ZRIRITE » HEe 2 FK
K NFER » RPN EEANZ ANEM—ERER
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4 o PRI S Bt A2 R A U A 5 F 2 S8 R 22 ] -

b M SR o By 3% e > IR B0 o A L Brda ik S
e S T3 7% - BEH R NS R EE A AT A8 B S -
5 > BEE S R N R s 0 A D B A R R SR Y
A% - fEE I AR T BT N E Ay I B =0 3 5 04
B LR e ATETHLIR S - AEREITR AR > —
RN FAESCZED RIS ER > AR S £ 5t A2
B R (R = 2RI DR - 25 B 1 5 R T B B Al
BiA 8 LR EEMEERINE > BlRERBRRZT
SRR A B LR AR OB > AR R SR RO ER B LT
AN — R Sl AR P & BT (B RS > TR
SEE R R o BN BEFEOK o JR R U 2 B SUMER I
i - HeE SR HEHERMR - HEPRH A
ALE R - HEHEE - AHABERERNE  HEEH
HEAMAE - BABRLHFMRZREREEREAN T
fr > #RH AT RERY AN E SR SR R i > (B R U R ER A
BRI P H IR - — 2K H AT N AL R A ke F 55 AT DA
Alll SRFECIAA Y > A [A] 35 S 3% B 1 2 22 BN JR R il
FE G NhREEGE M Z TN > AUt
HBELL(E A AL MEe R tH 38 08E - e C R E Ml fsE 5 &
ko> B S TEERe R HEZ RN WIS
fomie » REUEREOIETRS  BESTTEAZE
PR > i BEAE AR A AR Sy T i B AR SR TR ~ 3
e MEFEREUREEEZ TE -
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&l ~ MBMREY

MAREZTETTRS oMo E s Esr A BHEE
oL 50 e JHR S R 28 B I B e i AR AR AT 1 4F
BSCLE 2 A 7 A B g B B SR 2RO T > e BT FE R N 12
AEAREE  MEAT A INFERE M EUHIER R K H 3 > o
EESRROES - SRS E B o T e R inE e i e
BRI RE 2 BT e s SCEL RS AR

— ~ B SHr

ol k5B = BE J7 4y M1 ( Voice Stress Analysis,
VSA) - I EESUHER T2 8e » FEENEE AR
s fRF o Bt RE B VSR AL - B E ST (Audio Signals) HI
B AHESINEEAG:E  EUTREELEDY It
= B 2 R A B e B SR Y SR TR RN - DU
PP R&I3400 RIAY 2R A 22 R 5% - B IR HERA
H o HESG AR —h— B EE SRR - N H &R
LR SR R B ORRE - 6 H R AR AT BRI - SR PR BE AR
SRR ANBEZRBEHRE BT » HEGH—EHFE RN
ANEHLARER - LEE FRYSFRE R R 0 NBFER T
F - S AT ~ A EERE = KK IE - EEH{Fg
FHHALAVEEIE A » NS ZEE YL AEE AR - HIt
EIHL RS ENEBEFE RS - Bk A /F sl & A5t 2 ARHY -

()RR O Y N R A i B g 2 =
BE1IARETNWR/NIEE (volume) - LA HES
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STV RE R AL - NI XA e & (energy ) BORE
(intensity ) - [Fh7R R B UG i 7 HY EOHIFERY - 12 A
HEGRET > BEALERMEBERE HTEN KN HEK
Ko BEBAKR - BT DAUF 2 8 SUHET SOE # e ek 5 fe
EEMENBIEERA  2.AREFTHRZES (pitch) >
AT A AR (fundamental frequency ) 2KHALL » Fo ki
A EA E% (fundamental period) - [t 18 &S 2
AU - LRSS EE T RS AR 2 BT R
iy HEABEESE  AURETETIE
EHHR Tegls  3ARETRNEZTE®
(timbre ) - A H&EG—E R P AE — (B E A BHIH 10
RELL  WEXESE  REENETHNMEMP
R AENAL B > SigEENENEEANE @ I
HoELSHSEHEESHAESEETEE AR S
1% 48 e T A A LRSI =0 35 S 4l o0 A 2 AR
(OOHHLABEZE & (micro-muscle tremors, MMT )
oy AEARNEIBRIIRGLT - R FEATBE R 2K AV &1L - A
LA EEBREE G ERAE > IEEFELT - BEEHLHI
A EE R > MMTg DU R &Y 10{E 8 B/ N 2% -
19727 = fir EEFEFHREHEE - {EMMTH &y =25 50
o - HELSH M ARG T S LR NN - &
AL ME - R EOERRE W0 [ T 8~ 12Hz[ff 4T
AT MEEE o Merck- it 87 Ky 22 £E AL A HY A2 BRER &) ]
RN RERE - B - 5 - SRR Y &
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g (Beers & Berkow, 1999 ) - [fij & R B[I 2 77 2% {2 I
tp &R R AR IS S ST A AL A RE B AL o DAME G HCER
TR -

(E)Z i H EAYVSARRS - IR T Oy 2L
R o RS foRE R B B 2 RH B E A K2 B AR
BEHE TR S EER SRR > SLhEBES LA
FEmA KA A BERE - AR g SR E By
MBI ZEA IR R TS AN R  SEEEA
{5 FH 32 J 46 o5 2 iR 2 FUHI 3R 2 2R (Hopkins et al.,
2005) - FLHASSER K DL E A DL RS BT 2 rE R L E
' 0 P40 Verimetrics 2 PSE ~ National Institute for Truth
Verification 2 CVSA - Diogeres Group Lantern * Makh-
Shevet” Truster$: » M2 A0 ML FTBH &% -

(MEHELE AR ES) (jitter) BlE & (pitch) 8
FESALRITE VSAZ 7252 > A PRSI <2 ]38 175 8 R oW A
B SRR sk B2 W B 2 A EiEt o 8% i 58 (56 A Praatix
BE TR RE S 0 &5 FREURMMTHY IERER LY f540.7% >
KPR ERE LU - SEEA SUEAER ST 5 A7 fo 58 [ 8
{BEVAECHT » IEWERRAEEET0% /A4 » B H B — AR
& 6 Z AT ORI A B (Liu, 2005) -

(7)) F 7S MMTHR 5238 & H 3 L 8 ~ 12HzfE - 1 AAE
ToRIF o N HLAESH - HIldH TR AR S 2 E
4 EEEAET NEAREEARE - HIZBHLER
M8~ 12Hz R A F LB » BT RS S NN B

=
5

I
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IREFINER - SHENZPEUEEE - £ MHEREX
ZHMER TS hERs B SBNRY) S AR
REEE R BRY LR s A ERE - I
PR - ZIE S S L M LR E % ¢ B E R
AIZSRZ B AR E N EERERE > EELEREE
BB T Z [EE IR B = e B B - ZORZ M E R A
e RS > BB HITT BB =D - 2 1% SRy
JE [ R ER 5 55 DU B B AT BN > o3 AR e AR 2
SR E AR o AHEA ST AT DA Matlab¥ 3G HETT - H R AT R I
AR T 28T > 8~ 12H[ IR B G K
FEJR/IN -+ (B R Y [|] 25 30 R SR TR Y S22 4L - JRA]
BEAR IS IR 8 7 A A A Z it s S g (Cosetl & Lopez,
2011) -

T~ B ST R 1R

BEHSRRAT > SE R E AT B g B (E e
HIEIREARE - SRV E(LI e B ERE ~ PP~ MR
fHHE (GSR) DAKFSEIEEEALAR » £ D05
WEEERET > EhlrERERZENER > LEEXM
£ H & ST 6L & 5B 5 A B 2 S IE R BB > R
R EITRE BRI IER - BRI AR - B A
A E ~ Fhadi Bt F5 15N T (Gidden et al.,
2013) -
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= ~ {RISHEE (R
(—) MG ##EEE ( Mel-Frequency Cepstrum, MFC )
Fy—{E 0] 2R AR 50 B = sR AV AEEE 1 A8 B AR (R B
( Mel-Frequency Cepstral Coefficients, MFCC) RIJ&—4H
FH 2 i 17 g R O 3 6 R S TR B 0 19804 {RUEF - S.B.
Davisf{IPaul Mermelsteinfg - 8 & > E—F FH R EEZ Y
o AT B o Mg R IO B (5 B BURS 20 B R B R AL~ HY
HE -~ SPEER - S IRE Z THIR I - K E HE R
AN ZHE ~ A E (Fast Fourier
Transform, FFT ) ## - F]H = /A & =0 ( triangular
overlapping window ) - & HHEE ¥ B 22 Hg B 21 5 BOE 5
e Y R 2 R R B -
(THIEIH2005F2 H BT R FIUIRYT /G 7ENE

" REE R INE AN K EREZ 5L e R B A
B BEASGHREREE  HEREEZHF  HE
BhAET o o 2R3 B ACHIS B ig 7F & R IL IR H
WERFEZ — - BaHbBESUHGE M e AEERH
OB R 7 S A B A i BR ) oy M AR 2 Bt o PA—{IE B
a5 B o (YAl - o raB E el 2 SR A E AR
PRI - P HEEE NS DS o IR R
& — R B8 A AR B SEAL 12 A Ry 85 — S s R4 -
B4R MM FEAUS N B 2240 - 2B MEREH Z B E—
G M RE Bl ( MGQT, Modified General Question
Technique ) - & Jifi & a5 HIFT T - FD LSk & 8 -
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% AIMATLABERAG (HU = SR B 51 - R s 1F Ry
AR T SUHIFRE R « 9T =40 & F 2 55w
F o B WIERERETE 0 B = (EH2 8+ L AMFECCHY
PRl s - R E 2 —ER S - PO (E A\ 2= 21
i - EMFCCHBERMARFRIL NZHRES - K ZMFCCHE R
= U2 REERER 5 1= SHERETPC (pitch contour, PC)
3 AR EL#FC ( frame number of pitch contour, FP) >
AE 7T 8 ISR SR » F 3R RAE iR PCEAFPER /2 B 15
B > FFRE W IH 2 8RS e - B DUE P a2
th > S SRR MR I B (RRBEEESE > 2005) -

(=)$t ¥ 70 B/ 2155 % 8 (fractional Mel cepstral
coefficient, FrCC) (I ST 838 K A 4 B B
A DATEOIEE & (B M > BECE 4 rA (LDA) ~ K&
B AR (HMM) 734 - S35 (8 o0 B e U R B
G FrCCHEAY » AERE A DUKMEFE T o FELDARE =T (E
FrCC4y 51l 55 59.9%156.2% > {55 FI HMMHF 55 M4 Fl1 22 P Y
e ] DR = 0 71.0%A170.2% 45 AFrCCHE »
B0 (A EHE S ] DUFE E20% DL b o (15 B HE R 15 85%
(Panetal., 2015) -

VY ~ BhRERE S RGBS M R S A
(—)RERPEE A
AR E M AR S SR R > TR o fERTHY
PR S 6 s e P — B M (B AR TT FIE o ARBR FIER &S R R e
#EAVRE 7y 2Bk HEFIEEGRRE (R&RE) &
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FIp R - FERZFE BRS04 - i E
BENEBEMHBEME - 12 LI ELT 2008 8 52 50 5 5 5t B ok
BZHEEER S5 NS LBk EE 7% > &l
Praatiff i BURH Bf 58 = e 2 > B9 P L iRIE (average
formant) -~ 5GHFRIEE 58 E (short-time intensity ) ~ 3%
= (pitch) ~ FEHEFZELW] (average silence-ratio) -~
e Eh R %8 (average speaking rate) ~ HE B ERE
fimEL (pitch/intensity contour) -~ I 5 /B oh T
{b3#% (average pitch/intensity changing rate) -~ Fi5 B
FoEEHEE (pitch/intensity range) ~ PIHIE G E TR
FERF#E3% (average pitch/intensity dropping rate) -~ Ff&
(duration ) FF24{E%5 I {E - & M Python fEEFEHE
- Scikitlearnf S fef BLE i ol U L 0 M > fc 1% DU SR A
EEW SR H—EERANEE ST PRI EE 4588
N2 =R -~ P - BEP U - &/NE
TR EAE - PR T R E B T R T L B R
BN REAT S % » Hp I IRIEE 7y - B9 & B B 3K
SR W eE B ARG R 2 A ERTE > 1
Pl A% 5 Y O RETIRBE R & V) 5 AR & =00
Jg AR B BT /A E R - R [EE A2
ME &Iy B3~ AR - ALt > &0 &k =5
F > PP R 00.57~0.73[8 - o3 Ry DUBEEHT - SFIg9E
i H AP 120.52~0.73[H - BEAGEAYEL 7y - FREURE B 7y
& Z Wk £50.56 (SR LY » 2018) -
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(DI B E X
fRREEREG > Gl EMEEE Bl E
HEIEMEE ZE R - HEal B BRI TES R ETHE
EER e Al o BLE B BLE RS N A E B 5t
EETE  BESRTENYE - BUEHZ548,000H]
R P FEENR2SH T - W EE =KL sl 4k
2 R AT IEAGE S 2 B e A R 8 o
W B 201 A > $£200F &R - DAEEIRREAE B ( Echo
State Network, ESN) FoZ2% - BEtEHR U 1 S(E A 8% =
Hﬁf?% G R » HEp5 N 2 85 BERHE Rl E R
TR HER 102K - W H 45 R B2 sl HIE R A R
ﬂ%%ﬁ B EMELE - F R E A EMERE - 455
BURHEIEER F65% (2T 3 > 2017) -
S ERREPEEEE
LB g M K A B A L 0 R B AR A S BB R Y
HY oy FREL (O] FR AE ) » LAY 2 H 25 g Y 2 12 g P i
il Gk BF i DL B R U7 =08 25 e i T 2 R T a3 - EJIééE
R Tl - BRI WG HEER - Him ARG - &
AR 2D R 5 & g iy i - BRI & iy gz ﬁ%
ELEMES E W R R E B > BRI ER 2 B 1 (]
FES B2 N A RREEE I
Al RE 2 s M a7 A 8 - N5 % 2IBLSTM-DNN
R —Ea e — BRSNS mHE S LR &
oA Za 8t > Horp ) R 4G HHEC R (Bidirectional Long
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Short-Term Memory, BLSTM ) ¢ {fi & #¢ F 2K #i2 B # ) 55
HIRF e - SR &4 s ( Deep Neural Networks,
DNN) R @\ AV RV BE A o T A
5] B g B R A8 Y 2 OB BRI 4R - FR L - AR
s 2 EHEA - ENERE AGEHNER T CHEZ
ot = HMHIRETLT1% » B2 EH HRE T RES 5 FH
IOAEE TR GRS - SR FEREILE T > HIR
e ErEE AT E D) (Chouetal., 2019) -

ho ~ EBCEE S 6 RO R A SRR R
()t EH&ER  FERBERERIEE 87
B HATEEE B EVERHE - £ 257 Ekman iy 19724 fy
RO ZHEHBEMR  EHEHZ2FHHCERR
(anger ) ~ BEEE ( disgust ) ~ RLf# (fear) -~ R
(happiness ) ~ FE{5 (sadness) ~ B:F (surprise) » {F
AETEERCER — g H i A% (neutral) F - MM
e E R GRIIE - 5B - FlRAEmMAT A%
NI AR B &R E S EME - HAiE H Y% 665 R
BEkHEE o 4 Belfasti 5 5 BUE FHE A 4007 8% 52 2 7
T 1 R (m AR 1T s 12 0T 5 M AREmo-DBYE & e i
104i2 8 & PARIE B B 5 E & B0 B 715 S B B 1%
TKEDTHEFRE - FAU AIBOR EfEEERE R EES1
F10-135% 5L B - 35 0 BLUR Je A =] HY AIBOME 25 50 HE 1T 5
IREE) - (e ELTIE R E RIS » CASIAZEREERE
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BIERHAE AM BB EESI N NENR
ACCorpus 51 EE T B & BHEH S0 #% 5 & & HRE L
TE 1% E  NNIME 1 5215 48 1 86 25 1588 55 T} e Al 35 4411 8
EEBEEREERES ST RTINS E S
GO EEER > G R4EESC A BT NS 45
PADIZEL 152 -

(D) HARDAA S #iEE (EmoDB) -~ BEEKE
HEEIE EE B BIEE (KeioESD) -~ HAR A5t & Fih
TEgriEE (RAVDESS) Al 4R B HUERY - & B EHIEE
A P 7 SRR R - R ~ BN AR R B A S Bt 28
BB EE S VR ) o SR A A 4R T S A
G5 S o B 7 A R B HE S 43 1) F 97.98% ( EmoDB ) >
95.83% ( KeioESD ) F189.16% ( RAVDESS ) - B
11~ HEB LB E S MR — ERER % (Tomba et al.,
2018) o

N~ BT AR R BN T
(— )8 i PR 2 K B2 B SO A M 2 e & DA B2 R

Tod o R BT 0 & A X (2024 ) g
2

4
Hrg AT (G X 535db) A M T HIRFRET (B8 &
oA F o Bk P ) o 5000 2 AR (7R & AT > £ F 960
wl o

Mg E 8 — W2 o B8R FY 2 g3 # I HEFRE
( NTHU-NTUA Chinese Interactive Multimodal Emotion Corpus,
NNIME) % - fl#a‘ﬁ THB D EF SRR FESEFRE I
I ARARE R E G E P AR EETL G b FH

3R
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FEFRFE2E  EREREESEZHREEHE R B
GHEZERSHE - BEFAE UL - A ZEREZ G
Bl BB - BCE RSB RI > th—fFEC sk 2 M
BEARAZE -~ MR - EEAELEFSR  mEHFELERE
EEENRGEHE EE SR TN - SRS
B REEE S AR SR AR R AR ~ MR A RS EHAE &
% A{GEEFEAVPEEE (Levitan et al., 2015) 5 Jylg
il sE F R S GE S S S 2B U B AR 0 DL
KA FEEEE M EERN 2R - R E—2 DUE
MMEBER i M 2R G E T - BEREREE - EEALR
ST BRBEREBESEREESETEIFEE AN
( Levitan et al., 2018 ) -

()R E SR IE A ¢ E & H Al I MM T E 5 2E i 2
Woe » H B/ D8St B BEEF B Rt 2 BEE T 0 ot
5247 Fybaselinefldeception[iy [ B¢ » fEbaselinef Bz » JHIE
B ZHE — LR ENE > MRS HIVRRE
OB VA H E ok R e 1Y 2 BUPURIER 2 H M R AR
& 5 deceptionfE By TR A7 M 2 105R A~ BV E f -
HEERESEEERER @ TSHROSENVERA > =85
Nitae G5 - 2REEMATURHEBEE - HiEEEY)
E| P FE B B &SR N DA A 8% 5 A FH Praatdii #8 K
IR EY TERHNL XFH A LIL— AU HETHHE
o (JTFA) #53a DUE TS il £ 5 1Y A B LR & ~ £
BiLf, » 3G 35— fir hE 145 Y00 34 5 P A 26 B P B Y
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BY o RAODERAERERN —IREE - ZHRE R
HI0A » GEREUR - LNz (fi, o) R FERERTE K
ZaEmEfE - F30 AT H25 A\ £ Dec_area>Bas_area >
H#stfeEp = .0 1 R FEEE & Gk R A A
—HVFERE - JREDER SR B 2 I - E A S B A ERK
N BHEBEEZRENE > p valueH ZH ETHAYESS -
SetteERUT - BEERER S - BRI EE Bk
i (BREEE > 2017) -

£~ WA SEBENE A FE TR

(—) & @Jﬁf £ (3D-CNN) -~ 3@ ~ 5B
(openSMILE ) ~ £ HE M HEE 248 > W DL 2 1 fE
( multimodal ) /ﬁiﬁﬂlqﬁ;%ﬂ (unimodal ) {5 FEM » S
MLPC Z W s 2R g bR - 2/ P EEEAR (1214:) NEENY
ARl > B JLpk DL E RS ( Krishnamurthy et al.,
2018 ) -

(DEEMARERN T —EEMHSZERT I HE
SETHERIR AN 240 - EEE T > FTAREN R4S
/‘\T%FH@JJT’E?J?%‘?%M&)\H@%Q%’F?%?& 1] RTE A
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2.5 mEtE - BN eE (IR R0 ) 5%
st (NEEY SR ) I Y & & P EE S (182.967Hz
vs. 175.110Hz) 5 [iAHECHYSE (ORGSR ) -~ 3k
(A g A A0 ) Ry BY 5 1 P 9 [E S 8 (1160.285Hz
vs. 170.581Hz) - PN EELGS R ISR 2 HER
s BLINEIRRRHY 3 & P E I EE R - B S
SRR BE £ BT ot e s8R
A ST MHE A RE (IERFEAGR ) IRRE > ZHELE
i (NEHF SR ) BTSSR ZE S (51.599Hz vs.
44.948Hz ) © SAHRONRE (RF A ) RRR - SR
(AR SR ) BFAY S S M (22.087Hz vs. 46.143
HZ) o EL B Bl IR m] DL BRI B A B B B Y
PR A R IH B y A - HERGS REUR > AN TSR
fyﬁ%nxunﬁmﬁzﬁiiﬂ’]f” BIFEAKR -

#1

VU RE IR B0 T B = A AR o B RG LERCE (N IRy 6 3K

‘”f) 2.9 CERFERGE ) - 4305k (EFFERGE) -
S.Eita (R B R )

130T 25T 45050 SHIS
&M Wi JIET) WM
Eay
ok 175.110 170.581 182.967 160.285
(Hz)
i
L 44.948 46.143 51.599 22.087
(Hz)
é p
e 162.967 106.187 168.734 158.840
(Hz)
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AR e B (2 B g Rl ) B Y SE R i & (2,744
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PUREAR D0 T B EEE 3 M AR - A LARE (B 83K

i) o 2.FE CURFSERGA ) - 43EE (NERF SRl ) -
S EtER (AR B R )

THE - 2WE A SEa
IigF g [ W
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F 3Tk
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PR
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(%) (%)
1-4*  69.12 90.48 86.91 85.98 80.73
2-5*  59.12 83.73 80.63 85.35 80.09
3-6° 85.44 80.62 73.84 79.15 75.63
1-1° 69.12 80.78 75.57 66.11 56.96
2-2° 69.12 76.37 71.82 64.75 53.59
3-3° 85.44 82.20 76.55 63.50 57.27
4-4* 5912 83.51 79.17 67.55 56.53
5-5° 5912 76.96 72.65 68.41 55.03
6-6°  85.44 90.48 86.91 64.12 56.58
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1:47.96~ 65.39% » WIS LS/ HEBIRELZ 4 > B
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TERER ST H F596.9%E197.5% » A2 X B 58 2 TEUHI IERE 2R 45
73l F588.95%81187.02% o f& LI B — S RS o 45 R
IR BITRE o 14 B A 8 D REL B A% o RS 4H > R 46 73 S IR R
TR 77.38 ~ 88.65% ] © AT X B e 2 TR IE o 5 Al A iR
42.07~64.02% > JRBHBER LS AMHBEMEZHE - B
G R AR EHU A > A omEME SRR SR - R
s A R RS A 0y

(M&r e Ealis R RREH P MHBERE > 2t
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- pUIESCE R R e S

pu g BoREE mommm G HeX BoREX
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