Ashd Aol sxlekel Al Al v3le 4%

The Effect of the Telephone Channel to the Performance of the Speaker

Verification System

z2 & 8% A §F Ax o A @, AF A T
(Tae Hyun Cho*, Eu Gene Kim*, Jae Young Lee**, Jaec Ho Chung*)

¥E EEE ITAAT '98 FUPZAT A2 FPS 2 AFch

2

B =BdMe 7RE 38R0 538 SAdoE s AE@Fda e Sddele e ¥ Y% umsiict
siddlelEle] st A%E A7 A8t AR@A AP 5S4 shetefer € AAe)al ofF Aysigich AY
& 9% &4 DBt of FRIA(text-prompted) A|2%-& nejdld Falely dFo] Lo FA3EAT

24% 29 5732 LPCC(Linear Predictive Cepstral Coefficient), MFCC(Mel Frequency Cepstral Coefficient), PLP-
(Perceptually Linear Prediction), LSP(Line Spectrum Pair)o]v, 9 #-&-2 AAsH] 98 Axd AHFemes 44350
W eSS HEaHh F4€ SAc2RY Ade 9PS AA e BA37] A8 cepstral weighting, CMS(Cepstral
Mean Subtraction), RASTA(RelAtive SpecTrAl)E A-83t3ich. =3 Ztzbe] §4 g Ae] Wlo] digh 3404 458 A
AgesA SAYAAMY A5 4N M2 A5 S vtk

3P 24 54 2 Az $USd Be A% P71 9lsh HTKEMM Tool Ki) 20 o] $8dcth @l oz} siapd =2
dARE G2 Fe ez AR SAdolaet A'Y delejo] gt EER(Equal Error Rate)S Fota] ¥l watch

AP Ax2] AFAAM DS HE(150~-3800H)S L35l AR L adge] Ad 3L AAsD, o] A%
ZRE MFCCE 28 E& o EER @A 33 A%c] 7 4 Ve

ABSTRACT

In this paper, we compared speaker verification performance of the speech data collected in clean enviromment and in
channel environment. For the improvement of the performance of speaker verification gathered in channel, we have studied
on the efficient feature parameters in channe! environment and on the preprocessing. Speech DB for experiment is
consisted of Korean doublet of numbers, considering the text-prompted system. Speech feawres including LPCC(Linear
Predictive Cepstral Coefficient), MFCC(Mel Frequency Cepstral Coefficient), PLP(Perceptually Linear Prediction), LSP(Line
Spectrum Pair) are analyzed. Also, the preprocessing of filtering to remove channel noise is studied. To remove or
compensate for the channel effect from the extracted features, cepstral weighting, CMS(Cepstral Mean Subtraction},
RASTA(RelAtive SpecTrAl) are applied. Also by presenting the speech recognition performance on each features and the
processing, we compared speech recognition performance and speaker verification performance.

For the evaluation of the applied speech features and processing methods, HTK(HMM Tool Kit) 2.0 is used. Giving
different threshold according to male or female speaker, we compare EER(Equal Error Rate) on the clean specch data and
channe] data.

Our simulation results show that, removing low band and high band channel noise by applying band pass filter(150~3800Hz)
in preprossing procedure, and extracting MFCC from the filtered speech, the best speaker verification performance was

achieved from the view point of EER measurement.
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BPL : band pass liftering

CMS : cepstral mean subtraction

BPF : Ax]2)oA)2] band pass filtering
HPF : AA2o)He] high pass filtering
E : log energy

D : cepstral derivatives (Y&} A &)
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Table 3. Performance of each feature and processing.

EER(%) SWU_error(%)

27 sl

MFCC_ED + CMS || 4.28 | 8.69 | 6.49 | 223 | 8.42 [ 533
BPF (150-3800Hz) § 550 | 802 | 5.26 | 1.98 | 821 | 5.10
+ MFCC_ED
PLP_D 7.87 | 9.15 | 8.51 | 252 | 5.67 | 4.10
PLP-RASTA 8.36 | 12.55| 1046 2.58 | 6.70 | 4.64
LSP_D 472 | 680 | 5.76 | 149 | 3.95 | 2.72
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ARE |AdolEHod P HAHN AAgMe
LPCC_EDZ 2 43192v 3T EER¢] 1.34%(47 042%,
Az} 226%) 24 714 F2 4%S 2k wg, 59 dle]
B9 Aee AAg gAdy g Yej(150~3800H2) &
A-g3ln, MFCC_ED® $&31% W BT 526%(3A
2.50%, <A 8.02%)2 7Pt $dlA e oA
150Hzo|8l 9! 3800Hz ©|4e] didde] 2Aste A s
NEFE 4 A3 A E AFPesA 5 WY
g4& &) njeoz gy

wolld FeE AR Julelele] Z% LPCC_ED
£ 38319S W ¥R EERo] 0.85%(dA 021%, o=t
L48%)2 78 Bl JElgRn, Aid "olee ¢
LSP_D& AMS3jiS o) BT 2.72%(27F 1.49%, 9=}
3.95%)% 718 F& 4% Bk 3NHer BY, @
o4 ARt AU o] BojFE ¢ 4 Ak
ZtZte) 573 R AP WY i £4& vhd g

HEED 2 Zegel AHg2 AU R dojdy F
RAellA & of, ARESHA] @k Aol wE Ao $3EA
@getd oA RdEd) ZE|Yol AFn 9 Fw
d99 FP2EY JEE FA F2A)77] W Rt g
A, quefrency Z)ZE]RY& LPCC_EDS| 74 HF 0.14%
(42 0.08%AI3Y, o=} 036%H, MFCCY 7%
0.32%(3A 0.79%3}, A=l 0.15%A3e] L 714
ok AL quefrency 2] ZE|Fo] AFa JARch=
250 J9F 7}23)7] WRolnt. o|zes Hel AsPd g
dolde AFs 99ute 255 g99 PAEY A4
Bol slxle] FEE ®ol] TPz e Aoz Jdgrt

PLP2| A2 FAdg Hd Zz 82 3ddME H%
o] ®o] A}, wWo] U4 AudMEe MFCCO
gigt AR A JebdcHBPF+MFCC_ED 5.10%,
PLP_D 4.10%). ¢|Z22 Kel PLP= g 38739
AMe AgHeR RE RAE ¢ & Uk PLPHH)
RASTAE A 4§ PLP-RASTAE 3389 Zi}sl PLP
F & ARG A 9A JeEPITKPLP.D 851%,
PLP-RASTA 10.46%).

2 AgdMe Ade) 2 BAEY dF00 AHA
ke CMS7E $& 4% JehiA 23d. oL 3
¥ A% DB7} # 7N ALH BE Fo] 2E
X8 22 gol ARY SAFvioiEY JP2AEF Yo
00| HA| ggolx BRdm PHIFHL RPN 2
33 24 ARE JIJFARY) g8 Reg peEh

E 49 FHGRE A TR 34 AEE ¥H
Pl AdYGF A7t veht vk 53 SEEls 2
¥ MFCC_ED#& #8319t

¥ 4. 99| ¥AUd e JF
Table 4. Performance of filters having different passband.

shaq [0 (O (@0 |0 |0

4000 Hz| 3800 HzZ4000Hz | 3800 Hz 3400 Hz
[BREER()|670 |625 5265 |526 |619

BRSSP BI8E FH5HK(199)

+44359] AdGE A3 §RE st AY
¢ 71 Aol 8 Yehe 150~3800Hz9) oY
59 €ElgE SIS weo A% WHE L44% AolB
Haeh geiwm, Yubyoz A Ade FIdgelat
2 g¥z 300~3400Hze] EFHGRLE 717 HE FH§
#0E W 6.19%2 Aol AASH Aslgc) olRL
2 Bo} 300~3400Hz °]9)e] Aulg 2 ngddz 2
gl Weag Fusk 2P - ¢ 5 Uk F
o2, Edge] 150~3800HzY o Aol 713 Fi,
dyol o &3hoh AEe o HojAch

$JolM LPC, LPCC, MFCC®] A% 2% 23 ojuix)
o} del AsEE x@shed, debde e AR
A gstc) oA AYAR deldel A$E AleEe
A A R Doy AN FA ¥A el
7] BEelck ® 59 oA, del, del-dete] g 4
vt veht gich

¥ 5 A, de}, del-dele] 4% vm
Table 5. Performance of enrgy, delta, delta-delta,

EER(%) SWU__error(%)

=4 sebiet
g |9 (32 | 2| d|ga
MFCC 584 | 822 | 7.03 | 267 | 9.00 | 5.34
MFCC_E 554 [ 822 | 688 | 355 | 1055 7.05

MFCC__ED 509 | 831 | 6.70 | 208 | 874 | 540

MFRCC_EDA 535 (939 | 737 | 244 | 881 | 563

E 5228 uA 3 deldes 53 sEvelz A}
£ AL AP HF5E PHAATL, del-de
RS FRe RS 238 EERE F7MTe A&
¢ & Utk @A AReME ofeiF AMIE HAF
4 Aok

Aty oz do] <IN Azt ol X9 dep &
AHgste e A oel dslse 4458 2dy
27l Afelth. adnR, zizte = el AGde |
el Aztel wE AP eE S92 AR
d9X dze §xoz ALY 4 Us Rt 234,
del-wele} Aee del JRESRE TR g JE
olng, volgly 9 3ARAE HE ¥y 5I& 2
Baa) ge Aoz g Aoz Pdeldele]
A2 FARERlel A%d AAAD

9le] A%l AAE EERL Adz o2 JAgl
U AREE gholeg, 2zt A7t olW EERE ZHEA
v ¢ 4 8k B 694 MFCC_EDS A4351& v
Z} APEE EERE wms] Rsle)
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Table 6, Petformance of each speaker.

g =2 EER(%) B (%)
Speaker 1 1.3%
Speaker 2 385
Speaker 3 8.66
3 Speaker 4 2,65 5.09
Speaker 5 2.50
Speaker 6 2.50
Speaker 7 3.85
Speaker 8 6.35
Speaker 9 11.25
o Speaker 10 18.11 847
Speaker 11 5.13
Speaker 12 0.12

E 6225 gzt A oM speaker3ol, 4zt 24
2} ol speaker9s} speakerl0o) ThE HAlE}e] W
2oy 423 BolFAE ¢ 5 Ak o] AAELE HE
spAE | Vsl o] EREA @olx (53, speakerd
¢} speaker109] A4 ‘A& WY o ol FERA A E
of VA L&IHATH, B FANA 2L AR
9 4% #AFA XY Aoz detdnt

VL. & 2

E =Rdxe A Ade] #4899 Al n3
v 98S BMdn, Ade 9¥E B T st
71 938 4 skl AN 3 53 H& WL 3§
8 Hsirh A4 34 53 meEelske LPC, LPCC,
MFCC, PLP, LSPeld], AAd #Peze HeldS A4
gk 329 SHe2%EH Ade 9% 2] A
3 W o 2= cepstral weighting, CMS, J.8]2 RASTA
& A4319 FE 2L Ay 4¥e HIKE M8tk

A Ade YEEL BE 300~3400Hz0)2kr <
A Atk 2Ed, d¥AdehMe AAR1L] AN
FAA 300~3400Hz7} obd 150~3800Hz2 Q43
39E W %ol ¥ FA Yehdth o)A Foled Lt
Aol Ao NYE 150~3800HzHr} 3R dge] &
Az SAYANS @ PR TPs] UL &
% 9tk E£3, 150~-3800Hze] & e HYgEH
458 ALz 53 Aedoele MFCCH HE3HA T
o) Al Adee] 7Y 3tk

A5 gejy 2D S AL ¥ /A
gg 3&23R% A5 LPC7Ditg] LPCC7T A8 2
@oigld) g9l AolA FFTZ|2ke) MFCCRE} 4819
™ LPCCE 7iRE PdlolEAME 713 deol F%
tl. olAL LPCEAMo| S44EY ~dEHS P33}
o] 7)-27|(envelope) FRIE +H3l= WE, FFTEY &
2¥Ede| 7|&7)18F opda}l 3tR(harmonic) FHE
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