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Speaker Identification with Improved MFCC Based on Endpoint Detection and Gaussian
Shaped Filters

WANG Meng, WANG Fu-Long

(Applied Mathematics, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: In the application of text-independent speaker recognition, this paper puts forward an improved feature
extraction of MFCC parameters to supply the inefficient traditional MFCC. Endpoint detection is added in traditional
algorithm to remove silence parts. Gaussian shaped filters are used to replace triangular filter banks to improve the accuracy
of speaker identification. Gauss mixed model is for speaker recognition. Experiments show that Gaussian shaped filters
gain 9.63% performance improvement while proposed MFCC can significantly improve recognition rate by 11.07%. The
result indicates that the new method is an effective feature extraction algorithm. .

Key words: MFCC parameters; endpoint detection; Gaussian shaped filters(GF); Gauss mlxed modeI(GMM) speaker
identification }

1 5915
RiIEARFIRERBFHANEEANIE, ©2
FEAEANRBIFEFEABIN HFARNATUD A E

BRMISMRBITERE. B, EiHiEARIGAE$
FRARSWBERINAZEE Mel AERAERE
(MFCC)*®| &t BIiE RE(LPCC), LM MEXT (LSP)

T AR B9 UL E ARSI R E T STk B9 B iE AR Bl
(2 g — R B SR8 AR LR st B B 5 4 R 49 P
B, FE—HXIUEMN AN RN EEFERNTRBER,
FEWRRHZERNBTERN. ANERHN LTXE
KAV IEARITIRG], XMNiRHEANRENTRE S
BEXR, #NANELRX.
WIEANRBI RGN EEARIBD B RFAERERC,

O BEE£UWH I R4 8 ARFEE$(S2011040004273)

& XLEHZEFR MFCC BIESHEEBERBERESE
SHEMEE ENEED T, RENBEBAERERS
WRHEESD, BREUR-BEHAERFEANES

fEREND. AXERLL MFCC fER4SEREAZE, H
E154% MFCC WER bt 1ToUH, —FHEREES

EREZ B MARSRNE LN FESPHBRIR
BRE, BEREESHKEREE MFCCITEE,; 5

W 7 Bt []:2016-02-17; YR 248 S A B+ 18]:2016-04-05  [doi:10.15888/j.cnki.csa.005425]

218 #AFHA « 549 Software Technique * Algorithm

© TERERIKAR

http://www.c-s-a.org.cn



2016 4E 3525%: 510

http://www.c-s-a.org.cn

i EOHL R g N H

— A ERFARE Mel HRFECIEHH = HIRKR
AR HEHERBAGHY, E=ARESRELRE
XK, GF RIRKS WA ER M REAB FH 2B
FBEE RBRNARERE £HERIER
WEISEEASRTHEINEAREGMM) 3
REWBERT DN, LB EHIENLS.

RNBHDRHANRD, HRBOHRBHREW
T, BB NABESE MFCC B, F=HPERMH
FRA RS AR N B MK ES MFCC R =4
RREBRAN SRR R, WiE AR RGEES T2
THE FERIRXRERND T, EABINL
MHATES.

2 fEGIMFCCHIIE S 3

MFCC RS HET AEMEBRANRERNIE S
EEMTRE EESHERDSEEMEN RS
4 MFCC #EEBEER: SAMESES#T
WAL, B TRAMLBEHESHT FFT T, R
B Mel REJEREBA, MALESS (LT Mel SAE
X Mel 5 EES B BRIt EAL R, BEXHH
EESFEEHREZTIR(DCT), B3 MFCC BESH.

24 MFCC FiEMRIERNHE 1 iR, B&Fig
wmE:

#}h

lﬂ?

= | FRTIERR - =AEREE
Y
WFICEY --— DCTSFE TR R

M1 4 MFCC &{ERMMRZE

1) MME, i, NG ;

EEES AR TNE R RS T ESHTA
a2, fERTRELE, FNELHAREXRDT:

S, =S, -as, @)

Horpr o AN 0.97. 2 JE b TS S HEAT 40
WKt 52 7E 20-40ms SKARIEI P R M, [l
AR (6145 10-30ms ) 78 2 S (7 ) 0 B2 1
N T IRDVE WL SR, 75 B BN TE 2 5 (i
FETIEAT N BT A A B K TR L —
ANGERRL. PR W B ik

o(n) = 0.54—0.46005(271 :I__llj 2
n=12..,N
ST AR 2 S 1S B BN S T Ras
8,(n)=8,xw(n) @A)

DL B2, N S i 15 5 it b SRR i 1 B,
o(n) E@wE, S, (n) EINE TS S,

2) FFT

T BRI S FIE SR S AR ST ER, H
XN JE B A S M T FRT RRNI L 015 5421k
BRI DA T Lt i, A
g/

1 j27nk

"X(k):NZiSw(n)e “ (0<nk<N-1) (4

3) —fuEPARA

23 FFT ZJ5, O T S 3R S Ram N W
WREFIRGL, B A5 WSR2 Mel
IE S A W

Mel ( f )= 2595Iog,, (1+ij (5)

700

IR R ) S R R (S R
BB DA AL BEAT DB AL B, T R = A DA LA
ML TR, =i AL 2 fras.

Wit

g2

K2  —fmugpdsd

TEICA R, Mel i B3 L7V 25 (35 1 B
S0 B 1Y 2 5 T RN Hiy (K),0<m< M, M
oG AL 1A B = A U D R AL e A
£(m), 4m BN, HIAS £ (m) ZFEES, b
P m g, A £ (m) B0 RE A k. vk
AL R N

4) I ET BRI

SRS AL B EIH Mel SRR 1T BUX BB
B, BEEEESWARE. ALMEAEX (k)

Software Technique « Algorithm #FRAR « 573 219

© TEREBIK I

http://www.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2016 4E 5525 % 45 10 3

BRI S (m) MR EECh:

0,(k < f(m-1))

k—f(m-1)
(f(m-1)<k<f(m))
) f(m)=f(m-1) P (6)
Ha (k)= f(m+1)—k (0<m<M)

f(m+1)-f(m)’

SMOﬂ%iM(MWM@OﬂKm<M)(U

5) DCT, 743 MFCC
KoL A)h o S BE R S (m) 4 DCT (8 6k
A3 5L AR W) A B Sk A5 BRI, RT3 Mel AR
{511 R K c(n):
(& an(m+1/2)
c(n)_;S(m)cos(—M | ) ’ @
(0<m<M) y

3 MHEMFCCHk

55 MFCC 7 Fil kb BRI B FUN 75 8543 5 0E 47 4%
Wi N ERE, R E B S S S e e
T e PR A 3 B4, K 43 W R S R
TR, e BTN B % T L B 4 s i
5 A AR BT 3 DR i SO F T SR AR e
PERLVE, — 7 X EUA TR 345 S eI MFCC 4#4iE
2N AR, HEAT S A MR R AR, 5
— 5 T B 95 MIFCC o 1 = i S8 2L 80 e o
W B8 (GF). 43 5 5 43 54 I 1 £ 85 MFCC 4 iE 4

Sk, REIH MFCC $FIES 4L AR s AliAE

VBRI S b AT I, (RS A A
S0 0 4 200 1 T 1R I R 15 5 RS (E 4R I
B, 20 SC A X R, AR S S i
R BURE BIHIE 2 508 AR PE, IR B
T O R O L B AT P
3.1 st E &

VRSB AR, FFSk . SRR A 4
5] 2 1AL T B S B R, I M B B VAR A
[ 75 2 AE, PR AE MFCC B 2 SR ER TP A 2 47
VLRI, BRI SRS 7E 4R MFCC 12 3156
AL E ST BR 2, AN AT LRI 5 243 0 4
VBRI E R0, S8 RS TE AR 5 SR 8 43

220 #AFHA « 549 Software Technique * Algorithm

(f(m)<k<f(m+1))

0,(k> f(m+1))

(1 ) B ik $ 3 P i A7 . KRB (AN, P
ZGEIR A A A T i g AR I S5V o S
AL BRIERIN. 5 O SRS S S U
RS 3P 7 T AT AR, 300 oR P e P i e i
AT B 0 1R,

1) K fE 5 (Short Time Energy-STE)

5 RS R S BWUE 5 x(m) 175 FIA K,
NI A5 BRI BE B SR

E=Y x(m) ©)

2) Jimfik %2 (Zero Crossing Rates-ZCR)
LI i 22 A R R R (5 T T R R IR
Hy, kS SCnE:

©

z_ = [son[x(m)]-sgn[x(m-1)Jw(n-m) (10)

Horbrsgn (x) 2 7F 5 4L, HI: \

1, (x20)
sgln (x)= {_1' (x<0) (11)
HESESAEIET BERETNENER
NE, BEELT, BEENIBROHNE. EX6
B, RRE-BRIEE, EPE-Bo0EngENE
NYERBHERERRDNE, BRTLUARNXES
NBETR, NREBsENEERD, IBXREK
MINAKBRBZNFER, REEBs ERERK

BERRN, MWIAARREZHHTR
EEFTRSIRNP, FENENRENENTE
EFH A EHATH N, BE AR E R RSN
BERS], DRASERRNETER, ENEELN
MER, MEHTRES. BEARAENT: NENESE
MERNTERYINBERMIRE —NMRIEAR
BERERD, ZHERZIRBBRORVEEZESH
T, Z—IRENTRBERERK. MREIIR
EWEY, TRREITNITIK, NEHL TR ENE

© TEREBIK I

http://www.c-s-a.org.cn



2016 4E 3525%: 510

http://www.c-s-a.org.cn

i EOHL R g N H

FElEN, mRSREHKEN BEREENERA
MEZESEELEINR XREKEESHTH
TR 88 BB 0 1

B ERESRNEEREETHHRTR, F
X BEFEMBRREEESHNK, #MARESE
B E A B8]
3.2GF

24 MFCC RS BUREH, 7 THRE Mel R
SEEMNIESIE, TEMNERT =ARKRAXNME L
MIBEESHTLE. EAERIES, =ARKSRHEE
RHEEBEIVMZENARIE, NoWMEEESNEED
SHMIEEEBMSREDIEE;, BER=AEKEZAN
HERESCERMEBSFHFREZEBRRNESR, MM
IR Bl 7= 4 0.

“

0 200

Ao e

400 600 80O 1000 1200 1400 1600

4 (Hz)

3 SHENEK=RE

SO B A S ET R A AR R AR A
3AIRREBE=ZAEKRE, IFWAFENRRE:

GF M T=ARRFARBEFHEM - FiHFS

DN FHNTBITE, 1R BT 8 K265 B
% TE GF toiRs £ A LURES IR Y 2. N
BHASTERERNSNERE. THEENA GF:
GF B8 MR-
(kk,)’"

GF,__=e (12)

ook, A MBI, o, b, B
& SUATF

o =— : (13)

b, o P05 22 (WRAE 2 2% SCHR[8THH X T 22 o 11
I AN, ASCAESE R P AL a = 2). 1
M RLL FRT SR (R S AEDE R AR 4L ), it mT LA

ARAT Mel S5 (5] 22 4
e o Exilog[egmc (i+1)]~cos|:m~(2Il)~i:| (14)
Q -0 2 Q

o, Q Ay T B Bk 7 44 (1) A K G SR Q = 20 1,
ARICH T 5488 MFCC J5 2 1) = ff s st % 20 A $ i
BB, AR R IR Q = 23 1 i
P IS HUAE); et Ay v T DR I A 2 T B4 B
{1, Fsar

Ms

S (D=2N LT @

6 LA P SO 1 £ 98 MFCC 45 iE 4 Y
o, AR EIR SCHR 1 0y . e S A A
S AT ERE I 4 R 22, GF (MBI A LTt
TR S HE 2 1) MR %, (5 R THR .1
R SCAR B T e 542 A AR e A, ek
R 2 MR TR P 1 4 97 7% (G b A HE L 53t 3
).

BMMEF R

| R o FGRE

g

FFISER

| J

WFCCE A
-—— ICT3ER F—ﬂiﬂﬂm%— A S SR

K4 SO 2 AR R AR

\
%

4 FETGMM 1k iE NUIER S

GMM s sy Aadbi Y, Loy A bk B e i 5 75
SR 2k FE— 0. GMIN th 24 s TR 43 A1 o e 2 i
IBCRIRA B, A6 7S AN o GMM (15341 R B BE
I KRR BT S PR 75 2R IE. R, GMM 2 1% AR
RS H H A  —1e8,

4.1 EF GMM B985 R %

YT N R G+, Wit MFCC A2 A A G
TRHIE, RRIEHEAT IR0 B S8, 2 Ja A A
B RS A AT U TR N e A TR NS Skt
GMM th M A H s 7/ AR AL b (x ) 3 ik £ 1 A A
R, PR A RUE, R s R Y BT B
TRAREE, FEEEIUH 1Y) D HERFIE 55 2 1 X R, M3
TN S RV 5 1 e SR

p(xms):_“;p; F (%) (16)

Software Technique « Algorithm #f4A « 554k 221

© TEREBIK I

http://www.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2016 4F 5254 5 10 M

Hor,
Z p’ =1 (17)
80w ) (B ) )
) L
(18)
AT DA B U0TE N S IS EE L e N
(19)

5 GMM £&1HE

4.2 RIS EEIGTIZ AL R

FIH GMM AL B H A, 4, ..., A, RV S A
PR, s ={1,2,...5,... 8} . BRI RL
bR 3 BB A R A BFE A MBI S A, 4
Do, D SPIRES c AN B R OB (A
i, GRS MPCC WS T 2 BT S h
X (X, Xy o0 Xy yoes Xg )y T84 GMM (AR R H 01

: |
P(X|A)=]Tr(x142) (20
d=1 v

T4 5 (R EEG E R R 31, 6 P T A
S B AR 2 MO A WO, T A M 7 A 40 i
BRI S A0 DAL TR U — SB35 K AL 8% At
HEI, B ARSI A T R RS I T, T4k AiE
R Z5 A, 475 GMM IR BB, B:

A:argm?x{p(xM)} (1)

T Fk 28 RS AR S 3 A e R A, it
ST 5 LD 002205 A (E M3 AR 52 1K 2 BGH AT A 3
EM S5 A SBAR L, 4552 GMM B 25— Mt
i Ay, M Ay FFUGHEATARIRIEARIESE, 10 EAR R A I

222 MR « 3% Software Technique « Algorithm

fEs SRR 2 K BB 5 00 A i B 2 Rl
8, BVEUGEIRAA p(x]4)2 p(x]4,), SE, A4,
AR OB S A, (LR b v S i e B
A BYIG 5, W5 GMM B3
GMM # 2 Bl T i Rl L 1 2 2

1 b
m=EZHEUJ (22)

D A CHL (23)
. \

1
25:1)“1

RO O 1) (%, - 1) (24)

1
2o T3

ey P, (Xg) MR, RS R C b B )
B C AN A AL IR S B

p(clxre ), )= Ma%p[xdl‘%’§5° [
éa)kp[xd |,Uk'zk J

W GMM PR H 2 4 3117 55 K5 B 4 R A5
RO R G A, B
S =argmax p(4 | x) (26)

1<s<S
B2, MR DUl U, K 5 e s A
MIgE AR DL T 2~ SUEEAT

take log

S=argmaxP(x|4) > |
1<s<S | |

. ‘ 27)
S =argmax »_log P(X1 2, )
' 1<§,<S =

B RBNEEANEE ARG

5 SEEG SRS

R E MatlabR2014a SR T #R4E, KA 8KHz R
BR ehits B, RFERE. BEMNUEEREEE
KB ERETRH 18 METFA, BAFH 150 RiEE,
FHERPENMNANHENBZSTHEE, MHHE 80
BBEZERNGHRR, KT 70 BATNR. TR
MEBMIBEEKEIRERN 25ms, MIBENRN 10ms,
MFCC BBUIRE N 13, BEBUEAHHE, Wid AR
BIE R %A S HHE S E R (GMM)RZEREM R IE AR
B RE.

FMAFE AN MFCC HEZHE GMM A 75 33
TINGEHSBHESELER 8), RAWE GMM HFH

© TEREBIK I

http://www.c-s-a.org.cn



2016 4E 3525%: 510

http://www.c-s-a.org.cn

i EOHL R g N H

ZHSH WEHE, 2 AEANERERXNEEN R
9 1260 BB Z#1TIRB. E—AEAEL MFCCH#T
BENRBMERE F-EHEAMARRRNEEN
MFCC, W SR MA ST R R INE 6 FIR; 55 =4A454%
% MFCC HH = A iE e 30N S HR K By A TiE
FRARE, SEMARAR R EN S MFCC 3HES
BRWAE. RIS — XA GMM, BURBIERK

HHIRBIR, MAXKHIRBREITERIR L.

[l oo T

ol . i ,.. L . " — " J
o 05 1 15 2 25 3 35 4 45

n
53

2 - -

1 T

DM|

A

2

2L il - . i i ]
o 2 4 6 8 10 12

BT RS

x 10

(8) RBIBEE LS TS SR

AR TR S MR
v - v

*
e
=3
==

(b) &R 15 F4FIE A BRAY i KA
B6 wm_N

®1 TEBERBRSHRIEN LR

9 35.71 37.14 41.43 44.29
10 80.00 71.43 85.71 88.57
11 87.14 88.57 90.00 90.00
12 78.57 71.43 85.71 88.57
13 84.29 87.14 87.14 85.71
14 92.86 92.86 97.14 98.57
15 68.57 71.43 85.71 97.14
16 45.71 4571 54.29 54.29
17 95.71 95.71 97.14 97.14
18 98.57 98.57 97.14 98.57
Fy 81.82 81.98 86.&7 ; 88.25

PN (%)
UATIN tho AR TR AU
5 MFCC +MFCC Z4+MFCC i) MFCC
1 94.29 97.14 97.14 95.71
2 95.71 94.29 95.71 97.14
3 98.57 98.57 98.57 98.57
4 80.00 80.00 84.29 85.71
5 87.14 91.43 91.43 94.29
6 77.14 77.14 84.29 84.29
7 94.29 94.29 95.71 97.14
8 78.57 82.86 84.29 92.86

AR ERULE DI O E, A2
Bt % S 4545 MFOC HRERIABI A 6.43%H0 12
. RSN R LB AEEIRBRA LT
EEFEEZAABRENANSEHER EIER L+
GEFENSEESEHBRRIERENER B
PR TER). AR R SR B SR
B BETEMAE IRESEERNES BR
LD EZMNLER, 2EBRITEEEABIY
EEW(ME 6(b)FFIR), MMERDEREEK
BR, X—HRBESHNHRRABELRAE—F
B, (CEREEMEEN TR RER GF N, B
RBIEELETFES MFCC B 4.45%H R F, HEASH
ERBAERFE AR P EEMBORE. ASTTE
RN GF £ERE — MMl MFCC S
EROYHEL AN XEFBREERE, 545
BRLRER, B AN BRI EERARE,
AfmEERANRAMENRERATEEL

6 45t
HIEANRBIGE AP, 5% MFCC BIISHRERE
ERAMNRIEABERNEE AXENEREETRE
WBEZTTNBZTER UR=AEKSASHREL
BEWZ AR A, 2HESERIZE AR
RENEZ HEA GF REBE=ARKEREIITINE
E Mel RN XHAELEESHTHREARBIH
FiE, 2ONERESEERT. AR A XM
9 MFCC #HES BN i AMEFHATIHERE. X%
GRERE, WHEN MFCC BIESHRE/SEHEMEL,
EMEXEBRTET, RAXERABRERS, 8B
HEARNREFEIBREBNININLER. T—5H
Tk, FaEEx ot AR TR, 152X GF Fiz

Software Technique « Algorithm #FRAR « 73k 223

© TEREBIK I

http://www.c-s-a.org.cn



i EONL R g

http://www.c-s-a.org.cn

2016 4F #5253 & 10 1

T EN BEREIH TR, FLEM ERARS
BEMZRE.

S50k

1 Furui S. 40 years of progress in automatic speaker recognition.
Advances in Biometrics. Springer Berlin Heidelberg, 2009:
1050-1059.

2 Nidhyananthan SS, Shantha SKR. Language and
text-independent speaker identification system using GMM.
Wseas Trans. on Signal Processing, 2013: 185-194.

3 Kinnunen T, Li H. An overview of text-independent speaker
recognition: From features to

Communication,2010, 52(1): 12-40.

4 Vergin R, O’Shaughnessy D, Farhat A. Generalized mel

supervectors.  Speech

frequency cepstral coefficients for large-vocabulary speaker-
independent continuous-speech. recognition. IEEE Trans. on
Speech & Audio Processing, 1999, 7(5): 525-532.

5 Ahmad KS, Thosar AS Nirmal JH, et al. A unique approach
in text independent speaker recognition using MFCC feature
sets and probabilistic neural network. 2015 Eighth
International Conference on Advances in Pattern Recognition
(ICAPR). IEEE. 2015. 1-6.

6 Metzger RA, Doherty JF, Jenkins DM. Analysis of
compressed speech signals in an automatic speaker
recognition system. 2015 49th Annual Conference on
Information Sciences and Systems (CISS). IEEE. 2015. 1-5.

7 Zhu JW, Sun SF, Liu XL, et al. Pitch in speaker recognition.
Ninth International Conference on Hybrid Intelligent
Systems, 2009, HIS’09. IEEE. 2009. 33-36.

8 Chakroborty S, Saha G. Improved text-independent speaker
identification using, fused “MFCC & IMFCC feature sets
based on Gaussian filter. International Journal of Signal
Processing, 2009, (1): 11-19.

9 Reynolds DA. A Gaussian Mixture Modeling Approach to
Text Independent Speaker Identification [Ph.D Thesis].

224 HRUHA « 35 Software Technique « Algorithm

Atlanta, Ga, USA: Georgia Institute of Technology,
September 1992.

10 Larson HJ, Shubert BO. Random Variables and Stochastic
Processes. Wiley, 1991: 957-958.

11 Preti A, Bonastre JF, Matrouf D, et al. Confidence measure
based unsupervised target model adaptation for speaker
verification. Proc. Interspeech, 2007, (12): 754-757.

12 Nirmal J, Kachare P, Patnaik S, et al. Cepstrum liftering based
voice conversion using RBF and GMM. 2013 International
Conference on Communications and Signal Processing
(ICCSP). IEEE. ?OlS. 570-575.

13 Sivan S, Gopakumar C. An MFCC based speaker
recognitiobn using ANN with improved recognition rate.
International Journal of Emerging Technologies in
Computational and Applied Sciences, 2014, 8(4): 365-369.

14 Kinnunen T, Rajan P. A practical, self-adaptive voice activity
detector for speaker verification with noisy telephone and
microphone data. ICASSP. 2013. 7229-7233.

15 Sahidullah M, Saha G. Design. Analysis and experimental
evaluation of block based transformation in MFCC
computation for speaker recognition. Speech Communication.
2012, 54(4): 543-565.

16 Reynolds DA, Rose RC. Robust text-independent speaker
identification using Gaussian mixture speaker models. IEEE
Trans. on Speech & Audio Processingt 1995, 3(1): 72-83.

17 Maesa A, Garzia F,"Scarpiniti M, et al. Text independent
automatic speakér recognition system using mel-frequency
cépstrum coefficient and Gaussian mixture models. Journal of
Information Security, 2012, 3(4): 335-340.

18 Dhameliya K, Bhatt N. Feature extraction and classification
techniques for speaker recognition: A review. 2015
International Conference on Electrical, Electronics, Signals,
Communication and Optimization (EESCO). IEEE. 2015.
76-79.

© TEREEBIK AT

http://www.c-s-a.org.cn





