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PHUONG PHAP I-VECTOR TRONG NHAN DANG NGUOI NOI

TOM TAT

Phing Thi Thu Hién"
Truong Pai hoc Ky thudt Cong nghiép — PH Thai Nguyén

Nhan dang ngudi noi ngay cang c6 nhiéu tng dung mang ¥ nghia thuc té, dic biét la cac tmg dung
trong nhan dién ngudi néi va xac thuc ngudi ndi. Tuy nhién viée ning cao chit lwong cia cac tmg
dung nay 1a diéu cin quan tim nghién ctru. Bai bao nay trinh bay téng quan vé phuwong phap nhan
dang nguoi ndi SR (Speaker recognition), cac thuat todn nhan dang nguodi ndi dya trén moé hinh

GMM (Gaussian mixture model), mé hinh GMM-UBM (Gaussian mixture model -

Universal

Background Model) va Phuong phap phén tich JFA — Joint factor analysis. Pac biét bai béo trinh
bay vé phuong phap I-vector, phuwong phép nay st dung mot tap cac nhan té co tong s chiéu thap
nén gitp lam ting hi¢u qua cua phuong phap nhan dang ngudi ndi, sau do6 tién hanh kiém chimg
lai phuong phép i-vector trén bo dir liéu NIST 2008 SRE.

T khoa: Phuong phdp i-vector; md hinh GMM; nhdn dang nguoi néi SR; ky thudt phan tich FA;
thich nghi UBM; Phurong phdp trich chon ddc trung MFCC.

DAT VAN DE

Con nguoi c6 kha nang nhén dién ra giong nodi
cia mot nguodi chi trong mot vai gidy, tuy
nhién 1am thé ndo d& may tinh co thé lam
duogc nhu vay la mot vén dé can nghién curu.
Hé thong nhan dang ngudi néi (SR) gdbm co
hai Iinh vuc chinh 1a nhan dién ngudi noi
(identification) va xac thyc nguodi noi
(verification) [1]. Trong d6, nhan dang
ngudi ndi 1a nham tra 161 cau hoéi giong nod
nay cua ai, con xac thuc nguoi néi nhdm tra
161 cau hoi giong ndi nay co6 phai ctia nguoi
A khong? Ca hai hé thong nhan dang nguoi
no6i va xac thuc ngudi néi déu str dung méd
hinh GMM.

Ung dung ctia hé thong nhan dang ngudi noi
duoc 4p dung trong rat nhiéu linh vuc khac
nhau nhu trong linh vuc xac thyc bao mat cia
ngan hang, thé tin dung, hé thong c4 nhan,...
Pi c6 rat nhiéu nghién ciru vé nhan dang
tiéng néi dic biét 1a vé nhan dang nguoi néi
nhu trong cac nghién clru cia nhom tac gia
N. Dehak, P. Kenny, R. Dehak, P.
Dumouchel, va P. Ouellet trong [2], N.
Dehak va cac cong su trong [3]. Trong cac
bai bao nay, cac tac gia da dua ra, phan tich
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va danh gia vé phuong phap i-vector trong bai
todn xac thuc ngudi noi.

Tuy nhién, cac nghién ctru vé i-vector tai Viét
Nam va viéc Gng dung cua I-vector vao bai
toan nhan dang nguoi noi tai Viét Nam con rat
han ché. Trong bai béo ndy, sé trinh bay tong
quan vé nhan dang nguoi noi, dua ra mot s6 thuat
toan nhan dang nguodi ndi trong moé hinh GMM
va cudi ciing 1a thuc nghiém lai phuong phap i-
vector trong bai toan nhan dang nguoi noi.
TONG QUAN VE NHAN DANG NGUOI
NOI VA CAC THUAT TOAN NHAN DANG
NGUOI NOI

Tong quan vé nhian dang ngudi noéi
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Hinh 1. M6 hinh nguoi néi
Trong m6 hinh ngudi noi (speaker model),
GMM duoc tao ra bang cach thich nghi UBM,
sau do ket hop cac thanh phan trung binh cua
GMM dé tao ra cac supervector va cu01 cung
su dung k¥ thuat FA (Factor analysis) dé tao ra
c4c i-vector c6 sb chiéu thép.
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Phuong phap trich chon dic trung MFCC
— Mel Frequency Cepstrum Coefficients
MFCC la dic trung thuong duge dung dé
dién ta 4m thanh tiéng n6i. Theo Beth Logan
[4], MFCC gdm 5 budc (Xem minh hoa trén
hinh 2):

1. Chia tin hi¢u thanh cac khung

2. Vi mdi khung, ta thu dugc bién do phd.
3. Lay log ctia bién do

4. Chuyén doi sang thang Mel

5. Thyc hién bién d6i Cosine rdi rac.

Input speech }.

——»{ Framing Windowing

MFCC

FET| B oM ) Log - DCT P

filtering

Hinh 2. Qua trinh tao cdc dac tinh MFCC

Quan sat qua trinh trén ta thdy, am thanh
duge chia thanh nhimg khung c6 do dai cb
dinh. Myc dich 1a dé 1iy mau nhiing doan
tin hiéu nho. Trong viéc ldy miu dir liéu,
ching ta xem xét dén tin hiéu am thanh da
duoc sb hoa béng viéc roi rac hoa cac gia tri
trén nhitng khoang déu nhau vi vay can phai
chic chin riang toc d6 ldy mau 1a du 16n dé
mo ta tin hiéu dang song. Tan sb lay mau
nén it nhat gap do6i tan sé dang song nhu
trong dinh 1y ctia Nyquist.

Phan khung 14 qua trinh chia miu tin hiéu
thanh mot s6 khung chong 14p 1én nhau hoic
khong. Muc dich ctia phan khung 1a dé iy
mau cdc doan tinh hiéu nhd. Van dé 1a ban
chét ciia 4m thanh la khong 6n dinh. Vi vay,
bién ddi Fourier s& thé hién tin s xay ra
trén toan mién thoi gian thay vi thoi gian cu
thé. Boi thé khi tin hiéu 1a khong 6n dinh,
tin hiéu d6 nén dugc chia nho thanh cac ctra
s6 1o rac nhd 36 mdi tin hiéu trong médt cua
s6 tré nén tinh va phép bién ddi Fourier co
thé thyc hién trén mdi khung.

Ham ctra s6 bo di nhing hiéu tng phu va
vector ddc trung cepstral dugc thuc hién
trén mdi khung cira s6. Y tuong ¢ day la
giam b6t sy méo phd bang viée st dung cac
clra s6 dé giam tin hiéu vé khong tai diém
bat dau va két thuc mdi khung.

Bién dbi Fourier rdi rac ciia mdi khung duoc
tinh toan va lay logarithm bién do pho.
Théng tin vé& pha bi bo qua do bién d6 phd
la quan trong hon pha. Thuc hién liy
logarithm bién d6 phd do am luong cua tin
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hiéu 1a xap xi logarith. Tiép theo bién d6i pho
theo thang Mel. Tir két qua nay, trong vector
Mel — spectral ctia cac thanh phan twong quan
cao, budc cubi cung la thyc hién bién doi
cosine rdi rac dé tong hop vector phd Mel dé
tuong quan lai cac thanh phan nay

Cac thuit toan duge sir dung trong phwong
phap nhin dang ngwoi néi dua trén GMM.
M6 hinh GMM

M6 hinh GMM biéu dién mat d6 xédc suét cta
mot bién nglu nhién theo tong trong sd cua cac
thanh phan, dwoc mé ta boi ham mat do
Gaussian. M6 hinh GMM cho phép biéu dién
duoc s6 lwong rat 16n nhimg mo hinh phan
phdi khac nhau twong g véi nhitng nguoi noi
khac nhau, ta sit dung GMM dé mé hinh héa
nhiéu ngudi ndi khac nhau.

K
p(xlsi):zﬂkN(X|:uk’zk) @
k=1

Véi p, 1a vector trung binh, 2., 1a ma tran
hi¢p phuong sai, 77, 1a trong s6 hdn hop.
M6 hinh GMM-UBM

M35 hinh
GMM
déc lip
ngudi noi
(UBM)
I
'}' Thich nghi MAP
Mad
Am Trich hinh Super
thanh chon dic GMM vector
cia | tumg | phu [
nguwdi MFCC thude
noi ngudr
noi

Hinh 3. M6 hinh GMM — UBM
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Khau huin luyén cia mé hinh UBM
(Universal Background Model) hay m6 hinh
nguoi nodi trung binh dugc thyc hién bé'mg
cach st dung thudt toan EM (Expectation
Maximization). M6 hinh ngudi néi hoc theo
bang cach st dung thuit toan MAP
(Maximum A Posterior). Thich nghi MAP la
mot ndi suy tuyén tinh cia tat ca cac thanh
phan hon hop cua UBM dé tao ra tiéng noi
gan dung tu rn01 nguoi noi rleng Céc
supervector bao gdm cac thanh phan trung
binh GMM phu thudc nguoi noi.

Di¥ liéu huan luyén nguei néi
—
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M& hinh ngu’u‘l néi thich nghi
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a. Cdc vector hudn luyén (x) dwoc anh xa xdc
suat trong UBM
b. Chia cdc tham sé hén hop thich nghi bang
cdach thong ké dir liéu mdi va cdc tham sé hon
hop UBM
C. Tao ra cdc supervector tir mé hinh UBM

Hinh 4. Tao cdc supervector tir mé hinh UBM
Tu hinh v€ 4, gia st k=3, cac suppervector
s€ c6 dang nhu sau:

My
1, ul= roo
il EUH_DZI Hy

Hy
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Ha
p = | 432
31
O, { 2
My | Supervector

Thuat toan EM -  Expectation

Maximization
Thuat toan EM gitp tim ra cac tham sb cua
mo hinh bang cach toi da hoa log-likelihood

trong tap dir liéu khong day du va bang cach toi
da lai ky vong cua log-likelihood tir tap dir licu
day du.

Thuat toan EM duoc chia lam hai budc E_step
va M_step, nhu sau:

Buédc E_step: Tinh toan ham phu

N (X 4 2)

Z ”kN(X|,ukaz ) @)

Budc M step: Tdi da hoa ham phu voi cac
thong s6 dugc xac dinh theo cong thuc sau:

(€)= p(c|x,s)=

- Trong s hdn hop:

1l 7
T, = ? Zt:lyt (C) (3)
- Céc vector trung binh:

DINAC

He = T
2..7© @
- Hi¢p phuong sai:
T
_ thl Vi (c) th 2
O-C - T— - ILIC
> © (5)

Lap lai budc E_step cho dén khi hoi tu.
Phwong phdap phin tich JFA — Joint factor
analysis

Trong JFA, mot cau noi cia nguoi néi duge mo
ta boi mot supervector, bao gom cac thanh
phan doc lap nguoi ndi, cac thanh phan phu
thudc nguoi noéi, cac kénh phu thudc va cac yeu
to con lai. Moi thanh phan dugc dai dién boi
mot tdp cac nhan to0 c6 sO chi€u thap. Mot
vector GMM duoc mo6 ta nhu sau:

s=m+V,+ U, +D, (6)
Véi: - s: supervector cia ngudi noi

- m: supervector doc 1ap nguoi nodi

- Vy: thanh phan phu thudc ngudi néi, V: Ma
trén eigenvoice, y: cac nhan to nguoi nodi

- U, : thanh phan phu thudc vao channel, U: ma
tran eigenchannel, x: cdc nhan té channel

- D,: Thanh phan con lai phu thudc ngudi noi,
z: cac nhan t6 con lai dic trung cho ngudi noi
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Céc budc huin luyén JFA nhu sau:
- Budc 1: Hun 1uy§:n ma trin eigenvoice V,
vdi gid st U va D bang 0
- Bu6c 2: Huan luyén ma tran eigenchannel
Ut V, gid st D bang 0
- Budc 3: Huén luyénmatran Dtdt Uva Vv
Str dung cac ma tran péy’dé tinh y (nguoi
noéi), x (kénh), z (céc yéu to con lai)
Phwong phap I — vector
Tu cong thic (6), ta cd cong thirc tinh
supervector:

s=m+Ty, @)
Trong do:
- s: supervector clia nguoi ndi
- m: supervector doc 1dp nguoi ndi
- Tw: Ma tran téng bién thién, T,, dugc goi
14 i-vector

Hé théng i-vector sit dung mét tap cac nhan
t6 bién thién co6 téng s chiéu thip (w) dé
mo ta cho mét 101 néi. Phuong phép tinh i-
vector [2]: Tinh toan dya trén thdng ké cua
Baum-welch cho mdi ngudi noi voi cac dic
trung am thanh Xy, Xy, ..., Xt cho mdi thanh

phan c.

Bue 0: ()= :Z/t ©) (8)
e 1 0= g% (©)%, )
- Budc 2:

5,(s) = diag(gyt(C)Xf) - N )::Z/ © (10)

Tir (8), (9), (10) c6:
F~c (S) = Fc (S) - Nc (S)mc (11)

Vi m 1a gia tri trung binh UBM cho thanh
phan hon hop c.

S.()=S,(s)(diag(F. (s)m; +m,F.(s) =N, (s)m,m;))
(12)
28

Gia tri i-vector cho mdi ngudi néi duge tinh
theo cong thirc sau:

w(s) =17 ()T T () 13
Véi X' F(S) 1a nghich ddo ciia ma tran hiép
phuong sai va |, (S) dugc xac dinh bdi cong
thirc sau:

I (s)=1+T Z*NN(s)T (14)
MO PHONG, TINH TOAN, THAO LUAN

S6 liéu diu vao

Nghién ctru nay st dung co s& dir liéu NIST
2008 SRE. Co s¢ dit liéu NIST 2008 SRE gdém
cac utterances 2s, 4s, 8s, 10s, 20s, 50s va 2.5
phat(full).

Phuwong phap, cong cu mo phéng

V6i co sé dit lidu trén, lya chon cac tham sb dé
tinh toan MFCC gbém: d0 dai ctua khung la
25ms, frame shift 1a 10ms, s6 lugng cac hé )
cepstral 1a 19, sir dung log energy, hé sé delta
va delta-delta. Tong sb chiéu sir dung 14 60.
Tiép theo, tic gia md hinh hoa bang mé hinh
GMM-UBM, ap dung phuong phap JFA va
cubi cung 1 ap dung phuong phap i-vector dé
thu dugc cac i-vector trén bo dit liéu huin
luyén va bo dit liéu kiém thir.

Két qua mé phéng va binh luin

Két qua sau khi thyc nghiém thu duogc:

25%

mIFA
10% I W ivector
0% I . .

Full - 25 full -4s full-8s full 10s full-20s full-50s  full

@
*x

Hinh 5. Biéu dé ty 1é 16i EER ciia phiong phdp chi
s dung JFA va phwong phdp sw dung i-vector
Tir hinh 5 ta thiy, phuong phép i-vector co ty 18
16i EER (equal errol rate) thap hon phwong phép
chi sir dung JFA don thuan. Do d6, mic du sb
chiéu cua i-vector giam xudng nhung van déap

(g rat t6t cho hé thong nhan dang nguoi noi.
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KET LUAN

Phuong phap i-vector gifip lam giam s6
chiéu ciia vector dic trung. Tuy nhién trong
pham vi bai bao nay tac gia méi dung & mic
dua trén 1y thuyét dé thuc nghiém tinh toan
ra dugc gia tri cua i-vector.

Trong cic nghién ctru tiép theo, tic gia s&
tiép tuc phat trién céac ung dung cu thé dua
trén gia tri cua i-vector da tinh toan dugc.
Tir d6, s& c6 nhitng danh gia day du, dung
dn vé phuong phap nay.

Loi cam on: Tdc gia Xin chdn thanh cam on
sw hé tro, gitip @6 ciia GS. Tomoki Toda ciia
vién nghién cuu Naist Nhdt ban da huong
dan tac gia thwc hién bai bdo nay dong thoi
cdp ban quyén cho tac gia dwoc ding co s¢
dit liéu NIST 2008 SRE.

SUMMARY
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I-VECTOR METHOD IN SPEAKER RECOGNITION

Phung Thi Thu Hien”
University of Technology - TNU

Speaker recognition is becoming more and more practical, especially in the areas of speaker
identification and speaker verification. However, improving the quality of these applications need
to study. In this paper, | present an overview of Speaker recognition (SR), some algorithms for
Gaussian mixture model (GMM), Gaussian mixture model - Universal Background Model (GMM-
UBM), Joint factor analysis (JFA). Expencially, | present about I-vector approach that uses a set of
low-dimentional total variability factors to represent each conversation side, and then | verify the

method | -vector on the NIST 2008 SRE datasets.

Keywords: i-vector, gaussian mixture model GMM, speaker recognition SR, factor analysis - FA,
universal Background Model UBM, mel frequency cepstrum coefficients MFCC.
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