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T6i cam doan rang luan vin: “Nhdn dang ngwoi néi theo tiép cin mdy hoc
hién dai” 1a cong trinh nghién ctru ctia chinh t6i duéi sy huéng dan cua PGS.TS Vil
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Trude hét, em xin bay to 1ong biét on chan thanh va su sic téi Thay PGS.TS
Vii Hai Quan ngudi Thay kinh yéu da hét 1ong giup d&, huéng din, dong vién, tao
diéu kién cho toi trong subt qué trinh thyc hién va hoan thanh luan van.

Toi xin chan thanh cam on Ban Giam Ddc, Phong dao tao sau dai hoc va quy
Thay Cb ctia Hoc vién Cong Nghé Buu Chinh Vién thong co sé tai TP.HCM da giang
day va tao diéu kién hoc tap thuan loi trong sut khoa hoc.

T6i xin chan thanh cam on gia dinh, ban b, dong nghiép trong co quan di
dong vién, ho tro toi trong luc kho khin dé t6i c6 thé hoc tap va hoan thanh luan van.

Mic du da c6 nhiéu ¢ gang, nd luc, nhung do thoi gian va kinh nghiém nghién
ctru khoa hoc con han ché nén khong thé tranh khoi nhiing thiéu sét. Toi rit mong
nhan duoc su gdp v ciia quy Thay Co cung ban bé dong nghiép dé kién thirc cua toi
ngay mot hoan thi¢n hon.

MGt lan nira t61 xin chan thanh cam on!
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CHUONG 1: PHAN MO DAU

1.1. Linh vye dé tai

Pé tai thudc linh vuc Sinh tric hoc (Biometrics). Sinh tric hoc 1a khoa hoc
nghién ctru cac phuong phap phén tich va théng ké trén cac dir liéu sinh hoc. Cum tir
“biometrics” xuat phat tir chit “bio” (life) va “metrics” (measure) trong tiéng Hy Lap.
Trong linh vuc cong nghé thong tin, sinh tric hoc duogc ap dung trong viéc nhan dang
ngudi dua trén nhitng dic diém sinh 1y hoc (physiological) va cidc miu hanh vi
(behavioral). Cac hé thong sinh trac di va dang duoc phat trién trong cac Gmg dung
thuc té nhu: cac hoat dong ciia chinh phi, cac cong ty, t6 chitc thuong mai - tai chinh,
bao gdm viéc quan 1y nhan cong, quan 1y khach hang, quan 1y kiém soat vao ra, dén
quan 1y xuat nhap canh, quan 1y toi pham, hé thong bau ct, v.v... Nhan dang sinh tric
hién dai dang nhan duoc nhiéu su quan tam trong cac linh vuc can murc d6 bao mat
va an toan cao, cling nhu do tinh thuan tién va ndng dong ma né mang lai. Tir d6 nd
d3 ngay cang chimg minh duoc tiém ning tng dung rong rii so véi cac phuong phap

nhan dang truyén thong.
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Dua trén nhitng dic trung sinh trac (Hinh 1.1), ta c¢6 thé phan chia thanh hai
nhom chinh 1a sinh tric thé (physiological) va sinh trac hanh vi (behavioral):

e Sinh tric thé (Physiological): 14 nhitng dic trung lién quan dén hinh dang, cdu
tao cua co thé bao gdm cac dic trung sinh hoc nhu khudn mit (face), DNA,
van tay (fingerprint), hinh dang ban tay (hand geometry), trong mit (iris),
giong noéi (voice),... Trong do, van tay la dac trung da duoc nghién ctru va st
dung tuong di rong rai trong cac hé théng nhan dang nhu hé théng ding nhap
hé diéu hanh may tinh, hé théng khoa cira van tay, v.v...

e Sinh tric hanh vi (Behavioral): 1a cac dic diém vé hanh vi ctia con ngudi nhu
thdi quen go phim (keystroke), chir ky (signature), giong noi (voice)...

O thoi diém bung n6 vé CNTT-TT, IoT va CMCN 4.0 thi vai tro ctia Sinh trac
hoc cang dugce nhdn manh hon trong nhiéu linh vuc x4 hoi va doi song. Ngay cang
c6 nhiéu cong trinh trén thé gidi khai thac cac dic tinh sinh tric dé 1am cau ndi giita
ung dung thuc tién va xac thuc cha thé. Tuy nhién, nghién ctru trong nudce vé linh
vuc ndy lai chua nhiéu, chua cé nhitng giai phap thuc sy thuyét phuc duoc cong dong
va doanh nghiép. Do dé, t6i chon dé tai “Nhén dang ngwoi néi theo ti€p cin may
hoc hién dai”, v6i mong mudn gép mot phan nho vao khao sat hoc thuat ma cy thé
1a dic tinh sinh tric vé giong néi, nham lam ting tinh kha thi hon cho ing dung trong
nuoc.

1.2. Tinh hinh nghién ciru lién quan dén deé tai

Hién nay, CAC cong trinh lién quan dén dé tai nhan dang giong noéi ngay cang
phat trién va da dang, nghién ctru cac cong trinh nay s& gop phan gitip cung cb hon
phan co s¢ 1y thuyét va dinh huéng nghién ctru, phat trién cho dé tai cta luan van.
1.2.1. Cac cong trinh nghién ciru trong nwoc

Tac gia Cao Truong Tran va cong sy di cong bd bai nghién ciru “Deep
Representation Learning for Vietnamese Speaker Recognition” [1]. Bai bao nay da
dé xuit mot phuong phap hoc tap chuyén giao sdu tich hop ca hoc tap chuyén giao

va hoc tép sau dé xay dung mo hinh nhan dang ngudi noi tiéng Viét. Ho da tao cau



hinh theo mé hinh nhan dang nguoi néi cia SOTA. Pudng co s6 nay da dugc cd dinh
cho tit ca cac thu nghiém dao tao. C4u hinh dudng co s& nay st dung mot doan thoi
gian 2 gidy c6 do dai cb dinh duoc trich xuit ngiu nhién tir mdi cdu néi. Nhdn manh
trude dugc ap dung cho tin hi¢u dau vao su dung hé s6 0,97. Hon nita, cac biéu d6
quang phd dugc trich xuét tir mot cira s6 hamming c6 chiéu rong 25ms va bude 13
10ms va kich thude FET 1a 512. Mel-filterbanks 64 chiéu duoc sir dung lam dau vao
cho mang. Sau d6, két hop t6n that Nguyén mau véi ton tht softmax dé ching minh
su cai thién lién tuc trong viéc sir dung tirng ham ton that. Hon nira, dé cap dén mé
hinh duoc toi wu hoa hiéu suat, Attentive Statistics Pooling (ASP) dugc sir dung dé
tong hop cac khung thoi gian, trong d6 d6 léch chuan c6 trong s6 theo kénh duge tinh
toan ngoai gia tri trung binh c6 trong sb. Cac tac gia di dao tao tit ca cac phuong
phap véi 500 epoch va mot cau hinh twong ty. Ngoai ra, tbe do 14y mau cho tat ca cac
bai huan luyén c6 do nhat quan 1a 16000 mau / gidy (16kHz), hoan toan dii cho hau
hét cac mo hinh nhan dang ngudi ndi co ban. Céc tac gia da str dung cac bién thé khac
nhau cia mang Residual bao g@)m ResNetSE34V2, ResnetSEHalf, ResNetSE34L,
VGG-Vox theo kién tric luu trir mé hinh co ban trong hoc sau. Két qua thir nghiém
chi ra rang phuong phap dugc dé xuat co thé xay dung cac mo hinh chinh x4c dé nhan
dang ngudi noi tiéng Viét.

Tac gia Diep Dao Thi Thu, Quang Nguyen Hong va cong sy da cong bd bai
nghién ctru “Text-dependent Speaker Recognition for Vietnamese” [2]. Bai bao nay
trinh bay mot phuwong phap méi dé nhan dang ngudi néi phu thude vao vin ban tiéng
Viét. Hé thong dugc 1ap md hinh cho ting ngudi ndi st dung moé hinh hdn hop
Gaussian GMM (Gaussian Mixture Model). Cac 4m vi trong cac tir khoa duoc biéu
dién bang cac mo hinh Markov an HMM. Xéc suat trudc va sau cho tir khoa va ngudi
n6i da dugc két hop v6i nhau dé xac dinh ngudi noi. Két qua cho thiy trong trudng
hop nguoi noi khong néi mot cum tir du dai, cach tiép can nay da ting hiéu suat nhan
dang ngudi noi.

Xéc thue nguoi n6i 13 nhin dang ngudi dung tir sinh tric hoc giong ndi va cé

nhic¢u tng dung nhu bado mat ngan hang, tuong tac véi may tinh ctia con nguodi va xac



thuc moi truong xung quanh. Trong cong trinh “Vietnamese Speaker Authentication
Using Deep Models” [3], nhom tac gia khao sat tinh hi¢u qua cta cac tinh nang am
thanh nhu hé s6 4m tan Mel (MFCC), hé s6 4m tin Gammatone (GFCC) va Mi du
doan tuyén tinh (LPC) dugc trich xuat tir cac ludong 4m thanh dé xay dyng hinh anh
phd dic trung. Ngoai ra, ching t6i dé xuit st dung cac mo hinh mang Residual sau
dé xac minh ngudi dung tir cac hinh anh phd dic trung. Phuong phap dé xuét duoc
danh gi4 theo hai cai dit trén bo dir liéu dugc thu thap tir 20 ngudi ndi tiéng Viet. Két
qua, véi ty 18 Equal Error 1a khoang 4%, di ching minh rang tinh kha thi ciia xac
thue ngudi néi tiéng Viét bang cach str dung cac mé hinh mang Residual sau duoc
dao tao v4i hinh anh tinh nang phd GFCC.

Bai bao “Speaker Diarization in Vietnamese Voice” ciia Nguyen Duc Nam va
Hieu Trung Huynh [4].Phan cuc nguoi néi 1a qué trinh phan chia luong am thanh dau
vao thanh cac phan doan dong nhat theo cac loa khac nhau. Pay 1a mot qua trinh quan
trong dé hd trg hé thong nhan dang ngudi ndi va xac dinh nguoi nodi trong chuong
trinh phat song, ban ghi cudc hop va thu thoai. Pac biét né 1a budc co ban cua hé
théng danh gia doc checklist tw dong trong phong mo. Trong nghién ctru ndy, nhom
tac gia gidi thiéu mot cach tiép can phan cuc ngudi nodi trong giong nodi tiéng Viét.
Phuong phéap duoc dé xuit bao gdm vecto hoa giong néi dya trén vecto x va sau d6
phan nhom bang cac k¥ thuat phan cip trung binh, k-means va tong hop dé xac dinh
ngudi nodi trong am thanh. Phuong phap nay dat do chinh xac 89,29% ddi véi cude
ddi thoai gid 2 nguoi dugc tao tir b thir nghiém cua bg dir liéu VIVOS Corpus.
1.2.2. Cac cdng trinh nghién cizu trén thé gigi

Trong bai bao [5] cua tac gia Rashid Jahangir va cac cong su vao nam 2020
da chi ra rang hau hét cac nghién ciru vé nhan dang nguoi noi di sir dung cac tinh
nang thoi gian ngin, chang han nhu hé sé dy doan tuyén tinh cam nhan (PLP) va hé
s6 tan s6 Mel (MFCC), do kha nang nam bt tinh chat 1ap lai va hi€u qua cua tin hi¢u.
Nhiéu nghién ctru khac nhau di chi ra hiéu qua cta cac tinh ning MFCC trong viéc
xéac dinh chinh x4c ngudi néi. Tuy nhién, hiéu suat ctia cac tinh niang nay bi suy giam

trén cac tap dir liéu giong ndi phue tap, va do do, cac tinh nang nay khong xac dinh



dugc chinh x4c cac dic diém cua ngudi ndi. Dé giai quyét vin dé nay, nghién ciu
nay dé& xuit mot sy két hop moi gitta MFCC va cac tinh ning dua trén thoi gian
(MFCCT), két hop hiéu qua cia MFCC va cdc tinh ning mién thoi gian dé cai thién
d6 chinh x4c cua hé théng nhan dang ngudi néi khong phy thude vao van ban (SI).
Cac tinh ning MFCCT trich xuét dugc dua vao 1am dau vao cho mang no-ron sau
(DNN) dé x4y duyng m6 hinh nhan dang ngudi néi. Két qua cho thiy rang cac tinh
ning MFCCT dugc dé xuét cung véi DNN hoat dong tot hon céac tinh ning MFCC
va mién thoi gian co s hién c6 trén tap dir liéu LibriSpeech. Ngoai ra, DNN thu dugc
két qua phan loai tdt hon so véi nam thuat toan hoc may da dugc st dung gén day
trong nhan dang ngudi noéi. Hon nira, nghién ctiru nay da danh gia hi€u qua ctia phuong
phap phan loai mot cip va hai cap dé xac dinh ngudi néi. Két qua thuc nghiém cho
thay phan loai hai cp cho két qua tot hon phan loai mot cap. Cac tinh ning dugc dé
xuat va mé hinh phan loai dé xac dinh mot nguoi noi co thé duoc ap dung rong rai
cho cac loai tap dit liéu vé ngudi néi khac nhau.

Niam 2019, Yanbing va cong su da cong bd bai nghién ciru “Deep CNNs With
Self-Attention for Speaker Identification” [6]. Hau hét cac cong trinh hién tai vé nhan
dang ngudi n6i déu dya trén phuong phap i-vector; tuy nhién, c6 mot su thay doi 1o
rét tir phuong phap i-vector truyén thdng sang phuong phap hoc sau, dic biét 13 ¢
dang mang CNN. Thay vi thiét ké cac tinh nang va mé hinh phan loai riéng 1¢ tiép
theo, nhom tac gia giai quyét van dé bang cach tim hiéu cac tinh nang va hé thong
nhan dang bang cach st dung mang no-ron sau. Dya trén CNN, bai béo nay trinh bay
mot phuong phap xac dinh ra dinh danh ctia ngudi néi doc 1ap voi vin ban méi dé
phan tach nguoi néi. Cu thé, bai béo nay dua trén hai mang CNN tiéu biéu, duoc goi
la mang nhém hinh hoc tryc quan visual geometry group (VGG) va mang no-ron du
(nets and residual neural networks — ResNets). Khong giéng nhu cac phuong phap
nhan dang nguoi ndi dua trén mang no-ron sau trudc day thuong dua trén téng )
trung binh hoic tdi da tam thoi trén tit ca cac bude thoi gian dé anh xa cac phat biéu
c6 do dai thay ddi véi mot vecto co chiéu c¢d dinh, bai bao nay trang bi cho hai CNN

nay mdt co ché tu cht1 y ¢6 cau trac dé tim hiéu mirc trung binh ¢6 trong so qua tat ca



cac bude thoi gian. Str dung 16p tu chd ¥ ¢6 cdu trac v6i nhiéu bude chi ¥, mang
CNN duoc dé xuat khong chi c6 kha ning xt Iy cic phan doan c6 d6 dai thay d6i ma
con ¢6 thé tim hiéu cac dic diém cua ngudi noi tir cac khia canh khac nhau cta chudi
dau vao. Két qua thir nghiém trén co s dir liéu diém chuan nhan dang nguoi noi,
VoxCeleb chirng minh tinh vu viét cia phuong phap duoc dé xuit so voi cac phurong
phép dua trén i-vector truyén thdng va cac dudng co s¢ khac cia CNN.

Bai bao nghién ctu [7] dugc dang trén tap chi International Journal of
Machine Learning and Computing da 4p dung mé hinh hoc sau cy thé 13 str dung
mang CNN dé xac dinh ngudi néi dugce dé xuat. Pau vao bang giong ndi cho phuong
thirc khong bi han ché vé nhitng tir ma nguoi néi néi. Piéu d6 co nghia 1a n6 ¢ dang
doc lap v6i van ban kho hon hé thong phu thudc vao vian ban. Theo phuong phap nay,
mdi 2 gidy giong noi ciia ngudi ndi duge chuyén doi thanh hinh anh quang phd va
dau vao cho qua trinh dao tao moé hinh CNN duoc tao tir dau. Phuong phap dua trén
CNN duoc dé xuat duoc so sanh véi phuong phap chiét xuat dic trung dua trén hé sb
MFCC cb dién dugc phan loai bang SVM. Cho dén nay, MFCC la phuong phap trich
xut tinh nang phd bién nhét cho tin hiéu 4m thanh va giong néi. Hinh anh quang phd
duogc sir dung 1am dau vao ciing duoc so sanh véi truong hop khi hinh anh cia song
tin hi€u thd dugc st dung cho m6 hinh CNN. Thir nghi¢ém dugc thuc hién trén bai
phat biéu ctia nim nguoi néi bang tiéng Thai, trong d6 cac giong ndi duoc trich xuat
tir YouTube. N6 cho thiy phuong phap duoc CNN dé xuét ddo tao dya trén hinh anh
quang phd ctia giong noi 13 tt nhat so v6i hai phuong phap con lai. Két qua xép loai
trung binh ctia bai kiém tra theo phuwong phap dé xuat 1a 95,83%. Déi v6i phuong
phap dya trén MECC 14 91,26% va d6i véi mo hinh CNN duoc dao tao trén hinh anh
clia song tin hiéu tho chi 1a 49,77%. Phuong phap duoc dé xuat rat hidu qua khi chi
st dung giong noi ngan gon dé lam dau vao.

Bai bao “Novel cascaded Gaussian mixture model-deep neural network
classifier for speaker identification in emotional talking environments” [8] vao nam
2018. Nghién ctru nay nhidm trinh bay mot cach tiép can hiéu qua dé nang cao hiéu

suat nhan dang ngudi noi khong phu thudc vao van ban trong moi trudng noéi chuyén



cam xuc dua trén bo phan loai méi c6 tén 1a M6 hinh hdn hop xép ting Gaussian va
mang no-ron sau (Cascaded Gaussian Mixture Model - Deep Neural Net) viét tat 1a
GMM-DNN. Két qua chi ra rﬁng bo phan loai duogc dé xuét cai thién hiéu suét nhan
dang ngudi noi & cac cam xuc khac nhau bang cach st dung hai co so dit liéu giong
noi riéng biét: Co s dit lidu giong ndi ctia Emirati (Bo dit liéu tiéng A Rap Cac Tiéu
vuong qudc A Rap Thong nhit) va bo dit liéu tiéng Anh “giong néi duéi cing thing
thuc té va mé phong”. BO phan loai dugc dé xuét hoat dong tdt hon cac bd phan loai
¢o dién nhu perceptron nhiéu 16p va SVM trong mdi tap dit liéu. Hiéu suat nhan dang
nguoi ndi dat dugc dua trén GMM-DNN Xép tﬁng tuong ty nhu hi¢u suét nhan dugc
tr danh gia chu quan ctia nguodi nghe.

Bai bao “Towards directly modeling raw speech signal for speaker verification
using cnns” [9] 14y cam htng tir sy thanh cong cua cac phuong phap tiép can dya trén
mang no-ron dé tao mo hinh tryc tiép tin hiéu giong néi thd cho cac ung dung nhu
nhan dang giong ndi, nhan dang cam xuc va chéng gid mao, tac gia dé xuit mot
phuong phép xdc minh nguoi ndi trong dé thong tin phan biét ngudi noi dugce hoc
trye tiép tir tin hiu giong noi bing cach: (a) dau tién ddo tao hé thdng nhan dang
nguoi ndi dua trén CNN dé léy tin hi€éu giong noi tho dau vao va hoc cach phan loai
trén ngudi n6i (hé théng xac minh nguoi ndi chua biét); va sau d6 (b) xay dung bod
do cho mdi nguoi néi trong hé thong xac minh ngudi nodi bang cach thay thé 16p dau
ra clia hé thong nhan dang ngudi noi bang hai dau ra (nguoi that, ngudi gia mao) va
diéu chinh hé théng theo cach phan biét voi dir liéu 161 nodi cua nguoi that va cua ké
mao danh. Céc cudc diéu tra trén co so dir liéu Voxforge cho thay rang cach tiép can
nay c6 thé mang lai cho céc hé thdng kha ning canh tranh véi cac hé thng hién dai.
Phan tich cac bd loc trong 16p tich chap dau tién cho théy réng cac bo loc nhan manh
dén thong tin ¢ cac viung tan sb thip (dudi 1000 Hz) va ngadm hiéu dé mé hinh hoa
thong tin tan s6 co ban trong tin hidu giong néi dé phan biét ngudi néi.

Bai bao “An MFCC-based text-independent speaker identification system for
access control” [10] cta Jung-Chun Liu va cdng su vao nam 2017. Trong bai bao

nay, dé bao vé cac d6i tuong trong thé gidi thuc, chang han nhu cac tda nha, nhom



tac gia phat trién mot hé thdng nhan dang ngudi noi co tén 13 hé s6 nhan dang ngudi
noi dya trén tan sé6 mel (MFCC) dé kiém soét truy cap (viét tit 1a MSIAC), xac dinh
ngudi néi bang cach thu thap tin hiéu giong noéi ciia ho va chuyén d6i tin hiéu sang
mién tan s6. M6 hinh loc thinh gidc ctia con nguoi dya trén MFCC duoc sir dung dé
diéu chinh muc ning luong cua cac tan sb khac nhau. Tiép theo, mot mé hinh hdn
hop Gaussian duoc st dung dé biéu dién sy phan bd cua cac dic trung logarit dudi
dang mé hinh 4m hoc cu thé. Vi du nhu khi mét ngudi mudn truy cdp vao mot dbi
tugng trong thé gidi thuc dugc bao vé boi MSIAC, mé hinh 4m thanh cta ngudi d6
s& duoc so sanh véi md hinh 4m thanh d3 c6. Dya trén két qua nhan dang, MSIAC s€
xac dinh quyén truy cap s& dugc chap nhan hay bi tir chbi. Két qua kiém tra hé thong
c6 thé théy réng do chinh xac nhan dang cua hé théng duge dé xuit cao hon khi noi
dung giong ndi dao tao cia hé théng bao gom ndi dung giong ndi kiém tra.

Niam 2017, Sarthak Yadav va cong sy da cong bd bai nghién ctru “Learning
Discriminative Features for Speaker Identification and Verification” [11]. Trong bai
bao nay, nhom tac gia dé xuat mang CNN duya trén CNNs Very Deep VGG [12], véi
nhirng stra d6i quan trong dé phu hop voi dau vao quang phd c6 do dai thay doi, giam
yéu cau vé dung luong dia ciia mo hinh va giam sb luong thong sb, dan dén giam
dang ké thoi gian dao tao. Tac gia ciing dé xuit mot hé thong thdng nhat cho ca nhan
dang ngudi noi doc 1ap véi van ban va xac minh nguoi néi, bang cach dio tao mang
dugc dé xuat dudi sy giam sat chung vé ham tinh t6n that Softmax (Softmax loss) va
t6n that Trung tdm (Center loss) dé co dugc cac tinh ning c6 tinh phan biét cao phu
hop cho ca nhiém vu xac minh va nhan dang ngudi n6éi. Bai béo st dung tap dir liéu
VoxCeleb méi phat hanh gan day [13], chira hang trim nghin cdu néi trong thé gidi
thuc ctia hon 1200 ngudi ndi tiéng thude nhidu sac toc khac nhau, dé danh dau phuong
phap tiép can cua tic gia. M6 hinh CNN t6t nhat duoc dé xuat dat do chinh xéc 1a
84,6%, cai thién tuyét dbi 4% so v6i phuong phap ciia Vox Celeb, trong khi ddo tao
két hop vé6i Center Loss dd cai thién do chinh xac 1én 89,5%, chirng minh tuyét d6i

9% so v&i cach tieép can ciia Voxceleb.



Bai bao "Speaker identification and clustering using convolutional neural
networks” [14] ciia tac gia Yanick Lukic va cac cong su. D6i v6i viéc phan cum ngudi
noi, nguoi ta van thuong sir dung cac chudi xtr Iy thi cong nhu cac tinh ning cua
MFCC va cac md hinh dua trén GMM d4 15i thoi. Trong bai bao nay, chung toi sir
dung cac gam quang phd don gian lam dau vao cho CNN va nghién ctru thiét ké t6i
ru cia cac mang d6 dé nhan dang va phan cum ngudi néi. Hon nita, tac gia giai thich
thém vé ciu hoi lam thé nao dé chuyén mot mang, dugc dao tao dé nhan dang nguoi
noi, sang phan cum nguoi néi. Nhém tac gia da ching minh cach tiép can ctia minh
trén tap dir liéu TIMIT ndi tiéng, dat dugc két qua c6 thé so sanh véi hién dai khi st
dung dau ra cua céac 16p day dac mirc do cao (speaker embedding) thay vi 16p softmax

(cohort modeling).
1.3. Muc tiéu, y nghia khoa hoc va thuc tién

Muc tiéu cua dé tai 1a khao sat tinh kha thi cua viéc ap dung cac mé hinh may
hoc hién dai cho linh vuc nhan dang ngudi noi, ky vong s€ mang lai hi¢u nang/do
chinh x4c cao hon cac phuong phap truyén théng. Khi ma nén tang cong nghé duoc
cai tién hon, cac ing dung sinh trac s& hip dan hon véi thi trudng va doanh nghiép.

Xuét phat tir nhitng muc tiéu chinh trén, luan vin hudng t6i nhitng két qua sau:

- Tim hiéu tong quan vé nhan dang ngudi noi.

- Tim hiéu cac thuat toan trong viéc nhan dang nguoi noi.

- Tim hiéu va xay dung bd dit liéu ngudi noi dung dé lam dau vao cho mé hinh.

- Cai dat thyc nghiém mang Feedforward DNN cho nhan dang ngudi néi tiéng
Viét.

- Tryc tiép danh gia so sanh két qua dat duoc véi mo hinh truyén théng HMM trén
cung tap dir li€u.

- Xay dung chuong trinh demo.
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1.4. P6i twong va pham vi nghién ciu

1.4.1. Poi twong nghién ciru

M6 hinh nhén dang ngudi ndi tiéng Viét trong may hoc, cu thé 1a Deep

Learning v6i mé hinh HMM va Feedforward-DNN. Tur d6i twong nghién ciru nay, ta

c6 cac khach thé nghién ctru khac nhu nhan dang nguoi ndi, tdim quan trong va g

dung cua nhan dang ngudi noi.

1.4.2. Pham vi nghién czu

Nhéan dang nguoi néi gdm nhiéu nhanh nghién ciru khac nhau. Trong pham vi

cua mdt ludn van cao hoc, dé tai tap trung vao mang dinh danh ngudi néi tieng Viét

ddc 1ap van ban va dir li€u thyc nghiém 1a trén 40 nguoi noi khac nhau. Cu thé hon,

cac goi cong viee (WP — work package) s& gdm:

WP1. Khao sat hoc thuat va kién thirc nén tang
WP2. Thu thap dit li¢u thuc nghiém

WP3. Xay dung md hinh may hoc
WP4. Thuc nghi¢m danh gia
WP5. Xay dung chuong trinh demo

WP6. Viét b4o céo luan van

1.5. Phwong phap nghién ciru

1.5.1. Phwong phdp nghién ciru ly thuyét

Nghién ciru vé linh vuc nhan dang ngudi noi.

Nghién ctru vé mé hinh nhan dang ngudi ndi trong may hoc.

Tong hop cac tai liéu lién quan dén linh vyc nghién ciru: nhan dang ngudi noi,
mang HMM va Feedforward-DNN trong DL.

Phan tich, thiét ké hé théng theo quy trinh sao cho dé sir dung, hiéu qua, dé

nang cap, sua chita bd sung.
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1.5.2. Phwong phdp nghién ciru thuc nghiém

Nghién ctru vé bo dit liéu va cach xay dyng bo dir liéu cho dé tai nhan dang

nguoi noi,

Nghién ctru cach xtr Iy bo dir liéu, ap dung bo dir li¢u vao mo hinh du doan;

Cai dat, huan luyén, thur nghiém mo6 hinh HMM va Feedforward DNN cho

nhan dang nguodi noi tiéng Viét;

Danh gia, so sanh hiéu nang gitta phuong phap may hoc hién dai (DNN) so
v6i phuong phép truyén théng (HMM).

1.6. B6 cuc ludn vin

Chuong 1: Phan mé dau

Chuong 2: Téng quan dé tai

Chuong 3: Nhan dang ngudi noi voi Deep Learning
Chuong 4: Thuc nghiém

Chuong 5: Két luan
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CHUONG 2: TONG QUAN PE TAI

2.1. Gi6i thiéu chung
2.1.1. Nhdn dang nguwoi noi la gi?

Mirc d6 quan tdm va nhu cau sir dung cac phadn mém nhan dang giong noi ting
1én chong mit trong nhitng nim gan day. Khong chi vy, cong nghé giong noéi lién
tuc duoc cai tién va ngay cang tré nén tinh vi hon. Do d6 cac doanh nghiép nén dau
tu nhiéu hon vao viéc trién khai va tich hop cong nghé nay dé tang pham vi tiép can
cling nhu cai thién doanh s6 ctia minh.

Nhan dang giong néi gdém 2 thuat ngit: Voice recognition va Speech
recognition.

- Speech recognition chi nhan dang cac tir nglr va tap trung vao viéc dich tir
ngtr d6 thanh van ban.

- Voice recognition c6 kha nang nhan dang va dinh danh giong ndi cia tirng
ngudi dung (hay con goi 13 nhan dang nguwdi néi). Cu thé 1a xac thuc nguoi
n6i bang cach phan tich cac mau va trinh tu giong néi cia mot ngudi tir d6 co
thé dinh danh nguoi néi chinh xac.

Véi nhitng tiém nang ing dung rong rii cuia nhan dang sinh trac hoc néi chung
va nhan dang ngudi néi no1 riéng, linh vue nhan dang nguoi néi da duoc di sau nghién
clru trong nhiéu thap ky qua va ciing da dat dugc nhiéu thanh tuu dang ké. Vé co ban,
hé thong nhan dang ngudi qua giong ndi cling tudn thu cac budc cia mot hé théng
nhan dang dya trén sinh tric hoc. Tuy nhién, ciing cAn c6 nhitng nét dic trung chuyén
sau nham tang cuong két qua nhan dang. Chéng han ¢ giai doan rut trich dac trung,
tuy Gng dung ma ching ta nén xem xét nhirng dic trung nao can duoc rut trich sao
cho phu hgp va dat hiéu qua cao.

Nhéan dang nguodi qua gigong noi 1a mdt trong nhitng nhanh dugc nghién cuu
phat trién manh trong sinh tric hoc, boi 1& nhu ta da biét trong cac dic tinh sinh hoc
trén co thé nguoi, tiéng noi 1a mot dic diém mang tinh pho thong, dé phat sinh va

khong can dén cac thiét bi thu phirc tap. Nhiéu cong trinh dd duoc nghién ciru trén
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tiéng noi nham khai thac cac thong tin tir linh vyc nay. Cu thé hon, nhan dang ngudi
no6i (speaker recognition) [2] bao gdm 2 loai 1a: nhan dang doc 14p vin ban (text-
independent) va nhan dang phu thudc van ban (text-dependent).

Text-dependent with fixed passwords

Phuong phap dua trén vin ban yéu ciu ngudi néi cung cip cac tir hodc cu
chinh dé sir dung cho ca qua trinh dao tao va nhan dang. Cac phuong phap nay thudng
dua trén k¥ thudt d6i sanh mau/mo hinh-trinh tu trong d6 chiéu thoi gian ctia miu
giong n6i dau vao va cac mau tham chiéu dugc cin chinh va sy twong dong giira
chung s& duoc hé thong tich liy trén timg cau phat 4m dé 1am can c ra quyét dinh.
Vi c6 thé khai thac dic tinh bién ddi it cua tiéng no6i theo tirng am vi hodc am tiét, nén
phuong phap dya trén van ban thuong dat dugc d§ chinh xac nhan dang cao hon so
v6&i1 phuong phap khong phu thudc van ban.

Mot s6 k¥ thuat pho bién truyén thong ciia phuong phép text-dependent 1a
DTW (Dynamic Time Warping — quy hoach thoi gian dong) hodc st dung moé hinh
HMM (Hidden Markov Model — mé hinh Markov an).

Text-independent with no specific passwords

Phuong phap text-independent khong dua vao mot van ban dugc dinh nghia
trudc cu thé ndo. Do do, wu diém ctia phuong phap nay 1a nd ¢ thé nhan ra nguoi noi
doc 1ap voi ndi dung cta ciu phat am. Vi rat khé ¢ thé mo hinh hoa hoic so khép
cac mau tiéng noi & cap do tir hodc cu, nén ddi voi phuong phap khong dua trén van
ban, cac ky thuat mé hinh hoa toan cau phat am sir dung phuwong phép thong ké thuong
duogc str dung.

Text-Prompted Speaker Recognition

Tuy nhién, ca hai phuong phap text-dependent va text-independent ké trén déu
16 rd diém yéu, dic biét trong bdi canh cac cong nghé ghi am, tai tao giong néi phat
trién manh. Do d6, dé khac phuc cac han ché cua nhiing phuong phap truyén thng,
cac nha khoa hoc dé& xuat mot cach tiép can méi co tén Text-Prompted Speaker
Recognition. Dbi voi phuong phap ndy, cac cdu ndi mang tinh “chia khoa” duoc thay

doi lién tuc trong moi lan truy cap. H¢ thong chi chap nhéan 161 néi dau vao khi xac
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dinh rang chinh ngudi duoc cap quyén dang thuc hién cau 1énh do may cung cip.
Phuong phap nay khong chi nhan dang chinh x4c ngudi n61 ma con giip phong tranh
truong hop moét giong noi dugce ghi am va phat lai.

Phuong phap Text-Prompted Speaker Recognition stt dung cac mé hinh am vi
tuong ing voi timg ngudi néi lam don vi am thanh co ban. Cac mé hinh 4m vi co thé
dugce biéu difn bing ciac mo hinh thdng ké nhu Gaussian-mixture, tied-mixture
HMMs, hoic Deep learning models. Trong giai doan nhin dang néu st dung phuong
phap tied-mixture HMMs, hé thong s& ghép cac md hinh 4m vi ctia timg ngudi noi da
dang ky dé tao ra mot chudi cic HMM dua theo van ban duogc nhic. Sau d6, diém
ctia chudi nay s& dugc hé thong tinh toan va sir dung dé xac minh nguoi néi.

Theo thé thirc (Hinh 2.1) thi nhan dang nguoi néi gébm dang xac minh

(verification) va dang dinh danh (identification).

?
| L l‘ H. h\"l
" L‘l .‘ .l'l" nr —_— \1\ YWV
Verification Identification

Hinh 2.1: Phan biét xac minh va dinh danh (nguon [2])

Trong bai toan xdc minh nguoi noi (verification), chuong trinh s& ddi sanh
xem mau 16i néi can kiém tra cé so khép véi mot nguoi néi da cho truwde hay khong
(so sanh 1:1) va két qua tra vé 1a két luan mAu 101 noi kiém tra ding hoic sai (khong
thudc) so voi nguoi néi da biét trude. Con dbi voi bai toan dinh danh nguoi néi
(identification), chuwong trinh s& phai d6i sanh mau 1i néi voi tit ca dit liéu luu trix

(so sanh 1:n) va két qua tra veé la két luan mau kiém tra l1a cia mot trong s6 nhiing
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nguoi da luu trir hay 1a mdt nguoi gid mao tir bén ngoai. Cé6 mdt su khac nhau 16mn
trong d6 phirc tap tinh toan gitra hai loai trén. Trong xac minh nguoi noi, hé théng
chi can kiém tra m6 hinh nguoi noi (speaker) quan tim (mé hinh ngudi néi cho trudc)
ma khong doi hoi kiém tra nhitng mé hinh ngudi néi khac. Tuy nhién, trong nhiing
tmg dung thue té, chi don gian xem xét mot mo hinh s& khéng c6 du théng tin nhan
xét dé dua ra quyét dinh tét. Boi vi hé théng s& khong c6 sy d6i sanh 1 rang néu chi
xem x€t chi riéng mot mo hinh.

Trén thé gioi cod thé ké ra mot s6 hé théng nhan dang nguoi noi dién hinh duoc

cac cong ty phat trién nhur:

e Hammacher Schlemmer (M¥) - gi6i thiéu dén ngudi tiéu dung mau USB dau

tién trén thé gidi cd cong nghé bao mat bang giong nodi.

e VoiceVault cung cip cac giai phap sinh tric hoc qua giong néi trén thiét bi va

trén rng dung dién thoai di dong.

e Nuance Communications Gatekeeper cling 1a mot vi du cho cong nghé nhan
dién giong ndi. Ung dung nay c6 kha nang xac dinh giong noi ctia ngudi 16n
tuoi. Tur do, nhan vién nhan cudc goi s€ dua ho vao danh sach uu tién trong

dai dich Covid-19.

e Siri, Alexa hay Google Assistant cling irng dung cong ngh¢ nhan di¢n giong
no6i. Py con la giai phap rat hiéu qua dé phan khiic nguoi tiéu dung trong kinh
doanh.
e Hing dién thoai di dong OPPO ciing di tich hop kha ning khoa may bang
giong ndi 1én hé diéu hanh dya trén nén tang Android ColorOS 2.0 ctia minh.
2.1.2. Ung dung cdng nghé nhdn dang nguwoi néi vao doi séng

Cac cong ngh¢ nhan dang ngudi ndi dugc su dung trong cac linh vuc ung dung
rong rii [15]. Cac linh vuc ma cac k¥ thuat nhin dang ngudi noéi co thé duoc sir dung
nay 1a xac thuc, giam sat va nhan dang trong phéap y. Tty thudc vao nhitng diéu nay,

linh vuc nhan dang ngudi n61 mat 14n nita dugc chia thanh ba loai cu thé: nhan dang,
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phat hién / xc minh va phan doan va phan cum. Mot sb tmg dung vi du cua cong
ngh¢ nhan dang ngudi néi nhu

Xac thue

Nhan dang nguoi néi dé xac thue cho phép ngudi ding xac dinh ngudi sir dung
giong noi cua ho. Mot ngudi co thé duoc xac dinh b?mg nhiéu dic diém khac nhau
nhu chir ky, ddu van tay, giong noéi, dic diém khuon mit, v.v... Loai phuong phap
xac thyc nay dugc goi 1a xac thuc nguoi sinh tric hoc. Trong truong hop nay, kha
nang bi lam dung céc loai van dé nhan dang nay it hon so véi viéc chia khoa hoac thé
tin dung c6 thé bi danh cip hodc bj mat, do d6, sé PIN hodc mat khau c6 thé d& dang
bi sir dung sai hodc quén. Mdi ngudi ¢ dic diém giai phau, sinh 1y va nhiing thoi
quen hoc dugc ma nhitng nguoi than quen st dung trong cudc séng hang ngay dé
nhan ra nguoi d6. Picu nay co thé thuan tién hon nhiéu so véi cac phuong tién xéac
thuc truyén thong yéu cau mang theo chia khoa bén minh hoic ghi nhd ma PIN.

Giam sat

Co quan an ninh ¢6 mot s6 phuong tién thu thap thong tin. Mot trong s6 d6 1a
nghe 1én dién tir cac cudc trd chuyén qua dién thoai va radio. Vi nhitng diéu nay din
dén s luong 16n dir liéu, co ché loc phai duoc ap dung dé tim thong tin lién quan.
Mot trong nhitng bo loc ndy c6 thé 1a nhin dang nhitng nguoi ndi ¢6 quan tim dén
dich vu.

Phap y

Pay 1a mot ung dung quan trong ctia nhan dang ngudi néi. Néu c6 mot miu
161 n61 da duoc ghi lai trong qua trinh pham t0i. Gigng n6i cua nghi pham cé thé dugc
so sanh v&i mau giong ndi dé dwa ra déu hiéu vé sy gibng nhau cua hai giong noi.
Chimng minh danh tinh cia giong néi duoc ghi am c6 thé gitp két ti toi pham hoic
xu mdt ngudi vo toi trude toa. Mac du tac vu nay céd thé khong dugc thuc hi¢n bdi hé
thong nhan dang nguoi noi ty dong, tuy nhién, cac k¥ thuat xir 1y tin hiéu c6 thé duoc

st dung trong linh vyc nay.
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Bdo mat

N6 1a timg dung 1 rang nhit cua bat ky k¥ thuat xac thuc sinh tric hoc nao.
Nhéan dang nguoi noi co thé duoc st dung trong cac giao dich thé tin dung nhu mat
phuong phap xac thue két hop v6i mot sé phuong thic khac nhu nhan dang khuén
mit. Cong nghé nhan dang ngudi noi ¢ thé cung cip co sé xac thuc giao dich hoic
kiém soat truy cap may tinh, giam sat, xac thuc giong ndi qua dién thoai dé goi dudng
dai hodc truy cép ngan hang, v.v...

Nhan dang giong noi

Nhan dang giong néi va ngudi néi 1a linh vuc nghién ctru kép theo nghia rang
kha ning thay doi ctia ngudi néi 1a mot trong nhitng van dé chinh trong nhan dang
giong noi, trong khi nhan dang nguoi no1 do 1a mot 1oi thé. Cong ngh¢ nhan dang
ngudi ndi c6 thé dugce sir dung dé giam sy bién doi ciia ngudi néi trong hé thong nhan
dang giong noi bang sy thich nghi ctia ngudi néi. Vi dy, hé thong nhan dang giong
n6i ¢6 thé ¢c6 mot bd phan dinh vi ngudi néi nhan biét ai dang no6i. Sau do, hé théng
¢6 thé diéu chinh cac thong sb cua trinh nhan dang giong noi dé phu hop hon véi
ngudi nodi hién tai hodc dé chon trinh nhan dang giong néi phu thudc vao nguoi néi
tr co so dir li€u cua no.

Theo di nhiéu nguoi néi

Trong phan nay, mot s6 ngudi ndi dugc bao gdm trong ban ghi am. Ngoai ra,
nguoi ta cling mudn biét ai dang phat biéu trong hoi nghi tir xa, dic biét 1a khi co
nhiéu ngudi tham du trong cude hop qua dién thoai va nhitng ngudi tham du khong
quen thudc voi nhau. Ba loai cua tac vu da nguoi noi khac nhau dugc nhan dang -
phat hién nguoi noéi, theo déi ngudi ndi va phan doan nguoi n6i. Nhiém vu phat hién
bao gdbm viéc quyét dinh xem mot ngudi ndi da biét c6 xuat hién trong ban ghi nhiéu
nguoi néi hay khong. Trong nhiém vu theo doi, khoang thoi gian ndi cia mot ngudi
n6i nhat dinh duoc dat trong ban ghi &m. Nhiém vy phan doan bao g6m viéc xac dinh
céc khoang giong noéi ctia mdi nguoi néi khac nhau. Trong truong hop chung nhét,

co thé khong c6 kién thirc trude vé nguoi noi hodc so luong cia hg. Cac ing dung
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ctia phan doan nguoi ndi da dugce dé xuit dé phan doan cac chuong trinh phét song
tin turc.

Giao dién nguoi dung dugc ca nhan hoa

Ching han nhu hop thu thoai ngdy cang trd nén phd bién hon do su phat trién
ctia cong nghé giong n6i néi chung. Bang cach nhan dang ngudi noi, hé thong co thé
thich ing véi nhu ciu va so thich cia ho. Cac ng dung trén yéu cau cac ky thuat
nhan dang ngudi1 n61 manh mé, vi dy: trong céac dich vu ho tro qua di¢n thoai, nguoi
ding c6 thé goi dén trong cac loai diéu kién 4m thanh khac nhau nhu trong vin phong,
trén duong phé, v.v. va st dung cac mang di¢n thoai khac nhau nhu dién thoai )
dinh hodc di dong. Trong cac tinh hudng cudc hop, nhitng nguoi tham gia ¢ thé néi
chuyén trong khi di chuyén xung quanh d6i mit véi micrd theo cac huéng khac nhau
va khoang céch khac nhau. Céac diéu kién khong khép céd thé gap phai bat cir luc nao
trong nhing trudng hop nay. Do d6, tinh manh mé 1a mot trong nhing yéu td quan
trong quyét dinh sy thanh cong cta tinh ning nhan dang ngudi ndi trong cic ung
dung nay
2.1.3. Tong quan Vvé tri tug nhan tao (Al)

Tri tué nhan tao (AI) [16] da trd nén rat pho bién trong thé gidi ngay nay. Tri
tué nhan tao la tri tué do con nguoi lap trinh tao nén vai muc tiéu gidp may tinh co
thé ty dong hoa cac hanh vi thong minh nhu con nguoi (hinh 2.2). Tri tué nhan tao
khéc vai viéc lap trinh logic trong cac ngbn ngir lap trinh 1a ¢ viéc tng dung cac hé
théng hoc may dé md phong tri tué ctia con ngudi trong cac Xt Iy ma con ngudi 1am

t6t hon may tinh.

Hinh 2.2: Tri tué nhan tao — Al (nguon [16])
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Cung v6i su phat trién x4 hoi hién dai nhu ngay nay, Al d3 khong con 13 mot
tir ngit xa la. Cong nghé ngay cang 16n manh, Al cang di siu vao nhiéu linh vuc cia
doi sdng con nguoi ching han nhu stc khoe, kinh doanh, gido duc, san xut,...
Amazon Go la mot minh chimg rd rang nhét cua Al, khi khach hang khong can phai
xép hang ma chi can ding nhap vao tai khoan Amazon Go, 14y cac san pham cén thiét
va roi di. Céc thao tac thanh todn, gui héa don dugc thuc hién mot cach chinh xac, tu
dong va khong can phai nhd dén su trg giup cta con ngudi. Voi tbe do phat trién cao

nhu vay thi trong tuong lai Al chic chan s& dat duoc nhiéu thanh twu hon nita.
2.2. Tin hiéu giong noi

Tin hiéu 4m thanh 13 mot dai dién cua &m thanh. N6 ma hoa tit ca céc thong
tin can thiét can thiét dé tai tao Am thanh. Tin hiéu 4m thanh c6 hai loai co ban: analog

va digital. Hinh 2.3 mo ta viéc xir 1y tin hiéu analog.

= /\__.

ADC \/ time

o T
— ILlj
\ [ -
I—L,—l_r time
Filter
| =
Analog time

Hinh 2.3: Lay miu va sb hda tin hiéu analog, sau d6 tai tao lai tin hiéu nay [17]
Analog 13 4m thanh duoc ghi lai bang cach sir dung cac phuong phap tai tao
song am thanh goc. Vi du bao gom céac ban ghi vinyl va bang cassette. Am thanh

digital dwoc ghi lai bang cach 1dy cac mau cia séong 4m thanh gbe & mot toe do xéac
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dinh, dugc goi 1a tbe do 14y mau (sampling rate). Bia CD va tép MP3 1a nhirng vi du
vé cac dinh dang k¥ thuat $0.

Trong thé giéi thuc, viée chuyén d6i giita cac dang séng digital va analog 1a
pho bién va can thiét. ADC va DAC 1a mot phan ciia qua trinh x\r 1y tin hiéu 4m thanh

va ching dat duoc nhitng chuyén d6i nay.
2.3. Céc thanh phan chinh cia hé théng nhan dang ngudi noi

Hé théng nhan dang ngudi noi thuong bao gém ba don vi chinh [18] nhu hinh
dué6i day. Pau vao cho giai doan dau tién hodc cho hé théng xtr Iy dau cubi 14 tin hiéu
giong noi. Tai ddy giong ndi duge sé hoa va sau d6 viée rdt trich dic trung s& dién ra.
Khong cé tinh nang ddc quyén nao truyén tai danh tinh ciia ngudi néi trong tin hiéu
giong noi, tuy nhién, theo 1y thuyét bo loc ngudn ciia qué trinh tao ra giong néi, hinh
dang phd giong néi dugc ma hoa trong d6 thong tin vé hinh dang duong 4m cua ngudi
no6i théng qua cong thire va ngudn 4m thanh qua séng hai cao d6. Do d6, mot s6 dang
hodc dang khac cta céc dic trung dua trén quang phd duoc sir dung trong hau hét cac
hé thdng nhan dang ngudi nodi. Qua trinh cudi cung trong giai doan xur Iy dau cubi la
mot s6 hinh thirc bu kénh. Céc thiét bi dau vao khac nhau (vi du: cac thiét bi cam tay
dién thoai khac nhau) ap dat cac dac diém phé khac nhau 1én tin hi¢u giong noi, chéng
han nhu gidi han va dinh hinh bang tan. Do d6 bu kénh dugce thuc hién dé loai bo cac
tac dung khong mong mudn nay. Thong thuong nhit, mot s6 dang bu kénh tuyén tinh,
chéng han nhu phép trir trung binh cong dai han va nga‘m han dugc 4p dung cho cac
tinh nang. Co ban ctia phép trir quang pho 1a nang luong quang pho cia tin hi¢u 15

no1 bi nhi€u boi tiéng 6n bang tong nang lugng quang pho cua tin hi€u va nhicu.

Training Reference templates
for each speaker

Speech Freature ’,"
° > ; ——>e
extraction e
A 4 Recognition
Similarity results
> i >
Recognition (Distance)

Hinh 2.4: CAu truc cia hé théng nhan dang ngwoi no6i (nguon [19])
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Qua trinh nhan dang ngudi noi bao gdm giai doan dao tao va giai doan nhan
dang (hinh 2.4). Trong giai doan dao tao, cac dac diém trong tin hi€u 101 ndi cia nguoi
noi duogc luu tritr dudi dang cac dac trung tham chiéu. Cac vecto dic trung cua 101 noi
dugc st dung dé tao mé hinh nguoi noi. Sd luong mau tham chiéu can thiét dé nhan
dang ngudi néi hiéu qua tiy thudc vao loai tinh ning hoidc ky thuat ma hé thong st
dung dé nhan dang ngudi néi. Trong giai doan nhin dang, cic dic trung trong ty nhu
c4c dic trung duoc sir dung trong mau tham chiéu dugc trich xut tir cAu ndi dau vao
cua nguoi noéi voi danh tinh duoc yéu cau phai dugc xac dinh. Quyét dinh nhan dang
phu thudc vao khoang cach duogc tinh toan gitra mau tham chiéu va mau duoc tao ra
tir 101 néi dau vao. Trong nhan dang nguoi néi, khoang cach gitra 10i néi dau vao va
tat ca cac mau tham chiéu c6 san déu dugc tinh todn. Mau ciia ngudi dung da dang
ky, c6 khoang cach v6i mau cau dau vao 1a nhé nhat, cudi cing dugc chon lam nguoi
phat biéu cta cdu dau vao. Trong trudng hop xac minh nguoi ndi, khoang cach chi
dugc tinh gitra 161 n6i dau vao va mau tham chiéu ctia ngudi néi dugc xac nhan quyén
so hiru. Néu khoang cach nho hon ngudng xac dinh trude, ngudi ndéi duge chip nhén,

ngudi ndi khac bi tir chdi véi tu cach 1a ké mao danh.
2.4. Rut trich dac trung

2.4.1. Rut trich ddc trung la gi

Trich xuat dic trung &m thanh [18], [20] 12 mot budc can thiét trong xtr 1y tin
hiéu 4m thanh, 12 mét trudng con cia qua trinh xir 1y tin hiéu. N6 lién quan dén viéc
xtr Iy hodc thao tac cac tin hi¢u 4m thanh, loai bo tiéng 6n khong mong mudn va can
bang cac dai tan s thoi gian bang cach chuyén dbi tin hiéu k¥ thuat sb va tin hiéu
analog. N¢ tip trung vao cac phuong phép tinh toan dé thay doi am thanh, bién d6i
tin hiéu 4m thanh thd thanh mot biéu dién nhé gon. Mot chudi cac vecto dic trung
biéu thi tin hiéu giong n6i nhé gon s& duoc tinh toan bang phuong phap rit trich. Céc
vecto dac trung dugc trich xuét tir tin hiéu thé, trong mo6-dun trich xuat dic trung
nhan manh cac thudc tinh cu thé cua ngudi ndi va loai bo du thira trong théng ké. St

dung vecto dic trung ctia nguoi ndi cu thé dé dao tao mo hinh nguoi noi, khai thac
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tinh ning lién quan dén viéc don gian hoa luong tai nguyén can thiét @& mo ta chinh
xac mot tap hop lon dir ligu. Khi thuc hién phan tich dir liéu phtic tap, mot trong
nhirng van dé 16n bit ngudn tir sb lwong cac bién lién quan. Trich xuat dic trung la
mot thuat ngit chung dé chi cac phuong phap xay dung t6 hop cac bién dé giai quyét
cac van dé nay trong khi van mé ta dit liéu véi do chinh xac day du.

Trong nhan dang ngudi néi, do chinh xac va ty I¢ nhan dang suy giam do cac
khia canh khac nhau nhu: sy thay d6i tir ngudi néi; 161 néi do ngudi néi cung cap (co
thé thay d6i bat cir luc nao vi cam xuc va bénh tat). Ngoai ra, sy thay doi tir moi
truong, tiéng 6n trong tin hiéu giong noi (do kénh truyén), tiéng 6n nén va do vang
lam hong tin hiéu giong néi dau vao & ché do thir nghiém. Pic trung vé thoi gian
khong hiéu qua vi no thay d6i dang ké khi ciing mot nguoi ndi cing mot giong. Cac
dic trung s& cung cap thong tin chinh xac va chdng nhiéu t6t nén duogc tinh toan trong
nhitng truong hop nhu vay.

2.4.2. Cdc dic trwng dm thanh phé bién cho vigc thiét Idp mé hinh

Pac trung cua am thanh 1a mé ta vé am thanh hodc tin hiéu am thanh vé co
ban ¢ thé duoc dua vao cac md hinh théng ké hoic ML dé xdy dung hé théng am
thanh thong minh. Céc ing dung 4m thanh sir dung céc dic trung nay bao gom phan
loai &m thanh, nhan dang giong néi, ge‘m thé nhac ty dong, phan doan dm thanh va
tach nguon, ldy ddu van tay 4m thanh, 1am giam am thanh, truy xuit théng tin am
nhac, v.v...

Céc dic trung khac nhau sé bat lay cac khia canh khac nhau ctia 4m thanh. No6i
chung, cac dic trung am thanh dugc phan loai theo cac khia canh sau:

a. Mtc do truru tugng

Céc danh muc thudc phan loai nay cha yéu bao gom cac tin hiéu 4m nhac hon

Ia &m thanh noi chung
- High-level: Pay 1a nhiing dic diém triru trong dugce con ngudi hiéu va tan
huong. Ching bao g?)m nhac cy, phim, hop am, giai di€u, hoa am, nhip diéu,

thé loai, tim trang, v.v...
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Mid-level: Pay 1a nhirng dic diém ma ching ta c6 thé cam nhan duoc. Ching
bao gém cao do, bo mo ta lién quan dén nhip, khéi dau nét, mau dao dong,
MFCC, v.v... C6 thé néi rang day la tong hop cac dic trung cap thap.
Low-level: Pay 1a cac dic trung théng ké dugc trich xuat tir Am thanh. Nhitng
diéu nay c6 y nghia déi v6i may moc, nhung khéng co v nghia ddi véi con
ngudi. Cac vi du bao gdm dudng bao bién do, ning luong, tAm quang pho,
thong luong quang pho, téc do xuyén 0, v.v...

Pham vi tam thot

Loai cua phan loai nay 4p dung cho am thanh noéi chung, nghia la cd am nhac

va khong am nhac

Tire thoi (Instantaneous): Nhu tén cho thay, cac dic trung nay cung cap cho
chung ta thong tin tirc thoi vé tin hiéu Am thanh. Chiing coi 1a nhitng phan nho
ctia tin hiéu 4m thanh, trong pham vi mili gidy. D9 phén giai thoi gian tdi thiéu
ma con ngudi co thé danh gia cao 1a khoang 10ms.

Cap do phan doan (Segment-level): Cac dic trung ndy c6 thé dugc tinh toan
tor cac phan doan cua tin hi€u am thanh trong pham vi giay.

Toan ciu (global): Dy 1a cac dic trung tong hop cung cap thong tin va mé
ta toan bo am thanh.

Khia canh am nhac: Thudc tinh am thanh bao gém nhip, nhip di¢u, am sdc

(mau sac cua am thanh), cao dg, hoa am, giai di¢u, v.v...

. Mién tin hiéu (Signal domain)

Mién thoi gian (time-domain): Chung duogc trich xudt tir cac dang séng cua
am thanh tho. Céac vi du vé ty 1¢ giao nhau bang khong, duong bao bién do va
nang luogng RMS.

Mién tan s6 (frequency-domain): Chung tip trung vao cac thanh phan tan sb
ctia tin hiéu 4m thanh. Céc tin hiéu thudng duoc chuyén doi tir mién thoi gian
sang mién tan sb bang cach sir dung Fourier Transform [21]. Ti 1é ning luong

dai, tim quang pho, va thong luong quang pho 1a nhimng vi dy.
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- Biéu dién thoi gian-tin sb (time-frequency representation): C4c dic trung
nay két hop ca thanh phan thoi gian va tan sb cta tin hiéu 4m thanh. Biéu dién
thoi gian-tan sé thu duoc bang cach ap dung Short-Time Fourier Transform
(STFT) trén dang soéng mién thoi gian. Quang phd (Spectrogram), quang phd
mel (mel-spectrogram) va hang s bién d6i-Q (constant-Q transform) 1a nhing
vi du.

e. Phuong phép tiép can ML

- Hoc may truyén thong: coi tit ca hodc hau hét cac dic trung tir ca mién thoi
gian va tan sb 1a dau vao ctia mo hinh. Cac dic trung can duge chon loc thu
cong dya trén anh hudng cia nd ddi véi hiéu suét cia mé hinh. Mot sd dic
trung duoc st dung rong rdi bao gdm Amplitude Envelope, Zero-Crossing
Rate (ZCR), Nang lugng Root Mean Square (RMS), Trung tdm pho, Ty 1&
nang lugng bang tan va Bang thong pho.

- Hoc sdu: xem xét cac biéu dién am thanh khong c6 cdu trac nhu quang phd
hoic MFCC. N6 tu trich xudt cac mau. Vao cudi nhitng nam 2010, ddy da tro
thanh cach tiép can dugc ua thich vi viée trich xuat tinh ning 13 tu dong. N6
cling dugc hd trg bai luong dir licu ddi dao va sttc manh tinh toéan.

MFCCs

Log- Discrete

A.-_ - <\r- ‘:;‘. : Amplitude Cosine
v Spectrum Transform
Audio Signal " L
Fast Fourier Mel Scaling

Transform

MFCC

Hinh 2.5: Cac bwéc trich xuidt MFCC tir tin hiéu am thanh (nguon [18])

Tir hinh 2.5 d3 trinh bay thong tin vé tdc do thay doi trong cac dai phd ctia mot
tin hi€u dugc dua ra bdi cepstrum cua nd. Cepstrum vé co ban 1a mot phé cua nhat
ky vé phd cua tin hiéu thoi gian. Pho két qua khéng nam trong mién tan sb ciling
khong nam trong mién thoi gian do d6 n6é duoc dit tén 1a mién quefrency (ddo chir

cai cua tir tin sé). Cepstrum truyén tai cac gia tri khac nhau cAu tao nén céc chit tao
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thanh (mot thanh phan dic trung cta chit lvgng 4m thanh 101 néi) va 4m sic ciia Am
thanh. Vi vay, MFCC rat hitu ich cho cac mé hinh hoc su.

2.5. M6 hinh may hoc

2.5.1. Khai nigm vé may hoc

Hoc may (Machine Learning) [22] 1a mét tap hop con cua Al cung cap cho
may tinh kha ning tu dong hoc hoi dya trén dir liéu dua vao ma khong can phai duoc
lap trinh cy thé. Do d6, hoc may 1a mot phuong phap giup may moc giai quyét van
dé bang cach dat duoc kha niang suy nghi.

ML duoc &p dung vao nhiéu phuong dién khéc theo trong cac linh vuc cta doi
séng (hinh 2.6). Duédi day trinh bay tng dung pho bién nhat trong thé gigi thuc cua
ML [23]:

a. Nhan dang hinh anh

Nhan dang hinh anh 12 mét trong nhitng &ng dung pho bién nhat cuia ML. N6
dugc st dung dé xac dinh dbi twong, nguoi, dia diém, hinh anh k¥ thuat so, v.v...
Truong hop sir dung phé bién caa nhan dang hinh anh va nhan dién khudn mit ching
han nhu 13 goi y gan thé ban bé tu dong cua Facebook. Facebook cung cap tinh ning
goi y tu dong gan thé ban bé. Bat cu khi nao tai 1én mét bic anh véi ban bé trén
Facebook, s& tu dong nhan duoc dé xuat gan thé véi tén va cong nghé dang sau diéu
nay la thuat todn nhan dang va phat hién khudén mat caa ML.

b. Nhan dang giong noi

Trong khi sir dung Google, ta nhan duoc tly chon "Tim kiém bang giong néi",
tdy chon nay c6 tinh ning nhan dang giong noi va la mot ang dung phd bién caa ML.
Nhan dang giong ndi 1a mot qué trinh chuyén doi hudng dan biang giong néi thanh
van ban va n6 con duoc goi la "Loi ndi thanh van ban™ hoac "Nhan dang giong noi
cua may tinh". Hién tai, cac thuat toan hoc may duoc st dung rong réi bai cac ung
dung khac nhau cua nhan dang giong noéi. Tro ly Google, Siri, Cortana va Alexa dang
sir dung céng nghé nhan dang giong no6i dé 1am theo hudng dan bang giong noi.

C. Du doan giao thong
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Vi du dién hinh cta du doan giao théng 13 Google Maps giup dinh vi duong
di chinh xac vé&i tuyén duong ngan nhat va du doan tinh trang giao théng. N6 du doan
cac diéu kién giao thong nhu lidu giao théng da thong thoang, di chuyén cham hay
tac nghén nang vai su tro gilp caa hai cach: Vi tri thoi gian thuc caa hinh thie phuong
tién ung dung Google Map va cac cam bién; Thoi gian trung binh da dién ra vao
nhitng ngay qua ctng mat IGc. T4t ca nhimg nguoi dang st dung Google Map déu
gilp &ng dung nay tré nén tét hon. N6 13y thong tin tir nguoi dung va gui tré lai co
s& dir liéu cua nod dé cai thién hiéu suat.
d. Dé xuét san pham
ML dugc stir dung rong rdi boi cac cong ty giai tri va thuwong mai dién tu khac
nhau nhu Amazon, Netflix, v.v... dé gioi thiéu san pham cho nguoi dung. Bat ¢ khi
nao ta tim kiém maot san pham nao d6 trén Amazon, thi quang c&o nhan dugc cho
cling mot san pham trong khi luét Internet trén ciing mot trinh duyét va diéu nay 1a
do ML. Google hiéu sé thich cua ngudi ding bang cach st dung céc thuat toan hoc
may khac nhau va dé xuat san pham theo s thich ciia khach hang. Twong tu nhu vay,
khi str dung Netflix, tim thiy mot s6 dé xuat cho loat phim giai tri, phim, v.v. va diéu
nay ciing duoc thuc hién vai su tro gidp cua ML.
e. O-t0 ty dong lai
Mot trong nhitng &ng dung tha vi nhat caa ML 1a 6 t6 tu 14i. ML dong mot vai
trd quan trong trong 6 to ty lai. Tesla, cong ty san xuat xe hoi pho bién nhat dang
nghién ciru vé xe tu 13i. N6 dang sir dung phuong phap hoc khong giam sat dé dao
tao cac mo hinh 6 t6 dé phat hién nguoi va d6 vat trong khi lai xe.
f.  Spam email va loc cac phan mém doc hai
Bat cir khi ndo nhan duoc mot email méi, email d6 s& dugc ty dong loc thanh
email quan trong, binh thudng va thu rac. Ta ¢ thé nhan dugc mot thu quan trong
trong hop thu dén cua minh vai biéu tuong quan trong va cac email spam trong hop
thu rac va cong nghé dang sau diéu nay 1a May hoc. Duéi dy 1a mot sé bo loc thur
rac dugc Gmail sir dung: Bo loc noi dung; Bo loc tiéu dé; Bo loc danh sach den chung;

Bo loc dua trén quy tac; Bo loc phan quyén. Mot sé thuat toan hoc may nhu Multi-
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Layer Perceptron, Cay quyét dinh va trinh phan loai Naive Bayes duoc sir dung dé
loc thu rac email va phat hién phan mém doc hai.
g. Trolyao

Hién nay c6 nhiéu tro 1y 4o ca nhan khac nhau nhu trg Iy Google, Alexa,
Cortana, Siri. Nhu tén cho thiy, ching gitp tim kiém thdng tin bang céach sir dung
huéng dan bang giong néi. Nhitng trg Iy nay c6 thé gitp ta theo nhiéu cach khéc nhau
chi bang huéng dan bang giong néi, chang han nhu phéat nhac, goi cho ai d6, mé
email, 1én lich cudc hen, v.v... Cac trg ly a0 nay sur dung cac thuat toan ML nhu mét
phan quan trong. Céc tro Iy nay ghi lai cac huéng dan bing giong néi, giri né qua
may chii trén mot dam may va giai md nd bang cac thuat toan ML va hanh dong theo
do.
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Hinh 2.6: Cac linh vuc wng dung cia Machine Learning (nguén [24])

Céc thuat toan dugc su dung trong hoc may dugc chia thanh ba loai: hoc ¢o6
giam séat (supervised learning), khéng giam sat (unsupervised learning) va hoc tang
cuong (reinforcement learning). Hoc tap c6 giam sat bao gdm phan hoi dé chi ra khi
nao mot du doan 1a dung hay sai, trong khi hoc khong giam sat khéng c6 phan hoi:

thuat toan chi don gian la c6 gang phan loai dit li€u dua trén cau truc an cua n6. Hoc
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tap cung cb twong tu nhu hoc tip c6 giam sat & chd né nhan duwge phan hdi, nhung
khong nhat thiét d6i véi timg dau vao hodc timg trang thai.
2.5.2. C4c logi md hinh may hec

Céc thuét toan hoc may khong ngimg 16n manh va phat trién. Tuy nhién, trong
hau hét cac trudng hop, cac thudt toan c6 xu hudng chuyén thanh mét trong ba mod
hinh cho viéc hoc tap (hinh 2.7). Cac m6 hinh t6n tai dé tr dong diéu chinh theo mot
cach ndo d6 nham cai thién hoat dong hodc hanh vi cua chung.

{Data with labels) (Data without labels) (States and actions)

Input Input Input

Reinforcement
learning

Unsupervised
learning

Supervised learning

10443

Reinforcement
signal

Critic
Qutput Output Output

(Mapping) (Classes) (State/action)
Hinh 2.7: Ba m6 hinh hoc tap cho c4c thuét toan (nguon [25])

Trong hoc c6 giam sat, tap dit liéu bao gdm céac dau ra (hodc nhan) mong mudn
ctia n6 dé mot ham co thé tinh toan 16i cho mét du doan nhit dinh. Viéc giam sat
duoc thuc hién khi mot du doan duoc dua ra va mot 16i duoce tao ra (thuc té so vai
mong mubn) dé thay ddi chiic nang va tim hiéu anh xa.

Trong hoc tap khong c6 giam sat, tip dit liéu khong bao gébm dau ra mong
mudn; do d6, khong cé cach nao dé giam sat chirc nang. Thay vao d6, ham cb gang
phan doan tip dit liéu thanh cac “16p” dé mdi 16p chira mot phan cua tap dit lidu véi
cac tinh nang chung.

Cubi cung, trong hoc tap cling cd, thuat toan cd géng hoc céc hanh dong cho
mot tap hop cac trang thai nhét dinh din dén trang thai muyc tiéu. Loi khong duoc dua

ra sau moi vi du (nhu trudng hop hoc cé gidm sat) ma thay vao d6 1a khi nhan duoc
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tin hiéu cung cb (ching han nhu dat dugc trang thai muc tiéu). Hanh vi ndy tuong tu
nhu hoat dong hoc tap cua con nguoi, trong dé phan hoi khong nhat thiét phai dugc
cung cip cho tit ca cac hanh dong nhung khi phan thuéng duoc dam bao.

Tuy vao dit liéu dau vao va cach tiép can van dé ma ta c6 thé sir dung cac thuat

toan khac nhau hodc két hop chung dé tao nén mé hinh phu hop véi bai toan.
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CHUONG 3: NHAN DANG NGUOI NOI

VOI DEEP LEARNING

3.1. Mang no-ron va deep learning

3.1.1. Mang no-ron

Neural network [26] hay con goi la mang no-ron dugc xay dung dua trén mang
no-ron sinh hoc. N6 1a mot mang luéi gom cac nat dugc két ndi véi nhau — goi 1a no-
ron va cac canh ndi ching lai véi nhau. Mot mang no-ron xir Iy mot vecto dau vao
thanh mot vecto dau ra két qua thong qua mot mé hinh 1dy cam htng tir cic no-ron
va kha nang két ndi cua ching trong ndo. M6 hinh bao gém cac 16p té bao than kinh
duoc két ndi voi nhau thong qua cac trong s6 lam thay d6i tim quan trong ctia mot
s6 dau vao nhat dinh so véi nhitng dau vao khac. Mang no-ron 1a mét mang c6 cau
trdc va nhiéu lép (layer). Mot mang no-ron ¢6 3 16p chinh 1a: input, hidden va output.
(hinh 3.1)

Input layer Hidden layer Output layer

Weighted
connections

Feedforward (mapping)

A\

all
-

Backpropagation (learning)

Hinh 3.1: Cac l6p ciia mt mang no-ron dién hinh (nguon [26])
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MJdi no-ron bao gém mot ham kich hoat xac dinh dau ra cta no-ron (nhu mot
ham ctia vecto ddu vao nhan véi vecto trong s6 ctia n6). Dau ra dugc tinh toan bang
cach 4p dung vecto dau vao cho 16p dau vao cua mang, sau dé tinh toan dau ra cua
mdi no-ron thong qua mang (theo kiéu chuyén tiép). Trong sé lam ting hoic giam
cudng do cua tin hiéu tai mot canh. Cac no-ron c6 thé co ngudng sao cho tin hiéu
duoc giri di chi khi tin hiéu tong hop vuot qua ngudng d6, khi d6 cac output cua lop
nay s€ la input cua lop phia sau. Thong qua viéc lap lai cac buac trén, mang noron
hoc thong qua nhiéu 16p va cac no-ron réi sau d6 két hop lai & 16p cudi cing dé cho
ra mot du doan.

Mot s6 ham kich hoat dugc sir dung pho bién:

e Binarystep: f(x) =1,x >0

e Linear: f(x) = ax
1
1+e~X
2
14+e2%

e RelLU: f(x) = max(0,x)

e Sigmoid: f(x) =

e Tanh: tanh(x) =

xvoix >0

e Leaky ReLU: f(x) = {ax nguoc lai

Z:

e’ ,oe .
SK oz VOLJ = 1,..,k

e Softmax: a(z); = K.

3.1.2. Deep learning

Khi ma kha ning tinh toan ctia cac may tinh ngdy cang dwoc nang 18n mot tam
cao moi va lugng dir liéu ngay cang khong 10, Machine Learning da tién thém mot
budéc dai va mot linh vuc méi dugce ra doi goi 1a Deep Learning (hinh 3.2 mé ta mdi
quan hé¢ gitta Al, ML va DL).

La mot pham tri nho cia ML, DL tap trung giai quyét cac van dé lién quan
dén mang than kinh nhan tao nham nang cap cac cong nghé nhu nhan dién giong noi,
tam nhin may tinh va xt Iy ngdn ngir tu nhién. Chi trong thoi gian ngan, Deep
Learning di giup may tinh 1am duoc rat nhidu cong viéc phic tap nhu: chinh mau

cho anh den tring, thém am thanh vao phim cam, dich may tu dong, phan loai cac ddi
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tugng trong anh, tao chit viét tay tu dong, tao phu dé cho hinh anh,... Ngoai ra con rat
nhiéu linh vuc khac da dugc don gian hda va nang cao hiéu qua hoat dong vai su trg

giup cua DL.

7‘ /\\:

Hinh 3.2: Méi lién hé giira Al, ML va DL (nguon [27])

3.2. Phan loai / cac dang mang neural nhén tao

C6 nhiéu loai mang no-ron c¢6 san hodc c6 thé dang trong giai doan phat trién
[28]. Chung c6 thé dugc phan loai tiy thudc vao: cau tric; ludng dir liéu; té bao than
kinh dugc st dung va mat do cua chiung; 16p va bd loc kich hoat do sau cua chung,
V.V...

e Perceptron: Perceptron 1a mot thuat todn hoc c6 gidm sat phan loai dir li¢u
thanh hai loai, do d6 n6 13 mét bo phan loai nhi phan. Perceptron c6 thé trién
khai cac Cong logic nhu AND, OR hoidc NAND, tuy nhién mang nay c6 nhugc
diém 1a chi c6 thé hoc cac bai toan phan tach tuyén tinh nhu bai toan boolean
AND. Déi vdi cac bai toan phi tuyén tinh nhu bai toan boolean XOR, né khong

hoat dong. Hinh dudi ddy mé ta cdu tric ctia mot perceptron.
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Perceptron (P)

. Input cell O Output cell

Hinh 3.3: Perceptron (nguon [28])

e Feed Forward Neural Network: Dang mang no-ron don gian nhat trong do
dir liéu dau vao chi truyén theo mot hudng, di qua cic nit than kinh nhén tao
va thodt ra qua cac niit dau ra. Mang nay duoc tng dung trong dang bai phan
loai don gian, nhan dang khuon mat, thi giac may tinh va nhan dang giong noi.
Mot sb dic diém cua mang 12 it phuc tap, dé thiét ké va bao tri; nhanh chong
va tbe d6 cao; dap ung cao voi dit ligu nhiéu. Tuy nhién, khong str dung dugc
cho hoc siu. Céu trac cia mot Feed Forward Neural Network dugc mé ta qua

hinh duoi day.

Hinh 3.4: Feed Forward Neural Networks (nguon [28])

e Multilayer Perceptron: Mot diém vao hudng téi mang than kinh phtc tap,
noi dit liéu dau vao truyén qua céac 16p té bao than kinh nhan tao khac nhau.
M&i nut don duoc két ndi vé6i tit ca cac no-ron trong 16p tiép theo, didu nay

1am cho n6 tré thanh mdt mang no-ron dugc két ndi hoan chinh. Cac 16p dau
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vao va dau ra hién cé nhiéu 16p an, tirc 1a tong sd it nhét ba 16p tro 1én (hinh
3.5). N6 ¢6 su lan truyén hai chiéu, tic 1a sy lan truyén tién va lan truyén
nguoc. Mang dugc tng dung trong dang bai phan loai phurc tap, dich may va
nhan dang giong noéi. Mang duoc sir dung cho hoc sau vi thé n6 tuong ddi phirc

tap dé thiét ké va bao tri.

HIDDEN LAYERS

Hinh 3.5: Multilayer Perceptron (nguén [28])

Convolutional Neural Network: Mang CNN (hinh 3.6) chira mét su sap xép
ba chiéu ctia cac no-ron, thay vi mang hai chiéu tiéu chuan. Lép dau tién duoc
goi 14 16p chap. Mdi no-ron trong 16p chap chi xir Iy thong tin tir mot phan nho
cua truong thi giac. Cac tinh nang dau vao duoc thuc hién theo 16 giéng nhu
mdt bd loc. CNN hiéu cac hinh anh theo tung phﬁn va c6 thé tinh toan cac hoat
dong nay nhiéu 1an dé hoan thanh qua trinh xtr 1y hinh anh day du. Qua trinh
xir Iy bao gém viéc chuyén doi hinh anh tir thang RGB hoic HSI sang thang
xam. Viéc chia nho cac thay doi trong gia tri pixel s& gitp phat hién cac canh
va hinh anh c6 thé duoc phan loai thanh céc loai khac nhau. CNN dugc tng
dung trong dang bai xtr 1y hinh anh, thi gidc may tinh va nhén dang giong noi
va dich may. Mot s6 ddc diém cua CNN 1a sir dung dé hoc sau véi it tham sb,
can it tham sb dé hoc tap hon so voi 16p dugce két nbi dﬁy du. Bén canh do,

CNN ciing ¢6 cac nhuge diém twong tu Multilayer Perceptron.
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Hinh 3.6: Convolutional Neural Network (nguon [28])

e Radial Basis Functional Neural Network: mang bao gdm mét vecto dau vao
theo sau 1a mdt 16p no-ron RBF va mot 16p dau ra v&i mot nat cho mdi danh
muc (hinh 3.7). Viéc phan loai dugc thuc hién béng cach do muc do tuong tu
ctia dau vao véi cac diém dir lidu tir tap huan luyén trong d6 mdi no-ron luu
trit mot nguyén miu. Dy s& 13 mot trong nhitng vi du tir tp huan luyén. Khi
mot vecto dau vao mdi can dugce phan loai, mdi no-ron sé& tinh toan khoang
cach Euclide gifta ¢au vao va nguyén mau cta nd. Vi du: néu chung ta co hai
16p, tirc 12 16p A va 16p B, thi dau vao méi duge phan loai gin véi nguyén mau
16p A hon 1a nguyén mau 16p B. Do dé, nd ¢ thé dugc gan thé hoic phan loai

la loai A.

weighted

i/p o/p

Hinh 3.7: Radial Basis Function Neural Networks (ngusn [28])
e Recurrent Neural Network: Puoc thiét ké dé Iuu dau ra caa mét 16p, RNN
dugc dua tro lai dau vao dé giup du doan két qua cta 16p. Lop dau tién thuong

12 mdt mang no-ron feed forward, tiép theo 1a 16p RNN noi mét sé thong tin



36

ma nd cd trong budc thoi gian trudc d6 duge ghi nhd béi mot chirc nang bo
nhd (hinh 3.8). Qua trinh truyén chuyén tiép duoc thyc hién trong trudng hop
nay. N6 luu trit thong tin can thiét dé sir dung trong twong lai. Néu dy doan
sai, ty 1€ hoc tap duogc st dung dé thyuc hién nhiing thay ddi nhé. Do d6, lam
cho né ting dan theo hudng dua ra du dodn dung trong qua trinh lan truyén
nguoc. Mot sé ing dung cia RNN: Xir Iy van ban nhu ty dong dé xuét, kiém
tra ngit phap, v.v.; Xt 1y vin ban thanh giong ndi; Trinh gin thé hinh anh;

Phan tich cam xuc; Dich.

Recurrent Neural Network (RNN)

()
\’/A

00

. Input cell O Output cell O Recurrent cell

Hinh 3.8: Recurrent Neural Networks (nguon [28])

LSTM — Long Short-Term Memory: Mang LSTM la mét loai RNN str dung
cac don vi dac biét ngoai cac don vi ti€u chuén. Cac don vi LSTM bao g6m
mot ‘6 nhd’ ¢o thé duy tri thong tin trong bd nhé trong thoi gian dai. Mot tap
hop céc cong duoc sir dung dé kiém soat thoi diém thong tin di vao bo nhd khi
n6 xuat ra va khi ndo n6 bj quén. C6 ba loai cong, cong vio, cong ra va cong
quén. Cong dau vao quyét dinh c6 bao nhiéu thong tin tir mau cudi cling s&
dugc luu trong bd nhd; céng déu ra diéu chinh luong dir liu dugc truyén dén
16p tiép theo, va cong quén kiém soat toc do xé ctia bd nhd duge luu trit. Kién
tric nay cho phép ho hoc cac phu thudc 1au dai hon. Cau trac ciia mang LSTM

dugc mo ta qua hinh dudi day
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Hinh 3.9: Long Short-Term Memory (nguén [28])

e Sequence to Sequence Models (seg2seq): M6 hinh seq2seq bao gdm hai
mang RNN. O day, tdn tai mot bd ma hoa xur ly dau vao va mot bo gidi ma xu
1y dau ra. Bo ma hoa va bo giai ma hoat dong dong thoi - sir dung ciing mot
thong s6 hodc cac thong s6 khac nhau. M6 hinh nay, trai nguoc voi RNN thuc
té, ddc biét ap dung trong nhiing truong hop do dai cua dit liéu dau vao bang
d6 dai cua dir liéu dau ra. Mic du chiing ¢6 nhiing loi ich va han ché tuong tir
nhu RNN, nhung nhitng mé hinh nay thuong dwoc ap dung chi yéu trong
chatbots, may dich va hé thong tra 101 cau hoi.

e Modular Neural Network: 1a mang c6 mot sé mang khac nhau hoat dong doc
1ap va thuc hién cac nhiém vu con (hinh 3.10). Cac mang khac nhau khong
thue su trong tac hodc bao hiéu cho nhau trong qua trinh tinh toan. Chdng lam
viéc doc lap dé dat duogc két qua dau ra. Két qua 1a, mdt qua trinh tinh toan 16n
va phuc tap dugc thuc hién nhanh hon dang ké béng cach chia nhé n6 thanh
c4c thanh phan doc lap. Toc do tinh toan ting do cac mang khong twong tac
hodc tham chi khong két ndi v6i nhau. Ung dung ctia mang nay 1a Hé thong
du doan thi truong chimg khoan, Adaptive MNN dé nhan dang ky tu, nén dit

liéu dau vao murc cao.
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Hinh 3.10: Modular Neural Network (nguén [28])
3.3. Nhan dang ngwai noi

Véi myc tiéu nhan dang ngudi néi, luan vin sé& xay dung cac mo hinh bao gom
HMM va Feedforward-DNN dé danh gia mtrc d6 hiéu qua cua may hoc hién dai so
v6i may hoc truyén thong.
3.3.1. Nhdn dgng nguwoi noi vei HMM

Mo hinh Markov an (HMM) [29] 12 m6t mé hinh thdng ké ciing dugc sir dung
trong hoc may. No6 co thé duoc su dung dé mo ta dién bién cta cac su kién co thé
quan sat duoc phu thudc vao cic yéu t bén trong ma khong thé quan sat truc tiép
dugc. Pay 1a mot loai m6 hinh dd hoa xac suét cho phép ching ta du doan mot chudi
céc bién chua biét tir mot tap hop cac bién quan sat.

Markov Chains

HMM dua trén viée ting cuong chudi Markov. Chudi Markov 1a mét mo hinh
cho biét diéu gi d6 vé xéc suét ctia chudi cac bién ngiu nhién, cac trang thai, mdi bién
ngau nhién co6 thé nhan cac gia trj tir mot s6 tap hop. Nhiing tdp hop nay co thé 1a cac
tir, hodc the, hodc biéu tuong dai dién cho bat ky thtr gi, nhu thoi tiét. Chudi Markov
dua ra mot gia dinh rit manh mé& rang néu mudn dy doan twong lai trong chudi, tit ca

nhitng gi quan trong 1a trang thai hién tai. Céc trang thai trudc trang thai hién tai
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khong c6 tac dong dén twong lai ngoai trir thong qua trang thai hién tai. Nhu thé dé
du doan thoi tiét ngdy mai, c6 thé kiém tra thoi tiét ciia ngdy hom nay nhung khong

dugc phép xem thoi tiét cua ngay hém qua. (Vi du trong hinh 3.11).

(b)
Hinh 3.11: Vi du vé dw do4n thai tiét (nguon [29])

Hinh 3.11 Véi mot chudi Markov cho thoi tiét (a) va cho céc tir (b), hién thi
C4cC trang thai va qua trinh chuyén d6i. Mot phan phdi bat dau 7 1a bat budc; dat n =
[0,1, 0,7, 0,2] cho (a) c6 nghia 1 x4c suat 0,7 bat dau & trang thai 2 (cold), xac suit
0,1 bat dau & trang thai 1 (hot), v.v... Cu thé hon, hiy xem xét mot chudi cac bién
trang thai ql, g2, ..., qi. Mot mo6 hinh Markov thé hién gia dinh Markov vé cac xac
sudt ctia chudi nay: rang khi du doan tuong lai, qua khtr khéng quan trong, chi hién
tai.

Gia thuyét Markov: P(q; = alqy ...q;—1) = P(q; = a|q;_1)

Hinh 3.11a cho théy mdt chudi Markov dé gan xac suat cho mot chudi cac su
kién thoi tiét, trong d6 tir vung bao gom HOT, COLD va WARM, nhu 1a cac canh.
Chuyén tiép 13 xac suat: gia tri ciia cac cung roi khoi trang thai cho trude phai c6 tong
bang 1. Hinh 3.11b cho thidy mot chudi Markov dé gan xac suat cho mot chudi cac tir
W1 ... Wh. Trén thuc té Markov chudi nay dai dién cho mgt mo hinh ngon ngi bigram,
v6i mdi canh biéu thi xac suat p (wi | wj)! V&i hai mé hinh trong Hinh 3.11, ¢6 thé
gan mot xac suat cho bat ky chudi nao tir von tir vung. Thong thudng, mot chudi

Markov duoc chi dinh béi cac thanh phﬁn sau:

Q=002 ...~ mot tap hop ctia N cac trang thai
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A =a11812 ...an ...ann MOt ma trn Xac suét chuyén ddi A, mdi a;;j biéu din xac
sudt chuyén tir trang thai i sang trang thai j, D=1 =
1vi

T = T1,72,...,7IN mot phan phdi xac sut ban dau trén cac trang thai. mi la
xac suit dé chudi Markov bit dau & trang thai 1. Mot sb
trang thai j c6 thé co mj = 0, nghia la chiing khong thé 1a
trang thai ban dau. Ngoaira, Y, m; = 1

HMM

Chudi Markov rat hitu ich khi can tinh x4c suat cho mot chudi cac sy kién cd
thé quan sat dugc. Tuy nhién, trong nhiéu truong hop, cac sy kién quan tadm bj an di.
Vi du: ta thuong khong quan sat viéc gan nhan tir loai trong mgt van ban. Thay vao
d6, ta nhin thdy cac tir va phai suy ra cac nhan tir chudi tir. Ta goi cac nhan 1a an boi
vi chling khdng dugc quan sat thay.

HMM cho phép noi vé ca céac su kién duoc quan sat (nhu cac tr nhin théy
trong dau vao) va cac sy kién an (nhu gan nhan tir loai) ma ta coi 1a cac yéu to nhan
qua trong md hinh xac suat. HMM duoc chi dinh bi cac thanh phan sau:

Q=002 ...On mot tdp hop ctiia N cac trang thai

A =apap ..an ...am  moOt ma tran xac suit chuyén ddi A, mdi a;j biéu din xac

sudt chuyén tir trang thai i sang trang thai j, i@y =

1Vvi

O =0102...01 mot chudi T quan sat, moi quan sat dugc rat ra tor mot tur
vung V =vy, V2, ..., Vv

B = bi(oy) mot chudi cac kha ning quan sat, con duge goi 13 xac suit

phat xa, moi thé hi¢n x4c suat cua mgt quan sat or dugc tao
ra tur trang thai i
T = T1,M2,...,7IN mot phan phoi xac suat ban dau trén cac trang thai. mi la

xac suit dé chudi Markov bat dau & trang thai i. Mot sb
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trang thai j c6 thé c6 mj = 0, nghia 1a chiing khong thé 1a
trang thai ban dau. Ngoaira, X, m; = 1

Mo hinh Markov 4n bic nhat tao ra hai gia thiét don gian hoa. Dau tién, nhu
v6i chudi Markov bac nhat, xac suit ciia mot trang thai cu thé chi phu thudc vao trang
thai trudc do:

Gia thuyét Markov: P(q; = alqy ...q;—1) = P(q; = a|q;_,)

Thi hai, x4c suit ciia mot quan sat dau ra oj chi phu thudc vao trang thai tao
ra gi quan sat chir khong phu thudc vao bat ky trang thai nao khac hoic bat ky quan
sat nao khac:

Dau ra: P(0;1qy - Gis o) @7» 04, -ov, Opy o 07) = P(0;]q;)

DPé minh hoa nhitng mé hinh nay, str dung mét nhiém vu do Jason Eisner phat
minh. Muyc tiéu 13 sir dung nhitng quan sat tir nhat ky cua Jason Eisner, liét ké s
luong kem Jason dd an dé wdc tinh nhiét d6 mdi ngay. Pon gian hoa nhiém vu thoi
tiét nay bang cach gia sir chi c¢6 hai loai ngay: lanh (C) va néng (H). Vi vy, nhiém
vu cta Eisner nhu sau: Cho mot chudi quan sat O (mdi sé nguyén dai dién cho s
luong kem di an trong mot ngay nhat dinh) tim chudi 'an' Q cia trang thai thoi tiét
(H hoac C) khién Jason an kem. Hinh 3.12 cho théy mdt HMM mau cho nhiém vu an
kem. Hai trang thai an (H va C) tuong tng v&i thoi tiét nong va lanh, va cac quan sat

tuong ung véi s6 lugng kem ma Jason da in trong mot ngay nhat dinh.

B, B,
P(1|COLD) 5 P(1 | HOT) 2
P|coLD)| =| 4 P(2|HOT) | = |4
P(3 | COLD) 1 P(3 | HOT) 4

Hinh 3.12: Mgt mé hinh Markov 4n (nguon [29])

Vi mdi md hinh Markov an ¢6 ba van dé chinh can dugc xem xét:
Vén dé 1: Tinh toan do twong déng (Computing likelihood) : cho mé hinh
MA.B,1) va chudi quan sat duoc O x4c dinh do twong ddng (likelihood) P(O[L). Vi
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du trong nhan dang tiéng néi, ta c6 quan sat O 1a tin hiéu tiéng n6i va A 13 mo hinh,
vay bai toan can giai 14 tinh d6 twong déng P dé mo hinh A quan sat dugc O.

Vén dé 2 (decoding): Cho mét chudi quan sat O va mé hinh HMM A(A,B,n),
tim ra chudi Q tdi uu nhat da phat sinh ra O. Trong nhan dang tiéng néi thi day chinh
12 bai toan nhan dang, khi quan sat O 1a tin hiéu tiéng néi thi bai toan 1a im chudi 4m
vi Q tuong ing vadi tin hi¢u nay.

Vén dé 3 (learning): cho mot chudi quan sat O va tip céc trang thai cia HMM,
diéu chinh cac tham sd A = {A, B, n} cia HMM dé P(O| A) 16n nhat. (Pay chinh 1a
bai toan huin luyén mé hinh. Bai toan nay dem lai kha nang rat quan trong cia HMM
d6 1a mo hinh hoa ddi tuong cu thé trong thuc té v&i dir lidu lién tuc).

HTK

HTK 1a mot b cong cu dé xay dung M6 hinh Markov an (HMM). HMM c¢6
thé dugc sir dung dé mo hinh hoa bat ky chudi thoi gian nao va ¢t 16i cia HTK ciing
c6 muc dich chung twong tur. Tuy nhién, HTK chu yéu duoc thiét ké dé xay dung cac
cong cu xtr Iy giong ndi dya trén HMM, cu thé 1a cac trinh bién dich. Do d6, phan 16n
su hd tro vé co s& ha téng trong HTK dugc danh riéng cho nhiém vu nay. Cac module

ciia HTK duoc thé hién qua Hinh 3.13 duéi day

HLED HSLAB :
HCopry 'Data

HLSTATS HLIST EPrﬁp
HQUANT '

(Transcriptions) ( Speech] . -_-_:

HCoMmPV, HINIT, HREST, HEREST : Training
HSMooTH, HHED , HEADAPT '

HMMs
’

HVITE : Testing
;
HBUILD Transcriptions :
HPARSE EAnal s18
HRESULTS ' M

Hinh 3.13: Cic giai doan xir ly trong HTK (nguén [30])
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HTK bao gé)m mot tip hop cac mo-dun thu vién va cac cong cu c6 san & dang
nguén C. C6 4 giai doan chinh: chun bi, dao tao, kiém tra va phan tich dir li¢u.

Cic cong cu chuén bj dir liéu

Pbé tao mét tap hop cac HMM, can c6 mot tap hop céac t&p dit li¢u giong nodi
va cac phién 4m lién quan cua chung. Thong thuong, di liéu 10 nodi s& duge 1Ay tir
cac kho luu trit co s¢ dir li¢u, thuong 1a trén CD-ROM. Trude khi co thé dugc st
dung trong dao tao, né phai dugc chuyén doi thanh dang tham s thich hop va bat ky
phién 4m nao lién quan phai duoc chuyén doi dé co dinh dang chinh xac va sir dung
nhan dién thoai hodc tir bat budc. Néu bai phat biéu can dugc ghi lai, thi cong cu
HSLab c6 thé duoc sir dung dé ghi lai bai phat biéu va chu thich thu cong bai phat
biéu d6 véi bit ky phién am bét budc nao.

Mic du tit ca cac cong cu HTK déu c6 thé tham s6 hoa dang song ngay lap
tirc, nhung trong thuc té, tbt hon hét 1a chi nén tham s6 hoa dir liéu mot lan. Cong cu
HCopy duoc str dung cho viéc nay. Nhu tén cho thdy, HCopy dugc st dung dé sao
chép mot hodc nhiéu tép ngudn sang tép dau ra. Thong thudng, HCopy sao chép toan
bo tép, nhung nhiéu co ché duoc cung cap dé trich xuit cac phan doan tép va ndi tép.
Bang cach dit cac bién cau hinh thich hop, tat ca cac tép dau vao co thé duoc chuyén
d6i sang dang tham s6 khi chung duoc doc trong. Do d6, chi can sao chép timg tép
theo cach nay s€ thuc hién ma hoa can thiét. Cong cu HList co thé dugc st dung dé
kiém tra noi dung ciia bat ky tép giong nodi nao va vi no ciing c6 thé chuyén doi dau
vao mot cach nhanh chéng, n6 co thé duoc st dung dé kiém tra két qua cua bat ky
chuyén d6i nao trudc khi xtr 1y s6 lugng 16n dir liéu. Ban ghi 4m ciing s& can chuan
bi. Thong thudng, cic nhin duoc str dung trong cac ban ghi ngudn gde s& khong chinh
xac nhu yéu cau, chéng han nhu do su khéc biét vé bo dién thoai dugc st dung. Ngoai
ra, dao tao HMM c¢6 thé yéu cAu cac nhan phu thudc vao ngir canh. Cong cu HLEd 1a
mot trinh chinh sira nhan theo hudng tap 1énh duoc thiét ké dé thyc hién cac chuyén
d6i can thiét cho cac tép nhan. HLEd ciing c¢6 thé xuét tép ra mot tép MLF cua nhan
chinh duy nhat, diéu nay thuong thuan tién hon cho qué trinh xu 1y tiép theo. Cudi

cung vé chuan bi dir liéu, HLStats c6 thé thu thap va hién thi s6 liéu thdng ké trén cac
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tép nhin va néu can, HQuant c6 thé dugce sir dung dé xay dung s6 ma VQ nhim chuin
bi cho viéc xay dung hé théng HMM xéc suét roi rac.

Cic cong cu huin luyén

Budc thir hai ctia xay dung hé thong 1a xac dinh cau trac lién két can thiét cho
méi HMM béng cach viét mot dinh nghia nguyén miu. HTK cho phép cac HMM
dugc xdy dung vé6i bit ky cdu trac lién két mong mudn nao. Cac dinh nghia HMM c6
thé duoc lIuu trit bén ngoai dudi dang cac tép van ban don gian va do d6 c6 thé chinh
sira chung bang bat ky trinh soan thao van ban thun tién nao. Ngoai ra, phan phdi
HTK tiéu chuén bao gém mot sb nguyén mau HMM mau va mot tap 1énh dé tu dong
tao ra cac cau tric lién két pho bién nhat. Ngoai trir xac suat chuyén doi, tat ca cac
tham s6 HMM duoc dua ra trong dinh nghia nguyén mau déu bi bo qua. Muc dich
ctia dinh nghia nguyén mau chi 14 xac dinh cac dic diém tong thé va cau trac lién két
cua HMM. Cac thong s6 thuc té s& duoc tinh toan sau boi cac cong cu dao tao. Cac
gia tri hop 1y cho cac xac sudt chuyén ddi phai duoc dua ra nhung qua trinh dao tao
rat thiéu nhay cam véi cac gia tri ndy. Mot chién luoc don gian va ¢ thé chap nhan
duoc dé lua chon cac xac suét nay la lam cho tat ca céc chuyén ddi ra khoi bat ky
trang thai nao déu c6 kha ning xay ra nhu nhau.

Qua trinh dao tao thuc té dién ra theo tung giai doan va n6 dugc minh hoa chi
tiét hon trong Hinh 3.14. Pau tién, mot bd mo hinh ban dau phai duogc tao. Néu co
san mot sb dit liéu giong ndi ma vi tri cua ranh gidi tir phu (tuc 1a dién thoai) da dugc
danh du, thi dit liéu nay co thé dugc sir dung 1am dir liéu bootstrap. Trong trudng
hop nay, cac cong cu Hinit va HRest cung cap dao tao kiéu tir riéng biét bang cach
str dung dit liéu bootstrap duoc gan nhin day du. M6i HMM bat budc duoc tao riéng
1¢. HInit doc tat ca dit liéu dio tao bootstrap va cat bo tat ca cac vi du vé dién thoai
dugc yéu cau. Sau do, no tinh toan 1ap di 1ap lai mdt bo gia tri tham s6 ban dau béng
cach st dung thu tuc k-mean phan doan. Trong chu ky dau tién, dir liéu huan luyén
dugc phan doan déng nhat, mdi trang thai mo hinh dugc ddi sanh véi cac phan doan
dir liéu twong Gmg va sau d6 gia tri va phuong sai duoc uée tinh. Néu cac md hinh

Gaussian hon hop dang dugc dao tao, thi mot dang phan cum k-mean da dugc sira



d6i s& dugc sir dung. Vao chu ky thtr hai va chu ky ké tiép, su phin doan dong déu
dugc thay thé bang su lién két Viterbi. Cac gia tri tham s6 ban dau do HlInit tinh toan
sau d6 dugc HRest uGe tinh lai. Mot 1an nita, dit liéu bootstrap dugc ga“'ln nhan dﬁy du
dugc st dung nhung 1an nay tha tuc k-mean phan doan duoc thay thé bang thi tuc
uée luong lai Baum-Welch dugce mé ta trong chuong trude. Khi khong c6 san dir lidu
bootstrap, c6 thé str dung cai goi 1a khoi dong phang. Trong truong hop nay, tat ca
céc kiéu dién thoai duoc khoi tao dé giéng hét nhau va c¢6 phuong tién trang thai va
phuong sai bang phuong sai va phuong sai trung binh ciia giong néi toan cau. Cong

cu HCompV cé6 thé duoc st dung cho viéc nay.

Labelled Utterances Transcriptions

N
th ih s ih s p iy t sh th th s ih s piytsh
shtiyszihsihth
shtiyszihsihth

Unlabelled Utterances

HRest

A ARA
Vo Wt/ Wy ol
A
A An
LN ey P e
W)
/

\- HCompV

Y
jus
. m
L:U
2

HHEd

L <]

Sub-Word
HMMs

Hinh 3.14: Huén luyén tir phu trong HMM (nguén [30])

Sau khi tadp hop mo hinh ban dau di dugc tao, cong cu HERest dugc stir dung
dé thuc hién dao tao nhing bé“mg cach str dung toan bo nhom dao tao. HERest thuc
hién mot wdc tinh lai Baum-Welch duy nhét cua toan bod tap hop cac mau dién thoai
HMM déng thoi. Boi véi mdi cau néi dao tao, cac mo hinh dién thoai tuong ung dugc

noi voi nhau va sau do6 thuat toan chuyén tiép lui duge st dung de tich iy so li¢u
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théng ké vé nghé nghiép cua trang thai, phuong tién, phuong sai, v.v..., cho mdi
HMM trong trinh tu. Khi tat ca dit liéu dao tao da dugc xur 1y, théng ké tich Iy dugc
su dung dé tinh toan wéc tinh lai cac tham s6 HMM. HERest 1a cong cu dao tao HTK
cot 16i. No dugc thiét ké dé xtr Iy co so dit liéu 16n, n6 co cac phuong tién dé cit tia
nhim giam bét tinh toan va nd c6 thé chay song song trén mot mang may moc. Triét
1y x4y dung hé théng trong HTK 1a cac HMM nén duoc tinh chinh timg budce. Do do,
mot tién trinh dién hinh 14 bat dau véi mot tap hop don gian cac mé hinh dién thoai
doc 1ap ngit canh Gaussian va sau d6 tinh chinh lip di lap lai bang cach mé rong
chung dé bao gdm phu thudc ngir canh va st dung nhiéu phan phéi Gaussian thanh
phan hdn hop. Cong cu HHEd 1a mét trinh bién tap dinh nghia HMM s& sao chép céc
mo hinh thanh c4c bd phu thudc vao ngir canh, ap dung nhiéu loai tham sb va tang sb
lugng cac thanh phan hdn hop trong cac ban phan phdi dugc chi dinh. Quy trinh thong
thuong 1a stra d6i mot tp hop cac HMM trong cac giai doan bang cach st dung HHEd
va sau d6 wéc tinh lai cac tham s cua tip da stra doi bang HERest sau mdi giai doan.
Dé cai thién hiéu suit cho cac dién gid cu thé, cac cong cu HEAdapt va HVite c6 thé
duoc st dung dé diéu chinh HMM nham mé hinh héa tdt hon cac dic diém cua cac
dién gia cu thé béng cach str dung moét Iugng nho dir li€u dao tao hoac diéu chinh.
Két qua cudi cing ciia né 1a mot hé théng diéu chinh ngudi noi.

Vén dé 16n nhat duy nhat trong viéc xay dung hé théng HMM phu thudc vao
ngit canh ludn 1a thiéu dir liéu. Bo mo hinh cang phic tap thi cang can nhiéu dit liéu
dé dua ra cac wdc tinh manh mé vé cac tham s6 ciia nd va vi dir lidu thuong bi gidi
han, nén phai can bang giita d6 phirc tap va dit liéu c6 san. D6i v6i hé thdng mat do
lién tuc, su cin bang nay dat duoc bang cach gin cac thong sb lai v6i nhau nhu di dé
cap O trén. Viéc rang budc tham s6 cho phép dir lidu duoc gop chung dé cac tham sd
duoc chia sé co thé duoc ude tinh mot cach chic chin. Ngoai cac hé théng mat do
lién tyc, HTK ciing hd trg cac hé théng hon hop duoc rang budc hoan toan va cac hé
thong xac sudt roi rac. Trong nhitng trudng hop nay, van dé thiéu dir lidu thudong duoc
giai quyét bang cach lam min cac ban phan phdi va cong cu HSmooth dugc st dung

cho viéc nay.
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Cac cong cu nhan dang

HTK cung cip mot cong cu nhan dang duy nhat dugc goi 1a HVite str dung
thuat toan chuyén ma thong bao dugc mo ta trong chuong trudc dé thyuc hién nhan
dang giong noi1 dya trén Viterbi. HVite léy dau vao 1a mot mang ludi mo ta cac chudi
tor dugc phép, mot tur dién xac dinh cach mdi tr duoc tao danh tir chuyén nghi¢p va
mot tip hop cac HMM. N6 hoat dong bang cach chuyén dbi mang tir thanh mang dién
thoai va sau d6 gan dinh nghia HMM thich hop vao ting phién ban dién thoai. Sau
d6, nhan dang co thé duogc thuc hién trén danh sach cac tép giong nodi duoc luu tri
hodc trén dau vao 4m thanh truc tiép. Nhu di luu ¥ & cudi chuong trude, HVite ¢6
thé hd trg cic bo ba chir chéo va nd cé thé chay voi nhiéu ma thong bao dé tao ra cac
mang chira nhiéu gia thuyét. N6 ciing c6 thé duoc ciu hinh dé phén chia lai cic mang
va thuc hién can chinh bat budc. Cac mang tur can thiét dé thuc déy HVite thuong la
cac vong lap tir don gian trong d6 bat ky tir ndo c6 thé theo sau bat ky tir nao khéc
hodc chung 13 cac biéu dd c¢6 huéng biéu thi ngir phap nhiém vu trang thai hiru han.
Trong trudng hop trude day, xac suit bigram thuong duge gin véi cac chuyén doi tir.

Mang tir ngit duoc luu triv bang dinh dang mang tiéu chuan HTK. Pay 1a mot
dinh dang dua trén van ban va do do, cac mang tir co thé dugc tao truc tiép béng trinh
soan thao van ban. Tuy nhién, diéu nay kh4 té nhat va do d6 HTK cung cap hai cong
cu dé hd tro tao mang tir. Thir nhat, HBuild cho phép cac mang con duoc tao va sir
dung trong cac mang cip cao hon. Do d6, mic du cing mot ky hiéu cap thap dugc st
dung, nhung s€ tranh duogc nhiéu sy trung lap. Ngoai ra, HBuild c6 thé duoc st dung
dé tao cac vong lap tir va né ciing c6 thé doc trong mé hinh ngon ngir bigram da dugc
hd tro va stra ddi cac chuyén d6i vong lip tir dé két hop cac xac sudt bigram. Luu ¥
rang cong cu thong ké nhan ma HLStats da dé cap trudc d6 co thé dugc sir dung dé
tao mo hinh ngdn ngir bigram du phong. Dé thay thé cho viéc chi dinh truc tiép mot
mang tlr, mot ky hiéu ngit phap cp cao hon c6 thé dugc st dung. Ky hiéu nay dya
trén Extended Backus Naur Form (EBNF) dugc stir dung trong dac ta cia trinh bién
dich va no tuong thich vd1 ngdn ngit dic ta nglr phap dugc sur dung trong cac phién

ban trude d6 caia HTK. Cong cu HParse dugc cung cap dé chuyén doi ky hiéu nay
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thanh mang tir tvong dwong. Cho du phuong phap nao dugc chon dé tao mang tir, s&
rat hitu ich khi ¢ thé xem céc vi du vé& ngdn ngit ma né dinh nghia. Cong cy HSGen
duoc cung cép dé thuc hién viéc nay. NO léy dau vao 1a mot mang va sau do duy¢t
ngau nhién cac chudi tir xuat ra ctia mang. Sau d6, cac chudi nay cé thé duoc kiém
tra dé dam bao rang ching twong tng véi nhitng gi duoc yéu cau. HSGen ciing c6 thé
tinh toan mrc 6 phirc tap theo kinh nghiém ctia nhiém vu. Cudi cung, vi¢c xay dung
céc tir dién 16m c6 thé lién quan dén viéc hop nhat mét sd nguén va thuc hién nhiéu
phép bién doi trén mdi ngudn. Cong cu quan 1y tir dien HDMan duoc cung cap dé hd
trg qua trinh nay.

Cic cong cu thong ké

Sau khi trinh hoan thién dya trén HMM da dugc xay dung, can phai danh gia
hiéu suat cuia n6. Picu nay thuong duoc thuc hién bang cach sir dung n6 dé phién am
mot s6 cau kiém tra duoc ghi trude va khép dau ra cia trinh bién dich véi cac phién
am tham chiéu chinh x4c. Viéc so sanh nay duogc thuc hién bo1 mot cong cu co tén la
HResults sir dung lap trinh dong dé cin chinh hai phién am va sau d6 dém cac 161
phu, x6a va chén. Céac tiiy chon duogc cung cap dé dam bao ring cac thuit toan va
dinh dang dau ra duoc HResults sir dung tuong thich véi cac dinh dang dugce str dung
bai Vién Tiéu chuin va Cong nghé Qudc gia Hoa Ky (NIST). Ciing nhu cac thudc
do hiéu suét toan cau, HResults ciing c6 thé cung cap bang phan tich timg ngudi néi,
ma tran nham 14n va ban chép 16i phu hop véi thoi gian. Dbi véi cac tng dung do
chir, né ciing c6 thé tinh toan diém sb Figure of Merit (FOM) va Receiver Operating
Curve (ROC).
3.3.2. Nhé@n dang ngwoi néi véi Feedforward-DNN

Mang no-ron véi mot s6 murc d6 phtrc tap, thudng co it nhat hai 16p, du diéu
kién 12 mang no-ron sau (DNN), hay goi tit 1a deep net. DNN xir 1y dit liéu theo
nhimg cach phirc tap bang cach stir dung mé hinh toan hoc phirc tap. C6 nhiéu loai
mo hinh DNN nhung ¢ pham vi luan van nay sé ap dung véi feedforward-DNN.

Dau tién ta s& tim hiéu vé mang feedforward truyén thong. Mang truyén thang

truyén thong thudng cé ba 1p: 16p nhap, mot 16p an, va 16p xudt . Mdi 16p gdm mot
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hay nhiéu neural. S6 neural trong 16p nhap va sb neural trong 16p xuat duoc xac dinh
tuong Gmg voi sd bién dau vao va sd bién du ra cia bai toan. S6 neural cia 16p 4n
do nguoi thiét ké mang quyét dinh dya vao do phuc tap ciia ham anh xa do mang thuc
hién. Mdi neural cta 16p thir i (0<i<n) lién két véi moi neural ciia 16p thir i+1, va cac
neural trong cung 16p khong lién két véi nhau. Kiéu két ndi gitra cac 16p nhu thé nay
goi 13 két ndi diy du. Mot mang truyén thiang 13 mot mang két nbi day du. Mdi két
ndi trong mang dugc ge“in mot trong s6w e R. Trong s6 thé hién muc do quan trong

(hay d6 manh) ctia dit liéu dau vao d6i voi qua trinh xtr 1y thong tin tai mdi neural.

Lép nhap Lép an Lép xuat
Hinh 3.15: Mang truyén thang mat Iép 4an

Trong hinh 2.4, mé ta mot mang truyén thang truyén thong. Gia tri cua cac
bién dau vao duoc chuyén cho cic neural nhap ctia mang. Cac neural nhap khong xir
ly gi ca. Mdi neural trong 16p nhap chuyén gia tri dau vao cho tat ca cac neural an.
Tai mdi neural 4n, qué trinh tinh gia tri két xuét cta n6 duge thuc hién b%lng ap dung
mot ham kich hoat trén gia trj tich hop tat ca cac gia tri diu vao chuyén dén cho
neural. Gia tri tich hop tat ca cac gia tri dau vao chuyén dén cho neural goi 14 tong
trong, duoc tinh nhu sau:

uJ' = ao]' + Zf;l Wini (25)

Véi n 1a s6 nut nhap, J 1a s6 nat an, wij 1a trong s6 tuong rng ctia nut nhap 1

véi nut an j, agj 1a mot ngudng hay bias cua nut an j.



50

Mot ham kich hoat dugc ap dung trén téng trong nay dé cho ra gia tri thyc cua
nat an: yj = g(uj),j=1,... J. (2.6)

Ham kich hoat duoc dung dé giéi han pham vi dau ra ctia mdi neural. Thong
thuong, dau ra cia mdi neural dugc gidi han trong doan [0, 1] hoic [-1, 1]. Cac ham
kich hoat rat da dang, c6 thé 1a cac ham tuyén tinh hodc phi tuyén.

Sau khi x4c dinh duoc gia tri cua cac nut an, nhitng gia tri nay tré thanh gid tri
dau vao cua cac nat xuat. Tai mdi nat xut, qué trinh tinh gia tri cia nit xuat thue
hién tuong ty nhu tai nut an. Gia tri ctia mdi nut xuat 1a mot du ra cua mang. Két
Xuat clia nat xuat th k 1a:

zk = g(vk), k=1,..., K (2.7)

Trong d6 g(vk) 1a ham kich hoat véi tham s6 13 téng trong vk

Vk = bo + Z]Ll bjy; (2.8)

Véi yj 1a két xuét ctia J nat an, bjk 1a cac trong sd twong ng ctia nit an j véi
nut xut k, b0k 13 mot ngudng hay bias ctia nat xuat thir k.

Qua trinh tinh cac két xuat ctia mang nhu trén goi 13 qué trinh anh xa hay lan
truyén tién. Dong dit liéu di chuyén theo mot chiéu bét dau tir 16p nhap, dén 16p an,
va sau cting dén 16p xuat. Mang khong c6 cac két ndi feedback tham chiéu nguoc tré
lai két xuat du ra trong nhitng 1an anh xa tiép theo.

Céc két xuit cuia mang thu duoc sau qua trinh anh xa thudng khong chinh xéc
so voi két xuat mong mudn, tao ra cac 15i sai 1éch do tap trong s6 va bias x4c dinh
ban dau 12 khoi tao ngau nhién va thuong khéng dung. Mang sé trai qua mot qua trinh
goi 1 huan luyén dé diéu chinh tap trong sb va bias sao cho mang xap xi t6t nhat véi
ham can tim. Mot tap dit liéu X dugc dung lam dau vao cho huin luyén mang dugc
goi 12 tdp huan luyén (training set). Cac phan tir x € X duoc goi 12 cic mau hudn
luyén (training examples). Qua qua trinh huan luyén trén tap X, tap trong s va bias
cua mang s€ hoi tu dan t&i cac gia tri sao cho v6i mdi vector dau vao x € X, mang s¢€

cho ra vector dau ra y nhu mong muon.



51

Mot gia tri 16i E duoc sir dung dé do do sai léch gilta &nh xa can xay dung va
ham dich cho truéc qua tip mau X. Trong cac mang truyén thang truyén thong, gia
tri 16i E duoc tinh theo phuong phap trung binh binh phuong 16i (mean squared error):
1 *
> XK= Vi )?

K

E = (2.9)

Véi K mau huén luyén, yk 13 két xuit mong mudn ciia mau thr k, y*k 1a két
xuét ciia mang Gmg véi mau nhap k.

Ung voi tap huan luyén X, ta c6 thé xem E 1a mot ham 18i dugc xac dinh boi
tap trong sd wi va bias bi ciia mang. Ta can tim mé hinh mang vé6i tip wi va bi sao
cho két xuat cia mang xap xi ham dich hay t6i thiéu ham 18i E(w,b). Tir day, ky hiéu
wi, bi dai dién cho trong s6 va bias cia cac neural, khong phan biét neural an hay
neural xuat.

Trong cic mang truyén thang truyén thong, phuong phap xac dinh tap trong
sO va bias dé toi thiéu ham 161 E 1a phuong phap giam gradient. Giam gradient 1a
phuong phap t6i wu héa xubng ddi theo hudng vecto dao ham. Theo d6 trong sd va

bias ctia mang duoc diéu chinh theo quy tic:
JE
Wi =Wia -1 Zﬁlzl(—)n : (2.10a)
ow
Véin la h¢ s6 hoc, N 1a s6 mau huan luyén, Wk 1a vector trong s tai
. JE ~ .
budc huan luyén thi k, pm la dao ham ctia ham 161 E theo tung trong so6 w.
Ta c6 cong thirc diéu chinh twong tu voi bias bk:

0E
b = ber- 1 Xh=1(Go)n (2.10b)

Trong hai cong thire trén, dau trir dién ta huéng nguogc lai véi vecto tong. Mot
h'fmg sb duong, c6 gia tri nho va ¢ dinh goi la hé s6 hoc n. Chon hé s6 hoc ¢6 anh
hudng t6i hidu qué cia thuat toan huan luyén. Néu chon 1 qua nho dan téi thay doi
clia trong s6 qua it va lam cho 16i E giam cham va két qua thuat toan hoc rat cham.
Néu chon 1 kha 16n, bién thién cta trong s 16n c¢6 thé dan toi 161 E lic ndo d6 sé ting

chur khong giam.
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Thuat toan thue hién huin luyén mang truyén thang truyén thong 1a thuit toan

lan truyén nguoc (BackPropagation). Trong thudt toan ndy, trong s6 cia mang duoc

cap nhat theo chiéu tir 16p xuit dén 16p nhap dua trén giam gradient. Thuat toan mo

ta nhu sau:

Cho mét tap n mau huan luyén ;) J:L..n

Buéc 1: Khéi tao 13 gia tri ngdu nhién Wij, aoj , ok , bjk
Budc 2: Tinh gié tri du ra cho cac neural ctia 16p an theo cong thirc (2.6)
Budc 3: Tinh gia tri du ra cho cac neural ctia 16p xuét theo cong thire (2.7)

Budc 4: Tinh gradient va diéu chinh céc trong sé va bias theo cong thirc

(2.10a), (2.10b)

Budc 5: Lip lai tir budce 2 cho dén khi dat ngudng cta E hodc sb 1an lip

Thuét toan huan luyén lan truyén nguoc dua trén giam gradient co tbc do hoi

tu cham. Vi vay, mot sb thuat toan dua ra cai thién vé tdc d6 hoi tu hay tdc do hoc

cua mang nhu thuat toan Levenberg-Marquardt, thém momentum, khéi dong trong

s6 (Widrow - Nguyen), ...

Mic du c6 nhiéu cai tién, nhung hau hét cac thuat toan lan truyén ngugc dua
trén giam gradient c6 cac nhugc diém sau:

Chon hé sb hoc, khi hé s6 hoc 1 qua nho thi thuét toan hoi tu rat cham. Tuy
nhién n qua 16n thi gia tri cuc tri co thé bo qua.

Mot van dé khac 1a thudt toan nay c6 thé bi téi uvu cuc bd thay vi tdi uu toan
cuc.

Van dé qua khop xay ra khi mang dugc luyén qua sat voi dit liéu huan luyén
(ké ca nhiéu), nén nd sé tra 10i chinh x4c nhing gi da duoc hoc, con nhiing gi
khong duogc hoc thi n6 khong quan tam. Nhu vy mang s€ khong c6 duogc kha
ning tong quét hoa.

Phuong phap hoc dua trén giam gradient 13 mat nhiéu thoi gian trong hau hét
cac ung dung.

Mang neural truyén thong hay mang feedforward véi nhiéu 16p an cho phép ta

hién thuc “deep learning”. Mang feedforward nhiéu 16p 1a mgt ham toan hoc, anh xa
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mot tap dau vao thanh céc gia tri dau ra. Ham dugc hop thanh tir nhidu ham don gian.
Vi du, ta c6 ba ham (1), f(2), f(3). Chiing dugc két ndi thanh mét chudi, c6 dang f(x)
= f(3)(f(2)(f(1)(x)))). Trong trudng hop nay, f(1) chinh 13 16p tht nhat, f(2) 1a 16p thi
hai, va f(3) 1a 16p thr ba cua mang. Toan bd chiéu dai cua chudi tao nén do sau cua
mang. Dt liéu dau vao, duoc bién ddi khi di qua 1an luot cac 16p. Mtrc d¢ triru tuong
cta dir liéu ting dan khi qua céc 16p cua mang.

Mang feedforward sir dung thuét toan lan truyén nguoc dé huan luyén mang.
Thuat toan lan truyén ngugc duoc phat trién vao nhitng nam 1960s — 1970s va dugc
ap dung vao mang neural vao nim 1981. Vao cubi 1980s, phan 16n cac tng dung chi
thanh cong khi dung feedforward véi mot 16p an. Céc 16p an bo sung thém thudng
khong mang lai loi ich. Piéu nay duoc khang dinh boi dinh Iy xAp xi tong quat (the
universal approximation theorem) tir Hornik et al., 1989; Cybenko, 1989 cho rang :
“mot mang feedforward véi mot 10p xuat tuyén tinh, va it nhat mot 16p an ding mot
ham kich hoat ndo d6 (nhu logistic sigmoid) c6 thé xap xi bat ky mot ham lién tuc
nao trén mot tap con dong va bi chan Rn tir mot khong gian hiru han chiéu t&i khong
gian khac voi s6 13i mong mudn, véi diéu kién 1a mang cé du s6 nat an”. Tuy nhién
dinh 1y nay khong noi vé van dé thuat toan huan luyén c6 kha ning hoc mot ham nhu
vy hay khong. Va nhu vy, mot mang feedforward c6 kha ning biéu dién ham, thi
viéc hoc van c6 thé khong thanh cong vi hai 1y do:

e Thuat toan tdi wu duoc dung dé huan luyén c6 thé khong co kha ning tim gia
tri ctia cac tham s6 ma dang v6i ham mong mudn.
e Thuét toan huin luyén cé thé chon sai ham béi vi overfitting.

Dinh 1y xap xi tong quat ciing khong chi ra mang cin bao nhiéu nut 4n 1a 1a

du, nén néu s nit an khong du 16n, mang co thé khong hoc tt va khong dat do chinh

xéc ta muén. Boi vay, co thé dung mo hinh nhiéu 16p an dé thay thé.
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M 1

Lép nhap Lép an ... Lép an Lép an Lép xuat
Hinh 3.16: Céu tric mang feedforward-DNN

Gan day, khi khai niém “deep learning” ra doi, mang feedforward c6 kién tric
16n hon nhiéu so v&i cac mang truyén théng. Chang ¢6 nhiéu 16p 4n hon, mdi 16p 4n
c¢6 nhiéu nit an hon (Hinh 3.16). Thiét ké nay bam sat theo tu duy md hinh héa thong
tin triru twong. Ctr qua mdi 16p an, dic trung hay thong tin cd & 16p trude lai dugc
bién ddi sang ting biéu dién cao hon. Cang vé sau, murc do triru tugng ctia thong tin
cang cao. Khi d6 mot cau hoi dugce dat ra 1a bao nhiéu 16p an va bao nhiéu nat an cho
mbi 16p thi du. Cau tra 16i van ludén phu thude vao qui md, tinh chat va kich thude
ctia dit liéu hoc. Nguoi ta chon cac théng sd niy qua thyc nghiém.

C6 2 véan dé phat sinh khi dua tir mé hinh don 16p sang da 16p an:

e Mot 1a tinh kha thi cia m6 hinh. Mang c6 kich thudc cang 16n, chi phi tinh
toan cang cao. Vi cau triic nhiéu 16p an, chi phi tinh toan co6 thé bung nd rat
16n, vuot qua kha niang cho phép cua phan cung hién tai. Do d6, can c6 cac
hiéu chinh vé thuat toan cho thich nghi v&i van dé nay.

e Hai 1a kha ning bidu dién thong tin. Myc tiéu chinh ctia DNN 1a chuyén héa
duoc thong tin triru tuong, trong khi ANN quan tdm dén xap xi ham phi tuyén

cho phén 16p. Chinh vi vay, can c6 thay doi hop 1y trong thuat toan cho DNN.
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CHUONG 4: THU'C NGHIEM

4.1. Dir liéu thuc nghiém

B§ dir liéu thuc nghiém cua bai toan dugc tac gia thu thap tai noi sinh séng

thudc dia ban tinh Tay Ninh. B dir liéu dugc thu thap tir 42 nguoi gidi tinh nam ni

v6i do tudi tir 12-52, chit yéu dén tir mién Nam cta Viét Nam. Noi dung cta bo dir

liéu 1a cac file ghi 4m giong ndi clia cac d6i twong tham gia khao sat.

Moi truong thu &m yén tinh, micro gan, vd1 moi nguoi tham gia ghi am, tac

gia da chuan bi mot noi dung vin ban tu do thu thap tir ngudn bao online dé thoa ngir

canh “ddc 1ap vin ban” voi thoi lugng thu Am mdi nguoi trén dudi 10 phut va yéu

cau ho doc doan ndi dung mét cach ty nhién nhat. Két qua thu duoc bo dit liéu thd

bao gdm doan ghi 4m va thong tin nhan dang ctia nguoi tham du véi cac tiéu chi bao

gém: ho tén, gidi tinh, do tudi, vung mién duoc liét ké trong bang 4.1.

Bang 4.1: Thong tin ngwai tham gia ghi @m

BAN THU Tén Tuoi Giéi tinh Ving mién
N2 My Dung 36 N Nam
N4 Chon 35 Nam Nam
N5 Bé Ba 30 Nir Nam
N6 Huy 18 Nam Bic
N7 Hoang 14 Nam Bic
N8 Nhan 42 Nir Bic
N9 Khang 16 Nam Nam
N10 An 42 Nir Nam
N11 Ngan 30 Nir Bic
N12 Bo 23 Nam Nam
N13 Qué 52 Nit Nam
N14 Thu 27 Nir Nam
N15 Duyén 42 Nir Bic
N16 Anh Ngoc 47 Nam Bic
N17 Khéanh 12 Nir Bic
N18 Gia Huy 15 Nam Nam
N19 Minh Hoang 27 Nam Nam
N20 Quy 48 Nam Nam
N21 Luyén 32 Nam Nam
N22 Tri 45 Nam Nam
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N23 Duyén 48 Nam Nam
N24 Truc 45 Nam Nam
N25 Nhut 48 Nam Nam
N26 Cudng 43 Nam Nam
N27 Vi 45 Nam Nam
N28 Thai 45 Nam Nam
N29 Vinh 45 Nam Nam
N30 Lam Hai 40 Nam Nam
N31 Anh Thanh 49 Nam Nam
N32 Trong Hai 38 Nam Nam
N33 Phuong 36 Nam Nam
N34 Phat 34 Nam Nam
N35 Nguyén 24 Nam Nam
N36 Pat 45 Nam Nam
N37 Hoang Minh 45 Nam Nam
N38 Loc 45 Nam Nam
N39 Tuin 34 Nam Nam
N40 Hudng 47 Nam Bic
N41 Thuy Duyén 39 Nir Nam
N42 Chéau 45 Nam Nam
N43 Hung Phuong 26 Nam Nam
N44 Quan 50 Nam Nam

Chi tiét cu thé thong ké bo dit liéu dugc thé hién trong cac so d6 dudi day (hinh 4.1):

Ti lé gidi tinh trong bo dir liéu

B Nam

B N

Hinh 4.1: Biéu dé hién thi ti 1é giéi tinh trong bd dir liéu
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Bo dit liéu co tong cong 31 ngudi thude gisi tinh nam chiém 74% va 11 ngudi
gidi tinh nit chiém 26%. Nhan thay c6 sy chénh 1énh 16n vé yéu td gidi tinh trong b

dr li€u nay.

Ti 1& viing mién trong bd di¥ liéu

® Mién Nam

m Mién Bac

Hinh 4.2: Biéu dé hién thj ti 18 vaing mién trong bd dik liéu
Xét vé yéu té viing mién (hinh 4.2), da sé ngudi dén tir &én tir mién Nam chiém
ti 18 81% véi tong cong 1a 34 ngudi va 8 nguoi dén tir mién Béc chiém chi 19%. Mic
du Viét Nam la mot quéc gia da dan tdc, tuy nhién, ta théy b0 dir liéu chua c6 su can

bang va da dang vé giong ndi ¢ nhi€u dia phuong, ving mién khac nhau.

Bi€éu d6 thong ké dd tudi

=
o

N W b U1 Y N 0 ©

: lllllllllllllllllll II-II
0

12 14 15 16 18 23 24 26 27 30 32 34 35 36 38 39 40 42 43 45 47 48 49 50 52

m S6 lwong

Hinh 4.3: Biéu dé thong ké d¢ tudi cia bd dir liéu
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Tir biéu dd ¢ Hinh 4.3 ta thiy, véi sb luong mau 1a 42 thi do tudi dao dong
trong khoang tir 12-52 tudi, trong d6 s6 mau mdi do tudi 1a kha nho. Bén canh d6
Hinh 4.3 ciing cho ta thy ti 1 phan bd vé do tudi cua ngudi tham dy tip trung nhiéu
& do tudi tir 42-48.

Nhén xét thay bo dir liéu kha it va c6 su phan bd chua ddng déu vé cac yéu to
gidi tinh, ving mién, d6 tudi,... Sy phong pht vé bo dit liéu 13 han ché, vi thé diéu
nay c6 thé anh hudng it nhidu dén két qua thuc nghiém ctia mé hinh.

Vé chét luong cac ban ghi 4m, cac ban thu duoc thuc hién trong méi truong
kha tuong dong, giong nodi clia cac ca thé tham gia dugc ghi lai 16 rang, ranh mach.
Pay c6 thé 1a mot yéu tb gitip mo hinh c6 thé hoc tap dé dang hon vi dit liéu “sach”.

Bang 4.2 dudi ddy mo ta thong tin chi tiét cia mot ban ghi 4m dién hinh.

Bang 4.2: Thong tin chi tiét caa mat ban ghi am

Format Bit rate Channel(s) Sampling rate Bit depth
Wave 768 kbps 1 channel 48 KHz 16 bits

4.2. Kich ban thuc nghiém

bé kiém chtirng bd dir li¢u véi nhitng goc nhin khac nhau, luan van dit kich
ban thyc nghiém 2 md hinh da dé cap trong tinh hudng nhu sau. Xay dung mé hinh
HMM bang cach st dung bo cong cu HTK va Feedforward-DNN bang Tensorflow,
st dung dac trung MFCC dugc trich xuét dya trén bo dit liéu. So sanh, danh gia do
chinh xac, phu hop cia mé hinh trén bd dir liéu tu xay dung.
4.2.1. Chuan bj méi trwong
Mai ngudn cia luan vin véi md hinh Feedforward-DNN duoc viét bang ngon
ngit Python két hop véi framework Tensorflow. Bén canh d6 mo hinh HMM duoc
xay dung boi bo cong cu cia HTK. HTK duoc cung cap cong khai va c6 thé duoc tai
vé dé chinh stra va str dung tuy y. Cau hinh may:
- CPU: Core i5, UBUNTU 20
- SSD: 80GB
- RAM: 8GB
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- Software: Tensorflow (Training), HTK (GET MFCC)
- Language code: C#, Python, Perl
4.2.2. Chudn bj di ligu
Tién hanh xay dung cdu tric cac thu muc, tép tin nhu huéng din cua HTK,
tiép theo bat dau qua trinh tién xt 1y dit liéu dau vao

1. Tao file listwavmfc tir folder wav

‘perl pl/listwavmfc.pl wav txt/listwavmfc

2. Lay MFCC véi module HCopy
Rt trich dic trung s& chuyén d6i am thanh ¢ dang séng sang dinh dang MFCC
dugc thuc hién bai HCopy, nham chuyén ddi cac tép am thanh cac tép co6 phan mé

rong la .mfc.

‘bin/HCopy -C cfg/HCopy.cfg -S txt/listwavmfc

3. Tao file train.scp
File train nay s& bao gom tat ca dit liéu Am thanh cia bai toan. T file gbc nay

tach ra thanh 2 phén voi ti 18 7:3 dé phuc vu cho viéc huin luyén va kiém thur.

‘perl pl/mkTrainFile.pl wav txt/train.scp

4. Xay dung file gram.txt
Dé sir dung cac mo hinh ma HTK cung cép, ta phai dinh nghia nén kién trac
co ban cuda trinh nhan dang (hay con goi 1a task grammar). Trong HTK, task grammar
dugc viét trong tép van ban (thuong dit tén 1a gram.txt). File gram nay sé chira tén
dé dinh danh ctia nguoi néi. By nhiéu ngudi néi 1a biy nhiéu dinh danh. Sau d6 thyuc
hién 1énh HParse dé bién dich task grammar (dugc mo ta trong gram.txt) thanh task

network luu vao file wdnet.txt.

‘bin/HParse txt/gram.txt txt/wdnet.txt

5. Xay dung file promts.txt
Heé thong can phai biét raing HMM ndo tuong tng véi timg bién cia grammar,

vi thé ¢ ddy chung ta can xdy dung thém task dictionary

‘perl pl/mkPromt.pl wav txt/prompts.txt
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6. Tao label cho mo6 hinh

perl pl/prompts2mlf.pl mlf/phonesO.mlf txt/prompts.txt
perl pl/prompts2wlist.pl txt/prompts.txt txt/wlist.txt
bin/HDMan -m -w txt/wlist.txt -n ph/monophones(0 txt/dict txt/dict.dct

4.2.3. Xay deng mé hinh va hudn luyén

Budc dau tién trong dao tao HMM 14 xac dinh mot mé hinh nguyén méu. Céc
tham sb ctia mo hinh nay khong quan trong, muc dich cta né 1a xac dinh cau trac lién
két ctia md hinh. Mt trong cac cau trac lién két tot dé sir dung 1a 3-state left-right, ta

tién hanh xay dung lén no trong file proto nhu sau:

~0 <VecSize> 39 <MFCC 0 D A>
~h "proto"
<BeginHMM>
<NumStates> 5
<State> 2 <NumMixes> 8
<Mixture> 1 0.1
<Mean> 39
0.0 0.0 0.0 ..
<Variance> 39
1.0 1.0 1.0 ..
<State> 4 <NumMixes> 8
<Mixture> 1 0.1
<Mean> 39
0.0 0.0 0.0 ..
<Variance> 39
1.0 1.0 1.0 ..

<Mixture> 8 0.2
<Mean> 39

0.0 0.0 0.0 ..
<Variance> 39
1.0 1.0 1.0 ..
<TransP> 5

0.0 1.0 0.0 0.0 0.0

0.0 0.6 0.4 0.0 0.0

0.0 0.0 0.6 0.4 0.0

0.0 0.0 0.0 0.7 0.3

0.0 0.0 0.0 0.0 0.0

<EndHMM>

Trong d6 mdi vec-to co do dai 1a 39. Con s nay dugce tinh bai d6 dai ctia vecto

tinh duoc tham s6 hoa (MFCC_0 = 13) cong voi hé s delta (+13) cong véi hé s6 gia
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tdc (+13). Tiép theo, sir dung HCompV dé quét qua tap dir liéu, tinh toan gid tri trung
binh va phuong sai toan cuc va dat tat ca Gaussian trong mot HMM nhét dinh dé c6
cung phuong sai va gi trj trung binh. V&i danh sach tat ca cac tép dao tao duogc luu

trir trong file train_70.scp, thuc thi cau Iénh sau:

bin/HCompV -C cfg/HCompV.cfg -f 0.01 -m -S txt/train 70.scp -M hmm0
proto

Model duoc luu trir trong thu muc hmmoO dugc uée tinh lai bang cach HERest

bin/HERest -C cfg/HERest.cfg -I mlf/phonesO.mlf -t 250.0 150.0 1000.0
-S txt/train_70.scp -H hmm@/macros -H hmm@/hmmdefs -M hmml ph/monophones®

Tac dung cia viéc ndy 1a tai tit ca cac mo hinh trong hmmO duoc liét ké trong
danh sach cac mé hinh & monophones0. Sau dé, ching dugc wdc tinh lai bang cach
st dung dir 1iu duoc 1iét ké trong train_70.scp va tdp hop mo hinh mai dugce luu triv

trong thu myc hmm1. Tiép tuc hudn luyén thém cho mé hinh.

bin/HERest -C cfg/HERest.cfg -I mlf/phonesO.mlf -t 250.0 150.0 1000.0
-S txt/train 70.scp -H hmml/macros -H hmml/hmmdefs -M hmm2
ph/monophones0

bin/HERest -C cfg/HERest.cfg -I mlf/phonesO.mlf -t 250.0 150.0 1000.0
-S txt/train 70.scp -H hmm2/macros -H hmm2/hmmdefs -M hmm3
ph/monophones0

Pén day mo hinh co ban di duoc huan luyén xong. Tiép theo s& huan luyén
v6i Feedforward-DNN. Véi dau vao tuong ty nhu HMM, thuc hién qua cac budce
Sau:

1. Chuyén file mfc & dang nhi phan sang dang text

perl pl/mkListMFCC.pl wav txt/log mfcc.sh
sh ./txt/log mfcc.sh

2. Chuyén doi mfc sang vec-to mean + vec-vo varian

perl ./pl/createMeanAndVar.pl wav dnn mean

3. Tao file log chira dir lidu tir tat ca céc file dic trung & folder dnn_mean

‘perl ./pl/createFeature.pl dnn mean dnn/log.dnn

4. Chia tap dir li€éu thanh train va test vai ti 1€ 8:2

5. Tién hanh training
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O day ta xay dung bo phan loai qua 3 1p 4n roi dua mé hinh vao huin luyén

# Define classifer

classifier = tf.estimator.DNNClassifier (
feature columns=my feature columns,
hidden units=[1024,512,256],
n classes=45,

model dir='mode dnn/")

# Train the Model

classifier.train/(
input fn=lambda:train input fn(train x, train vy,
args.batch size),
steps=args.train steps)

Tién hanh goi Iénh training v&i batch size 12 100 va s6 1an chay 1a tang dan tir

1000-50000 dé quan sat va c6 duoc két qua t6t, phi hop nhat.

python3 dnn.py --batch size 100 --train steps 30000 >
100 30000 log.txt

4.3. Thwc nghiém va danh gia
4.3.1. Dj do danh gia

V6i HMM, HTK sir dung HResults doc mot tap hop cac tép chira nhan va so
sanh chiing véi cac tép phién 4m tham chiéu twong Gmg. Pé phan tich diu ra nhan
dang giong néi, viéc so sanh dua trén quy trinh cin chinh chudi Dynamic
Programming-based (DP). Khi duoc st dung dé tinh toan do chinh xac ctia cau bang
cach st dung DP, dau ra co ban 1a théng ké nhan dang cho toan bo tép ¢ dinh dang
nhu bén dudi.

Dong dau tién cung cap do chinh xac & cap d6 cau dya trén tong s tép chira
nhan giéng vai tép phién 4m. Dong thir hai 13 d6 chinh x4c cua tir dya trén sy tring
khop DP giita cac tép nhan va phién am. O dong thi hai, H 1 s6 nhin dtng, D 1a s6
lan x6a, S 14 s6 1an thay thé, I1a s6 lan chén va N 1a tong s6 nhén trong cac tép phién
am da xac dinh. Sb phén tram nhan dugc nhan dang chinh xac va do chinh xac ctua

no dugc tinh toan boi cong thire sau:

X 100%

H
%Correct = N X 100% ; Accuracy =
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Véi Feedforward-DNN, dé chinh xac (hay con goi la accuracy) sé dugc st
dung trong trudng hop nay. Po chinh xac 1a mét thude do dé danh gia cac mo hinh
phan loai. N&i chinh x&c hon thi d6 chinh x4c 13 mét phin nhé cua cac du doan ma
mo hinh di dung. Vé mit hinh thirc, 46 chinh xac dugc dinh nghia 13 bang ti 18 giita
s6 lwong dy doan chinh x4c va tong tit ca cac du doan, cong thirc nhu sau:

Number of correct predictions

Accuracy =
Y Total number of predictions

Dbdi véi phan loai nhi phan, d0 chinh xac ciing c6 thé duoc tinh theo mat tich
cuc (Positive) va tiéu cuc (Negative) vdi cong thirc nhur sau:

TP+TN
TP+TN+FP+FN

Accuracy =

Cu thé:

e TP (True Positive): dbi tuong & 16p Positive, md hinh phan ddi tugng vao 16p

Positive (du dodn ding)

e TN (True Negative): d6i tugng ¢ 16p Negative, mo hinh phan ddi twong vao
16p Negative (du doan ding)
e FP (False Positive): ddi trong & 16p Negative, mo hinh phan d6i twong vao 16p

Positive (dy doén sai)

e FN (False Negative): d6i tugng & 16p Positive, md hinh phan ddi twong vao
16p Negative (du doan sai)

True/False thé hién cho tinh chinh x4c khi phan loai ctia mo6 hinh, True dong
nghia vi viée mo hinh phan loai dang va nguoc lai. Positive/Negative 13 16p ma dbi
tugng duoc mo hinh xép vao, Positive c6 nghia rang mé hinh phan déi tugng vao 16p
Positive va nguoc lai.

Trong khudén kho luan van véi hai mo trinh HMM va Feedforward-DNN, ta
déu cuing quan sat do do 1a accuracy dé xem xét mo hinh dugc xay dung dé nhan dang

giong noi tiéng Viét c6 chinh xac va hiéu qua hay khéng.
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Thyc nghiém va so sanh

< HMM
Kiém tra trén tip train: thuc thi doan 1énh dudi ddy ta s& thu duoc két qua

nhu nhu hinh bén dudi.

bin/HVite -C cfg/HVite.cfg -H hmm3/macros -H hmm3/hmmdefs -S
txt/train 70.scp -i recout train.mlf -w txt/wdnet.txt txt/dict.dct
txt/wlist.txt

bin/HResults -f -t -I mlf/phonesO0.mlf txt/wlist.txt recout train.mlf
> result train.mlf

———————————————————————— Overall Results -————————----"--------—~
SENT: %Correct=95.76 [H=3504, S=155, N=3659]
WORD: %Corr=95.76, Acc=95.76 [H=3504, D=0, S=155, I=0, N=3659]

Hinh 4.4: Két qua thong ké trén tap huan luyén

Két qua tir hinh 4.4 cho thiy, dong bit dau bang SENT: cho biét ring trong sb
3659 cau n6i huan luyén, cd 3504 cau duoc nhan dang chinh xac chiém ti 1¢ 95,76%
va 155 cau bi nhan dang nham qua ngudi khac. Vi HMM ¢ truong hop nay duoc tiép
can theo hudng nhan dang ra nguoi noi (khong theo khuynh hudng nhan dang van
ban), nén s& bo qua viéc thong ké trén tir vung.

Kiém tra trén tap test

bin/HVite -C cfg/HVite.cfg -H hmm3/macros -H hmm3/hmmdefs -S

txt/test 30.scp -i recout test.mlf -w txt/wdnet.txt txt/dict.dct
txt/wlist.txt

bin/HResults -f -t -I mlf/phonesO.mlf txt/wlist.txt recout test.mlf >
result test.mlf

Sau khi chay théng ké thu duoc két qua nhu sau:

———————————————————————— Overall Results --——————-——————————————————
SENT: %Correct=93.04 [H=321, S=24, N=345]
WORD: %Corr=93.04, Acc=93.04 [H=321, D=0, 5=24, I=0, N=345]

Hinh 4.5: Két qua théng ké trén tap kiém thir
Trong s6 345 cau noi kiém thir, c6 321 cau duoc nhan dang chinh xac chiém
ti 16 93,04% va c6 24 cu bi nhan dang sai (hinh 4.5). Két qua tir tap kiém tht c6

chénh 1éch mat it so véi két qua thong ké tir dit liéu huan luyén, nhan thiy rang day
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chinh 1a két qua chinh xac cubi cing ciia mé hinh. Ti 1& chinh x4c cao, cho thiy mo
hinh x4y dung chay nhan dang tét, phit hop voi bo di liéu xay dung.
% Feedforward-DNN
Véi Feedforward-DNN ta ciing dya trén do chinh xac (accuracy) dé danh gia

mé hinh. Tién hanh chay théng ké md hinh trén b dit liéu kiém thtr v6i ciu 1énh sau:

eval result = classifier.evaluate (
input fn=lambda:eval input fn(test x, test y,
args.batch size))

print ('\nTest set accuracy: {accuracy:0.3f}\n'.format (**eval result))

Tuong Gng v6i cac 1an ting dan chay ta c6 duoc két qua trong bang 4.4 nhu sau:

Bang 4.3: P chinh xac ciia mo hinh qua sé 1an chay training

Lan chay Do chinh xac
1000 0.936
2000 0.963
3000 0.946
4000 0.948
5000 0.950
6000 0.954
7000 0.945
8000 0.955
9000 0.959
10000 0.950
20000 0.955
30000 0.962

40000 0.948
50000 0.954
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Do chinh xac trén tap kiém thir
0.97
0.96
0.95
0.94
0.93

0.92
1000 2000 3000 4000 5000 6000 7000 8000 9S000 10000 20000 30000 40000 50000

e D0 chinh xac

Hinh 4.6: Bién thién dé chinh x&c theo sé 1An chay mé hinh

Quan sat biéu d6 ¢ hinh 4.6 & céc lan chay khac nhau, ta thiy mo hinh ban dau
cho két qua do chinh xéac kha cao 93,6%. Dong thoi khi ting s6 1an chay mo hinh 1én
dan d6 chinh xac ciing thay doi nhung ciing khong dang ké. Qua 14 1an chay training,
nhan thdy d6 chinh xac trung binh cia mé hinh khoang 95%. So v&i d6 chinh xac tir
m6é hinh HMM, Feedforward-DNN c6 16n hon d6i chut.

4.3.2. Phan tich va danh gia

Két qua tir viéc chay huan luyén va kiém thir mé hinh cho thay véi HMM va
Feedforward-DNN két qua dat kha cao 93.04%, 95% trén cing bo dir liéu. B dir liéu
xdy dyung ciing chimg minh dugc do tin ciy cta minh khi hoat dong t6t voi hai mo
hinh nhan dang. Tir d6, nhan thiy véi phuong phap hoc may hién dai, viéc xay dung
mo hinh nhanh chéng va dé dang, it cAu hinh hon nhiéu so véi su dung bd cong cu
HTK. Bén canh d6, cach xdy dung phat trién mo hinh ciing truc quan dé hiéu, cé thé
chinh stra dé phat huy hon nita ma két qua mang lai ciing kha thi hon khi xem xét trén

cung tap dir liu dao tao.
4.4. Chuong trinh demo

Nhan dang ngudi ndi 1a mot mang nghién ctru 16n, do thoi gian han hep nén
chi tap trung vao ching minh khai ni€ém cho Iinh vuc nay. Xay dung chuong trinh
demo chi mang tinh minh hoa va xac thuc cho két qua thyc nghiém, lam tién dé cho

xay dung ung dung vé sau. Cu thé véi hai myc tiéu:
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1) Kiém tra do chinh x4c cia mo hinh: d3 nhan dang duoc dung ngudi voi

giong no1 hay chua.

2) So sanh do chinh xac cua hai m6 hinh HMM va Feedforward-DNN.

Pau tién khoi dong chuong trinh ta dugc giao dién nhu Hinh 4.7. Giao dién
don gian bao gom nut Load wave bén trai dung dé mé giao dién chon file Am thanh
can nhan dang, nuit DNN va HMM & bén phai dung dé chon mo hinh dy doan. Va
cudi cung két qua ma mo hinh du doan dugc s& duoc hién thi ¢ phan giita ctia chuong

trinh. Hinh anh minh hoa chuong trinh Demo nhu bén dudi (Hinh 4.7 - 4.10).

MainWindow - o X

Load wave DNN | | HMM

K&t qua:

Hinh 4.7: Giao dién chwong trinh demo
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Choose the File to open bt

& Recently Used

Places Name Size Modified =
Q, search 7| N13_001.wav 240.0kB 04/03/2022

& Recently Used 7 N11_001.wav 717.0kB 04/03/2022
@ demo B N10_001.wav 348.0kB 04/03/2022

@ ubuntu

B Desktop
@ File system
@ Documents
@ Music

@ Pictures
@ videos

@ Downloads

Cancel Open

Hinh 4.8: Chen file &am thanh d@é tién hanh nhan dang

MainWindow

Load wave | N10_001.wav DNN | | HMM

N17

Hinh 4.9: Trwong hop nhan dang véi HMM

MainWindow

Load wave | N10_001.wav

N10

Hinh 4.10: Trwong hop nhan dang véi Feedforward-DNN

Két qua tir chwong trinh chay demo cho thay, véi HMM (hinh 4.9) mé hinh da

du doan chua chinh xac ngudi néi. Cu thé nhin chinh xac cua file ghi am 1a N10
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nhung mo hinh du doan ra N17. Nguoc lai, DNN da du doan chinh xXac nhén phan
loai, chirng t6 réng mac du do chinh xac cia hai moé hinh c6 su chénh 1énh kha nhé
nhung thuc t& DNN lai hoat dong hiéu qua hon.

Phan demo lun vin thyc hién van con kha don gian khi chi méi dién dat duoc
tinh dung sai, chua hién thi cac thong ké, danh gia khéc,... Tuy nhién d3 dat dwgc muc

ti€u nhan dang ngudi ndi cua deé tai.
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CHUONG 5: KET LUAN

5.1. Cac dong gop cua ludn vin

Luan van “Nhin dang nguoi néi theo ti€p cAn may hoc hién dai” nghién

curu cac thuat toan st dung trong viéc nhan dang nguoi noi, bo dit liéu sir dung trong

qua trinh huan luyén va kiém thir mé hinh, dong thoi 1a d6 do va cach phuong phap

danh gid do chinh xac, sai s0 cua mo hinh. Qua trinh nghién ctru da dat dugc nhic¢u

muc tiéu dé ra nhu sau:

Nghién ctru mdé hinh nhan dang ngudi ndi st dung md hinh HMM va
Feedforward-DNN.

Xay dung duoc bd dir liéu giong nodi tiéng Viét ¢ khu vuc Tay Ninh phuc vu
cho viéc huan luyén va kiém thir mo hinh.

Str dung bo dir liéu két hop véi mo hinh xay dung kiém chtirng do chinh xéac,
phtt hop trong céc diéu kién, tinh hudng dé xuat.

Do chinh x4c ctia md hinh xay dung véi HMM, Feedforward-DNN lan luot 1a
93.04% va 95%.

Ap dung m6 hinh chay du doan nguoi néi véi két qua kha quan.

Thuc nghiém véi bo dir lidu dat két qua cao ching to d6 tin cdy, phu hop dé
str dung cho viéc thuc nghiém danh gia cac moé hinh khac.

C6 thé tmg dung md hinh dé nhan dién giong nodi, sinh tric hoc; két hop véi
céc phuong phap sinh trac hoc khac nhu méng mat, van tay,... ¢ dinh danh
ngudi chinh x4c, x4c thuc nhanh chong khéng can ching thuc. Mtc do sai sot

ctia hé théng co thé thay d6i nhung khong dang ké.

5.2. Két luan va hwong phat trién

Han ché ludn van

Vi thoi diém thu thap dit liéu nay tring vé6i dich Covid dién ra phic tap nén

bo dir liéu chua dugc da dang. Bo dir liéu van con nho va murec d§ phan bo rong
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khap vé mat do tuoi, vung mién chua cao. Bén canh d6 vé chat lugng giong

n6i ctia nguoi tham du chua phong pht vé biéu cam, cam xuc khi noi.
- Phan tng dung demo con don gian do quy thoi gian han hep.
- DPay méi chi 1a bai nghién ctru, chua ap dung vao thuc té.

Vin dé kién nghi va hwéng di tiép theo ciia nghién civu:

- Pua két qua nghién ciru vao img dung thyc té.

- Tim thém céc cach xu 1y t61 wu dir liéu, tim hodc tu xay dung hoac t6i vu hoa
moO hinh, hi¢u chinh hon nira do chinh xac cua moé hinh. Nghién ctru tim kiém
cac phuong phép tiép can khac.

- Lam phong phl hon cho b dit liéu nhu: thu thap giong noéi & nhiéu ving, tinh
thanh, mé rong pham vi do tudi, do cao thap cua giong noéi, anh hudng cua

mai truong (yén ling, 6n do,...).
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