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CONTENT SUMMARY

Title: A semi-supervised learning approach for Automatic Pronunciation Error

Detection

Abstract:

Reason for writing: The demand for learning and using English in the world in

general and in Vietnam in particular is increasing. This stimulates many

artificial intelligence researches and applications to help non-native speakers

practice pronunciation. However, current approaches require a lot of data that

have been carefully labeled by the expert, which are very hard to get. On the

other hand, the amount of unlabelled data is abundant and has not been fully

exploited.

Therefore, it is pressing to study a method for speech assessment that

take advantage of unlabeled data, beside labeled data.

Problem: build an artificial intelligent system to evaluate speaker’s

pronunciation. This includes two steps:

(@)

Methods:

(@)

Content:

Build a deep learning model to translate speech into phoneme: The
input is a reading of sentence, the output is the phoneme sequence of
the reader.

Compare the output and the groudth truth phoneme sequence to

analyze the accuracy/errors of the speaker’s pronunication.

Training Conformer using Pre-training Wav2Vec2.0 Framework
combined with Self-training technique Noisy Student Training for
Phoneme Recognition problem.

Find the longest common subsequence between the ground truth
phoneme sequence and model-predicted speaker phoneme sequence to

detect miss-pronunciation

Knowledge about Convolution Neural Network, Transformer and

Conformer encoder model.



o Knowledge about objective function Connectiontist Temporal
Classification.

o Knowledge about Wav2Vec2.0 self-supervised learning pre-training
framework.

o Knowledge about Semi-supervised learning technique Noisy Student
Training self-training method.

o Knowledge about dynamic programming Longest Common Subsequence.

o Knowledge about Word Error Rate metric.

o Knowledge about PyTorch library.

o Successfully apply the Semi-supervised learning technique for
training the Conformer model to predict phoneme sequence with PER
12.66%.

o Successfully detect phoneme error in speech from predicted phoneme
sequence of Conformer using Longest Common Subsequence.

- Conclusion:

o Deep understanding the knowledge of Wav2Vec2.0 framework,
Conformer model, CTC objective function, Noisy Student Training
technique and Longest Common Subsequence algorithm.

o Successfully applied pretrained Conformer model to Noisy Student
Training self-training method for improve the downstream task:
predict phoneme sequence, final PER 12.66%.

o Successfully applied Longest Common Subsequence for phoneme
error detection.

o Experience in research, experiment the result and using opensource.



LO1 CAM ON
Loi dau tién em xin phép guri 16i cam on chan thanh dén PGS. TS Nguyén Viét
Linh. Thay 1a nguoi da truc tiép giang day, chi bao, dan dit, gép y em trong phuong
dién hoc van Ian kinh nghiém 1am viéc, nho thady ma em c6 thé cé co hoi thu sirc
v6i mot dé tai kho nhu thé nay, va ciing nho thady ma em ¢ thé ¢ co hoi hoan

thanh tét hon bai bao cdo nay.

Em xin cam on TS. Bang Thi Phic, Phé khoa Céng Nghé Théng Tin, da giap em
hoan thanh d¢é tai trude kia lién quan dén linh vuc giong noi, qua trinh 1am viéc voi

co da gilp kién thirc cia em ngay cang virng chic hon.

Em xin cam on PGS. TS. Huynh Trung Hiéu, Truéng khoa Cong Nghé théng tin.
Thay la ngudi dau tién day cho em nhitng kién thire cét 18i trong nganh Khoa Hoc
Dit Liéu. Em ciing cam on thay vi da dong y nhan phan bién dé tai caa em. Em tin
rang nhitng danh gia phan bién cua thay s& gop phan quan trong cho viéc hoan thién

luan van nay.

Em cam on thay Nguyén Hitu Tinh, gi4o vién cha nhiém 16p DHKHDL15A cua
em, 1a nguoi thay di doi theo em tir nim nhat dén hién tai, da gitip d& em rat nhiéu
trong qué trinh dinh hinh ban than, thay da truyén hra cho em dé em biét duoc rang,
chi can c6 gang thi bat ky diéu gi minh ciing c6 thé lam dugc, mac ké xuat phat
diém cua ban than ¢ dau.

Thém nira, em ciing xin giri 101 cam on dén quy thay, c6 & Khoa Céng Nghé Théng
Tin — Truong Pai hoc Céng Nghiép Thanh phé H6 Chi Minh da giang day, va cing
véi von liéng tri thic ciia minh dé gidp em trong sudt quang thoi gian em hoc tap tai
truong.

Em ciing xin bay to 10ng biét on dén ban ldnh dao cua Trudng Pai hoc Cong

Nghiép Thanh phé Ho Chi Minh va cac Khoa, Phong ban chtic nang d tryc tiép

hoic gian tiép giup d& em trong sudt qué trinh em hoc tap va thuc hién bao céo nay.

Cudi cing, em cam on cdng ty WeAl di cho em co hoi thuc hién mot sé du an

nghién ctru tha vi, dic biét 1a cac du an lién quan dén phan tich giong noi. Cac du



&n cua cdng ty da thuc sy gilp em phét trién vuot bac vé chuy@n mén. Ngoai ra, em
Xin cam on céc anh chi va cac ban trong team R&D vi nhiing hd tro va moi truong

lam viéc vui vé hoa dong.



NHAN XET VA PANH GIA CUA GIAO VIEN HUONG DAN

Luén vian giai quyét mot bai toan rat kho trong xa ly am thanh: phét hién 15i phat
am tiéng Anh cua ngudi noi. Pay 1a mot bai toan cd tinh tng dung cao, 1a cong
nghé cét I18i cia mot sé phan mém hd tro hoc tiéng Anh. Tuy nhién sb lwong céc
nghién ctru duoc cong bé rat it. Luan van c6 thé xem 1a nghién ctu tién phong vé
m6 hinh dau cudi (end-to-end model) cho bai toan nay.

Luén vin da thuc hién thanh cong k¥ thuat huan luyén mé hinh hoc sau béan giam
sét, dya trén huan luyén nhidu cho mé hinh student (noisy student training - NST).
Mac du y twéng dung NST da duoc thuc hién trong bai todn nhan dién giong noi,
cach trién khai doi hoi kha nang phan ctng rat Ion dé thuc hién ca viéc tién huan
luyén (pretraining) va tu huan luyén (self-training). Luan vin cé céch tiép can sang
tao dé vuot qua cac han ché vé phan cang: (i) tan dung cac md hinh tién huan luyén
sin co, da dugc thuc hién dé phuc vu cho bai toan nhan dang giong noi, (ii) 1am nho
md hinh tién huan luyén bang céch chi giir lai mot s6 khéi Conformer. Nbi phan
tién huan luyén véi mot dau ra phu hop cho bai toan du doan am vi.

Sinh vién da thuc hién rat nhiéu thir nghiém dé lya chon cac thong sé va ki thuat xir
ly phti hop, dic biét 1a dua 16p relative positional embedding vao truéc chudi cac
khdi Conformer. Ngoai ra sinh vién da thuc hién duoc thuat toan phét hién 13i sai
trong phat &m bang thuat toan tim chudi con chung dai nhat. Trong qua trinh thuc
hién dé tai, sinh vién di thé hién duogc sy hiéu biét tot vé cac mé hinh hoc may, dic
biét 12 ca&c md hinh xir Iy &m thanh. Hoc vién da rat chu dong nghién ciru tim hiéu
cac phuong phap huan luyén va céc thuat toan dé dua vao ung dung cho bai toan.
Dic biét, sinh vién da rat diing cam chon maot dé tai khd va mang tinh rai ro cao.
Diéu nay khong thuong gap & mét sinh vién dai hoc.

Két luan: day 12 mot 1UAN VAN & MUC XUAL SAC. ....cvveeeeeeieeeeeeee e
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TUNGU

Y NGHiA

ASR — Automatic Speech

Recognition

Nhan dién giong noi

APED - Automatic
Pronunciation Error

Detection

Tu dong phéat hién 16i phat am

Attention — Attention

mechanism

Co ché chiy

Average Pooling

Toan tir tinh trung binh cac diém gia trj trong ciing mot

vung dang xét — thugc CNN

Batch

Mot 16 cac mau dir liéu

Beam Search

Thuat toan tim kiém chum cai tién dya trén tim kiém

tham lam

Beam width

Kich ¢& cia mdi chim trong Beam Search

CALL — Computer-
assisted Language

Learning

Hoc ngoai ngt véi su tro giup caa may tinh

CAPT — Computer-
assisted Pronunciation

Training

May tinh ho trg hoc phat am

CNN — Convolution

Neural Network

Mang no-ron tich chap

Codebook

Mot nhém cac vector nhing c6 kich thudc ¢ dinh duoc

hoc bai mo hinh (Wav2Vec2.0)

CV — Computer Vision

Thi gidc may tinh

Contrastive Loss

Ham mat mat trong phan

Contrastive Task —

Tac vy teong phan — Hoc twong phan




Contrastive Learning

Convolution Tich chap
Convolution _ _

_ Lap tich chap giam kich thudc dir liéu
Subsampling

Cosine Similarity

Thudc do sy twong dong giira hai vector

CRF — Conditional
Random Field

M6 hinh théng ké danh cho cac bai toan nhan dién mau

va hoc may

CTC — Connectionist

Temporal Classification

Ham méat mat cho cac bai toan phan loai chudi nhan

theo thoi gian

Decision-directed

Huén luyén theo huéng quyét dinh 13 phuong phap tim

Learning 101 giai theo hudng lap di lap lai
DBN — Deep Belief Mang niém tin sau 1a mét mé hinh huan luyén theo
Network hudng hoc khdng giam sat

Diversity Loss

Ham mat mat da dang trong Wav2Vec2.0

Downstream task

Téc vu phia sau, 1a tac vu chinh muén giai khi tan dung

lai m6 hinh d3 dugc tién huan luyén

DWT — Dynamic Time
Warping

Thuat toan do ludong do twong ddng giita hai chudi tuan

tu ¢6 chiéu dai khac nhau

E2E — End-to-end

Dau cudi, thuong néi dén mang hoc sau

Encoder

Bo ma hoa

Feature encoder

B6 ma hoa tinh ning (tang tich chap trong
Wav2Vec2.0)

Fine-tune, fine-tuning

Diéu chinh mé hinh sau khi tan dung tién huan luyén

Global Statistics

Supervision

Giam sét théng ké toan cau

GLU — Gated Linear Unit

Co ché cong dé kiém soat ludng thong tin trong mang,

tuong ty Vi co ché tu chli y

GOP — Goodness of

Thuat toan tinh ti 1& giong nhau giita chudi &m vi cta




Pronunication

ngudi n6i voi chudi am vi thuc té

Ground truth

Mau thuc té, ludn ding

HMM — Hidden Markov
Model

M6 hinh théng ké dua trén tinh chat Markov

ImageNet

Co s& dit liéu anh 16n thiét ké cho cac tac vu nhan dién

anh va cac nghién ctu lién quan

Language Model

M® hinh ngén ngir

LCS — Longest Common

Subsequence

Thuat toan quy hoach dong tim chudi con chung dai

nhat

LER — Label Error Rate

Ti I 16i nhan

Logits

Gia tri xac suat 16p cudi cing ciia mang no-ron (cung

cap phan phdi xac suat trén tap tur dién)

Multiple-instance

Learning

La mot loai hoc gidm sat, thay vi nhan duoc mot nhén

s€ nhan dugc mot nhom nhén

NST — Noisy Student

Training

La phuong phap huan luyén ban giam sat, duoc mo
rong y twong tir tw huan luyén va chat loc mé hinh thé

hé sau

Partial Supervision

Giam sat mot phan

PER — Phoneme Error
Rate

Ti 1& 16i Am vi

Phoneme

Am vi

Pointwise Convolution

Tich chap theo ting diém, c6 kerkel size 1 x 1

Pre-training

Tién huan luyén mé hinh

Pseudo Label

Nhén gia dugc sinh ra tir mo hinh teacher

Relative Sinusoidal

Positional Encoding

La mot loai nhing vi tri cho cac mé hinh kiéu
Transformer (c6 co ché chd ¥) ma gitp md hinh c6 kha

nang nam duoc théng tin vi tri tuong doi

RelLU

Ham kich hoat ReLU




RNN — Recurrent Neural

Network

Mang no-ron hdi quy

Self-attention

Co ché ty chi y

Self-labeling

Tén goi khac cua self-training

Self-training

Tu hoc giam sat

Semi-Supervised

Learning

Huén luyén ban giam sat

SOTA — state-of-the-art

Mtrc d6 cao nhat caa phat trién, thuong chi dén két qua
t6t nhat theo mot thang do nao d6 trong cting mot linh

Vuc

Stride

Budc nhay trong CNN

Supervised Learning

Huan luyén giam sat

Temperature

Gia tri nhiét do trong viéc lya chon cac muc cua
codebook (Wav2Vec2.0)

Temporal Classification

Bai toan phan loai cac nhan theo thoi gian

Time-step

Budc thoi gian

Transfer Learning

Hoc chuyén giao

Unsupervised Learning

Hoc khéng gidm sat

Weak Supervision

Giam sét yéu

WER — Word Error Rate

Ti 1€ 16i tur




Khoa luan tét nghiép chuyén nganh Khoa Hoc Dit Liéu

CHUONG 1. GIOI THIEU
1.1. Téng quan
1.1.1. Béicanh

Trong thoi dai hoi nhap ngay nay, viéc sir dung va giao tiép tiéng Anh ngay cang
tré nén thong dung. Viéc mot nguoi biét giao tiép bang tiéng Anh bay gio khong
phai 1a chuyén la nira. D4i véi Viet Nam, mot dat nuéc dang ngay cang mo rong
canh cira hoi nhap thi tam quan trong trong viéc hoc tiéng Anh giao tiép lai duoc
quan tdm hon bao gid hét. Toan cau hoa da dem dén nhiéu budc ngoat trong doi
séng, kinh té, x hoi: cac doanh nghiép giao thuong véi nuéc ngodi ngay cang
nhiéu; cac quy dau tu, tap doan nuwdc ngoai 6 at vao Viét Nam mang theo nhiing co

hoi 16n vé nghé nghiép cho ngudi Viét.

Pi cung xu hudng d6, nhirng yéu cau trong tuyén dung nhan sy cua cac doanh
nghiép ciing da thiét 1ap nhitng quy chuan cao hon trong ki ning tiéng Anh giao
tiép. Tiéng Anh khdng con 1a mot yéu t6 cong thém dé xem xét ang vién nira ma la
mat yéu cau bat buoc khi ban muén gia nhap vao cac td chirc [1]. Theo trang Indeed
[2], viéc c6 mot ching chi tiéng Anh ¢6 thé hitu ich cho ngudi ndi tiéng Anh nhu
ngdn ngir thir hai hay dang c6 nhu cau di du hoc, hay 14 ting co hoi ting tuyén cho

ngudi ¢6 nhu cau tim viéc.

Thé nén, viéc hoc tiéng Anh dang rat can thiét. Vi thé, ngay cang cé nhiéu tmg dung
gilip cho viéc tu hoc cach phat &m tiéng Anh tré nén pho bién hon, c6 thé ké tén
nhu Elsa [3] hay Duolingo [4]. Ciing nhu cac nghién ctiu vé bai toan danh gia kha
nang phat am cua nguoi doc (danh gia giong ndi — Speech Verification) trong linh
vuc Tri tué nhan tao ciing dang noi 1én [5] [6] [7] [8] [9]. Tuy nhién cac nghién cau
nay déu str dung di liéu giong néi da dugc danh nhan dé 1am ngudn dit liéu chinh
trong viéc huan luyén mé hinh. Ma dit liéu giong néi danh nhan 1a mot ngudn rat it
6i, 0 voi lugng dit liéu giong n6i khong danh nhan c6 ngudn cung doi dao trén
Internet. Mot k¥ thuat trong linh vuc Tri tué¢ nhé&n tao cho phuong phap tan dung
lwong dit liéu khong danh nhin dé giai quyét bai toan c6 san goi 1a hoc béan giam sat

(Semi-supervised Learning).
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1.1.2. Ly do chon dé tai

Lwong dit lidu c6 nhan khdng qué nhiéu, nhung lugng dir liéu khong c6 nhan lai cuc
ky doi dao, nén toi chon nghién ctu ki thuat huan luyén Semi-supervised Learning
cho bai toAn APED va da chon “Sur dung k¥ thuat hoc ban giam sat cho tu dong

phét hién 15i phat &m” 1am tiéu dé cho dé tai khda luan tt nghiép cia minh.

1.2.  Muc tiéu nghién ctru

- Tim hiéu vé kién tric Encoder Conformer thudc bai toan nhan dang giong néi.

- Tim hiéu vé mé hinh Pre-training self-supervised learning Wav2Vec2.0

- Tim hiéu vé ki thuat Semi-supervised Learning Self-training Noisy Student
Training.

- Ap dung két hop Wav2Vec2.0 dé pre-training cho Conformer, sau d6 di hun
luyén tiép Conformer dung Noisy Student Training.

- Dung Conformer d3 duoc huan luyén dé du doan chudi &m vji cia ngudi noi.

- Tim hiéu vé thuat toan quy hoach dong Longest Common Subsequence (LCS)
dé so khap giira chudi &m vi thyc té va du doan dé danh gia giong noi, myc tiéu

la dua ra dugc nguoi n6i hién dang sai sot ¢ vi tri nao trong cau noi.

1.3.  Pham vi nghién ctu

- Kién thirc va hiéu biét vé Conformer, Pre-training, Self-training va Longest
Common Subsequence.

- Sirdung b dir liéu c6 nhin duogc két hop tir Libri-Light va LibriSpeech ciing

véi bo dir liéu khong co nhén LibriSpeech.

1.4. Y nghia khoa hoc va thuc tién

Nghién ciru nay gép phan lam tién dé cho nghién ciru vé bai toan Automatic
Pronunciation Error Detection (APED) str dung k¥ thuat Semi-supervised Learning
trong viéc cai thién kha ning du doan chudi &m vi cia mé hinh Conformer, tir 46
lay chudi du doan nay di so sanh véi chudi thyuc té théng qua thuat toan LCS. Két

qua thu duoc s& phan anh tét hon vé nghién ciru APED véi ngdn ngir tiéng Anh.
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CHUONG 2. CO SO LY THUYET
2.1. Bai toan Automatic Pronunciation Error Detection
2.1.1. Khai nié¢m
Véi su phét trién nhanh chdéng cua viéc toan cau hda va gido duc, sb lugng ngudi
can hoc ngdn ngir ngay cang tang trudng. Tuy nhién, hau hét nguoi hoc déu gap
mot van dé d6 1a khong tim duoc gido vién hudng dan hodc khong co thoi gian dé
di theo mét 16 trinh hoc ¢6 hé théng. Vi thé, nhitng nghién ciru vé hé théng Hoc

ngoai ngit v&i su tro gilp cua may tinh (CALL) ndi 1én nhiéu hon [10].

CALL duoc nghién ctiru véi muc tiéu dua ra mot dich vu giao duc linh hoat, ma c6
thé duoc sir dung dé thay thé hoan toan cho yéu cau cua viéc hoc mot ngbn ngi
trong quéng thoi gian bi ngat quing, khdng lién mach [11]. Pac biét, viéc luyén tap
phat am 1a mot phan rat quan trong trong viéc giao tiép thuong ngay, va hé théng
May tinh hd tro phat &m (CAPT) dugc thiét ké cho viéc nay. Nhitng hé thong ké
trén dong vai trd quan trong trong bai toan Ty dong phat hién 16i phat am (APED).

Mot hé thong APED dau tién s& dwa ra mot doan chir duoc dinh nghia san (va néu
can thi s& kém thém mot doan giong noi ¢ tir trude dé nguoi hoc ¢6 thé nghe tham
khao). Nhiém vy cua nguoi hoc rat don gian: ¢é gang doc dang doan chit nay nhat
cd thé. Vi du, ngudi hoc mudn hoc cach phét am tir “apple” (chudi &m vi cua né la
“a p 1”), nhung ngudi hoc ¢d thé doc nham thanh “o p 1. Trong truong hop nay,
chung ta dinh nghia chudi “a p 1’ 1a chudi phat &m chudn va chudi “o p 17 1a chudi
ciia nguoi doc. Hé théng APED s& du doan chinh xac dugce ngudi dung doc tir
“apple” bi sai ¢ vi tri cu thé ndo, tir d6 dua ra phan hdi cho ngudi hoc biét dé nguoi
hoc ¢6 thé kip thoi stra sai, dan dan, ngudi hoc s& cai thién kha nang phat am cua
minh [11].

2.1.2. Cac nghién ciru da co

APED di duoc nghién ciu hang thap ky. Dua trén cach dé danh gia mirc do so
khép gitra cAu phét am tir ngudi hoc va cu phat am chuan, c6 mot vai phuong phap
so sanh dya trén phuong phap Goodness of Pronunciation (GOP) da duoc dé xuat

dé giai quyét bai toan APED. Ann Lee va cong su [12] da trinh bay k¥ thuét so
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khép cho danh gia phat 4am bang cach can chinh giita cAu ndi cia ngudi hoc va cau
noi chuan théng qua Dynamic Time Wraping (DWT). Mét bai nghién citu khac cua
Ann Lee cuing cong su [13] str dung biéu dd hau nghiém cua Deep Belief Network
(DBN) lam dau vao cho DWT (nghién ctu & cdu trudc) dé phat hién sai sot cp do
tir (thay vi theo &m vi nhu trong luan van nay), cu thé hé théng hoat dong bang cach
so sanh cau néi cua ngudi hoc (khdng phai ban xt) véi it nhat mot cau ndi cua
ngudi ban xu, tir d6 trich xudt cac tinh ning mé ta mirc do can chinh (cin chinh
gitta chudi thuc va chudi du doan) sai sot. Két qua cua nghién ctru nay cho thay viéc
thay thé MFCC [14] hay hau nghiém cua Gauss bing cach cai dat thyc nghiém theo
kiéu Unsupervised cua hau nghiém DBN gilp hé thong cai thién twong d6i khoang
14%. Hon nita, hé théng van dn dinh khi chi sir dung khoang 30% dix liéu c6 danh
nhan. Pay 1a mot tién dé cho viéc sir dung dit liéu c6 nhan két hop véi khéng co
nhén trong bai toAn APED. Ngoai ra, con ¢ cac nghién ctru lién quan cling tuong
tu nhu hai bai nghién ctu trén [15] [16] [17] [18]. Tuy nhién, han ché cua phuong
phap nay l1a hé théng c6 nhiéu thanh phan, 1am phuc tap hda quy trinh thuc hién bai

toan.

Gan day, voi xu hudng gia ting viéc 4p dung Neural Network va sy phét trién cia
cdng nghé Nhan dién giong n6i (ASR), c6 mét vai nghién ciru da duoc dé xuat dé
lam giam bot cac thanh phan trong hé théng APED (cac phuong phap dua trén GOP
duoc trinh bay ¢ doan trudc can nhiéu thanh phan phéi hop vai nhau). Véi thanh
phan cét I8i van 1a bai toan ASR, cac phuong phap nay dung dé nhan dién chudi am
Vi tir cAu noi ciia ngudi hoc va can chinh chudi nay vai chudi am vi chuan, tir d6
dwa ra 16i phat &m. C6 thé ké dén nhu nghién ciru cua Leung va cong sy [19], nhém
tac gia két hop Convolution Neural Network (CNN), Recurrent Neural Network
(RNN) va ham muc tiéu Connectionist Temporal Classification (CTC). Hoac nhu
cua Long va cong sy [6], nhom tac gia dé xuat mot md hinh két hop giita CTC va
co ché Attention. Phuwong phap APED dua trén ASR nay hoan toan gidp giam nd
lyc trong viéc trién khai md hinh trén thuc té khi so véi cac phuong phép str dung
GOP. Pic biét, md hinh Conformer [20], két hop gitta CNN va Transformer [21] dé
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hoc ddng thai théng tin ngit canh cuc bo 1an toan cuc, giup day két qua caa bai toan
ASR 1én muc gidi han, tre thanh md hinh SOTA [22] cua bo dit liéu danh gia
LibriSpeech [23] tiéng Anh. Vi thé, rat hira hen khi sir dung cac phuong phap
APED duya trén ASR cho bai toan dy doan chudi am vi, vi lGc ndy, chi can thay doi

dau ra cia md hinh tir dang Ky tu thanh dang phién am.

2.2. M6 hinh nhan dang gigng noi Conformer

2.2.1. Tong quan

Céc phuong phap nhan dang giong néi dau cudi (End-to-end ASR) dya trén Neural
Network da duoc cai thién rat nhiéu trong nhitng nam gan day. RNN da tung 1a sy
lua chon uu tién trong bai toan ASR [24] [25] [26] [27], bai vi dang md hinh nay c6
thé mé hinh hda cac phu thudc theo thoi gian trong chudi &m thanh mot cach hiéu
qua (nhu trong model RNN-Transducer [28]). Gan day, kién tric md hinh
Transformer dua trén co ché tu chi y (self-attention) [21] [29] d& duoc &p dung
rong réi cho cac bai toan can mé hinh hoa cac chudi boi vi kha nang nam bat dugc
thong tin dai han va to ra hiéu qua trong viéc huan luyén. Mot mit khac, CNN ciing
dugc wng dung thanh cong cho bai toan ASR, ma co ché chu yéu dé nam bt thong
tin 1a qua mot cira s6 nho theo tirng 16p. Vi du nhu Jasper [30] 1a mot CNN - dau
cudi, Quartznet [31] 1a mot mang tich chap 1 chiéu véi cau tric cé thé tach roi kénh
thoi gian caa giong ndi, toan bd mang 1a su két hop bai tich chap 1 chiéu (1-D
CNN), Batch Normalization [32] va ham kich hoat ReLU [33], hay Contextnet [34]
cai thien CNN truyén théng cho bai toan ASR bang cach thém mo-dun Squeeze-
and-excitation dé thuc hién average-pooling toan cuc (global average pooling), md
hinh nay dat dugc két qua rat tét, ngang ngira so vai Conformer. Bén canh d6 con
mot s6 nghién ciru khéc vé CNN cho ASR [35] [36].

Tuy nhién, nhitng mé hinh chi c6 co ché tu chi y (self-attention) hay chi c6 tich
chap (convolution) déu c6 nhitng han ché riéng. Trong khi Transformer rat tét trong
viéc nam bat nhirng théng tin, ngit canh toan cuc, thi nd lai kha han ché trong viéc
bit nhitng théng tin, mau cuc bo. Mit khac, CNN lai rit duoc wa chudng trong

nhitng tac vu lién quan dén thi giac may tinh (Computer Vision — CV) béi vi kha
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ning khai thac thong tin cuc b cua né, né hoc dugc rat tét nhirng thdng tin canh,
hinh dang, vi tri thdng qua mot ctra s6 nho. Tuy nhién mot gigi han cua viéc st
dung két néi cuc bo (théng tin trong mot cira s6 két ndi véi nhau) nay 1a mé hinh sé
phai can nhiéu 16p, nhiéu tham sb dé bt duoc hét thong tin toan cuc. Dé khic phuc
van dé nay, Contextnet dugc dé cap o trén da thém vao mdt mo-dun la Squeeze-
and-Excitation [37] & mdi khdi phan du (residual block) dé bit duoc ngir canh dai
hon. Tuy nhién, viéc nay van bi gi¢i han & nhitng thong tin toan cuc phuc tap, bai vi
md-dun nay chi thuc hién trung binh toan cuc (global averaging) trén toan bo chudi

cau.

Nhitng nghién ctru gan day cho thay rang viéc két hop tich chap va co ché ty chiy
cai thién hon viéc st dung mdi thanh phan riéng lé [38]. Khi két hop cuing nhau, md
hinh nhu thé ¢6 thé hoc ca cac tinh nang cuc b theo ting vi tri va sir dung ca théng
tin noi dung toan cuc. Ngoai ra con c6 cac nghién ciru khac lién quan dén cach két
hop nay [39] [40] [41].

Anmol ciing cong su [20] d4 trinh bay mot kién tric co tén 1a Conformer. Kién tric
nay két hop co ché tu chi y véi tich chap danh cho bai toan ASR. Ho gia dinh rang
ca thdng tin cuc b 1an ngir canh toan cuc déu quan trong dé tham sé hoa, va can
tham s hda mét cach hiéu qua. Co ché tu chi y tim hiéu su tuong tac toan cuc cua
thong tin trong khi d6 tich chap s& ndm bit hiéu qua nhirng trong quan cuc bo dua
trén do léch twong ddi. Céch két hop mang cua ho dwa trén hinh thirc kep: kep gitra
mot cap mo-dun feed forward 1a mo-dun convolution va mo-dun self-attention. Két
qua duoc trinh bay vao nam 2020, da dat duogc state-of-the-art trén bo dit liéu danh
gié LibriSpeech [23], vuot qua bai nghién ctru trude d6 1a Transformer Transducer
[29], két qua tt nhat caa ho dat 1.9%/3.9% WER khi két hop thém mét mé hinh

ngon ngr.

Trong bai nay, t6i sir dung Conformer 1am Encoder chinh dé thuc hién buéc Pre-
training st dung Framework Wav2Vec2.0 [42] (dung ban stra d6i Wav2Vec2.0
Conformer) va Self-training st dung Noisy Student Training [43], sau cung dua mo

hinh Conformer tét nhat di du doan chudi am vi cia ngudi noi.
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2.2.2. Kién truc

2.2.2.1. Conformer Encoder

M6 hinh Conformer s& chi 1a phan Encoder trong mét mang Encoder-Decoder
truyén thong. Nhiém vu ctia Conformer encoder ndy dau tién s& xu ly dir liéu dau
vao véi mot 16p Convolution Subsampling, trudce d6 1a sé ting cudng dit liéu bang
SpecAugment [44], theo sau Convolution Subsampling 1a mot 16p Linear dé chuyén

kich c& cua dit liéu dau vao cho vira vdi kich c& cua cac khdi Conformer va

40 ms rate
U, |
! Layernorm

. 4

1

(+ j—

1 1
1 B i
1 1
\ | Conformer Blocks | x N |
: :
1 1

1
] 1
1 )
1 1
1 1
1 L)
] ]
: i
J : '
- F ________ 1 1/2 x 1
1
X L)
1
\n Feed Forward Module :
Dropout ' y .
] 1
40 ms rate ' ) :
i ; D— |
T 1
: ! |
Linear . i
1 Convolution Module :
1
40 ms rate T : :
- : :
i 1
Convolution 1 [+ «———
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| ) | i
h ‘Ti | IMulti-Head Self Attention :
10 ms rate ; Module P
[] | 1
! b A :
SpecAug ' /.
A !
: [+ e 1
10 ms rate T 1 e :
X 1/2 xT .
' :
: Feed Forward Module \
1
: .
1 1

Hinh 1. Kién trdc caa Conformer Encoder
Dropout [45] dé tranh hoc qua khop (overfit) [46], sau d6 dit liéu dugc dua qua mot

s6 khéi Conformer, duoc mé ta trong Hinh 1.

Nhu Hinh 1, mét khdi Conformer két hop hai mé-dun feed forward voéi di lidu

duoc két ndi theo residual nhung giam bot mot nira, kep giira 1a mo-dun multi-
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headed self-attention va mo-dun convolution. Theo sau 4 khéi 1a mét 16p Layer
Norm [47]. Phan 2.2.2.2, 2.2.2.3, 2.2.2.4 s& ndi vé cac mo-dun self-attention,
convolution va feed forward. Phan 2.2.2.5 s& n6i vé cach két hop cac md-dun nay

lai v6i nhau.

2.2.2.2. MO-dun Multi-Headed Self-Attention

Téc gia cua Conformer sir dung lai multi-head self-attention (MHSA) két hop thém
mét k§ thuét tir md hinh Transformer-XL [48], 1a k§ thuat ma hda vi tri twong dbi
theo sinusoidal (relative sinusoidal positional encoding scheme). Viéc méa hoa vi tri
tuong d6i ndy cho phép md-dun tir chli y ¢6 thé tong quét hoa tot hon trén nhiéu
chiéu dai dau vao khac nhau va encoder sau khi dugc huan luyén cd thé manh mé

hon truéc su bién thién caa chiéu dai cau n6i. Md-dun nay st dung cach két nbi don

Multi-Head Attention with 1 |
Layernorm —»  Relative Positional Dropout > + )
Embedding

Hinh 2. M6 ta cau trdc caa mo-dun Multi-headed self-attention
vi pre-norm (dau vao s& cong véi dau vao da qua Layernorm — pre-norm residual
units) [49] [50], két hop thém Dropout dé gitip qué trinh huan luyén tron tru hon va
cling dé chinh héa khi mé hinh qua sau. Hinh 2 mé ta mé-dun Multi-Headed Self-
Attention.

2.2.2.3. Mb-dun Convolution

Puoc tao cam hang tir Kién tric mé hinh Lite Transformer cia Z. Wu va cong su
[41], m6-dun tich chap duoc bt dau véi mot co ché cong (gating mechanism) [51],
cu thé 12 gom tich chap theo diém (pointwise convolution) [52] va GLU (Gated
Linear Unit). Theo sau 1a mot 16p tich chap theo chiéu sau 1-D [53], mot 16p Batch

Normalization, mot ham kich hoat Swish [54], mot tich chap theo diém va cubi

_ BT . . 1
N Pointwise Glu . Swish Pointwise )
Layernorm Conv Activation Degg::me atchNorm Activation Conv Dropout + /

Hinh 3. CAu triic caa mo-dun Convolution
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cung 1a Dropout. Cach két néi cua mo-dun nay ciing str dung prenorm residual

units. Hinh 3 mo6 ta4 md-dun convolution.

2.2.2.4. MO-dun Feed Forward
M0-dun Feed Forward cling st dung pre-norm residual units, theo sau Layer

Normalization 1a mét Linear layer, mot ham kich hoat Swish, mot Dropout dé chinh

} Linear Swish | | Linear 0
Layernorm —> Layer A){Activa‘(ion Dropout —» Layer —> Dropout —H+
. A

Hinh 4. Cau tric cia mo-dun Feed Forward

hoa, mot Linear va mot Dropout. Hinh 4 mé ta cu tric cuia md-dun Feed Forward.

2.2.2.5. Khai Conformer
O Hinh 1, mét khdi Conformer sé& theo kiéu Sandwich véi hai Feed Forward & hai
bén va kep giira 1a Multi-headed Self-Attention va Convolution. Kiéu Sandwich nay
duoc goi cam hing tir Macaron-Net [55], ma & mang nay, tac gia dé xuat cach thay
d6i 16p feed-forward truyén théng cua khéi Transformer thanh hai nira 16p feed-
forward, mot trudc attention va mot sau. Ciing nhu Macaron-Net, tac gia sira khoi
Conformer dé c6 hai nta trong s ctia md-dun feed forward, sau mo-dun feed
forward thtr hai s& c6 thém mot 16p Layer Normalization. Néu theo biéu di&n toan
hoc, dau vao 1a x; di vao khdi Conformer thi i, thi dau ra y; cua khéi 1

X =x + %FFN(Xi)

x| = %, + MHSA())

1)

x;'" = x; + Conv(x{)

1
y; = Layernorm(x;" + EFFN(X{’))

Ky hiéu FFN la danh cho m@-dun Feed Forward, MHSA 1a m6-dun Multi-headed

Self-attention, va Conv la m6-dun Convolution.
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2.2.2.6. Cdi tién cau tric cua Conformer

Trong qua trinh thuc nghiém, toi da thém mot sé thanh phan mai vao cau tric
Conformer truyén théng. Cu thé, tdi da thém mot 16p Relative Positional Encoding
vao trudc cac khdi Conformer dé ma hoa duoc thong tin, vi tri cua chudi dau vao. O
sau cac khdi Conformer thi 1a su két hop caa 2 16p Linear kep giira 1a ham kich hoat
Swish va Dropout. Trong qué trinh thuc nghiém, toi nhan thiy rang céach két hop
nay phl hop véi bai toan va dua ra két qua kha quan. O cudi, ham mat mat CTC la
ham muc tiéu mac dinh. Hinh 5 md ta cu tric Conformer méi duoc chinh sira, miii

tén mau d6 chi vao nhing thanh phan di chinh sira.

CTC Loss

i

Linear

T

Dropout

—> 0

Swish Activation

T

Linear

Conformer Blocks | x N

Relative Positional
— | )

Encoding

T
[ Dropout ]

T

Linear

T

Convolution
Subsampling

SpecAug
T

Hinh 5. Kién tric Conformer dwgc chinh sua
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2.3. Ham muc tiéu huén luyén giam sat: Connectionist Temporal Classification
2.3.1. Téng quan

Bai toan danh nhan dit liéu chudi ma khong duoc phan doan sin 1a mét tac vu phd
bién trong viéc mo hinh hda céac chudi trong thé gidi thuc. Cac bai toan nay thuong
la c4c tac vu lién quan dén nhan thie (vi du: nhan dién chir viét tay, nhan dién giong
noi, nhan dién cir chi), ma dau vao ¢ day thuong 1a s& c6 nhiéu, gia tri thuc tir cac
ludng dau vao thudng dugc ky hiéu bai chudi cac ky hiéu rai rac nhu 1a cac ki tu

hay la cac tur.

Nam 2006, luc A. Graves cling cong sy Viét bai nghién ctu vé CTC [56] cac md
hinh dang d6 thi nhu mé hinh Markov an (Hidden Markov Models — HMM [57]),
mo hinh cac truong ngau nhién cé diéu kién (conditional random fields — CRFs
[58]) va cac dang twong tu cia hai mo hinh nay dang dtimg dau trong cac khung mo
hinh dé giai quyét bai toan mé hinh hda cac chudi. Tuy cach tiép can nay da duoc
chting minh rat thanh céng trong nhiéu bai toan, nhung né c¢6 mot s6 diém han ché

Sau:

1. Céac m6 hinh nhuy HMM, CRF doi hoi phai c6 mot lugng kién thirc du trong
tac vu mudn giai quyét, vi du viéc thiét ké céc trang thai caa mé hinh HMM
hay chon céc tinh niang dau vao cho CRF.

2. Cac mé hinh nay doi hoi phai c6 gia dinh phu thuoc mét cach tuong minh
(va thuong 1a cau hoi mg) dé khién cho viéc suy luan két qua tra nén dé hiéu
hon. Vi du gia dinh rang cac quan sat khéng phu thuoc 13n nhau trong HMM.

3. Pbi voi HMM tiéu chuan, qua trinh huan luyén mang tinh sinh (tao ra), mic
dii viéc danh nhin cac chudi la quéa trinh phan biét (phan biét cac nhén theo
tung vi tri).

Mt khac, cac dang mé hinh RNN khong yéu cau kién thuc vé dit liu tir trudc,
ngoai viéc chon dit liéu dau vao va dau ra. N6 con dung dé huan luyén, va viéc huan
luyén nay mang tinh phan biét, va céc trang thai bén trong mé hinh con cung cap

mot co ché dac biét dé giip mé hinh héa chudi thoi gian. Thém nita, md hinh nay
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con kha 1a manh mg khi d6i mit véi dir liéu c6 nhiéu ca mat khdng gian 1an thoi
gian.

Tuy nhién viéc &p dung cac md hinh RNN mét céch truc tiép vao viéc danh nhin
cac chudi van 1a diéu khéng thé. Van dé 1a ham muc tiéu cua Neural Network
truyén thong duoc dinh nghia riéng cho mdi diém dit liéu trong chudi huan luyén,
noi cach khac, cac md hinh RNN chi ¢é thé dung dé huan luyén cho viéc tao ra cac
chudi c6 nhin doc 1ap véi nhau. Co nghia 1a dir liéu dé huan luyén phai dugc phan
doan ra tir trudc, va dau ra cua Neural Network ciing phai duoc xir 1y dé dua ra

chudi nhan cudi cung.

Tinh dén 2006, phuong phap hiéu qua nhat trong viéc tng dung céc dang mé hinh
RNN cho viéc ddnh nhan cac chudi 1a két hop n6 véi HMM, cach tiép can nay goi
la cach tiép can két hop (Hybrid) [59]. Hé théng Hybrid nay st dung HMM dé mo
hinh héa ciu tric tuan tu tam xa cua dir liéu, mang no-ron luc nay dé dua ra phan

loai cuc bd. Thanh phan HMM c¢6 kha ning tu dong phan doan chudi tuan ty trong
qué trinh huan luyén, va dé chuyén ddi mang phan loai thanh cac chudi nhan. Tuy
nhién, nhu da dé cap cac han ché caa HMM 6 trén, hé thong Hybrid nay khdng thé

khai thac hét dugc tiém ning ctia RNN trong bai toan mé hinh hoa chudi tuan tu.

A. Graves cling cong sy vao nam 2006 da tong hop cac van dé ton dong trén va
trinh bay mot nghién ciru [56] vé Connectionist Temporal Classification (CTC).
Theo nhu tac gia, day 1a mot phuong phap méi danh cho dix liéu dang chudi tuan tu,
néu &p dung cho RNN thi s& khong can phai phan doan dir liéu dau vao va xu ly sau
khi c6 dau ra nira, md hinh s& tu md hinh hda toan b chudi tuan tu trong mot kién
trdc mang duy nhat. Y tuéng don gian 1a théng dich dau ra cua mang no-ron nhu 1a
mot phan phdi x4c suat qua toan b cac chudi nhan co thé xay ra. Pua trudc phan
phdi ndy, ta cd thé dua ra mot ham muc tiéu nham téi da hoa xac suat nhitng chudi
c6 nhan dung. B&i vi ham muc tiéu nay c6 thé dao ham dwoc, nén mang no-ron c6

thé duoc huan luyén bang lan truyén nguoc theo thoi gian [60].
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Phan 2.3.2 s& trinh bay vé tac vu danh nhén chudi chua dugce phin doan goi tén 12
Temporal Classification (phén loai theo trinh tu thoi gian) [61], va sir dung RNN
cho bai toan ndy nhu mot tac vu phan loai theo trinh tu thoi gian lién két
(connectionist temporal classification). Viéc phan loai nay s& dién ra doc lap theo

tirng budc thoi gian (time-step) hay tirng khung di liéu caa chudi dit liéu tuan ty.

2.3.2. K§ thuat

2.3.2.1. Bai toan Temporal Classification

Goi S la tap dit liu huan luyén duoc Iy tir phan phéi c6 dinh Dywz. Khdng gian
dau vao X = (R™)* 1a tap tat ca cac chudi vector sb thuc c6 m chiéu. Khdng gian
muc tiéu Z = L* 14 tap tat ca chudi tuan tu qua mot bang chir cai L. N6i tong quét,
ta d& cap mdi phan tir ciia L* nhu 1a chudi nhan hay nhan dan. Mdi mau trong S
chara mot cap chudi (x,z). Chudi muc tiéu z = (zy, 2, -+, zy) c6 d6 dai dai nhat
bang voi do dai cua chudi x = (x4, x,, -+, x7), c6 nghia 1a U < T. Boi vi chudi dau
vao va chudi muc tiéu khong c6 chung do dai, khdng co céach tién nghiém nao dé

cin chinh hai chudi nay.

Muyc tiéu 12 dung S dé huan luyén mot mé hinh phan loai theo thai gian (temporal
classifier) h : X ~ Z dé phan loai dau vao chua nhin thay trudc day theo muc tiéu

la giam thiéu mot thang do do 16i nao d6 (tly theo tac vu mudn giai quyét 1a gi).

Label Error Rate: D6i véi bai toan Temporal Classification, mot thang do 13i ta

quan tdm co6 ngir canh nhu sau: dua trudc mot tap S’ < Dy kh&c véi S, dinh
nghia label error rate (LER) ctia md hinh phén loai theo thoi gian h 1a khoang céch

dé chinh sira mot chudi nhan da dugc phan loai vi muc tiéu trén S’, co nghia la:

1
LER(R,S) =~ ) ED(h(X)) @

(x,z)es’
Ma Z 14 téng s lwong nhan cua muc tiéu thuoc S’, va ED (p, q) 1a khoang cach
chinh stra giira hai chudi p va q — c6 thé hiéu 1a ti thiéu sé luong thém, sta, x6a dé
bién p thanh q. Pay 1a thang do thudng dugc dung cho cac tac vu nhu thé nay (nhu

nhan dang giong noi hay nhan dang chir viét tay) ma muc tiéu la giam thiéu s6
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lwong sai sot trén ban dich thuc té. Trong bai luan nay, LER s& 1a Phoneme Error
Rate (PER), dugc trinh bay trong phan 2.7.1.

2.3.2.2. Connectionist Temporal Classification

Mot mang CTC c6 mot 16p xuat dau ra softmax [62] véi nhiéu hon mot nhan khi so
Vv6i L. Cac gia tri cua |L| don vi dau tién duoc thdng dich nhu 13 x4c suat dé quan
sat dwgc nhan twong (ng tai mot thoi diém cu thé. Gia tri kich hoat cua don vi cong
thém 1 xac suat dé quan sat dugc mot nhin “blank” (rdng) hoic c6 thé xem 1a
khdng c6 nhan. V&i bo phan phéi xac suat nay, dau ra co thé tao ra tat ca cac cach
can chinh khac nhau giira chudi nhin dau ra va chudi dau vao. Téng X4c suat cua
bat ky mot chudi nhan nao d6 déu cd thé tinh duoc bang cach tong tat ca xac suat

cua cac cach can chinh cua né.

Cu thé hon, v&i mdi chudi dau vao x c6 do dai la T, dinh nghia mét RNN véi m dau
vao, n dau ra va vector trong sé6 w nhu 1a mot ham anh xa lién tuc v, : (R™)7 »
(RMT. Goi y = W, (x) la chudi dau ra caa mang, va ky hiéu yf 1a gia tri kich hoat
cua dau ra k tai thoi diém t. yE duoc thong dich nhu 1a xé4c suit quan sat duoc nhan
k tai thoi diém t, diéu nay dinh nghia mot phan phdi qua tap L'T c6 d6 dai chudi la

T qua bang chir cai L' = L U {blank}:

T
par = | [oh,,  vmerr ©
t=1

Ta s& ky hiéu 7 1a mot phan tir cua L'T, goi 1a dwong dan (path). Cong thie s6 (3)
ngam gia dinh rang dau ra caa mang tai cac thoi diém khac nhau 1a doc lap co diéu
kién véi diéu kién 1a cac trang théi bén trong ciia mang. Piéu nay dam bao rang

khong c6 ton tai két ndi tir 16p dau ra cua mang téi chinh né hay téi ban than mang.

Dinh nghia mot ham anh xa nhiéu-sang-mot B : L'T ~ L=T 14 tip cac cach dé danh
nhan (c6 nghia 1a tap cac chudi co d6 dai bé hon hodc bang T qua bang chit céi L).
Viéc tim céc chudi danh nhan nay don gian bang céach loai bo tat ca ky tu “blank”

va gop nhirng nhan trung nhau lai thanh moét (vi du: B(a — ab —) = B(—aa —

—abb) = abb). Nhd vao ham anh xa ndy, mang CTC cd thé xuat ra nhiéu cach cin
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chinh khéc nhau. Ta cd thé dung ham B dé dinh nghia xac suat c6 diéu kién khi biét
truéc cac chudi danh nhin 1 € L=7 12 tdng x4c suit cua cac dudng dan twong ng

véi no:

P = > p(rlx) @

neB~1
Sau khi d3 c6 nhitng thong tin trén, dau ra cua bo phan loai h sé& 1a chudi c6 xac suat

cao nhat cho chudi dau vao:

h(x) = argmax,¢,<r p(1|x) (5)
Ldc nay, ta c6 thé gia dinh chudi tét nhat (giong véi dau vao nhat) 1a su két hop cua
cac nhan c6 gia tri xac suat cao nhat tai mdi thoi diém:
h(x) = B(r™)
ma " = argmax,yt p(m|X) ©)
Puong nhién gia dinh nay chua chic dung, mot cach khac dé lay chudi tdi uu hon 1a
dung prefix search decoding, vi du nhu Beam Search [63]. Trong luan van nay, toi
stir dung phuong phap nhu cong thirc (6), goi 1a phuong phap tham lam (greedy) va

ca Beam Search dé thuc hién tim kiém chudi &m vi cta cau noi.

2.4. Khung mé hinh hoc biéu dién giong ndi tw giam sat: Wav2Vec2.0

2.4.1. Tong quan

Neural Network rat duoc loi tir viéc huan luyén trén mot luong 16n dix liéu. Tuy
nhién, trong mot so trudng hop thi dir liéu ¢6 nhan thuong kho kiém hon dix lidu
khong danh nhan: mot hé théng nhan dang giong ndi hién dai yéu cau hang nghin
gio dir liéu giong nodi da dugce danh nhan mot cach can than lai khong thé thuc hién
dugc cho hon 7000 ngdn ngit n6i trén thé gidi [64]. Viéc chi hoc hoan toan trén cac
mau da dugc danh nhan khéng gidng véi viéc tiép thu ngdn ngit & con ngudi: tré em
hoc ngdn ngir bang cach ling nghe ngudi 16n néi xung quanh ching — mot qua trinh

y&u cau phai hoc dugc mot cach biéu dién tot cua loi noi.

Trong hoc may, hoc tu giam sat (self-supervised learning) dd ndi 1én nhu mot mo

hinh hoc dix liéu dai dién mot cach tong quat tir dit liéu khong danh nhan va sau d6
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dem mo hinh di fine-tuning trén dit liéu c6 nhan. Piu nay di dugc ching minh
bang nhitng nghién ctu rat thanh cong trong linh vuc X ly ngén ngit tw nhién
(Natural Language Processing — NLP) [65] [66] [67] va van dang 1a mot hudng
nghién ciu ma cho Thi gidc may tinh (Computer Vision — CV) [68] [69] [70] [71]
[72].

A. Baevski cliing cong su da trinh bay vé wav2vec2.0 [42] vao nim 2020, day 1a
mét khung mé hinh thudc tu giam sat dé hoc duoc cach biéu dién tir dit liéu &m
thanh gbc. Phuong phap nay ma hoa cic am thanh giong ndi théng qua CNN nhiéu
16p, sau d6 dung mit na dé che di cac dit lidu giong néi dai dién nay [73] [74],
tuong tu nhu moé hinh héa ngdn ngit diing mit na [65]. Cac khdng gian biéu dién an
nay sé dugc dua vao Transformer dé xay dung biéu dién theo ngit canh, 1Gc ndy mo
hinh dwoc huan luyén theo tac vu tuong phan (Contrastive task — Contrastive
Learnig) nham muc dich phan biét giita cac khong gian an vai cac bo phan tam [75]
[76] [77] [78].

Trong phan huan luyén, mé hinh nay sé& hoc cac don vi giong ndi roi rac (quantized
representations) [79] [80] [81] [82] théng qua ham kich hoat gumbel softmax [83]
[84] dé dai dién cho biéu dién an (latent speech representations) trong tac vu turong
phan (Hinh 6 m6 ta rd hon diéu nay), viéc luong tir hoa nay duoc tac gia nghién ctu
rang hiéu qua hon viéc str dung mot dai dién biéu dién khong duoc lwong tir. Sau
khi tién huan luyén (pre-training) trén dir liéu giong n6i khéng c6 nhan, mé hinh
dugc diéu chinh (fine-tune) trén mot tap dit liéu c6 nhan véi CTC (phan 2.3) dé

diing cho tac vy nhan dang giong ndi vé sau.
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Ham mat mat tugng phan
(Contrastive Loss)

L
Biéu dién ngit canh (7 /( ﬁ
Transformer
Masked /
Biéut?;éhndlaugng Q é é @{ @

Bi€u dién giong z
ndi &n

CNN

Hinh 6. Minh hoa Wav2Vec2.0 va cach thiac hoc cia mé hinh nay

Cac nghién ctru truéc nghién ciru ny thuong 1a ¢d gang hoc mét cach lwong tir hoa
cua dir liéu, theo sau 1a mot bo hoc dai dién ngir canh véi mot mé hinh ¢ co ché tyu
cha y [83] [85], con phuong phap tac gia trinh bay 1a mot mé hinh dau cudi. Viéc
ding co ché mat na dé che di dau vao cho Transformer trong mang wav2vec2.0 cho
giong noi ciing da dugc nghién ctu tr trude [73] [85], tuy nhién cac nghién ctru
truéc phu thuoc vao mé hinh c6 ludng chay 1a hai bugc hay mé hinh cua ho duoc
huan luyén dé tao ra cac tinh nang c6 bo loc (filter bank value, vi du nhu MFCC).
M6t vai nghién ciru khac hoc cach biéu dién tu dong ma hoa dir liéu dau vao [86]

[87] hoac du doén truc tiép cac time-step trong twong lai [88].

Két qua cua nghién ctru caa A. Baevski cliing cong su vé Wav2Vec2.0 da cho thay
rang viéc hoc céach biéu dién cac don vi giong ndi roi rac véi biéu dién ngit canh
(contextualized representations) dua ra két qua dang ké hon viéc hoc mét sb luogng

don vi ¢b dinh trong nghién ciu cia 6ng tir trude [85].

2.4.2. Kién tric

2.4.2.1. Cdu tgo md hinh
M6 hinh Wav2Vec2.0 duoc két hop bai nhiéu 16p encoder tich chap (goi 12 feature
encoder) f : X = Z ma nhiém vy ciia n6 1a s& nhan am thanh thd X va chuyén

thanh biéu dién giong noi an z,, -+, zy cho T time-step. Sau d6 no dua dit liéu nay

Nguyén Vin Anh Tuan — 19497581 17



Khoa luan tét nghiép chuyén nganh Khoa Hoc Dit Liéu

vao Transformer g : Z +— C dé xay dung c,, -+, ¢; nham nim duoc thdng tin ca
mot chudi [85] [83] [65]. Pau ra cua feature encoder s& duoc roi rac hoa thanh q,
v6i md-dun lugng tir hda Z — Q dé biéu didn muc tiéu (Mb ta trong hinh 6) trong

muc tiéu cua bai toan tu giam sét.

Feature Encoder: Encoder nay chira mot vai khéi chira cac 16p tich chap theo thoi

gian di cung véi mot 16p Layer Normalization va ham kich hoat GELU. Chudi séng
am thanh gdc dwa vao encoder duoc chuan héa lai thanh trung binh bang 0 va
phuong sai 1a 1. Tong s6 luong stride ciia encoder xac dinh s luong time-step T, dé

roi sau do dua vao Transformer.

Bicu dién ngi canh véi Transformer: Pau ra cua feature encoder sé duoc dua vao

mot mang ngir canh, ma mang nay sé& la Transformer [65] [89] [81]. Thay vi ¢ dinh
positional embeddings dé biéu dién thdng tin vi tri nhu trong Transformer gbc, tac
gia sir dung mot 16p tich chap twong tu nhu trong cac nghién ciu [85] [90] [91] dé
xem nhu relative positional embedding. Pau ra caa 16p tich chap nay s& cong Vi
dau vao clng véi ham kich hoat GELU va sau d6 ap dung thém mot 16p Layer

Normalization.

M6-dun lwong tir héa: Do véi viec huan luyén tu giam sat, mo hinh da duoc luong

tr hoa dau ra caa feature encoder z thanh mot tap biéu dién giong noi gigi han
thong qua luong tir hoa tich (product quantization) [92]. Su lya chon nay dua ra két
qua tét trong nghién ciru trude d6 [83] ma cu thé 1a hoc cach biéu dién cac don vi
roi rac sau do két hop thém hoc biéu dién ngit canh. Lwong tir hoa tich twong duong
véi viéc lya chon cac cach biéu dién luong tir tir nhiéu bo codebook va két ndi lai
véi nhau. Ta c6 G codebook hoac 1a nhém, véi V muc e € RV*9/6 | ta s& chon mét
muc trong mdi codebook va két ndi lai véi nhau thanh cac vector ey, -+, eg Va thuc

hién mot bién doi tuyén tinh RY +— Rf dé tao ra dugc q € R'.

Gumbel softmax cho phép lua chon cac muc roi rac cua codebook theo cach hoan
toan khac nhau [93] [94] [95]. T4c gia str dung wdc lugng truc tiép [73] va cai dat G

toan tir Gumbel softmax cang (hard Gumbel softmax operations) [94]. Pau ra cia
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feature encoder z duoc anh xa t6i céc logit 1 € RV va xac suit cho viéc chon muc

thr v cua codebook tht g la:

exp(ly, + 1y)

T
Pgv = (7)
l,xy+n
Y exp (g+0

Ma t la gia tri nhiét d6 (temperature) khéng am, n = —log(—log(u)) va u dugc
ldy mau tir phan phdi déu 1(0,1). Trong qua trinh lan truyén xudi (forward pass),
muc thir i dugc chon khi i = argmax;p, ;. Gia tri dao ham thuc cia Gumbel

softmax s& duoc st dung trong qué trinh dao ham cho lan truyén nguoc.

2.4.2.2. Qua trinh huan luyén

Pé dung mé hinh nay cho qua trinh tién huan luyén, ta can phai che di mét ty 18 cac
time-step nhat dinh cua feature encoder, twong tu nhu mask language modeling cta
BERT [65]. Muc tiéu huan luyén s& yéu cau xac dinh chinh xac vector luong tir hoa
an cho biéu di&n am thanh trong mét tap cac bo phan tim cho mdi time-step bj che.

M6 hinh sau khi tién huan luyén c6 thé diéu chinh trén dix liéu c6 nhan.

Masking hay che diz liéu: Dé huan luyén, mod hinh s& phai ding co ché mit na che

di mot ty 1& dau ra cua feature encoder, hoic néi cach khac 1a che di cac time-step
truée khi dua nd vao mang hoc ngit canh (Transformer) va thay thé gié tri & cac
time-step nay bang cach feature vector duoc hoc va chia sé vector nay cho tat ca cac
time-step bi che, nhung feature encoder sé khdng bi che khi di qua moé-dun lugng tir
hoa. Dé che dau ra cua feature encoder, mé hinh s& ngau nhién mét ty Ié p tir tat ca
cac time-step dé 1am vi tri dau tién, va sau d6 dung co ché mat na dé che lién tuc M

time-step tiép theo tir vi tri duoc chon d6, viéc nay co thé chong 18n nhau.

Ham muc tiéu: Trong qua trinh tién huan luyén, mé hinh hoc céc biéu dién cac am

thanh giong n6i bang céach giai quyét tdc vu twong phan £, ma yéu cau cia no s& 1a
xéc dinh chinh xac tang biéu dién lugng tir an cho mdi time-step bi che lai trong

mot tap cac bo phan thm. Ham muc tiéu s& duoc ting cuong bai ham mat mat da
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dang codebook £, dé khuyén khich mé hinh sir dung cac muc trong codebook

thudng xuyén nhu nhau (st dung déu cac muc trong codebook).

L=L,+aly, (8)

a 12 tham sb ¢ thé diéu chinh dugc.

O ham muc tiéu sé (8), ta thdy duogc 6 hai thanh phan 1a ham mat mat tuong phan

(contrastive loss) va ham mat mat da dang (diversity l0ss).

1. Contrastive Loss: Pua du ra cia mang c, bi che tai thoi diém t, mé hinh can
phai x4c dinh chinh xéc biéu dién lwong tir hda an q, trong mot tap K + 1
c4c ung vién biéu dién da dugc luong tir hda § € Q,, ma bao gom q, va K bo
phan tam [81] [96]. B4 phan tam thuong duoc ldy mau déu tir cac time-step

bi che khac cua cling mot cau n6i. Ham mat mat dinh nghia nhu sau:

= _log exp(sim(c.q.)/K)
" Zq~Qt exp(sim(c.qy)/K)

L 9)

Ma sim(a,b) = a"b/||a||||b]| 12 thang do d6 twong ddng cosine similarity
giita biéu dién ngit canh va biéu dién luong tir hda an [69] [70].

2. Diveristy Loss: T4c vu twong phan phu thudc vao cac codebook dé biéu dién
ca nhitng mau duong (positive) va mau am (negative), va ham mat mat da
dang £, nay duogc thiét ké dé tang viéc sir dung cac biéu dién codebook da
duogc lwong tir hoa [97]. Piéu nay khién mé hinh duoc khuyén khich hon
trong viéc sir dung cac muc V mot cach dong déu bang cach tbi da hoa gia tri
entropy cua trung binh softmax phan phéi 1 qua cac muc trong codebook cho
mdi codebook p, qua mét batch cac cau ndi. Ham mat mét c6 phan phoi

softmax khong chira nhidu tir Gumbel hay tham sé temperature:

%4

Iv .. 1x o
Ly = ﬁz _H(pg) = Wz z Pgyv log Pgv (10)
g=1 g=1

v=1
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2.4.2.3.  Piéu chinh sau khi tién hudn luyén

M6 hinh Wav2Vec2.0 chi cung cap mot khung mé hinh dé tién huan luyén dbi voi
dir liéu khong c6 nhéan. Pé sir dung ta c¢d thé thém mot 16p Linear c6 dau ra la
softmax trén bang chir cai L va huan luyén ding ham mat mat CTC. Hoac c6 thé lay
bo biéu dién ngir canh (context representation) bén trong Wav2Vec2.0 ra dé gan
vao mét kién tric khac dé tan dung b biéu dién giong noéi da dugc huan luyén dung
Wav2Vec2.0. Trong bai nay, toi tan dung cach str dung thtr hai, 1y bo biéu dién
ngit canh ra va dem di huan luyén ding CTC. Nhung thay vi cac khéi Transformer
md hinh Wave2Vec2.0 diing céc khéi Conformer, dya theo [22].

2.4.2.4. Wav2Vec2.0 Conformer

Y. Zhang va cong su da nghién ctru cach dé day gidi han cua mé hinh Conformer
trong bai toan nhan dang giong noi 1én mot mic cao hon, khi tan dung ca tién huan
luyén 13n tu huan luyén (self-training) trong tac vu hoc béan giam séat [22]. Hinh 7

mo ta so do bai toan cua ho.

Hu3n luyén truyén

théng Tién huan luyén (wav2vec2.0)

J

from Contrastive Loss

Pau ra ctia Conformer Masked Features

Projection Block
™

I > - \
L Conformer Blocks | x N L Conformer Blocks | x N
) )

I Torget
Y
( Dropout J Context Vectors
-

4
[

4 { ™y Y i 4

| Linear Linear P—( Masking i | Quantization
~ \ J T J i

-~

Convoluuqnal Encoded Features
Subsampling i

. /'

‘ : Feature Encoder

Context Vectors (
-

i

e

Convolutional
Subsampling

| SpecAugment Context Network

1

DEi thanh mét Idp Linear [
Input Features Input Features trong bai nghién clfu gdc  tnd

Hinh 7. Cau tric Conformer truyén thong va Wav2Vec2.0 Conformer & trong
(thay cho Transformer) ¢ bai nghién ctru cta Y. Zhang va cong su
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Trong bai nay, tdi thira ké nghién ctru cua ho dé tan dung Conformer sau khi trai
qua budéc tién huan luyén véi dir liéu giong néi khong cé nhén, sau d6 dung lai
trong sé caa Conformer di dugc tién huan luyén (chu yéu 1a N khdi Conformer) cho
Encoder Conformer nhu da trinh bay trong phan 2.2.2.6 rdi thuc hién tac vu tu hun

luyén dung Noisy Student Training.

2.5.  Huén luyén ban giam séat véi Noisy Student Training

2.5.1. Hoc c0 giam sat

2.5.1.1. Vdn dé cua dit liéu hudn luyén dwroc gan nhan

Nhitng mé hinh va ki thuat Machine Learning ngay cang dé tiép can hon ddi véi
cac nha nghién ciu va Iap trinh vién. N6 dugc trong dung béi vi tinh hitu ich thuc té
cta nhitng md hinh nay, su hitu ich nay con phy thudc vao nguon di liéu huan
luyén duoc gin nhan chat lugng cao. Viéc doi hoi mot lugng dit liéu huan luyén
dugc gan nhan 16n khién diéu nay tré thanh can tra dbi vai viéc tng dung cac mo
hinh Machine Learning trong cac té chizc hay cdng nghiép. Su han ché nay c6 ¢

nhiéu khia canh, bao gém nhiing vi du duéi day:

1. Khéng dii s6 lwong diz liéu dioc gan nhén: Khi ki thuat Machine Learning

méi duoc &p dung trong cong nghiép, thuong thi chua ¢ du dit lidu dé &p
dung quy trinh truyén théng. Mot sé nganh c6 sin di liéu huan luyén cé gia
tri hang chuc nam, mot vai nganh khac thi khéng c6 san nhu thé. Trong
nhitng treong hop nhu thé ndy, viéc c¢6 duoc dir liéu huan luyén cé thé 1a
khong thyc té, dat do hay khong thé c6 ma khdng cho doi hang chuc nam
tich liy.

2. Khéng di nguoi ¢é chuyén mén dé danh nhin dir liéu: Khi viéc danh nhan

dit liéu huan luyén doi hoi nhitng kién thirc chuyén biét, viéc tao ra hay danh
nhan dit liéu mot cach nhanh chéng tré nén cuc ky kho khin [98]. Van dé
nay thudng xay ra trong cac ing dung Machine Learning lién quan dén Y
Sinh hoac Bao Mat.

3. Khéng dii thoi gian dé gan nhan va chudn bi di liéu: Hau hét thoi gian dé

thuc hién mot du &n Machine Learning thuoc khau chuan bi di liéu [98]. Khi
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cac nganh cong nghiép hay nhém nghién ctu giai quyét mot van dé ma doi
hoi mirc do nhanh chong, tang trudng nhanh thi viéc c6 duoc mot bo dir liéu
hay qua trinh thu thap dir liéu nhanh chéng 1a diéu hau nhu khong thé. Van

dé nay thuong xay ra trong bai toan Phat hién gian 1an hay An ninh mang.

Vi thé, ngoai k§y thuat hoc c6 giam sat thong thudng phai doi hoi luong dit lidu duoc
gan nhan 16n, cac linh vuc Machine Learning khac ciing duoc thiic day bai nhu cau
tang s6 lwong va chét luong dao tao. Bao gom Hoc chi dong (active learning), Hoc

chuyén giao (Transfer learning) hay Hoc ban giam sat (Semi-supervised learning).

2.5.1.2. Giam sat yéu

Giam sat yéu hay Weak Supervision 13 mot nhanh caa Machine Learning, ma cac
ngudn nhiéu, bi giéi han hay khong chinh xac duoc sir dung dé lam nhan (label) cho
mét lwong Ion dit liéu huan luyén trong phwong dién hoc c6 giam sat [99]. Cach tiép
can nay giam bét ganh nang cuaa viéc thu thap dir liéu c6 nhén tha cdng (hand-
labeled data sets) vi loai dit liéu c6 nhan rat ton kém hoac khong thuc té dé thu thap.
Thay Vi thé, viéc sir dung nhirng nhan yéu nhung ré vai gia dinh rang viéc sir dung
no sé khdng hoan hao, nhung du sao cling sé tao ra dugc mot mo hinh du doan
manh mé& [100] [101] [102].

Nhén yéu: Nhitng nguon nhan yéu dugc tao ra nham muc dich giam thiéu chi phi va
cdng sic va nd luc ciia con ngudi trong viée danh nhan thia cong. Nhan yéu co rat

nhiéu dang, va c6 thé duoc chia thanh céc loai sau:

1. Théng ké toan cuc vé mét nhém diz lidu dau vao: Loai nhdn nay 4m chi viéc

xem xét théng tin toan cuc trén mot nhdm mau. Vi du: biét dugc mot nira sb
nhan caa tap mau dit liéu cho trudc, ta cd thé dung thong tin d6 dé 1am mau
yéu. Mot sé vi du trong giam sat thong ké toan cuc (global statistics
supervision) bao gém hoc nhiéu phién ban (multiple-instance learning) [103]
hay hoc tu ti I¢ nhén [104].

2. B¢ phan logi yéu: Weak classifier 1a cach tiép can thar hai dé tao ra nhan yéu,

bao gom viéc gia dinh cac mé hinh phan loai yéu sé twong quan thap véi md
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hinh can huan luyén. Nhitng mé hinh phan loai ndy s& mé hinh héa nhan tir
c4c nén tang cong dong, chuyén gia, cac phép do co nhidu hay nhiing quy tic
lap trinh. Tong quat hon, 1ap trinh vién s& dugc loi tir cac ngudn c6 sin (nhu
la ngudn tri thirc, ngudn dir liéu khac, hay mé hinh da tién huin luyén) dé tao
ra nhan c6 ich, mic du rang n6 khdng hoan hao cho van d¢é muén giai quyét
hién tai.

3. Nhin khéng day du: Thi ba, gidm sat yéu c6 thé duoc hiéu 1a tiép can dén

ngudn tri thirc mot phan trén mai nhan. Tri thire mot phan nay c6 thé duoc
hiéu 1a mot quy trinh bi ngét [105]. Trong mot vai trudng hop, cac quan séat
mét phan con c6 thé tro thanh mot tap cac nhan tiém ning ma tuong thich
VGi quan sat mot phan nay, ma day 1a mot trong nhiing tinh chat coa giam sat
mét phan (partial supervision) [106] [107]. Giam sat mot phan 13 phuong
phap tong quat hoa cia hoc ban giam sat, va day ciing 1a phuong phéap cb
dién trong viéc tiép can voi bai toan dé vuot qua viéc thiéu dir liéu c6 nhan
day du.

2.5.1.3. Hoc ban giam sat

Semi-supervised learning hay Hoc ban giam sat 1a mot thé loai dac biét cua giam sat
yéu ma y tuong chi dao 13 két hop mot luong nhé dit liéu da dugce danh nhan véi
mot luong Ién dit liéu khdng cé nhan trong qua trinh huan luyén. Hoc ban giam sat
nam giira hoc khdng giam sét (unsupervised learning — véi viéc huan luyén ma dix
licu khong can nhan) va hoc giam sét (supervised learning — vai viéc huan luyén ma

dit liéu toan bo déu cd nhan).

Mot lugng 16n dit liéu khong cé nhan khi st dung két hop véi dit liéu mot luong
nho dit liéu c6 nhan cd thé tao ra mot sy cai tién dang ké trong d6 chinh xac cua
viéc huan luyén md hinh. Viéc thu thap dit liéu c6 nhan cho qua trinh huan luyén
doi hoi k§ nang cua con nguoi (vi du mo ta ban dich cia mot doan am thanh giong
n6i, xac dinh ciu trac 3D ctia mot protein, xac dinh dau ¢ & vi tri cu thé hay khéng,
hay 1a phién &m theo bang ma IPA mot doan &m thanh giong néi tiéng Anh nhu

trong luan van nay). Chi phi lién quan t&i qua trinh gin nhan c6 thé khién viéc gan

Nguyén Vin Anh Tuan — 19497581 24



Khoa luan tét nghiép chuyén nganh Khoa Hoc Dit Liéu

nhan mét tap dir liéu 16n c6 thé khong kha thi, bai vi qué trinh gan nhan nay rat tén
kém. Trong nhitng truong hop nhu thé, hoc ban giam sat cd thé co gia tri thuc té
I6n. Hoc ban giam sat ciing dugc quan tam vé mat ly thuyét trong Machine

Learning vi cach hoc ctia no dua trén con nguoi.

Cho biét mot tap I cAc mau x,, ---, x; € X V6i nhin twong ang y,,---,y; € Y v u
mau dit liéu khéng c6 nhan x4, -+, x;4, € X da dugc xu ly (cach xu ly tuy theo
bai toan). Hoc ban giam sét két hop cac thong tin nay dé vuot qua kha ning du doan
caa mo hinh khi chi hoc gidm sat (bo dix liéu khong nhan) hoac mo hinh khi chi hoc
khéng giam sat (bo dit liéu c6 nhan).

2.5.2. Tw huan luyén dung Noisy Student Training

2.5.2.1. Téng quan

Self-training (tw huan luyén) hay duoc biét ti véi cac tén self-labeling (tuw danh
nhan) hay decision-directed leraning (huan luyén dinh huéng quyét dinh), 1a mot
trong nhitng cach tiép can som nhat trong hoc ban giam sat [108], nhung lai phat

trién kha phd bién nhitng nam gan day.

Thuat toan ty huan luyén bit dau vai viéc huan luyén mot mé hinh giam sét trén tap
dir liéu c6 nhan S. Sau d6, véi mdi lan 1ap, mé hinh hién tai tai lya chon mot phan
dir liéu khdng c6 nhan Xy, va gan nhan gia (pseudo-label) bang du doan ctia md
hinh nay. Bo dir liéu voi nhan gia nay sau d6 duoc dung dé huan luyén bo phan 16p

méi clng vai bo dix liéu c6 nhan cii, tic 12 huan luyén trén S U Xy,.

Noi tong quat hon, trong khudn kho tu huan luyén lap di 1ap lai (iterative self-
training), mot loat cac mé hinh dwoc huan luyén ma mé hinh truéc sé 1a teacher caa

md hinh sau, bang cach teacher sé& sinh nhan gia cho md hinh student hoc.

Noisy Student Training (NST) 1a mot phuong phép duoc trinh bay lan dau tién nim
2020 trong linh vuc Thi giac may tinh dé giai quyét bai toan phan loai trén
ImageNet [43]. NST cai thién self-training va chat loc mé hinh theo hai cach: thu
nhét, viéc cai dat thuc nghiém NST s& bao gom ting kich thugc mé hinh student

bang hoic 16n hon teacher, vi thé mé hinh student s& duoc loi hon khi hoc tir mot
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lwong dit liéu (khong c6 nhan) 16n hon, nhung phai ¢6 luu ¥ rang, viéc ting kich
thude don thuan s& khong cai thién két qua, ma phai két hop véi ty huan luyén
[109]. Tht hai, NST ciing bao gom viéc thém nhiéu vao mé hinh student dé ép
student hoc kho hon tir nhan gia. Bé 1am nhiéu dau vao, c6 nhiéu cach bao gom

Dropout, Stochastic Depth [110] hay cac phuong phap tang cuong dix li¢u [111].

Trong bai nghién ctru [112], nhdm té&c gia da trinh bay cach tng dung NST cho bai
toan nhan dang giong ndi, bang cach gigi thiéu phién ban cai tién cua phuong phap
tang cudng dir liéu SpecAugment 13 Adaptive SpecAugment dé ung dung vao budc
lam nhiéu dit liéu cho mé hinh student, két qua tét nhat caa ho dat WER 1.6%/
3.4% trén dev-clean/-other va 1.7%/3.4% trén test-clean/-other cua LibriSpeech.
Tuy nhién, két qua nay van c6 thé cai thién, nhém tac gia caa nghién cau [22] da
trinh bay mot phuong phap két hop tién huan luyén véi tu huan luyén. Si dung
Wav2Vec2.0 dé tién huan luyén Conformer, sau d6 thay vi khoi tao ngau nhién
student hoic teacher thi str dung trong sé da duoc tién huan luyén dé di huan luyén
tiép theo khudn kho NST. Két qua hién tai dang 1a state-of-the-art cia thé gidi voi
WER trén dev-clean/-other la 1.3%/2.6% va trén test-clean/-other la 1.4%/2.6%.

Bai nghién cau cua tdi dua vao ¥ tuéng cta nghién ciru nay dé thuc hién.

2.5.2.2. Ky thudt Noisy Student Training sita doi duwoc sir dung trong ludn van

Theo [22], ho sir dung ludng huan luyén NST cho ASR tir nghién ciru [112] dé huén
luyén cac mo hinh da tién huan luyén ding Wav2Vec 2.0. Trong khuén kho NST
cho ASR, ddi v&i md hinh teacher, ho s& gdn mé hinh di huan luyén (Conformer c6
decoder 12 RNN-Transducer [28]) véi md hinh ngdn ngir da huan luyén trén tap
nhan caa tap huan luyén riéng dé tao nhan gia tot hon cho dir liéu khong duoc ting
cuong. Mo hinh teacher sau khi tao nhan gia s€ dugc thong qua budc loc va can
bang (filtering va balancing) s& duoc dung dé huan luyén md hinh ASR thé hé ké
tiép. Di liéu dung cho mé hinh student dugc ting cuong sir dung Adaptive
SpecAugment. Tuy nhién, tac gia ctia nghién ciru [22] lay tat ca nhdn gia ma khong

loc hay can bang, nham c6 nhiéu di liéu hon.
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Theo ludng NST cua [22], néu goi tap dix c6 nhan LibriSpeech 13 S, dir liéu khéng

c6 nhan Libri-Light U va md hinh ngén ngir s& duoc huan luyén trén ban dich am

thanh cua LibriSpeech, quy trinh dudi day la tir nghién ctu cua tac gia:

1.

AN

6.

Diéu chinh (fine-tune) mo hinh da tién huan luyén M, trén S voi
SpecAugment. Gan M = M,,.

Gan M véi md hinh ngdn ngit va do ludng hiéu ning cua mé hinh.

Tao nhan gia M(U) véi md hinh di dugc gan md hinh ngdn ngit.
Tronlan M(U) va sS.

Diéu chinh md hinh tién huan luyén M’ véi SpecAugment trén dit liéu da
tron lan.

Gan M = M’ va quay lai budc 2.

Tuy nhién, bai todn cua tdi khac véi bai toan gc nén trong luan vin nay sé& sir dung

quy trinh khac. Bao gém céc y sau:

1.

M@0 hinh tac gia [22] st dung la Conformer véi decoder 1a RNN Transducer,
rat duoc lgi trong viéc hoc tir mot lugng 16n dit liéu c6 nhan (dix liéu cua ho
[6n hon trong bai luan van nay). Con trong bai luan van nay téi sé chi st
dung Conformer véi ham mat mat CTC vi sy don gian nhung hiéu qua cua
Kién trac nay.

Bo6 budc s (2) trong quy trinh cua tac gia, viéc gan thém mot language
model vao s& khién md hinh phu thudc vao ngir canh ngén ngir, nén mé hinh
s& kém bi phu thudc vao ngix canh giong ndi, ma cai nay rat quan trong trong
Viéc xac dinh am vi cta ngudi noi.

Phuong phap cai dat NST cua tac gia s& lap di 1ap lai vai lan dé day do chinh
xé&c 1én muc cao nhat. Con bai luan van nay s& chi lap 1 1an, mé hinh student
sau khi huan luyén xong s& 1a phién ban cudi cing, dung dé dyu doan chudi
am vi. Cac mé hinh student sau thuong I6n hon thé hé truéc va duge huan
luyén trén cac bo dix liéu 16n hon, nén sé 1an 1ap kha phu thude vao d6 Ion va

kha nang cua phan cang.
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Vi thé, quy trinh NST dé huan luyén mé hinh student trong luin vin nay s& tré
thanh:

1. Piéu chinh (fine-tune) mé hinh d tién huan luyén Mieacher tréN S VOi
SpecAugment.

2. Tao nhan gia Mieacher(U) Vi MO hinh teacher Mie,cher-

3. Tron 1an Myeacner(U) VA S.

4. Diéu chinh md hinh tién huin luyén Mgy gent V61 SpecAugment trén dit ligu

da tron lan.

M6 hinh Mgy, gene SaU khi huan luyén sé 1a mé hinh cudi ciing dung dé nhan dién
chudi am vi.

2.6.  Két hop céac ky thuat dé thwc hién bai toan phat hién chudi am vi

Tong quan lai, y teang thuc hién cua luan van nhu sau: Huan luyén mé hinh teacher
Vv6i dir lidu ¢ nhén, sau d6 dung mé hinh teacher dé tao ra nhan gia trén tap dir liéu
khong c6 nhin nhung doi dao dir liéu hon. Tir d6, mé hinh student s& dwoc huan
luyén trén ca tap di liéu c6 nhan bi giéi han, két hop thém tap dir liéu ¢ nhan gia
doi dao dé dung cho downstream task du doan chudi am vi. Nhung trude do, thay vi
huan luyén teacher va student tir dau (khai tao ngau nhién), cac khbi Conformer
(thanh phan chinh cua teacher va student) duoc tién huan luyén trudc véi bang
framework Wav2Vec2.0 véi mot lugng dir liéu khong c6 nhan khong 16, vi thé, s&
tao ra cac khéi Conformer véi trong sé da duoc ti uu 1y tuang trén cac am thanh
giong n6i. Hinh 8 trinh bay vé toan bé quy trinh bai toan duoc st dung trong luan

van.
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Hinh 8. So @ cau trdc luan van. Budng "." md ta rang trong sé cua teacher va student s&
duogc khai tao bang cac khoi Conformer dugc tien huan luyén bang Wav2Vec2.0

2.7. Ky thuat danh gia giong noi

2.7.1. Panh gia mé hinh bing Phoneme Error Rate

Dé danh gia hiéu nang du doan chudi &m vi caa md hinh, t6i s& sir dung Phoneme
Error Rate (PER), dugc dinh nghia nhu Word Error Rate cua chudi &m vi du doan

ra va chudi am vi thuc té&. WER c6 thé tinh bang cong thtc (11) [113]:

S+D+I _ S+D+I

PER = WER = =
N S+D+C

(11)
Ma:

e Slasé lugng &m vi can sta

e D lasé luong am vi can x6a

e 1146 lwong am vi can thém

e ( lasd lwong am vi dy doan ding

e N latong sb luong am vi trong chudi thuc té (N = S + D + C)

Cac ky hiéu cua viéc thém, x0a, stra 1a cach dé bién chudi du doan thanh chudi am
vi thuc té. Gia tri PER nay cang nho cang tét, duoc tinh theo phan trim %, tot nhat
1a 0 va té nhit 12 100%.
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2.7.2. Phat hién 13i sai trong phat Am bang thuat toan Tim chudi con chung dai
nhat

Bai toan tim chudi con chung dai nhat (Longest Common Subsequence — LCS) l1a
mot bai todn tim cac ky tu lién tuc dai nhat ma van chung véi cac chudi dugc so
sanh véi nhau (thuong 1a 2 — trong bai nay 1a chudi thuc té va chudi du doan). N6
khac véi bai toan chudi con dai nhat bai vi cac ky tu ma bai toan LCS tim dugc nd
s& khong nhat thiét phai lién tuc. Pay 1a mot bai toan cb dién trong khoa hoc may

tinh, dwgc tng dung nhiéu trong hé théng hay ngén ngit tinh toan [114].

Goi chudi am vi thuc té 1a X = (x4, x5, -+, x,,), chudi du doanla Y =
Vi, Va0 o+, Ym)- TieN t6 cua X 12 Xo, X1, X5, -+, X, tiénté cua Y 12 Yy, Yy, Yy, o, Yo,
Goi LCS(X;,Y;) dai dién cho mét tap chudi con chung dai nhét cua cac tién to X; va

Y;. Tap chudi nay co thé biéu dién bang cong thuc (12):

LCS(X..Y))
2, khi x = hoacj =0
- LCS(Xi1,Yj—1) +x;,  Khii,j>0vax; =y;
max (LCS(X;, Y1), LCS(X;-1,Y;)), khii,j > 0vax; # y,

(12)

Dé tim duoc LCS ciia X; va ¥, ta di so sanh x; va y;. Néu n6 giéng nhau, ta s& no
rong LCS(X;_1, Y;_;) thém phan tir x;. Néu khdng bang nhau, ta s& so sanh do dai
cua hai LCS(X;,Y;_1) va LCS(X;_4,Y;), va chon céi dai nhat dé gt lai.

Do phtc tap cua bai toan khi sir dung thuat toan quy hoach dong la 0 (nm).

Ta cd thé mo rong ¥ tuong cua bai toan dé tim dwgc cac &m vi ctia nguoi néi bi sai.
Dé lam duoc nhu vay, ta phai gia dinh chudi du doan tir md hinh 1a chudi am vi mé
ta ding nhat giong néi cua ngudi dung. Luc ndy, ta 4p dung thuat toan LCS dé tim
chudi am vi khép nhau nhat, sau d6 tim ra nhirng &m vi ma khong duoc khap (phan
con lai) va xuét ra két qua day 1a cac vi tri ma ngudi noi bj sai.

Duéi day 1a ma gia cho LCS.

Pseudo Code
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function LCS(s1, s2):

n := size(sl)

m := size(s2)
L = tao madng 2D (0..n, 0..m) véi mbéi phan t& 13 mdét mang réng
for i :=1 to :n
for j :=1 to m:
else if s1[i - 1] = s2[]j - 1]:
L[i][j] := thém ky tu si1[i - 1] vao mang L[i - 1][] - 1]
else:
// so sanh chiéu dai clda méi mdng, cai nao 1én hon
// thi 1ay gan cho L[i][7]
L[i1[3] := max(L[1i - 1][3], L[i][J - 1], key=size)
return L[n][m]

sl=">211zsedwidavtowad" do dain

s2 "> 1lwIizsedwiidavtowoad" dé daim
lcs = LCS(s1, s2)

print("Longest Common Phoneme Sequence:", lcs)

Output

Longest Common Phoneme Sequence: > 1 1 zs edwidavtowad
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CHUONG 3: DU LIEU

3.1. Libri-Light
Bo6 dir liéu Libri-Light, dugc trinh bay nam 2020 cua Facebook Al [115] la mot tap
cac bo am thanh doc sach ngudi néi thich hop cho cac hé thdng nhan dién giong noi
ma cach cai dat thuoc dang gidm sat gidi han hay khong co6 giam sat. Bo dir liéu nay
¢ ngudn goc tir sach ndi ma ngudon ma caa du an LibriVox. N6 chtra hon 60 nghin
gio dit liéu &m thanh, ma theo ho duoc biét, ddy 1a ngudn dir liéu am thanh mién phi

I6n nhat tir d6 dén nay.
Bo dir liéu duogc chia thanh 4 phan:

- Mot tap huan luyén véi cac am thanh giong néi khong dugce danh nhén.
- Mot tap huan luyén cé danh nhan nhung giGi han.
- Céc tap dix lieu &m thanh giong ndi danh gia dev/test.

- Vamot tap huan luyén chira dit liéu chit chua duoc cin chinh.

3.1.1. Tap dir liéu giong néi dung dé huan luyén khdng c6 nhan

Tap dir liéu nay duoc lay tir cac tap tin am thanh cho giong néi tiéng Anh tir dy &n
LibriVox chira cac séch n6i md ngudn mé. CAc tap tin duoc tai xuéng va chuyén
thanh 16kHz dang FLAC. Sau d6 nhom tac gia bo di cac tap tin bi hong, khdng biét
cac théng tin hay cac tap tin thugc LibriSpeech dev va test. Sau do6 tap nay dugc
chia thanh 3 tap nho hon: unlab-60Kk, unlab-6k, unlab-600.

. . o ] _ S6 giomdi | Tong sé
Tén tap So gio So sach So tap tin o o
nguol NOI nguol NOI
unlab-60k | 57706.04 9860 219041 7.84 7439
unlab-6k 5770.7 1106 21327 3.31 1742
unlab-600 577.2 202 2588 1.18 489

Bang 1. Thong tin cua tap huan luyén khdng c6 nhan cuaa Libri-Light

3.1.2. Tap dix liéu giong néi giéi han dé huan luyén c¢é danh nhin
Nham phuc vu cho tac vu gidm sét c6 giéi han, tac gia lua chon 3 tap cua

LibriSpeech: tap 10h, tap 1h va 6 tap 10 phut (6 tap nay két hop véi nhau dé tao ra
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duoc tap 1h, tap 1h & trong tap 10h). Trong mdi tap, mot nira sé lwong cac cau noi
duogc Iy tir tap huan luyén clean va other. Téc gia ding phonemizer [116] dé tao ra
ban dich chinh ta va ban dich &m vi tir ban dich géc.

) . S6 S6tap | SO gio mdingwdi | Tong sé nguoi
Tén tap So gio ] ) B .
sach tin noi noi
train-10h 10 25 12 12 24
train-1h 1 2.5 12 12 24
train-10m | 10 phut | 2.5 2 2 4

Bang 2. Thong tin tap dix liéu gidi han c¢6 nhan caa Libri-Light

3.1.3. Céc tap dix liéu giong noéi dé danh gia dev/test

Tap dir liéu dev/test giong hét nhu cua LibriSpeech dugc dua vao dé cho muc dich
danh gia va diéu chinh. T4t ca tap tin &m thanh thudc tap dev va test duoc xda bo
khoi tap huan luyén. Cac phoneme cua tap dev va test ciling duoc tao ra ding

phonemizer.

3.1.4. Tap chir chwa ciin chinh ding dé huan luyén
Dé huan luyén mé hinh ngén ngit cho cai dat giam sét, tac gia s dung bo dix liéu
ding trong LibriSpeech, chira hon 800 triéu tir va bo tir dién gom 200 nghin tir tir

14.5 nghin sach cong khai tir dy &n Gutenberg.

3.2. LibriSpeech
Vao nam 2015, V. Panayotov va cdng su da trinh bay mot bo dir liéu danh cho bai
toan nhan dién giong noi, bo dir liéu tén la LibriSpeech [117]. B6 dit liéu nay thich

hop cho viéc huan luyén va danh gia cac hé thong nhan dién giong noi.

Dit liéu duoc lay tir sach n6i, 1a mot phan caa dy an LibriVox, chira 1000 gio giong
n6i duoc ldy mau ¢ 16kHz. Bo dit lidu nay duoc chia thanh 2 phan: bo huan luyén
(bao gom train-clean-100, train-clean-360, train-other-500) va bo danh gia (cac bo

devi/test clean/other).
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Tén tap S6 gior | S6 phat mdi | S6 lwong | S6 lweng | Tong sb
nguoi NOi nir nam nguoi NOi
dev-clean 5.4 8 20 20 40
test-clean 5.4 8 20 20 40
dev-other 5.3 10 16 17 33
test-other 5.1 10 17 16 33
train-clean-100 | 100.6 25 125 126 251
train-clean-360 | 363.6 25 439 482 921
train-other-500 | 496.7 30 564 602 1106
Bang 3. Thong tin céc tap dir liéu cua LibriSpeech
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CHUONG 4: THUC NGHIEM VA KET QUA
4.1. Cai dat thyc nghiém
4.1.1. Dir liéu
4.1.1.1. Dirliéu hudn luyén
Pé tién huan luyén Wav2Vec2.0 véi cac khdi Conformer, bai nghién ciu sir dung
bo dit liéu unlab-60k. M6 hinh tién huan luyén Wav2Vec2.0 Conformer duoc ly tir
Github cua Facebook Research, dugc huan luyén trén bo dit liéu unlab-60k (xem
muc 4.1.2).

Huan luyén teacher st dung két hop cac bo dir liéu cua [train-10h + dev-clean +
dev-test + test-other] = 25.8h dir liéu c6 nhén. Va tap train-clean-360 (loai bo nhén)
khong nhan két hop véi tap huan luyén c6 nhan cua teacher dé huan luyén ban giam
sét, tong cong 1a 363.6h khong nhan va 25.8h ¢ nhan. Ti 1é giita tap ¢ nhan va
khdng nhan trong huan luyén student 1a 1: 14, trong khi cac paper vé NST cho ASR
sudung ti l¢ 1:9 [22], 1:60 [112].

. Tong so o
Giai doan huan . ) L Ti ¢ co/khdng
Tén tap dir ligu gio am 3
luyén nhan
thanh
Tien huan luyén | - unlab-60k 57706.04 0:1
Huan luyén - train-10h, dev-clean, dev-test,
25.8 1:0
Teacher test-other
. - train-10h, dev-clean, dev-test,
Huan luyén
test-other 389.4 1:14
Student )
- train-clean-360 (b6 nhan)

Bang 4. Thong tin mo ta di liéu dung cho cac giai doan huan luyén

4.1.1.2. Ditliéu danh gia

Dix liéu dung cho viéc danh gia 14 tap test-clean, gom 5.4h.
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4.1.2. Tién huén luyén

Viéc tién huan luyén Wav2Vec2.0 Conformer doi héi kich thude mé hinh du 16n dé
c6 thé hoc duoc 60 nghin gio tir unlab-60k. Nhung trong luan vin ndy, viéc co du
kich ¢& phan ctimg dé huan luyén 1a diéu khé khin. Nén t6i sir dung mé hinh da
duoc tién huan luyén va cong bb cong khai trén GitHub cua Facebook Research, tén
mo hinh 1& wav2Vec 2.0 Large conformer - rel_pos (LV-60) [118]. Cac thong s6 ctia mo hinh

duogc trinh bay trong bang 5.

Loai tham s6 Gia tri
Tang Convolution [10 x 10,5,512] x 1
[3%x3,2,512] x 4
[kich c& kernel, stride, channel dau ra] X sé lwong [2%2,2,512] x 2
S6 luong khoi Conformer 24
Kich thuée cac khdi Conformer 1024
Kich thudc 16p an ddu ra, 16p luong tir hoa 768
Tong s6 lwgng tham s6 mo hinh 620 triéu

Bang 5. Thong tin cia mo hinh Wav2Vec2.0 Conformer dugc lay tir fairseq

4.1.3. Huan luyén teacher va student

Sau khi budc tién huan luyén hoan tat, s& thu duoc trong sé cta cac khdi
Conformer. Céc khdi nay s& dugc dua vao mé hinh Conformer stra d6i. Thong tin
tham sé duoc trinh bay & bang duéi day, hai md hinh teacher va student chi khéac

nhau & s6 lugng khdi Conformer (ddy 1a thanh phan quan trong nhat).

Thong tin Teacher Student

Thong tin mo hinh

Kich thudc dau vao 128 (s6 lwong mel filterbank)

Adaptive - 2 freq mask.
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SpecAugment Kich thuéc freq mask F = 27.
Ti 1€ time mask p, = 0.05
min {10, chiéu dai MelSpectrogram X ps} s6 luong
time mask.
Convolution Conv2D — [3 x 3,2,256] x 2
Subsampling

Input Projection

Kich thuéc dau vao: 512
Kich thudc dau ra; 1024

Relative Positional

Encoding

5000 vj tr{

Dropout Conformer

0.1

S6 luong khoi

Conformer

Kich thuéc Conformer

1024

Linear

Dau vao: 1024
Dau ra: 1024

Ham kich hoat Swish

Dropout

0.1

Linear

Dau vao: 1024

Pau ra: 47 (s6 lugng cac am vi).

Tong so lwong tham ~ 57 triéu ~ 107 triéu
s0
Thai gian huan luyén 5 gidr 51 gior

Bang 6. Thong tin cac tham s ciia mé hinh Conformer sira doi, ca cua teacher va

student

Dit liéu Am thanh sau khi doc 1én s& dugc chuyén thanh sang Mel Spectrogram
[119] véi kich c& Fast Fourier Transform (n_fft) dé tinh 1a 1024 [120], s6 luong

mel filterbank (n_mels) [121] 12 128 (ciing 1a kich ¢& dau vao cia md hinh), kich ¢

ctra s6 chay khip séng am thanh (win_length) 12 40ms, kich ¢c& mét 1an nhay cta s6
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(hop_length) 1a 20ms. Cac tham sé khac s& Iy gia tri mic dinh cua I6p
MelSpectrogram cua thu vién torchaudio [122]. Théng tin cua Mel Spectrogram

duoc trinh bay ¢ bang 7.

Thamso | Giatri
n_fft 1024
n_mels 128
win_length | 400
hop_length | 200

Bang 7. Cac tham s6 cua Mel Spectrogram

4.1.4. M6 hinh ngdn ngir

Ta cd thé dat ra gia dinh, dé toi wu két qua du doan caa mé hinh thi s& can mot mo
hinh ngdn ngir 1am x&c suat cong thém cho Beam Search [123] trong ldc dy doan,
cdng thire (13) mé ta muc tiéu IGc tim chudi am vi bang Beam Search. Vi thé toi di
huan luyén md hinh ngdn ngit 3-gram tir code cua GitHub daandouwe/ngram-Im

[124] theo phuong phap interpolate cua Witten-Bell [125].

Dir liéu duing 14 toan bo céc cau phién dich &m vi cua tap huan luyén giam sat cho
teacher, duoc chia theo ti 1& 80: 20 cho tap huan luyén va kiém tht, thong tin duoc
trinh bay trong bang 8, bao gém perplexity [126] sau khi huan luyén mé hinh. Sau
khi huan luyén, mé hinh ngén ngit s& dua vao thu vién pyctcdecode [127] dé du
doan chudi am vi c6 két hop Beam Search véi tham sé mic dinh: kich thuéc beam
(beam width) 12 100, @ = 0.5 va 8 = 1.5.

Tap dir lieu | S6 lwong cau | Perplexity
Huan luyén 80% 8906 10.17
Kiém thir 20% 2241 10.47

Bang 8. Perplexity trén hai tap dir li¢u &m vi cua mé hinh ngbn ngir 3-gram

Q(c) =log(P(clx)) + alog(Pyy, (c)) + fword_count(c) (13)
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T=1 T=2 T=3
Gia thuyét  M& rong cla Gid thuyét  Mé& rong cla Gia thuyét  M& rong cla
hién tai mo hinh hién tai mé hinh hién tai maé hinh

/6

€ ve—a a
:)'\/ a . b
Y] a -
b, ee—a
b
€ .
“b—a ¢
T @bl —a
b

Hinh 9. M0 ta Beam Search qua 3 time-step, voi Beam Width la 3
va s6 luong thanh phan trong b6 tir vung 1a 3

Cong thirc (13) [128] mé ta rang Beam Search s& tim chudi &m vi téi da hoa gia tri
Q(c), trén xac suat dau ra ciia CTC P(c|x) va xac suat tir mé hinh ngén ngir Py, (c)
cong thém sb lugng cac am vi cua chudi word_count(c) [129]. Hinh 9 mo ta Beam
Search vgi Beam Width Ia 3.

4.1.5. Phan cing dwoc xir dung

Cé hai mo hinh teacher va student duoc huan luyén trén 2 GPU RTX 3090, thoi
gian huan luyén duoc trinh bay trong bang 6.

M6 hinh ngdn ngit duoc huan luyén trén 1 GPU RTX 3090 mat 1 phdt.

42. Kétqua

4.2.1. Két qua dw doan chudi am vj

M6 hinh student s& 1& mé hinh cudi cung cua bai toan, két qua cia md hinh student
va teacher dugc trinh bay trong bang 9 dudi day. Khi du doan, 16p SpecAugment s¢

duoc bo qua.
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M@0 hinh | Greedy | Beam Search + LM
Teacher | 17.13 22.31
Student | 12.66 25.45

Bang 9. Két qua du doan chudi &m vi cua teacher va student, c6 hay khong c6 mo
hinh ngdn ngtr duoc tinh theo PER (%)

Két qua cho thidy mac du mé hinh ngén ngit rat phd hop cho bai toan ASR [6] [20]
[22] [24] [30] [31] [34], nhung ap dung vao bai toan nay thi lai bi ting PER, khong
hiéu qua bang phuong phap decode greedy (lua chon &m vi ¢ x4c suat cao nhat
mdi time-step). Piéu nay cd thé giai thich bang: lugng dit liéu chir caa cac bai
nghién ctiu trén 16n, ngir canh ngdn ngix caa mé hinh ngdn ngi duoc hoc rat hiéu
qua, nén khi tng dung vao sé& dat két qua tot. Con trong bai nghién ciru nay chi co
xap xi 9000 cAu, ngir canh ciia &m vi ciing rat khac so voéi chit, perplexity trén tap
test cling kha cao, khoang 10.47, nén ¢ thé thay tng dung mé hinh ngdn ngir vao
bai toan nay khong hiéu qua.

Két qua con cho thay thém mét diém quan trong: PER cua student giam twong ddi
26% khi so véi teacher, 1a mo hinh da tao ra nhan yéu cho student hoc, thé nén ky
thuét huan luyén nay co thé két luan 1a thanh céng. Theo hiéu biét caa tdi,
chua c6 nghién ciru nao wng dung k¥ thuat hoc ban gidm sat nay cho bai toan
du doan chudi &m vi. Vi thé day cé thé I tién dé cho cac nghién ciru twong lai

vé k¥ thuat nay.

Duéi day 1a mot s6 két qua du doan chudi &m vj trén tap test-clean, nhitng am vi
nao bj sai s& duogc to do6 trén chudi dy doan, to xanh duong trén chudi thuc té néu bi
thiéu.
- Vidul, PER: 12.5%
o TthCtéZW&IQtAI]Imp.I8SdWIahAnif.IAmEV.IiWInd
o Dudodn:warottagpimprestwidhanifiameviiwindi
- Vidu2, PER: 0%
o Thucté:warontzowolpu lfristodiokiierfonzin

o Dwdoian:warontiowolpulfristodiokiierfonzin
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- Vidu3, PER: 6.25%

o Thucté:olizsedwidavtowod

o Dwdodn:slwizsedwidavtowoad
- Vidu4, PER: 10.2%

o Thucté:arsitbonifdarluoks@ztfildionduindonunsan
widsovlzdaettremblOruderhaepiarlidzframonanov
odjetpra:diglinwaddszor

o Duwdodn:arsitbonifarloksaeztfildionduiindonunsan
widsovlzdaetiemblOiuwderhaepiaializfiamonanayv
sdjetprianiklinwaddzorar:

- Vidub, PER: 5.66%

o Thucté:arlavdifriliezmenstiaivforzrartarlavadipjorl
i@zdertonfiampierz

o Dudodn:atlavdifriliezmenstraifforrrardailavdipjor
dliezdeitonfriampierz

- Vidu6, PER: 10%

o Thucté:drristtitfmisovtoporavtgreritudaezdavda:s
tgoud

o Dudodn:drirsttitfmisovtoporavtkiedrtudaezdavda

Stgot

4.2.2. Két qua du doan 18i sai trong cau noi

Dé kiém tra kha nang phat hién I8i sai cia mo hinh, ta can phai gia dinh chudi am vi
dugc du doan tir md hinh 1a ground truth, nghia 1a mé hinh luén md ta dung nhat
giong noi caa ngudi doc (mac di & bang 9, ta thay md hinh sai khoang 12%) thi

méi dung thuat toan LCS dé so khép véi chudi du doan vai chudi thuc té duoc.

Dé thuc hién danh gia 15i sai, ta s& dya trén mot mau trong bo kiém thir test-clean
ma mé hinh c¢6 kha ning du doan chinh xac hoan toan, nghia 1a PER 0%, dé ma tao
ra cac phién ban stra doi doc sai cia mau nay. Bang 10 dudi day la thong tin cia

mau do.
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Théng tin Gia tri
Dang chir céi why an ear a whirlpool fierce to draw creations in
Dang phién am IPA waronriowoalpuwlfristodiokrierfonzin
D6 dai chudi phién am 32

DPuong dan file d&én bo
test-clean/908/157963/908-157963-0030.flac
test-clean

Bang 10. Théng tin mau giong doc danh cho phan phat hién 15i sai

Dé thuc hién kiém tra 15i sai, toi s& lan luot thay doi dang chir cai ciia cAu mau
thanh mot tir khac, sau do tao lai dang phién am IPA dung phonemizer (nhu cta tac
gia) va dung dé phat hién 15i (so khép dung LCS), réi dung md hinh text-to-speech
FastPitch cua Nvidia dé tao giong doc [130]. Bang 11 trinh bay cac mau thir dugc
chinh stra. Nhirng vi tri dugc t6 mau xanh duong 1a vi tri chinh stra, mau do la bi

x6a di. Cac mau am thanh c6 thé dugc nghe & tham khao nay [131].

A D dai
Ten : A . —
. Dang chir cai Chuoi phién am goc chuei phién
mau A
am
why an ear a weir pool warontrowiipulfra
error_1 32
fierce to draw creationsin | stodiokaiierfonzin
why an ear a whirlpool fear | warontrowolpu:lfiz
error_2 S ) 31
to draw creations in stodiokiierfonzin
why an ear a whirl pole | waronriowoalpovlfra
error_3 | o ] 32
fierce to draw creationsin | stodiokuxierfonzin

Bang 11. Cac mau duoc chinh sira so véi mau géc nham muc dich danh gia giong

noi

Cdch ddanh gid: mot mau duoc coi 1a phat hién 16i sai ding néu md hinh phéat hién

dugc 13i sai (nhitng chd mau xanh duong) hoic d6 dai ding (cho mau mat chi).
Bang 12 trinh bay két qua phat hién 18i bang chudi &m vi du doan tir mo hinh va

dua qua LCS. Nhimng am khong duoc khop bang LCS s& duge t6 mau xanh duong.
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o Do dai
Cac am .
A A chuoi .
Tén . khong o Ket
. Chueoi phién am dwoc du doan phién am | PER
mau dwgc qua
dwoc du
khép
doan
warontiowriipulfristo
error_1 ) 1,1 32 6.25
diokizierfonzin
warontrowoklfrrtodio _
error_2 ) Kk 29 12.5 Sai
Krierfonzin
waronriowoalpoolfrist
error_3 0U 32 3.125

odiokirierfonzin

Bang 12. Két qua phat hién 13i sai bang LCS

Két qua tir bang 12 cho thdy mé hinh c6 kha ning mé ta gidng véi giong néi cua

ngudi doc, chi ¢d mau error_2 bi 15i do chir “fierce” doc kha twong tu Vi “fear”,

chi khac & am “s” & cubi, chiring t6 mo hinh student da duoc huan luyén twong ddi

6n, dé md hinh c6 kha ning nhan dién chinh xac hon nita cau ndi cia ngudi doc,

PER phai giam xudng muc xap xi 2% — 3%. Thuat toan LCS cho thay chi can mo

hinh student nhan dién dung duoc ngudi doc néi nhur thé nao thi c6 thé giai quyét

phan con lai cua bai toan, phat hién chudi &m vi sai (khong dugc khap).
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CHUONG 5: KET LUAN VA HUONG PHAT TRIEN
5.1. Két luan
5.1.1. Két qua thu dwoc
5.1.1.1. Két qud bai toan
Tir phan 4, ta c6 thé thay két qua rat kha quan, luan van da thuc hién thanh cong ky
thuat hoc ban giam sat véi Noisy Student Training cho bai toan dy doan chudi &m vi
khi 13i du doan 4m vi PER ctia mé hinh student chi 1a 12.66%, giam PER twong d6i
26%. Ngoai ra, md hinh con cho thay tiém ning khi két hop véi thuat toan tim

chudi con chung dai nhat dé phat hién 15i phat &m cua nguoi doc.

5.1.1.2. Kién thic

Qua luan van, tdi d¢a phan nao hiéu dugc cong thirc, kién tric, cach thire cai dit,
huan luyén caa md hinh tién huan luyén Wav2Vec2.0 Conformer, md hinh giam sat
teacher Conformer va mé hinh ban giam sat student Conformer. Thém nira, t6i con
biét thém cach dé két hop két qua cua bai toan du doan chudi &m vi véi LCS dé phat
hién 15i phat &m, tao tién dé cho nhitng nghién ctru twong lai trong bai toan APED

vé6i ki thuat huan luyén béan giam séat.

5.1.1.3. Ky nang

Viéc thuc hién luan van da gop phan nang cao kha niang thuc nghiém két qua, doc
va tham khao cac nghién curu khéc cua toi.

5.2. Hwéng phat trién trong twong lai

Trong twong lai, toi & tiép tuc cai thién, ti wu bai toan du doan chudi &m vi, vi day
la thanh phan chinh trong bai toan ty dong phat hién 16i phat am. N6i cach khac la
tiép tuc ti wu mod hinh student bang cach huan luyén trén nhiéu di liéu khéng c6
nhan hon, két hop vai kién tric khac ngoai CTC, ting kich ¢& mé hinh, ting sd
lugng dit liéu c6 nhan hién co, tang sd lwong thé hé student 1én dé ¢ thé day két
qua 1én mirc cao nhat. Bén canh do, tdi ciing s& tham khao cac huéng tiép can khac

ngoai LCS dé phat hién 16i phét am.
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NHAT KY LAM VIEC

Tuan

Tu ngay

Pén ngay

Noi dung

08/08/2022

14/08/2022

Tim hiéu vé tir khoa dé tai: Speech Verification.
Poc cac tai liéu lién quan dén dé tai, ¢ gang

dinh nghia dugc hudng nghién cuu.

15/08/2022

21/08/2022

Tiép tuc tim hiéu vé d¢é tai théng qua cac nghién

clru san co.

22/08/2022

28/08/2022

Doc sau hon mét s6 tai liéu nhat dinh cua hudng

nghién ctu, dan co dugc théng tin vé dé tai.

29/08/2022

04/09/2022

Sau qua trinh tim hiéu, nhan ra tir khda Speech
Verification chua duoc si dung pho bién bang
Automatic Pronunciation Error Detection, mac
dil ¢ cung ¥ nghia. Nén d6i tén dé tai va tim
hiéu nhiéu nghién ciru lién quan hon, tir khéa nay

dua ra nhiéu nghién caru hon.

05/09/2022

11/09/2022

Tiép tuc nghién ciru, doc tai liéu lién quan dén
APED.

12/09/2022

18/09/2022

Poc tai liéu lién quan dén ASR dé tim hudng
nghién ctru cho APED dya vao ASR.

19/09/2022

25/09/2022

Poc tai liéu vé ASR, tim hiéu cac huéng nghién

cuu khac nhau.

26/09/2022

02/10/2022

Phat hién ra dir liéu cua bai toan nay kha it, doc
tai liéu vé cac hudng nghién cau st dung it dir

liéu c6 nhan.

03/10/2022

09/10/2022

Dinh nghia dugc hudng nghién ctru, doc tai liéu
ctia hudng nghién ctiu. Tim hiéu cach hién thuc

md hinh nhu thé nao.

10

10/10/2022

16/10/2022

Tiép tuc doc sau hon tai liéu cua hudng nghién
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ctru. Tim kiém dit liéu cho phan Supervise (dit

liéu c6 nhan am vi).

11

17/10/2022

23/10/2022

Tim hiéu cach si dung lai mé hinh da tién huan
luyén cua fairseq (facebook research). Thir tién
huan luyén st dung md hinh cua Hugging Face
Transformers.

12

24/10/2022

30/10/2022

Thu nghiém huan luyén cac teacher, ¢b gang thu
xem cach két hop ciu trac nhu thé ndo 12 tot nhat
cho teacher. Thtr huan luyén cho student, mic ké
két qua cua teacher tot hay xau. Piéu nay dan

dén két qua cua student kha té, do teacher khong

c6 kha niang cung cap nhan tét.

13

31/10/2022

06/11/2022

Huan luyén student, gap van dé tir teacher, nhan
yéu duoc tao ra tir teacher khdng str dung duoc,
gia tri mat mat bi NaN, tim cach stra 16i. Tim
cach dé tang cudng nhiéu cho Noisy Student

Training.

14

07/11/2022

13/11/2022

Ther huan luyén lai teacher vai nhiéu st dung
Speed Perturbation va Multi Style Training (st
dung bo dix liéu Musan). Huan luyén giam sat voi
bo dir liéu Timit va khéng nhan sir dung
LibriSpeech 100h. Két qua cua student khong tét

hon teacher nén phai thuc nghiém lai.

15

14/11/2022

20/11/2022

Doc nhiéu tai liéu hon vé nhiéu cho Noisy
Student Training, phat hién ra Multi Style
Training khong thé két hop véi SpecAugment tot
duoc nén phai thuc nghiém lai, chi st dung
SpecAugment, sir dung thém Adaptive

SpecAugment dé ting cuong nhidu. Thir nhidu

Nguyén Vin Anh Tuan — 19497581 59




Khoa luan tét nghiép chuyén nganh Khoa Hoc Dit Liéu

kién tric cua teacher hon véi hy vong teacher tét
s tao ra student tdt, dua ra duoc kién trdc tét
nhét cho teacher va student duoc trinh bay trong
luan vian. Thay d6i di liéu c6 nhan va khong
nh&n thanh dix liéu trong bai luan. Két qua huan
luyén cua teacher tot khién student ciing tét.

Hoan thién viéc huan luyén mé hinh.

16 | 21/11/2022 | 27/11/2022 | Tap trung viét luan van.
Tiép tuc viét luan van, nhan phan hdi tir gi4o vién
17 | 28/11/2022 | 04/12/2022 | huéng dan dé chinh stra bai luan. Giri ban bao
cao bai luan cho gido vién phan bién.
18 | 05/12/2022 | 11/12/2022 | Hoan thién bai luan va slide thuyét trinh.
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