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TOM TAT KHOA LUAN

Hién nay, nguoi khiém thinh chi yéu str dung tha ngir * dé giao tiép trong cudc

song hang ngay. Tuy nhién, phwong phap niy ton tai nhiéu han ché. Dé giao tiép,

ngudi trong tac budc phai biét tha ngir, dan dén viéc twong tac tré nén kho khin va

mat nhicu thoi gian.

Muc ti€u cua dé tai nghién ctru la tao ra mgt cong cu ho trg giao ti€p hi¢u qua,

gitip ngudi khiém thinh d& dang trao d6i thong tin véi moi ngudi. Hé thong nay khong

chi gitp cai thién chat luong cudc séng cia nguoi khiém thinh ma con gbp phan tao

ra mot xa hoi hoa nhédp va khdong con rao can giao tiép.

beé tai thyc hién tiép can giai quyét van d€ thanh cac bai toan sau

Nhan dang giong néi va xac dinh ngén ngir: Hé thong bat dau bang
viéc sir dung cac mo hinh nhan dang giong néi tién tién nhu Whisper
hoic cac giai phap cuia Google dé chuyén d6i giong noi thanh vin ban.
Tiép theo, hé théng st dung cac mo hinh nhan dién ngén ngir ty dong
nhu Google’s cld3 hoic MediaPipe Solutions dé xac dinh ngén ngit ciia
van ban dau vao. Viée xac dinh ngdn ngit nay giup hé thong cé thé xir
1y nhiéu ngdn ngir khac nhau, cai thién trai nghiém nguoi ding va do
chinh xéc cta dich. Sau do, van ban dau vao sé& duge chuin hoa thong
qua md hinh LLM (Large Language Models) dé dam bao chat luong
dich thuat cao hon.

Dich viin ban sang ngén ngir ky hiéu: Van ban chuan hoa s& dugc
dich sang SignWriting bang cac mé hinh dich may nhu Conditional
Variational Autoencoder (CVAE). Sau d6, cac mé hinh nhu SMPL-X
s& duoc st dung dé chuyén ddi SignWriting thanh chudi Pose, tao ra
céc hinh anh dong 3D cho ngdn ngir ky hiéu. Diéu nay gitip bién van
ban thanh cac dong tac ky hiéu, gitip nguoi dung khiém thinh dé dang

hiéu nd1 dung.

1 Thi ngir 1 tir duoc goi & Viét Nam thay thé cho Ngon ngir ky hiéu, tén Tiéng Anh 1a Sign Language.



- Tich hep va trién khai hé théng: Cudi cung, hé théng s& duoc tich
hop va trién khai trén nén tang web. Sau do, thuc hién cac thir nghiém
va tinh chinh dé dat dugc hiéu suit toi wu va phan hdi tich cuc tur nguoi
dung. Piéu nay dam bao hé thong hoat dong hiéu qua va dap tmg nhu

cau thyc té ciia ngudi st dung.
Noi dung khoéa luan bao gdm 7 chuong chinh:

- CHUONG 1: GIOI THIEU BE TAI

- CHUONG 2: CAC CONG TRINH NGHIEN CUU LIEN QUAN

- CHUONG 3: CO SO LY THUYET

- CHUONG 4: THUC NGHIEM PHUONG PHAP CHUYEN DPOI
NGON NGU KY HIEU

- CHUONG 5: THIET KE VA TRIEN KHAI UNG DUNG
CHUYEN BOI NGON NGU KY HIEU

- CHUONG 6: KET QUA BPAT BUGC VA HUONG PHAT TRIEN

- CHUONG 7: TAI LIEU THAM KHAO



CHUONG 1. GIOI THIEU PE TAI
1.1 Dit van dé

Hién trang va van deé

Hién c6 hon 1,5 ty nguoi (gan 20% dan sb toan cau) sdng chung véi tinh
trang nghe kém, trong d6 c6 430 triéu ngudi bi diée tai. Dy kién dén nam

2050, con sb 430 triéu nguoi bi diéc tai co thé tdng dén 700 tricu nguoi.

Nhung 50% cac truong hop diée tai co thé phong tranh duoc. Riéng & tré em,
60% truong hop diéc tai c6 thé ngan ngira dugc bang cac bién phap nhu tiém
chung ngura rubella va viém mang nao; cai thién cham soc suic khoe ba me va
tré so sinh; tim soat va xir tri sém bénh viém tai giita. Con v6i ngudi 16,
biét cach nghe “an toan”, can tranh tiéng on, khong dung bira bii cac loai
thudc gy doc cho tai va vé sinh tai tot s& giup gidm nguy co mat thinh lyc.
Ngoai ra, cling can kham sang loc dé phat hién bénh va diéu tri kip thoi.
(Ngudn: Ngay Thinh luc Thé Gidi - World Hearing Day, T6 chirc Y té Thé
giéi WHO, 2023).

Mic du ti 18 nguoi khiém thinh cao, nhung ho lai 1a mét trong nhitng nhém
d6i tuong thiét thoi nhat trong viée tiép can thong tin. Nguyén nhan chi yéu
1a do rat it cic phuong tién truyén thong sir dung ngdn ngit ky hiéu danh cho
nguoi khiém thinh. Diéu ndy dan dén su cach biét 16n trong viéc tiép nhan

thong tin giira ngudi khiém thinh va cong dong.
Sw khan hiém phién dich vién ngén ngir ky hiéu

Mot trong nhirng khé khin 16n nhat dbi voi nguoi khiém thinh 14 sy thiéu hyt
trAm trong cua cac phién dich vién ngon ngir ky hi€u. Tai Ha Noi, chi ¢6 6
nguoi dat trinh d6 co thé dich cac linh vuc cho ngudi diée, trong khi ca nudce
chi ¢6 khoang 10 ngudi. Diéu nay khién cho nguoi khiém thinh gap rat nhiéu
kho khin trong giao tiép va tiép can thong tin trong cac linh vuc quan trong

nhu y t€, gido duc, va dich vu cong cong.



Han cheé ctia ngon ngir ky hiéu

Hién nay, ngudi khiém thinh chu yéu sir dung tha ngir (ngdn ngir ky hiéu Viét
Nam) dé giao tiép trong cudc sdng hang ngay. Tuy nhién, phuong phap nay
t6n tai nhiéu han ché. Pé giao tiép, ngudi twong tac budc phai biét thu ngi,
dan dén viéc twong tac tré nén kho khin va mat nhiéu thoi gian. Hon nita, viée
giao tiép bang thu ngir d& dan dén hiéu 1dm va nham I1an. DU nhu cau hoc va
st dung ngdn ngir ky hiéu rat 1on, nhung hién nay Viét Nam c6 rat it trung tim

day thu ngit, 1am han ché kha nang tiép can cua ngudi khiém thinh.
Kho khiin trong tiép cin dich vu va cam nhén ky thi

Nguoi khuyét tat ndi chung va ngudi khiém thinh néi riéng gap nhiéu kho
khan trong viéc tiép can cac dich vu y té, gido duc va co ty 1é that nghiép cao.
Cam nhén bi ky thi va phan biét d6i xtr ciing anh huong nghiém trong dén doi
séng vat chét va tinh than cua ho. Viéc thiéu cac cong cu hd tro giao tiép hi¢u
qua cang lam tang thém kho khan nay.
Pé xuit giai phap
Pay chinh 1a nhiing 1y do quan trong dé nhom chon dé tai xay dung hé thong
chuyén ngdn ngtt ky hiéu sang. Muc ti€u cua dé tai nay la tao ra mot cong cu
hd tro giao tiép hiéu qua, giup nguoi khiém thinh dé dang trao d6i thong tin
v6i moi nguoi. Hé thong nay khéng chi gitp cai thién chat luong cudc sdng
ctia ngudi khiém thinh ma con goép phan tao ra mot xa hoi hoa nhap va khong
con rao can giao tiép.
1.2 Muc tiéu dé tai

- Phat trién mot hé thdng str dung cong nghé Al dé chuyén ddi ngon ngit ky hicu
thanh van ban va phat am.

- Tao diéu kién giao tiép muot ma hon cho ngudi khiém thinh véi nhitng ngudi

khong biét ngon ngir ky hidu.



- Tang cudng kha ning hoa nhip va twong tic x4 hdi cho cong dong nguoi

khiém thinh.
1.3 Pham vi nghién ctru

- Nghién ctru va thyc hién trén bo dit li€u co san cho ngon ngtt ky hi¢u, voi
doi tuong 1a ngudi khiém thinh

- Phat trién hé thong c6 kha ning mé rong cho cac ngdn ngir ky hiéu Viét.
1.4 Phwong phap thuc hién

- Thu thap dir liéu video ngdén ngr ky hi¢u va twong ing van ban/phat am tur
ngudn mé va cong dong nguoi khiém thinh.

- St dung cac mo hinh Al tao sinh nhu Generative Adversarial Networks
(GANs) hoic Variational Autoencoders (VAEs) dé phan tich va hoc hoi tir dit
liéu.

- Phét trién thuat toan dé nhan dang chinh xéc céc ky hiéu va chuyén d6i chiing
thanh van ban/phét am.

- Kiém thir va tdi wu hé théng thong qua cac budce lap dé dat duoc hiéu suit tdi

uu.
1.5 Cong cu va mdi trudng phat trién
Cong nghé phat trién
Frontend:
o Framework: Angular (TypeScript)

- Angular 13 mot framework phat trién tmg dung web dugc viét bang
ngon ngit TypeScript, phét trién bdi Google. N6 cung cép cac cong cu
va khung 1am viéc cho céc 14p trinh vién dé tao ra cac ung dung web
dong va da dang. Angular cho phép phat trién img dung theo mé hinh
MVVM (Model-View-ViewModel), véi cac tinh nang nhu b0 loc, cac



ham giao tiép v6i APL, routing, dependency injection va nhiéu tinh ning

khac giup don gian hoa qua trinh phat trién tmg dung.
e Ngon ngir 1ap trinh: TypeScript, HTML, SCSS, JavaScript, Tex.
Backend:
o Ngon ngir 1ap trinh: Node.js

- Node.js 1a moéi truong chay JavaScript phia server, cho phép xay dung

cac tng dung server hiu suat cao.
o Framework: Express.js

- Express.js la mot framework web danh cho Node.js, duoc st dung dé

xay dung cac API backend hiéu qua.
Framework va Cong cu phat trién
o Framework:
- Angular: Framework phat trién img dung web, st dung TypeScript.

- Express.js: Framework web danh cho Node.js, duoc sir dung dé xiy

dung cac API backend.
« Cong cu phit trién:

- Visual Studio Code: Trinh soan thao ma nguén da ning, hd trg nhiéu

ngon ngit 1ap trinh.
- Postman: Cong cu kiém tra APL
- Git: Hé théng quan Iy ma ngudn phan tan.
- GitHub: Nén tang luu trir ma ngudn va cong tac phat trién phan mém.
« Cong cu thiét ké:

- draw.io: Cong cu thiét ké so dd, flowchart.



- Figma: Céng cu thiét ké giao dién nguoi dung (UL/UX).
- Visio: Cong cu thiét ké so d6 chuyén nghiép.
« Cac b cong cu phat trién khac:
- TensorFlow va Keras: Thu vién hoc may va deep learning.
- OpenPose: Thu vién phat hién va nhan di¢n tu thé cta con nguoi.

- Google Cloud Speech-to-Text: Cong cu chuyén doi giong néi thanh

van ban.

- Google Cloud Text-to-Speech: Cong cu chuyén d6i vin ban thanh

giong noi.
o Cong cu quan ly ma nguon (source code):

- GitHub: Nén tang luu trir va quan Iy ma ngudn.



CHUONG 2. CAC CONG TRINH NGHIEN CUU LIEN QUAN

2.1 Cac cong trinh nghién ctru lién quan vé nhén dién va dich ngon ngir ky hi¢u

2.1.1 Sign Language Recognition and Translation Systems for Enhanced
Communication for the Hearing Impaired

Nhém téic gia: Kambhampati Sai Sindhu cing cac cong su xuit ban 2024 [1]

tai 1st International Conference on Cognitive, Green and Ubiquitous

Computing (IC-CGU).

Bai bdo nay dé cip dén nhiing thach thirc trong Hé thong nhan dang ngon ngi
ky hiéu (SLR) va Bién dich ngdén ngit ky hiéu (SLT), tap trung vao viéc bién
dich ngon ngir ky hiéu sang van ban/1di ndi va qua trinh nguoc lai. Céu triic
ngir phap doc ddo cua ngdn ngir ky hiéu dit ra mot van dé cot 161, thiic day su
phat trién ctia cac mo hinh tinh toan. Mé-dun Bién dich ngon ngir ky hiéu
(SLT), bién dich thuédt nglr duwgc nhan dang thanh van ban ngoén ngt noi, dit
ra mot thach thirc to 16n do su phtrc tap vé ngir phap va ngit nghia. Ngoai ra,
nhu cau vé cac tap dir liéu da dang, bao gdm nhiéu phuwong ngit ngdn ngit ky
hiéu khac nhau & An D9, 1am phtic tap thém qua trinh phat trién cac hé thong
SLR va SLT manh m&. Bai bdo kham pha nhiing tién bd cong nghé, thach thic
va giai phap trong ca hai mo-dun, gop phan tao nén cac cong cu giao tiép toan
dién.

2.1.2 Real-Time Sign Language Recognition using Deep Learning

Techniques

Nhém tac gia: Abhishek Wahane cung cac cong su xuat ban 2022 [2] tai
International Conference on Advanced Computer Science and Information

Systems (ICACSIS)

Cong nghé sir dung:



Nhan dién cir chi: Hé thong nhan dién cir chi sir dung mé hinh kép cta
Single Shot Multibox Detector (SSD) va mo hinh Machine Learning

dua trén toa do 2D-Pose cuia nguoi dung tai thoi gian thye.

Nhén dién bang chir cai ASL: Module nay st dung Inception v3 cua
Google dé hoc chuyén giao (transfer learning), dat do chinh xac

89.91%.

Nghién ctru ¢6 thé hoat dong hiéu qua trong thoi gian thuc, hd tro ddng ké cho
nguoi khiém thinh va nguoi c6 khiém khuyét ngon ngir trong giao tiép hang

ngay.

2.1.3 Sign Language Translation Across Multiple Languages
Nhém tac gia: Sonali M. Antad va cic cong su xuit ban 2024 [3] tai
International Conference on Emerging Systems and Intelligent Computing

(ESIC)

Cong trinh nghién ctru nay ctia nhém tac gia da phat trién thanh cong mot nén
tang hd trg dich ngon ngir ky hiéu qua nhiéu ngdn ngir khac nhau. Bang cach
str dung Mang no-ron tich chap (CNN) va cac thuat toan hoc sau, nén tang nay
cung cap kha nang lya chon giita Ngon ngit Ky hiéu An Do va Ngon ngit Ky
hiéu My, va dich sang nhiéu ngén ngit khu vire An Do. Diéu nay gitp nguoi
sir dung ngodn ngit ky hiéu khac nhau giao tiép hiéu qua va cung cip vin ban
viét cho nhirng nguoi khong hiéu ngdn ngtt ky hiéu, tao diéu kién cho sy hoa

nhap va tiép can thong tin trong cong dong ngudi khiém thinh trén toan cau.
Cong nghé sir dung:

- Mang no-ron tich chiap (Convolutional Neural Networks - CNN):
Str dung CNN va céc thuat toan hoc sau khéc dé nhan dién va dich

ngon ngtt ky hiéu.



- Dt liéu huén luyén: Nén tang dugc huén luyén trén bo dit liéu bao
gdm cac ky hiéu tir Ngon ngit Ky hiéu An Do va Ngon ngit Ky hiéu
My, cling nhu cac ngdn ngit khu vuc An .

Két qua dat duoc:

- Nén tang cho phép ngudi dung la chon giita Ngon ngit Ky hiéu An
Do va Ngon ngit Ky hi¢u M§.
- Cung cap ban dich sang nhiéu ngén ngit khu vuc An D9, gitp cai

thién giao tiép giira nguoi khiém thinh va cong dong rong 16n hon.

2.1.4 A two-stage sign language recognition method focusing on the
semantic features of label text

Nhom tac gia: Xuebin Xu va cic cong su xuit ban 2024 [4] tai 20th CSI

International Symposium on Artificial Intelligence and Signal Processing

(AISP).

Cong trinh nghién ctru nay ciia nhom tac gia da phat trién thanh cong mot
phuong phap nhan dién ngdn nglr ky hi¢u hai giai doan, tap trung vao cac dac
trung ngit nghia cta vin ban nhéin trong qua trinh chuyén d6i cir chi thanh
GLOSS. Bang cach trién khai mo-dun sira 16i van ban va st dung cac mo-dun
nhan dién ngon ngit ky hiéu tién tién, phuong phap nay di cai thién déng ké
dd chinh x4c cia mo6 hinh nhan dién. Cac thir nghiém trén cac tap dir li¢u 16n
nhu RWTHPHOENIX-Weather-2014-T va CSL da chiing minh hi¢u qua cua
phuong phép, mé ra cac hudng di méi cho viéc phét trién cac cong cu hd trg

giao tiép cho cong dong ngudi khiém thinh va cam.
Cong nghé sir dung:

- Nhan dién ngon ngir ky hi¢u: Str dung mdt mo-dun nhan di¢n ngdn

ngtr ky hi¢u dé dua ra cac dy dodn ban dau vé cac cur chi.
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- Mb-dun sira 16i van ban: Trién khai mé-dun stra 16i vin ban dé sira
chira cac chudi GLOSS dy doan ban dau, nham dat dugc két qua
nhén dién cudi cung véi do chinh xac cao hon.

- Tap dit liéu: Phuong phap duoc kiém tra trén cac tap dir lidu
RWTHPHOENIX-Weather-2014-T va CSL dé danh gia hiéu qua

nhan dién ngon ngtr ky hiéu trén quy mo 16n.
Két qua dat dwoc:

- Phuong phap dé xuat di cai thién dang ké d6 chinh xac ciia mo hinh
nhén di¢n ngon ngtr ky hiéu.

- Céc két qua thyc nghiém ching minh rang phuong phap hai giai
doan, v6i trong tdm vao cac dac trung nglt nghia cia van ban nhan,

mang lai hi€u qua cao trong nhan dién ngdn ngit ky hicu.

2.1.5 Sign Language to Text Translation with Computer Vision: Bridging
the Communication Gap

Nhom tac gia: So Xue Thong va cac cong sy xuit ban 2024 [5] tai 3rd

International Conference on Digital Transformation and Applications

(ICDXA).

Cong trinh nghién ctru nay cta nhom tac gia da phat trién thanh céng mot hé
thong dich ngon ngir ky hiéu sang vin ban thoi gian thuc bang cong nghé thi
giac may tinh. St dung cic mo hinh CNN va LSTM, hé thng c6 thé nhan dién
cac ky hi¢u tinh va dong voi do chinh xac cao. Bén canh do, viéc str dung
'word-ninja' va M6 hinh ngén ngt 16n (LLM) gitip phan doan tir va tao cau
chinh x4c. Hé thong con tich hop chiic nang dich may va chuyén van ban thanh
giong n6i, gop phan cai thién kha ning tiép cin va giao tiép ctia ngudi khiém
thinh. Mac du van con mét s6 thach thirc nhu diéu kién moi truong va nhan
dién nham, hé théng nay van déng gop tich cuc vao viéc giam bot rao can giao
tiép va thuc day su hoa nhap trong xa hoi.

Cong nghé sir dung:
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- Nhan dién ky hi¢u tinh va dong: Str dung Mang no-ron tich chap
(CNN) dé nhan dién cac ky hi¢u tinh va Mang no-ron LSTM (Long
Short-Term Memory) dé nhan dién céac ky hiéu dong.

- Phan doan tr va tao cau: St dung 'word-ninja' va M6 hinh ngén ngir
16n (LLM) dé phan doan tir va tao cau chinh xac.

- Dich may va chuyén van ban thanh giong néi: Tich hgp chirc ning
dich may va chuyén doi vin ban thanh giong noi dé cai thién kha

ning tiép can ctia hé thong.
Két qua dat dwoc:

- Hé théng dat dugc do chinh xac 99.20% cho nhan dién ky hi¢u tinh
va 90.08% cho nhan dién ky hiéu dong.

- Tao ciu c6 dd chinh x4c kha cao, dat 90% tir dau ra cua mo hinh
LLM.

- Mic du ¢6 mot sb van dé nhu diéu kién méi truong anh huong dén
d6 chinh x4c va nhan dién nham cac ky hiéu tuong ty, hé thong van
g6p phan giam bot rao can giao tiép va thuc dy su hoa nhap trong
xa hoi.

2.2 Cac cong trinh nghién ciru lién quan vé hé thong chuyén ddi ngon ngir ky
hi¢u
2.2.1 A Comprehensive Application for Sign Language Alphabet and

World Recognition, Text-to-Action Conversion for Learners,

Multi-Language Support and Integrated Voice Output

Functionality

Nhém tic gid: D. Shofia Priyadharshini va cdc cong sy xuat ban 2024 [6] tai
2024 International Conference on Science Technology Engineering and

Management (ICSTEM)
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Cong trinh nghién ciru ndy ctia nhom tac gia da phat trién thanh céng mot ing
dung toan dién nham hd trg ngudi st dung ngdn ngit ky hiéu trong viéc hoc
va giao tiép. Ung dung nay giai quyét cac thach thirc trong viéc giao tiép hiéu
qua véi ngudi khong st dung ngon ngit ky hi¢u va cai thién trai nghiém hoc
tap cua nguoi dung. Céc tinh ndng nhu nhan dién bang chit cai va tr nglt ngdn
ngir ky hiéu, chuyén dbi vin ban thanh hanh dong, hd trg da ngdn ngit va chirc
nang dau ra giong néi tich hop gitp tao diéu kién cho su hoa nhap va tiép can
thong tin, gop phan tao nén mot xa hoi cong bang va bao dung hon cho cong

d6ng nguoi khiém thinh va cam.
Cong nghé¢ sir dung:

- Nhan dién bang chit cai va tir ngit ngon ngit ky hiéu: Ung dung tich
hop cac thuat toan tién tién dé nhan dién bang chit cai va tir ngi
trong ngdn nglt ky hicu.

- Chuyén ddi van ban thanh hanh dong: Tinh ning nay gitp ngudi
hoc hiéu va thuc hanh céc cir chi ngdn ngir ky hiéu dya trén vin ban.

- HO tro da ngon ngit: Ung dung hd tro nhiéu ngdn ngit, giup ngudi
ding co thé giao tiép voi nguoi khong biét ngon ngir ky hiéu bang
ngon ngir cua ho.

- Chirc nang dau ra giong néi tich hop: Ung dung cung cap chiic ning

dau ra giong nodi dé hd tro ngudi dung giao tiép hiéu qua hon.
Két qua dat dwoc:

- Ung dung da phat trién cac thuat toan tién tién dé nhan dién chinh
xac bang chir cai va tir nglr ngdn ngit ky hicu.

- Chuyén d6i van ban thanh hanh dong gitp ngudi hoc hiéu va thuc
hanh ngdn ngtr ky hi¢u mot cach hi¢u qua.

- HO tro da ngdn ngit gitp ngudi dung giao tiép d& dang véi ngudi

khong biét ngdn ngir ky hiéu.
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- Chirc ning dau ra giong noi tich hop gitp ting cudng kha ning giao
tiép ctia nguoi dung.
2.2.2 Software based sign language converter

Nhom tac gid: Keerthi S Warrier va cac cong su tai 2016 [7] International Conference

on Communication and Signal Processing (ICCSP)

Nhom tac gia da phat trién thanh cong mot cong cu chuyén doi 4m thanh thanh ngén
ngit ky hiéu dua trén Python, nham cai thién kha ning giao tiép cho nguoi khiém
thinh va ngudi cam. Bang cach str dung céc k¥ thuat X Iy Ngon ngit Tu nhién (NLP)
tién tién, cong cu nay c6 thé chuyén doi dau vao giong noi séng thanh cac cir chi ngdn
nglr ky hi¢u, tao diéu kién cho su hoa nhap va giao tiép hi¢u qua gitra nguoi khiém
thinh va cong dong khong khiém thinh. Cong cu nay khong chi hd tro giao tiép ma
con 1a mot phuong tién hoc tap ngdn ngit ky hiéu hitu ich, gop phan nang cao kha

nang ti€p cén va tao ra cac két ndi y nghia trong xa hoi.
Cong nghé¢ sir dung:

- Nhan dién cir chi tay: Hé théng nhan dién ctr chi tay ctia ngudi khiém thinh
sir dung phan mém LabVIEW dé phan tich va nhan dang cac cir chi ky hiéu
ngon ngir (ASL Gestures).

- Chuyén ddi ctr chi thanh van ban va giong nodi: Khi nhan dién dugc cir chi,
hé thong s& chuyén doi thanh vin ban twong (g va sau d6 chuyén dbi vin
ban nay thanh giong noi. Vi du, khi ngudi khiém thinh thuc hién cir chi cho
s6 5, hé thong s& hién thi van ban "FIVE" va phat am tir ndy qua loa.

- Léap trinh dd hoa: Cong cu nay su dung 1ap trinh dd hoa dé tao giao di¢n

nguoi dung than thién, gitp dé dang st dung va thao tac.
Két qua dat duwoc:

- Cai thién giao tiép: Cong cu nay gitip nguoi khiém thinh c¢6 thé giao tiép
hiéu qua hon vé&i nguoi khong biét ngon ngir ky hiéu ma khong can su hd

trg cua phién dich vién.
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- Tiém ning tng dung rong rai: Vi kha ning chuyén doi cir chi thanh giong
no6i, céng cu nay cé thé duoc tich hop trén cic nén tang web va di dong,
mé rong pham vi str dung va hd trg giao tiép trong nhiéu tinh hudng khac
nhau.

- Giam khoang cach giao tiép: Viéc str dung cong cu nay gitp giam khoang
cach giao tiép giita ngudi khiém thinh va nguoi khong khiém thinh, tao

di€u kién cho sy hoa nhap va giao ti€p hi€u qua hon trong xa hai.

2.2.3 Real-Time Gesture Based Sign Language Recognition System
Nhém téc gia: Jeet Debnath va cic cong su xuat ban 2024 [8] tai International
Conference on Advances in Data Engineering and Intelligent Computing

Systems (ADICS).

Cong trinh nghién ctru nay ctia nhoém tac gia da phat trién thanh cong mot hé
thong nhan dién ngon ngit ky hiéu dua trén cir chi trong thoi gian thuc, sir
dung k¥ thuat thi gidc may tinh va hoc sdu. Bing cach st dung Python,
OpenCV va MediaPipe Holistic, hé théng c6 thé udc luong chinh xéac tu thé
tay va co thé, sau d6 st dung mang no-ron LSTM dé nhan dién cac cir chi
ngdn ngit ky hiéu. Hé thong dat duoc do chinh xac cao va do tré thap trong
nhan dién ngdn ngit ky hiéu, giup cai thién giao tiép giira cong déng nguoi
diéc va nguoi khong diéc. Nghién ciru nay mé ra cac hudng di méi cho viée
phat trién cac cong cu giao tiép hoa nhap va tiép can, dong thoi thac day sy

phat trién cta cac ung dung trong gido duc, tiép can va tuong tac xa hoi.
Cong nghé sir dung:

- Xu ly anh va Thi gidc may tinh: St dung Python, thu vién OpenCV
(Open-Source Computer Vision Library) va MediaPipe Holistic dé
wdc lugng tu thé tay va co thé trong thoi gian thuc.

- Mang no-ron LSTM (Long Short-Term Memory): Hé théng sir dung
LSTM dé xir Iy cac dir liéu vé cir chi va tu thé, nhd kha ning mo

hinh héa cic chudi va ngit canh trong ngdn ngir ky hiéu.
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- Hoc chuyén giao (Transfer Learning): Ap dung k¥ thuat hoc chuyén
giao dé tinh chinh mé hinh, cai thién hiéu suét nhan dién ngon nglr
ky hiéu.

Két qua dat duoc:

- He théng c6 thé nhan dién chinh xé4c cac cir chi cia Ngon ngit Ky
hiéu My (ASL) trong thoi gian thuc, v6i do chinh x4c cao va do tré
thap.

- MO0 hinh ¢6 kha nang hoc va nhan dién cac ctr chi trong cac cau hoac
cum tr, nho kha nang hoc cac phu thudc thoi gian va ngit canh trong
ngon ngtt ky hiéu.

- Hé thong d3 dugc danh gia va chimg minh hiéu qua trong cac kich
ban thuc té, hd tro tot cho giao tiép gitra nguoi diée va nguoi khong
diéc.

2.2.4 Deaf talk using 3D animated sign language: A sign language
interpreter using Microsoft's kinect v2

Nhém tac gia: Mateen Ahmed va cac cong sy xuat ban 2016 [9] tai

SAI Computing Conference (SAI).

Cong trinh nghién ctru ndy ctia nhém tac gia da phat trién thanh cong
hé thong Deaf Talk sir dung cong nghé Kinect for Windows V2 ciia
Microsoft dé tao ra mot cong cu phién dich ngén ngit ky hiéu va dich
ngodn ngit ndi thanh ngdn ngit ky hiéu. Hé thong nay cung cap ché do
giao tiép hai chiéu gitra ngudi sir dung ngdn ngit ky hiéu va ngudi noi
ngdn ngit tw nhién, gitip giam bt rao can giao tiép va tao dicu kién cho
su hoa nhap trong xa hoi. Vo1 do chinh xac cao trong viéc nhan dién va
chuyén d6i, hé thong Deaf Talk dong gép quan trong vao viéc cai thién

giao tiép cho cong dong nguodi di€c va nguodi c6 kho khén vé thinh giac.

Cong nghé sir dung:
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- Kinect for Windows V2: Stir dung cam bién Kinect dé nhan
dién céc ctr chi ngdn ngit ky hiéu va chuyén doi chung thanh
giong no6i, ddng thoi chuyén dbi ngdn ngir nédi thanh ngdn
ngtt ky hiéu.

- Chuyén d6i cir chi thanh giong noi: Ngudi st dung ngon ngi
ky hi¢u thyc hién cac cur chi trong pham vi nhin cua Kinect.
Hé théng nhan dién cac ctr chi nay, so sanh vdi co so dit li€u
da dugc huan luyén, va chuyén doi thanh tir khoa tuong img.
Sau d6, cac tir khoa nay dugc chuyén doi thanh giong noi
thong qua mo-dun chuyén doi van ban thanh giong noi.

- Chuyén d6i giong noi thanh ngén ngit ky hiéu: Nguoi noi
ngén ngtt tu nhién dung trong pham vi nhin cua Kinect va
n6i bang ngdn nglt me dé (trong trudng hop nay 1a tiéng
Anh). Hé thong chuyén d6i giong n6i thanh vin ban, sau d6
anh xa cac tur khoa thanh cac cu chi ky hi¢u 3D da duoc luu

trit trude va hién thi cac hoat hinh nay trén man hinh.

Két qua dat dwoc:

- Hé théng Deaf Talk dat dwgc d6 chinh xac 87% cho viéc
chuyén doi giong noi thanh ngon ngir ky hiéu va 84% cho
viéc chuyén d6i ngon ngir ky hiéu thanh giong noi.

- Hé thdng cung cép ché do giao tiép hai chiéu hiéu qua, gitp
giam bot rao can giao tiép va thuc day sy hoa nhap trong

cong dong.
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2.2.5 Design and Development of Teaching and Learning Tool Using Sign
Language Translator to Enhance the Learning Skills for Students
With Hearing and Verbal Impairment

Nhoém tac gia: Mehwish Sultana va cac cong su xuét ban 2024 [10] tai Second

International Conference on Emerging Trends in Information Technology and

Engineering (ICETITE).

Cong trinh nghién ctru nay ctua nhom tac gia da phat trién thanh céng mot hé
théng hd trg hoc tap va giao tiép thoi gian thuc cho hoc sinh khiém thinh va
cam. Str dung cong nghé MediaPipe va kién trac LSTM, hé théng cho phép
chuyén ddi chinh xé4c gitra Ngon ngit Ky hiéu An D6 (ISL) va van ban. Ung
dung web than thién voi nguoi dung gitp tdng cuong kha ndng truy cap va st
dung, gop phan thuc day su hoa nhap va kha ning giao tiép. Nghién ctru nay
dai dién cho mot budc tién quan trong trong cong nghé tro gitp, thuc day su

hoa nhap va két ndi trong xa hoi, bat ké kha nang thinh giac cua ho.
Cong nghé sir dung:

- MediaPipe: Sir dung MediaPipe d¢ trich xuat cac diém chinh toan
dién, bao gdbm céac chuyén dong cua tay va biéu cam khudn mit.

- Kién trac LSTM (Long Short-Term Memory): St dung kién truc
LSTM két hop véi TensorFlow va Keras dé dién giai chinh xac ngon
ngtr ky hiéu.

- Chuyén d6i Ngon ngit Ky hiéu sang van ban va nguoc lai: Hé théng
cho phép nguoi ding nhap vin ban va chuyén doi thanh hoat hinh
ngon ngtr ky hi¢u, va nguoc lai, chuyén doi ngon ngtt ky hi¢u thanh
vin ban dé dam bao giao tiép muot ma.

- Ung dung web than thién voi nguoi dung: Phat trién tmg dung web
sir dung HTML, CSS, va JavaScript dé ting cuong kha ning truy

cap va str dung dé dang cho giao tiép thoi gian thyc.

Két qua dat duoc:
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- Hé théng cho phép chuyén dbi thoi gian thyc giita Ngon ngit Ky
hiéu An Do (ISL) va vin ban, cai thién kha ning hoc tap va giao
tiép cho hoc sinh khiém thinh va cam.

- Tinh ning chuyén d6i giita ngdn ngir ky hiéu va van ban giup nguoi
khong biét ngdn ngit ky hiéu c6 thé giao tiép tu nhién véi nguoi st
dung ngén ngir ky hi¢u.

- Ung dung web than thién v&i nguoi dung giup ting cuong kha ning

truy cap va sir dung, thuc day giao tiép hiéu qua.
2.3 Cac cong trinh nghién ciru lién quan tai Viét Nam

2.3.1. SOS - M4y phién dich ngon ngir ky hiéu danh cho ngwdi khiém thinh

Nhom téc gid: Nhom sinh vién Truong Dai hoc Bach Khoa - PHQG-HCM
(HCMUT) — Vong binh chon SV.STARTUP 2021

“Thiét bi giao tiép thong minh danh cho ngudi khiém thanh, khiém thinh -
Sound of Silence” (thiét bi SOS) 1a thiét bi giao tiép chuyén ngén ngir ky
hiéu sang vin ban va giong néi dé nhitng ngudi khiém thanh, khiém thinh dé
dang trao d6i thong tin véi moi nguoi.

05 sw khac biét tao nén SOS do6 la:

- Tinh tién phong: San pham chua c6 trén thi trudng Viét Nam.

- Tinh cép thiét: Nhiing nguoi khuyét tat ndi chung, ngudi khiém thanh, khiém
thinh noi riéng rat it duoc tiép can cac dichvuy té, gido duc, ty 1¢ thét
nghiép cao va trén ca nudc ta sd lwong phién dich ngon ngir ky hiéu chuyén
nghiép lai chi ¢ khoang hon 10 nguoi. Vi vay san pham chuyén tha ngi
(ngdn ngit ky hiéu) sang van ban va chit viét s& mang lai sy hd tro giao tiép
dang ké cho nguoi khiém thanh, khiém thinh.

- Phuong phap xtr Iy: Ap dung céac thuat todn hoc sdu va thi gidc mdy tinh dé
nhan dién va phién dich ngdn ngir ky hiéu trén phan cimg nhé gon vai do
chinh x4c cao.

- Thiét ké: MAu san phadm duoc nghién ctru phat trién nham ti uu hoa tinh
nang ma khong can tr¢ hoat dong sinh hoat thuong ngay.

- Chi phi: Gi4 thanh san pham thap phu hop v6i mirc thu nhap ngudi khuyét
tat nghe, noi.

Két qua dat dwoc:
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- Du 4n 1a giai phap ap dung cong nghé tri tué nhan tao Al dé chuyén dbi
ngdn ngit ky hiéu sang van ban va giong ndi tiéng Viét, gop phan gitp
ngudi khiém thanh khiém thinh d& dang giao tiép véi moi ngudi xung
quanh. Tir ma ngudn dén thiét ké san phim déu do nhém tir nghién ctru
ché tao. SOS mong mubn dem dén mot san phém c6 tinh thiét thuc, nhan
van sdu sic, giup cong ddng ngudi khiém thanh khiém thinh ¢ Viét Nam
dé dang hoa nhép voi cong ddng, tiép cin cac dich vu xi hdi nhu gido
duc, y t& va co hoi phat trién ban thin toan dién nhu nhitng ngudi binh
thuong khac.

- Ké hoach san xuit vé quy trinh, céng nghé 14 hoan toan kha thi va sin
sang trién khai véi s6 luong phit hop nhu cau cua thi trudng.

- Co céu chi phi, gia thanh san pham 13 hoan toan kha thi va c6 thé mang
lai loi nhuan cao.

- San phém hién tai chua c6 trén thi truong Viét Nam nén chua co ddi tha
canh tranh. San pham c6 gia tri vi cong dong, dong vai trod tién phong
trong viéc x6a bo rao can giao tiép v4i ngudi khiém thanh, khiém thinh.

- San pham hudng dén ddi twong 13 nhitng ngudi khiém thanh, khiém
thinh, dap img dugc nhu cau cia khach hang thong qua cac khao sat thi
truong nhu cau tai Viét Nam.

2.3.2. Thiét bi giao tiép théng minh danh cho ngudi khiém thanh, khiém
thinh — Speak your mind” (SYM)
Nhoém tac gia: Nhom sinh vién truong DH Bach khoa (BPHQG TP. HCM)

“Thiét bi giao tiép thong minh danh cho ngudi khiém thanh, khiém thinh —
Speak your mind” (SYM) 1a thiét bi giao tiép s dung cong nghé Al dé
chuyén ngon ngir ky hiéu sang vin ban va giong néi phat ra tir cac thiét bi
dién thoai théng minh dé nhirng nguoi khiém thanh, khiém thinh dé dang
trao d6i thong tin voi moi ngudi. San pham 1a mot thiét bi tich hop phan
mém thong minh nham hd tro ngudi khiém thanh ¢ thé twong tac véi moi
ngudi mot cach dé dang va thuén tién hon bang cach chuyén doi thi ngir
thanh van ban va giong néi. Thiét bi bao gdm bao gém hai thanh phan: mo-
dun camera duoc gén trén nén va ung dung trén dién thoai Android.

Két qua dat duoc:

- Lam chu cong nghé san xuat, toan bd ma ngudn do nhom ty xay dung,
thiét ké, hoan toan chua cé trén thi truong Viét Nam ciling nhu trén thé
gidi.

- Toan bd san pham dugc ma hoa bang tiéng Viét, dé dang str dung dbi véi
khach hang. Bén canh d6, thiét bi ciing tich hop cac ngon ngit khac nhau
dap tng cac doi tugng khach hang trén toan thé gidi.
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- La san phdm vé6i nhirng tinh ning dap tmg duogc nhirng yéu cu cua khach
hang thong qua cac khdo sat thi truong nhu cau tai Viét Nam.

- Chét luong san pham t6t, gia ca hop 1y phit hop cho ngudi thu nhap thap,
thich hop cho moi d tudi, thiét ké nho gon, dé lap dat, dé mang theo bén
ngudi moi lic moi noi.

2.3.3. SIGNTEGRATE - Ung dung dich thuat Ngon ngir ki hiéu sir dung
tri tué nhan tao Viét Nam

Nhém tac gia: Nhom hoc sinh S& Giao duc va bBao tao Ha Noi — Vong binh
chon SV.STARTUP 2021

Signtegrate 1a ung dung phién dich Ngon ngitr ki hi¢u Ha N6i thanh ngon
nglr DPoc-Viét tiéng Viét dau tién tai Viét Nam.

Str dung cong nghé nhan dién Trich chon Khung xuwong vdi d chinh xac cao
khi nhan dién trong thoi gian thuc do Google sang ché nham chirc ning dich
thuat video thao tac Ngon ngir ki hiéu Ha Noi sang vin ban Tiéng Viét.

Nhom du an Signtegrate dua ra nhitng tinh maé1 va vu viét nhu:

- La ung dung dich thuat Ngon ngit ki hiéu Ha Noi ¢6 chutc ning xir 1y tiéng
Viét dau tién dugc phat trién va dua vao thir nghiém danh cho ngudi Khiém
Thinh tai Viét Nam.

- La g dung c6 kha nang xtr Iy nhén dang video dong trong thoi gian thuc
dau tién cta Viét Nam.

-La phén mém dau tién nhan dang dich thuat Ngon ngir ki hi¢u theo cau,
d6ng thoi d6 chinh xac 1én dén 90%, khong bi anh huong bai yéu tb gay
nhiéu nén nhu 4nh sang, méi trudng hay goc nghiéng khong dang ké khi
quay.

- Giao dién bat mat, than thién voi nguoi dung.

- Phuc vu nhu cau giao tiép 16n con dang gip kho khin cua cong dong ngudi
st dung Ngon ngit ki hiéu tai Viét Nam, dac biét trong hoan canh dich bénh
Covid-19 gay kho khin cho giao tiép va hoa nhap truc tuyén trén toan cau.

San pham dich vu 14 hoan toan m&i chua c6 trén thi truong. La giai phap y
nghia va thiét thyc dau tién cho bai todn khong con méi mé nhung van vo
cuing nan giai cta x4 hoi sudt hang thap ki qua, van dé giao tiép con gip kho
khin cta cong dong ngudi Khiém Thinh tai Viét Nam.

Két qua dat duoc:
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- Xay dung thanh cong rng dung demo Signtegrate.

- Phan mém da chay trén thoi gian thyc, dich thanh cong 10 cau thoai
pho bién trong x4 giao thuong ngay va co do chinh xac t6t (90%).

- Qua trinh nhan dang trén thoi gian thuc nhanh: hién thi noi dung cua
hanh dong sau 1 gidy ké tir khi m6 hinh da thu du sb lvong khung
hinh (120) ¢ camera.

- Nhoém dang trong qua trinh x4y dung ké hoach khai nghiép, xtc tién
thuong mai.

2.3 Phwong phap dé xuat

Dua vao cac cong trinh nghién ctru lién quan, nhém dé xuat xay dung mot hé

théng dich ngdn ngit n6i sang ngdn ngir ky hiéu (Spoken to Signed Language

Translation) theo cac budc sau day:

1. Nhan dang giong ndi va xac dinh ngon ngir:

Trude hét, hé théng s€ st dung cac mo hinh nhan dang giong noéi
tién tién nhu Whisper hodc cac giai phap cua Google dé chuyén d6i
giong no6i thanh van ban.

Tiép theo, sir dung cac md hinh nhan dién ngdn ngir tu dong nhur
Google’s cld3 hodc MediaPipe Solutions dé xac dinh ngon ngir ciia
vin ban dau vao. Viéc nay dam bao hé thong ¢ thé xir Iy nhiéu ngdn
ngtt khac nhau, cdi thién trai nghiém nguoi dung va d¢ chinh xéc
cua dich.

Vin ban dau vao s& duoc chuin hoa thong qua moé hinh LLM (Large

Language Models) dé dam bao chét luong dich thuat cao hon.

2. Dich van ban sang ngon ngir ky hiéu:

Vin ban chuan hoa s& duoc dich sang SignWriting bang cac mé hinh
dich may nhu Conditional Variational Autoencoder (CVAE).

Sau d6, cac md hinh nhu SMPL-X sé& dugc st dung dé chuyén doi
SignWriting thanh chudi Pose, tao ra cac hinh anh dong 3D cho

ngon ngir ky hiu.
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3. Tao hinh dnh ddng 3D va avatar song dong:

- Cac mé hinh Mang than kinh tich chap (Convolutional Neural
Network) va Generative Adversarial Networks (GAN) s& gitp tao
ra cac avatar 3D sdng dong, hd trg nguoi dung dé dang theo ddi va
hiéu ngén ngit ky hiéu hon.

4. Tich hop va trién khai h¢ thong:

- Cudi cung, h¢ théng s€ duoc tich hop va trién khai trén nén tang
web.

- Thuyc hién thir nghiém va tinh chinh dé dat dugc hiéu suat ti wu va

phan héi tich cuc tir ngudi dung.
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CHUONG 3. CO SO LY THUYET
3.1 Giéi thiéu ngon ngir ky hiéu

Ngon ngir ky hiéu (Signed Language - con goi 1a Sign Language ) 1a ngon ngir
sir dung phuong thirc cir chi - hinh anh dé truyén dat y nghia thong qua cach
phat 4m thi cong két hop véi cac yéu td khong thu cong nhu khudn mit va co
thé. Chung dong vai tro 1a phuong tién lién lac chinh cta nhiéu ngudi khiém
thinh va khiém thinh. Tuwong ty nhu ngdn ngir ndi, ngdn ngit ky hiéu 1a ngdn
ngir tu nhién duoc diéu chinh béi mot bo quy tic ngdn ngir [4], ca hai déu xuat
hién thong qua mot qua trinh 130 hoa kéo dai, triru twong va phat trién tu nhién
theo thoi gian. Cac ngon ngit ky hiéu khong phd bién hoic khong thé hiéu
duoc 14n nhau, mic du ching thudng c¢6 nhirng diém twong dong ndi bat giita
chung. Chung cling khéc biét vdi cadc ngoén ngilt ndi, tire 1a Ngon ngilt ky hiéu
M5 (ASL) khéng phai 1a mot dang tiéng Anh truc quan ma 14 ngdn ngir doc
dao cua riéng nd.

X 1y ngon ngir ky hiéu (Bragg va cong su, 2019 [5] ; Yin va cOng sy, 2021
[6]) 1a mot linh vie m&i ndi cia tri tué nhan tao lién quan dén viée xur 1y va
phan tich tu dong ndi dung ngdn ngir ky hi¢u. Mac du nghién ctru tap trung
nhiéu hon vao cac khia canh tryc quan ciia ngdn ngit ky hiéu, nhung day 1a
mot linh vuc phu cua ca Xt Iy ngoén ngr ty nhién (NLP) va Thi gidc may tinh
(CV). Nhitng thach thirc trong xir Iy ngdn ngit ky hiéu thuong bao gdm dich
may céac video ngoén ngit ky hi€u thanh van ban ngdn ngit néi (dich ngdn ngi
ky hiéu), tir vin ban ngdn ngi néi (san xuat ngdn ngit ky hiéu) hodc nhin dang
ngon ngir ky hiéu dé hiéu ngon ngir ky hidu.

That khong may, nhiing tién bd méi nhét trong tri tué nhan tao dua trén ngon
ngir, nhu dich may va trg 1y ca nhan, chi yéu cau dau vao 1a ngdn ngit noi (vin
ban hodc 101 nodi dd phién am), loai trir khoang 200 dén 300 ngon ngir ky hiéu

khac nhau (Lién hop qudc 2022 [7]) va téi 70 triéu ngudi khiém thinh (T6
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chtrc Y t& Thé giéi 2021 [8] ; Lién doan Ngudi khiém thinh Thé gidi 2022
[9]) .

Trong sudt chiéu dai lich sir, cong ddng ngudi khiém thinh d3 d4u tranh cho
quyén duogc hoc va st dung ngdn ngit ky hiéu va cho su cong nhan cong khai
cua ngdn ngir ky hiéu 1a ngén ngt hop phép. Ngon ngit ky hi€u 1a phuong thirc
giao tiép tinh vi, it nhat 1a c6 kha ning nhu ngén ngit néi & moi khia canh, ca
vé ngon ngit va xi hoi. Tuy nhién, trong mot xa hoi chi yéu 13 truyén miéng,
nguoi khiém thinh lién tuc dugc khuyén khich sir dung ngon ngit noi thong
qua viéc doc khéu hinh hodc giao tiép dua trén van ban. Viéc loai trir ngon ngir
ky hiéu khoi cac cong nghé ngon ngit hién dai cang lam han ché viéc ky hiéu
dé ung ho ngdn ngit ndi. Viée loai trir nay bo qua sé thich ciia cong ddng nguoi
khiém thinh, nhitng nguoi rat thich giao tiép bang ngén ngit ky hiéu ca truc
tuyén va trong cic tuong tac hang ngdy truc tiép, giita ho véi nhau va khi
tuong tac véi cac cong dong ngdn ngit noéi (CA Padden va Humphries 1988
[10]; Glickman va Hall 2018 [11]) . Do d6, viéc lam cho ngdn ngit ky hiéu dé

tiép can la di€u can thiét.

Cho dén nay, mot luong 16n nghién ciru vé Xur 1y ngén ngir ky hiéu (Sign
language Processing - SLP) da tap trung vao khia canh tryc quan cia ngdén ngx
ky hiéu, do cong ddng Thi giac mdy tinh (CV) din dau, véi rat it su tham gia
cua NLP. Trong tam nay khong phai 1a khong c6 1y, vi mdt thap ky trudc,
chung ta thiéu cac cong cy CV thich hop dé xur 1y video nham phén tich ngdn
nglr sdu hon. Tuy nhién, twong tu nhu ngdn nglt no61, ngdn ngr ky hiéu la hé
théng hoan chinh thé hién tat ca cac dic diém co ban cia ngdn ngit tu nhién
va cac k¥ thuat SLP hién tai khong giai quyét hodc tan dung day du ciu trac
ngon ngtr cua ngén nglt ky hiéu. Cac ngdn nglr ky hi€u dua ra nhiing thach
thirc méi cho NLP do phuong thirc ctr chi thi giac, tinh dong thoi, sy gin két
vé khong gian va thiéu hinh thuc viét. Viéc thiéu dang vian ban khién cho quy

trinh x{r Iy ngdn ngir néi - thuong bat dau bang phién 4m am thanh trude khi
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xur ly - khong twong thich véi ngdn nglr ky hiéu, budc cac nha nghién ctru phai

lam viéc tryuc ti€p trén tin hi¢u video tho.

Hon ntra, SLP khong chi hép dan vé mit tri tué ma con la mot linh vuc nghién
clru quan trong c6 tiém ning to 16n mang lai loi ich cho cong dong ngdn ngir
ky hiéu. Cac tng dung c6 loi dugc hd tro bdi cong nghé ngon ngir ky hiéu bao
g@)m cai thién tai liéu vé céc ngdn nglr ky hi¢u dang bi de doa; cac cong cu
gido duc danh cho ngudi hoc ngdn ngit ky hiéu; cac cong cu dé truy van va
truy xuat thong tin tir cac video ngén ngit ky hiéu; tro Iy c4 nhan phan tng véi
ngon nglt ky hi€u; phién dich ngdn ngtr ky hiéu tu dong theo thoi gian thuc;
va nhiéu hon nira. Piéu can lam 1a khi giai quyét linh vic nghién ctru nay, cac
nha nghién ctru nén 1am viée cung va dudi sy chi dao cua cong dong nguoi
khiém thinh, va trén hét 1a mang lai loi ich cho cong dong ngdén ngir ky

hiéu (Harris, Holmes va Mertens 2009 [12]) .

Trong béo cdo nghién ctru ndy, nhdm nay md ta cac cach biéu dién khic nhau
duogc stir dung dé xur Iy ngdn ngir ky hi€u, cling nhu khao sat cac nhi¢m vy khac

nhau va nhirng tién bo gan day vé chung.
3.2 Lich sir ciia ngdén ngir ky hiéu va vin héa nguwoi khiém thinh

Trong sudt lich sir hién dai, ngdn ngit no1 chiém wu thé, dén murc ngdn ngir ky
hi€u phai vat 16n dé duoc cong nhan 1a ngon ngir riéng va cac nha gido duc da
phat trién nhitng quan niém sai 1am rang viéc hoc ngdn ngir ky hiéu c6 thé can
tré sy phat trién cia cac k¥ niang noéi. Vi dy, vao nam 1880, mot hoi nghi qubc
té 16n cua cac nha giado duc khiém thinh c6 tén 1a "Pai hoi quéc té 1an thi hai
vé gido duc nguoi khiém thinh" (“Second International Congress on Education
of the Deaf” ) da cAm giang day ngon ngir ky hiéu, thay vao d6 tung ho liéu
phap ngon ngit. Phai dén khi cong trinh quan trong vé Ngon ngit ky hiéu Hoa
Ky (ASL) cua Stokoe Jr ( 1960 [13]) thi ngon ngit ky hiéu méi bat dau duoc
cong nhan 1a ngdén nglr ty nhién, doc 1ap va duogc dinh nghia rd rang, diéu nay

da truyén cam hing cho cac nha nghién ciru khac kham phé thém ngén ngir
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ky hiéu nhu mot linh vuc nghién ctru. Tuy nhién, thai do 15i thoi coi nhe ngdén
ngit ky hiéu van tiép tuc gay hai va khién nhiéu ngudi bi bé bé ngon ngir
(Humpbhries va cong su 2016 [14]) . Mot s6 nghién ctru dé chi ra rang tré em
khiém thinh chi 16n 1én bing ngdn ngir néi, khong duoc tiép can di véi ngdn
ngir dau tién trong giai doan quan trong cia qua trinh hoc ngdn ngit (Murray,
Hall va Snoddon 2020 [15]) . Sy thiéu hut ngén ngir ndy c6 thé dan dén hau
qua subt doi ddi voi su phat trién nhan thirc, ngon ngit, xa hdi, cam xuc va hoc

tap ctia ngudi khiém thinh (Hall, Levin va Anderson 2017 [16]) .

Ngbn ngit ky hiéu 12 ngon ngir giao tiép chinh cta nguoi diée va 1a trung tim
clia cong dong nguoi diéc. Trude ddy, viéc khong cong nhan ngon ngit ky hiéu
13 hé thdng ngdn ngir ty nhién hoan chinh theo ding nghia ctia ching da gay
ra nhitng tac dong bat loi va trong mot thé gidi ngay cang sd hoa, nghién ctru
NLP nén cd gang tao ra mot thé giéi ma tit ca moi ngudi, bao gém ca ngudi
diéc, déu co thé tiép can voi cac ngdn ngit phu hop voi trai nghiém sdng cia
ho.

3.3 Tong quan vé ngon ngir ki hi¢u

Ngbn ngit ky hiéu bao gdm cac cap d6 ciu triic 4m vi, hinh thai, ca phap va
ngir nghia dap Gmg cac muc dich xa hoi, nhan thirc va giao tiép gidng nhu cac
ngdn ngir tw nhién khac. Trong khi ngdn ngir ndi chu yéu truyén tai phuong
thtrc thinh gidc, miéng, thi ngoén ngtr ky hi€u lai sir dung phuong thirc thi giac
- ctr chi, dya vao khudn mit, ban tay, co thé va khong gian xung quanh cta
nguoi ky dé tao ra sy khac biét vé ¥ nghia. Bao cdo trinh bay cic dic diém
ngon nglr cia ngdn nglr ky hi¢u ma cac nha nghién ctru phai xem xét trong qua

trinh 1ap mo hinh cua ho.
Ngir am hoc

Céc dau hiéu bao gdm cac don vi tbi thiéu két hop cac dic diém thu cong nhu

cAu hinh ban tay, huéng long ban tay, vi tri, tiép xtc, chuyén dong duong di,
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chuyén dong cuc bo ciing nhu céc dic diém khong thu cong bao gdbm khau do
mat, chuyén dong dau va dinh vi than (Liddell va Johnson 1989 [17];
Johnson va Liddell 2011 [17]; Sandler 2012 [18] ; Khong phai tit ca cac 4m
vi c6 thé c6 déu duoc thé hién bang ca ngdn ngit ky hiu va ngdn ngit ndi,
dong thoi viéc kiém ké cac am vi/dac diém cua hai ngdén ngit c6 thé khong
trung lap hoan toan. Cac ngdn ngir khac nhau ciing phai tuan theo cac quy tic

vé sy két hop céc tinh ning duoc phép.
Tinh dong thoi

Mic di mot ky hiéu ASL mét khoang gap doi thoi gian dé tao ra mot tir tiéng
Anh, nhung téc do truyén tai thong tin gitta hai ngdén ngit 13 twong tu
nhau (Bellugi va Fischer 1972 [19]) . M6t cach ngén ngit ky hiéu bu dap cho
tdc do tao ra ky hiéu cham hon 13 thong qua tinh dong thoi: Ngén ngit ky hiéu
stt dung nhiéu tin hiéu thi gidc dé truyén dat thong tin khac nhau cing mot
lac (Sandler 2012 [20]) . Vi du, ngudi ky hiéu c¢6 thé tao ra ky hiéu cho "cbc"
bang mot tay trong khi dong thoi chi vao cdc thuce té bang tay kia dé dién dat
"cai coc d6". Tuong tu nhu giong diéu trong ngdn ngit n6i, khuon mit va than
minh c6 thé truyén dat thong tin tinh cam bo sung (Liddell 2003 [21]; Johnston
va Schembri [22]) . Biéu cam khuon mit c6 thé sira doi tinh tir, trang tir va
dong tir; mot cai lic dau co thé phu dinh mdt cum tir hoac cau; hudng mét ¢
thé gitip chi ra nguoi tham chiéu.

Tham chiéu

Ngudi noi ngon ngir ki hiéu 6 thé gidi thidu nguoi tham chiéu trong bai phat
biéu bang cach chi vao vi tri thuc té ciia ho trong khong gian hodc bang cach
chi dinh mot viing trong khong gian ky hi¢u cho mot nguoi tham chiéu khong
c6 mit va bang cach chi vao ving nay dé tham chiéu dén nguoi d6 (Rathmann
va Mathur 2011 [23] ; Schembri, Cormier va Fenlon 2018 [24] ) . Nguoi noi
ngdn ngir ky hiéu ciing co thé thiét 1ap mbi quan hé gitra nhirng nguoi tham

chiéu dua trén khong gian ky hiéu bang cach sir dung cac dau hiéu chi huéng
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hodc thé hién nguoi tham chiéu béng cach dich chuyén co thé hodc nhin cham
cham (Dudis 2004 [25] ; Liddell va Metzger 1998 [26]) . Tham chiéu khong
gian ciing tic dong dén hinh thai khi tinh hudng cua dong tir phu thude vao vi
tri cia ngudi tham chiéu dén chu ngit va/hoic tan ngit ctia nd (Beuzeville 2008
[27] ; Fenlon, Schembri va Cormier 2018 [28]) : Vi du, m{t dong tir chi hudng
c6 thé di chuyén tir vi tri chi ngit ctia né va két thac & vi tri tin ngit cta no.
Trong khi méi quan hé giita tham chiéu va dong tir trong ngdn ngit ndi mang

tinh tily ¥ hon, mdi quan hé tham chiéu thudng dya trén ngén ngit ky hiéu.

Mot cach khac ma céac thuc thé an du duoc tham chiéu trong ngén ngi ky hiéu
1a sir dung cac bd phan loai hoic mé ta cac dau hiéu (Supalla 1986 [29] ;
Wilcox va Hafer 2004 [30]; Roy 2011 [31]) gitip mo ta cac dic diém cua vat
dugce am chi. Cac bo phan loai thuong 13 cac dau hiéu bang mot tay khong co
vi tri hoac chuyén dong cu thé duoc gan cho chung hoac rut ra cac dac diém
tr dién ngon c6 y nghia (Liddell va nhitng ngudi khac 2003 [21]), vi vay
ching co thé dugc su dung dé truyén dat mdi lién hé cua vat duoc dé cap voi
céc thuc thé khac, mé ta nd nhu thé ndo. chuyén dong va cung cap thém thong
tin chi tiét. Vi du: dé ké vé mot chiéc 6 t6 chuyén hudng va ddm vao, nguoi ta
c6 thé str dung bo phan loai bang tay cho mot phuong tién, di chuyén né dé

biéu thi sy chuyén hudng va dam n6 véi mot thuc thé khac trong khong gian.

Pé trich dan modt nguoi ndo d6 khong phai chinh minh, nguoi ky thuc
hién chuyén d6i vai tro (Cormier, Smith va Sevcikova-Sehyr 2015 [32]) , noi
ho c6 thé dich chuyén vt 1y trong khong gian dé danh diu sy khac biét va thé
hién mot sé dic diém cua nhitng ngudi ma ho dai dién. Vi du, dé ké lai doan
hoi thoai giita ngudi cao hon va ngudi thap hon, nguoi ra ddu c6 thé dich sang
mot bén va nhin 1én khi ¢dam nhan vai nguoi thap hon, chuyén sang phia bén

kia va nhin xudng khi dam nhan vai nguoi cao hon.

Panh van bing ngon tay
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Fingerspelling 13 két qua cta su tiép xtc ngodn ngit giita ngdn ngit ky hiéu va
ngdn ngit n6i xung quanh dang viét (Battison 1978 [33]; Wilcox 1992 [34] ;
Brentari va Padden 2001 [35] ; Patrie va Johnson 2011 [36]) . M0t tap hop cac
ctr chi bang tay twong tng véi mot hé thdng chinh ta hodc ngit Am viét. Hién
tugng nay, dugc tim thay trong hau hét cac ngon ngit ky hiéu, thudng duoc sir
dung dé chi tén hodc dia diém hodc khai niém méi tur ngdn ngit no6i nhung
thuong dugc tich hop vao ngdn ngit ky hiéu nhu mot chién luoc ngdn ngir
khéc (Padden 1998 [37] ; Montemurro va Brentari 2018 [38] ) .
3.4 Biéu dién ngén ngir ki hiéu

Biéu dién 12 mot thach thirc déng ké d6i véi SLP. Khong gidng nhu ngdn ngir
n6i, ngon ngir ky hiéu khong co dang viét dugce chap nhan rong rii. Vi ngon
ngir ky hiéu duoc truyén dat théng qua phuong thirc thi gidc-ctr chi, nén ghi
hinh video 14 cach tryc tiép nhat dé ghi lai chung. Tuy nhién, vi video bao gébm
nhiéu thong tin hon mirc can thiét d¢ mo hinh hoa va ton kém dé ghi hinh, luu
trit va truyén tai, nén nguoi ta di tim kiém mot biéu dién c6 chiéu thip hon.
Hinh duéi day minh hoa timg biéu dién ngdn ngit ky hiéu ma bao céo s& mé
ta bén dudi. Trong phan trinh dién nay, bdo cdo giai ciu trac video thanh cac

khung riéng 1¢ dé minh hoa su lién két ctiia cac chu thich gifra video va céc

phan trinh bay.
Video Stream
D f _“\ /\ —\ /". ‘73\ T “\ / \’77«“\ LN \ ‘,.,7;” |\ ) A A £\ / ,\
/ ‘ / i ‘L. / \. J(/ v ‘ —JJ‘/ V) N/ \‘ N 7| "\ i \ IF’; . \ f:; { \ [,\ ,\,‘,\ ,"Q / “ ]‘\/‘
: : 107 FRAMES
e 1 ** &
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ASL Gloss

Hinh I Hinh minh hoa tirng biéu dién ngon ngiv ky higu trong bdo cdo
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Video

La cach thé hién tryc tiép nhat ctia ngdn ngir ky hiéu va co thé két hop day du
thong tin dugc truyén tai thong qua ky hiéu. Mot nhuoc diém 16n cua viée sir
dung video 1 tinh da chiéu cao ciia chung: Chiing thuong bao gdm nhiéu thong
tin hon mirc can thiét dé mo hinh héa va tén kém dé luu trit, truyén tai va ma
hoéa. Vi cac dic diém khudn mit 12 yéu t6 thiét yéu trong ky hiéu, viéc an danh
video thd van 12 mot van dé chua c6 10i giai, han ché kha ning cong khai cac

video nay (Isard 2020 ).
Tu thé by xwong

Giam cac tin hiéu thi giac trong video thanh cac khung ludi hodc ludi gidng
nhu by xuong thé hién vi tri ctia cac khép. KV thuat nay da duoc st dung rong
rdi trong linh vyc thi gidc may tinh dé ude tinh tu thé ctia con nguoi tir dir liu
video, trong d6 muc tiéu 1a xac dinh cau hinh khong gian cua co thé tai mdi
thoi diém. Mic du co thé dat dugc ude tinh tu thé chat luong cao béng cach
stt dung thiét bi ghi lai chuyén dong, nhung nhitng phuong phap nhu viy
thudng ton kém va tén nhiéu cong sirc. Do d6, viéc udce tinh tu thé tir video da
tré thanh phuong phap duoc ua chudng trong nhitng nim gan day (Pishchulin
va cong su 2012; Chen va cdng su 2017; Cao va cong su 2019; Giiler,
Neverova va Kokkinos 2018) . So véi cac hinh anh thé hién béng video, cac
tu thé bo xuong chinh xac c6 d6 phirc tap thap hon va cung cip hinh anh thé
hién ban an danh cila co thé con ngudi, déng thoi quan sat thdy mirc do mat
thong tin twong ddi thap. Tuy nhién, ching van 13 mot biéu dién da chiéu, lién

tuc va khong phit hop voi hau hét cac mo hinh NLP.
H¢ thong ky hidu chir viét
Biéu dién cac ddu hiéu nhu cac dic diém truc quan ro1 rac. Mot sb hé théng

duoc viét theo dang tuyén tinh, va mot s6 khac st dung cac ky tu chir céi trong
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hai chiéu. Trong khi nhiéu hé thdng ky hiéu phd quat (Sutton 1990; Prillwitz
va Zienert 1990) va ky hiéu danh riéng cho ngdén ngir (Stokoe Jr 1060 ;
Kakumasu 1968 ; Bergman 1977) d dugc dé xuat, khong c6 hé théng chir viét
nao duoc bat ky cong dong ngdn ngir ky hiéu nao ap dung rong rai va viéc
thiéu cac tiéu chuan can tro viée trao doi va théng nhat cac ngudn lyuc va ing
dung giita cac du an. Hinh trén mé ta hai hé théng ky hiéu phd quat:
SignWriting (Sutton 1990), mo6t hé théng twong hinh hai chidu va
HamNoSys (Prillwitz va Zienert 1990) , mot ludng ky tu chit cai tuyén tinh

duoc thiét ké dé may co thé doc duoc.
Bong (Glosses)

La phién 4m cua cac ngdn ngit ky hiéu theo ting ky hiéu, véi mdi ky hiéu c6
mot mé dinh danh ngit nghia duy nhat. Trong khi cac du 4n kho ngir liéu ngon
ngir ky hiéu khac nhau da cung cip huéng dan vé chu thich do bong (Mesch
va Wallin 2015; Johnston va De Beuzeville 2016; Konrad va cong su 2018) ,
thi mot giao thuc chu thich do bong dugc ticu chuan hoa van chua duoc thiét
1ap. Chu thich d6 bong tuyén tinh d3 bi chi trich vi thé hién ngdn ngit ky hiéu
khong chinh x4c. Cac chu thich nay khong nim bat duoc tat ca thong tin duoc
thé hién dong thoi thong qua cac tin hiéu khac nhau, chang han nhu tu thé co
thé, 4nh mat hodc quan hé khéng gian, din dén mat thong tin c6 thé anh huong
dang ké dén hiéu suat & cac nhiém vu SLP sau nay (Yin and Read 2002; Miiller

etal.2013).

Miiller va cong su. ( 2023) tién hanh danh gia sau rong viéc st dung thuat ngir
trong nghién ciru dich thuat ngdn ngir ky hiéu va dua ra nhimg khuyén nghi
sau day cho nghién ctru st dung thuat ngi:

- Thé hién nhan thirc vé nhirng han ché cua cac phuong phép tiép can do

bong va thao luén ro rang vé chung.
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- Tap trung vao cac tap dir liu ngoai RWTH-PHOENIX-Weather-
2014T (Camgoz va cong sy, 2018) . Thao luan c61 mé vé quy mo han
ché va pham vi ngdn ngit cta tap dit liéu nay.

- St dung cac s6 lieu duoc thiét lap tdt trong MT. Néu sir dung
BLEU (Papineni et al. 2002), hdy tinh toan bing SacreBLEU (Bai
dang 2018) , bdo cao chit ky sb liéu va vo hiéu hoa mi thong bao noi
bd cho dau ra gloss. Khong so sanh véi diém sb duoc tao ra bang quy
trinh danh gi4 khac hodc khong xéac dinh.

- Do chu thich 1a dic thu cta ting ngit liéu nén can xir 1y cha thich theo
cach ddc thu cua tirng ngir liéu, dua trén cac quy udc phién am.

- Tbi vu hoa cac duong co so dich bong bang cac phuong phap dugc

chting minh 13 ¢6 hiéu qua d6i véi MT c6 nguon lyc thap.

Béng sau ddy minh hoa thém céc cach biéu dién khac nhau cho cac dau hiéu
biét 1ap hon. Trong vi du ndy, str dung SignWriting 1am hé thong ky hiéu. Luu
¥ rang cung mot ddu hiéu c6 thé c6 hai cach chi giai khong lién quan va cing

mot cach chu giai c6 thé ¢6 nhiéu ban dich ngén nglt n6éi hop 1€.
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Video Pose Estimation Notation Gloss English Translation

HOUSE House

WRONG-WHAT  What's the matter?

What's wrong?
" N7 DIFFERENT Different
BUT But

Hinh 2 Hinh minh hoa cic cich biéu dién khic nhau cho cdc déu hiéu
3.5 Cac bai toan cua ngon ngir ki hiéu
Cho dén nay, cong dong thi gidc may tinh chu yéu dan dat nghién ciru SLP tip trung
vao viée xtr Iy cac dic diém truc quan trong video ngdn ngit ky hiéu. Do d6, cac
phuong phap SLP hién tai khong giai quyét day du su phire tap vé mat ngdn ngir ciia
ngodn ngit ky hiéu. Bao cao khao sat cac tac vu SLP pho bién va nhitng han ché cia

cac phuong phap hién tai, dua trén cac 1y thuyét ngdn ngit cua ngdn ngit ky hiéu.

3.5.1 Phat hién ngon ngir ky hi¢u

Phat hién ngdn nglr ky hi¢u (Borg va Camilleri 2019 ; Moryossef va cong su
2020 ; Pal va cong su 2023 ) 1a nhi€ém vu phan loai nhi phan dé xac dinh xem
hoat dong ky hi€u co xudt hién trong mdt khung video nhét dinh hay khong.
Nhiém vu tuong tu trong ngdn ngilr n6i la phat hién hoat dong giong néi (VAD)
(Sohn, Kim va Sung 1999 ; Ramirez va cong sy 2004 ) , phat hién khi nao

giong noi cua con nguoi duge st dung trong tin hi€u am thanh. Vi cac phuong



phap VAD thudng dua vao cac biéu dién danh riéng cho giong néi nhu biéu

d6 pho nén chung khong nhat thiét phai ap dung cho video.

Borg va Camilleri (2019 ) di gi6i thiéu cach phan loai khung hinh 1y tir video
YouTube 1a ky hodc khong ky. Ho da ap dung cach tiép can khong gian va thoi
gian dua trén VGG-16 (Simonyan va Zisserman 2015 ) CNN dé ma hoa ting
khung hinh va str dung Pon vi tai phét c¢6 cong (GRU) (Cho va cong sy 2014
) dé ma hoa chudi khung hinh trong cira s6 20 khung hinh ¢ téc d6 5 khung
hinh / gidy. Ngoai khung thd, chung con ma hoa lich str ludng quang, lich sir

chuyén dong tong hop hodc chénh léch khung.

Moryossef va cong su. ( 2020 ) da cai tién phuong phap cua ho bang cach thyc
hién phat hién ngon ngit ky hiéu trong thoi gian thuc. Ho x4c dinh rang viéc
str dung ngon ngir ky hiéu lién quan dén chuyén dong cua co thé va do dé, ho
da thiét ké mot mo hinh hoat dong dya trén céc tu thé udce tinh cta con nguoi
thay vi truc tiép trén tin hiéu video. Ho d tinh toan dinh muc dong quang cua
moi khdp duge phat hién trén co thé va ap dung mé hinh bdi canh héa nong
nhung hiéu qua dé du doan cho moi khung hinh xem ngudi dé c6 dang ky hay

khong.

Mic dit cac mo hinh phat hién gan day nay dat duoc hiéu suat cao nhung chiing
t6i can dir liéu duoc chu thich rd rang, bao gdm ca sy can thiép va giy phién
nhiu véi cac truong hop khong ky dé danh gia chinh xac trong thé gidi thuc.
Pal va cong su. ( 2023 ) da tién hanh phan tich chi tiét vé tac dong cua su
chdng chéo ngudi ky giira tap huan luyén va tap kiém tra trén hai bo dir liéu
chuan phat hién du hiéu (Signing in the Wild (Borg va Camilleri 2019 ) va
DGS Corpus (Hanke et al. 2020 ) ) dugc sir dung boi Borg va Camilleri (2019
) va Moryossef va cong su. ( 2020 ) . Bang cach so sanh d6 chinh xac c6 va
khong c6 sy trung ldp, ho nhan théy hiéu suét giam tuong ddi dbi vai nhirng

ngudi ky khong c6 mit trong qua trinh dio tao. Do d6, ho da dé xuét cac phan
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vung tap dir liéu méi gitp loai bo sy chdng chéo giira tap hudn luyén va tap

kiém tra, dong thoi tao diéu kién danh gia hiéu suét chinh xac hon.

3.5.2 Nhan dang ngon ngir ki hi¢u
Nhan dang ngoén ngit ky hi€u (Gebre, Wittenburg va Heskes 2013 ; Monteiro
va cong su 2016 ) phan loai ngdn ngir ky hi€u nao dugc st dung trong mot

video nhét dinh.

Gebre, Wittenburg va Heskes ( 2013 ) di phat hién ra rang mot cong cu phan
loai rimg ngau nhién don gian sir dung phan bd 4m vi ¢ thé phan biét giita
Ngbn ngir ky hiéu Anh (BSL) va Ngon ngit ky hiéu Hy Lap (ENN) véi diém
F1 95%. Phat hién nay duoc ho tro thém boi Monteiro et al. ( 2016 ), dya trén
ban d6 hoat dong trong khong gian ky hiéu, quan 1y dé phan biét giita Ngon
nglr ky hiéu cia Anh va Ngon ngir ky hi¢u ctia Phap (Langue des Signes
Francaise, LSF) véi diém F1 98% trong cac video c6 nén tinh va giita Ngbn
ngir ky hiéu ctia My va Ngon ngit ky hiéu ctia Anh, v6i 70% diém F1 cho cac
video dugc khai thac tir cac trang chia sé video pho bién. Cac tac gia cho rang
thanh cong ctia ho chil yéu 13 nho cac hé thong danh van bang ngon tay khac
nhau, do 1a sir dung hai tay trong truong hop BSL va mot tay trong trudong hop
ASL va LSF.

Mic du nhitng két qua phén loai theo cip ndy c6 vé hira hen, nhung can c6
nhirng md hinh t&t hon dé phén loai tir mot tap hop 16n cac ngdn ngit ky hiéu.
Céc phuong phap nay chi dya vao cac dic diém truc quan cap thap, trong khi
ngon ngit ky hiéu c6 mot sé dac diém riéng biét & cap d6 ngon ngir, chang han
nhu su khac biét vé tur vung hoac ciu tric (McKee va Kennedy 2000 ;
Kimmelman 2014 ; Ferreira-Brito 1984 ; Shroyer va Shroyer 1984 ) chua duogc

kham pha cho nhiém vu nay.

3.5.3 Phan doan ngon ngir ky hiéu
Phén doan bao gdm viéc phat hién ranh gii khung cho cac ky hiéu hodc cum

tir trong video dé chia chiing thanh cac don vi c6 y nghia. Trong khi cach chuan
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muc nhat dé chia van ban ngdn ngir n6i thanh mot chudi tir tuyén tinh, do tinh
dong thoi cia ngdn ngir ky hiéu, khai niém "tir" ngén ngit ky hiéu khong duoc
dinh nghia rd rang va ngon ngir ky hiéu khong thé duge md hinh hoa tuyén

tinh hoan toan.

Céc phuong phép hién tai sit dung cac don vi phan doan dugc anh xa long 1éo
té1 cac don vi ngdn ngit ky hi¢u (Santemiz va cong sy 2009 ; Farag va Brock
2019 ; Bull, Gouiffes va Braffort 2020 ; Renz, Stache va cong su 2021 a, 2021
b ; Bull va cong sy 2021 ) va khong tan dung mot cach rd rang cac yéu to du
doan ngdn ngit dang tin cdy vé ranh giGi cau nhu ngit diéu trong ngon ngir ky
hi€u (tirc 1a tam dung, thoi luwong ky hi¢u kéo dai, nét mat) (Sandler 2010 ;
Ormel va Crasborn 2012 ) . De Sisto va cong su. ( 2021 ) kéu goi hiéu rd hon
vé cau tric ngdn ngit ky hiéu ma ho tin ring d6 1a nén tang can thiét cho viéc
thiét ké va phat trién cac phuong phap phan doan va nhin dang ngdn ngit ky
hiéu.

Santemiz va cong su. ( 2009 ) da ty dong trich xuét cac dau hiéu riéng biét tir
viéc ky lién tuc bang cach cin chinh cac chudi thu duoc thong qua nhan dang
giong n6i, dugc md hinh héa bang phuong phap Dynamic Time Warping
(DTW) va Hidden Markov Models (HMM).

Farag va Brock ( 2019 ) di sir dung bo phan loai rimg ngiu nhién dé phan biét
cac khung chira ky hiéu trong Ngon ngit ky hiéu Nhat Ban dua trén thanh phan
clia cac ddc diém goc khong gian-thoi gian va khoang cach gitta cac cip phan

doan khop cu thé theo mién.

Bull, Gouiffés va Braffort ( 2020 ) d phan doan Ngon ngit ky hiéu tiéng Phap
thanh céc phan doan tuwong ing véi cac don vi phu dé béng cach dua vao su

lién két gitra phu dé va video ngdn ngir ky hiéu, tin dung mang tich chap d6
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thi khong gian-thoi gian (ST-GCN; Yu, Yin va Zhu (2018 ) ) voi BiLSTM trén
dir liéu khung 2D.

Renz, Stache, et al. (2021 a ) di xac dinh ranh gi6i thoi gian gitra cac ddu hiéu
trong video ngdn ngir ky hiéu lién tuc bang cach sir dung biéu dién mang no-
ron tich chdp 3D véi tinh chinh phan doan thoi gian lip lai dé giai quyét su
mo hd gifra cac tin hi¢u ranh gioi d4u hiéu. Renz, Stache, et al. (2021 b)da
dé xuit thém thuat toan Nhan gia diéu ché diém thay d6i (CMPL) dé giai quyét

van dé thich rng mién khong c6 nguon.

Bull va cong sy. ( 2021 ) da trinh bay cach tiép can dua trén Transformer dé
phan doan video ngén ngit ky hiéu va cin chinh ching dong thoi voi phy dé,
ma hoa phy dé bang BERT (Devlin et al. 2019 ) va video bang cach trinh bay
video CNN.

Moryossef, Jiang, et al. ( 2023 ) da trinh bay mot phuong phap duogc thuc day
boi cac tin hidu ngon ngir duoc quan sat thay trong cac tap hop ngdn ngir ky
hiéu, chang han nhu ngit diéu (tam dung, nhip d9, v.v.) va thay d6i hinh dang
ban tay. Ho cling théy r?mg viéc str dung BIO, mdt lugc dd chi thich ghi chu
phén dau, bén trong va bén ngoai, tao ra su khac bi¢t dang ké so véi cac luge
d6 trude day chi ghi chii IO (bén trong hodc bén ngoai). Ho thay rang viéc bao
g6m ludng quang hoc va chuin hoa ban tay 3D ciing giup khai quat hoa ngoai
mién va cac ngdn ngit ky hiéu khéc.

3.5.4 Nhan dang, dich, va tao ngon ngir ky hi¢u

Dich ngon ngit ky hiéu (SLT) thudng dé cap dén viéc dich ngon ngir ky hiéu
sang ngon nglt noi (De Coster va cdng su, 2022 ; Miiller va cong su, 2022 ) .
Tao (san xuat) ngdn ngit ky hidu 14 qua trinh ngugc lai ciia viéc san xuat video
ngon ngit ky hi¢u tir van ban ngdén ngit ndi. Nhan dang ngon ngir ky hiéu (SLR)
(Adaloglou va cong su, 2020 ) phat hién va dan nhan cac ky hi¢u tir video, trén

cac ky hi¢u riéng 1¢ (Imashev va cong su, 2020 ; Sincan va Keles, 2020 ) hoac
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lién tuc (Cui, Liu va Zhang, 2017 ; Camgo6z va cdng su, 2018 ; NC Camgoz
va cong sy, 2020b ) .

Trong biéu dd sau, chung ta c6 thé thdy mét hinh ngii giac duoc két ndi day
du trong d6 mdi nat 14 mot biéu dién dir liéu duy nhat va mdi canh c6 huéng
biéu thi nhiém vu chuyén ddi mot biéu dién dit liéu nay sang mot biéu dién dit
liéu khac.

Chung tdi chia biéu do thanh hai phan:

e MJdi canh bén trai, trén nén mau cam, biéu thi mot tac vu trong tam nhin
may tinh. Cac tac vu nay vén khong phu thudc vao ngdn ngir; do do,
chung khai quat gitra cac ngdn ngit ky hiéu.

e MOoi canh bén phai, trén nén xanh, thé hién mét nhiém vu trong xu 1y
ngdn ngir tw nhién. Cac nhiém vu nay danh riéng cho ngén ngir ky hiéu,
yéu cau tir vung ngén ngit ky hiéu cu thé hodc ma thong bao ngén ngi
noi.

e MJi canh trén ca hai nén déu biéu thi mot nhiém vu doi hoi sy két hop

gitra thi gidc may tinh va xtr Iy ngén ngir ty nhién.
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Language Agnostic Tasks Language Specific Tasks

Video = [ Text

Pose > Glosses

Notation

Hinh 3 Téng qudt cdc nhi¢gm vu lién quan t6i ngén ngiv ky hiéu
C6 20 nhiém vu dugc dinh nghia theo khai niém trong biéu dd nay, voi sb
lugng nghién ctru trude d6 khac nhau. Mi duong dan giira hai nit ¢6 thé hodc
khong thé hop 1€, tiy thudc vao mirec do mat mat ctia cac nhiém vu trong quy

trinh.

3.5.5 Video-To-Pose

Video-to-Pose—thuong dugc goi 1a udce tinh tu thé—1a nhiém vu phat hién
hinh nguoi trong hinh anh va video, dé nguoi ta co thé xé4c dinh, vi du, khuyu
tay cta ai d6 xuat hién ¢ dau trong hinh anh. Nguoi ta da chi ra rang tu thé
khuon mit twong quan véi cac dic diém khong phai bang tay trén khudn mit

nhu huéng dau (Vogler va Goldenstein 2005 ) .

Linh vyc nay da dugc nghién ctu ky ludng (Pishchulin va cong su, 2012 ;
Chen va cong su, 2017 ; Cao va cong su, 2019 ; Giiler, Neverova va Kokkinos
, 2018 ) v&i cac muc ti€u khéac nhau, tir dy doan tu thé 2D/3D dén lya chon
mot tap hop nho cac diém mdc cu thé hodc mot mang ludi day dic ciia mot

nguoi.
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OpenPose (Cao et al. 2019 ; Simon et al. 2017 ; Cao et al. 2017 ; Wei et al.
2016 ) 12 hé théng nhiéu ngudi dau tién cung phat hién cac diém chinh trén co
thé con nguoi, ban tay, khuén mat va ban chan (téng cong 135 diém chinh
diém chinh) ¢ dang 2D trén cac hinh anh don 1¢. Mac du mo hinh cua ho co
thé udc tinh tu thé ddy du tryc tiép tir mot hinh anh trong mot suy luan duy
nhat, nhung ho ciing dé xuit mot phuong phép tiép can dudng éng trong d6
trude tién ho udc tinh tu thé co thé va sau d6 udc tinh doc 1ap tu thé ban tay
va khudn mit bang cach thu dugc céc loai cat c6 dd phan giai cao hon xung
quanh cac khu vuc d6. Dya trén cach tiép can duong dan cham, mot mo hinh
OpenPose toan bo mang duy nhit da duoc dé xuat (Martinez va cong sy 2019
), md hinh nay nhanh hon va chinh xac hon trong trudng hop 1ay duoc tat ca
céc diém chinh. Véi nhiéu goc ghi, OpenPose ciing cung cép tinh ning tam

giac diém chinh d¢é tai tao lai tu thé & dang 3D.

DensePose (Giiler, Neverova va Kokkinos 2018 ) ¢6 cach tiép can khac. Thay
vi phan loai cho moi diém chinh ma pixel ¢6 nhiéu kha ning xay ra nhat, ho
dé xuat mot phuong phép tuong tu nhu phan doan ngit nghia, dé mdi pixel
phan loai né thudc vé phan co thé ndo. Sau d6, d6i voi mdi pixel, khi biét bd
phan co thé, ho du doan vi tri cua pixel d6 trén bo phan co thé so véi hinh
chiéu 2D ctia m6 hinh co thé dai dién. Cach tiép cin nay din dén viéc tai cau
trac ludi toan than va cho phép ldy mau dé tim cac diém chinh cu thé tuong tir

nhu OpenPose.

Tuy nhién, tu thé ciia con ngudi 2D c6 thé khong du dé hiéu dy dua vi tri va
hudng ciia cac diém moc trong khong gian va viéc ap dung udc tinh tur thé trén
mdi khung hinh s& b qua thong tin chuyén dong theo thoi gian cta video, didc

biét 14 trong cac trudng hop chuyén dong nhanh, ¢ chuyén dong mo.

Pavllo va cong su ( 2019 ) d4 phat trién hai phuong phap dé chuyén dbi giita
céc tu thé 2D sang tu thé 3D. Phurong phéap dau tién, mot phuong phap c6 giam

sat, duoc dao tao dé sir dung thong tin thoi gian gifta cac khung hinh dé dy
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doan truc Z bi thiéu. Phuong phéap th hai 1a mot phuwong phap khong giam
sat, tan dung thyc té 1a céc tu thé 2D chi don thuan 1a phép chiéu ciia mot tu
thé 3D chua biét va dao tao mot mo hinh dé udc tinh tu thé 3D va chiéu nguoc
lai cac tu thé 2D déu vao. Phép chiéu nguoc nay 1a mot qua trinh xac dinh, ap
dung cac rang budc vao bo ma hoa tu thé 3D. Zelinka va Kanis ( 2020 ) d3 1am
theo mot quy trinh twong tu va thém maot rang budc dé xuong duy tri do dai c¢b

dinh gitra cac khung hinh.

Panteleris, Oikonomidis va Argyros ( 2018 ) dé xuét chuyén doi cac tu thé 2D
thanh 3D bang cach st dung dong hoc nghich dao (IK), mot quy trinh Iy tir
hoat hinh méy tinh va ro bot dé tinh toan cac tham s6 khdp bién doi can thiét
dé dat phan cudi ctua chudi dong hoc, chang han nhu bd xuwong ctia ngudi may
hodc nhan vat hoat hinh, & mét vi tri va huéng nhét dinh so voi phﬁn dau cua
chudi. Pé chimg minh cach tiép cin cta minh ddi v6i udc tinh tu thé ban tay,
ho ma hoa thu cong cac rang budc va gidi han cua tirng khép, tao ra 26 bac tu
do. Sau d6, qua trinh giam thiéu binh phuong nhé phi tuyén tinh phu hop véi
mo hinh 3D cua ban tay voi cac vi tri khdp 2D udce tinh, khéi phuc lai tu thé
ban tay 3D. Quy trinh nay tuong tu nhu phép chiéu nguoc duge Pavllo va cong
su (2019 ) st dung , ngoai trir & day, khong co6 thong tin thoi gian nao dugc

st dung.

MediaPipe Holistic (Grishchenko va Bazarevsky 2020 ) cé ging giai quyét
udc tinh tu thé 3D bang cach ap dung cach tiép can twong tu nhu OpenPose,
c6 hé théng duong éng dé wdc tinh co thé, sau d6 1a khuén mit va ban tay.
Khong giéng nhu OpenPose, cac tu thé udc tinh ¢ dang 3D va trinh udc tinh
tu thé chay theo thoi gian thyc trén CPU, cho phép tao mé hinh ngdn ngit ky
hiéu dya trén tu thé trén cac thiét bi di dong co cong suat thap. Cong cu udc
tinh tu thé nay co san rong rai va dugc xay dung cho Android, 10S, C++,

Python va Web bang JavaScript.
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3.5.6 Pose-To-Video

Pose-to-Video, con dugc goi la chuyén dong hodc hoat hinh xuwong trong linh
vuc robot va hoat hinh, 13 viéc chuyén d6i mot chudi cac tu thé thanh video.
Nhiém vu nay 1a "két xuat" cudi cung cua ngdn ngir ky hiéu theo phuong thirc

tryc quan.

Chan va cong su. (2019 ) da trinh dién cach tiép can ban giam sat trong do6 ho
14y mét tap hop video, chay udc tinh tu thé bing OpenPose (Cao va cong su
2019 ) va hoc céach dich tir hinh anh sang hinh anh (Isola va cong su 2017 )
gifra b xuong duogc két xuit va video géc. Ho da thé hién cach tiép can cua
minh d6i véi diéu nhay cta con ngudi, trich xuat cac tu thé tir vii dao va khién
bat ky nguoi nao ciing nhu thé ho dang khiéu vii. Ho du doan hai khung hinh
lién tiép s& cho két qua video nhat quéan theo thoi gian va gidi thiéu mot quy

trinh riéng dé tong hop khuon mit chan thuc hon, mic di van con thiéu sét.

Vuong va cong sy. (2018 ) di dé xuat mot phuong phéap twong tu bang cach
st dung céc biéu dién DensePose (Giiler, Neverova va Kokkinos 2018 ) bén
canh cac biéu dién OpenPose (Cao et al. 2019 ) . Ho d3 chinh thirc hoa mot
mé hinh khac, v&i nhiéu muc tiéu khac nhau dé tdi uu hoéa, chéng han nhu tach
nén-tién canh va sy gan két thoi gian bang cach sir dung hai du thoi gian trude

doé trong dir li¢u dau vao.

Str dung phuong phap cua Chan et al. (2019 ) trén “Moi ngudi nhay ngay bay
gi0”, Giré-i-Nieto ( 2020 ) hoi, “Moi ngudi c6 thé ky ngay bay gio khong?”
va diéu tra xem liéu moi ngudi ¢ thé hiéu ngon ngit ky hiéu tir cac video dugc
tao tu dong hay khong. Ho da tién hanh mot nghién ctru trong d6 nhitng nguoi
tham gia xem ba loai video: video ky hi¢u ban dau, video chi hién thi cac tu
thé (b0 xuong) va video dugc tai tao lai véi ky hiéu thuc té. Cac nha nghién
ctru danh gid muac d6 hiéu biét cua ngudi tham gia sau khi xem ting loai video.
Két qué cho théy ho wa thich video dugc xay dung lai hon 1a video vé bod

xuong. Tuy nhién, cic phuong phap tong hop video tiéu chuan duoc st dung
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trong nghién ctru ndy khong du hiéu qua dé dich ngén ngit ky hiéu rd rang.
Nhitng ngudi tham gia gip kho khin trong viée hiéu cac video dugc xay dung
lai, cho thiy rang can phai cai thién dé dich ngon ngit ky hiéu t6t hon trong

tuong lai.

Nhu mét cdu tra 161 truc tiép, Saunders, Camgdz va Bowden ( 2020 a ) da chi
ra diéu d6 giébng nhu trong Chan et al. ( 2019 ) , trong d6 mot ton that ddi
nghich dugc thém vao dé tao khudn mit cu thé, viéc thém mot tdn that tuong
tu vao qué trinh tao ban tay s€ mang lai cac video ngon ngir ky hi¢u lién tuc
c6 do phan giai cao, chan thyc hon. Dé cai thién hon nira chat luong téng hop
hinh anh ban tay, ho da gidi thiéu chirc nang mat dya trén diém chinh dé tranh

cac van dé do nhoe chuyén dong gay ra.

Trong mdt bai bao tiép theo, Saunders, Camgdz va Bowden ( 2021 ) di gidi
thiéu nhiém vu An danh video ngon ngir ky hiéu (SLVA) nhu mét phuong
phap tu dong dé an danh hinh thuc tryc quan ciia video ngon ngit ky hiéu trong
khi van gitr lai ndi dung ngén ngir ky hiéu gbc. Bang cach sir dung khung ma
héa tu dong bién doi c6 diéu kién, trude tién, ho trich xuat thong tin tu thé tir
video ngudn dé loai boé hinh dang ngudi ky ban dau, sau d6 tao ra mot video
ngdn ngit ky hiéu chan thyc bang hinh anh vé hinh dang méi la tir trinh tu tu
thé. Cac tac gia da dé xuat mot phuong phap mét di phong cach méi dé dam

bao tinh nhit quan vé phong cach trong cac video ngdn ngit ky hiéu an danh.
3.6 Sign Language Avatars
JASigning

La mot hé thong ky hiéu 4o tao ra cac man trinh dién ngdn ngit ky hi¢u bang
cach st dung cac ky tu con ngudi a0. Hé théng nay phat trién tir hé thong
SiGMLSigning trudc d6, dugc phat trién trong cac du an ViSiCAST
(Bangham va cdng sy, 2000 ; Elliott va cong su, 2000 ) va eSIGN (Zwitserlood
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va cong su, 2004 ) , va sau d6 duoc phat trién thém nhu mot phz‘in cua du an

Dicta-Sign (Matthes va cong su, 2012 ; Efthimiou va cong sy, 2012 ) .

Ban dau, JASigning dira vao cic ing dung Java JNLP dé st dung doc 1ap va
tich hop vao céc trang web. Tuy nhién, cach tiép can nay da tré nén 18i thoi do
thiéu sy hd trg cho Java trong cac trinh duyét hién dai. Do d6, h¢ théng Avatar
ky CWA (CWASA) gan day hon di dugc phat trién, dya trén HTMLS, sir dung
cong nghé JavaScript va WebGL.

SiGML (Ngo6n ngit danh diu ctr chi ky hi¢u) (Elliott va cong su, 2004 ) 1a mdt
ung dung XML cho phép phién am céc ctr chi ngon ngitr ky hi¢u. SIGML duoc
xay dung trén HamNoSys va thuc t&, mot bién thé ciia SIGML vé co ban 1a ma
hoéa cac tinh nang thu cong cia HamNoSys, kém theo biéu dién cac khia canh
khong thi cong. SIGML 1a ky hiéu dau vao duge st dung boi cac tng dung
JASigning va cac tng dung web. Mot sé cong cu chinh stra cho SIGML hién

co, chu yéu do Dai hoc Hamburg san xuat.

Hé thdng phan tich vin ban tiéng Anh thanh SiGML truéc khi anh xa nd vao
hinh dai dién ky tén 3D c6 thé tao ra ky hi€u. Sau d6, CWASA su dung mot
co s& dit liéu 1on vé hinh anh dong avatar ky tén 3D duogc xac dinh trudce, co
thé duoc két hop dé tao thanh cac cdu méi. Hé thong bao gdm trinh chinh sira

3D, cho phép nguoi dung tao hinh dai dién va hoat anh ky tuy chinh.
PAULA (Davidson 2006)

La hinh dai di¢n ngon ngtr ky hi€u dya trén may tinh, ban dau duoc phat trién
dé day ngén ngit ky hiéu cho ngudi 16n khiém thinh. Hinh dai dién 13 m6 hinh
3D cuia mot nguoi voi tir vung vé ky hiéu duge tao hinh dong theo cach thu
cong. N¢ 1dy cach phat am ASL duéi dang mot ludng chi giai, thue hién céc
sira d0i ct phap va hinh thai, quyét dinh 4m vi va thoi gian thich hop, dong
thoi két hop cac két qua thanh hoat anh 3D cta hinh dai dién. Qua nhiéu nim,

mot s6 k¥ thuat da duoc str dung dé lam cho hinh dai dién trong chan thuc hon.

45



Trong nhitng nim qua, mot sd tién bo di duoc thyuc hién dé ting cudng tinh
chan thyc va kha nang biéu cam ctia hinh dai dién PAULA, chang han nhu tinh
chinh chuyén dong cua long may dé trong ty nhién hon (Wolfe va cong su,
2011 ), két hop cam xuc va cac tin hiéu khong bang tay trén khudén mit dong
thot xay ra (Schnepp va cong sy, 2012 , 2013 ), cai thién d§ mugt ma déng
thoi tranh cac chuyén dong gidng nhu r6 bt (McDonald va cong sy, 2016 )
va tao diéu kién cho tinh déng tho1 (McDonald va cong su, 2017 ) . Nhiing
phat trién khac bao gom giao dién véi cac hé théng ky hiéu ngon ngir ky hicu
nhu AZee (Filhol, McDonald va Wolfe 2017 ) , ting cudng hoat anh néi bang
miéng (Johnson, Brumm va Wolfe 2018 ; Wolfe va cong sy 2022 ) , nhiéu 16p
két cau khuon mit va trang diém (Wolfe va cong sy 2019 ) va ap dung céc tir

bd nghia trang tir (Moncrief 2020 , 2021 ) .

Nhitng cai tién bo sung cho PAULA tap trung vao viéc lam cho hinh dai dién
gidng that hon bang cach ndi 1ong hudng co tay va cac goc "toan hoc" cuc
doan khac (Filhol va McDonald 2020 ) , tinh chinh qua trinh chuyén d6i hinh
dang ban tay, thu gidn va va cham (Baowidan 2021 ) , trién khai cac qu4 trinh
chuyén doi cum tir theo thir bac (McDonald va Filhol 2021 ) , tao kha nang
kiém so4t co mit thuc té hon (McDonald, Johnson va Wolfe 2022 ) va hd tro

cac chuyén vi hinh hoc (Filhol va McDonald 2022 )

SIMAX (“SIMAX - the Sign Language Avatar SiIMAX Project Fact Sheet
H2020”)

La mot tmg dung phan mém dugc phét trién dé chuyén doi van ban dau vao
thanh cac biéu dién ngon ngir ky hiéu hoat hinh 3D. Bang cach st dung co s
dir liéu toan dién va kién thirc chuyén mén ctia cac chuyén gia ngdn ngir ky
hiéu danh cho nguoi khiém thinh, SIMAX dam bao ban dich chinh x4c ca noi
dung viét va noi. Qua trinh nay bat dau béng viéc tao ra mot dé xuit dich thuat,
sau d6 s& duoc nguoi dich khiém thinh xem xét va sira d6i néu can thiét dé

dam bao tinh chinh x4c va phu hop vé mit vin héa. Nhitng ban dich nay duoc
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thue hién boi mot hinh dai dién k¥ thuét sé c6 thé tuy chinh c6 thé dugc diéu
chinh dé phan anh danh tinh cong ty hoic ddi tugng muc tiéu ctia ngudi dung.
Céch tiép can nay mang lai giai phap thay thé hiéu qua vé mat chi phi cho viéc
san xuat video bang ngodn ngit ky hiéu truyén thdng vi né loai boé nhu cau vé
xuong phim dit tién va cong nghé video phtc tap thudng gan lién véi nhing

san pham nhu vay.

3.7 M6 hinh tao anh va video

Gan day nhat trong linh vuc tao anh va video, da c6 nhiing tién bo dang chu y
trong cac phuong phap nhu Kién trac tao dua trén phong cach cho mang ddi
nghich tao sinh (Karras, Laine va Aila 2019 ; Karras va cong sy 2020 , 2021 )
, Mo hinh khuéch tan bién thién (Kingma va cong sy 2021 ), Tong hop anh
d6 phan giai cao vdi mo hinh khuéch tén tiém an (Rombach va cong su 2021
), Tao video d6 nét cao v6i md hinh khuéch tan (Ho va cong su 2022 ) va
Tong hop video dd phan giai cao v6i mé hinh khuéch tan tiém an (Blattmann
va cong su 2023 ) . Cac phuong phap nay di cai thién dang ké chat lugng tong
hop anh va video, mang lai két qua cuc ky chan thyc va hép din vé mat thi

giac.

Tuy nhién, bat chép su tién bo dang ké trong viéc tao ra hinh anh va video chat
lugng cao, cac md hinh nay lai danh ddi hiéu qua tinh toan. B phuec tap cua
cac thudt toan ndy thuong dan dén thoi gian suy luan cham hon, khién cac tng
dung thoi gian thuc tré nén kho khin. Viéc trién khai cac mo hinh nay trén
thiét bi mang lai nhiing loi ich nhu chi phi may cha thap hon, chirc ning ngoai
tuyén va quyén riéng tu ciia ngudi dung duge cai thién. Trong khi céc t6i uu
héa nhan thic vé tinh toan, dic biét nhim muc tiéu vao kha nang phén cung

cua cac thiét bi khac nhau, c6 thé cai thi¢n dg tré suy luan cua cac mo hinh
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nay, Chen va cong sy ( 2023 ) nhan thiy rang viéc toi vu héa cac mé hinh nhu
vay trén cac thiét bi di dong hang dau nhu Samsung S23 Ultra hodc iPhone 14
Pro Max c6 thé giam do tré suy luan trén mdi khung hinh tir khoang 23 gidy

xudng con khoang 12.

ControlNet (L. Zhang va Agrawala 2023 ) gan ddy da trinh bay mot cdu trac
mang no-ron dé kiém soét cac mé hinh khuéch tan 16n duge dao tao trude véi
cac diéu kién dau vao bd sung. Phuong phap nay cho phép hoc tir dau dén cudi
cac diéu kién cu thé cua tac vu, ngay ca voi mot tap dir li¢u dao tao nho. Pao
tao ControlNet nhanh nhu tinh chinh mé hinh khuéch tan va c6 thé duge thuc
hién trén cac thiét bi ca nhan hodc m& rong thanh lugng dir liéu 16n béng cach
st dung cac cum tinh toan manh mé. ControlNet da dugc chiing minh 1a tang
cudng cac md hinh khuéch tan 16n nhu Stable Diffusion véi cac dau vao co
diéu kién nhu ban do canh, ban dd phan doan va diém chinh. Mot trong nhitng
ng dung ctia ControlNet 1a diéu khién dich chuyén tu thé sang hinh anh, cho
phép tao hinh anh dua trén thong tin tu thé. Mic du phuong phap nay di cho
thiy két qua kha quan, nhung n6 van yéu cau dao tao lai mé hinh va khong hd
trg tinh nhat quan vé mat thoi gian, diéu ndy rat quan trong d6i vai cac tic vu

nhu dich ngén ngtr ky hi¢u.

Trong tuong lai gin, chung ta c6 thé mong doi nhiéu cong trinh diéu khién mé
hinh khuéch tan video truc tiép tir van ban dé dich ngon ngit ky hiéu. Nhing
mo hinh nay co thé s& tao ra cac video chan thuc va hép dan vé mat hinh anh.
Tuy nhién, ho van ¢6 thé méc 13i va bi gi61 han trong céc tinh huéng o san
nhiéu dir liéu dao tao hon. Viée phat trién cdc md hinh co thé tao chinh xéc
video ngon ngit ky hiéu tir vin ban hodc thong tin tu thé trong khi vin duy tri
chét luong hinh anh va tinh mach lac vé thoi gian sé 1a diéu can thiét dé thuc

day linh vuc sdn xuat ngdn ngtr ky hi¢u.

Gloss-To-Pose
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Gloss-to-Pose, dugc xép vao nhiém vu san xuat ngdén ngir ky hi¢u, 1a nhiém
vu tao ra mot chuoi cac tu the thé hién day du mot chudi céac ky hiéu dugce viet

dudi dang bong.

Pé san xuit video ngon ngir ky hiéu, Stoll va cong sy ( 2018 ) da xay dung
mot bang tra ciru gitra cac chu thich va chudi tu thé 2D. Ho cin chinh tit ca
cc chudi tu thé tai khép ¢6 ctia mot bd xuong tham chiéu va nhém tat ca céac
chudi thudc ciing mot cha thich. Sau d6, d6i véi méi nhom, ho ap dung phuong
phap bé cong thdi gian dong va tinh trung binh tat ca cac chudi trong nhom dé
xay dung chudi tu thé trung binh. Cach tiép can nay gip phai van dé 1a khong
c6 mot tap hop cac tu thé chinh xac duogc cin chinh theo chu thich va co cac

chuyén dong chuyén tiép khong ty nhién giira cac cha thich.

bé giam bot nhitng nhugc diém cua cong viéc trude do, Stoll et al. (2020 ) da
xay dung mot bang tra ctru d6 bong cho mot nhom céac chudi tur thé thay vi tao
ra mot chudi tu thé trung binh. Ho da xay dung P06 thi chuyén dong (Min va
Chai 2012 ), ddy 1a mét quy trinh Markov dugc st dung dé tao ra cac chudi
chuyén dong méi dai dién cho chuyén dong tu nhién va chon cac nguyén mau
chuyén dong (chudi cac tu thé) trén mdi bong cod xac suat chuyén tiép cao nhat.
Dé lam tron chudi do6 va giam chuyén dong khong tu nhién, ho da stir dung bo
loc 1am min chuyén dong chuyén dong Savitzky—Golay (Savitzky va Golay
1964 ) . Moryossef, Miiller va cong su. ( 2023 ) di trién khai lai cach tiép can

cua ho va bién nd thanh nguén mo.

Hoang va cong su. ( 2021 ) di sir dung mot mo hinh khong tu hoi quy moi dé
tao ra mot chudi céac tu thé cho mot chudi cac do bong. Ho lap luan réng cac
m6 hinh hién c¢6 nhu Saunders, Bowden va Camgéz ( 2020 ) dé bi tich liiy 15i
va do tré suy luan cao do tinh chat ty hdi quy ciia chung. M6 hinh cta ho thuc
hién viéc léy mau dan dan céc tu thé, béng cach bat dau véi mot tu thé chi bao

g6m hai khop & 16p dau tién va dan dan gi6i thiéu nhiéu diém chinh hon. Ho
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da danh gia mo hinh cua minh trén tap dir icu RWTH-PHOENIX-WEATHER
2014T (Camgdz va cong su 2018 ) bang cach sir dung Dynamic Time Warping
(DTW) (Berndt va Clifford 1994 ) dé cin chinh cac tu thé trudc khi tinh toan
L4i khép trung binh (DTW-MJE). Ho dd ching minh rang mé hinh cua ho
vuot troi hon cac phuong phap hién c6 vé do chinh xac va toc do, khién né tré
thanh mot phuwong phap day hira hen dé san xuat ngdn ngit ky hiéu nhanh va

chat luong cao.
Video-To-Gloss

Video-to-Gloss, con dugc goi la nhan dang ngon nglr ky hiéu, 1a nhi€ém vu

nhan dang mot chudi ky hiéu tr mot video.

Pé nhan ra diéu nay, Cui, Liu va Zhang ( 2017 ) di xay dung md hinh t6i uu
hoa ba budc. Pau tién, ho huin luyén mot mo hinh tir dau dén cubi video-to-
gloss, trong d6 ho ma hoa video bang bd ma hoa CNN khong gian-thoi gian
va du doan do bong bang cach sir dung Phén loai thoi gian két ndi (CTC)
(Graves et al. 2006 ) . Sau do, tir d& xuat danh muc va cin chinh CTC, ho ma
hoa tung phan doan cép do bong mdt cach doce 1ap, dugc dao tao dé du doan
danh muc d6 bong va sir dung ma héa phan doan video d6 bong nay dé t6i wu

hoa mo6 hinh hoc theo trinh tu.

Camgoz et al. ( 2018 ) vé co ban khac véi cach tiép can d6 va xdy dung van
dé nay nhu thé nd 1a mot van dé dich ngdn ngit tr nhién. Ho ma hoa ting
khung hinh video bang AlexNet (Krizhevsky, Sutskever va Hinton 2012 ) ,
duoc khoi tao bé’mg trong sb dugc dao tao trén ImageNet (Deng et al. 2009 ) .
Sau do, ho ap dung kién trac bo ma hoa-giai ma GRU vdéi Luong Attention
(Luong, Pham va Manning 2015 ) dé tao do bong. Trong cong viéc tiép theo,
NC Camgdz et al. ( 2020 b ) st dung bd ma hoa bién ap (Vaswani et al. 2017
) dé thay thé GRU va st dung CTC dé giai ma do bong. Ho cho thiy mot cai

tién nhd véi cach ti€p can nay doi véi tac vu chuyén doi video thanh do bong.
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Adaloglou va cong su ( 2020 ) thyc hién danh gid thtr nghi€ém so sanh cac
phuong phap dua trén thi gidc mdy tinh cho tic vu chuyén d6i video thanh
bong. Ho trién khai nhiéu phuong phép tiép can khac nhau tir nghién ciru trudc
day (Camgoz va cong su, 2017 ; Cui, Liu va Zhang , 2019 ; Joze va Koller,
2019 ) va thir nghiém ching trén nhiéu tap dit liéu (Huang va cong su, 2018 ;
Camgoz va cdng su, 2018 ; Von Agris va Kraiss , 2007 ; Joze va Koller, 2019
) cho ca nhan dang dau hiéu riéng 1é va nhan dang d4u hiéu lién tyc. Ho két
luan rﬁng cac mo hinh tich chap 3D hoat dong t6t hon cac mé hinh chi st dung
mang hoi quy dé nim bt thong tin thoi gian va cac mo hinh nay c6 kha ning
mo rong hon do truong tiép nhan bj han ché, xuit phat tu ky thuat "ctra $0

truot” CNN.

Momeni, Bull, Prajwal, va nhitng ngudi khéac. ( 2022 a ) da phat trién mot quy
trinh toan dién két hop nhiéu mé hinh khac nhau dé chu thich day dic cho céc
video bang ngdn ngit ky hiéu. Bang cach tan dung viéc sir dung tir dong nghia
va can chinh ky hiéu phu dé, cach tiép can ctia ho thé hién gia tri ctia viée gén
nhan gia tor mo6 hinh nhén dang dAu hiéu dé phat hién dAu hiéu. Ho dé xuit mot
phuong phap méi dé ting chu thich cho ca 16p da biét va 16p chua biét, dua
vao cic mau trong mién. Do d6, khuon khd cia ho di mé rong dang ké sb
lugng chu thich ty dong déng tin cay trén kho ngt li€éu ngon ngir ky hi¢u
BOBSL BSL (Albanie et al. 2021 ) tir 670K 1én 5 triéu va ho hao phong cong
b nhitng chu thich nay.

Gloss-To-Video

Gloss-to-Video, con dugc goi 1a san xuét ngdn nglt ky hiéu, 1a nhiém vu san
xuat video thé hién day du mot chudi cac ky hiéu dugc viét dudi dang bong.

Tinh dén nim 2020, khong ¢6 nghién ctru nao thdo luan vé nhiém vu dich truc
tiép giita gloss va video. Viéc thiéu thao luan nay 1a két qua cia tinh khong

thuc t€ vé mat tinh toan cia mé hinh mong muon, khién cac nha nghién ctru
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khong thyuc hién nhiém vu nay truc tiép ma thay vao d6 dua vao cac phuong

phap tiép can dudng dng st dung cac biéu dién tu thé trung gian.
Gloss-To-Text

Gloss-to-Text hay con goi la dich ngén ngir ky hi¢u 1a nhi€ém vu xtr 1y ngén
ngtr tu nhién dich gilra van ban bong dai dién cho cac ky hiéu ngon ngtr ky
hiéu va vin ban ngon ngir néi. Nhitng vin ban nay thuong khac nhau vé thuat

ngit, cach viét hoa va cau truc cau.

Camgoz va cong su. ( 2018 ) di thir nghiém nhiéu kién tric dich may khéc
nhau va so sadnh viéc st dung LSTM (Hochreiter va Schmidhuber 1997 ) véi
GRU cho mo6 hinh Idp lai, cling nhu Luong, Pham, va Manning 2015 ) vdi
Bahdanau chu y (Bahdanau, Cho va Bengio 2015 ) va nhiéu kich ¢ 16 khéac
nhau. Ho két luin rﬁng trén tap dir licu RWTH-PHOENIX-Weather-2014T,
cling dugc trinh bay trong tac pham nay, sit dung GRU, Luong su cha y va

kich thudc 16 1 vuot trdi hon tat ca cac cAu hinh khac.

Song song voi nhimng tién bo trong dich may ngdn ngit néi, Yin and Read (
2020 ) di dé xudt thay thé RNN bing mo hinh bo ma hoa-giai ma Transformer
(Vaswani et al. 2017 ) , cho thay nhiing cai tién trén ca RWTH-PHOENIX-
Weather-2014T (DGS) va bo dit liéu ASLG-PC12 (ASL) déu str dung mot mo
hinh duy nhét va tap hop cac mé hinh. Diéu thu vi 13, trong tinh ning chuyén
d6 bong sang vian ban, ho cho thiy rang viéc sir dung dau ra cta hé théng nhan
dang ngon ngit ky hiéu (video-to-gloss) s& hoat dong t6t hon khi sir dung céc

d6 bong c6 chu thich bang vang.

Duya trén mé do Yin va Read ( 2020 ) cong bd , Moryossef, Yin va cong su (
2021 ) cho thiy viéc dao tao trudc cac mo hinh dich nay bang cach sir dung
cac ngit lidu ngdn ngit n6i don ngir ting cuong 1a c6 loi. Ho thir ba cach tiép

can khac nhau dé tang cuong dit liéu: (1) Dich nguogc; (2) Cac quy tic chung
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tir vin ban sang chu thich, bao gdm lemmatization, sip xép lai tir va loai bo
tir; (3) Cac quy tic cu thé cho timg cdp ngdn ngit ting cudng chi phap ngdn
ngit n6i thanh ¢t phap ngén ngir ky hiéu twong tmg. Khi dao tao trudc, tat ca
cac phép ting cuong déu cho thiy sy cai thién so véi duong co s& dbi véi

RWTH-PHOENIX-Weather-2014T (DGS) va NCSLGR (ASL).
Text-To-Gloss

Text-to-gloss, mét vi du vé ban dich ngdn ngtt ky hi€u, 1a nhi€ém vu dich gitra
van ban ngoén nglr néi va cha thich ngén ngtr ky hi¢u. Pay 1a mdt linh vuc
nghién ctru hap dan vi tinh don gian ciia né khi tich hgp vao cac duong dng
NMT hién c6, mac du cac cong trinh gén day nhu Yin va Read ( 2020 ) va
Miiller va cong su ( 2023 ) tuyén bd rang chii thich 1a mot cach thé hién khong
hiéu qua ctia ngdn ngit ky hiéu va chu thich khéng phai 1a cach thé hién day

du céc ky hi¢u (Pizzuto, Rossini va Russo 2006 ) .

Zhao va cong su ( 2000 ) di st dung hé thdng dua trén Ngit phap cay lién ké
(TAG) dé dich cac cau tiéng Anh sang cac chudi cha thich Ngon ngit ky hiéu
Hoa Ky (ASL). Ho phan tich ct phép vin ban tiéng Anh va ddng thoi lap rap
mot cay chu thich ASL, stt dung TAG déng bod (Shieber va Schabes 1990 ;
Shieber 1994 ) , bang cach lién két cac cdy co ban ASL véi cac cdy co ban
tiéng Anh va lién két cac nat ma tai d6 co thé xay ra cac phép thay thé hoic
phép cong tiép theo. TAG dong bd da duoc sir dung dé dich may giita cic ngdn
ngir n6i (Abeille, Schabes va Joshi 1990 ) , nhung déy 13 tng dung dau tién

cho ngon ngir ky hiéu.

Déi v6i ban dich ty dong cua gloss-to-text, Othman va Jemni ( 2012 ) d4 xéc
dinh nhu cau vé mot ngir lidu gloss ngdn ngit ky hiéu song song 16n va ngi
liéu vin ban ngdn ngit ndi. Ho di phat trién mot ngit phap dua trén loai 10 noi

dé chuyén doi cac cau tiéng Anh tor bd suu tdp sach dién tor cia Dy an
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Gutenberg (Lebert 2008 ) thanh gloss Ngon ngit ky hiéu Hoa Ky. Ngir li¢u
cudi cing cta ho chira hon 100 triéu cau tong hop va 800 triéu tir va 13 ngir
lidu gloss Anh-ASL rong 16n nhat ma ching t6i biét. That khong may, rat kho
dé chung thuc chat luong cua ngit lidu, vi cac tac gia da khong danh gia

phuong phap ciia ho trén cac cap gloss Anh-ASL thuc té.

Egea Gomez, McGill va Saggion ( 2021 ) d trinh bay mdt bd chuyén d6i nhan
biét ¢t phap cho nhiém vu nay, bang cach chén cac thé phu thudc tir dé ting
cudng cac nhung dugc nhap vao bd ma hoa. Picu nay lién quan dén cac sira
d6i nho trong kién tric no-ron dan dén tac dong khong dang ké dén do phirc
tap tinh todn ciia mo6 hinh. Khi thir nghiém moé hinh cua ho trén RWTH-
PHOENIX-Weather-2014T (Camgo6z va cdng su, 2018 ) , ho da ching minh

rang viéc chén thong tin bo sung nay din dén chat lugng ban dich t6t hon.
Video-To-Text

Chuyén video thanh van ban, con dugc goi la dich ngén ngir ky hi¢u, 1a nhiém

vu dich video thd thanh van ban ngdn ngit noi.

NC Camgbz va cong su ( 2020 b ) da dé xuat mot kién trac duy nhét dé thuc
hién nhiém vu nay c6 thé sir dung ca chu thich ngén ngit ky hiéu va van ban
ngdn nglr noé1 trong gidm sat chung. Ho str dung nhung khong gian dugc dao
tao trudc tir Koller va cong su ( 2019 ) dé ma héa ting khung doc 1ap va ma
hoa cac khung bang bo chuyén doi. Trong ma hoa ndy, ho sir dung Phan loai
thoi gian két ndi (CTC) (Graves va cong su 2006 ) dé phéan loai chu thich ngon
ngtr ky hi€u. Str dung cuing mdt ma hoa, ho st dung b gidi ma bo chuyén doi
dé giai ma vin ban ngdn ngit ndi timg ma thong bao mot. Ho chi ra rang viée
thém giam sat chu thich cai thi€én mé hinh hon 1a khong st dung né va n6 vuot
trdi hon cac phuong phap tiép can dudng ng video-sang-chu thich-sang-vin

ban trudc day (Camgoz va cong sy 2018 ) .
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Tiép theo, NC Camgdz va cong su ( 2020 a ) dé xuat mot kién trac méi khong
yéu cau giam sat chu thich, c6 tén 1a "Bo chuyén doi da kénh dé dich ngon ngir
ky hiéu da khép". Trong phuong phap nay, ho cat tay ky hiéu va khudn mit va
thue hién uée tinh tu thé 3D dé c6 dugc ba kénh dit liéu riéng biét. Ho ma hoa
ting kénh dir liéu riéng biét bang bo chuyén doi, sau d6 ma hoa tat ca cac kénh
lai v6i nhau va ndi cac kénh riéng biét cho mdi khung. Gidng nhu cong trinh
trude day cua ho, ho sir dung bo giai ma bd chuyén doi dé gidi ma van ban
ngodn ngit n6i, nhung khong gidng nhu cong trinh trude day cua ho, ho khong
stt dung chu thich 1am giam sat bo sung. Thay vao d6, ho thém hai ton that
"neo" dé du doan hinh dang ban tay va hinh dang miéng tir mdi khung mot
cach doc 1ap, vi chu thich bac c6 san cho ho bﬁng cach sur dung mé hinh dugc
dé xuét trong Koller va cong su (2019 ) . Ho két luan rang phuwong phap nay
ngang bang voi cac phuong phap trude ddy yéu cau chu thich, va do d6, ho da
pha v& su phu thudc vao thong tin chu thich chu thich tén kém trong tac vu

chuyén doéi video thanh van ban.

Shi et al. (2022 ) gidi thi¢u OpenASL, mot tap dir li¢u Ngon ngir ky hiéu Hoa
Ky (ASL) - tiéng Anh quy md 16n dugc thu thap tir cac trang web video truc
tuyén (vi du: YouTube), sau do dé xuit mot bod ky thuat bao gém tim kiém ky
hiéu nhu mot nhiém vy tién dé dé dao tao trude va hop nhét céac dic diém vé
miéng va hinh dang ban tay dé cai thién chat lugng ban dich khi khong c6 cht

thich va khi ¢6 dit liéu khé hiéu vé mat hinh anh.

Yutong Chen, Zuo va cdng sy. ( 2022 ) trinh bay mang hai ludng dé nhan dang
ngdn ngir ky hiéu (SLR) va dich thuat (SLT), str dung kién trac bd ma hoa hinh
anh kép dé ma hoa cac khung hinh video RGB va dit cac diém chinh trong cac
ludng riéng biét. Cac ludng ndy twong tac théng qua cac két ndi hai chiéu. Dbi

v6i SLT, bo ma héa hinh anh dua trén xuong séng S3D (Xie va cong sy 2018

55



) xuit ra mang dich da ngén ngit baing mBART (Liu va cong su 2020 ) . M6
hinh nay dat dugc hiéu suat tién tién trén RWTH-PHOENIX-Weather-2014
(Koller, Forster va Ney 2015 ) , RWTH-PHOENIX-Weather-2014T (Camgoz
et al. 2018 ) va CSL-Daily (Zhou va cong sy 2021 ).

B. Zhang, Miiller va Sennrich ( 2023 ) dé xuit mot phwong phap hoc da
phuong thirc, da tic vu cho ban dich ngdn ngit ky hiéu dau cubi. M6 hinh c6
cac biéu dién duoc chia sé cho cac phuong thirc khac nhau nhu vin ban va
video va dugc dao tao chung trén mot sb tac vu nhu video-to-gloss, gloss-to-
text va video-to-text. Phuong phéap nay cho phép tan dung dir li¢u bén ngoai

nhu dir liéu song song cho ban dich may ngdn ngir noi.

Zhao va cong su. ( 2024 ) gidi thi¢u CV-SLT, str dung bd ma hoéa ty dong bién
thién co diéu kién dé giai quyét khoang cach vé phuong thirc giita video va
van ban. Cach tiép can ctia ho lién quan dén viéc huéng dan mé hinh ma hoa
dir liéu hinh anh va viin ban twong tu thong qua hai duong dan: mét dudng chi
c6 dir liéu hinh anh va dudng kia c6 ca hai phuong thirc. Bing cach sir dung
phan ky KL, ho diéu khién mo hinh theo hudng tao ra cic phan nhung nhat
quan va dau ra chinh xac bat ké dudng din. Khi mé hinh dat duoc hiéu suét
nhat quan trén cac dudng dan, n6 co thé dugce sir dung dé dich ma khong can
giam sat do bong. Panh gia trén bo dir ligu RWTH-PHOENIX-Weather-2014T
(Camgdz va cong sy 2018 ) va CSL-Daily (Zhou va cong sy 2021 ) cho thiy
tinh hiéu qua ctia né. Ho cung cap céach trién khai ma chu yéu dua trén Yutong

Chen, Wei va cong su. (2022 ).

Gong va cong su ( 2024 ) giéi thiéu SignLLM, mot khuon khé cho ban dich
ngon ngit ky hiéu khong bong bay tan dung thé manh ciia M6 hinh ngdn ngir
16n (LLM). SignLLM chuyén d6i video ky hiéu thanh cac biéu dién roi rac va
phan cip tuwong thich véi LLM thong qua hai mo-dun: (1) Mé-dun Ky hiéu
truc quan lugng tir hoa vecto (VQ-Sign), dich video ky hiéu thanh cic ma

thong bdo "cap ky tu" roi rac va (2) Mo-dun Tai cau tric va Can chinh s6 ma
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(CRA), tai cAu truc cac ma théng bao nay thanh cac biéu dién "cép tir". Trong
qua trinh suy ludn, cic ma théng bao "cip tir" duoc chiéu vao khong gian
nhing cua LLM, sau d6 dugc nhéic dich. Ban than LLM c6 thé duogc "léy ra
khoi ké&" va khong can phai dio tao. Trong qua trinh ddo tao, mo-dun "cap ky
tu" VQ-Sign dugc dao tao béng tac vu dy doan nglt canh, mo-dun "cép tu"
CRA v6i k§y thuat van chuyén toi wu va mat cin chinh ky hiéu-vin ban giup
tdng cuong hon nira sy can chinh ngir nghia gitra cac ma thong bao ky hi¢u va
van ban. Khung nay dat duoc két qua tién tién nhét trén céc tap dir liéu RWTH-
PHOENIX-Weather-2014T (Camgd6z va cong sy, 2018 ) va CSL-Daily (Zhou

va cong sy, 2021 ) ma khong can dwa vao chi thich cha thich.

Rust va cong su. ( 2024 ) gi6i thiéu mot phuwong phap nhén thirc vé quyén
riéng tu gdm hai giai doan dé dich ngdn ngit ky hiéu (SLT) trén quy mé 16n,
duogc goi 1 Pao tao trude video tu giam sat dé dich ngdn ngit ky hiéu (SSVP-
SLT). Giai doan dau tién lién quan dén qua trinh dao tao trudc ty gidm sat clia
may bién ap thi gidc Hiera (Ryali va cong su 2023 ) trén cac tap dit lidu video
16n khong dugc quan ly (Duarte va cong sy 2021 ; Uthus, Tanzer va Georg
2023 ) . Trong giai doan tht hai, ddu ra cia mé hinh tdm nhin dugc dua vao
mo hinh ngdn ngit da ngdn ngir (Raffel va cong su 2020 ) dé tinh chinh trén
tap dir lieu How2Sign (Duarte va cong su 2021 ) . Pé giam thiéu rai ro vé
quyén riéng tu, hé théng nay st dung tinh nang 1am mo khudén mit trong qua
trinh dao tao trudc. Ho nhan thiy rang trong khi huan luyén trudc bang cach
1am mo anh huéng dén hiéu suat, mot s6 c6 thé duoc phuc hoi khi tinh chinh
v6i dir liu khong bi mo. SSVP-SLT dat duoc hiéu suit tién tién trén
How2Sign (Duarte va cong su 2021 ) . Ho két luan rang cac mo hinh SLT ¢6
thé duoc dao tao trude theo cach nhan thirc duoc quyén riéng tu ma khong
phai hy sinh qué nhiéu hiéu suit. Ngoai ra, cac tic gia con phat hanh

DailyMoth-70h, bg dit li€éu ASL 70 gid mdi tir The Daily Moth .

Text-To-Video
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Chuyén vin ban thanh video, con duoc goi 1a san xuat ngon ngit ky hiéu, 1a
nhiém vy san xuat video thé hién dy du vin ban ngdn ngit ndi bang ngdn ngir
ky hiéu.

Tinh dén nim 2020, khong c6 nghién ctru nao thao luan vé nhiém vu dich truc
tiép giita van ban va video. Viéc thiéu thao luin nay 1a két qua cta tinh khong
thue té v& mit tinh toan ctia md hinh mong mudn, khién cac nha nghién ctru
khong thyuc hién nhiém vu nay truc tiép ma thay vao d6 dua vao cac phuong

phap tiép can dudng dng st dung cac bicu dién tu thé trung gian.
Pose-To-Text

Pose-To-Text, con dugc goi 1a dich ngon ngir ky hiéu, 1a nhiém vu dich chudi

tu thé dugc chup hoac udce tinh sang van ban ngon ngtr noi.’

Ko et al. (2019 ) da chirg minh hiéu suat an tugng trong nhiém vy chuyén tu
thé thanh vian ban bang cach nhap chudi tu thé vao mang dich ma hoa-giai ma
chuan. Ho d3 thir nghiém v&i ca GRU va nhiéu loai chu ¥ khac nhau (Luong,
Pham va Manning 2015 ; Bahdanau, Cho va Bengio 2015 ) va v6i Transformer
(Vaswani et al. 2017 ) va cho théy hiéu suét tuong tu, voi transformer hoat
dong kém hon trén tap xac thuc va hoat dong tdt hon trén tap kiém tra, bao
gdm nhirng ngudi ky tén khong nhin thay. Ho di thir nghiém véi nhiéu luoc
d6 chuan héa khac nhau, chii yéu 1a trir di gia tri trung binh va chia cho d6 léch
chuan cua timg diém chinh riéng 1¢ lién quan dén toan bo khung hoac "ddi
tugng" c6 lién quan (Co thé, Khudén mit va Ban tay).

Text-To-Pose

Text-to-Pose, con dugc goi la san Xuat ngdn ngir ky hi€u, 1a nhiém vu tao ra
mot chudi cac tu thé thé hién ddy du mot vin ban ngdn ngit n6i bang ngdn ngit
ky hi¢u, nhu mot bicu dién trung gian dé vuot qua cac thach thirc trong hoat
hinh. Hau hét cac nd luc déu sir dung céc tu thé nhu mét biéu dién trung gian

dé vuot qua cac thach thirc trong viéc tao video truc ti€p, voi muc tiéu sir dung
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hoat hinh may tinh hodc cdc mo hinh pose-to-video dé thuc hién san xuét

video.

Saunders, Camgdz va Bowden ( 2020 b ) di dé xut Progressive Transformers,
mdt md hinh dé dich tir cac cau ngdn ngtt no1 rd1 rac sang cac chudi tu thé ky
hiéu 3D lién tuc theo cach ty hdi quy. Khong giéng nhu cac bién dbi tuwong
trung (Vaswani va cOng su, 2017 ) , st dung mot von tir vung ro1 rac va do do
6 thé dy doan motEOS mi thong bao két thiic chudi () & moi budc, bién doi
tién bo du doan mot counter € [0,1] ngoaitu thé. Trong thoi gian suy luan,
counter = 1 dugc coi 1a két thuc ciia chudi . Ho dé thir nghiém céch tiép can
cua minh trén tap dir liéu RWTH-PHOENIX-Weather-2014T (Camgoz et al.
2018 ) bang cach sir dung udc tinh tu thé OpenPose 2D, nang cép 1én 3D
(Zelinka va Kanis 2020 ) va cho thay két qua thuan loi khi danh gia bang cach
st dung dich nguoc tir cac tu thé duoc tao ra sang ngon ngit ndi. Ho tiép tuc
chi ra (Saunders, Bowden va Camgoz 2020 ) rang viéc st dung bo phan biét
d6i nghich giira cac tu thé thuc té va cac tu thé duoc tao ra, co diéu kién trén
vian ban ngdn ngit n6i dau vao, cai thién chét luong san xuat khi do bang cach

st dung dich nguoc.

Dé khic phuc cac van dé vé phat 4m khong chudn xac dugc thiy trong céac tic
pham trén, Saunders, Camgdz va Bowden ( 2020 a ) d3 md rong md hinh may
bién ap tién bo bang cach sir dung Mang mat do hdn hop (MDN) (Bishop 1994
) &¢ m6 hinh héa bién thé duoc tim thay trong ngdn ngit ky hiéu. Mic di mo
hinh nay hoat dong kém hiéu qua trén tap xac thuc, so vdi cac tac phém trudc
do, nhung nd hoat dong tdt hon trén tap kiém tra.

Zelinka va Kanis ( 2020 ) d trinh bay mot phuong phap giai ma hoi quy tur
dong tuong tu, véi viéc thém vao tinh nang lam cong thoi gian dong (DTW)
va sy chi y nhe nhang. Ho da thtr nghiém phuong phap ctia minh trén dit li¢u

thoi tiét Ngon ngit ky hiéu Séc duoc trich xuét tir tin tirc, khong dugc chu thich
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tht cong hodc can chinh theo chu thich ngdn ngir néi va cho thdy DTW ctia ho

0 loi thé cho loai nhi¢m vu nay.

Xiao, Qin va Yin ( 2020 ) di khép lai vong lip bang cach dé& xuit mé hinh
chuyén van ban thanh vin ban cho trudng hop nhan dang ngén ngir ky hiéu
biét lap. Pau tién, ho huin luyén mot bg phan loai dé léy mot chudi cac tu thé
dugc ma hoa boi BILSTM va phan loai dau hiéu lién quan, sau d6 dé xuat mot
hé thdng san xuét iy mot dau hiéu duy nhét va 1y mau chudi c6 do dai khong
d6i gdom 50 tu thé tir M6 hinh hdn hgp Gaussian. Cac thanh phan nay duoc két
hop sao cho c6 mot 16p d4u hiéu y , mot chudi tu thé duoc tao ra, sau d6 duoc
phan loai lai thanh mot 16p dau hiéu § , va su mat mét duoc ap dung gilta y va
¥ chtr khong phai truc tiép trén chudi tu thé duoc tao ra. Ho danh gia cach tiép
can cua ho trén tap dit lieu CSL (Huang va cong su 2018 ) va chi ra rang céc
chudi tu thé duoce tao cua ho gén nhu dat dugc hiéu suit phan loai tuong tu

nhu cac chuoi tham chiéu.

Do nhu ciu vé cac phuong phap danh gia tu dong phu hop hon cho céac ky hiéu
duoc tao ra, cac tac pham hién tai phai dung dén phuong phap do chit luong
dich nguoc, khong thé ndm bt chinh x4c chit lugng cua cac ky hiéu dugc tao
ra cling nhu kha ning st dung ctia chiing trong boi canh thuc té. Hiéu dugc
cach tao ra sy khac biét vé& ¥ nghia trong ngdn ngir ky hiéu c6 thé giup phat

trién mot phuong phap danh gia tét hon.
Notation-To-Text

Giang va cong su. ( 2023 ) kham phé viéc chuyén vin ban thanh vin ban bang
ky hiéu sang ngdn ngit ndi, voi SignWriting 1a hé thng ky hiéu ngon ngit ky
hi€éu duogc chon. Mac du SignWriting thuong dugc biéu dién dudi dang 2D,
nhung ho st dung dic ta SignWriting chinh thirc 1D va dé xut phuong phap
dich may dua trén hé s6 than kinh dé ma héa cac chudi biéu d6 SignWriting
cling nhu vi tri cta chung trong khong gian 2D. Ho xac minh cach tiép can

dugc dé xuat trén bo dir liéu SignBank bang ca thiét 1ap song ngit (Ngon ngir
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ky hiéu My sang tiéng Anh) va hai thiét 14p da ngén ngit (1an luot 1a 4 va 21
cap ngdn ngir). Ho ap dung mot s6 k¥ thuat dich may c6 ngudn tai nguyén thap
dugc sir dung dé cai thién ban dich ngon ngit nd1 nham cai thién hiéu sut dich
ngdn ngtr ky hi€u mot cach twong tu. Phat hién ctia ho xac nhan viéc st dung
cach trinh bay vin ban trung gian dé dich ngén ngit ky hiéu va mé duong cho

viéc dua dich ngdn ngtr ky hi¢u vao nghién ctru xtr Iy ngdén ngitr tu nhién.
Text-To-Notation

Jiang va cdng sy ( 2023 ) cling kham phé hudng dich nguoc, tic 1a dich van
ban sang SignWriting. Ho tién hanh céac thi nghiém trong cung diéu kién véi
thi nghiém SignWriting da ngdn ngir sang van ban (4 cap ngoén ngitr) cia ho va
mot 1an nita dé xuat phuong phéap dich may c6 phan tich than kinh dé giai ma
cac ky tu va vi tri cia ching riéng bi¢t. Ho muon BLEU tir ban dich ngon ngi
no6i dé danh gia cac ky tu dugc du dodn va sai sb tuyét ddi trung binh dé danh

gia cac sO Vi tri.

Walsh, Saunders va Bowden ( 2022 ) kham ph4 ban dich Van ban sang
HamNoSys (T2H), v6i HamNoSys 1a hé thong ky hiéu ngdén ngit ky hiéu muc
tieu. Ho thu nghiém vaé1 T2H truc tiép va Van ban sang chu thich sang
HamNoSys (T2G2H) trén mot tdp hop con dir li¢u tir tap dir licu MEINE DGS
(Hanke va cong su, 2020 ) , trong d6 tat ca cac chu thich déu duoc anh xa sang
HamNoSys bﬁng cach tra ctru tir dién. Ho nhén théy réng ban dich T2H truc
tiép tao ra BLEU cao hon (mic du van can 1am rd mac d6 BLEU thé hién chat
luong ban dich HamNoSys tdt nhur thé nao). Ho ma hoa HamNoSys br:?mg BPE
(Sennrich, Haddow va Birch, 2016 ) , vuot troi hon ma hoéa cép do ky tu va
cép do tur. Ho cling tan dung BERT dé tao nhing cép do cau tdt hon va su dung
HamNoSys dé trich xut hinh dang ban tay cua mdt ky hiéu nhu mot sy giam

sat bo sung trong qua trinh dao tao.
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Notation-To-Pose

Arkushin, Moryossef va Fried ( 2023 ) di dé xuat Ham2Pose, mot mo hinh dé
hoat hinh héa HamNoSys thanh mot chudi cac tu thé. Pau tién, ho mi hoa
HamNoSys thanh mét biéu dién "bdi canh" c6 ¥ nghia bang cach sir dung bd
ma hoa bién doi va st dung no dé du doan d6 dai cta chudi tu thé s& duogc tao
ra. Sau do, bat dau tir mot khung hinh tinh, ho da st dung bg giai ma lap lai
khong ty hdi quy dé dan déan tinh chinh d4u hiéu qua T budc. Trong mdi budce
thoi gian t tur T dén 1 , mo hinh du doan su thay ddi can thiét tir bude t dén
budet - 1. Sau T budc, trinh tao tu thé dua ra chudi tu thé cudi cung. Mo hinh
cua ho vuot trgi hon cac phuong phap truéc ddy nhu Saunders, Camgoz va
Bowden (2020) , hoat hinh h6a HamNoSys thanh cac chudi ngon ngir ky hiéu

thuc té hon.
3.8 Phuong phap danh gia — Evaluation Metricsc

Céc phuong phap danh gia tu dong qua trinh xtr 1y ngén ngtr ky hi¢u thuong

chi phu thudc vao dau ra va khong phu thudc vao dau vao.
Pau ra van ban

D41 véi céac tac vu xuat van ban bang ngoén nglr noi, cac phuong phap danh gia

dich may tiéu chuan nhu BLEU, chrF hoic COMET thuong dugc sir dung.
Pau ra Gloss

Dau ra Gloss ciing c6 thé dugc tu dong cham diém, mic du khong phai khong
c6 van dé. Pac biét, Miiller va cong su. ( 2023) da phan tich diéu nay va dua

ra mot loat khuyén nghi.
Diu ra Pose

Doi véi viée dich tir ngén ngilr ndi sang ngdn ngilr ky hi¢u, cac so liéu danh gia
tw dong 1a mdt hudng nghién ciru md, mac du moét s6 so li€u lién quan dén

dich nguoc dd duogc phat trién
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O mure don gian, cac tic pham trong mién nay di st dung céc sd liéu nhu Loi
binh phuong trung binh (MSE) hodc Li vi tri trung binh (APE) cho két qua
dau ra vé tu thé (ahuja 2019 Language2Pose Natural Language ;ghosh 2021
Synthesis Compositional Animations; petrovich 2022 TEMOS Generated
Diverse). Tuy nhién, nhitng thudc do nay c6 nhitng han ché dang ké dbi véi

viéc San xuat Ngon ngtr Ky hiu.

Vi du: MSE va APE khong tinh dén su thay ddi do dai chudi. Trong thuc té,
cung mot dau hiéu khong phai liic ndo ciing mat ciing mot khoang thoi gian dé
tao ra, tham chi boi cung mot nguoi ky. Dé giai quyét sy thay déi theo thoi
gian, Huang et al. ( 2021 ) d4 gi6i thiéu mot thudc do cho dau ra cia chudi tu
thé dua trén viéc do khoang cach giita cic chudi tu thé duoc tao va tham chiéu
& cap do khép bang cach sir dung d6 cong thoi gian dong, duge goi 1a DTW-
MIE (D6 cong thoi gian dong - Ldi khép trung binh). Tuy nhién, s6 liéu nay
khong dé cap rd rang cach xir Iy cac diém chinh bi thiéu. Arkushin, Moryossef
va Fried (2023 ) da thir nghiém nhiéu phuong phap danh gia va dé xuat thém
ham khoang cach dé giai quyét cac diém chinh bi thiéu nay. Ho di 4p dung
chtrc ning nay bang cach chuan hoa cac diém chinh, dit tén sb liéu cua ho 13

nDTW-MIJE.
Multi-Channel Block OQuput

Pé thay thé cho trinh ty Gloss, Kim et al. ( 2024 ) da dé xuét cach trinh bay
dau ra da kénh cho ngdn ngit ky hiéu va gidi thiéu SignBLEU, mdt phuong
phap tinh diém giéng BLEU cho cic dau ra nay. Thay vi mot chudi cac chu
giai tuyén tinh duy nhét, cac phan doan biéu dién dau ra ngén ngit ky hiéu
thanh nhiéu kénh tuyén tinh, mdi kénh chtra cac “khdi” roi rac. Cac khi nay
dai dién cho ca tin hi¢u thu cong va khong thu cong, vi du: méot khdi cho mdi
ban tay va cac khéi khac cho cac tin hiéu khong thii cong khac nhau nhu
chuyén dong cta 16ng may. Sau d6, cac khéi nay duge chuyén d6i thanh n-

gram: cac chudi thoi gian ghi lai cac chudi trong mét kénh va cac gram kénh
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ghi lai cac 14n xuét hién ddng thoi trén cac kénh. Sau d6, diém SignBLEU
duogc tinh cho n-gram cua cac don hang khac nhau. Ho da danh gia SignBLEU
trén cac bo dir lieu DGS Corpus v3.0 (Konrad va cong sy 2020 ; Prillwitz va
cong su 2008 ) , NIASL2021 (Huerta-Enochian et al. 2022 ) va NCSLGR
(Neidle va Sclaroff 2012 ; Vogler va Neidle 2012 ) , so sanh n6 vdi cac sb liéu
don kénh (d6 bong) nhu BLEU, TER, chrF va METEOR, ciing nhu danh gia
ciia con ngudi boi nhitng ngudi ky ban dia. Cac tic gia nhan thdy rang
SignBLEU c¢6 méi tuong quan nhat quan voi danh gia ciia con ngudi tét hon
s0 v6i cac Iya chon thay thé nay. Tuy nhién, mot han ché ctia phuong phap nay
1a thiéu bo dir liéu phu hop. Cac tac gia dd xem xét mot sb ngir liéu ngdn ngir
ky hiéu, luu y rang su khan hiém tuong ddi ciia cac cha thich da kénh. Ma
ngudn ctia SignBLEU c¢6 sén. Nhu véi SacreBLEU (Bai dang nam 2018 ) , ma
c6 thé tao ra cac chudi “chit ky phién ban” tom tat cic tham sd chinh dé ning

cao kha nang tai tao.
3.9 Truy xuét ngon ngir ky hiéu
3.9 Fingerspelling - Panh van biang ngén tay

Fingerspelling 1a danh van mot tir theo ting chit cai, muon tir bang chir cai
ngdn ngir noéi (Battison 1978 ; Wilcox 1992 ; Brentari va Padden 2001 ; Patrie
va Johnson 2011 ) . Hién twong nay, dugc tim thiy trong hau hét cac ngdn ngir
ky hiéu, thuong xay ra khi khong c6 ky hiéu nao duoc théng nhat trude dé cho
mot khai niém, nhu trong ngén ngtr ky thuat, cac cude tro chuyén thong tuc
lién quan dén tén, cac cudc tro chuyén lién quan dén cac sy kién hién tai, cac
hinh thirc nhin manh va bdi canh chuyén d6i ma gitta ngén ngit ky hiéu va
ngon ngtr no6i twong tng (Padden 1998 ; Montemurro va Brentari 2018 ) .
Luong twong ddi cua fingerspelling khac nhau giira cac ngon ngit ky hiéu va
d6i v6i Ngon ngir ky hiéu Hoa Ky (ASL), chiém 12-35% ndi dung duoc ky
hiéu (Padden va Gunsauls 2003).
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Patrie va Johnson ( 2011 ) d3 mé ta thuit ngit sau ddy dé mo ta ba dang danh

van bang ngoén tay khac nhau:

e Cén than - danh van chdm hon dé mdi chit cai duge hinh thanh rd rang.
e Danh van nhanh - ddnh van nhanh trong d6 céc chit cai thuong khong
dugc hoan thanh va chira phan con lai cta cac chit cai khac trong tir.

e Tu vung hoéa - mdt dau hiéu duoc tao ra bﬁng cach thuong str dung
khong qua hai hinh dang chir viét tay (Battison 1978). Vi du, ALL sir

dung tir vung hoa A va L, BUZZ st dung tir vyng héa B va Z, v.v.

Nhin dang

Nhéan dang chit viét bé“tng ngon tay, mot nhiém vu phuy ctia nhan dang ngén ngir
ky hiéu, la nhiém vu nhan dang cac tr dugc danh van béng ngdn tay trong

video ngdn ngtt ky hi¢u.

Shi va cong su. ( 2018 ) da gidi thiéu mot tap dit liéu 1on co san dé nhan dang
chinh ta bang ngdn ngit ky hiéu ctia M. Tap dit liéu nay bao gdm ca hinh thirc
danh van ngon tay “can than” va “nhanh chong” duoc thu thap tir cac video
dién ra ty nhién “trong ty nhién”, von kho khan hon so véi diéu kién studio.
Ho di dao tao mot mo hinh co s& dé léy mdt chudi hinh anh duoc cét xung
quanh ban tay ky va sir dung bo giai ma ty hdi quy hodc CTC. Ho phat hién ra
rang CTC hoat dong t6t hon mé hinh b giai ma tu hdi quy, nhung ca hai déu
dat ty 1€ nhan dang kém (d0 chinh xac & muc ky tu 35-41%) so véi hiéu suét

cua con nguoi (khoang 82%).

Trong cong viéc tiép theo, Shi et al. ( 2019 ) da thu thap gan nhu mot tap dir
liéu 16n hon ¢6 quy md 16n hon va thiét ké mot mé hinh nhan dang méi. Thay
vi phat hién ban tay dang ky, ho phat hién khuoén mat va cat mot ving rong
16n xung quanh nd. Sau do, ho thuc hién mdt qua trinh 13p di 1ap lai 1a phong

to ban tay bang cach sir dung su chi ¥ truc quan dé giir lai du thong tin & do
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phan giai cao cua ban tay. Cudi cung, gibng nhu cong viée trude day, ho da
ma hoéa chudi hinh anh dugc cit thu cong va str dung CTC dé lay nhin khung.
Ho d4 chi ra rang phuong phap nay vuot trdi hon 4% so v6i phuong phéap “ct
thu cong” ban dau ctia ho va ho co thé dat dugc do chinh xac & cép do ky tu
1én t&i 62,3% bang cach sir dung dit liéu bd sung dugc thu thap. Xem qua tap
dir liéu nay, chung toi nhan thiy ring cac video trong tap dir liéu duoc lay tir
céc video dai hon va khi bi cat, chiing khong gitr lai chir ky trude khi g& ngon
tay. Bdi canh nay lién quan dén mo hinh ngén ngit, trong d6 lic dau, mot ngdn
tay danh van mot tir mot cach can than va khi ldp lai n6, c6 thé danh van né
nhanh chong, nhung ngudi ddi thoai co thé suy ra rang ho dang danh van cing

maot tur.
San xuat

San xuat chinh ta bang ngén tay, mot nhiém vu phu cia san xuat ngén ngir ky

hi€u, 1a nhiém vu san xuat video danh van bang ngdn tay cho céc tur.

O dang co ban, viéc san xuat danh van bang ngon tay “can than” c6 thé duoc
giai quyét mot cach dé dang bang cach sir dung ndi suy hinh dang ban tay chir
cai dugc xac dinh trude. Adeline (2013 ) di ching minh cach tiép can nay cho
Ngbon ngit ky hiéu Hoa Ky va dédnh van bang ngon tay tiéng Anh. Ho da lap
mot khung tay cho mdi chir cai trong bang chir cai tiéng Anh (N =26 ) va tao
ra tit ca (N 2 =676 ) chuyén d6i gitra mdi hai chit cai bang cach st dung noi
suy hodc hoat anh thi cong. Sau d6, dé danh van bang ngén tay toan bo céac
tir, ho ndi cac cap chuyén ddi chit cai. Vi du, ddi vai tr “CHLOE”, ho s& nbi

cac chuyén dbi sau theo trinh t: #C CH HL LO OE E#.

Tuy nhién, dé tao ra cac hinh anh dong gidong nhu that, ngudi ta ciing phai xem
xét nhip diéu va téc do giit cac chit cai, va chuyén doi giita cic chit cai, vi
nhimng yéu t6 nay co6 thé anh hudng dén mirc d6 dé hiéu cua cac chuyén dong
danh van bang ngoén tay dbi véi ngudi doi thoai ( Wilcox ( 1992 ) ). Wheatland

va cong sy ( 2016 ) da phan tich ca video danh van bang ngén tay "can than"
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va "nhanh" dé tim cac tinh ning nay. Ho phat hién ra rang dbi véi ca hai hinh
thirc danh van bang ngon tay, trung binh, tir cang dai thi thoi gian chuyén tiép
va giir cang ngan. Hon nita, ho phat hién ra rang trung binh thoi gian danh cho
cac chit ci & giita it hon va chit cai cudi cung dugc giit trung binh 14u hon cac

chir ca
3.11 Pretraining and Representation - Learning

Trong md hinh nay, thay vi nham vao mot nhiém vy cu thé (vi du nhu chuyén
tu thé thanh vin ban), muc tiéu 1a tim hiéu mot mé hinh hodc cach biéu dién
Hiéu ngdn ngir ky hiéu hitu ich ndi chung, c6 thé duoc ap dung hodc tinh chinh

cho cac nhiém vu cu thé tiép theo.

Hu et al. ( 2023 ) gi6i thiéu SignBERT+, mot phuong phép tién dao tao tu
giam sat dé hiéu ngon ngir ky hiéu (SLU) dya trén mo hinh héa mit na cia
chudi tu thé. Pay 1a phan mé rong ciia SignBERT trudc d6 cua ho (H. Hu,
Zhao, et al. 2021 ) , vo1 mét sb cai tién. Dé tién dao tao, ho trich xuét chudi tu
thé tir hon 230 nghin video bang MMPose (Nhitng nguoi dong gop 2020 ) .
Sau do, ho thuc hién moé hinh hoéa mat na da cép (khop, khung, clip) trén céc
chudi nay, tich hgp mé hinh ban tay thong ké (Romero, Tzionas va Black 2017
) dé han ché cac du doan ctia bo giai ma vé tinh hién thuc giai phau va d6 chinh
xac dugc nang cao. Xac thuc trén SLR bi c6 1ap (MS-ASL (Joze va Koller
2019), WLASL (Li va cdng sy 2020 ) , SLR500 (Huang va cong su 2019 ) ),
SLR lién tuc (RWTH-PHOENIX-Weather 2014 (Koller, Forster va Ney 2015
) ) va SLT (RWTH-PHOENIX-Weather 2014T (Camg6z va cong sy 2018 ) )

chirng minh hi¢u suét tién tién.

Zhao va cong su ( 2023 ) gidi thi¢u BEST (BERT Pre-training for Sign
Language Recognition with Coupling Tokenization), mot phuong phap tién
dao tao dua trén mo hinh hoa mat na cta cac chudi tu thé str dung mot luge do
mi hoa duoc ghép ndi. Phuong phap nay 1ay cac don vi bo ba tu thé (tay trai,

tay phai va than trén c6 canh tay) lam dau vao, mdi don vi dugc ma hoa thanh
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cac ma 101 rac (Oord, Vinyals va Kavukcuoglu 2017 ) sau d6 dugc ghép ndi
v6i nhau. Sau d6, mé hinh héa mit na dugc ap dung, trong d6 bat ky hoic tat
ca cac thanh phan cua bo ba (tay trai, tay phai hodc than trén) c6 thé dugc che
gidu, dé tim hiéu cac mdi twong quan phan cip giita chung. Khong gidng nhu
Hu va cong su ( 2023 ), BEST khong che gidu cac chudi tu thé nhiéu khung
hodac cac khop riéng 1é. Céc tac gia xac thuc phuong phép dao tao trudc cua
ho vé& cac tac vu nhan dang dau hiéu bi ¢6 lap (ISR) bang cach sir dung MS-
ASL (Joze va Koller 2019 ) , WLASL (Li va cdng sy 2020 ) , SLR500 (Huang
va cong su 2019 ) va NMFs-CSL (H. Hu, Zhou va cong su 2021 ) . Bén canh
tac vu pose-to-gloss, ho cling thir nghiém cac tac vu video-to-gloss thong qua
hop nhat v6i 13D (Carreira va Zisserman 2017 ) . Két qua trén cac tap dit liéu
nay chtrng minh hiéu suat tién tién so véi cac phuong phap trude diy va tuong

duong voi SignBERT+ (Hu va cong sy 2023 ).
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CHUONG 4. THUC NGHIEM PHUONG PHAP CHUYEN POI NGON NGU
KY HIEU

Cong nghé nhan dién ngdn ngit ky hiéu va hé théng chuyén doi.
4.1 Gi6i thiéu vé Cong nghé Nhin dién Ngon ngir Ky hi¢u

4.1.1 Dinh nghia

Cong ngh¢ Nhan dién Ngon ngir Ky hi¢u 1a mdt linh vyc nghién ctru thudc
nganh tri tué nhan tao va thi giac may tinh, tap trung vio viéc phat trién cac hé
thdng va g dung c6 kha nang nhan dién, hiéu va dich cac ctr chi tay va bicu
cam khudn mat cua nguoi st dung ngon nglr ky hiéu thanh van ban hoac 101
n6i. Muyc tiéu chinh cta cong nghé niy 12 tao ra cac cong cu hd tro giao tiép
hiéu qua giita ngudi khiém thinh va nguoi khong biét ngdn ngir ky hiéu, tir d6

gitip ho hoa nhépn tt hon vao cong dong.

\3 6 &

VT e f'““*\ 7_1 /=

bbb b b

Hinh 4 Thanh cong méi ciia AI: Chuyén 16i ndi sang ngon ngiv ky hiéu

Céc hé thong nhan dién ngon ngir ky hiéu thuong st dung cac cam bién nhur
camera, gang tay c6 cam bién, hodc céc thiét bi theo doi chuyén dong dé thu
thap dir liéu vé cac cir chi va biéu cam cta nguoi dung. Sau do, cac thuat toan
xtr 1y hinh dnh va hoc sau (deep learning) s& phan tich va nhan dién cic mau
hinh hoc, hinh thai va dong hoc cta cac cir chi nay dé chuyén chung thanh

thong tin c6 thé hiéu dugc.
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Cong nghé nhan dién ngdn ngit ky hiéu hién dang dugc Gmg dung trong nhiéu
linh vuc khac nhau, bao gém gido duc, y té, va cac dich vu cong cong. Nhirng
tién bo trong linh vyc nay khong chi gitp cai thién chat lugng cudc séng cua
ngudi khiém thinh ma con mé ra nhiéu co héi méi cho viée nghién ciru va phat
trién cac ung dung thong minh hon trong tuong lai.

4.1.2 Ung dung

Cong nghé nhan dién ngdn ngir ky hiéu di va dang tao ra nhirng thay doi dang
ké trong nhiéu linh vuc ciia doi sdng xa hoi. Trong gido duc, cong nghé nay
hd trg nguoi khiém thinh bang cach chuyén ddi cc bai giang thanh ngon ngir
ky hiéu, gitip ho tiép can kién thirc mot cach dé dang hon. Ngoai ra, trong giao
tiép hang ngay, cac tng dung di dong va thiét bi thong minh sir dung cong

nghé nay gitup ngudi khiém thinh giao tiép hiéu qua véi cong dong.

Khong chi dung lai & do, cong nghé nay con dugc ap dung rong rai trong cac
dich vu cong cong. Tai cac bénh vién, trung tam dich vu khach hang, va cac
co s& cong cong khac, cac hé théng hd trg nhan dién ngdn ngir ky hiéu gitp
nguoi khiém thinh c6 thé sir dung dich vu mét cach binh déng. Trong linh vuc
giai tri, viéc tao ra phu dé ngdn ngit ky hiéu cho cac chuong trinh truyén hinh
va phim anh gitp ngudi khiém thinh c6 thé thuéng thirc ndi dung giai tri mot
cach tron ven.

Céc tmg dung nay khong chi cai thién chét luong cudc sdng cua ngudi khiém
thinh ma con mo ra nhiéu co hdi nghién ctru va phat trién cho cac nha khoa

hoc va k¥ su trong linh vuec tri tu¢ nhan tao va hoc may.
4.2 Cac thanh phan ciia hé thong chuyén doi

4.2.1 Hé théng Chuyén d6i Ngon ngir Ky hiéu
Hé théng chuyén doi ngon ngit ky hiéu 1a mot giai phap cong nghé tich hop,

duogc thiét ké dé chuyén doi cac dong tac ky hiéu thanh vin ban hodc 4m thanh

70



ngdn ngir no6i. HE thong nay bao gdm nhi€u budc va thanh phan, moéi budc

dong vai trd quan trong trong qué trinh xt 1y va chuyén doi.

4.2.2 Kién tric hé théng
Kién trac cua hé thong chuyén dbi ngon ngir ky hiéu dugc xay dung dua trén
cac cong nghé tién tién nhu nhéan dién tu thé, phan doan video, nhan dang ngon

ngir ky hi€u, tokenization, va dich ky hi¢u sang ngén ngit noi.

Qua trinh bat dau véi viéc sir dung cac cong cu nhu OpenPose hodc MediaPipe
dé nhan dién cac tu thé caa nguoi thuc hién ky hi¢u trong video. Nhitng cong
cu nay giup xac dinh cac diém dic trung trén co thé ngudi, tir d6 phan tich cac
dong tac ky hiéu. Sau khi nhan dién tu thé, hé thong tién hanh phan doan video

thanh cac phan nho hon dé xac dinh va phan tach timg dong tac ky hiéu.

Tiép theo, hé thong sir dung cac mo hinh hoc may dé nhan dang ngdn ngir ky
hiéu dua trén cac dic diém tu thé va dong tac. Qua trinh nay giup xac dinh
ngdn ngit ky hiéu duge sir dung trong video, tir d6 chuyén ddi cac dong tac ky
hiéu thanh céac token dé dé dang xu 1y va dich thuat. Cubi cung, cac ky hi¢u
duogc dich tir SignWriting thanh vin ban ngdn ngit ndi va chuyén d6i van ban

nay thanh am thanh ngon ngir n61 thong qua cac cong cu Text-to-Speech.

4.2.3 Cong nghé va cong cu sir dung

Pé xay dung va trién khai hé thong nay, chung toi sir dung nhiéu cong nghé
va cong cu tién tién. OpenPose va MediaPipe 1a hai cong cu quan trong trong
viéc nhan dién tu thé va phan tich cac dong tac ky hi¢u. TensorFlow va Keras
dugc st dung dé phat trién va huan luyén cidc mé hinh hoc may, gitip cai thién

do chinh xac cua qué trinh nhan di¢n va dich thuat.

Google Cloud Speech-to-Text va Text-to-Speech cung cép cac dich vu chuyén
doi giong noéi thanh van ban va nguoc lai, ddm bao rﬁng hé théng 6 thé tao ra
cac ban dich chinh x4c va d& hiéu. Node.js va Express.js duoc st dung dé xay

dung backend ctia hé théng, hd tro viée xir 1y dir liéu va giao tiép vo1 cac dich
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vu khac, trong khi Firebase duoc st dung dé luu trir va quan 1y dir liéu nguoi

dung, cung cap cac tinh ndng bdo mat va xac thyc nguoi dung.

Angular dugc st dung dé phat trién frontend ctia hé thdng, cung cip giao dién
ngudi ding twong tac va dé st dung. Cac cong cu nay két hop v6i nhau tao
thanh mot hé thong chuyén d6i ngdn ngit ky hiéu hoan chinh, khéng chi mang
lai loi ich 16n cho ngudi khiém thinh ma con mé ra nhiéu co hoi phét trién va

nghién ctru trong tuong lai.

OpenPose
MediaPipe

TensorFlow

Keras

4.2.4 Quy trinh hoat ddng ciia hé thong
Pipeline 1. Tao Ngon Ngir Ky Hi¢u (Sign Language Production)

Input:
Am thanh Ngén Ngir No6i (Spoken Language Audio).
Quy Trinh:

Am thanh dugc chuyén dbi thanh vin ban (Spoken Language Text). Van ban
nay sau d6 dugc chuan héa (Normalized Text) va chuyén thanh SignWriting
(mot hé thong ky hiéu ngon ngit ky). SignWriting duoc dung dé tao ra chudi

dong tac (Pose Sequence).
Output:

Chudi dong tac nay duoc hién thi qua mot chuong trinh xem khung xwong
(Skeleton Viewer) hoac mdt hinh dai dién 3D (3D Avatar), dugc sinh ra thong
qua mdt mo hinh GAN (Generative Adversarial Network) cho hinh anh con

nguoi.
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| Spoken Language Audio |

v

‘ Spoken Language Text ‘

\

Language |dentification

Normalized Text

3

Sentence Splitter

Glosses

Pose Sequence

R

SignWriting

v v
[ [llustration ] [ Description ]

A 4
[ Pose Appearance Transfer

—

Fluent Pose Sequence

-

Video

Share Translation

Hinh 5 So @6 kién triic hé thong pipeline 1 Spoken to Signed

73



MO ta chi tiét pipeline 1 gdm cac giai doan chinh nhu sau:

Giai doan 1: XAy dung giao dién thiét ké trang web dé nguwoi diung cé thé sir
dung trén 2 nén tang la &ng dung website va ing dung di déng dwoc xay dung

biang
Thiét ké va trién khai giao dién ngudi dung:

- Xay dung giao dién ung dung trén nén ting web va di dong bang
framework Angular.

- Sir dung TypeScript, HTML, va SCSS dé phat trién cac thanh phan giao
dién.

- Tao Progressive Web App (PWA) dé cung cap trai nghiém lién mach trén

ca thiét bi di dong va may tinh.
Phat trién backend:

- Sir dung Node.js dé xay dung server backend.

- Quan ly goéi voi npm va trién khai Firebase dé luu trir va xu 1y dif liéu.
Giai doan 2: Chuyén ddi Am thanh ngén ngir n6i thanh vin ban
Tich hop cong cu chuyén ddi giong néi thanh viin ban (Speech-to-Text):

- St dung API cua Google Cloud Speech-to-Text hodc Microsoft Azure

Cognitive Services dé nhan dang giong néi va chuyén ddi thanh vin ban.
Nhan dang ngon ngir tw djng:

- HO tro Iya chon ngdn ngit thu cong boi ngudi dung (107 ngdn ngi).
- Nhan dang ngén ngir ty dong st dung Google’s cld3 va
MediaPipe Solutions.
- Sir dung ngdn ngir trinh duyét ban dau va ghi nhé cip ngdn ngit wa thich

cua nguoi dung.
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Chuan hoa van ban:

- St dung mo hinh chuan hoa van ban da ngén ngtr trén may chu dé xu ly

van ban.
Giai doan 3: Dich ngon ngir ndi sang SignWriting
Dich may da ngon ngir:

- Str dung m6 hinh dich may trén may chu dé dich van ban ngdén ngit noi

sang SignWriting (chat luong thap~).
Trién khai dich Client/Server:

- St dung dich vu dich Client/Server véi Bergamot dé cai thién chat luong

dich.
Phuc vu cac mo hinh dich:

- Pam bao trién khai cac mo hinh dich trén may chu dé hd tro viée dich tir

van ban sang SignWriting.
Giai doan 4: Chuyén ddi SignWriting thanh Pose Sequence
Chuyén ddi tir SignWriting sang Pose Sequence:

- Trién khai server-side sign-stitching, sir dung OpenPose dé chuyén doi vin
ban SignWriting thanh cac chudi dong tac (chat luong thap~).
- Tao hoat hinh tryc tiép tir cac chudi SignWriting/HamNoSys.

HG tro suy luiin ngoai tuyén:

- Trién khai mé hinh hoat hinh trén client dé hd trg hoat dong ngoai tuyén.
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Giai doan 5: Tao hinh anh tir Pose Sequence
Tao hinh anh tir Pose Sequence:

- Sir dung Pose Viewer dé xem khung xuong (Skeleton Viewer), gitip
¢ 161 nhanh chong va tiét kiém ning luong.

- Sir dung Human GAN d¢é tao hinh anh gidng con nguoi tir cac chudi
dong tac.

- Hoat hinh hoéa avatar 3D sir dung hoc may va hd trg AR.
Giai doan 6: Tao video tir Pose Sequence
Chuyén ddi Pose Sequence thanh video:

- Chuyén dbi cac chudi dong tac thanh video dé tiét kiém nang luong
va bd nhé thiét bi.
- HO trg cac thao tac Copy, Download, va Share sau khi video san

sang.
Giai doan 7: Hb tro quoc té héa
Qudc té héa:

- HO trg 104 ngdn ngit va ca bd cuc LTR va RTL.
- St dung ngon ngir cua trinh duyét/dién thoai nguoi dung va cho

phép chon ngén ngir khac thong qua tham sé URL.
Cic tinh niing bo sung:
Tiét kiém niing lwrong va bd nhé:

- Tao video tir cac chudi dong tac dé tiét kiém nang luong va bo nhé thiét bi.
- HO trg céac thao tac Copy, Download, va Share sau khi video sin

sang.
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Pipeline 2 Dich Ngon Ngir Ky Hi€¢u (Sign Language Translation)
Input:

Video Ngon Ngir Ky Hi¢u dugc tai 1én (Upload Sign Language Video) hoac dugc ghi
hinh tryc tiép (Camera Sign Language Video).

Quy Trinh:

Video dugc phan doan (Segmentation) dé nhan dién va phan tach tirng dong tac ky

hiéu. Cac dong tac ndy dugc chuyén thanh SignWriting.
Output:

SignWriting duoc chuyén doi thanh vin ban Ngon Ngit Noi (Spoken Language Text).
Vin ban nay cubi cing duoc chuyén thanh Am thanh Ngon Ngit Noi (Spoken
Language Audio).
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Camera Sign Language Video Upload Sign Language Video

»~ A
Pose Estimation

F ‘ Segmentation ‘
. v

SignWriting Transcription ‘ Language Selector ‘ Sign Image ‘

Sy L

‘ Spoken Language Text

N

| Spoken Language Audio ‘ ‘ Share Translation |

Hinh 6 So do kién triic hé thong pipeline 2 Signed to Spoken

Giai doan 1: Xay dung giao dién ngwoi dung
Thiét ké va trién khai giao dién ngudi dung:

- Xay dung giao dién tng dung trén nén tang web va di dong bing
framework Angular.

- Sir dung TypeScript, HTML, va SCSS dé phat trién cac thanh phan
giao dién.

- Tao Progressive Web App (PWA) dé cung cép trai nghiém lién mach

trén ca thiét bi di dong va may tinh.
Phat trién backend:

- Sir dung Node.js dé xay dung server backend.
- Quan Iy goéi v6i npm va trién khai Firebase dé luu trit va xir Iy dix

liéu.

Giai doan 2: Chuyén d6i video ngon ngir ky hiéu thanh SignWriting
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Du doan tw thé (Pose Estimation):

- Sir dung cac mé hinh hoc may nhu OpenPose hodc MediaPipe dé

nhan dién tu thé cua nguoi thue hién ky hi¢u trong video.
Phan doan video (Segmentation):

- Sir dung cac thuat toan xt 1y hinh anh va hoc méay dé phan doan

video thanh cac phan nho hon.
Giai doan 3: Nhin dang ngon ngir ky hiéu va chuyén déi thanh ngén ngir néi
Nhan dang ngon ngir ky hi¢u (Signed Language Identification):

- Ap dung ciac md hinh nhan dang ngon ngir dé tu dong phat hién

ngon ngtt ky hiéu.
Tokenization:

- Phan tach cac chudi dong tac ky hiéu thanh cac don vi nho hon

(token).

Chuyén d6i SignWriting thanh ngdn ngir néi (SignWriting to Spoken Language

Translation):

- St dung cac md hinh dich may dé chuyén d6i cac ky hiéu tur

SignWriting thanh van ban ngon ngit noi.
Chuyén ddi vin ban thanh giong néi (Text-to-Speech):

- Sir dung céac cong cu chuyén d6i van ban thanh giong néi (Text-to-

Speech) dé tao ra &m thanh tir van ban ngdn ngit néi.
Giai doan 4: Chia sé ban dich
Chia sé ban dich (Copy/Share Translation):

- Cung cép tiy chon sao chép hoic chia sé ban dich vin

ban va am thanh ngdén ngtr nai.
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4.3 Nhan dién ngon ngir

Phat hién ngon ngit dé dich ngdn ngit néi sang ngdn ngit ky hidu phai xac dinh

ngdn ngir cua van ban ngdn ngit nod1 dau vao.

DETECT LANGUAGE ENGLISH SPANISH FRENCH v

Str dung nhan dang tu dong bang cld3 ciua Google hd trg 107 ngdn ngit

CLD3 12 mot md hinh mang ludi than kinh dé nhan dang ngén ngit. Goi nay
chtra ma suy luan va mo hinh dugc dao tao. Ma suy luan trich Xuat cac ngram

ky tu tr viin ban dau vao va tinh toan ty 1¢ so6 1an moi ky tu d6 xuat hién.

VIETNAMESE - DETECTED ~ ENGLISH ~ GERMAN  FRENCH 2 2 SIGNEDLANGUAGESSHORT.ASE @ SIGNEDLANGUAGESSHORT.C

Xin chao

Language vi not supported

8/500 ) ©

e

Hinh 7 Giao dién don giin hé thong dé tai
M3 suy ludn sé trich xudt cac ngram ky tu tir vin ban dau vao va tinh toan ty
1¢ s6 lan xuat hién cta timg ky tu. Vi dy, nhu thé hién trong hinh bén dudi,
néu van ban diu vao 1 "banana", thi mot trong cac trigram dugc trich xuét 1a

"ana" va ty 1¢ tvong tng 14 2/4. Cac ngram dugce bam xudng thanh mot id trong
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mot pham vi nhé va méi id dugc biéu dién bang mdt vecto nhing day dac

dugc udc tinh trong qua trinh dao tao.

MO hinh tinh trung binh cac phan nhung twong tng véi ting loai ngram theo
cac phan sb va cac phan nhing trung binh dugc ndi voi nhau dé tao ra 16p
nhung. Céc thanh phan con lai ciia mang 13 16p an (Tuyén tinh duoc chinh sira)

va 1op softmax.

bé c6 dugce du doan ngdn nglr cho van ban dau vao, chiing t6i chi can thyuc

hién chuyén tiép qua mang.

Q000 Softmax Layer
.O O O O O Hidden Layer

|.. .I...I...l Embedding Layer

b: 1/6 El ba: 1/5 El ban: 1/4
a: 3/6 El na: 2/5 El ana: 2/4

unigrams bigrams trigrams

nan: 1/4

gl

Input text: banana

Hinh 8 Mo td cac lop (Layer) ciia mé hinh mang CLD3 ciia Google

4.4 Chuan héa viin ban
Chuan héa vin ban da cho dé dich ngon ngir ky hiéu.

Pua vao van ban c6 thé chira 161 chinh ta, viét hoa sai, thiéu dau gach néi, so,
don vi hodc hi¢én tugng khac yéu cau cach phat am dac bi¢t. Tra vé van ban
duoc chuan hoa cho ngdn ngir ky hi€u, véi cac sura doi ve cach viét hoa, chinh

ta va gach noi cling nhu cach phat am dac biét cho s6 va don vi.

4.5 Ngon ngir ki hiéu — SignWriting
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4.5.1 Sign Writing — Illuistration

Nhirng ngudi khong c6 kinh nghiém vé SignWriting trudc d6 s& khé hiéu dugc
ky hiéu SignWriting.

Phan nay nham muyc dich cung cdp mét cai nhin thay thé cho SignWriting, sir

dung cac hinh minh hoa do may tinh tao ra cho cac ki hi¢u.

00015
Bang
hinh
Dang llj ‘\ll ‘\‘5 (I)"
ky viét Ca . | 4 ¥
e
Wg;‘
N M)
Hinh A}
minh \//‘\/\
hoa W ;\"
& \J
o Hinh minh hoa mét ngudi c6 Hinh minh hoa mot ngudi phu Hinh anh minh hoa ctia mét
i i e e S g e
he mai toc ngan véi mii tén ni c6 mai toc ngan vdi nhitng ngudi dan éng c6 mai toc ngan.
nhac
mau den. mui tén mau den. Cac mii tén c6 mau den.

Hinh 9 Bing miéu ti sw dién gidi thanh twong hinh va ngén ngiy viét ciia SignWriting
4.5.2 SignWriting Description
Viéc thé hién bang van ban ctia cac ngon ngit ky hi¢u 1a mét thach thirc do su
phtc tap cua cac hé théng chir viét khac nhau. SignWriting, mac du c6 loi,

nhung van doi hoi kién thire chuyén mon vé ngdn ngit dé sir dung hiéu qua.

Phan nay nham muc dich cung cap giai phap mo ta ty dong SignWriting bang
ngdn ngir n6i. Giai phap nay co thé duoc sir dung dé day SignWriting cho
nguoi moi hoc, tinh chinh mo6 hinh dich hodc suy luan khong chinh xac trén

cdc mo hinh tao chuyén dong.
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)5; Vdi ban tay thuan ctia ban md ra, cham vao tran va dua tay ra xa, long ban tay

O‘ Xin chao ) ..
hudng ra ngoai.
) Cham ban tay thuan dang md cla ban vao mai, sau dé dua tay vé phia trudc, long
+ Cam dn . T
ban tay hudng lén.
/! , .
" Giup anh ay | Datnam tay cGa ban tay thuan (ngon cai hudng 1én) |én long ban tay khéng thuan
*Q/ ¢ dy) dang m& clia ban. Ciing nhau di chuyén ca hai tay hudng lén trén.
Vv R V@i ban tay thuan cGa ban, md réng ngon tré va ngén gitia trong khi van gilr cac
S KHONG A o Teng TR e TR e g R e F S
ngon khac cla ban nhét vao trong. Cham cac ngon tay nay vao ngon cai cla ban.
>
KHONG Lac dau theo chiéu ngang trong khi nhiu may.
O Lo Nam tay thuadn bang tay thuan, Iong ban tay hudng vao trong. Vong trdn 1&n tréi tim
@ Lay lam tiéc .
cuia ban.
I:Fi’
+ _l?_ Ban be Lién két cac ngdn trd cla ca hai tay vdi nhau, xen ké vi tri ctia ching.
i
*:k :* Yéu Khoanh tay trudc nguc nhu thé dang 6m minh, hai tay tao thanh ndm dam.
*%k Vdi ban tay thuan cta ban, md réng ngén tré va ngon gitta. Cham cac ngdn tay nay
0"/\\0 Tén hai [an vao ngdn tré md réng cta ban tay khéng thuan, ngdn nady dugc gitr theo
chiéu ngang.

Hinh 10 Bing gién gidi mét sé SignWriting thanh ngon ngiv néi

4.6 Pose Anonymization
Xoéa thong tin nhan dang khoi tu thé ngdn ngir ky hiéu
C6 t6n tai thong tin nhan dang trong moi phat ngdn ngon ngir ky hiéu. Tir
ngoai hinh, dén nhip diéu, kiéu chuyén dong va lya chon ky hiéu.

Vi vay, néu mudn loai bo toan bd thong tin nhan dang thi chiing ta can loai bo

toan bd thong tin.

Bang cach st dung gi4 tri trung binh cua cac tu thé ngdn ngir ky hicu duoc

92 9
A A

tinh toan bé1 sign-language-processing/sign-vq, chung ta c6 thé an danh chudi

tu thé bang cach gia sir khung dau tién chi 1a hinh dang bén ngoai ctia nguoi

do6 va x6a n6 khoi cac khung con lai, sau d6 thém gia tri trung binh.
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https://github.com/sign-language-processing/sign-vq

Sign Original__

Anonymized_

Transferred

)

Kleine

\

Hinh 11 Cdc dang bién doi khdc nhau ciia khung xwong (Skeleton Viewer)

4.7 Fluent (Sign Language) Pose Synthesis

Lam cho cac tu thé ngdn ngit ky hiéu khong thanh thao trd nén trdi chay bang

céch chinh sira cac trinh tu tu thé

Vi du: Dich text ”We were expecting something simple, like a youth hostel”
dich sang glosses DIFFERENTI IMAGINATION1A LIKE3B* EASYI
YOUNGI1* HOMEIA. Sau d6, bang cach sir dung dich sang ngdn ngit ki hiéu,
cac video dugc tim thay cho timg phan cha giai réi ghép lai v6i nhau. Hodc

bang cach sir dung Ham2Pose , mdi HamNoSys duoc tao hoat hinh theo trinh

tur tu thé.
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https://rotem-shalev.github.io/ham-to-pose/

Gloss HamNoSys Video
DIFFERENT1A 000oooooooo
IMAGINATION1A~ | 00000000

LIKE3B* 000000000000000000000000
EASY1 0ooo0oooooooooo

YOUNG1T* 0oooooooooooo

HOME1A 0ooooooooooog

Hinh 12 Minh hoa tir Gloss -> HamNoSys -> Video
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CHUONG 5. THIET KE VA TRIEN KHAI UNG DUNG CHUYEN POI
NGON NGU KY HIEU

[ Spoken Language Audio ]

v
4[ Spoken Language Text
Detect
¥
Mormalized Text ]{ [ Language Identification ]
======== |
el i
- T [
LT, i
- S [
hhhhh &:7
[ Sentence Splitter ]
¥
[ Gloss ] i
i
i
!
i
¥ v
[ Fose Sequence ]{] ———————————————————— { Sign Writing ]
¥ VAl AN
[ Pose Anonymization ] [ ITlustration ] [ Description

—[ Fluent Pose Seqguence ]—

A4 A4 ¥
[ Skeleton View ] [ HumanGAN ] [ 30 Avatar ]
( 9 1
: Video -+
h 4

Share Translation

Hinh 13 Kién triic toin b dé tai
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Pipeline dich tir text/audio sang ngdn ngit ky hiéu: nét lién — da trién kha, nét

dirt — chua trién khai

5.1 Thiét ké va trién khai giao dién ngudi diung
Thiét ké va trién khai giao dién nguwoi dung:

- Xay dung giao dién ing dung trén nén tang web va di dong bang framework
Angular.

- Sir dung TypeScript, HTML, va SCSS d¢ phat trién cac thanh phan giao dién.

- Tao Progressive Web App (PWA) dé cung cap trai nghiém lién mach trén ca
thiét bi di dong va may tinh.

Phat trién backend:

- Su dung Node.js dé xay dung server backend.

- Quan ly goéi voi npm va trién khai Firebase dé luu trir va xu 1y dif liéu.

¥ Vén ban

)

Hinh 14 Giao dién ciia hé thong dich ngon ngiv ky hi¢u (Web application)

Giao dién nguoi dung — Web application
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D041 véi phan dich tir text sang ngodn ngir ki hiéu, giao dién gom 1 text box bén trai dé
nguoi dung dién text vao va s€ convert qua ngon ngir ki hi¢u
¥ Van ban ‘

PHAT HIEN NGON NGU TIENG ANH TIENG BUC TIENGPH 2 & AMERICAN ® GERMAN () FRENCH v

hi how are you @)
i
a =%
g 14/ 500 <

Hinh 15 Giao dién dich tiv text sang ciia khung xwong ciia hé théng dich
Giao dién nguoi dung khi nhap text vo, skeleton view s€ dugc hién thi bén phai, va ¢

giita s& 1a SignWriting (ngdn ngit viét cia ngdn ngit ky hiéu)
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®¢ Webcam € Tailén

TIENG ANH TIENG BUT TIENG PHAP

May anh khéng duoc két noi

Hinh 16 Giao dién nguwoi dung khi dich tir video/camera sang text

5.2 Normalized Text
Sau khi nhdn dién ngon ngitr xong, Text s€ dugc

Chuan hoa vin ban di cho dé dich ngdn ngit ky hiéu.

Pua vao van ban c6 thé chira 161 chinh ta, viét hoa sai, thiéu dau gach noi, so, don vi

hodc hién tugng khéac yéu cau cach phat am dac bi¢t. Tra vé van ban dugc chuan hoa

cho ngdn ngir ky hi¢u, vdi cac sura dodi vé cach viet hoa, chinh ta va gach noi cling

nhu cach phat &m déc bi¢t cho s6 va don vi.

5.3 Dich Text sang Gloss

Suchen Sie eine Arztin auf, wenn Sie Auskiinfte oder Hilfe
Text-to-Gloss
=<
Sie-ix  Auskiinft+  oder Hilfe bendtigen sie-IX Arztin  aufsuchen

Hinh 17 Hinh minh hoa quy trinh text-to-gloss ciia phuwong phdp chuyén vin bin sang Gloss
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Bit ddu bang mot cau tiéng Durc, hé thdng s& ap dung ban dich tir vin ban sang Gloss
sit dung mot tir dua trén quy tic sip xép lai va loai bo cac thanh phan khéng lién
quan. Tap hop cac Gloss thu dugc duge sir dung dé tim kiém cac video c6 lién quan

tir dién ngdn ngit ky hiéu tiéng Dtrc Thuy ST (DSGS).
Text-to-Gloss Translation: Vin ban dau vao (ngoén ngit néi) trude tién duoc xir Iy
boi thanh phéan dich vin ban sang Gloss, chuyén ddi n6 thanh mét chudi cac Gloss

Gloss 13 cach thé hién ngdn ngir ky hiéu trong vin ban ma qua d6 giir lai cau trac ngix
phap va cac yéu td khong ngén tir dic trung cua ngdn ngit ky hiéu.

Example:

- English: I'm happy to meet you.

- ASL Gloss: ME HAPPY MEET YOU.

Chung t6i kham phé ba thanh phan khac nhau nhu mét phan cua dich van ban sang
Gloss, bao gom ca tir vung, sap xép lai va loai bo cac tir dua trén quy tic thanh phan
va hé thong dich may than kinh (Neural Machine Translation - NMT).

Lemmatizer

Chung t6i st dung Simplemma, mot cong cu don gian dé chuyén doi tir vé dang gbc
(lemma) trong nhiéu ngdn ngir 1ap trinh Python (Barbaresi, 2023). Viéc chuyén doi
nay gitp ching t6i gilt nguyén y nghia cta tir dong thoi giam bot do phue tap cua di
liéu dau vao. Tuy nhién, phuong phap nay con han ché do chi sir dung k¥ thuat don
gian khong phu thudc vao ngit canh, khong nam bat duoc thong tin vé nghia cua tir,
din dén sy mo ho.

Sip xép va loai bo tir

Chung 61 tao ra cac ban gan dung ciia ngdn ngit ky hiu tir vin ban ngdn ngit ndi
bang cach st dung phuong phap dua trén quy tic. Qua trinh chuyén di tir cAu noi
thanh chudi ky hiéu ngén ngit ky hiéu c6 thé dugc tom tit mot cach don gian bang

cach loai b bién to cua tir, bd qua dau cau va céc tr cu thé, va sap x&p lai tur. DBé giai
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quyét nhimg khac biét nay, chung toi 4p dung phuwong phap dua trén quy tic tir
Moryossef et al. (2021) dé tao ra cac ban gan dung tir ngdn ngit ndi: chuyén doi tir vé

dang géc, x0a tir phu thudc vao tur loai va hoan vi thir tu tu.

Cu thé, chiing t6i sir dung spaCy (Montani et al., 2023) dé chuyén d6i tir vé dang géc,
gan nhin tir loai va phan tich ct phap phu thudc. Khong gidng nhu Simplelemma,
trinh chuyén doi tir vé dang gdc ctia spaCy 1a cu thé cho ting ngdn ngit va dya trén
nglr canh. Chung t61 loai bo cac tir khong phai 1a ttr ndi dung (vi du: mao tur, gioi tu),
vi chtng phan 16n khong duoc sir dung trong ngdn ngit ky hiéu, nhung gitr lai dai tir
sO hiru va dai tr nhan xung cling nhu danh tur, dong tu, tinh tur, trang tir va $0. Chung
t6i dua ra mot danh sach ngan cac quy tac chuyén do6i ct phap dua trén ngir phap cia
ngon ngir ky hiéu va ngdn nglt né1 twong img. Chung t61 xac dinh chu ngtt, dong tur
va tdn ngit trong van ban dau vao va sap xép lai chung dé phi hop véi thir tw dugc st
dung trong ngdn ngit ky hiéu. Vi du: d6i véi tiéng Ptic sang Ngon ngit Ky hiéu Purc
(Deutsche Gebardensprache *, DGS), chiing toi sap xép lai cac cau SVO thanh SOV,
di chuyén cac trang tu bo nghia cho dong tir va cac tur chi vi tri 1én dau cau (mdt dang

cua topicalization), chuyén céc tir phu dinh vé cudi

Trudc tién, chung t6i chia mdi cAu thanh cac ménh dé riéng biét va sap xép lai chiing
trude khi ap dung cac quy tac ndy cho tirng ménh dé. Viéc sap xép lai cac ménh dé
c6 thé can thiét cho cac cau diéu kién trong d6 ménh dé phu diéu kién phai dting trudc
ménh dé chinh, nhu trong “if. . . then. . . ”. Cac quy tic nay cho phép chiing t6i chuyén
d6i vin ban ngon ngit nodi thanh cac ban gan dang pht hop hon véi thit ty tir va cau
tric ctia ngdn ngit ky hidu. Nhin chung, phwong phéap dua trén quy tic cta chung toi
cung cap mdt cach linh hoat va hiéu qua dé tao ra cac ban gan dung cho ngon ngir ky
hiéu tir vin ban ngdn ngit néi, v6i kha ning két hop cac quy tic cu thé theo ngdn ngit
dé nam bat cic sic thai ciia cic ngdn ngir ky hidu khac nhau. Cach tiép can nay sir
dung mot trinh chuyén d6i tir vé dang gdc chinh xac hon, tuy nhién, né van gap phai

sy mo ho vé nghia cua tur.
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Neural Machine Translation

Chung t6i str dung mot hé thong dich may than kinh pretrained model (NMT). Dich
may than kinh (Neural Machine Translation - NMT) 1a mdt phuong phap thay thé cho

viéc chuyén doi vin ban thanh cac ban gan ding dua trén quy tic.
5.4. Chuyén d6i cac Gloss thanh Pose

Dich gloss sang pose 1a viéc chuyén ddi cac gloss ngon ngir ky hiéu thanh mét chudi

cac tu thé dai dién day du cho mot chudi cac ky hiéu.

Khi thu thap dugc cac bo dit liéu vé ngon ngir ki hiéu cho cac ngdn ngit khac nhau.
Chung t6i trich xuét cac tu thé xwong tir cac video ndy bang cach str dung Mediapipe
Holistic (Grishchenko va Bazarevsky, 2020), mot khung wdc tinh tu thé tién tién udc
tinh toa do 3D cua cac diém mdc khac nhau trén co thé nguoi, bao g6m ca khuon mat,
ban tay va co thé. Chiing t6i tién xtr Iy cac tu thé bang cach dam bao rang co tay cia
co thé & cung mot vi tri voi ) tay, loai bo chan, tay va mat khéi tu thé co thé va cét

cac video ¢ dau va cudi dé tranh quay lai vi tri trung lap cua co thé.

Chung t6i ndi cac tu thé cho mbi gloss bang cach tim diém ‘khau’ tot nhat giam thiéu
khoang cach L2. Sau d6, chung t6i ndi cac tu thé nay, thém 0,2 gidy ‘dém’ ¢ giita,
trude khi 4p dung lam min khéi trén mdi khép dé dam bao chuyén tiép muot ma giita
cac ky hiéu va dién vao cac diém chinh con thiéu. Cudi cing, chung t6i 4p dung bod
loc 1am min chuyén tiép chuyén dong Savitzky-Golay (Savitzky va Golay, 1964),
tuong tu nhu Stoll et al. (2020), dé giam chuyén dong khéng ty nhién.

5.5 Chuyén d6i Pose thanh Video

Chung toi sir dung mot hé théng avatar giong ngudi ban thuc té dé 1am séng dong cac
tu thé dugce tao ra. Hé théng avatar 1a mot moé hinh Pix2Pix (Isola et al., 2016) duoc
diéu chinh dé hoat dong trén chudi tu thé, khong phai hinh anh riéng 1¢. Dong thoi str
dung OpenCV (Bradski, 2000) dé két xuat cac tu thé thanh hinh anh va dwa chung
vao mo hinh Pix2Pix dé tao khung hinh video tréng gidng that. Hé théng avatar c6

thé chay trong thoi gian thuc trén céac thiét bi duoc hd tro.
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Skeleton Viewer: Trinh xem Barebone st dung Pose Viewer (Nhanh, tiéu thu dién

nang thap, dé& debug)

- Chudi tu thé duoc chuyén thanh video, tiét kiém pin va bo nhd
- Khi video d3 sin sang, hd tro cac thao tic Sao chép, Tai xudng va Chia

e

Se

Human GAN: Str dung mé hinh hoc may dé tao ra tu thé giéng nhu con ngudi. Dua
vao mo hinh (ning) dé tao hinh anh c6 d6 phéan giai thip (256x256) va mo hinh
(nhanh) dé nang cao phan giai hinh anh (768x768)

- Cac model GANSs hién tai dang khong tt va nhanh va vira t6t va lau (Diffusion
model)
5.6 H6 tro qudc té héa nhiéu ngon ngir

- Mo rong trén nhiéu bo dir liéu
- HOb trg 104 ngdn ngit va ca bd cuc LTR va RTL.
- St dung ngon ngir trinh duyét/dién thoai cua ngudi dung va cac ngdn ngir

khac nhau théng qua tham s6 URL.
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https://www.npmjs.com/package/pose-viewer

CHUONG 6. KET QUA PAT PUQC VA HUONG PHAT TRIEN
6.1 Két qua dat dwoc

Hé thdng hd tro chuyén doi toan dién tir giong ndi sang vin ban (va nguoc
lai) cho tat ca cac ngdn ngit duoc hd tro cuc bo.

Hé thdng cho phép ngudi dung lia chon ngdn ngit thu cong (107 ngdn ngir)
va tu dong xac dinh ngdn ngit bang cong cu cld3 cua Google (107 ngdn
ngir) hodc giai phap MediaPipe ctia Google. Hé thong ciing str dung ngdn
ngir trinh duyét ban dau va ghi nhé tiiy chon cip ngodn ngir.

Hé thong c6 mo hinh chuan héa van ban da ngdn ngit phia may cha LLM
va md hinh dich may da ngon ngit phia may chul (chat lugng thap) dé
chuyén dbi van ban ngdn ngir noi sang SignWriting. Ngoai ra, hé thong
con hd tro trién khai dich phia may khach/may chu véi Bergamot va phuc
vu cac mo hinh dich.

Hé thong thuc hién chuyén d6i SignWriting thanh chudi tu thé phia may
chu (chat luong thap), st dung tu thé OpenPose, dira vao vin ban ngdn ngit
no6i. Hé thong ciing co trién khai phia may chii méi, tao hoat anh truc tiép
tir chudi SignWriting/HamNoSys va hd tro suy luan ngoai tuyén phia may
khach cho moé hinh hoat anh.

Hé thdng cung cap trinh xem xuong co ban bang cong cu Pose Viewer ndi
bd (nhanh, tiét kiém ning luong va hitu ich cho viéc gd 16i), m6 hinh GAN
ctia con ngudi dé tao dang cho tu thé gidng nhu con nguoi va mé hinh 3D
Avatar dé tao hoat anh cho avatar 3D giéng ngudi bang may hoc, bao gom
ca ho trg AR.

Céc tinh ning bd sung bao gdm chuyén d6i chudi tu thé thanh video, hd
trg sao chép, tai xudng va chia sé video, cling nhu hd trg 104 ngdn ngit va
ca bd cuc LTR va RTL. Hé thong sir dung ngdn ngir trinh duyét/dién thoai

clia ngudi ding va cac ngdn ngir khac nhau thong qua tham sé URL.

6.2 Huwong phat trién
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- Cai tién va thu thap bd dit liéu Tiéng Viét (Hién chua c6 bd dit liéu ngdn
ngir tién hiéu nao cho ngdn ngir

- Cai thién m6 hinh HumanGAN
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