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LOI CAM DOAN

Téi xin cam doan ring todn bi nji dung trinh by trong dé an nay 14 két qui cua
qud trinh nghién ciru, 16ng hop va bién soan tir cde npudn ti ligu co kidm chimg, dudgi
sir hurdng din ciia gidng vién chuyén mén.

Tdi hoin todn chju trich nhigm vé tinh trung thire vi chinh xdc cda cde thong tin

dugre trinh bay trong i lidu nay,
Tic gid ¢ dn

/g
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LOT CAM ON

Trude hét, em xin giri i cim on chin thanh vi siu sic dén thiy Vi Hodi Nam
dii tin tinh hudmg din, gép ¥ va déng hanh trong sudt qud trinh thye hién dé 4n nay.
Nhimg chi diin quy bau tir thily/cd 13 nén tang quan trong gidp em hoin thién ngi dung
nghién el mt cich nghiém the v 6 hé théng.

Em ciing Xin trin trong cim om cdc lh:"i}- cd gidng vién khoa Cong nghé théng tin
I vt Khoa Dao tgo Sau Dai hge di hd trg chuyén mén, cung cip thi ligu, eling nhir tao
diéu kién thuin lgi dé em trién khai va hoiin thinh d& én ding tién dg.

Cudi ciing, em xin cim on tt ci nhimg cé nhin va tip thé d3 gdp phin hé trg vé
tinh thiin cling nhy chuyén man trong suit qud trinh thye hién,
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MO PAU
Ly do chon A& tai:

Trong x& hi hién dai, nbu ciu tiép cjin thong tin mét cich cong bing va toan
dién cho moi dii trgng, dic bidt 1 ngarivi khuyét tit, ngiy cang dige chi trong. Trong
a6, ciing dong nguiri khiém thinh — nhimg nguiri gip khd khin trong viée tidp nhin
théng tin bing ngdn ngir ndi - ludn phai déi mit véi nhidu réo cin rong hoc tp, lim
vige va sinh hogt hing nghy. Ngin ngit ky hiéu 1a phuong tién giao Iiép chinh eda ho,
tuy nhién, phin lém cic thang tin trén internet v trong hé thng gido due, hanh chink

hign nay van chii yéu i dang vin bin hodic dm thanh, giy ra sy thieu d?mg déu trong
ticp cin tri thirc,

Trong bdi cinh cing nghé thong tin va tri tué ahin tao phit trién manh mé, vige
xiy dymg mit h thing cé khi ning chuyén vin bin tiéng Viét thanh ngén ngit kj hiéu
I3 mt hudmg ticp cin higu qua va thiét thye nhim hd trg ngwoi khiém thinh hoa nhip
siu rijng hom vio divi song xa i, D3c bigt, viée két hop cong nehé m hinh 3D trong
viée bigu dat cir chi ngén ngir ky hiéu khing chi gidp truyén dgt théng tin rd ring hom
mi con tao ra mdt trdi nghiém sinh ddng, tnge quan, dé 1lép nhan cho nguii sir dung.

Tuy nhién, hi¢n nay tai Vigt Nam, cic b thong chuyén ngir ngén ngi ky' hiéu
van con rit han ché vé 56 hegng, 4§ chinh xéc cling nhu mire 4§ twomg e [1], Viee
nghién cim, thiét ke va thir nghi¢ém mét hé thing chuyén déi van ban tiéng Viét thank
ngin nglt kv higu sir dung md hinh 3D khing chi mang ¥ nghia thire tién trong viée hi
g nguwin khiém thinh, ma con o gid tri khoa hoc trong linh vire xir I¥ ngdn ngit tr
nhién, mé hinh hoa chuyén déng vi img dung tri twé nhéin 1a0. Dy chinh b 1¥ do mang
tinh ciip thiét va nhin van khién dé tai dwge lira chon d¢ nghién cir, phit irién vi img
dung
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Tong quan vé vin dé nghién ciru:

Vige nghién cir chuyén ddi van bin ting Vit thinh ngon ngit ky hi¢u co ¥
nghia quan trong trong vige hd trg nguiri khiém thinh tiép ciin théng tin va giao tiép xa
hi thudn tién hom. Ngdn ngir ky higu 13 mot hé thing giao tiép die ap dya trén cir chi,
bicu cim vi chuyén dgng co thé, ddi hi sy két hop gitra ngon nei hoe, xir Iy ngdn ngir
ty nhién (NLP), thi gidc miy tinh vi mé hinh hoa 3D, Trén thé gidi d4 cb nhicu hé
thong tién tien nha SignAll hay Virual Sign (mg dung Al vi cong nghé 3D cho vige
chuyén dbi viin bin sang ngon nglr ky hiéu, tuy nhién & Vigt Nam, cic nghién ciu
trong linh vire nity con han ché, chi yéu dimg lai & vide xdy dymg co so dir li¢u hodie
giang day ky higu co ban. Nhimg thich thirc 16n hién nay bao gdm: thiéu dir lidu ky
higu tiéng Viét chuiin hoa, thifu md hinh ngdn ngdr phii hop véi ngit phap ky hiéy, va
syt han ché trong vige thé hign bidu cam, cir ding chin thire trong mé hinh 3D. PE tai
nay nhim xdy dyng hé thong chuyén déi van ban titng Viét thanh chudi k¥ hiéu co
ngha, bitu dién bing md hinh 3D sinh ding, tw nhién, c6 khi ning tich hgp vao cic

nén ting hd trg hoc 1dp vi giao tiép, tir dé gop phiin gidi quyét nhimg han ché con thn
tgl trong nghién ciru hign nay

Mue dich nghién ciru:

Muc dich chinh cda d tai 13 nghién cira, thiél ké va thir nghiém hé théng
chuyén dbi viin ban tiéng Viét thinh ngdn ngir ky hiGu sir dung md hinh 3D. nhim hd
trig nguini khiém thinh tiép ciin théng tin mt cich trre quan, hidu qua. HE thing cho

phép tu ding chuyén vin ban thinh chudi k§ higu, biéu dién bing mé hinh hogt hoa 3D
sinh ding, d& hiéu va phit hop ngir canh,
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VE Iy lujn, dé tai gdp phin xiy dymg co 50 khoa hoe cho vige dnh xa gia tiéng
Viét vi ngdn ngit ky higu, bao gém phin tich ngi nghia, e phip vi ngit cinh. Dong
i, dé tii dong gop cho Tinh vye xir I ngdn ngi W nhién tiéng Vigl, ddc bidt trong
chuyén d6i ngdn ngir sang hinh nh djng.

Ve thyre tien, dé tai hudng dén phil rién mit hé thong ]Jl!ﬂﬂ mém ¢ thé tich
hop vao cic nén tang hoe tip va giao ficp cho nguin khiém thinh. H¢ thong chay trén
+&n web hode miy tinh, cho phép nhdp vin ban va hién thi ky higu bing md hinh 3D.
Ké qua mong mudn 1 thu hep khoang cdich fiép cin thing tin vi ma rjng (mg dyng
rrong gido dye, truyen thing v dich vy cong.

Péi twomg vi pham vi nghién cir:

Déi tugng nghién ctru cla d¢ ti 1 be (héng chuyén ddi vin ban tiéng Vigt

thinh ngon nglr ky higu, @p trung viio ba thanh phén chinh; vin ban diu vio, ca ché

Ky higu, va méd hinh hoa hoat anh 30 the hién ciic cif chi k¥

chu}'en disi sang chudi
quan trong irong

hiéu. Ngu khiém thinh = nhdm huong lgi chinh — ciing 1 yéu 1

viée danh gia tinh hiéu qua va (mg dung et b théng.
Pham vi nghién ciru vé khing gian 1ip trung tai Vigt Nam, sir dyng tiéng Viét va
&t Nam (V31 ), hudmg dén img dung trong truime hoc, trung 1am

ngdn ngi kY hiéu Vie
&n ting hpc e Iuvnn rong naE,

hﬁqu:'ngm':rikhu}-'et it va cc n
hudn khi mgt d¢ 1ai lujn viin,

Vi thosi gian, nghién ciru duge thyre hign trong k
hrgmg viln bin vi ky

ihir nghiém vai 1ap di liéu nh, 50

chil yéu phat trién nguyen miu
¢ nghién cin ticp theo

higu gidi han. Pham vi s& duge mi ring irong cd

Phuong phap nghién cira:

R e et T
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Dé dat duge myc ticu, 48 i tip trung vao vige nghién cini va xdy dung quy
trinh chuyén ddi viin bin ling Viét thinh ma hinh 3D ky higu, phyc vu cic nhu cu va
ngit canh nhir truyén (8 thimg tin cho nguii khiém thinh vi b3 trg hoe tip, tra cing
ngdn nglr ky higu, Phurong phip phiin tich — téng hop ti lidu dwge sir dyng dé thu thip
co s& 1y thuyét vé ngdn nglt k¥ higu, xir Iy ngdn ngilr ty nhién tiéng Vige, vi cc k¢
thuit biéu dién chuyén ding 30, tir dé xfic djnh hudng tricn khai phit hop.

Quy trinh thye hign d¢ tai duge md hinh héa theo cic bude: tiép nhan va phin
tich van ban ddu vio; tich v anh xg tir, cum tir sang ky hiéu twong img; xiy dymg trinh
ty k¥ hidu dya trén dir lidgu ky hiéu 3D c6 sin; xuit md phong 3D dé ngudi ding quan
sit dudi dang hogt dnh.

HE thong dugc thir nghiém véi tip vin ban tiéng Viét pho bién nhim kicm tra
kha nang chuyén déi vi mirc g rd ring ciia ky hidu. Viée dinh gia két qua duge thye
hign thing qua phin tich so sanh giira ndi dung viin ban va trinh ty ky higu sinh ra, két
herp viai quan st tinh ty nhign, d€ hiéu cia hoat dnh 3D trong eac tinh hudng gid lip.
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CHUONG 1: TONG QUAN Vi HE THONG CHUYEN VAN
BAN THANH NGON NGU KY HIEU

1.1 Khdi quit v& ngdn ngir ky higu vi nhu ciu giao tiép cia ngudi khiem
thinh

1.1.1 Dinh nghia vi bin chit ciia ngin ngi k§ higu

Hinh 1.1 Anh minh hga dijng tac ky higu tir “m¥ 1m™

Ngidn ngir ky higu 1d mdt hi thong giso tiép hoan chinh, hinh thanh va phat trién
nhu mét dang ngén ngir ty nhién sir dyng hinh dnh co thé thay cho dm thanh. Cich
truyen dat chi yéu dya vio chuyén ding tay, vj tri eia tay trong khong gian, hudng béin
tay, dutmg di chuveén vi nhip d§ djng tic, két hgp vidi cde tin higu bo trgr nbur nét mat.
anh mdt hay tur thé phin thin trén. Khi céc véu to nay duge phii hgp theo quy tie nhat
dinh, ching tgo thanh nhitng don vi mang nghia twong duong vai tr vymg hojic eym v
trong ngdn ngir 4m thanh. Diéu cin nhin manh 14 ngén ngit ky hi¢u khong phii bin sao
hay bién thé cia ngon ngit noi, ma ton tai nhir mét hé théng dic 1ip véi co ché clu tric
FENE.

() goe dd nghién ciru ngdn ngit, dang ngdn ngit nay thé hién nhimg mé hinh 1
chire rat dic thi, ddc bigt & cich van dung khéng gian ba chicu d¢ biéu dat ¥ nghia.
Nhir kha niing khai thic khing gian, nguivi sir dyng co thé bicu thi mdi lién hé gitra cde
khéi niém, thé hién nhicu lép nghia, hojc nhin manh thing tin hﬁng ede dau higu phi
thii. Ngdn ngit ky hiéu ciing sir dung cic khudn mdu cau dje tnmg nhir ciu tribe chil dé

— binh ludin, hé théng classifier ciing nhimg biéu dat mang tinh hinh wgng. Nhir vy,
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ngudi ding ¢d the dién dat cde ndi dung i tegng, cdm xic vi suy nghi theo cich
sinh dgng va linh hog,

1.1.2 Ciic diic trumg ngin ngiv hoc quan frong

Nt phip khing gian 1 dje didm néi bit cia ngdn ngit ky higu, sir dyng khing
gian ba chidu dé thé hign quan bé ngit nghia va ¢6 phip. Newdsi ki higu cé thé chi vio
mit vi trf d& bicu thi d8i waomg vi tiép tye tham chiéu lai bing ciing vi iri do. Cach nay
gitp tang tinh tnre quan vi didn dat cdc quan hé phirc tap ma ngon nglr néi kho the
hign.

Mot dijc tnmg khic 1 ciu tric céu theo mé hinh chit dé — binh ludn. Thay vi trt
iw SVO nhu ngdn ngit ndi, ngén ngit ky higu thuimg dua chi dé lén trude roi mdi dén
Fhéﬂ binh ludn. Vi dy, “con ché™ duge néu tnude, sau dé mai mé ti hanh dong “chay”.
giiip 16 chire thang tin rd rang va linh hogt,

Classifier (phan loai) 1 cic ding tic holic hinh dang tay md td dic tinh, hinh
dang, chuyén déng cia déi twgmg. Ching giip 3o ra md ti tree quan, sinh dgng va chi
tiét, hd trg ngwdi tiép nhin d hinh dung néi dung.

Tin hi¢u phi-this nhu bi¢u cim khuén mjt, dnh mit, cir chi diu khing chi thé
hién cim x0c ma con mang chire ning ngir phip, gidp phin biét ciu héi, ménh lénh
hay khing dinh. Chiing 1am phong phit ngdn ngii k¥ higu va ting kha ning biéu dat.

Mgon ngiir ky higu con mang tinh biéu tugng vi dn du. Nhidy k¥ hi¢u mang tinh
iconic, mé phing tryc ticp doi tugng hode hinh djng. Theo thiri gian, ching iro nén

quy wée héa, trirs tugng va da nghia, cho thiy su phit trién linh hoat nhur céc ngdn ngl
i '

I.1.3 Pa dang va bién thé ngdn ngi ky higu
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Hinh 1.2 Bin b thé giti véi cic logi ngdn ngir k¥ higu

Ngdn ngir ky hi¢u khing 16n tai dudi dang duy nhét, ma duge hinh thanh thinh
nhiéu hi thing khic nhau tiy theo qubc gia hojie khu vye, vi du nhu ASL, BSL hay
VSL. Ngay trong ciing mit quéc gia ciing ¢6 thé thdy nhiéu bien thé mang tinh dia
phuong, gin voi ejng dong ngudi ding i timg ving. O Viét Nam, V5L ciing duge
chia thinh nhidu cich sir dung khic nhau, thé hign qua khic bi¢t vé chu tric ding tic,
hinh dang tay holic phong cach thé hign. Vi viy, khi thiét ké cang cu chuyén doi hay
mi phong k¥ hidu, viéc 1én trong dfic thi cila timg bién th la yéu cu thiét yeu.

D&l viri cong dbng nguini diée, hogt ding giao ticp va tuong tic doi song dién ra
theo nhimg phuang thire riéng. Didu niy din dén nhu ciu tiép nhjn va xir 1y thing tin
khing gidng voi ngudi nghe. Dit cic cdng nghé hd trg trye quan va nhimg nén ting ki
hiéu di caf thién ding ké khi ning tiép cin thing tin, qué trinh hia nhiip xi hoi vin dbi
mdt v nhidu réo can. Kho khan cd thé dén tir sy khéc hiét trong hé thing k¥ hidu ma
mi ¢4 nhin dupe tidp xic trong gia dinh hoje cing déng. hode tir s thay d5i cia moi
trrimg gigo tiép. Niim duge cic yéu 16 ndy gilip 1im b mirc 49 phire 1ap khi phit trién

gidi phip hd trg. ding thiri nhin manh thm quan trong ciia viée thiét ké mt hé thong
thin thi¢n vi ciing biing hom cho nguir diée.

1.1.4 Dic diém giao tiép cia ngiwdi khiém thinh vi nhu ciu thiét yéu
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Vi nhiéu cd nhin mit thinh lye, hé théng ky hi¢u duge tiép nhiin tir nho vi
déng vai trd nhur phuomg tign giao tiép diu tién, gitp he linh hgi thong tin theo cich ty
phién v trge quan, Nguge lgi, nhimg nguwi bét diu hoc k¥ hidu & giai doan mugn
thuimg gip tra ngai do phai lam quen vai mt phuong thire biéu dgt hoan toidn mdi.

Mt b phin ngudsi diée sir dung linh hogt ci ky hi¢u lan chi vidt, tuy nhién kha
aiing doc viét gilta cic ¢ nhin khong ddng nhét, khién vige tiep nhiin ngi dung chinh
<iic trong mdi trubmg gido dye, chiim sée sitc khoe hojc cic logi giay to hinh chinh o
pén kho khin, Vi vy, cic giai phap hi try cin tpo ra kénh tiép cdn song song gilra ky
higu va phy d& dé bio dim tinh minh bach vA d& hiéu,

Nhu ciiu giao tiép cla cong ddng nay irii rong trong nhiéu linh vire: hoe tp,
kham chira bénh, dich vy cing va sinh hoat thuimg ngay. (J truimg hoe, ho ciin bai
piang di kém ngudi b trg hodie hé théng phy 88, Tai co sy té, cin c6 sy tham gia cua
phién dich hojic cong nghé hd trg ngdn ngir. Trong céc dich vu cong, thong tin nén
dwge cung cip théng qua hinh thirc d& tiép nhin déi véi ngubi diée. M tinh huéng

déu véu ciu mdt cich tidp cin ngon ngit va ki thudt phi hop dé dam bao higu qua
truyen dat.

Bén canh yéu 16 ngdn ngir, khia canh xd hii va viéc hba nhip cong ding ciing
giil vai trd quan trong. Néu thiéu cdc phuong tién b trg, ngudi diée dé gip han ché
wrong tiép cin thing tin, hoe vén va dich vy thiét yéu, tir d6 dnh hudmg dén co hi vige
Jim vi sy tham gia xd hi. Nhimg hé thing chuyén doi ngi dung chir viet sang hinh
thite ky hiéu c6 thé gop phiin xod bt rio cin ndy, tgo diéu kign d¢ ho tiép cin thong tin
11 hom, ndng cao khi néng hoc tip vi ma ring co hii nghe nghiép.

I.1.5 Viin dé thue 18 trong giao fiep vi fiép edn thiing tin

Trong diri séng héing ngdy, nguin dige thuimg dbi mjt vai nhicu ro ngai khi
trao déi va tiép nhin ngi dung, chit yéu vi thiéu ngudn tai ligu bing ky higu vi vi cée
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dich vy h tro hién e chir phit hgp veai nhu chu sir dyng. Mhitng han ché ndy tie djng
Lyc tiép dén viée hoe, oo hji :-.qué nghiép v mire d tham gia vao cong dﬁng_

Mt trong nhimg vin dé ndi bit 1 su khan hiém tai li¢u trinh biy bang ky hiéu.
Phén 16n ndi dung trén internet vin duge thé hién dudi dang chir hode dm thanh, khién
vige ﬁi;:]:t cin ind nén khé khin, Dich vy phién dich qua video do con ngudi thue hign
ciing ¢b gidi han, vira ton thd gian vira khé mé rong, nén khing ihé phuc vu kip cho
¢ boi eiinh nhu 16p hoe, bénh vign hoie thit tye hinh chinh.

Chit legng phign dich ciing 13 diém dé phét sinh sai léch. Vige dya hoan toan
vio ngudi phién dich cé thé din dén khac big¢t vé di chinh xdc tiy vao kinh nghiém
cla timg cd nhin. Cic hé théng tr dong néu chira dat mire hodn thién cao thuimg gip
kho trong vige tii hién cdc yéu 1d ngodi tay nhur bidu cim hofic el chi bé trer, khién
thong diép bi thicu sic thai vi gidm 4@ 1y nhién,

Bén canh 46, sw phong phit vé cich dimg vé tinh hudng giao ticp trong ky higu
lam cho qua trinh chuyén ddi tir ciu chir sang dong tic trd nén phirc tap. Cling mdt cau
nhimg cich bidu dgt e thé thay ddi tity mue tiéu truyén tii, vi du ding cho hge tip, o
chuyén thin mét hodic thing bio cong khai. Vi viy. céng nghé xir 1y ciin kha ning phin
tich linh hoat theo boi cinh va ¥ nghia dé théng diép durge truyén di mit cich rd ring

va chinh xac.
1.1.6 HE qui che thiét ké gidi phip cong nghé

Khi thiét ké cang nghé cho nguii khiém thinh, djc biét trong chuyén déi va giao
tiép qua ngén ngit ky hidy, cin xem xét yéu 1d ngén ngit hoe, biéu dat, dir ligu va tinh
linh hogt. Nhimg yéu 16 niy quyét dinh higu qua, sy phit hop vi kha nang st dyng
trong dixi stng hang ngay.

Vi ngdn nglt hoc, hé lhﬂng khing chi dich timg tir ma phai xir ¥ ding ngir
nghia, cii phip va prosody (nhip didu, sic thai) clia ngén ngir ky hidu. Didu nay gidp
duy tri sy tyr nhién va chinh xdc khi truyén dat théng tin.

Evcarspado oon Carmiiaresr


https://v3.camscanner.com/user/download

Ve tinh bidu dat, ngén ngit ky hi¢u phy thuge cd vlo tay vi tin higu phi-tho nhur
bigu cam, nhin vai, tr thé, Hé thing cin md phong diy dib dé dam bao théng digp
khéng bi thidu ¥ nghia hay cim xie.

Vé dir liéu, cin co sir dif ligu da dang gom video ky higu, annotation, gloss vi
mé té chuyén ding. Dy 13 nén ting hudn luyén md hinh, gidp h¢ théng hicu rd ngir
phip va ngir nghia dé dich chinh xde.

Cudi cling, hé thing phii c6 tinh tiy chinh theo nguii ding, nhu di¢u chinh téc
dj, phin dogn ndi dung, thém phy d&, chon phueng ngir hoje gigng digu. Sy linh hoat
nity gillp ngudi dimg tiép cjin thong tin d& ding hon vi ndng cao higu qua giao tiép.

1.1.7 Tic ding gide duc va xd hji

Hinh 1.3 Lip hoe day ngin ngir ky higu

Viéc sir dung ky higu trong mi tnsimg hoc tip, trong cie hoat ding hé trg ciing
déng v trong linh vuc truyén thing gép phin tgo nén mjt khong gian thin thién hon
cho ngudi khiém thinh, déng thiri thic diy tinh héa nhip trong % hoi. Nho hinh thii
bidu dat b ring va dé nhin bié1, nguiri diée b thé giao tiép 1y tin hom va tiép nhén
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théng tin trong nhiéu tinh huéng khée nhau. Didu ndy gitp ho tiép cin kién thire va cde
dich v quan trong twromg ty nhitng ngudi khic trong cing ddng.

0 ming gido dyc, ky hidu gilr vai trd nhu mdt phuong tign truyén dat kién thirc
hifu qui. Khi bii gidng duge sé héa va bé sung phin mé phong ding tie, kha ning tiép
thu ciia hoe sinh ting cao, ddng thiri tao di¢u kién cho vige wr hoc ngodi giir hoe chinh,
Cac thi lifu e quan, ching han video hojc mé hinh 3D tai hién ding tée, ciing cho
phép hoe sinh xem lai vi tra cina d€ dang, hi trg ciing ¢ kién thire mit cch tw nhién
hom,

Trong khu vire dich vy cdng vii chiim sée sire khoe, vige dp dung ky hi¢u giiap
ngudi diéc tiép nhgn hudng din, cinh bdo hodc thing bo quan trong mét cich chinh
xie. Didu ndy dic bi¢t hitu ich trong cée tinh huéng cin phin tmg nhanh nhy thim hoa,
bénh dich hojc cic sir ¢d bt ngiv. Ngoai ra, nhi¢u thi tyc hanh chinh hodc quy trinh
phye vy cong ding con cé thét duge minh hoa bing ding tic, gitp gidm bat kho khan
phit sinh i rio cin giao tiép,

Trong linh vire truyén thing va phét song, vige hién thi ky hi¢u ngay trén bin
tin, chwremg trinh tryrc tiégp hodic ede cude hop trye luyén kim ting mirc df liép cin cia
nguisi khiém thinh di véi théng tin thii sy. Bitu niy khiong chi gidp ho theo dii ndi
dung mt cich diy dii hom ma edn gop phin xdy dyng mdi treimg truyén thing céng
bing, han ché sy chénh léch vé kha ning tidp cin gitra céc nhém din e,

1.2 Ciic tiep ciin chng nghé trong chuyén doi viin bin sang ngén ngir ky hiju

Chuyén dbi véin ban thinh ngon ngit k¥ hiéu 1 mOt bai toan da nganh, két hop
ngdn ngit hoe, xir ¥ ngdn ngir tr nhién, thi gide mdy tinh vi 46 hoa'hoat hoa 3D. Vé
phirong phép ludn, cdc tiép cin chinh o thé dge chia thanh ba nhom lim: (1} phurong
phip dura trén quy the/to tir dién, (2) phirong phép dia trén dif lidu {corpus-driven / hoc
mdy), vé (3) cdc hé thing lai (hybrid) két hop hai hudmg trén. M3i hudng co lgi thé,
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han ché va cdc k¥ thujt phy trg riéng, phin dudi ddy phin tich chi tiét 1img thinh phan
ciia pipeline va cae lya chon phirong phip k§ thujt.
1.2.1 Tién xit Iy ngén ngir va dnh xg ngin ngiv

Tach b theo . ; - :

quy the Let| | s umuu]mb_‘ |_HIJ this !i“‘r 1
Tach 1l theo MENCIESE
chen [to] (][ [oonce J 1] [ L e e}
snume (] (o] o] [oe] (o]

Let's tokenize! Isn't this easy?

Hinh 1.4 Hinh dnh minh hga tokenization

Trong hé théng dich ngén ngit k¥ higu tir vn ban, tién xir I v dnh xa ngon ngir
| budie nén ting. Quy trinh ndy gifp chuyén dbi van ban sang k¥ hiéu chinh xdc, gl
dirge ngit nghia va ngir dyng, ding thivi tao co st cho ce md hinh dich ty dgng xir Iy
tinh hubng phire tap.

“Tién xir 1§ bit diu bing chudn hoa vin bin: logi bo ky ty dic bigt, sira dau ciu,
chufin hoa chit hoa/thuomg. Sau dé hé thing tich ciu, tich tir va gan nhin tir logi dé
nhin dién e phip, b8 trg hidu cdu tric tnede khi dich sang ky higu. Mgt thich thire
quan trong Ja xit 1§ tén riéng, Chiing thuimg khéng e6 k¥ higu trye tiép nén cin chuyén
thinh fingerspelling, tire danh vin timg chir cai béng dong tic tay. Day 1a yéu td quan
trong A& ban dich t nhién va chinh xic.

Sau tién xir 1y, vin ban dupe chuyén thinh gloss — chudi ky hi¢u phin anh ¥
nghia goe, kém chi din vé nhip digu, biéu cim vi vj tri khéng gian. Gloss giip tich
ngir nghia khoi ddng tac, tao diéu kién cho nhi¢u phueng phip sinh chuyén ding khic
nhau. Anh xa viin ban sang gloss cé thé ding tir dién ky hidu cho truémg hop don gidn,
hode mb hinh cd phip va hge may nhu seq2seq dé xir Iy ngit nghia phire tap, dam bio
djch chinh xdc.
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Theo cdc nghién ciru gan diy, md hinh PhoBERT dat 4§ chinh xic 93% trong
tic vy phin logi van bin tiéng Vi@t [2], trong khi cic benchmark nam 2025 cho thiy
mét sb mi hinh embedding tidng Viét méi co thé dat Fl-score trén 90% cho Named
Entity Recognition (NER). Nhimg con 50 ndy chimg minh rfi.l:g cic ki thugt NLP hién
dai ¢6 thé hd trg manh mé cho vige dnh xa gloss, gilip hé thing dich ky hi¢u dat dj tin
cfly cao hon.

Cudi ciing, xir Iy ngit cinh va ngir dung I cin thiét dé thong diép phit hop mye
tiéu giao tiép. Ciic md-dun ngit cinh gidp chon chudi gloss diing vai tinh hudng, ning
cao tinh chinh xdc va ty nhién cia bin dich,

1.2.2 Phuwong phdp sinh chuyén ding ky higu

Trong xdy dymg hé thong dich ngon ngir ky hi¢u, vige lya chon ky higu va sinh
chuyén ding li yéu 15 then chit. Qud trinh niy khing chi dnh xa chinh xde tir vin ban
sang k¥ hiéu mi con xir 1§ cic yéu 16 nhwr déng tde tay, vi trd, bi¢u cam khudn mit va
sur noi tiep murgt ma giira cde ky higu. Nén ting cia quy trinh 1 xiy dymg tir dién ky
hiéu kém metadata chi tiét, bao gtllm tay sir dung, hinh ding, hudmg. vj tri, l:hu;rén
ding, dau higu phi-thd vi thii legng. Metadata ndy dim bao hé thong chon ding ky
higu vi phan dnh ddy 40 ngir nghia.

Tir dién k¥ hidu cdn c6 nhin rd rang d¢ phin logi cic nhom nhwr lexical signs,
classifier signs va fingerspelling. Lexical signs 1a ky hi¢u chuin cho tir vimg; classifier
signs mi 1 diie diém hojic hanh dgng, doi héi thing tin hinh hoe chi tié; fingerspelling
dimg dé danh vin 1én riéng hodc tir mwgn, Viée ghi chi chinh xéc gitp ban dich w
nhién va chinh xac hom,

Dé tao ra djng téc tay va biéu cam 1y nhién, cé nhicu phueng phip khic nhau,
tir sir dyng video ghi sin dén hogt hoa va hoc may, Mi phuong phap c6 w, nhuge
diém riéng, tiy thude vio yéu ciu chit lugng, tinh linh hogt va kha ning mé ring:
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Truy héi video: dimg kho elip kv hidu dii ghi sin dé ghép thinh ciu hodn chinh
[3). U diém 14 hinh dnh va bidu cam it thyee &, nhung han ché & chd chuyén tidp
khing murgt, khé déng bd va kho dit lidu hitu han. Mt s6 ki thuit nhwr time-warping
hay blending 6 thé cai thién nhwmg chua khic phye trigt dé.

Hoat hoa khung xwong: bidu dién ky hiéu bing keyframe hojc qui dao khap,
sau d6 ndi suy dé tao chuyén ding mugt. 1K vi FK duge ding dé diéu chinh khip, phii
hop ¢ho avatar 3D vi d diéu khién vi tiét kigm by nhé. Thyc € trién khai thuimg ding
khodng 20-30 keyframes cho mdi ky hi¢u dé cin bing gilta di mugt va chi phi tinh
toan. Tuy nhién, biéu cim khudn mit vi chi tiét phirc tap vin kho tdi hién [3].

Hoe méy: mé hinh sequence-to-sequence chuyén gloss hojic embedding viin ban
thinh chudi vi tri khép [4]. Cic kién tric nhur RNN, LSTM, Transformer, GAN, VAE
hay diffusion models e6 the sinh -:hu:-,':".‘n déng da dang va mugl. Uy diém la kha ndng
mér rdng, nhumg cin dit lidu 1ém va chi tiét, néu khang s& thiéu cdc yéu 16 tinh 1& nhur
biéu cam hay hinh ding tay.

Ma hinh lai: két hop nhiéu phuong phap 8¢ tan dyng wu diém, vi du ding video
cho ki hiéu ¢ siin, hoe may hofic hogt hoa cho phén thiéu, hodic két hgp hoe méy vai
quy tic cho fingerspelling.

Ngodi ra, khi chuyén ddi nhiéu ky hi¢u trong ciu, hé thong cin xir I¥ co-
articulation dé céc ding tie ndi tiép mugt ma, Néu chi ghép clip thé s& gay gidt, mél
nhién. Do d6, cin ¢6 mé-dun chuyén tiép hofic mé hinh héa tich hgp dé 130 chudi ding
tdc lién mach, dim bio tinh chinh xéc va dé hiéu trong giao tiép.

1.2.3 Thdch thirc va gidi han KF thugt

Qua trinh chuyén tir pose 2D sang mé hinh 3D ctia avatar trong ngdn nglt ky
higu 1a midt nhiém vu phirc tap, két hep nhicu k¥ thugt xir Iy hinh anh vi hpe may. Mue
tiéu khdng chi tii tao chinh xac chuyén ding co thé ma con thé hién ding cir chi tay,
biéu cim khudn mdt va cic chi tiét tinh 1¢.
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Budc diu 13 thu nhin pose 20, thuimg tr video mocap (marker-
based/markerless) hojic wée tinh keypoinis bing ciing cu nhu OpenPose, von b khi
ndng phit hi¢n 1 135 landmarks trén co the, ban tay, mit va bin chin [5]. Tuong ty,
MediaPipe Pose cung cap 33 landmarks 3D cho todn b co thé. Céc tip dir li¢u video
ky higu thuimg dge ghi & 25-30 FPS, méi clip déi trung binh 3-5 gidy vai hang nghin
frame, ddm bio d§ chi tiét cho qué trinh hudn luyén,

Tiép theo I lifting sang pose 3D, Céc md hinh nhur SMPL vi SMPL-X duge si
dung rjng rdi; riéng SMPL-X 6 tdi 10.475 vertices va 54 joints, bao gﬁm ci khap cho
ngzdn tay vt khudn mt [6]. K§ thujt SMPLifyX duge ding dé “fit” keypoinis 2D thinh
mesh 3D hodn chinh, dim bao d§ chinh xde cao vi kha niing tii hién chi tit

Trong giai dogn retargeting, chuyén déng tir skeleton gde duge diéu chinh cho
avatar dich. Thich thire 1a xir Iy xung dgt khop, trinh xuyén md hinh v gilr nguyen
handshape. Rigging chi tiét cho tay vi ngén tay (véi hing chye DOF ~ Degrees of
Freedom) cling blendshapes cho khudn mat gitip avatar ty nhién va song ding. Cudi
ciing I rendering va visualization. Render mesh 3D cho dd chin thire cao nhung ton ti
nguyén; avatar stylized hojic low-poly gifip giam chi phi. Déng bé thisi gian gilra pose
va gloss/timing rit quan trong dé ky higu chinh xdc.

Trong ngdn ngit ky hiéu, cic tin hi¢u phi-thit nhur biéu cam khudn mat, dnh mit
vi cir dgng co thé gilr vai trd quan trong trong vige truyen dat ¥ nghia va cau tric ci
phap. Mit khé khan chinh 1 cin chi thich chi tiét cho timg yéu o nhw biéu cim. anh
mit hay dong tic co thé. Cc tin hi¢u ndy kho nhin dién va md phong. do d6 cin cic
mi-dun riéng dé xir Iy v sinh chuyén ddng cho mat va thin, nhim dim béo cir chi vira
chinh xdc vira séng ding. Ngodi ra, viéc dong bd gifa tay vi tin hiéu phi-thi quyét
dinh prosoedy, tic toc 43, nhip digu va ngdit quing trong ciu, Néu bé qua véu 16 phi-thi,
hé théng dé mét ty nhién va gdy khé khin cho nguii hoe.

Cac tinh niing djic thi nhu fingerspelling, classifier signs vi spatial referencing

ciing diit ra nhi¢u thich thire. Fingerspelling dugc ding dé dién dat tén riéng hodic tir
khing co ky hidu, ddi hii mi-dun chuyén bigt dé t4i hién chinh xéc. Classificr signs
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1]

mé ta hinh dang, kich thude, vi tri va chuyén ding cia ddi twgng, cin dir ligu chi tiét
Ve qui dao vi ding tac, thuimg dyra viio mocap hofic md hinh sinh r.-hu:.'én ding.
Spatial referencing cho phép chi dinh va tham chiéu lai vi tri d0i tgng trong khang
gian ba chiéu, h théng cin quén Iy 15t dé duy tri mi quan hé khing gian vi ngir cinh.

Bié hé thong ngén ngit kv hiéu ty ding hogt dong hiéu qua, cin danh gid chit
lugng vi hiéu sual, Cie phuong phip danh gid thuimg gém ngon ngir hoe, chét lugng
chuyén déng vi cdc chi sé tir ddng. Mjt hudng phé bién 1a ding chi b ty ding dé do
ngir nghia v ci phdip, dinh gid mire d§ khop gitta viin bin goc vii chudi k¥ higu. Song
song d6, dinh gid chit hrong ding tic dia trén mire dj tr nhién, sy trdi chay va dong
bé. Céc k§ thujt phin tich khung xwong hojic vector chuyén déng gilp kiém tra kha
ning téi tao chuyén ddng murgt vi st thre 1€, Ngodi ra, cé thé diing chi s0 dinh legng
nhu RMSE cho vi tri khip, DTW cho chudi thi gian, hode FID dé dinh gid phin phoi
chuyén dijng. Cudi ciing, dinh gid end-to-end kiém tra toin b chudi xir 1¥, déi chiéu
diu ra véi mue tiéu ban diu dé dim bao ngir nghia duge duy tri va thong tin truyen dat

diy di, chinh xic.

1.2.4 Di ligu, cing cu va nguon lee

1 11
Hinh 1.5 Chng cy trich xuit khung cir chi, djing tie OpenPose
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Bé phit trién hi théng ngan neir ky hidu tr ddng, dir ligu chiit lrgng 13 :r-..‘:u d
ot 16i. Thach thire 1ém hién nay 1i sy thi¢u hut thi nguyén cho lilﬂng Viét, dic bigt cic
b dit ligu kv hidu cé gén nhiin v mé phéng chuyén ding. Video ky higu gdn nhin
(gloss) 14 nén ting hudin luyén, trong khi dir liéu mocap vi 2D pose gitip t0i tru mé hinh
sinh chuyén déng, tgo ddng tic ty nhién vé mugt ma.

Vi tiéng Viét, ngudn dit lidu con han ché, giy kho khin cho phét trién cang cy
tyr ding. Mt vi dy la QIPEDC dataset, hién co khodng 4.000 video, duge thue hién béi
nguir diée tir 3 viing mién Bic Trung Nam, mdi video dai trung binh 3-10 gidy, wong
dueng hon 5 gitr dir ligu ky hidu [7]. Diy 13 ngudn dir liéu quan trong nhung van cén
nho so vai cic b dir ligu quéc 1€ nhu WLASL (hon 21.000 video, d§ dai wr 0.3-8 giay,
trung binh 2 gidy) [8]. C6 thé tin dung dif lidu tir cic ngon ngilt ky hidu khac nhur ASL
hodic BSL, nhung cin thin trong vi khdc bigt ngit nghia va edu tric ¢ thé anh huimg
den d§ chinh xdc khi 4p dung cho tiéng Viét.

Hinh 1.6 Mi hinh SMPLifyX st xdy dyng md hinh 3D

MNgoai dir lidu, cong cy va thu vign cling rit quan trgng. OpenPose, MediaPipe
hé trg nhin dién keypoints tir video 2D; SMPLifyX gitp fitting mé hinh 3D eor theé;
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Unity va Blender hd trg render va animation chit rgng cao. Céc pipeline render biing
Python cling hitu ich cho vige ty chinh vii mé ring mé phéng,

1.2.5 Xu lnrdng phit trién cang nghg

Vige xy dyng h¢ thing ky higu tr dng gip phai nhidu khé khin, tir han ché vé
dir ligu chit hrong dén 4§ phire tap trong vice mé phong chuyén djng. Mdt trér ngai lim
I thicu cic video k¥ higu duge gin nhin dé}' di (gloss, tag phi-thi, thési gian). Giai
phap kha thi 14 thu thip va pin nhin dit ligu mot cich ti mi, k&t hop chuyén mén cia
cée nha nghién ciru ngdn ngir vi k§ thust edng nghé. Hién nay, cde b dir ligu quc té
nhir WLASL (~21.083 video) [8] vi SignAvatars (70.000 chudi chuyén déng) [9] cho
thiy quy mé cin thiét & hudn luyén mé hink én dinh,

Mt thich thire khac 13 dam bio céc chuyén tiép giita ky hi¢u licn mach, Hign
tugmg co-articulation d2 190 cim gide cimg nhic, vi viy c6 thé p dung md hinh hoe
siu theo thin gian hodic cac module blending nhim tgo ra chuyén ding mugt ma hon,
Cic nghién cinu vé Diffusion-based Continuous Sign Language Generation (CVPR
2025) cho thily mé hinh diffusion e6 thé cai thicn 83 mugt va tinh ¢ nhan héa, véi FID
giam hon 15% so véi baseline Transformer [10],

Trong thi gian téi, mét hurémg phii trién quan trong cha cdng nghg -chu;ri‘n dbi
vin bin sang ky higu 13 xdy dimg cic mé hinh xir Iy lién mach tir diu vio dén diu ra,
Ciic b thong nay tao chuyén dgng k¥ hi¢u trye tiép tir ciu chir ma khing cin nhitu
ting xir Iy trung gian. Vige img dyng cac kién triic hoc siu thé hé méi nhur Transformer
hodic mi hinh diffusion dwge ki vong s& rit ngin chudi xir 1y, ddng thisi cai thién mire
on dinh cia két qua. Vi dy, mé hinh DiffSLT (2024) d chimg minh khi ning dich
gloss-free véi BLEU-4 dat 23.5, cao hom cic baseline e [11].

Mt hwdng quan trong khéc 1 ning cao d chi tiét khi ti hign cic yéu 16 khong
diing tay, gom bicu cdm khudn mt, hwémg nhin hode wr thé thin trén. Cac mé hinh
chuyén bigt dinh cho nhimg thinh phan niy s& thé hién 16t hon sie thii va cic lip
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nghia phy trong timg ky higu, D lam duge dicu 46, viée xiy dymg b dif liéu c6 nhin
dily it vé cim xiic vit chuyén ding vi md 14 yéu chu then chét, gitp mé phong 1rir nén
sinh dgng va gin vai thye té hon, Nizodi ra, céc hé thing trong tong lai cb thé ké hop
hai phuomg phip: truy xuit cie dogn ky higu cb sin véi chatl lwgng cao va tao mdi
chuyén ding h?lng mo hinh sinh. Céch lim niy giop tin dyng sy chin thye tir video
goc, dong thi gitr durge sy linh hoat khi ein tao ra cée ky higu hidm gip, qua dé gidm
bt ganh ndng thu thip dir ligu quy mé 1ém vé liu dii,

Cong nghi md phong ky hi¢u ciing hira hen duge cii thién khi lién két véi nhidu
logi diu vao khac nhau, chiing han nhy hé 1]16“5 chu:,'én Am thanh thinh van ban hodic
tin higu hinh dnh h trg phin tich bdi cinh, Khi tich hp da ngudn, hé thing co thé
phin img nhay hon trude tinh hudng thre 18 vi cung cdp kha ning hiéu théng tin thong
qua nhiéu kénh ciing lie. Mgt xu the khic duge quan tim 13 diéu chinh hé thong theo
s@@ thich cla img cd nhin. Cde nén ting co thé 1y dong ghi nhin tde di trinh chicu ua
ding, kiéu nhin vit hién thi, hojic bién thé ky hidu ciia timg ving ma newin ding
thurimg li.ép xiic. Dicy niy cho phép trdi nghigm phi hop hon véi muc dich hoc tip, tra
eiru hode giao tiép cia moi nguwi,

Cudi cling, viée xiy dyng va chudn hod 1ap dir liéu dinh riéng cho k¥ higu tiéng
Viét 1 nhi¢m vy thiet yéu. Bg dir liéu ndy nén bao gom gloss, thong tin ngit dung, dic
ta khing gian va céc tin higu phi tha, phue vy cho qua trinh hudn luyén ma hinh dat d
chinh xdc cao, d€ mé ring vi thich hgp cho nhicu linh vire nhyr gido dye, truvén théng

vil img dung dér song.

1.3 Ung dung m hinh 3D vi hé thong trye quan héa trong truyén tai ky
higu

Ma hinh 3D va hé théng trwe quan héa déng vai ted then chét trong vide dua
ngdn nglr kv higu tir dang ly thu:.rét-’ghi hinh tinh 1&i trdi nghi¢m tromg tac, tnre quan
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vii ¢6 thé mir rjng. Phiin ndy di siu vio céc khia canh img dyng, chu triic chire ning,
lgri fch, gidi han va nhimg can nhic thiét ké khi sie dung 3D dé truyén i ky higu,

1.3.1 Ung dung thee tién v bii canh trién khai

Ngdn ngir ky higu, vai kha ndng truyén dat thiing tin thing qua hinh dnh vi cir
chi trye quan, ngdy cing duge img dung ring rdi trong cic linh vige nhu gido dyc,
truyén thing, dich v cong vi nhidu hogt dgn g xii hji khac. Cic cong nghé hign dai, vi
dy nhir hé mﬁﬂg chuyén d6i vin ban thinh ky higu qua video hoje md hinh hogt hinh,
dang gitip ngwdi khiém thinh tiép cin théng tin nhanh chéng vi tryrc quan hom,

Trong gido duc, vige img dung ky hi¢u hé trg hoe sinh khiém thinh tiép thu kien
thirc d¢ ding hon. Theo théng k&, hién cé khodng 2-3 triéu nguii My sir dung ngdn
ng Ky higu, trong dé 500.000 ngudsi ding ASL nhir ngén ngit chinh. Cic bai giang so
ket hgp mé phang 3D minh hoa cir chi giiip ngwis hoe nim vimg tir vimg, ngi¥ phap va
h{i thogi, déng thiri cic chire nang nhur tua Igi, didu chinh tée d hay theo ddi chi tidt
timg dng tac gidp viée tw hoe tré nén thudn tign. O linh vye thing tin cdng cong. hé
théng k¥ hiéu hé try truyén i tin tirc quan trong, hudng din khin cip hoic thi tuc
hanh chinh qua video trén website, méan hinh cong cing hodic img dung. dim bao ngwii
khiém thinh nhin duge thong tin kip théi. Hign nay, WHO wée tinh co khoang 430
tri¢u nguii trén the gidi mic khiém thinh mirc 34 ndng cin phyc hii chire ning. Trong

cdc sy kién trye tuyén hodic truyén hinh true tiép, cong nghé kv higu ¢b thé duge tich
hop dé cung cip bin chuyén ngit theo thii gian thye, co thé két hop véi phién dich
vién, giip nguisi khiém thinh tham gia d€ ding hom. Trong truyén théng va gidi tri, vige
I:lmg ghép ky higu vio ban tin, chwong trinh hay nfi dung 50 gilip tao ra mdi inrmg
tiép nhin thong tin binh ding. han ché rio cin giao tiép. Trong linh vire v 1 va dich vu
% hji, viée chuyén dbi thang tin vé thube men, hudmg din didu trj hojic chi din khin
cip sang ky hiéu gitip nguwini khiém thinh tiép cin dich vy an tedn, déng thi nim bl
thing tin sirc khoe mit cich chinh xie. Ngodi ra, cdng nghé ky hi¢u con ding vai trd
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quan trong trong nghién ci va T trit cdic bidn thé ngdn ngit ky higu, gop phin bio
B0 gid tri vin hoa va thile ddy phdt trién nghién cin ngdn ngit ky hicu.

Ngodi ra, thj tnrimg cong nghé hd irg nguli khiém thinh ciing dang phat trién
manh. Theo béo cio nim 2025, thi truimg cong nghé trg gidp todn clu (assistive
technology) dat gid trj hon 30 ty USD, vai tde di ting tnrémg trung binh hing nim
khodng 7-10% trong giai doan 2025-2032. Trong dd, cic thiét bi hi trg giao ticp vi
phén mém cho nguii khiém thinh chiém ty trong déng ke, phin dnh nhu ciiu ngiy cing
cao vé giai phip eéng nghé gitp giam rio can thing lin vi ting khi néng hoa nhip xi
hii.

Bén canh img dyng. viée trién khai cong ngh¢ ky higu ciing doi hoi chién rge
phit hyp. Cé ba céch tiép ciin chinh dé render chuyén ding va biéu hi¢n trong ngdn ngi
ky hi¢u: pre-rendered clips, real-time rendering, vé hybrid approach. Pre-rendered clips
dimg video di ghi sin cho timg k¥ higu, sau dé ghép thinh ciu. U diém 14 hi¢u sudt
¢a0, hinh dnh dn dinh, phit hgp cho bai hoe ¢b dinh. Nhwge diém 18 thiéu linh hoat khi
chn thay déi téc 4§, ngir dicu, khé chuyén tiép mugt va tén dung hegmg luu irir. Real-
time rendering tao chuyén déng truc tiép tir skeleton hode 3D mesh, cho phép linh hoat
vii cd nhéin hoa, thich hgp cho img dung twong tic nhr héi thao tryc tuyén hay teg gilip
thési gian thyre. Tuy nhién, no doi héi ti nguyén tinh todn 1om v cb the gay dd ré.
Hybrid approach két hop ca hai: ding clip sin cho ky higu pho bién, con ky hifu it gdp
hodic chuyén tidp s€ render thol gian thyre. Clich ndy cin bang gitra chit hrgmg, hidu
sust vi tinh link hoat, phit hgp cho hé théng cin vira on djnh vira mé rong.

Pé xac dinh mire ) hoat ddng cia mgt hg thing chuyén doi sang ky higu didi
dang s6, ¢in tién hinh cac bue kiém tra vi phin tich nhim xdc nhin chat hrgg diu
ra. Nhimg thudc do ndy cho biét mire chinh xdc, dp dé tiép nhin va higu suit truyén tai
théng tin. Qud trinh danh gia thuimg tjp trung vio ba nhom: kha ning ndm bt nfi
dung, d¢ muset elia chudi djng téc va mire dd thin thién khi sir dyng. Vige dinh gia kha
ndng tiép nhin ngi dung nhim xéc dinh ngudi dimg, bao gdm ngudi ding quen vai ky
hiéu véi cd nhin mét thinh lye, ¢é dién gidi ding ¥ tir md hinh 3D hay khdng. Ngwiri
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tham gia duge xem doan mé phang roi md ti lpi thing tin ho hicu, Mt 50 chi s duge
sir dyng gﬁm ti 1¢ dicn gidi chinh xde, thiri gian xir ly va mire sai l¢ch so véi ¥ nghia
ban diu,

Kiém tra chil lrgng djng tée tip trung vio sy Ly nhién cia cic cir chi. Phuong
phip dinh tinh thuimg khio sit cim nhin vé di mugt, sir linh hogt va mie d& hicu. ()
hurémg dinh legng, cic k¥ thuil do luimg nhir RMSE hojic DTW duge ding dé doi
chiéu vj tri cac khép vii dif lidu chudn nhidm dinh gia d§ khip cia chuyén ding. Khia
canh lién quan dén trdi nghiém thao the xem xét mirc tién dyng cia giao dién va cim
nhin tong thé cia ngudi dimg. Céie b ciu hai nhur SUS, ciing trao ddi trye tiép hoge
phin tich hanh vi sir dung nhir 56 Yin twong tic, tua lai hodic thay ddi tic dd, gidp nhin
dign mire d hi long va dé xuit diéu chinh dé ning cao chit lugng hé thong.

1.3.2 Lgii ich cia mé hink 3D vi j nghia truc it

So vii video 2D, mé hinh 3D mang lai nhiéu lgi ich virgt trdi trong phat trién hé
théng ngén ngir ky higu. Né cho phép tii sit dung, mé réng. phin tich chi tiét va cé
nhin hoa, mang lai trai nghiém trye quan vé linh hoat hon.

U didm lim nhit 13 kha ning tai st dung vi mé rdng. Mt clip 3D cd thé diéu
chinh gée nhin, kich thwde avatar, d& chinh sira vi ning cap, giim phu thude vio video
¢b dinh. Ngoai ra, mé hinh 3D ciing hd trg phin tich chi tiét, cho phép phéng to cic
phin nhur ban tay dé quan st handshape hay qu§ dgo chuyén dong. Didu nay gitp
newiri hoc ndm rd cic ding tic kho thiy trong video 210, Mét lgi ich khde 1 xir Iy 164
co-articulation, tao chuyén tiép mugt ma giifa cic ky higu nhir khung xwong va ki
thuiit ndi suy, gigp dong tic tw nhicn vi dé hicu hon. Mot minh chimg thire nghiém: hé
thing avatar-3D dya trén vin ban/giong néi sang ky hifu cho Indian Sign Language
(1SL) da dat ty 1& dang ky hi¢u khoing 89.5% (Sign Error Rate = 10.50%) khi chuyén
tir cdu tiéng Anh sang chudi ky higu + avatar 3D [12].
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Bén canh 46, mé hinh 3D con cho phép ci nhin hoa, nhir didu chinh e dg,
kich thurde, phong cich avatar (thre 1& hodic stylized), phit hop véi nhu ciu va ngit canh
sir dung. Cudi ciing, mé hinh 3D hi tre tich hop annotation vio timeline, ding b phy
dé, highlight tir va metadata. Piéu nily gitip ngudi hoe theo dbi ngir nghia, ghi chd vi
tra cira higu qua hom. Mt dénh gidl tir khdo sdt cda npwdi hoe sir dung avatar/VR de
hoe ky higu cho biét ~72% ngwii tham gia cho ring “hand gestures va handshapes rd
han trong méi trudmg 3D so véi video”, vii ~78% néi riing hg dé theo ddi chuyén ding
trong 3D vi e thé quan st 1ir nhicy goc nhin khic nhau.

Thiét ké trii nghiém hoe tip vi giao tiép cho ngudi khiém thinh ciing 1a mt loi
ich quan trong etia md hinh 30, Cic yéu 1§ chinh gbm mirc dd hidn thi chi tiét, déng b
van ban, thy chon phiromg ngir, kiém sodt 1ée di va trg niing bo sung. Hé thing nén cho
phép phng to viing tay, hién thi skeleton hogc vector chuyén djng dé nguiri hoc dé
theo dai, dje bt vai ky' higu phirc tap. Déng b viin bin va ky hiéu gitp ngwoi ding
hiéu rd mdi lién hé gifra tir va ky higu. Highlight tir khi ky hi¢u dién ra vi cung cap phy
dé song song s& hd trg ngwin hioe, nhit 13 ngwin moi,

Tiy chon phuong ngit cin thiét vi ngén ngit ky hiéu khic nhau theo viing. Cho
phép chon bién thé phiy hop eitp ngudi hoe lam quen va giao tidp 16t hom trong thire t&.
Kiém sodt tée d¢ gitip ngwiri hoe didu chinh theo kha ning tiép thu, dic bigt hiru ich
cho ngwiri hoc chim hofic mudn xem lai nhiéu lin, Cudi ciing, hé théng cin ¢6 trg ning
bé sung nhir giao dién high-contrast cho ngudi khé phin biét maw, phim 1t va diu
khién ban phim dé dam bao moi ngwin déu sir dyng thudn tién.

1.3.3 Thinh phin ki thudt va chire ning hé thing triee quan hoa

Khi thiét ké hé I:h-éng trire quan hoa ngdn ngir kv hidu, mot sé thanh phﬁ.n k¥

thuit then chot cin dim bdo khi ning truyén tii chinh xéc va higu qua. Ching bao gém

bicu di€n chuyén ding, tdi tao chi tié tay v mit, chc mé-dun chuyén tiép, cing 18i wu
héa higu suit va giso dién ngwiri dimg,
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Biu difn chuyén diing dya trén skeletonkeypoints dé md phong dong tic tay,
cinh tay va co thé. Chudi ur thé (pose sequence) giap theo ddi chu;,ui-n dong lién tyc.
trong khi cde mé hinh tham sé hojic mesh 31 ndng cao chit Iurgmgg hién thi vi d mugt.

Tii tao chi tiét tay va mt 14 thach thire Iém vi handshape ¢é nhiéu DOF, H¢
thing cin dir lidu chi tidl dd md phang chinh xéc ngdn tay, dong thin dimg blendshapes
vii animation cho bi¢u cam khudn mit, dnh mét va thin trén, giGp tng sic thi vi cim
Xic,

Module chuyen tiép (co-articulation/blending) xir Iy ndi gita cic ky hidu, ni
suy vi tri dé tao chuyén déng mugt vi déng by nhip di¢u, khie phyc vin d¢ time-
warping.

Rendering vi xuit ban co thé ding elip render sin cho tde d9, hodc on-the-fly
rendering cho tirong tie thisi gian thye. Céc k§ thuit nhur caching. LOD va streaming
gilip gidm d§ tré va 181 wu 13 npuyén,

Cudi ciing, giao dign nguir diing UI/UX eiin tnre quan, hé trg diéu khién co ban
(play/pause, t6c df, phin dogn) vi nhidu goc nhin (close-up, side view, full-body). Cic

ché d§ hd trg nhir slow-motion, step-by-step hay comparison mode gitp nguin hoc dé
theo ddi va so sinh kv higu

1.3.4 Han ché va thach thire khi dp dung 3D cho k§' higu

Viée dua mé phing ba chiéu vao trinh biy ddng tic ky hi¢u dit ra nhidu vin dé
cin gidi quyét. Céc khé khin niy khing chi ndm & mit céng nghé. mi con lién quan
dén vige chuin bi tr ligu, t6i wu higu suit vi kha nang i hign chuyén ding sao cho tu
nhién. Dii mé hinh 30D dem lai wu diém trre quan, vige trién khai trong thue 1 vin con
gip nhiéu gigi hgn,

Mt trong nhimg trés ngai quan trong nhat nim o khiu xiy dumg dir ligu. D¢ 1a0
duge mijt hi thing hoat ddng dn dinh va ¢6 d chinh xic chip nhin dwgc, ngwiri thire
hign can thu thip legng kim tr ligu duge mé t chi tiér. Ce dogn video phii dupe chil
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gidi o ring vé nhip ddng tac, vi trf bn tay, chu hinh ngén tay, nét mit, huéng co thé
v nhimg tin hidu bé trg khic, Diy 1 viée tiéu tbn thisi gian, cing sire vi dbi hoi nhiéu
bude rd sodt, vi chi cin mt so suit nhé cing dii khién md phong ird nén sai léch. Cie
b dir liéu motion capture hign cé vin con han ché. Vi dy, MC-TRISLAN corpus chi
méi cung cap khoing 18 gitr dir ligu ky hidu tiéng Czech véi chi gidi chi tiét [13],
trong khi bj SignAvatars méi dat quy mé 70.000 chudi chuyén dong, 8,34 triéu frames
3D SMPL-X [9]. Dicu ndy cho thiy ngudn dir lifu cho cie ngén nglt ky hi¢u khic
ngodi ASL/BSL viin con rit nho.

Mijt thach thirc khac xuit phat tir hién tugng khien nguoi xem kho chiu khi mo
hinh 31 trdng gén gidng thit nhung vin con “léch”. Néu avatar huimg dén phong cich
gidng ngudri thit nhumg thiéu d§ muat & chuyén déng hofic bidu cam, nguir sif dyng dé
cam thiy khéng thodi méi. Nguge Igi, tgo hinh qué don gidn lai lam giam kha ning
trayén ti sic thii trong ky hidu. Xac dinh mive d3 “giéng thit” phit hop dé vira dé quan
sal vira dam bao chinh xac 13 mit bdi toan kho.

Mgodi ra, sy khéc biét Iom gifia co ché dién dat cia ky hidu va ngdn ngir ndi
ciing tic djng trye Iifrp dén qud trinh xdy dyng hé thdng. K¥ hiéu khéng tuin theo kicu
chuyén ddi timg tir, ma ding nhimg quy tic sdp xép va rit gon riéng. Vi viy, bi xir Iy
ngdn ngir phai diéu chinh lai thir tr cic ding téc, luge bo phin thim va gilt nguyén §
tong thé. Néu khong cd bude niy, chudi ki hiéu tpo ra s thidu i nhién hoje truyen dat
sal.

Mijt véu té khic khong thé bo qua li yéu cu vé nang lye xir 1y db hoa. Vige
dymg, tinh todn vi hicn thj chuyén ding ba chiéu theo thii gian thyre c6 thé tiéu ton kha
nhidu t3i nguyén, dlic biét trén cic thiét bj khéng ¢b GPU manh. Dicu niy khicn viée
trién khai trén méy cdu hinh thip tr nén kho khan, Do dé, méd phing cin duge 10i i
dé gidm mirc tiéu thy tai nguyén, han ché d 1ré va bao dim chuyén dgng tron tru trong
ciic tinh hudng phat trire tip hofic twong tée lién tue.
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CHUONG 2: XAY DUNG HE THONG CHUYEN VAN BAN

SANG MO HINH 3D
2.1. Xiie dinh yéu cu xir 1§ vii hwrdng tiép cin

Muc tiéu ciia phin ndy 13 lim rd nhimg yéu cdu k§ thujt va chirc ning cin cb dé
trién khai mdt h¢ thing chuyén van ban tiéng Viét thinh mé phong ngdn ngir ky hi¢u
dang video 3D, déng thisi chi ra hiréng tiép can tong quét (pipeline) tirc cdc budc “di nr
gi sang gi” phi hop vdi rlguﬁn e vi pham vi dé tai. Phin niy bao gom yéu cau chirc
ning, yéu ciu dir lidw, yéu ciu xir I¥ {pipeline), yéu ciu phi chire ning (higu ning, liru

tri¥, khd ndng mé rgng), d& xudt chién leoc tidp cin va i ro can quan Iy.
2.1.1 Yéu ciu chire ning chinh

HE théng mé phong ki hitu 3D cin thie hién nhimg chirc ning cét 161 nhim
dim bdo twong tac mugt ma v tréi nghiém ngubi ding thudn tign, Cac kha nang chinh
bao gom xir 1y dit ligu ddu vio, chuyén dbi tir ngir sang video hofic mé hinh mesh 3D,
diéu khién hién thi va quin Iy kho ky hiu.

Viin bin diu vio cé thé 1 ciu, cym tir hoje dogn, duge nhip tryc tiép hofic liy
tir phu dé dd chudn héa. HE thing s& phan tich vé dnh xa timg dom v tir sang video
hodc mesh 3D twong img, dyra trén dif ligu hudn luyén tir 2D,

Két qua diu ra la video k¥ hi¢u 3D hojic md hinh mesh hién thj trén trinh xem.
Video ¢i thé ghép thanh ciu hodc doan, kém thing tin metadata dé dang bi v viin
bén.

Qué trinh dnh xa cin dim béo chinh xdc timg tir hofic cym tir vai video/mesh
trong kho dit lidu d3 duge dinh nhin.

Cic cong cy didu khién hién thj gbm phitviam dimg. tua lai, chia dogn, dicu
chinh tée 6 v chon goe nhin. Trinh xem video ciing cho phép chinh df sing, trong
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phin, bio hia, miu sicftint vi cuimg d tint. Nguini ding ¢ thé bt hode it phy dé
dong thiri, hoje nghe viin bin biing tinh ning Text-to-Speech.

Vige dong by hoa hidn thj bao gdm highlight tir hofic dogn vin bin dang ky
hi¢u, cing vii timecode dé d theo ddi vi djnh vi ndi dung trong video.

Kho dit li¢u hd trg cic thao tic thém, sia, xéa va Iy trir thong tin metadata
(tireym tir, 1D,...). HE thong ciing cin co ché ghép ndi murgt gilra cic video/mesh dé
chuyén dgng duge lién lac v ty nhién,

2.1.2 Yéu cau dir ligu va annotation

nhap khou

Hinh 2.1 Hinh dnh dataset tir nguon QIPEDC

Bé tao ra mit nen ting md phong kv hidgu 3D vin hanh on dinh, bo dir lidu s
dung cho mé hinh cin duge xiy dung mdt cdch cin trong, Todn bd quy trinh thu thip.
tinh chinh va Ef{p h:ép dir ligu giir vai trd quyct dinh doi vai dp chinh xde cia hé lhf‘-ng.
Ngudn tr liéu khong chi phai rd ring, chinh xdc ma can cin di da dang. cb d§ phin
gidi 16t v dé mé rong khi b sung thém ky hidu mdi,

Tiap tai ligu tho ban diu bao gﬁm cic doan video 21D, moi dogn thé hién mdt don
vi nghia (glossftir). Tir cic video niy, md hinh trich xudt cic diém dic tnmg
(keypoints) bing OpenPose, sau dé 141 dyng lai hinh dang ba chi¢u thing qua
SMPLify-X. Ty thude vao timg ky hig¢u, 6 thé tén i nhiéu phién bin thé higén khae
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nhau vi dy khic biét ving midn, mie d6 nhanh chim hay bién ddi & nét mat nhim
phin dnh ding sur da dang trong sir dyng k¥ higu ngodi déi thye.,

Trong nghién ciru ndy, phin 16n ngudn tr liéu duge Ly tir kho QIPEDC, mit bg
dir ligu di dwge chudn hod vi phit hgp cho mye dich hoc tip ciing nhu nghién ciru lién
quan dén cgng ddng khiém thinh fai Vigt Nam.

V& mit gin nhan, mdi video thume chi di kém tip keypoints 2D dé ding lim
dit ligu diiu vio cho qua trinh t4i dymg mesh 3D h&ng SMPLify-X. Sau khi dyng xong,
mé hinh dirge gin véi ky higu tuong img dia trén tén dinh danh, vi dy it tén tép theo
gloss (chao.mp4, chio_mesh). Ngodi ra con cd tdp tw the trung gian gdm chudi
keypoint 2D/3D kém mée thivi gian, ho trg hé thing trong cic burde ghép chuyén diing
(blending) va chuyén déi tr thé giira cic ky hiu (retargeting) khi hién thi trén viewer
2D hodic mdi truimg xem mé hinh 3D,

Metadata cia hé thong duge thiét ké don gidn nhit b thé, chi yéu dya vio dinh
danh timg ky hi¢u. Cich bé i niy gitp truy xuit file nhanh chéng ma khéng phai xu
ly thém cac lap nhin phire tap.

Bén canh yéu ciu vé dung lhrgng, b dit liéu ciing cin di ring dé bao pha diy
dit vim tir va cae bién thé lign quan. Qui trinh danh gid chit liegmg diege thre hidn v
st b trg ciia ngudi thanh thao k¥ hidy, nhim dim bao chuyén dong duge tii dyng
ding ngir nghia va gitr sir iy nhien khi mé phong, Ni dung duge kiém tra qua hai kiéu

hién thi: video (c6 thé diéu chinh dnh sing, mau, phy dé hojc TTS) v mé hinh 3D (viy
chon xoay, phéng to, thay doi géc quan sit), giip viée thim dinh v twong tic tri nén
tryre quan hom.

2.1.3 Yéu ciu xir Iy vi ludng pipeline hi thing

Hé théng mé phong ngon ngit ky hiéu 3D can mét pipeline chit ché dé chuyén
ddi vin ban thanh video hodic md hinh ky higu, Cde bwérc phai dim bao tinh chinh xdc,
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hiéu qua vi khi nding mir ring, tir xir 1y dii ligu diu vio dén sinh chuyén ding vi hién
thi két qui.

Tién xit 1§ viin bin chil yéu tip trung viio chudn héa chir viét, xi Iy dau ciu v
tich tir. Bidu ra 1a danh sdch tirngir duge chudn hoa dé dnh xa trye tiép sang tap video
hode mesh di duge hudn luyén,

Trich xudit pose 2D duge thuc hién bing OpenPose, wic lugng keypoints bir
video hudn luyén. Cic keypoints niy bao gbm co thé, tay vi khuon miit, dong vai tro
trung gian cho bude 18 tao 30D,

Chuyén d5i sang pose 3D sir dyng SMPLifyX dé fitting keypoints 2D thinh
mesh 3D hoan chinh. K&l qua 13 mé hinh 3D chi tiét co thé gir lai dudi dang mish
hojc tiép tuc xir Iy dé sinh video.

Sinh video/mesh: tir mesh 3D, hi thing ¢6 thé render thanh video hofc lu gix
mesh dé hién thi trong viewer 3D. Diéu niy cho phép linh hogt trong vige lya chon
dinh dgng diu ra,

Anh xa va hién thi: cdc video hodic mesh duge ghn nhin va dnh xa tryc Tiép v
tirfngit trong vn ban. Khi hién thi, hé théng co thé phit video hojc cho phép ngudi
ding quan sat mo hinh 3D trong viewer.,

Quén 1y dir ligu: todn b video vi mesh duge leu trir kém metadata dé dong bo
giira viin ban va ky higu. Ca ché caching duge 4p dung nhiim dam béo truy xuat nhanh
chéng trong giao dign ngwdi ding.

2.1.4 Yéu ciiu phi chirc ndng

Bén cgnh cdc chirc nang chinh, hé thing md phong ky higu 3D cin dép img
nhimg tiéu chi phi chirc nfing nhim dam bao vin hinh dn dinh v liu dai. Cae yéu 16
nay lién quan dén higu sufit, khi ndng mé rong. bio tri, hou tri va hé trg ngurii ding,
gilip triti nghiém mugt mé vi d& tiép cdn.
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Hiu ndng v d§ trd 1 didm then chét. Tiy thuge vio nhu ciu sir dyng, hé th.Emg
¢t thé viin hinh theo thii gian thyre hodc xir Iy theo 16, Mt chién luge hop 1y 1 pre-
render cic ky higu phéd bién, dong thai xir 1¥ ding cho cic truimg hgp hiém, vir t5i
e d vira giam hién trgng tdc nghén,

Ve lu trir, kho video pre-rendered c6 dung legmg lon, do 46 ciin ap dyng o ché
caching, nén dit ligu va dinh dang higu qua d& tiét kiém khong gian ma vin piir chit
lwgng hinh anh v chuyén djng.

Khi ning mar ring phai cho phép thém mai tir vymg, bién thé ngir canh hoje
clip mdt cich d& ding, Ciiu i dir ligu va API cén duge thiét ké linh hoat dé khéng
nh huémg dén higu sudt khi h¢ théng duge phit trién thém.

Bao tri doi hoi cc cong ey quin 1 video, chii giai vi meladata dom gian, tnre
quan, gitp viéc cip nhit va didu chinh thuin tién, déng thivi duy tri tinh nhit quan va
om dinh khi m rong hé théng.

Cubi cing. try nng 13 yéu t6 quan trong. Giao dién ciin hd irg phim tat, ché dj
high-contrast, phu d& day di vi t6i wu cho nguwiri khiém thinh, nhim mang lai trdi
nghié¢m thin thién va d¢ thao tic.

2.1.5 Ting qudt, tinh kha thi vé hudng tiép cfin dé xuit

Dé xdy dymg hé thong mé phéng ngén ngit ky hidu 3D hidu qua vi 42 duy i,
cin mét chién luge ting quat, két hop gitta pre-render va sinh chuyén ding ding nhim
10i tu hiéu suit va dim bao linh hoat.

Chién luge chil dao cia bé thing li hybrid: sir dung video pre-rendered cho tir
vimg phé bién vi mesh 3D cho e i it gdp hodie bién thé ngir canh. Khi khéng co
video phis hyp, hé thing s& sir dung md hinh 3D cta fingerspelling.

Hé thong duge thiét ké véi pipeling ty ding. bao ghm qua trinh tién xir ¥ video
2D, dnh xa keypoinis 2D sang md hinh 31 qua SMPLify-X, va két qui la video 3D
hodic mé hinh mesh. Qué trinh ndy 16i wu héa quy trinh vi d2 ding ma rjng khi can,
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Metadata dicu khién trong hé théng don gidn vi dya trén viée dnh xa tnye tiép
gira che video/mesh va tir vimg, vii moi tép video hofic thir myc mesh twong img véi
mit tir ky higu. H¢ thing sit dung thang tin ndy dé dé ding tim kiém va déng b hoa
video/mesh véi cic tir vimg trong giao dign nguoi ding.

Giao dign ngudi ding (U1) s& dom gidn, gém textbox nhip vin bin, nit
"generate”, timeline hién thi clip, vi cic dicu khién tie d5. HE théng s& c6 iy chon 3D
viewer dé nguii ding ¢6 thé trye tiép quan sit va tuong tde véi mé hinh 3D (xoay,
phang to/thu nha).

Phia backend cung cip API d& dnh xa viin bin—gloss va truy xuit video/mesh,
gitip nguii diing dé ding tao v xem ndi dung ky hidu.

2.1.6 Ciic riii ro chinh vi bi¢n phip gidm thiéu

Qué trinh phat trién h¢ thong chuyén déi vin ban sang ky higu 3D tiém dn mét
56 i 1o 6 thé dnh huimg dén chit lugng sin phim vi trii nghiém cia nguii ding. tuy
nhién, cdc bign phip phing ngira cd thé dwoe dp dung dé duy i dé dn dinh va hidu
qua.

Thiéu dir ligu 1 mét nii ro quan trong, djc bigt khi sé lwemg video hojic mé hinh
3D duge gin nhin diy di cdn hgn ché. Gidi phip 13 xdy dymg Ep tir vimg nén ting
kém theo cae clip vi md hinh 3D di duge xir Y tnrde, dim bao sin sing sir dung trong
hé théng.

Hién tgng co-articulation, tire 13 chuyén dong b gugme khi ghép ndi cic doan
video hodc mé hinh 3D, ¢b thé xay ra. D& khic phuc, hé thing cin dim bao viée ndi
cdc phin doan nay litn mach, han ché gidt hojc bit thurémg trong chuyen dimg.

Mt thich thirc khic L sw thiéu hut tin hicu phi-th nhu bidu cam guomg mal.
dnh mit, von rit quan trgng trong giao tikp ky hidu. Trong khi hé théng hién tai chua
xir 1§ ddy di céc yéu 1d nay, o6 thé bo sung phy dé hodic sit dung dm thanh téng hop tir
viin ban (text-to-speech) dé hd trg truyén dat nghia vi duy tri kha nang hiéu thing diép.
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Cudi cling, higu suit va dung lwgng hru trik ciing 1 viin dé. Kho dit liu lon ¢6
T : n :
thé din dén chdm 1ré v 1én khing gian lwu trir. Gidi phip bao gbm nén video va 16
chire lwu trit hop 1y, gidp gidm tai cho hé thing v duy tri khi ning mé rjng trong
tuomg lai.

2.2. Quy trinh xir 1§: tir viin ban diu vio dén md hinh 3D ki higu

""f'llll'hln!.im Chuyén & a7
[“‘“’“mﬂﬂH hﬁTm]-_‘[immMJ_‘l’ Habe trw bt qud
mgin ng I

Hinh 2.2 Pipeline tom tit cic birie quy trinh xir Iy

Quy trinh xi I¥ trong hé thing chuyén déi viin ban sang md hinh 3D ngan nair
ky hiéu duge thiét ké theo chudi cac bude lién hoan, dim bao di tir dir ligu ngon ngir
diu vio (text) dén diu ra trye quan héa bing video 3D ky higu. Cic bude chinh bao

5
-

gom:

2.2.1 Tidp nhdn vi phin tich vin ban diu vio

i unr-mnu-a- 2
Wi b il vl l“ﬂf" T "‘h H g kol ]

Hinh 2.3 Mé hinh quy trinh tiép nhin vii tién xir 1y vin bin

Giai dogn diu tién cita h¢ théng I thu thip phan ni dung chit ma ngudi ding
giri 1én qua giao dign hay thing qua APL Khi dif li¢u dugc tiép nhin, md dun tién xir I
s duge kich hogt nhim chudn b vin ban trede khi chuyén sang cde bude xir 1§ chuyén
siu hon,

Trudc ién, hé thing thyre hign qud trink lam sach: chudn hod djnh dang. logi bo
ky tir dur thira, diéu chinh déu ciu va dira todn bd chubi chir vé trang thii thiing nhit,
giiip viéc phan tich dién ra troi chiy. Tiép theo, quy trinh tich tir dwge ip dyng dé phin
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ri ciu thanh edc don vi npdn ngir riéng rd. Ddy 1a thao tic quan trgng didi vei ticng
Vigt, noi nhicu cum tir o6 thé di lidn nhau ma khong co ddu tich 1 ring. Song song vai
do, nhimg thinh phin khing mang gid tr ngdt nghia hodie giy nhidu ciing duge logi b
dé gidm bt khi lugng xir I¥ cho cie md dun phia sau.

Muyc tiu cia birde nay 1a khoanh viing tip tir vimg cbt 15 s duge chuyén sang
ky hiu, tir d6 1o try qua trinh dnh xg didn ra moch lpe v it sai lich hon. Khi khiu tién
xir 1Y dwge thyre hign 16t chit hegng dir ligu diu vio duge cai thién ding ké, gbp phin
tang dd tin ¢y cho todn bj quy trinh chuyén déi tiép theo.

2.2.2 Anh Xq tir viin bin sang kyt hidu

Giai dogn tiép theo trong quy trinh xit 1§ 14 chuyén ni dung chir viét thanh cic
dom vi biéu dat bing ki higu. Vige niy duge thire hién dya trén kho tr ligu ky higu thu
thip tir b video QIPEDC,

. Him ash a1 sy wia iy feda
Wi bl ddu viy Brong kna ] el irp Bobu i 1
| ol @), wm) W ehieng Lt —» g0 (31, 83 81 sm)

wWilkhlnged? —= 2

Hinh 2.4 Bifu db dnh xa tir véi dir lifu tir k§ hifu

Tai bude nay, timg tir hodic cym tir trong cdu s& dupe db tim trong kho dir li¢u
dé xéc dinh k¥ hidu trong img. Néu dp dung dnh xa mot-mét, mdi tir w; trong ciu diu
viio Sentence = (Wy, Wy, ..., Wiy) € trye tiép dnh xa thanh ky hi¢u s, thing qua him
dnh xa f:

si=flw) i=1..m (2.1

Trong truimg hop tir wy khing cé ky hidu twong img rong kho dir li¢u. ta danh

déu bﬁng @: '
flw) =@ 2.2)
O mire lﬁng thé, ciiu vin bin ghe s& duge chuyén thanh chudi ky hiju:
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SignSequence = (5,52, $er) (2.3)

Trong d6 W = {Wy, Wy, . Wy} 1t tp tir trong clu diu vio, cdn § =
(51,520 2 S ) 18 tp ede k¥ higu trong kho dir ligu.

Khi ndi dung khéng thé dién dgt chinh xdc theo timg tir riéng [¢, 10an b cym 1ir
hodic ciu dirge xem nhur mét khii vi dnh xa thinh chudi ky higu phi hap véi cich dién
dat diic tnmg cda ngén ngir ky higu, Phuong phip niy giup két qué hién thj tr nhién,
tranh sai Igch ¥ nghia va dim bdo mach lac khi trinh bay.

Sau bude xiF 1§, hi thong tao ra mét dy ky higu duge 5fl|:: xép theo trinh e thé
hién. Chudi niy 14 co sér dé md phéng lai ndi dung bing ky hiéu theo ding ¥ nghia v
dim bao syt mach lac khi hién thi.

223 C .'mygn ky hi¢u sang mé hink klvung xwong

Hinh 2.5 Minh hoa iy md hinh khung xwong tir dir ligu

Buric tiép theo trong quy trinh 14 bién cac ky hiéu thinh mo hinh khung xwomg
(skeleton/pose). Mbi ky hiéu duge biéu dién thing qua dir ligu chuyén dgng, dwge trich
wudt tir céic video ky higu 4 ¢ trong tip dir liu chudn,

E o

o v =l prwepy
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OpenPose

£ Trudng lién
Bin 44 dic ung ol Khung sugng

A e >

l—_ —

Ban d6 Trubng lién
ad tin ciy kit bé phin
bl phdn

Hinh 2.6 Md hinh hogt djng eia OpenFose

OpenPose la hé théng wde lugng tu thé nguiri theo thiri gian thirc, co the phit
hi¢n nhiéu nguii trong dnh hofic video va trich xudt eic khap (keypoints) 2D cia todn
thiin, tay, mt, chin. Mbi nguiri duge biéu didn bing mit skeleton gdm cdc tpa d khdp
ciing 46 tin iy (confidence score), dir liéu niy cd thé ding cho rigging hojic md phong
iD.

Pipeline hoat ddng nhur saw: dnh hode frame video duge dua vio CNN dé trich
xual feature maps, sau di chia thinh hai nhinh song song: tao Confidence Maps
(heatmaps xac suit khdp) va Part Affinity Fields (vector chi hudng két nii gilra cdc
khip). Cdc output ndy duge refine qua nhicu stage d¢ ting d¢ chinh xic, sau dé dp
dung thuit todn ghép khdp (bipartite matching) d¢ ndi cdc khép thinh skeleton cho
timg nguéi. Két qua cudi cing 13 danh sch khip véi toa d§ 2D v skeleton hodn
chinh, sfin siang diing cho animation hofic dymg mé hinh 3D.

Vé mit k§ thudt, bude nay sir dyng cdc cong ey nhin dang hinh thé, ching han
OpenPose, dé xdc dinh t9a 4§ cde khip xuong tir timg khung hinh cia video. Vi mbi
khép (j) tai khung hinh (f), OpenPose sinh ra mit ciip tga d 20:

sin= (¥} = 0N -1 (2.4)
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Trong dé (N) 13 54 Iugng khirp cia mé hinh (vi dy BODY_25 ¢ (N 23))
Cée tga dd nay thuimg duge chudn hod d& logi bo anh huimg ciia kich thude khung
hinh hodie vi tri ngudi ky higu trong video:

i =g ¥ rr_'ﬂ-"
Xitry =[ = }- ¥in = ‘Lq,_ ()

Vi p, 1y g, a7, Tan lugt 13 gid trj trung binh v dé léch chudn ciia toin bj toa
d§ khip trong video,

D&i véi cic hi thing i dymg 3D (SMPLify-X hojic cde md hinh fwong tyr), qud
trinh fitting 3D c6 the mé td biing ham 1i uu hoa dé tim bi tham s6 pose/shape 6 sao
cho khi chiéu khap 3D xudng 2D, ching khép viri diém 20 tir OpenPose:

ming L(6) = ¥}

|Frﬂf{h[3}]- s,{fF" + AR(D) (2.6)

Trong dé /;(8) 1a toa 43 khép 3D dy doan, Proj la phép chiéu phoi canh, con
R(@) la regularization gidp giit cho chuyén déng tw nhién,

Chudi toa d¢ nay md ta ddy di cir chi va ding tic cia ngudi ky higu, cho phép
tao ra mdl md hinh déng hoe trung thire cho timg k¥ higu. Két qua 1 tip dir lidu
skeleton 2D hode 3D, tiy theo mire d chi tié can thi¢t cia hé thong, twomg img véi
timg ky hig¢u di duge xic dinh @ bude dnh x3 tnude do.

2.2.4 Xiy dyng mé hink 3D ky hiéu
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Hinh 2.7 Minh hoa két qui chuyén déi video 2D sang mé hink 3D

Dén bude thi Wr trong quy trinh, ta xdy dymg md hinh 3D k¥ higu thing qua qua
trinh mesh animation. Sau khi thy duge chudi skeleton tir bude trnde, buirde ndy tép

trung vao viée chuyén doi dir ligu khap xuong thé thinh mét mé hinh 3D sing ding.

Lererrib by iy Pl )

Flsior 2k v 1{.;..; _n'q'l Trarg L R !-I}i-:r e »
damg) SEn sy 'H"‘i B4 mnf 30 iy bl
X | t Tds o iy r'r" us—afu b pemeine yaa .-_ T Lt Chuin e i
I:T'\!ll-‘ulllbdl.-.:i-.

Hinh 2.8 Chudi thll!'l-in dang tir dif li¢u xwong 21 sang md hinh 30 cia SMPLify-X

Tinh dén ki thuat, qua trinh nay dp dyng SMPLify-X., mjt m& hinh parametric
lhE'mg ké, dé chuyén tir skeleton 23D sang mesh 3D. Mo hinh duge dinh nghia b
hém:

M(3,8,4): RIF w mlfl ¢ mivl o R3IN (2.7}

Trong do:

- [ 1a tham s6 hinh dang vector

- @ 1a tham s tr thé vector

- 4 1 biéu thirc vecto/tham s6 khudn mit

- N la sb dinh ciia ludi

Mesh duge bicn dbi theo edng thire:

Typayy = T+ BS(B)+ BP(8) + BE(y) (2.8)
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Vai la template mesh trung binh, BS{[) 1d shape blend-shape, BP(0) ld pose

blend-shape, vi BE(y) I3 expression blend-shape. Mesh cudi eiing duge trich xudl
theo:

MR, 8,40 = W( Tip.0,000 (B) 0, Wineignes) (2.9)
D khop mesh vai dir ligu skeleton diu vio, SMPLify-X thi wu b tham sé
(.0,y) bing chch minim héa him mét mat tong quét:

E(B.0.9) = E + A-[Fhl'i'{ab] + i[pmlEEm'Fdwl + "I‘[!MF!}Ehnawprm] o

(2.10)
Trong dé E; 1 reprojection loss gitra khop 3D chifu xudng 2D va keypoints
thure tir skeleton, cac thinh phéin con lai la priors dé dam bao mesh va pose tr nhién,
Sau khi tham s0 durge 16 v, qua trinh rigging _g_.';n skeleton vao mesh 3D duwge
thye hién, tiép theo I animation dé tdi tgo chuyén ding ky hidu mugt ma. Mye tiéu
cuoi cling 13 bién di ligu chuyén ding thé thanh hinh dnh trire quan, gidp ngwi xem
dé ding hiéu va nhin biét cac ky hidu trong ngén npit ky higu. Dy 13 budc quan trong.
lgo nén ting cho vige md phing ky hiéu trong méi trudmg 3103,

2.2.5 Két xudt v hew trie video ky higu 3D
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Hinh 2.9 Md hinh trich xuit md hinh 3D & luru trir video k§ hifu 3D

O burdie thit nam, ta két xuit va luu tir video k§ hidu 3D, Sau khi cde ky higu dd
dugre hoat hoa trén mé hinh 3D, ching s& duge két xuit (render) thanh céc video ngdn,
mdi video dai dién cho mdt ky hidu cy thé. Qui trinh két xuii dim bao ring cic chuvén
dong cia ky higu duge hién thi mugt ma va rd ring, gidp ngudri xem dé ding nhin
dign.

Céc video nay sau do s& duge luu trir trong co s dir ligu, véi mdi video duge
gin nhan cy thé theo tir hode cym 1ir twomg (mg trong van ban. Vige gin nhin ndy gilp
cho hé Ih_fmg dé dang tra ciru vé truy xudl cdc video khi cln thiét,

Bicu quan trong & bude ndy 13 dim bao kha ning 14i sit dyng cic video di két
xudt. Cic video nhd cd thé duge ghép ndi lai dé 1o thanh chudi ky higu dii hon, phye
vil cho vidge md phéng che clu vin ban phire tap. Vide luu irir v 16 chire hop Iy cic
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video niy 13 yéu 1§ quan tryng
i thing.

trong vige 61 1w héa higu sudt va kha ning m rong cua

2,2.6 Tich hop vio giao dign hién thy

Bute thit siu cia quy trink i trung vito viée két ndi h¢ thong vai giao dign
winh chicu. Khi ngudi diing nhip viin bin, h thing diu tién phin tich va chia ngi dung
thanh cdc Wrhode cum 6. Vige nay giiip nhiin dién rd ring cdu trie ciu va chuin bi cho
bardre anh X3 Ky higu chinh xac.

Tiép theo, b thing tim kiém cic video 3D twang (mg vdi 1mg tir hoje cum 1r
trong kho dir li¢u. Nhimg video nay d3 dwge chuin bi truge dé va s& phyc vy dé ti
hign chuyén ddng ky hiu phi hop v6i timg phin ndi dung.

Cubi ciing. cde video 3D duge ghép néi theo diing trinh ty dé 130 thinh mdt
chudi ddng tie lién mach. Qui trinh nhy dém bio cdc ky higu duge thé hién mugt ma,
chinh xdc vii phan dnh diy di ngi dung ciia ciun pbe. Két qua la mjt video 31 trye
quan, gilp ngwisi xem, dic biét 13 ngudi khiém thinh hodic ngudi hoe ky hidu, dé ding
theo di v nfim bit théng tin,

2.3. Thiét ke kién triic hé thing va cic thanh phin chire ning chinh

D€ trién khai mét hé thdng chuyén viin ban thinh mé hinh 3D ngén ngir k¥ higu,
cin thiét ké mdt kién trie tdng thé bao gom nhidu thanh phin chire ndng lién két voi
nhav. Kién tric nay vira dim bdo tinh mé-dun hoa (modularity). gilp dé ma ring vi
bdio tri, vira dim bdio lul.lmg xir W duge dién ra udin tr tir diu vao vin bin dén diu ra

video 31 ky higu.

2.3.1. Kién triic tong thé
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Hinh 2,10 M hinh kién triic thng thé ciia hi thing

Toan b hi thing duge té chire thinh bin 1ép chire ndng chinh, mdi lop dam
nhiém mot phin viée trong chudi xir 1§ chuyén ndi dung tiéng Vit sang chuyén ding
ky hiéu dang 3D, Cie khéi niy hogt ding lién tye, b trg cho nhau nhiim tao ra chudi
k¥ hi¢u cd dd chinh xdc cao, dip img nhu ciiu sir dung cha ngwrdr khiém thinh ciing nhur
nhimg nguii dang hoe ngdn ngir ky higu.

Lép diu tién Ta bo phin tiép nhin va xir 1§ dit lidu ddu vio (Input Processing
Layer). Tai ddy, viin ban ngudi ding cung edp dwge dura viio quy trinh tién xir 1§ ngdn
ngir: lam sach dit ligu, chudn hod céch viét, tich tir va logi bd nhimg thanh phin giy
nhidu. Sau giai dogn nay, hé thing thu dwge danh sdch tiveym (i d3 qua tinh chinh,
phii hop cho bude chuyén dbi sang ky hidu.
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Ké tiép 1 16p chuyén déi 1ir vimg sang ky higu (Sign Mapping Layer). Giai
doan niy dim nhi¢m vige ddi chiéu timg don vi ngdn nglt voi myc treng (mg trong
kho dif ligu ky hi¢u. Kho dir lidu ¢d thé bao gém video, mé hinh 3D hojic cic dang bicu
dién ding tac khic. M3i myc trong kho déng vai trd nhur mét "don vj k§ hicu" ma hé
théng lya chon d& ghép lai thanh chudi dily di. D) chinh xdc ciia budc ndy dic bigt
quan trgng, nhit i véi nhimg tir da nghia hodc cie ciu cb ciu tnic di vi phirc 1ap.

Sau khi hoan thanh vige anh xg, qud trinh duge chuyén sang 1p mé phong (3D
Simulation Layer). Néu h¢ thiing sir dung dang video, nhi¢m vyt chinh 13 phit lai ngi
dung dii dyng sin. Trong truimg hep ding mé hinh 3D, nhin vit do duge tai vao i
trurémg trinh dién vé thue hign chudi ding tde trong img. Do dit ligu di duge chuan hia
tnric d6, giai doan ndy chil yéu tip tning vio vige i hién ky hiéu mit cich mugt ma.

Lop cudi ciing 14 phin giao di¢n vi hién thi (Visualization & Ul Layer) — noi
ngueiri dilng twong tée inge lidp. Tai day. nguéi ding ¢6 thé nhip ngi dung, quan sit
chudi ky hi¢u duge tao ra, dong thisi diéu chinh cich thire trinh dién. Vai dang video.
hé thong cung ciip cée cdng ey ditu khién nhu phit, tym dimg hoje thay déi thong so
hién thi (5 sdng. dj tromg phén hay sie d§). Néu sir dyng md hinh 3D, ngudi dimg co
thé xoay nhin vit, thay ddi khoang cach nhin hofic dicu chinh gic quan sit dé xem rid
timg ddng tic. Hé thong ciing cd thé b sung phu @& hoje doc lai vin ban nhim ho try
vige tiép nhin thang tin.

2.3.2. Ciic thanh phin chire ning chinh

Ewcarsrads oo Cariurwm


https://v3.camscanner.com/user/download

43

[
g b 0 8 B -uhllr:-:l-lli]
g — ! ey
- ——— -
i "' T 1"“_-"‘"" Feas s b .
e o . pmdi Fp Bk ey 1
gl ot e 1y
P e rmes) &8 I8y
T L w |
=y b
T -
- g ey . =
B e L (e | ey i v i hﬂ-ﬁl
Erra. g
- Eemtay Crrhad
—e ] A P fw
. Pan b e
g | NP P
LT PR J

Hinh 2.11 Sor 45 cic thanh phin chire ning chinh

Hg thong chuyén déi ni dung van bin sang bitu dgt ngdn ngir ky higu dudi
dang 3D duge xdy dyng tir nhidu module, méi module dim nhiégm mdt vai tro riéng dé
xir 1y dir ligu vii hien thi md phong phis hop véi ddu vao ciia ngudi ding.

Khai xir 1§ ban diu (Text Preprocessor) dim nhigm vige tinh chinh van bin diu
vao. Giai dogn ndy bao gém 1am sach ky ty du thira, chudn hod et phdp va tich vin
ban thanh céc dom vi nhé hon. Khi buée nay hoin téL, dir lidu s& dupe chuyén sang quy
trinh dnh xa.

Tiép theo, module chuyén déi tir sang ky higu (Sign Mapper) d8i chiéu timg don
vi tir hofic cum r vdi mé phéng twong img trong hé thing. Viée ddi chidu niy dua trén
kho dit ligu dd xdy dyng tnede, bao gom cde doan video ky higu hodic céc mé hinh 3D
duge tao sin cho timg tir VimEg.

Kho leu trir md phing (Sign Video/3D Mesh Database) 13 noi hé théng 13p hop
céc video ky higu va mé hinh 3D duge dyng tir dir ligu 2D thong qua SMPLify-X. Til
c duge siip xép theo timg dom vi nghia dé bd dnh xa ¢6 thé truy xudt nhanh chéng khi
cin,

Module giao tiép véi nguii ding (User Interface) 1a khu vire ma ngudri diing
thao tdc trie tiép. Tai ddy, ngudi ding nhip vin ban, theo ddi két qua mé phang ky
higu 3D va ty chinh nhi¢u théng sb hien thi nhu &) sang, 45 twong phin hojic sic dé
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ciia video. Ngodi ra con hi trg phi d&, phéit 4m tir vin ban, vi trinh xem 3D gidp ngirii

ding xoay, phong to — thu nhd hoje quan sit chi tiét md hinh mdt edeh linh hoat.

2.3.3. Luing xit If trong kién tric

Hinh 2.12 Kién tric lubng xir 1§ ciia b thing

Qui trinh vin hinh cia hé théng chuyén chir viét thinh ky hi¢u 3D dién ra theo
mit chudi bude lién tye, mbi bude dim nhi¢m mt chirc ning riéng, g6p phin 130 ra
két qua cudi cing c6 dd tin cdy can va hoat dgng n dinh.

Ban diu, nguini ding gifi ndi dung cin chuyén déi théng qua giao dién hogc
APL Di li¢u diiu vio c6 thé 1a cau don, dogn vin hay tip hep thudt ngir tiy truémg hop
sir dung.

Khi vén ban duge tiep nhin, mé dun tidn xir 1 duge kich hoat, gém cic tie vy
nhwr logi bo kv ty dur thira, chinh quy tic dau cdu va thire hién tich tir, Sau giai doan
nity, hé thong thu duge tip tir 3 duge lim sgeh va chuin hoa 8¢ phyc vig qué trinh dnh
X3

0O bude ke tiep, timg dom vj tir vymg hodic cum tir duge so sinh véi kho video ky
hiéu va mé hinh 3D ¢6 sdn. Néu khing tim thay bin turerng img, hé thfrng ¢d thé chuyén
sang phiromg dn danh viin bing bing chir cai hodic tgo ky higu thay thé.
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Khi vige ddi chifu hoan thl, hé théng cung elip video hode md hinh 3D twong
img cho nguii sir dyung. Tai diy, ngwdri xem eé the xoay mé hinh, thu phéng hode thay
disi goe nhin dé quan sit chi tiét hom.

Céc md phong niy duge luu trir lpi vi gin nhin theo tir khéa trong (mg, giop
vige tra eiru vil ti sir dung trong cae Jin xir Iy sau tré nén nhanh va nhg hom.

() giai doan cudi, nhimg doan video hodc chudi chuyén ding roi rac duge ghép
thinh ¢du ky hiéu hoin chinh véi chuyén ding mugt mi. Nguwéi ding ¢ the xem toin
bé phén ky hiéu dwdi dang video hodc e tiép trong trinh xem 3D, kém theo cac tuy
chon nlur diéu chinh toe di phit hodic xem timg phin nhé dé phye vu myc dich nghién

ciru chi tiét.
2.4. Thiét ké giao dign ngwii ding va két ndi véi hé thing md phong

Trong mit hé théng chuyén d&i viin bin thanh ngin ngit ky hiéu 3D, giao dién
nguiri ding (UT) déng vai trd cliu ndi gilra ngudi ding cudi (ngubi khiém thinh, gido
vién, hofdic ngudri hoe ngdn ngtt k¥ higu) va cic thinh phan xir I¥ agdn ngir, md phong
3D. Mt thiét ké giao dién hop 1y khéng chi gitp viée nhip lidu va quan sit két qua tra
nén e quan, ma con ning cao kha ning tiép cin vi img dung thirc tién ciia hé thong.

2.4.1. Nguyén tic thiét ké

Khi phit trién giao dign cho hé thong chuyén vin ban sang hogt cinh ki hi¢u
3D, vide tuin theo cic tiéu chi thiét ké phit hop 14 rit cin thiét dé nguii ding thao tic
thujn tign v cd trdi nghigm trom tru. Mt diém then chit 1a bo cuc phai rd ring, dé
dinh hudmg, Cdc khu vire chire néng nén duge 16 chirc gon ging, v tién cic nhigm vy
chinh nhu nhip néi dung vi xem két qui md phong. giip nguiri diing nhanh chong nim
dirgre chch sir dyng méa khing bj quia tai thing tin.

Ngodi sy tinh gidn, giao di¢n cling cin tinh dén nhu ciu cia nhiéu nhim ngwdi
khic nhau. Thiét ké phii thin thién véi nguii khiém thinh, nguéi gidm thinh lyc ciing

Evcarspado oon Carmiiaresr


https://v3.camscanner.com/user/download

46

nhur nhimg nguii dang hoe ngdn ngit ky higu. Didu nay doi hoi lya chon bing miu dé
nhin, phong chit d2 theo ddi vi cich sip xép cic thanh phin sao cho nguiri ding cb thé
quan st vi twong tic thodi méi. Vide 18 v chc yéu 1§ nay gitip mé rgng kha ning tiép
cin v edi thién 1rdi nghi¢m cho da dang dbi wgng,

Mt nguyén tiic quan trong nira I the dp xir 1. Khi nguivi ding nhip vio mit
dogn van, h thong ciin tgo ra mé phang 3D trong this gian nghin dé dim bio thao tic
khng bi ngat quing. Néu phan hi chim, nguiri ding d& cam thiy gidn dogn hojc kho
chiju.

Bén cgnh do, giao dién phai hogt dgng &n dinh trén nhiéu nén ting khic nhau.
Vige trién khai dudi dang trang web hofic img dyng dc 1ip gitip ngudi ding c6 thé s
dyng trén mdy tinh, mdy tinh bing hodc dién thogi. Kha ndng thich img ndy ning cao
tinh linh hogt va ddie biét hiru ich cho cing ddng khiém thinh ciing nhu ngudi hoc k¥
higu trong nhiéu bi canh sir dung.

2.4.2. Cic thanh phiin chinh ciia giao dign

Segn (Langusge Cheoas:pioe
[Fmr | [(%5ee ]

Hinh 2.13 Thift ké gino difn chinh cia h§ thing
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Giao dién hé thing chuyén ddi viin bin sang ngdn ngit ky higu 3D gm nhiéu
thinh phin quan trong dé 190 i nghiém murgl ma va dé sir dyng. Khung nhip vin b
la not ngui ding nhdp hojic din ndi dung cin chuyén ddi, déng vai trd khoi diu cho
toan b qua trinh,

Ving hién thi m phing 3D trinh biy cic ky hiu duge sinh ra tir vin bin.
Ngudri ding 6 th twong tic qua cic didu khién co bin nhur phatiam dimg, tua lai
hodic xem timg ky higu riéng ¢, Ngodi ra, hé ﬂ."g“g s& tich hop tity chen 3D viewer cho
phép trwc HEp quan siit vi xoay, phéng to/thu nhé mesh 3D duge render, mang lai trii
nghi¢m Iree quan vi sinh dng hon so vai chi xem video.

Thanh diéu khién va tily chon cho phép ditu chinh e dg phat (chim, binh
thudme, nhanh), thay doi gée nhin (néu hi irg) hojic biuit phu dé song song. Céc chirc
nAng ndy giip ngudi hoe theo dai va hidu ky higu dF dang hon.

Khu vire hd trg hién thi danh sich tiv'cum tir tiéng Viét cing ky hi¢u tuong img.
giip ngudri hoe ddi chiéu v tra eiru nhanh, tang hi¢u qua trong vigc tiép cdn ngdn ngd
k¥ higu.

2.4.3. Két nii vdi hé thing mo phing

Dé phin giao dién ¢ the trinh biy két qui nhanh v chinh xic. vige thiét lip
mit co ché trao di diF liéu dn dinh gilta Ul va b xir Iy phia sau 1 yéu t6 then chit,
Cach két ndi niy gitip todn b quy trinh vin hanh trom iru, déng thoi bao dam ngudi si
dung nhin duge phin hoi gin nhu ngay lip tire sau khi cung cip ndi dung van ban.

Khi ngudi ding nhip dir li¢u vao man hinh giao ticp, thing tin duge chuyén 1
b phin xir 1y ban diu. Tai bwde niy, viin ban duge lam spch, chudin hod ciu tric, tich
thanh cae dem vi tir va phén tich ngir canh nhiim tao ra chudi k¥ hi¢u phi hop. Péu ra
ciia giai dogn nay 14 tip ky hi¢u da duge md hod dé phyc vy nhimg bude chuvén dai
tiép theo.
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Neay sau d6, giao dign tién hanh giri yéu chu dén h théng I trir o€ liy vé cic
video hode md hinh 3D wang img vii chudi ky higu vira duge tgo thanh. Kho dir li¢u
nity chir nhimg dogn mg phing ngén duge o sin cho timg ky higu riéng bigt. Cic mb
phong duge i vé v phit theo diing trinh ty ky hi¢u nhim tgo trai nghigm quan sit
lién mach va d& hidu cho ngudi diimg.

O bude ké tiép, bj xir 1y hién thi (Rendering/Playback Engine) phu trich két
hop cic video md phing dom 1¢ thank mét dogn trinh bay hoan chinh. Toin by két qua
duge phil tnge 1iép trén giag dién dudi dang video lién tyc, hé trg nguisi xem ndm bét ¥
nghia n9i dung viin bin sau khi chuyén sang dang neén ngit ky hiéu.

2.4.4 Lgiich va § nghia

Vige xiy dymg phin giao dién két hop vii co ché két ndi dén bj md phong ba
chicu gitp todn b h théng vin hinh gon ging hon, déng thisi cung cap cho ngudi
ding mt cach thirc wong tie rd ring vi thin thi¢n. Giao di¢n dong vai trd nhu lop
cONg cy trung gian, gip nguii sir dung dé ding 1iép cin chirc ning cua hé thing va tao
nén gid trj thye tién trong nhidu bdi cinh lim vige,

D6i véi ngudi khiém thinh, gidi phip niy tgo ra mdt phurong tién tiép nhin ndi
dung dya trén cir chi trye quan. Thing qua viéc chuyén vin bin sang céc ddng tic mo
phong, ho ¢d thé nim bit ¥ chinh mit cich nhanh chéng ma khing phai phu thude vao
hinh thirc hi trg bé sung. Céch tiép cin ndy giip gidm bat trd ngai trong trao ddi thdng
tin, ddng thiri hd trg néng cao mire 49 hoa nhip cia nhém ngwdi ding ndy.

Khéng chi hd trg vige tiép nhan théng tin, hé thong con phit hop cho muc dich
gidng day vi ty rén luyén. Nguii hoe hodic nguii day cd thé xem diy nhir mt céng cu
giiip minh hoa, lim quen hodic cing b kién thire vé k¥ hidu. Nhir khi ning thay déi tde
dé hién thj v tly chinh cach xem, nguéi hoe ¢6 thé diéu chinh qua trinh luyén tip cho
phit hop vii kha nang cd nhin, tao ra trai nghi¢m hoe linh hogt hom,
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Bén canh 46, hurimg tip cin ndy ¢6 tiém ning duge tricn khai trong cic o o
gido dye, nén ting truyén thing hogc nhing dich vu hé trg cing ding. Khi nhu ciu tiép
cdin thong tin cia nguiri khidm think ngiy cang duge quan tim, cic cong nghé chuyin
ddi dya trén md phong ky higy s¢ c6 co hdi img dung rong rii han trong nhimg Tinh
vye lién quan dén x hyi, giing day va truyén 13i ndi dung,
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CHUONG 3: THU' NGHIEM MO HINH CHUYEN DOT VAN

BAN SANG KY HIEU 3D
3.1. Quy trinh xir Iy diu vio vi xiiy dumg md phong chuyén dimng 3D

Quy trinh nay nhim bién van ban tiéng Viét diu vio thanh chudi ky hi¢u ngén
ngir drge md phéng bing hinh anh 3D, Day 14 bude quan trong vi nd o ra ciu noi
giita ngdn ngilr viét vA hinh thire bidu dat trre quan ma ngui khiém thinh c6 thé tiép
nhin. Vige xiy dyng mé phong chuyén dgng 31 ddi hi nhicu giai doan lién ticp, moi
giai doan Xi I mit dang di ligu khic nhau (tir chir sang k¥ higu sang chuycn ding
sang video 3D),

311 Cac biede xar Iy chinh

Giai dogn diiu tién cia quy trinh tip trung dwa vin ban diu vao vé trang thii dé
xir 19, Khi nguén diing nhap ciu tiéng Viét, hé théng tién hinh tach ndi dung thanh
timg lop nhé nhwr ciu, eym ¥ vi dom v tir, gidp viée phin tich ci phap va ngir nghia
durgee thre hign cd triit oy,

Sau khi tich 1ép, cic thinh phin niy dge ddi chiéu voi b tir dién ky higu d3
duge hét thing xiy dyng trude do. Mye dich 1 tim ra nhimg phin 6 thé chuyén sang
ky hi¢u ngay Kip tic. Vi nhimg myc khing khdp dir li¢u, hé thong chon hurdmg thay
thé nhur dimg biéu dat gin nghfa hofic lya chon k¥ hidu wong duong dé gilr nguyén
thiing digp gdc ma khing lim sai lgch nji dung.

Két qui ciia giai dogn chuin hba 1d mit tap hop don vi ngon nelr di duge xir ¥
déng nhét, déng vai trd 1Gp trung gian tnrde khi chuyén sang cic birde 1g0 kv higu.
Chinh 1ép dir ligu niy gitp cic md dun tiép theo hogt ding &n dinh vi giim nii ro sai
khic.

Bude ké tiép 1 gin timg tir hoje nhom tir vio cic ky higu tuong img dya trén
b dir li¢u chufin nhwr QIPEDC. Vi ky higu khing di theo cily e ngir phip clia I.ifiug
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Vigt, day 18 bude dic bigt quan trgng dé dim bao cich thé hién phis hop véi quy tie
clia nEon ngir ky higu,

Sau khi vie gin hoin thinh, h thing s& dibu chinh lni todn b chudi ky higu dé
pht hop vai thir i didn dgy ey ky hi¢u, tao ra mach trinh biy ty nhién, cho dii vj tri
xuat hidn eda cic ky higu 6 thé khing gidng ciu vin ban diu.

Két qua thu duge s mjt chudi ky higu & dang trung gian, dong vai trd nguon
ddu vio cho qué trinh dyng m phong 3D nhim tii hién lai ndi dung bing chuyén
dong.

Trong bude 1go hoat anh, h¢ thing chon chuyén déng 3D twong img cho g ky
higu. Cic mdu ding tie dirge liy tir tip video hudn luyén, noi hru trir chuyén ding ky
higu do nguii thit thre hin,

Qué trinh 14 dymg bao gém nhidu thao tac lién hodn. Diu tién hé thong trich
khung xuong tir video ngudn bing cic cong ey nhw OpenPose. thu duge toa df cic
khap chinh. Sau d6, nhimg ma hinh co thé nhu SMPLifyX hodic cic dang mesh khic
dwge ding dé sinh ra hogt dnh 3D hodn chinh véi hinh dang nhén vit va cir dgng chinh
xie.

Khi méi ky hi¢u di ¢6 mt dogn chuyén ding riéng. ching duge lwu lai dudi
dang cic clip ngin. Diéu niy cho phép téi sit dyng khi ky hiéu dé xudt hién Iin nira
trong nhimg ciu khdc.

Giai doan tiép theo la ghép toan bj cic dogn chuyén ding thanh mét chudi lién
mach, dai di¢n cho ngi dung cdu vin goc. HE thing cling thém cic khung trung gian dé
chuyén ddng gitta hai ky hidu khong bj gidt, gitp qua trinh chuyén tr thé tror nén mugt,

Khi cc budie xir 1y hodn tit, hi théng c6 thé tao video 3D hodn chinh hojic trinh
chiu tryre tiép trén giao dién. Thanh phim cudi cing i chudi kv hidu 3D dé quan sit,
hé trg ngu diée va nguin hpe ky higu li.ép ciin ndgi dung thudn i hon,

3.1.2. ¥ nghia ciia quy trinh
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Vige chuyén ddi ngi dung viin ban thanh hinh thirc ky hi¢u 31 déng gop ding
ké cho kha niing tiép cin théing tin clia nguii dicc. Khi dir ligu chir duge (i hign biing
chuyén dfng iryc quan, ngudsi xem b thé tiép nhin ndi dung nhanh hom va dé hicu
hem, die bigt 13 trong cic hogt djng giao lic'zp hing ngay, noi tinh tire thin va rd ring Fil
quan trong.

Bén canh myc tiéu truyén (3 thong digp, quy trinh ndy cdn tao ra nén méng dé
phit trién nhimg h¢ théng tién tién hon trong twong lai. Kho ky higu c6 thé duge ma
rjng theo thai gian, chuyén ding mé phéng cé thé dwge cai thi¢n dé dat 4§ wr nhién
cao hom, va higu ndng cia todn bd pipeline ciing c6 thé duge 16i wu nhim phuc vu tot
hem cho nhimg tinh hudng sir dung thyre 1€, Nhir viy, nén ting nay cb tiem ning duge
mé rgng sang nhicu linh vue nhwr gidng day, hd trg hanh chinh hofic tuong tic trye
tuyén.

Téng quan lai, quy trinh xir Iy khing chi hi trg cong dong ngudi diéc ma con
gdp phin hinh thanh cde edng ey phyc vy hoe tip vé trao dbi théng tin higu qua. phi
hgp cho nhieu méi truimg vi mye dich sir dung khdc nhau.

3.2, Thir nghi¢m chuyén ddi viin bin sang trinh ty ky hiéu 3D

Muc tiéu cia phin thir nghiém la kiém tra va dinh gia kha niing hogt dong cua
hé thing trong ba khia canh chinh. Diu tién, hé thing cin chimg minh kha ning nhin
diiu vao 13 van bdn tiéﬂg Viél va xir lv vin bin nay m{t cich chinh xdc. Tiép thea, hé
théng phai chuyén dbi van bin tiéng Viét thanh chudi ky hiéu ngén ngit k¥ higu trong
img, dim bao sy chinh xdc va hop Iy trong dnh xa tir ngl nghfa sang ¢ir chi ky higu.

Cudi eling, hé thing s& duge dinh gid qua kha ning hién thi chudi ky hidu dé
dudi dang md phong 3D lién maeh, tire 13 qué trinh chuyén ddi viin ban thanh hinh anh
ding phai dién ra mugt ma va khing c6 sy gidn doan. Thong qua thir nghiém, nghién
ciru vién s& tip trung vio vige danh gia tinh ding diin ciia hé théng, chiit lurgmg gt
mé cia hogt anh, cling nhur mire d§ 1y nhién va chinh xde trong trinh ur ky hi¢u,
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3.2.1 Chuiin b thir nghigm

B tién hinh thir nghi¢m, nghién ciru vién sé sit dyng mt Gip hop che ciu tiéng
Vi@t pho bién lm dir lign ddu vio, vi dy nhur “Ching t6i khing cin dja chi”. Nhimg
ciiu nivy duge chon vi chita e tir hodic cum tir co sin k¥ hi¢u trong co sd dir ligu, giap
hét thing dé ding thyre hign énh xq sang ngdn ngir ky higu.

Vi cong cy v moi trurdmge, hé !.hﬁng. s& sir dung b tir d ien ky hiéu dé chuyén
doi ede tir thinh chuyén ddng 3D, duge trich xudt tir dir ligu huan luyén nhur OpenPose
hode SMPLifyX. Ma-dun xi 1y viin bin s& dam nhi¢m viée phin tich ciu va dnh xa tir
dién, trong khi mé-dun dymg nhin vit 3D (avatar) € tao ra cic mé hinh hinh anh ding.
Cac md phing niy sé duge chpy trén cic miy tinh 6 GPU, hojc sir dung Google
Colab dé tdi iru hoa hiéu sudt tinh todn.

D¢ dinh gid két qua thir nghi¢m, ba tiéu chi chinh s¢ duge dp dung. Diu tién la
dj chinh xdc anh xg, tire 14 kiém tra xem vin bdn diu vio cé duge chuyén sang diing
ky hig¢u khing. Tiép theo 1a tinh mugt ma cia cdc ky hiéu khi ghép lai vai nhau, dam
bo ring khéng ¢é hi¢n tugmg giit, khyme, Cudi cling, tidu chi tinh d& hiéu s& danh gid
mire d§ ngudi ding quen thuje véi ngén ngit ky hidu co thé hiéu ding ndi dung cia
cic chudi ky higu di duge md phéng,

Trong thir nghi¢m nay, ta s¢ sir dung 150 video tir b dir licu QIPEDC. miol
video ¢6 thiri gian dai khoang 3-4 gidly va chira tir 30-40 frame. Céac video nay s& duge
sir dung dé huin luyén va danh gia kha ning chuvén doi video ky higu tiéng Viét thanh
cdc chuyén ding ki hi¢u 3D.

3.2.2 Quy trinh thye hign

Quy trinh thyc hién bit diu khi ngudi dimg nhip ciu tiéng Vigt vio hé théng
thing qua giao dién web hojic img dyng. Diy li bunde dau tién trong qué trinh chuyén
ddi viin ban thanh ngén ngir ky hi¢u 3D.
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Sau khi viin ban dirge nhip, hé thdng s& thie hign budce tidp theo 1 tich tir vi
dnh xa timg tir, cum tir sang chudi ky higu twomg img. Cau vin s& duge chuyén doi theo
cih phip clia ngdn ngit ky hi¢u Vigt Nam, néu cé sy khie bi¢t so vai ciu tric ngit phip
tiéng Vit chuin. Vi dy, ciu “Bja chi & diu?” ¢6 thé duge dnh xa thinh chudi ky higu
[“dia chi”] + [“& diu™).

Budec tip theo I sinh mé phong 3D cho timg ky higu. MBi ky higu s¢ duge h
théng truy xudt mé phéng chuydn ding 3D di duge dung san U cor sa dif lidu, DI lidu
khung xwong (skeleton data) s& didy khién avatar 3D thyre hién cde eir chi wrong (mg
vii ky hiéu do.

Sau khi cic md phong 3D duge tao ra, bude tip theo 1 ghép ndi cic chudi ky
higu lai thinh m{t dogn hogt énh lién tye. Cic md phong 3D nay s& duge noi ticp nhau
theo ding trinh ty, va khung chuyén tiép (transition frames) s& duge thém vao dé dam
bio ring avatar di chuyén mit cach mugt ma, trinh hién wong gift cue.

K.ét qua s& duge hién thj inre tiép trén giao di¢n 3D, cho phép nguii ding theo
di tryre quan qud trinh chuyén déi. Néu ciin, két qua ciing ¢6 thé duge két xudt thinh
mét file video d& nguin dimg 1ai vé vi sir dung

3.2.3 Két qud thui nghigm vé quan sdt thee 18
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Tirtah ehunpla Al £day iy kars nighm ngir b higu 10

Hinh 3.1 Két qui render md hinh 310
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Hinh 3.2 Két qua che d§ xem video mé hinh 3D

K.ét qui thit nghiém cho thiy hé thong c6 kha niing chuyén doi chinh xic edc
ciu ngdn va tir vimg phi bién thanh chudi ky higu. Céc k¥ higu duge hién thi rd ring
va diing véi nghia cia ching trong ngir canh viin ban goe, Hoat anh 3D thé hién ding
timg k¥ higu riéng 1&, va cac chuyén ding ciia avatar 3D md phong kha chinh xic cac
cir chi kv higu. Tuy nhién, khi ghép chudi cie kv hi¢u lai voi nhaw, viin xudt hién mde
sb chuyén dijng chua mugt, 461 khi ¢6 hién twgmg gidit nhe khi chuyén tir ky hi¢u niy

sang ky hiéu khie. Mc di viy, cic dogn md phing nhin chung viin dé hidu va truyén

dat ding ndi dung.
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Baing 3.1 54 ligu tir qud trinh huin luyén dir lifu dataset

S8 video sir dyng | S8 ky higu 3D dat dugc | S8 tir bi hong | Mire d§ tir chinh xdc |
150 100 50 (33%) 80-90% |

Trong qua trinh thir nghi¢m bién dbi video 2D sang model 3D, hé thing di sir
dung 150 tép video .mpd, hudn luyén chuyén d6i thinh eing téng cing 100 tir. Tuy
nhién, 50 \ép trong s db bi 13i do syt phire tgp cila edc e thé va han ché cia mé hinh,
Mie di vy, cic tép con lgi viin cho két qua khi quan, véi d¢ chinh xic (mire d§ tuong
duomg véi video ky higu gdc) cia tir, kha ning hiéu ding ni dung ciia nguii ding thir
nghiém, qua quan sit, dat xdp xi tir 80-90% déi véi cac ciu don gian. Didu niy cho
thiy h thiing dang hogt ding hi¢u qud, mic dit vin con mdt so cai thién can thire hién
dé hoan thién hon nira d§ murgt ma trong qué trinh ghép chudi ky higu.

Bing 3.2 Thing ké nguyén nhin 15 hing dir ligu huin luyén

Nguyén nhin Thit bai 50 lugng Tir Ti I¢ trong s0 Thit bai
Loi OpenPose (Phat hign 4 8%
sai Keypoint)
L&i SMPLify-X (Thao 16 92%
tic khip mé hinh co thé)
Tong so That bai 50 100%

Két qué trén cho thiy phin lém cdc 16i trong qui trinh ta0 dir lidu hudn luyén
xudt phat tir bude xir Iy bing SMPLify-X, chiém tdi 92% téng s thit bai, Trong khi
dé, 18 tir OpenPose (phét hién sai keypoint) chi chiém 8%. Ting cing 6 30 tnrimg
hop thét bai durge ghi nhin, phan dnh ring khiu khép md hinh co thé 3D 1a nguyén
nhén chinh giy hong dir ligu.
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Bing 3.3 So sinh chc nguyén ahin 13i trong SMPLify-X

Logi 16i quansdt | = = =
s 4 S0 lugmg mau Ty 1& (%) M 1a loi
(dicn dat lqi)
Céc ngon tay qui gin
Neon tay cham st nhau khién mé hinh
giy khd nhin dign o 30| kho tach bigt, din dén
sai nghia. 1
P g Khi tay dwa ra trude
Chuyén ding tay o
5 E hodc ra sau, thudt todn
theo chicu siu dé 14 30.0 SR
ek : de nham hudmg hodic
giy nham lin .
khodng cach.
: Cac i the gan gion
Tur thé cinh hoge ERSEILE %
bty ¢ P nhau (ip/ngira) de giy
n rome (i de :
. = e 350 sai I¢ch ¥ nghia ky
bi nhin nhim
hiu.
Tong cong 46 100.0

Trong thiing ké nay, ba nhém 13i chinh duge ghi nhin khi sir dyng SMPLify-X,
Céc truémg hop ngdn tay cham sat nhau va cic (i thé bin tay twong ty chiém ty 1§
ngang nhau, m3i loai khodng 35% tong 56 13i. L&i do chuyén ding tay theo chidu siu
cling xuat hién ding ké v 30%. Tong cong cb 46 miu bj dnh hudmg, cho thiy nhimg
yéu 1& hinh théi vi chuyén ding déu gdp phin gdy sai léch trong qud trinh mé hinh

haa.
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Bang 3.4 Két qui thing ke so sinh ) rung viri huin luyén FP'S khic nhan

Mire d§ rung e :
i quan .'M?tlll = Dién giai ngin
15 Khingdéntsi |, - : ;
thitu Chuyen ding mugn, hau nhar khing thay rung lic.

_|' §o— - r —
30 | DE nhiin thiy m-lrlg I bit diu o rang, anh huimg den g on

—l

60 | Rat manh Rung lic ndi bit, giy kh khin trong viée giir
nguyen hinh dang chinh xiac.

Trong qua trinh thir nghiém., 1a d3 tién hinh hudn luyén va dinh gid trén 10 doan
video miu véi ba mire toc 0§ Khung hinh khac nhau (15, 30 va 60 FPS). Két qua cho
thay 15 FPS mang lai chuyén diing murgt ma nhit, gan nhir khéng xudt hién rung lic,
dong thiri tiét kigm ddng ké thai gian xir I¥ va hudn luyén heomg dir ligu lim. Newge lai,
a mire 30 FPS hién trgng rung lic bit diu trd nén rd ring va anh huimg dén 6 on
dinh, con & 60 FPS rung lic rit manh, giy kho khin trong vi¢e duy tri hinh dang chinh
xic. Nhimg quan sit ndy cho thay vige lya chon 15 FPS vira dam bao chit hrgmg hinh
anh on dinh vira 16i wu hi¢u qua thi gian.

Didu ndy c6 thé duge gidi thich bai sy khie biét nho trong wic tinh cua md hinh
3D, vi dy nhur mit s0 khung hinh co kich thirde nho hom mdt chat, trong khi nhimg
khung hinh khic c6 kich thuée Iém hon. Viée sir dung nhi¢u khung hinh hon hay FI'S
cao s& phong dai s khde bit niy. Tuy nhién, hién tugng nay cling cd the xudt phat tie
sir khéng hodn hao cia bj dif ligu dataset QIPEDC. chi hién thi mira trén co the (1ir
héng trir lén), didu nay cb thé anh hiwdmg dén d§ chinh xic cua cic chuyén ddng duge
mi phing.

3.3, Dénh gid két qua chuyén dbi vi kha ning biéu dgt cia md hinh
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Phin ndy 13p tnng vio vide phin tich hidu qua cia hé thiing khi thye hign
chuyén d8i vin bin sang md phéng kg liéu 3D. Cie Khia cpnh duge quan tim bao
goun

- D§ chinh xde ngir nghia: mire dj dimg ddn khi vin ban duge chuyén thianh
chudi ky higu.

- Tinh muwet ma ciia hoat anh: sy lién mach gitta cie dgng tac ky hi¢u.

= Khd niing bidu dat: mire 4§ d2 hiu, 1y nhién, vi gdn gili voi nguii ding, dic
bidt I nguini khicm thinh.

3.3.1 Két qud quan st

H§ théng thé hign kha ndng dnh xa khd chinh xic cic tir vimg pho bién trong bd
dir ligu sang ky hi¢u 3D, D&i véi cic ciu ngin, b thing truyén 1ai dwge ¥ nghia co ban
ciia ni dung vin ban, gilp ngudi ding d& ding tiép nhiin théng tin. Tuy nhién, vai ce
ciu phire tap hode nhimg tir ngir chua ¢6 trong b dif ligu, hé thong gip kho khan trong
vide tim ra ky hidu twong img. Trong nhimg truémg hop nay, hé thong doi khi bo qua
hodic thay thé cdc tir nity biing nhitmg ky hi¢u co nghia twemg ty, lam giam d chinh xdc
trong viéc thé hign todn bé ¥ nghia cia ciu,

Khi trinh chiéu cic ki higu rigng 1&, chuyén ding ciia avatar rd ring vi dé nhin
dién, gitp ngwdi ding theo ddi va hidu duge timg ddng tac kv higu. Tuy nhién. Khi
ghép nhidu ky higu thinh mét chudi, vin xudt hign d§ 1ré va hién tugng gift nhe & cac
diém ndi gita cic ding tac. Mt 50 ky higu cling cé tu thé két thic khing hodn todn
khép véi ke hidu tiép theo, din dén sur thiéu tyr nhién trong tedn b chudi, lam gidm
tinh mugt mi cia qua trinh md phing,

Avatar 3D c6 thé truyén tai duge ngir nghia cdt 15i cia timg ky higu, giip nguri
diing nhin dién duge ¥ nghia co bin cna cde ding the ky higu, Tuy nhién, he¢ thing
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I an u
b 3 :
thigu Dicu cam khudy, miit, dinh mit vi ngit diu co ltlrli, nhimg }.éu “I, quan rong lrong
ngon ngilr ky higu, Nhimg thidy sy ndy

phong: DU vy, ngui ding quen thuge vai ngiin ngiv ky higu dinh gid h¢ thong f de
hicu & mire co ban,

lam gidam tinh e nhién va sinh djng cla mo

Tuy nhidn, dé b (h thay thé giao tiép true tiép biing non ngir ky

) % 1hys I T TP : )
higu, hé thing vin Can ¢ thign dé mang lgi trii nghi¢m nhién va 5.;‘;“:-.‘;__-| dgng hon.

1.3.2 Cie han ché com tiy fai

Kho tir con it: Mt vin g ding chil y cia hé thing la pham vi tir vymg hien vin
con rit hep. B di ligu masi chi hao phi mit lugng nhé el don vi ky hiéu rong tiéng
ky higu Vigt Mam, khidn vige xi I¥ cie e dai, ciu mang tinh hoe thuat hodc nhimg
it gip trr nén kho khn. Diéu nay lam giam khi ndng dip img nhu ciu giao licp da
dang cua ngudi ding khiém thinh,

Hinh 3.3 Mt sf vi dy vé han ché két qui husdn luyén

Nhiéu k¥ higu bj 1&i trong qué trinh huan Juyén: Khi xiy dymg tip dir ligu, mit
30 lugng ding ké video hofic md phong ky hidu bj sai léch d_::n mé hinh khing i 120
diing hinh dang ban tay hodc chuyén dong cin thiél. Tinh trang ndy xudt hi¢n nhiéu &
nhimg k§ higu c6 clu trie ngdn tay phirc tap hoje dbi hoi sy khic bidt rit nho giira cae

tr the.
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Sai léch v& Iwdi 3D (mesh) v hinh dgng ban tay: Trong giai doan diymg hoat
anh, m6 hinh 3D thuimg gip 18i nhwe méo tay, bidn dang ludi hode ching chéo ngdn
tay. Mt sb vi dy phé bién gdm:

- Ngon tay dp sit nhau khién hi théng kho phan tich, din dén ky higu bj dién dt
5dl.

- Chuyén déng tay dua ra phia trrde hodc phia sau dE lim thut toin nham lin
hwémg hoje 4§ siu,

- Nhimg ur thé ¢6 ngogi hinh gin giéng nhau (ching han bin tay xoay dp so vii
xoay ngira) rit d& b nhim, lim thay déi ¥ nghia ban diu.

Chua xir Iy 6t djc diém ci phip riéng cia ngon ngir ky higu: Tiéng ky hiu
khang tudn theo it ty ciu gidng tidng Viét, nén néu chuyén déi tryc tiép time tir theo
thir tw viin ban, ciu ky hiéu thuimg trd nén rii rac. kho hidu. HE thing hign tai chira co
cor ché bién ddi cdu triic ciu theo ding quy tic nglr phap dde thii trong ngdn ngir ky
higu.

Hoat dnh thiéu yéu 14 phi ngon ngir: HE thong chil véu ti tao chuyén ding tay.
trong khi tiéng ky higu con phy thuje nhiéu vio nét mat, hedng nhin, d§ nghiéng co
thé vi cic tin hiéu phi ngon ngir khac. Sy thiéu viing cic yéu 18 niy khicn hogt anh
chura thé i hién diy di sic thai biéu dat, lim gidm d§ ty nhién vi d§ chinh xac vé mit
¥ nghia.

Thiéu kiém nghi¢m trén pham vi ring: Dit 3 co thir nghigm ban ddu trong mdt
vii tinh huéng. hé théng vin chira duge dinh gid véi s0 lugng lom nguii ding. Vige
khéng co dit ligu dénh gid ring i lim khé xdc dinh mire d d¢ hicu, mire d§ hii long
vi sy hiru fch thyge té cita hé théng, dc bigt ddi v6i nhimg ngudi khong quen sir dung

cong nghé.
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3.3.3 Bdnh gid va dinh huedng cii tidy

Qua qué trinh thir nghi¢m, hé théng cho thity kha nang anh xa vin bin sang ky
higu tuomg déi chinh xic, gip ngudi ding ¢o thé tiép nhin ndi dung mdt cich tnre
quan va rd ring. M phong 3D 1g0 ra cic ding tic d& hitu, hé trg tdt cho nguisi hoe
hoge ngudi khiém thinh trong viée ném bit théng tin.

Tuy nhién, h¢ thong van tn tgi mt sé han ché ki thujt cin cai thign. Trde hét,
h¢ thong chura hd trg 18t cho cie i dii hoje cic tirem tir chura o6 trong L dién ky
higu, 2dy khé khin trong xir Iy van bin da dang. Thir hai, cée chudi ky hi¢u khi ghép
ndi van cd hién twgng gidt, thicu mugt, do thiéu co ché nii suy hodie chuyén tiép ding
tic phit hop. Cudi ciing, bidw cim khuén mil v anh mit chua duge md phong, lam
giam do ty nhién cia chuyén ddng. anh hudng dén kha ning truyén dat cam xic va ngir
phap trong ngdn ngir kv higu.

D néing cao hiu qui, b mit s6 dinh huéng cii tién quan trong nhy sau:

- M rgng dir ligu ky hidu: Cin b sung thém cdc bd dif ligu ngdn ngir ky hiéu
chuin héa tir céc di dn nhw QIPEDC hefic cic ngudn md quéc 1€, giip hé
théng hé trg nhiéu tir vimg hon, bao gém cic cum tir phire tap hodc it gap.

- Téi wu ghép chuyén ding (motion blending): Cai thién thuit todn ni suy dé
lam murgt cée diém ndi gira cac déng tic, gidm hign tugng gidt va tao ra
chu}rf:n dong lién mach, ty nhién hom.

- Tich hgp biéu cam khudn mit va dnh mét: Str dung k¥ thuit motion capture
hodc animation diéu khién bing Al dé i hi¢n chinh xdc ede véu 1é phi ngén
ngik, gilp avatar sdng dong va dé hidu hom,

- Xir Iy ngtr phap ky hidu chuyén bi¢t: Ngén ngir ky higu ¢6 cau tric ci phip
khéc vdi tiéng Viét. Vige xiy dyng mb-dun xir Iy ngir phip riéng s& gilip h¢
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l!‘t::-nﬂ: chuyén doi viin ban thinh ciu ky hi¢u ding teit ty ngdn ngir ky hiéu,
de hicu v phit hop véi ngwoi dimg.

Nhiimg cdi ticn niy s& ding vai trd quan trong trong viée nang cao chit hegng hé
thong, hwdmg tai khi nding img dung trong mii truimg thue té nhur 1ap hoe, trung tim
hé trgr ngurivi khidm think hodic cic nén tang giao tiép trrc tuyén,

Ngodi cic hwdmg cii tién néu trén, trong ITnh vire i tao md hinh co thé 30 tir
dir liéu djng, hi¢n ton tai nhitu phurong phip khic nhau bén canh 5M PLify-X. Mt 50
mi hinh tiéu biéu nhu HMR (Human Mesh Recovery) hodie VIBE (Video Inference for
Human Body Pose and Shape Estimation) sir dyng mang hoe siu dé hii quy trye liép
tham s md hinh 3D tir dnh hofic chui video, gitp it ngin thisi gian xir 1y va giam
phy thuge vio qué trinh t6i wu lip. Tuy nhién, cic phiong phip ndy thuimg yéu céu
tp di 1iu hudn luyén lém, kho kidm sodt chi tiét hinh thii bn tay va cha thye su én
dinh doi véi cae tur thé ky hidu phire tap.

Mot hirémg tiép cin khéc I sit dyng hé thing motion capture hode dir li¢u cam
hién chidu sdu dé thu tnre tiép chuyén déng 3D. Cée phuong phip ndy cho d§ chinh
xic cao vi chuyén djng mugt, nhung déi hoi thiét bj chuyén dyng vi dicu kign th
thip dir li¢u dac thi. khéng ph hgp véi mye tidu xiy dymg hé thing dira trén video 2D

sin e nhur trong dé i,

So vii cic hudng tiép edn trén, SMPLify-X duge lya chon do khi ning két hep
1t gn‘.’ra keypoint 2D v md hinh ca thé todn dign, bao gom ca thin ngwi vi ban 1ay.
Mic dit con ton tai mot 56 han ché vé 4§ Sn dinh v 16 khip hinh trong cdc tr thé phire
tap, phuemg phdp nay cho phép kiém sodt tiit qud trinh dyng hinh va dé phén tich
nguyén nhén sai léch. Trong twong lai, hé thong co the dwge ma rjng bding céch két
hop SMPLify-X véi cac mé hinh héi quy hoc siu hoje lya chon linh hoat phuomg phap
theo timg logi ky hiéu, ahim cai thign chit lwgng vi d¢ mugt cia md phong 3D.
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KET LUAN

Trong qué trinh trién khai dé thi, nhom da xdy dyng duge mgt ma hinh thir
nghigm cd khi nling chuyén van ban tiéng Vigt thanh chudi ding tic ky higu dudi dang
hogt hoa 3D. Phién bin hign tai cho thiy hé thing da hinh thinh duge mét quy trinh xi
ly twrong doi rd ring: tiép nhin ngi dung diu vao, phin tich dé tgo ra chudi ky higu
nromg (g v trinh biy ching bing chuyén dgng 3D. Dy la bube khai ding quan
trgng. cho thity hudng nghién ciru ndy hoan toin kha thi va co thé tiép tue phat trién dé
hé trg giao tiép cho nguiri khiém thinh,

Dya trén nhimg thir nghi¢m ban diu, mé hinh d thé hi¢n duge kha ning truyén
ti thang tin & mite nén ting thing qua cie ding tic ky higu. Tuy nhién, cic han ché
van con ding ké; lrgmg ky higu chira phong phi, tict Lt chu}fért ding com thicu
ahién v phin biéu cim chira duge thé hién ddy di. Nhimg vin dé iy chi ra ring hé
thong cin duge bé sung thém dir licu, cii thién k§ thuit dyng chuyén djng vi dao siu
nghién clru vé cdu tric ciia ngon ngir ky higu. Pay 1a nén tang quan trong dé dinh
hurdme phat trién cho cic giai doan tiép theo, hudng dén mt h thng co tinh img dung
cao hon trong thye te.

Trong twong lai, d& tii cd thé duge mé rong theo nhitu huding, Vide gia ting 50
lwgng v sy da dang cia bo dit ligu s& giop hé thing xir Iy duge nhicu dom vi ngir nghia
hon, Déng thiri, viée tich hgp mé phong chuyén djng toan thin cing cic biéu cam trén
guong mil s¢ gilp nhin vl ao ihé hi¢n sinh ding va thuyét phuc hom. Bén canh do, hé
thiing ciing ¢d thé duge lién két vai cic nén ting gido dye, dich vu cing hoje cong cy
giao tiép trye tuyén, Cudi cing, vi¢e danh gid thir nghigm vei nguon khiém thinh va
chuyén gia trong linh vyre ky higu s& gitip tinh chinh h§ thong, tién gin hon dén m
gidi phap hodn thién, n dinh va ¢ gid rj sir dyng lau dii.
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; BAN CAM DOAN

Toi cam doan da thye hign vige kidm tra mire dg wong déng ndi dung dé
an/lugn van/ludin dn qua phin mém Turnilin mit cdch trung thue vi dat két qua mire
d twong dong ...k % tin bj ni dung dé an/ludn van/ludn dn. Bin e dn/ludn
van/ludin dn kiém tra qua phin mém 1a ban cimg dé dn/ludn vin/ludin dn da ngp de
bio v trudc hii ddng. Néu sai 16i xin chiu céc hinh thire ky luiit theo quy dinh hién
hanh cta Hoc vién,
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B0 THONG TIN VATRUYEN THONG  CONG HOA XA HOU CHU NGHIA VIET NAM

HOC VIEN CONG NGHE
BLL CHINH VIEN THONG

Dix Lip - Ty do - Haah phic

BAO CAO GIAI TRINH
SUA CHUA. HOAN THIEN DE AN TOT NGHIEP THAC Si
Fir w2 téa hoe vidn: Trin Quang Homg
Cluryén nganh: Hé théng thing tin
Khda: 2024 &x |
Tén é& ui- Nghién cine, thiét ké va thir nghiém hé thing chuyén van ban tiéng Viét thinh
mgin nzlE k¥ Fwu s dung mé hinh 3D bé tro nguii khiém thinh
Mg hasimg din khoa hoc: TS. Vi Hodi Nam
Ngay bdo vE 24012025

gép etz Hii dimg chim d& én 1ét nghidp:

Cic néi dung hoc vién 3 sira chira, bo sung trong dé dn tot nghiép theo ¥ kién déng

¥ | Y kién hii ding Sira chira ciia hoc vién
I Thyc hién khio sit thém mit sb thuit | Hoe vién d3 tiép thu va bd sung phén
todn i pha chuyén d6i DL dong sang | khio sit vé thuit todn khic vio myc
| - md hinh 3D 3.3.3 trang 62 dong 20.
.2 | Giam bdt tai liéu tham khdo va chinh | Hoc vién da lrge ban di nhidu tai ligu

] sira cho ding dinh dang

tham khéo va chinh sira djnh dang.

| Chudn héa céc hinh v& tir tiéng Anh
chuyén sang tiéng Viét va hinh vé cin
i rang hom

Hoc vién da tiép thu va chinh sira céc
hinh dnh sang Tiéng Vigt: Hinh 1.2.
14.2.6,3.1,3.2

r i

Ha Nii, ngay AQ. thing .. nam 2026

Ky xdc nhiin ciia
CHUO TICH HOI DONG THU KY NGUTH HUGNG HOC VIEN
CHAM DEE AN HOI DONG DAN KHOA HOC

I P Une

PGS.TS. Trin Dinh Qué

fr

Quinh

TS. Bdo Thi Thily TS, Vi Hodi Nam

[ n

Trin Quang Humg
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BO KHOA HQC VA CONG NGHE CONG HOA XA HQ1 CHU NGHIA VIET NAM
HQC VIEN CONG NGHE Die lip - Ty do - Hgnh phise
BUU CHINH VIEN THONG

_BIEN BAN )
HOP HOI DONG CHAM DE AN TOT NGHIEP THAC S1
Ciin cir quyét dinh s6 Quyét dinh sb 3299/QD-HV ngay 26 thing 12 nim 2025 cia
Giim déc Hoe vién Cong nghé Buu chinh Vién thong v vigc thanh 1ip Hoi déng chim dé
in 15t nghiép the s Hoi ddng 3 hop vio hdi ... &.. gi .00 phiit, nghy 24 thing 01 nim
2025 tai Hoc vign Céng nghé Buru chinh Vién thng dé chim dé én tét nghiép thac s7 cho:
Hoe vién: Trin Quang Himg

Tén dé in 15t nghiép: Nghién ciru, thiét ké va thir nghiém h§ thong chuyén viin bin
tieng Vit thanh ngdn ngir ky hifu sir dung mé binh 3D hd tre’ nguriri khiém thinh

Nganh: 1§ thing thing tin M sb: 8.48.01.04
Chc thinh vién cita Hoi déng chém dé &n 5t nghiép c6 mit: .%..../ 03
] HO VA TEN TRACH NHEM TRONGHD | GHICHU |
I | PGS.TS. Trin Pinh Qué Chil tjch
| 2 | TS. Pao Thj Thiy Quynh Thu ky | !
"3 | TS. Nguyén Quang Himg Phin bién | _
4 | PGS.TS. Trin Bing Hung Phan bién 2 | |
' 5 | PGS.TS. Nguyén Ha Nam Uy vién |
Cic nfi dung thye hign:

1. Chi tich Hi déng didu khién budi hop. Céng bd quyét dinh cia Gidm dbe Hoc vién
Céing nghé Buu chinh Vién théng vé vige thanh lip Hoi ddng chim d¢ 4n 1t nghiép
thac si.

Ngudsi huéng din khoa hoe hodc thu ky doc 1y lich khoa hoc vi cdc didu kién bao vé &
in tt nghiép ciia hoc vién (C6 ban 1y lich khoa hoc va két qud cic mén hoc cao hee
cia hope vién kém theo).

3. Hoc vién trinh bay tdm tit d& 4n 16t nghiép.

4, Phén bién 1 doc nhin xét (c6 viin bin kém theo)

5. Phan bién 2 doc nhin xét (co vin ban kém theo)

6. Cic ciu hoi cia thinh vién Hji ding:
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8. Thu k}' doc nhin xét "-’é qué trinh thye hign dé fin tht nghjép ciia hoc vién (cd win ban

kém theo).

9. Hbi dﬁlng hop riéng:
- Biin Ban kiém phiéu:
I.  Truéng Ban kiém phiéu:
2, Uy vién Ban kiém phiéu:
3. Uy vién Ban kiém phiéu:
- Hoi dbng chém dé an 18t nghiép bing bo phiéu kin.

- Ban kiém ph:cu lam viéc:
Triémg Ban kiém phiéu bdo cdo két qué kidm ph::u (cd Bién ban hop Ban kiém

phiéu kém theo)
Piém trung binh cia aé dn tét nghiép: :lt!{j' .

Két luiin:
1. Cic ni duug cl hmh sim hné.n t]:u&n sau bao v¢ dé dn 16t nghﬁp e

! ,ﬁ?ﬁ, gﬁr’ jl.i.’,gﬂjjz ;’agg A,
‘ = Lon Jgrﬁzmﬁwm&mnﬁw&im ogoﬁiﬂf

ﬁﬁﬁax Mﬂ.@‘ﬁzmmﬁ Aa,?m M?ﬁg

':iﬁueu ... NE....L
2. bé rlgh| H»;m vién ::ﬁng nhﬁn [hura:: I-:hﬂng] vi clp I:rang {hnﬁc Lhﬁng} th{lr: s’f n:hu h:;w:

ﬂm: o PR P S,
3. Déan l-:‘:l nghn‘,:p ch thé 1 tnén th.ninh du tin nghlr!:n ciru cho
NCS....

Budi lam !.rtr:-.c két thﬁ-: vio.. ﬂ[n..d'ﬂ ... cling ngdy.

Chil tjch Ther ki

J N N TV /f?/

PGS.TS. Trin Dinh Qué TS. Do Thi Thity Quinh
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CONG HOA XA HOQI1 CHO NGIIA VIET NAM
De ip - Ty do - Hynh phiic

BAN NHAN DE AN THAC SI CUA CAN BQ PHAN BIEN

Vé dé tii: Nghién cir, thiet ké va thir nghiém hé thdng chuyén van ban tiéng Vit
thinh ngdn ngi ki higu sir dung md hinh 2D hé trg ngudi khiém thinh.

Chuyén ngénh: Hé théng théng tin

Ciia hoe vién: Trin Quang Himg

Ho va tén cdn b phén bién: PGS.TS Trin Ding Hung

Cor quan céng tic: Trrdmg CNTT&TT, Truémg Pai hpe Cong nghiép Ha Nji
NOI DUNG NHAN XET

Viéc xdy dymg hé théng chuyén tir véin bin sang ngén ngit ky hiéu sir dung mé hinh
3D xudt phat tir nhu cAu cap thiét trong viée h trg ngwii khiém thinh tiép cin théng
tin. Trong khi phén lén nji dung hign nay dugc trinh by duéi dang vin bén hodc 1
ndi, ngudi khiém thinh lai chi yéu sit dung ngén ngir ky hiéu @& giao tiép va hoc tip.
Sy thiéu twong thich niy to ra rio cin 16, han ché khi ning tiép cén tri thire, djch vu
cdng va cdc hoat ddng xa hi cla he,

Bén canh dé, sb lugng phién dich vién ngdn ngit ky hiéu hién nay cbn rit han ché,
khéng thé dap {mg ddy di nhu ciu trong céc linh vue nhu gidio dye, y té hay hanh
chinh. Viéc phy thue hoén todn vio con nguéi khién chi phi cao va khé trién khai
ring ri, dic biét trong cdc tinh hudng cin hd trg kip théi. Do 6, mét hé théng tu
ding chuyén dbi viin bin sang ngdn ngit ky higu 14 gidi phdp cin thiét nhim gidm bét
syt phy thufe vao ngudn nhén lyc phién djch.

Ngodi gid trj thye tién, bai todn ndy con mang ¥ nghia x3 hdi va nhin viin siu sic.
Viée phit trién cic céng nghé hd trg nguidi khuyét tit thé hién sy quan tim dén quyén
liép cin thong tin v binh déing xa hi, ph hop véi cde chit truong, chinh sich an sinh
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va cic cong udc quéc 1é vé quyén cia ngudi khuyét tt. Dong thoi, ddy cing 12 mot
hudng nghién ciru c6 tinh thdi sy cao, in dung sy phit trién manh me cla tr twé nhén
tao, xir Iy ngdn ngit tur nhién va cong nghé do hoa 3D dé gii quyét mdt vin dé thue
ti&n quan trong. Vi viy dé ti d& dn cé tinh cép thiét va ¥ nghia thye ti¥n cao.

Pé an duge t chire trong 3 chuong:
Chuomg | trinh bay tdng quan vé hé théng chuyén vin ban thinh ngén ngit ki higu.
Trong @6 c6 khdi quét vé ngé ngit ki hiéu va céc tiép cin céng nghf trong chuyén dbi
viin bin sang ngdn ngir ki hiéu.
Chuong 2 xdy dyng hé théng chuyén vin ban sang md hinh 3D, trong do c6 néu quy
winh xir Iy, thiét ké kién triic hé théng vi thiét ké giao di¢n ngudi ding.
Chuong 3 thir nghiém mé hinh chuyén ddi vin bn sang ky higu 3D, trong d6 c6 thir
nghiém va danh gid két qud chuyén d0i va khd ning biéu dat ciia md hinh.
Nhin xét va gop ¥:
- Dé tdi cé ¥ nghia thye ti#n va cd tinh nhin vin.
Mt sb gop ¥
. Néi dung dé dn trinh bdy dudi dang gidi thiu, chua rd qué trinh thyre hi¢n xay
dung hé théng chuyén dbi nhu thé nao, ndi dung ciia Chuong 2 chi yéu 13 md
{4 céch Jam va quy trinh. Cén lim rd hon ni dung va déng gép ciia dé 4n,
- Khé nhitu hinh vé dang dé bing tiéng Anh, cin chuyén sang tiéng Vigt.
- Khé nhidu so @3, hinh vé chit bj v va khé doc. Cén chinh sira.
Két lujn:
- Ddng ¢ cho hoc vién bio vé két qua @& én trude hdi ddng.

Ha Ngi, ngdy 18 thang I ndm 2026
CANBOPHANBIEN

J?W{/

PGS.TS Trin Diing Hung
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CONG HOA XA HOT CHU NGITA VIET NAM
Nie Jip = T do - Hanh phie

BAN NHAN XET DE AN TOT NGHIEP THAC Si
(Diing cho ngiwedi phdn bién)

Ten dé 1ai di dn 16t nghiép: Nghién cir, thiét ké va thir nghi¢m hé thén g chuyén vin
bin liéng Viét thanh ngdn ngt ky higu sir dung mb hinh 31 hé trg ngudi khiém thinh
Chuyén nginh: Hé thong thing tin

M3 chuyén nganh: §.48.01.04

Ho va tén hoe vién: Tran Quang Humg

Ho vi 1én nguii nhin x¢ét: Nguyén Quang Hung

Hoc him, hoe vi: Ticn s§

Chuyén nginh: Mang vi kénh thong tin lién lac

Co quan céng téc: Hoe vién CN Buu chinh viEn théng

S8 QI TOBE: +vvveevvensssmsssssassisssisissprsss e ssenreser BN hungmo | @ptit.edu.vn

NOI DUNG NHAN XET

I Cor s khoa hoe vii thyc tién, tinh cip thiét cia 48 tai:

n r
-

e D& tai cb tinh nhan vin va ddp img nhu cdu thyre 1€ cia cing dﬁng ngu‘ﬂ:‘ﬂ.'.l‘iif:m
thinh tai Viét Nam,

« Dinh hudng ing dyng 6 ring, phit hop véi xu hwémg cng ngh¢ hé trg ngudi
khuyét 1.

11/ N§i dung ciia dé dn tf!t nghiép, cic két qua 43 dat dwge:
+  Cotbng quan 16t vé ngon nglr ky higu, cic tiép cin cong nghé hién cb.

e Trinh by kh chi tiét quy trinh xi¥ If tir vin ban dén mé hinh 3D.
s (6 cbng thire todn hoc minh hoa céc budc xir 1y.
« Co thir nghiém thye € véi dataset QIPEDC (150 video).
o Ciu e dé 4n logic, diy dii cc phin: 1dng quan, xdy dung hé thong, thir
nghiém.
Vé ki thuit:
s  Sirdung cac cing cy phit hgp: OpenPose, SMFPLify-X.
o Pipeline xir 1§ dirge m th twong di rd ring,

[1/ Nhirng vin dé cn gidi thich thém:
Han ché vé phuong phip: |
e HE thong chi yéu dya vio dnh xg trye tigp (lookup) tir dictionary, chwa cé md

hinh AL'ML hoc sau
o Chua xir I duge ng phap dic thi cia ngdn nglr ky hi¢u
e ‘Thiéu céc yéu 15 phi-thi (biéu cam, dnh mat)
Han ché vé dir ligu:
« Datasct nhd (chi 150 video, thanh cdng 100 tir, ty 1§ 16i 33%)
e Chura cé danh gid dinh lugng véi nguti ding thyc 1€
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45 Han ché ‘-_'é két qua
: o Chit lugng chuyén djng chua mupt (¢6 hign lrgng gidt)
s D chinh xéc chi 80-90% cho ciu don gian (chua ndi rd thang do lya chon/quy

trinh thuc hién dé tinh toén két qué - hay chi Id dinh tinh cia hoe vién?).

2 IV/ Két lujin:

= Tuy cin mdt s6 han ché vé phuong phip, dir ligu, va dinh gid khoa hoe, dé an dat
4 duge myc tidu xdy dung protolype chuyén vin bin tiéng Viét sang ky higu 3D, co y
4 nghia thyc tidn, c6 thé 13 mét cdng trinh dinh huéng tmg dyng & mirc khéi dau.

Péng ¥ cho hoc viée duge bio vé trudc Hei dong chiim dé an.

CAU HOI:

Ciiu 1: Tai sao hge vién lai chon phuong phép énh xa tryc tiép (dictionary-based lookup) thay
vi sir dyng cée mid hinh hoe may hign dai nhu Transformer, seqlseq hodc diffusion models ma

chinh dé dn da dé cip trong phiin tdng quan? Li¢u phuong phdp nay 6 i khi niing md rong

khi clin xir Iy ngit phip phirc tap? |

Ciiu 2: T4 16 13i khi hufn luyén 1n dén 33% (50/150 video), trong d6 92% 13i tir SMPLify-X

{B&ﬁ 3.2, 3.3). Hoe vién da thir cc phuong phép thay thé hojic cdi tién SMPLify-X chira?

Cé ké hoach nao dé giam 17 1& 13i ndy xubng mirc chip nhin dugc cho img dung thye 12

khong?

Ciiu 3: Vi chi 100 i ky hiu kha dung, liéu bi thdng c6 di dé img dyng Lrong cdc tinh

huéng thye t& nh gido duc, y 1€, dich vy cdng mil dé dn dé cip khing?

Ha N§i, ngay 23 thing 1 nim 2026
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