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LOI CAM POAN

Toi cam doan ludn vin thac si nganh Khoa hoc mdy tinh, vi dé tai OpenHuman: Hé
thong tdng hop cti chi hoi thoai dua trén cdm xiic va ngit nghia la cong trinh khoa hoc
do t6i thuc hién dudi su huéng dan ciia TS. Ly Qubc Ngoc.

Nhiing két qua nghién ctiu ctia luan vin hoan toan trung thuc va chinh x4c.

TP. Ho Chi Minh, ngay... thdng... nam...
HOC VIEN THUC HIEN
(Ky va ghi ro ho tén)



LOI CAM ON

T6i xin chan thanh cdm on thay Ly Qudc Ngoc da tin tinh hudng dan, truyén dat
kién thic va kinh nghiém, va dua ra cic gidi phdp cho tdi trong sudt qua trinh thuc
hién dé tai luan vin t6t nghiép nay.

Xin gti 16i cAm on dén quy thay c6 Khoa Cong Nghé Thong Tin trudng Dai Hoc
Khoa Hoc Tu Nhién - Pai Hoc Qudc Gia Thanh Phé H6 Chi Minh, nhitng ngudi da
truyén dat kién thiic quy bau cho tdi trong thdi gian hoc tip vira qua.

Ddng thdi cAm on cdc nha khoa hoc da nghién ciu vé dé tai ma tdi da trich dan dé
c6 thé c6 nhitng kién thiic hoan thién luan vin cda toi.

Sau cling t6i xin gt 10i cdm on dén gia dinh, ban be,.. nhiing ngudi luén dong
vién, giip dd t6i trong qua trinh lam ludn van.

MOot 1an nita, xin chan thanh cam on !
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o’ Trong s6 huin luyén sau khi hoc xong dung dé 1iy mau

€ Nhiéu dudc thém vao anh

é Nhiéu du doan

€p hay fp Ham du doan nhiéu DDPM vdi trong sb 6, fy va ey 1a mot.

N, M, D Céc s6 thé hiéu sb chiéu ctia ma trin hoic vector

t:1=T Bu6c giy nhiéu ¢ tibudc t =1 dént =T

Noins S6 khung xuong

N (ax, b?) Mot ham f(z) = ax + be v6i € € N(0,1) thi tuong duong
phan phéi chuan N (ax, b?)

N(0,T) Phan phoi chuin v6i mean 12 0 va phuong sai 12 1
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sai ¥
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Go Mo hinh OHGesture can huin luyén véi trong s6 6

T
[l

< . A T
Ham tich so hoc, [[,_,ar =a1-az-az-...-ap

X




BANG CHU THICH THUAT NGU

Tir viét tit Néi dung day du
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TRANG THONG TIN LUAN VAN

Tén dé tai luan vin: OpenHuman: Hé théng tdng hop cii chi hoi thoai dua trén cam
xuc va ngt nghia

Nganh: Khoa hoc mdy tinh

Mai s nganh: 8480101
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Khoa dao tao: 31

Ngudi huéng din khoa hoc: PGS. TS. Ly Qudc Ngoc

Co s6 dao tao: Truong Pai hoc Khoa hoc Ty nhién, PHQG.HCM

1. TOM TAT NOI DUNG LUAN VAN:

Cung vdi su bung nd cla phan ciing, cdc mo hinh ngdn ngit 16n, su bung nd cla
cac hé théng tri tué nhan tao dua trén vin ban nhu ChatGPT, CharacterAl, Gemini,..
va su phat trién ctia dd hoa mdy tinh thi nit nghén ¢d chai hién nay dé phat trién ngudi
ky thuat sb (digital human) chinh 14 kha ning tao ra chuyén dong ctia nhan vit tuong
ung vG6i van ban hoac giong néi. Mot trong nhitng kho khan trong qua trinh sinh ct
chi 1a dit liéu ct chi khong dd nhiéu va chat lugng, ciing nhu su thiéu thong nhét vé
ngit canh trong ct chi 12 mot trong nhiing khé khin trong viéc xay dung céc hé thong.
Trong cdc phuong phép hién nay, mo hinh diffusion dat két qua t6t nhit do c6 kha
ning téng quat héa va phii dudce & nhiing vung thiéu cn xiing gilfa cic dic trung, va
cac viing c¢6 mat do dit liéu thap.

P& c6 thé sinh cti chi tuong ing véi giong ndi, va thong tin vé cam xtc can hoc,
luan vin st dung mo hinh diffusion c¢6 diéu kién. Vé6i diéu kién & day chinh 1a ci
chi khdi tao, cam xtc, giong néi va vin ban tuong dng. Luin vin ké thita tit mo hinh
DiffuseStyleGesture dé xdy dung md hinh dé xuiAt OHGesture, trong luin vin giong
néi dugc chuyén thanh vin ban, nhu mot dic trung vé ngit nghia bd sung trong qua
trinh hoc. Luén vin ké thita ma nguoén Unity ctia mo hinh DeepPhase dé két xuit, va
truc quan héa cac chuyén dong ctia nhan vat, cudi cling cdc ma ngudn va ma ngudn
chuong trinh dudc luin vin cong khai d€ cong dong nghién cifu vé sinh ci chi tiép

tuc phat trién cac hé thong sinh cti chi tdi uu hon trong tuong lai.

2. NHUNG KET QUA MOI CUA LUAN VAN:
Tht nhit, qua két qué sinh ct chi thuc té, luan vin c6 thé chiing minh dudc mo
hinh dé xuit OHGesture dat két qua sinh ci chi t6t va thé hién su do dong bo giita
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ctr chi, giong néi, va cam xdc. Thit hai, biang viéc tich hdp vin ban dé bs sung dic
trung ngif nghia, luin vin cung cip thém mot hinh hoc gitp mé hinh c6 thé hiéu dugc
tiing ngli canh cu thé trong qu4 trinh sinh ct chi. Thit ba, nghién citu déng gép mot
phuong phap méi trong viéc xay dung hé théng danh gid chuidn héa cho cac mo hinh
sinh ¢l chi. Phuong phép két hop dit liéu ti nhiéu ngudn ngdn ngi va sit dung danh
gi4 clia con ngudi, tao nén mot nén tang so sanh khach quan va toan dién. Cudi cung,
luan vin st dung cong minh hoa chuyén dong clia nhan vat, ma nguodn trén github,
mo hinh pretrain trén Huggingface. Cling nhu két qua sinh ¢t mé hinh dat két qua tdt

v6i dau vao nam ngoai dir liéu cua qua trinh huan luyén.

3. CAC UNG DUNG/ KHA NANG UNG DUNG TRONG THUC TIEN HAY
NHUNG VAN PE CON BO NGO CAN TIEP TUC NGHIEN CUU:

M5 hinh OHGesture da c6 thé sinh ct chi tif nhan cdm xic, giong noéi va vin ban
tuong ng. Tir day, chiing tdi c6 thé phat trién cac hé thdng tuong tic véi ngudi biang
cach két hop véi cac agent chuyén xii ly thong tin bang vin ban khac nhu Character. Al
ChatGPT API,.. Ngoai ra, chiing t6i ciing du dinh lam mot store tuong tu nhu App
Store nhung chifa ngudi 4o, v6i mbi ngudi 4o nhu mot app dudc xiy dung tlf nhiéu
ngudi khic nhau c6 thé tng dung tif ban gii 4o, gi4o duc, trg ly khach hang...

MO hinh hién tai dang st dung cac chudi cti chi nhu mot biic anh dé khit nhiéu, c6
thé cai tién bang cac st dung Fast Fourier Transform d€ trich xut cdc dic trung vé

pha ctia chuyén dong, tit d6 xay dung hé thdng sinh ¢t chi tot hon.

TAP THE CAN BO HUONG DAN HOC VIEN CAO HOC
(Ky tén, ho tén) (Ky tén, ho tén)

XAC NHAN CUA CO SO PAO TAO
HIEU TRUONG
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1. SUMMARY:

Along with the explosion of hardware advancements, large language models, text-
based Al systems such as ChatGPT, CharacterAl, Gemini, and the development of
computer graphics, the current bottleneck in creating digital humans lies in generating
character movements corresponding to text or speech inputs.

One major challenge in gesture generation is the lack of sufficient and high-quality
gesture data, as well as the lack of contextual consistency in gestures, making system
development more difficult. Among current approaches, diffusion models achieve the
best results due to their ability to generalize and handle imbalanced feature distribu-
tions and low-data-density regions effectively.

To generate gestures corresponding to speech and emotional information, this the-
sis employ a conditional diffusion model. The conditions include initial gestures,
emotions, speech, and corresponding text. This thesis extends the DiffuseStyleGes-
ture model to propose the OHGesture model. The thesis method converts speech into
text as an additional semantic feature for training. We leverage the Unity codebase of
the DeepPhase model for rendering and visualizing character movements. Lastly, this
thesis make all our source code publicly available to encourage further development

of gesture generation systems by the research community.

2. NOVELTY OF THESIS:

First, through actual gesture generation results, this thesis demonstrate that the
proposed OHGesture model achieves high-quality gesture generation with synchro-
nization between gestures, speech, and emotions.

Second, by integrating text to supplement semantic features, this thesis provide an

additional mechanism to help the model understand specific contexts during gesture
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generation.

Third, this research contributes a novel method for constructing standardized eval-
uation systems for gesture generation models. By combining data from multiple lin-
guistic sources and utilizing human evaluations, this thesis establish an objective and
comprehensive benchmarking platform.

Finally, this thesis utilize animated character visualization, source code hosted
on GitHub, and pretrained models on Huggingface. The proposed model achieves

favorable results even with inputs outside the training dataset.

3. APPLICATIONS/ APPLICABILITY/ PERSPECTIVE:

The OHGesture model is capable of generating gestures from emotion labels,
speech, and corresponding text. This enables the development of human-interactive
systems by integrating it with other text-based processing agents like Character.Al
or the ChatGPT API. Additionally, we envision creating a store similar to the App
Store but dedicated to virtual humans. Each virtual human, acting as an app, could
be developed by various contributors and serve diverse applications such as virtual
girlfriends, education, and customer assistance.

Currently, the model treats gesture sequences as images for denoising, which lim-
its its performance. We plan to improve it by employing Fast Fourier Transform (FFT)
to extract phase features of movements, aiming to develop a better gesture generation

system.
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Chuong 1. MO DAU

1.1 Boi canh chung

(a) Cong nghé CGI véi nguoi ky (b) Minh hoa cong trinh tdi tao khuoén mit tdng thdng
thuat s6 siéu that [23] Obama [34]

Hinh 1.1: Minh hoa k¥ thuét d6 hoa mady tinh trong viéc xay dung ngudi k¥ thuit sb

Mai ngay, trén thé gi6i c6 hang ty ngudi nhin vao man hinh RGB, két qua hién thi
trén man hinh 13 dau ra ctia moi hé théng phan mém. Do d6, viéc hién thi tiing pixel
trén man hinh va cach d€ mo phong lai hinh anh trén mot cach chan thuc nhét dudc
cic nha khoa hoc vé d6 hoa may tinh (Computer Graphic) nghién cifu tif nhiing nim
1960s va dac biét 1a viéc mo phong lai con ngudi. Ngay ti nam 2014, cac hoa si 3D
da c6 thé tao nén mot nhan vat ngudi siéu that nhu Hinh 1.1a trong khi d6 cac phan
cling mdy tinh con chua phat trién nhu hién nay.

Ngay nay, cong nghé dd hoa mdy tinh da hoan toan c6 thé mo phdng nhiéu vat
gibng dén miic siéu thuc (realistic), bao gdm céc vat phiic tap nhu nudc, dudng x4,
banh mi,... vd thAm chi 12 c& co thé va khudn mit con ngudi véi do chi tiét dén tiing
16ng to, ndt mun va van mat. Vao nim 2015, bang ky thuat quét 3 chiu ghi lai toan

bd cic goc cia khudn mit, su phan chiéu 4nh sing, trong cong trinh [34] cdc nha
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khoa hoc dd hoa mdy tinh da c6 thé tai tao toan bo khudn mit ctia téng thong Obama
trén mdy tinh véi do chinh xdc cao va gan nhu khong thé phan biét Hinh 1.1b.

Tri tué nhan tao thé hién két qua vudt bac nhiing nim gan diy, khong chi trong
nghién ctiu ma con trong Ung dung thuc té, tiéu biéu nhu tng dung ChatGPT, Mid-
Journey va su phat trién c4 theo chiéu doc va chiéu ngang trong nhiéu linh vuc tng
dung tri tué nhan tao. Mic du d6 hoa mdy tinh da c6 thé xay dung khuoén mit ngudi
siéu that, viéc sinh cti chi lai phu thudc vao viéc chup chuyén dong (Motion Capture)
tlf cac cdm bién va gip khoé khin khi xdy dung hé théng tri tué nhan tao hoc tir dit
liéu.

Céc hé théng tri tué nhan tao hién nay da c6 thé tao viin ban va giong ndi tiém cin
nhu con ngudi, nhung mdt trong nhiing trd ngai 16n nhéit d€ xay dung con ngudi k¥
thuat s6 hién nay chinh 1a viéc sinh ct chi. Chinh vi vdy, muc tiéu ctia luan vin la xay
dung mot hé thong sinh ct chi hdi thoai dua trén cam xuc va ngit nghia vdéi dit liéu

dau vao gdm ca van ban va giong ndi.

1.2 Dong luc nghién cou

Sinh ci chi hoi thoai gitp ich cho rit nhiéu linh vuc nhu hoat dnh, dung phim, trd
choi dién ti, gido duc va nhiing ing dung thuc t& 4o0. Viéc sinh cit chi chuyén dong
dudc thuc hién theo cich truyén thong 1a thué cac dién vién st dung thiét bi theo doi
chuyén dong va bd tri cac hé thong cam bién xung quanh thu nhin chuyén dong dé
dat dugc do chinh xdc chan thuc nhit. Tuy nhién, cic chuyén dong thu dudc sau d6
chi dugc phat lai va khong c6 su bién d6i linh hoat giita cdc hanh dong. Do do, viéc
ap dung tri tué nhan tao d€ c6 thé hoc céc chuyén dong tir dit liéu thu nhan va sau d6
c6 thé sinh ra dit liéu méi sé 1a mot cudc cach mang trong nganh cong nghiép chup
chuyén dong.

Vao nim 2011, mdt nhém téc gia [5] da chiing minh ring c6 su lién hé giita giong
néi va ct chi con ngudi, day chinh 12 tién dé cho thiy chiing ta c6 thé dung di liéu
giong noi d€ c6 thé dung dé hoc va bi€u dién dudc cti chi con ngudi. Véi su thanh
cong cuia cac mo hinh ngoén ngli tu nhién trong xu ly van ban va do chinh xac siéu
that trong viéc md phéng guong mit con ngudi, nganh dd hoa mdy tinh di dat ducc
nhiing tién bo vudt biac. Ciing véi d6 1a su dé dang va chinh x4c trong viéc téng hop
giong noi con ngudi. Viéc ting dung tri tué nhan tao dé sinh cit chi con ngudi 12 mot

trong nhiing di€ém nghén chinh trong phét trién trg Iy 4o giao tiép va tuong tic vdi con
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nguoi.

1.3 Du liéu bai toan
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(a) Khung xuong va tén ctia cdc khép ctiamot  (b) Chudi chuyén dong ciia cti chi bao gom 6
khung xuong trong méi khung hinh. cu chi qua khu va 6 cu chi tuong lai.

1.3.1 Kién tric khung xuong cta ci chi

Ct chi (gesture) trong luan vin 1a su chuyén dong cta toan bo co thé cia mot nhan
vat nhu hinh Hinh 1.2a theo tiing khung hinh. D€ c6 thé bi€u dién cidc chuyén dong
ctia mot nhan vat trong do hoa mdy tinh, cdc chuyén dong sé dudc bi€u dién thanh
chuyén dong clia cic xuong (bone) riéng 18. Bao gdm canh tay (hand), chan (leg), dau
(head), xuong sdng (spine),... Kién triic day dii ciia mot nhan vat dudc trinh bay & phu
luc Muc B.1.

Dit liéu mot nhan vat theo thdi gian trong thuc té sé dudc thu nhin bing cic
hé théng chup chuyén dong (motion capture) v6i cdc hé théng camera va cam bién
chuyén biét. K&t qua ctia qua trinh motion capture 1a cac tép dugc dinh nghia dudi

dang t€p BVH (Biovision Hierarchy).



Céc tép BVH bao gom hai thanh phan chinh: HIERARCHY va MOTION. HIER-
ARCHY dudc thé hién dusi dang mot cdy bao gdm cac thong tin vé tén va vi tri khoi
tao cac khung xuong, MOTION la dif liéu vé chuyén dong clia toan bd khung xuong
theo tiing khung hinh (frame). Mdi tép BVH sé& c6 thong tin vé sd khung hinh trén
gidy (fps) va tdng sdong khung hinh. Thong tin mdi tép BVH dudc trinh bay & phu luc
Muc B.2.

1.3.2 Kién tric chuyén dong caa cit chi

Dit liéu chuyén dong cda ct chi nhu Hinh 1.2b hay phan MOTION cia tép BVH
s& chifa thong tin vé toa do va géc quay clia mdt nhan vat theo tiing khung hinh.
Dit liéu mbi khung hinh 1a tip khung xuong (skeleton) bao gébm 75 xuong (bone),
{by,by,--- ,br5}, mdi xuong thé hién vi tri (position) {p,, Py, P2} va goc quay (rota-
tion) {ry, ry, 7.} chuyén dong clia mot nhén vat theo thdi gian.

Két qua cila viéc sinh cli chi (gesture generation) 12 sinh ra chudi chuyén dong
goc quay cac xuong cua nhan vat theo tiing khung hinh (frame). Viéc sinh ct chi
(gesture generation) dudc danh gia bang viéc tao ra cdc cit chi tu nhién, gibng con
ngudi (human-likeness) va phu hgp véi ngti canh.

Trong luin vin, cdc dif liéu vé vi tri va goc quay ctia khung xuong nhan vat dudc
tién xt ly d€ chuyén thanh mot vector dic trung g € RP v6i D = 1141. Dit liéu can
hoc khi d6 sé 1a x € RM*xD,

Qua trinh xt ly dif liéu dudc trinh bay day di & Phu luc B.

1.4 Phat biéu bai toan

Vi két qua cudi cung 12 chudi cti chi thé hién su chuyén dong clia cac khung xuong
theo tiing khung hinh, c6 thé 4p dung nhiéu phucong phap khac nhau nhu phuong phéap
hoc phan loai (classification), gom nhém (clustering), hdi quy (regression), .. Trong
lu4n vin nay, bai todn sinh ctf chi dudc xem xét nhu mot bai todn hoi quy (regression),
v6i dau vao 1a mot chudi ¢t chi cho trude va dau ra 1a chudi ¢t chi tiép theo can du

doan.
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The only way to do great work is love what you do

Hinh 1.3: Minh hoa mét chudi ctt chi, N khung hinh dau dudc 14y 1am ct chi khéi tao

s (seed gesture) va M khung hinh con lai lam cit chi d€ hoc

V6i mot chudi ¢t chi ¢6 do dai khung hinh bat ky, cam xtc sé dudc gan cho toan
bd chudi ci chi. Mot diém cai tién ctia luin vin 12 tuong ng véi chudi cti chi 1a dit
liéu giong n6i va doan van ban dudc dich tu di liéu giong ndi tuong ting. Muc tiéu
cia luan vin 12 xay dung mo hinh dé du doén tiing doan nhd, véi thong tin di liéu
dau vao bao gom chudi N khung hinh ¢t chi cho truéc s € RUVV*P (seed gesture),
chudi giong néi a (speech), vin ban v (text), cdm xuc e (emotion) tuong Wng.

Két qua du dodn ctia md hinh 1a x € R¥*™*P bao gdm tit khung hinh 1 dén khung
hinh M chudi cii chi tiép theo . Véi dit liéu gdc 1a chudi cti chi da c6 x € RUM*D,

Pau vao Dit liéu du doan
e Chubi cif chi khi tao: s € REN*D e Chubi clt chi du dodn: x € RE:MxD
e Chudi giong ndi: a Du liéu goc

o * Chubi cii chi gbc: x € REM*D
e Van ban: v

e Cam xuc: e

(Happy, Sad, Neutral, Angry,
01d, Funny)

1.5 Céc khé khiin can giai quyét

C6 rat nhiéu kho khin trong viéc xdy dung mot md hinh ¢ thé hoc dudc céac dic

trung ct chi hoi thoai nhu con ngudi.


https://www.youtube.com/watch?v=B6nv1kQmi-Q

Thit nhét, dit liéu khéng dii nhiéu va chdt lwong, chi phi dé€ tao ra mot bo dit lidu
trong nganh cong nghiép chup chuyén dong c6 chat luong va quy md 16n dé tng dung
thuc té 1a rat cao.

Thi hai, suw thiéu dong nhdt vé ngit cdanh cia cdc loai dit liéu, cac bod dit lidu vé
viin ban thudng nhiéu hon so vdi giong néi, va ciing khong rd vin ban dé dudc tao ra
bdi ai. Su dong bo gitta giong néi va cam xic khi néi cling thudng thiéu trong tap di
liéu. Ngoai ra, dif liéu viin ban trong tap dif liéu hun luyén lai thudc nhiéu chi dé da
dang.

Thit ba, sw phédn bo khong cdn xiing vé dit liéu gitta cdc loai ddic trung cdn hoc.
Céc du li€u dung cho nghién ctu ct chi hién nay thudng tap trung vao ngdén ngi
Tiéng Anh, cic cti chi c6 su phan bd khdng can xiing giita cic trang thdi nhu néi, hdi,
hodc im lang.

Thi tu, chi phi tinh todn vdi nhiéu loai dit liéu ciia mé hinh la mét thdch thiic lon.
V6i dau vao ctia md hinh gdm nhiéu loai dit liéu nhu vin ban, tiéng néi va diém 3D,
can nhiéu 16p ma héa cho ting loai dif liéu, din dén chi phi tinh todn cao trong ca
giai doan huin luyén va suy luan. Néu gidm thong tin dif liéu dau vao ciing sé giam
két qua suy luin cia mo hinh khi sinh ci chi.

Cubi cling, cdc budc xit Iy cdan dugc thuc hién tudn tw, cach hiéu qua nhét d€ con
ngudi tuong tac v4i may tinh la thong qua giong ndi va nhip tu ban phim, tuy nhién
viéc xit Iy dudc vin ban va giong néi d€ 1am dau vio cho md hinh phai thuc hién tuan
tu. PO tré trong qud trinh suy luan cta san pham thuc té cling 12 mot vin dé 16n, vi
ngudi ding khong thé chd doi qua 1au d€ nhan két qua. Ngoai ra, viéc hién thi cii chi
d6 1én mdy tinh bang ky thuat do hoa ciing can dudc ti uu dé giam thoi gian xit ly.

1.6 Dong gop du kién
* Dua trén tap dit liéu c6 san, luan vin chuyén giong néi trong tap dif liéu thanh
vin ban, va ding vin ban dé dé lam di liéu huin luyén méi nhu 13 mot dit lidu
ngli nghia bo sung trong qua trinh hoc.

* Dua trén mo hinh co ban DiffuseStyleGesture, ludn van mé rong thém dac trung

viin ban trong qud trinh khit nhiéu c6 diéu kién.

* Luén vin st dung Unity d€ render, trich xuét di liéu va truc quan héa két qua

sinh cu chi.



* Luan vin xay dung hé thdng két xuét, vd minh hoa chuong trinh bing Unity



Chuong 2. TONG QUAN

Bai toan sinh cti chi cling tuong tu nhu c4c bai todn khic, déu di nghién citu va phat
trién song hanh véi cac phuong phap hoc mdy truyén théng va hién dai. Gom cac
nhém phuong phap dua trén luit va cic phuong phap dua trén dit liéu. Pau tién luin
vin trinh bay vé cic dic diém ctia ¢t chi Muc 2.1, tir d6 1a tién dé cho viéc hoc mbi
quan hé gitta ct chi, van ban va giong n6i. Trong muc Muc 2.3, luan van sé trinh bay
vé cic cong doan chung trong cic phuong phdp sinh cit chi. O phan Muc 2.2, luan
viin trinh bay vé cdc phuong phép da dudc st dung trong qud trinh sinh ct chi. Luan
van s€ so sanh cac phuong phap, tu dé néu ly do luan van st dung mo6 hinh diffusion
d€ ap dung cho bai todn sinh ci chi. Trong phian Muc 2.4, ludn vin sé trinh bay vé

cach cdc md hinh diffusion dugc 4p dung cho bai todn sinh cti chi gan day.

2.1 Pic diém cia ci chi

Theo ngodn ngit hoc, ct chi ¢6 thé dudc phan thanh 6 nhém chinh: ct chi thich nghi
(adaptors), ct chi biéu tugng (emblems), ctf chi chi dinh (deictics), ctf chi biéu trung
(iconics), cti chi 4n du (metaphorics), va cti chi nhan manh (beat) [15], [41]. Trong
s6 d6, cti chi nhan manh khong mang y nghia ngli nghia truc tiép nhung déng vai
trd quan trong trong viéc dong bo nhip diéu gitta giong néi va ci chi [25], [41]. Tuy
nhién, nhip diéu gilia giong néi va ct chi nhin manh khong hoan toan dong bo, khién
viéc hoc mdi quan hé thai gian gitta ching trd nén phic tap [33], [6], [28], [55].

Cli chi tuong tac véi cac cip do thong tin khic nhau trong giong néi [41]. Chang
han, ct chi biéu tuong, nhu hanh dong gio ngén cai, thudng lién quan dén thong tin
ngit nghia cap cao (vi du: "tot" hodc "tuyét voi"), trong khi cif chi nhin manh thudng
di kém vdi thong tin cip thAp nhu nhin manh trong Am thanh. Céc nghién ciu trudc
day thudng chi st dung dic trung tir 16p cudi cling ctia bo ma héa giong néi dé tdng
hop cti chi [1], [6], [29], [38], [56]. Tuy nhién, cach tiép cin nay c6 thé 1am tron 14n

thong tin tif nhiéu cAp do, dan dén khoé khin trong viéc phan tich rd rang nhip diéu



va ngl nghia.

Nhu cic nghién ctiu ngdn ngit hoc chi ra [25], [36], [46], cti chi trong giao tiép
hang ngay c6 thé dudc chia thanh mot s6 luong gii han cic don vi ngit nghia véi
cac bién thé chuyén dong khac nhau. Dya trén gia dinh nay, dudc phan tach dic trung
giong néi thanh hai loai: dic trung cAp cao dai dién cho cac don vi ngit nghia, va dic
trung cap thip xac dinh cdc bién thé chuyén dong. Tir d6, mdi lién hé giita chiing ducc
hoc thong qua cac 16p khac nhau cia bd ma hda giong ndi. Cac thit nghiém chiing
minh ring co ché nay c6 kha ning tach biét rd rang cic dic trung & nhiéu cap do,

dong thdi téng hop dudc ¢l chi phit hdp vé ngit nghia va phong cach.

2.2 Tong quan cac phuong phap cho bai toan sinh cit chi

2.2.1 Phuong phap dua trén luat

2.2.1.1 Nguyén ly chung

Dua trén viéc xay dung cdc quy tic hodc luit rd rang, cic quy tic dude dinh nghia thi

cong, xac dinh cach hé thdng xt ly dau vao dé tao ra dau ra.

2.2.1.2 Phuong phap

Tiéu biéu cho phuong phdp dua trén luat 12 Robot behavior toolkit [22] va Animated
conversation [9]. Phuong phap dua trén luat thuong anh xa (mappings) tuing giong
no6i véi tung don vi cu chi, v6i cac ludt dudc tao thu cong. Phuong phap dua trén luat
thi dé dang diéu khién két qui ctia mo hinh va c6 kha ning giai thich t6t két qua du
doan ctia mo hinh. Tuy nhién chi phi d€ tao thu cong 1a khong kha thi d€ xay dung
cho céc ting dung phiic tap doi hdi phai xi Iy mot lugng dit lidu rat 16n.

2.2.2 Phuong phap dua trén thong ké

2.2.2.1 Nguyén ly chung

Dua vao phan tich dit liéu, hoc tif cdc mau trong tap di liéu va st dung cac mo hinh
x4c suat hodc ham toan hoc dé€ dua ra du doan. Phuong phap nay dua trén viéc t6i uu

héa cac tham sb cia mo hinh d€ phu hop véi dit lidu.



2.2.2.2 Phuong phap

Tuong ty nhu phuong phap dua trén luat, phuong phap dua trén di liéu cling anh xa
cac dic trung cua giong ndi tuong ung véi cu chi nhung thay vi lam thu cong thi dugc
st dung hoc mot cach tu dong dua trén cac phan tich thdng ké cia dit liéu.

Tiéu bi€u ctia phuong phap théng ké 12 Gesture controllers [30], Statistics-based
[54], c4c phuong phap nay st dung phan phdi xdc sut dé tim sy tuong dong gilia cac
dic trung giong néi va ct chi. Gesture modeling [36] xay dung mo hinh x4c suét dé

hoc tiing phong céach cua tiing ngudi noi.

2.2.3 Phuong phap hoc sau

Nguyén ly chung caa phuong phap hoc sau
St dung mang no-ron da 16p (Multi-layer Perceptron) dé tu dong trich xuét dic
trung tif dif liéu tho va hoc céc biéu dién phiic tap clia dit liéu. M6 hinh hoc thong qua

toi uu hoa cac tham so.
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Hinh 2.1: Téng quan vé cac md hinh tao sinh khac nhau.

Phuong phép sinh ci chi bang hoc sdu minh hoa & Hinh 2.1 dudc chia thanh
hai nhém chinh: hoc dua trén udc luong log likelihood (likelihood-based model) va
phuong phdp dua vao cidc md hinh sinh ngam dinh (implicit generative models) [42].

2.2.3.1 M0o hinh dua trén likelihood

Nguyén ly chung ciia mo6 hinh dua trén likelihood

M0 hinh dua trén Log Likelihood hoat dong bang céach t6i da hoa xac suit hop ly
ctia dif liéu quan sat dudc, dua trén cac tham sb ¢ cia md hinh. Muc tiéu 12 tim dudc
tham s6 t6i uu ¢’ dua trén x4c sult p(x) clia dit liéu, trong d6 x 12 dif liéu chudi ci chi.

Phuong phap

Qua trinh ap dung cac phuong phap hoc sau vao bai toan sinh ct chi cling tuong
dong véi su phat trién ctia cdc phuong phap hoc sau, tit RNN, LSTM va Transformer
.v.v.. Céc phuong phap tiéu biéu trong nhém phuong phap dua trén likelihood:

11



* Phuong phap Gesticulator [28] st dung kién tric Multilayer Perceptron (MLP)
dé ma hoa dic trung van ban va am thanh, st dung vector vin ban tit BERT lam

vector dac trung cho van ban.

* Trong HA2G [32] dua trén kién tric Transformer xdy dung mot mé hinh phéan
cAp (hierarchical) d€ hoc céc tuong quan & nhiéu cap do gitta 15i néi va ct chi,

tlf cdc dic trung cuc bd (local) dén toan cuc (global).

* Gesture Generation from Trimodal Context [55] dua trén kién tric RNN, coi

viéc sinh ct chi la bai toan dich trong xu ly ngén ng.

« DNN [12] st dung LSTM két hop GRU d€ xay dung mo hinh phan loai (classi-
fier neural network) tiing don vi ctt chi d€ chon mot don vi cti chi phit hgp dua

trén dau vao 13 giong néi.

s Cascaded Motion Network (CaMN) [31] dé xuat tap dit liéu BEAT dong thoi dé
xuat mo6 hinh giéng nhu thic nudc, cdc thong tin vé ngudi néi, nhan cim xic,
viin ban, giong néi va cii chi dudc di qua cac 16p dé trich xuat dic trung dé dudc
cac vector tiém 4n. Trong giai doan két hop cac dic trung, md hinh CaMN két
hop céc dic trung theo hinh thac nudc, 1an lugt két hop céc dic trung ngudi néi
va cam xuc, va tiép tuc két hop véi cac vector tiém 4n ctia vin ban, giong néi va

cu chi.

 Motion Graph : Trong phuong phap Gesturemaster [58], mo hinh xay dung do
thi ngit nghia, tif trong ciu dudc két ndi trong mot do thi, noi cic lién két biéu
thi quan hé ngif nghia giita ching. Dua trén thong tin d6 thi, mo hinh chon cic
dinh (node) va canh (edges) c6 su tuong dong nhét dé biéu dién cit chi.

2.2.3.2 M5 hinh sinh ngam dinh

Nguyén ly

Mb hinh sinh ngdm dinh hoc phan phdi dif liéu ma khong can biéu dién tudng
minh ham mat d xac suit p(x). Thay vi truc tiép tinh xdc suit p(x), md hinh s& hoc
mot 4nh xa Gy : Z — X thong qua so khdp phan phéi gitta dit lidu that va dit liéu sinh
rax = Gy(z), 1z~ p.(z). Trong d6 Z la khong gian nhiéu dau vao, thudng c6 phan
phdi don gian p, (vi du: Gaussian, Uniform). X' 13 khong gian dit liéu thuc, 1a chudi

cu chi x.

12



Trong bai toan sinh cti chi, d€ két hgp thém cic diéu kién vé giong néi, nhan vin
ban, cac md hinh sinh ngdm dinh thudng két hop thém diéu kién c, v6i diéu kién 1a
ngit canh clia bai todn dé€ c6 dugc két qua sinh: x = Gy(z, ¢). Ngit canh clia bai toan
c6 thé bao gdm giong ndi, vin ban, ma dinh danh ngudi néi, phong cach, cam xic
hay ct chi khdi tao.

Vi du tiéu biéu nhit 12 md hinh generative adversarial networks (GANs) va Diffu-
sion. Khi dif liéu dudc tdng hop bang cach chuyén phan phdi dif liéu ban diu & dang
phan phbi chuin vé phan phdi cia dit lidu.

Phuong phap

Céc phuong phap tiéu bi€u cho md hinh sinh ngam dinh 1a

» MoGlow [19] st dung Normalizing Flows dudc st dung dé duy tri tinh nhit
quén va tinh tuong thich cta chuyén dong, dong thdi cung cip kha ning diéu
khién thong qua céc thong sb dau vao. Piéu nay cho phép ngudi dung tao ra cic
chuyén dong méi hoic thay ddi cac chuyén dong hién c6 bang cach thay d6i cac

thong s6 diéu khién.

* GAN: GRU-based WGAN [48] st dung Wasserstein GAN dé danh gid va céi
thién chat lugng cta viéc tong hop cii chi, mo hinh tip trung vao viéc tbi uu
héa ham mat mat Wassserstein, gidp gidm tinh trang chdy dic (mode collapse)
thudng gip trong GAN truyén thong. GRU dudc st dung dé xi ly dit liéu 15i n6i
va bién n6 thanh cic dic trung ct chi c6 thé st dung dudc. Sau dé, nhiing dic
trung nay dudc cung cip vio mang WGAN, ndi ching sé dugc danh gia va tinh
chinh d€ tdng hop cti chi.

» VAE: FreeMo [49] st dung VAE dé€ phan ra (decomposing) céc ct chi thanh tu
thé cti chi (pose modes) va giai diéu chuyén dong (thythmic motions). Tu thé
cli chi dugc sinh ra ngiu nhién st dung qua trinh 14y mau c6 diéu kién trong

khong gian 4n cta VAE. Trong khi céc giai diéu chuyén dong dudc sinh ra tir

» VQ-VAE Rhythmic Gesticulator [3] tién x{ 1y cic doan giong néi theo nhip
diéu (beats) d€ tach giong néi thanh cic doan nho, va bi€u dién chiing thanh
cic khoi theo kich thuc chuin héa (normalization). Tuong tu phucng phap
VQ-VAE, cic chudi cti chi da chuin héa sé dugc luong tit hda (quantization)
thanh cac vung khong gian khac nhau cuia ctt chi dudc goi la cac ti vung ct chi

(gesture lexicon). M6 hinh hoc tif vung cit chi (gesture lexicon) tif khdi chuin
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héa trén vdéi diéu kién 1a cti chi truée d6, phong céch cti chi va giong néi. Sau d6

md hinh téi tao lai tf qua trinh chuan hoéa (denormalization) dé c6 dudc chudi

cti chi ban dau. Khac v6i mo hinh sinh ngdm dinh nhu GANs hay Diffusion,

VQ-VAE thudng tap trung vao viéc nén dit liéu hon 12 sinh dit liéu truc tiép.

* Diffusion: M6 hinh Diffusion tap trung vao viéc tao ra dit li€u mdi tu trang thai

nhiéu, phuc hdi nguoc lai dit liéu gbc. Cac phuong phap dua trén Diffusion sé
dugc trinh bay 6 muc Muc 2.4

2.2.4 So sanh cac phuong phap sinh cwr chi

Phuong phap | Uu diém Nhugc diém Loai phuong
tiéu biéu phap
Robot  behavior | - D& hiéu va dé trién khai. - Khong téng quat héa tbt v6i dit | Mo hinh dua trén
toolkit [22] - Dé& gidi thich va c6 thé kiém | liéu phic tap. luat

sodat dugc - Poi héi nhiéu cong stic trong

- Hiéu qua trong céc trudng hgp

don gian hodc di liéu nho.

viéc xdy dung quy tic thi cong.

MLP [28], RNN

- Kha nang uéc lugng mat do

- D& bi 4nh hudng bdi nhiéu

MJd hinh dua trén

[6], [32], [18], | x4c suét cta di liéu - Két qua thip & ving dit liéu | Likelihood

[55], CNN [17], | - C6 kha ning mé rong va hoc tir | hiém

Transformer [7] dit liéu 16n - Kha néng sinh khong da dang

DiffusionStyle- | - Tao ra dif liéu chét lugng cao. | - Can céu hinh phic tap dé dat | M6 hinh  sinh
Gesture [50], | - Linh hoat va da dang hiéu ndng tot. ngim dinh

MDM [44], Mo-
tiondiffuse [57]

- Phd dugc vung c6 mat do di
liéu thip

- Méi lan 14y nhiéu ngiu nhién
la khac nhau.

- Qua trinh 14y mau cham

Béang 2.1: Bang so sanh wu va nhudc diém clia cdc phuong phéap

2.3 Cong doan chung cua phueng phap hoc sau trong bai
toan sinh cu chi

Nhu da trinh bay 6 Muc 1.3, ¢t chi bao gom chudi chuyén dong cia toa do diém 3D.

V6i mbi tap dit liéu s6 lugng xuong (bone) mdi khung hinh sé khac nhau.

Céch tiép can bang hoc sau vé6i bai toan sinh cii chi (gesture generation) dudgc thuc

hién v6i nhiéu phuong phap khéc nhau. Tuy nhién luan vin téng quét héa lai thanh
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cac cong doan chinh nhu Hinh 2.2 sau:

1.

M6 hinh
1. Tién 2. X0 ly 4. M3 hoa 5. Két hgp 6. Giai ma
XU ly dac trung déc trung dac trung déc trung

Hinh 2.2: Cac cdng doan trong md hinh sinh cu chi.

|| 3. Trich xuat

dic ting 7. Két xuat

Tién xir ly dir liéu (Preprocessing): Trong cong doan tién xit 1y, cic dif lidu vé
doan giong noi, dit liéu vé chudi cii chi, doan vin ban sé dudc doc, s6 hda dé
thu dugc céc vector hodic ma tran thé hién thong tin thd cia dit liéu. Ddi v6i mdi
phuong phap hoc khic nhau, céc thong tin dif liéu ban dau sé dugc chon dé hoc

ctiing khac nhau.

X ly dac trung (Feature Processing): Trong cong doan xt 1y déc trung, cdc dit
liéu tho nhu giong ndi va vin ban duge nhung (embedding) dé bi€u dién thanh
cac vector dic trung. Cac phuong phap khac nhau s€ chon cac md hinh nhing
khac nhau. Viéc bi€u dién céc cli chi cia nhan vat thanh cac vector dic trung

clia moi phuong phdp ciing khéac nhau.

Trich xuét dic trung (Feature Extraction): Cong doan trich xuét dic trung sé
diing céc 16p bién ddi tuyén tinh (linear) hodc cac 16p CNN dé trich xuat cac dic
trung cta dit liéu. Céc dit liéu vé viin ban hoic giong néi sau khi xt ly dic trung
c6 thé ciing dudc cho di qua céc 16p trich xuat dic trung d€ bi€u dién thanh céc

vector dic trung d€ bi€u dién tuong tng v6i vin ban va giong noi.

Ma hoa dac trung (Feature Encoding): Trong cdng doan ma hda dac trung, cac
vector vé cti chi, cdm xuc, va giong néi sé dudc bi€u dién 1én khong gian tiém
4n nho hon kich thuéc ban dau nham thuan tién cho viéc tinh su tuong quan

gitta cdc dic trung & cong doan két hop dic trung.

Két hop diic trung (Feature Fusion): Trong cong doan két hop dic trung, cic
dic trung giong ndi, vin ban, cii chi cling nhu cic thong tin khac dudc két hop
v6i nhau biang viéc concat, cac 16p két ndi day du hoic két hop cic dic trung

bang cach cdng hodc trif cac vector tiém 4n.

Giai ma dac trung (Feature Decoding): Trong cong doan giai ma dic trung,

cac vector tiém 4n sé dudc gidi ma hay ting chiéu dif lidu vé kich thudc ban dau.
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7. Két xuét (Render): Sau khi c6 dudc vector & kich thudc ban dau, cac vector sé
dugc bién ddi nguodc trd vé cac tép BVH dé dudc két xuit thong qua cic phan

mém nhu Blender hoic Unity d€ minh hoa cic chuyén dong nhan vat.

2.4 Diffusion-base Model

2.4.1 Nguyén ly chung cua cac phuong phap dua trén Diffusion

Iy

Phan phdi df liéu Thém nhiéu Hoc Xu Huéng Ldy méu

Hinh 2.3: Minh hoa nguyén ly chung ctia mo6 hinh md hinh Diffusion.

Tuong tu phuong phap trong nhém phuong phap sinh ngdm dinh (Implicit Generative
Models Muc nhé 2.2.3.2), nguyén ly ciia md hinh Diffusion 1a hoc mdt ham fy biéu
dién xu huéng (drift) ciia qud trinh tit phan phdi chuidn N (0,I) vé phan phbi cia dit
liéu xg ~ p(x), ti d6 lay mau (sampling) Ién tling budc ctia qua trinh dio ngudc dé
sinh ra cac du li€u m6i nhu Hinh 2.3. Qua trinh nay dugc thuc hién tung 7" budc, v6i
nhiéu dudc thém trong qua trinh 1iy maiu giam dan d&€ mo hinh c6 thé diéu hudng vé

cac vung c6 mat do di liéu 16n.

2.4.2 Phuong phap tiéu bicu
2.4.2.1 Phuong phap tiéu bicu
 MotionDiffuse [57] st dung md hinh Diffusion c6 diéu kién, v6i diéu kién dua
trén 12 vin ban ma khong bao gdm aAm thanh. Ngoai ra mo hinh du dodn nhiéu,
chit khdng du dodn chudi cii chi gbc. Md hinh MotionDiffuse st dung céc 16p

Self-Attention va Cross Attention dé tinh tuong quan gitia dic trung vin ban va
dic trung cti chi trong cong doan 5. Két hop diic trung (Hinh 2.2).

e Flame [24] st dung mo hinh diffusion véi kién tric transformer. Trong cong

doan 2. Xu Iy ddc trung (Hinh 2.2), m6 hinh st dung mo hinh pre-train ROBERTa

16



d€ nhiing (embedding) vin ban dé dudc cdc vector dic trung vin ban, va si
dung ching lam diéu kién cho mo hinh. Trong cong doan 5. Két hop ddc trung
(Hinh 2.2), stt dung viin ban lam token CLS dau tién cta chudi ct chi trude khi
di qua 16p Transformer Decoder . M6 hinh ciing du doan nhiéu da dugc thém

vao mo hinh Diffusion chif khong du dodn chudi cti chi gdc.

DiffWave [27] st dung mé hinh Diffusion véi viéc du doan nhiéu, cic budc thoi
gian dudc di qua nhiéu 16p Fully Connected khac nhau va 16p kich hoat Swish
trude khi két hop cic dic trung. M6 hinh st dung kién tric dilated convolutions
ké thira tit WaveNet. M6 hinh DiffWave gitip biéu dién giong néi dudc biéu dién

t6t hon, tao dau vao hiéu qua hon cho mo hinh Diffusion.

Listen, denoise, action [2] ké thira tif md hinh DiffWave [27], thay 16p dilated
convolutions bang Transformer , két hop v6i Conformers gitip cai thién hiéu

suat cua mo hinh.

DiffSHEG [10] st dung md hinh diffusion, trong cong doan 2. Xuw Iy ddc trung,
mo hinh DiffSHEG st dung HuBERT dé€ bi€u dién 4m thanh. Coi biéu cam la
tin hiéu cho cti chi. M6 hinh dat dudc su két hop thdi gian thuc cta dong thdi ca

bi€u cam khudn miit (facial expression) va cti chi (gesture).

GestureDiffuCLIP [4] st dung mo hinh Diffusion véi diéu kién 12 vin ban,
GestureDiffuCLIP st dung phuong phap hoc tuong phan (Contrastive Learning)
dé két hop dic trung vin ban thong qua CLIP d€ diéu khién phong céch cta ct
chi. Tuong tu cac phuong phap trén, coi van ban nhu 1a Prompt cua cac mo hinh
sinh van ban nhu StableDiffusion, Midjourney gitip moé hinh hoc dudgc ct chi tu

doan van ban mo ta.

Freetalker [52] st dung mo hinh Diffusion d€ huin luyén trén nhiéu tap di liéu
khac nhau, tao ct chi cho ngudi néi dua trén 16i n6i va van ban. M6 hinh du
dodn cti chi gbc. Thay vi st dung Transformer, Freetalker st dung Attention-
based Network d€ tinh tuong quan gitta cc ddc trung vin ban, am thanh va ci

chi trong cong doan 5. Két hop dic trung (Hinh 2.2).
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2.4.2.2 Phuong phap dugc ké thira trong luin vin

« MDM [44] ap dung Diffusion c¢6 diéu kién cho bai todn sinh ci chi, véi diéu
kién la CLIP (Contrastive Language—Image Pre-training) ctia van ban mo ta.
MDM st dung kién triic transformer dé€ tai tao dit liéu ci chi ban dau, st dung
Diffusion c6 diéu kién vé6i diéu kién 12 doan vin ban md ta chuyén dong cia
ct chi. Tuong tu cac phuong phap diffusion sit dung van ban mo ta, trong cong
doan 3. Trich xudt dic trung (Hinh 2.2), doan vin ban sé dudc mit na ngiu
nhién (Random Mask) d€ 4n di cdc doan vin ban, tit d6 gidp mo hinh x4c dinh
muc dd quan trong cla titng doan viin ban dbi vé6i cac ct chi khdc nhau. Trong
cong doan 5. Két hop dc trung (Hinh 2.2), mo hinh st dung viin ban 1am token
CLS dau tién ctia chudi ci chi trudc khi di qua 16p Transformer Encoder. Trong
Transformer Encoder, co ché self-attention sé tinh su tuong quan gitfa viin ban
v6i titng khung hinh ctia ctt chi. MDM du doén dit liéu gbc thay vi du dodn

nhiéu.

« DiffuseStyleGesture [50] 1a m6 hinh Diffusion ké thita tit MDM [44]. M6 hinh
két hop diéu kién bao gdbm am thanh, cii chi khéi tao va phong céach. Trong cong
doan 1. Tién xit Iy (Hinh 2.2) md hinh xit ly céc toa do vector d€ thu dugc vecto
6 s6 chiéu D = 1141 & mdi khung hinh. Trong cong doan 2. Xi Iy ddc trung
(Hinh 2.2), DiffuseStyleGesture sit dung WavLM dé nhing am thanh. Trong
cong doan 5. Két hop ddic trung (Hinh 2.2), m6 hinh cii tién MDM bﬁng viéc
st dung Cross-Local Attention trude khi di qua 16p Transformer Encoder.

2.4.3 Mo hinh Diffusion phu hgp véi bai toan sinh ¢ chi

V6i dic diém dit liéu ¢t chi nhu gid tri cia cic géc quay va toa do diém khdp, yéu
cau do chi tiét cao ddm bdo do chan thuc cho chuyén dong nhan vat. Tuy nhién, dit
liéu trong céc trudng hop cuc tri clia cdc tham sb 1a rit han ché. Nhs vao kha ning
hoc chi tiét va bao quat dif liéu trong cac tinh hudng hiém gip. Md hinh Diffusion c6
thé giai quyét nhiing khé khin nay, nhu dudc néu trong Muc 1.5. M6 hinh Diffusion
dugc danh gid vé uu va nhudc diém so véi cac phuong phdp hién tai trong Bang 2.1.
Luan vin chon mo hinh Diffusion d€ giai quyét bai toan sinh ct chi. M6 hinh ctia
luan vin ké thira tif md hinh DiffuseStyleGesture [50], tich hop vin ban nhu mot dic
trung ngif nghia trong qud trinh hoc trong cong doan 5. Két hop ddic trung (Hinh 2.2)
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clia qud trinh sinh ct chi d€ xdy dung mo hinh dé xuit OHGesture.
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Chuong 3. PHUONG PHAP NGHIEN CUU

Bén chit clia ciac phuong phap dua trén neural network 12 uéc lugng xdc suét cia
dit liéu (probability density) nén can chuin héa (normalization), trong khi md hinh
Diffusion s& hoc dé c6 thé udc luong dao ham clia phan phdi dit liéu [42] (estimating
gradients of data distribution) va khong phai chuan hoa trén toan bo dit liéu, nén c6
két qua t6t hon so véi cac phuong phép neural network khong st dung diffusion. Mo
hinh diffusion c6 kha ning mo phong phan phbi dit liéu trong cic trudng hop mat do
phan phéi clia dit liéu thap va c6 thé sinh dudc két qua véi do chi tiét cao.

Mb hinh ctia luan vin dua trén md hinh DiffuseStyleGesture [53] vdi cai tién chinh
1a dya trén di liéu giong ndi, luan vin chuyén giong noi thanh vin ban va nhiing vin
ban dé thu dugc cac vector dic trung vin ban, va sit dung nhu 12 mot vector dic trung
vé ngii nghia trong qud trinh diffusion c6 diéu kién. Qud trinh nay dudc trinh bay
Muc nho 3.2.2. Ngoai ra & cong doan 7. Két xudt (Hinh 2.2), luan vin st dung Unity
dé truc quan hoa két qua sinh cii chi. Cac d6ng gép chinh ctia luan vin dudc trinh bay
day di ¢ Muc 6.4,

Trudc tién luan vin trinh bay vé mo hinh diffusion Muc 3.1, va phan Muc 3.2 sé

trinh bay vé mo hinh dé xuit OHGesture.
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3.1 M5 hinh diffusion cé ban va cic cai tién

\4

Diffuse (Thém nhiéu)

Denoising (Loai bd nhiéuy >

Hinh 3.1: Qua trinh gay nhiéu (Diffuse) va kht nhiéu (Denoise) khong huin luyén

V6i cdc phuong phdp st dung neural network nhu ResNet, InceptionNet,... két qué 1a
tim dudc trong sb 6 ctia ham fy(z), muc tiéu 1a tdi vu héa ham 16i £, gilta nhan y va
két qua du dodn 12 §. Sau khi két thiic qu4 trinh huin luyén va hoc dudgc trong sb ¢’ ta
du doan mot mau dit liéu méi «’ bang cach truyén qua ham fy dé ra dugc két qua du
doan /.

Tuong tu phuong phap VAE, ma héa (encode) ma tran dau vao thanh vector tiém
4n z va gidi ma (decode) vector tiém 4n z tr§ lai ma tran kich thudc ban dau, tuy
nhién mo hinh diffusion chia qua trinh hoc thanh tiing 7" budc, 6 budc thi ¢ qua trinh
giy nhiéu (forward diffusion process) ¢(x) tit 1 — T dudgc thuc hién bang cach thém
nhiéu ¢; ~ N(0,I) phan phdi chuidn Gaussian vao dit liéu, v6i I 1a ma tran don vi clia
phan phdi chuin Gaussian c6 gid tri trung binh (mean) bing E[e] = 0 va phuong sai
Var(e) = 1.

Qua trinh thém nhiéu tir trai qua phéi goi 1a ham ¢(x), con qud trinh khit nhiéu tir
phai qua tréi p(x). Luu y ring, ¢; dudc 14y ngiu nhién & moi budc ¢, va nhiéu ¢ dugc
gitt c6 dinh. Nhu trong Hinh 3.1, néu & bu6c thém nhiéu (diffuse) ta cdng mot lugng
nhiéu ¢; va & budc khit nhiéu (denoise) ta ciing trir mot lugng chinh xac lugng nhiéu
¢; thi két qua cudi ciing ctia bude khit nhiéu x 12 hoan toan giéng dnh gbc ban du.

Tuy nhién, & budc khit nhiéu, thay vi ¢rir di nhiéu thuc té ¢, da dugc thém vao &
budc gy nhiéu, ludn vin sé dung mot ham fy d€ du doan nhiéu dugc thém vao &

qua trinh diffuse, tif d6 1an lugt 14y 4nh nhiéu x; trir di nhiéu du doan d€ dugc anh du
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doan x7_1, thuc hién 1an lugt cho dén khi dat dudc xo.

Trong mo6 hinh Diffusion ¢6 ban hay Denoising Diffusion Probabilistic Models
(DDPM [20]), qua trinh khit nhiéu (denoising process) tit 7 — 1, muc tiéu 1a hoc
dudc trong s6 0 ctia haim du doan nhiéu f, hay con dudc ky hiéu l1a ham du doan
luong nhiéu (ey) da dudc thém vao. Sau khi két thiic qua trinh hoc va thu dugc trong
s6 0’ ctia ham du dodn nhiéu ¢, luan vin sé dung ham fy dé€ du doan nhiéu. Sau khi
c6 nhiéu du doén ¢, ching ta trit di 4nh bi nhiéu x; d€ c6 dudc anh khit nhiu x;_1, va
cong thém nhiu z € N(0,I) d€ tao ra su da dang cti chi. Thuc hién lan lugt th 7’ — 1
dé c6 ducc anh du doan x.

3.1.1 Qua trinh gay nhiéu (forward diffusion process)

Cho dit liéu xq dugc 14y tir dif liéu that x ~ ¢(z), v6i mbi budc ta sé thém nhiéu vao

dau vao xq vdi ty 1 gitta nhiéu va anh gbc dudc kiém soat bang hé sb 3:

Xt = /1 —Bx¢—1+/Brer—1 3.1

Trong d6, qua trinh gy nhiéu tif 1 — 7', v6i mdi budc ¢, qua trinh thém nhiéu ¢
dugc diéu khién béi j3; thude tap hop {5, € (0,1)}1,.

Bé&i vi mot ham f(z) c6 dang f(z) = ax + be v6i € € N(0,I) s€ tuong duong
f(z) ~ N(ax,b?) (v6i azx 12 ky vong hay trung binh, b? 1a phucng sai), tit d6 qua trinh
gy nhiéu c6 thé dugc viét gon 13 & ting buée nhiéu ¢, khi biét trudc x;_1 1a:

q(x¢|x¢-1) = N(x¢; /1 — Bixi—1, Bi])
3.2)

q(x1.7x0) = | | ¢(x¢t|xi-1)

”E%

Muc tiéu & bude ¢ ctia hé s6 /T — 5; va j3; 1a d€ 1an ludt giam ty 1& clia anh gbc x;
va ting dan nhiéu €;,_1, vi viy 81 < 2 < --- < fr. Khi T'— oo thi xp s& nhiéu hoan

toan [47] (Isotropic Gaussian Distribution) ¢(x7) = N (0, ).
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Gg(xt, t)

|

Hinh 3.2: Thém nhiéu trong qua trinh huin luyén

Vinhiéu €; 1, € _2,--- ~ N(0,I) ludn 1a cic bién ngiu nhién tuan theo phan phdi
chuin Gaussian, va dudc xdc dinh trudc & mdi budce ¢, nén ta c6 thé dé dang tinh x; ti
XQ. Bﬁng cachdatoy, =1— G vaay = H§:1 aj, ti Cong thuc 3.1, ta c6 ham forward

diffusion viét lai theo o nhu sau:

xy = o1 + V1 — ey
=y (th2 + mGtQ) + V1 — a1
= o _1xi_o + \/metfz + V1 — €1
= Vagaa®i 2+ /a1l — 1) + (1 — ap)er—2
= Vot 12+ /1 — 1€ 2

(3.3)

= Vaxo + V1 — are
~ N (@ Vo, (1 — a) T)
Su thay doi cta \/a va /T — a trong qua trinh giy nhiéu dugc thé hién & phu luc
Phu luc A
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3.1.2 Qua trinh khit nhiéu (denoising process)

Hinh 3.3: Khit nhiéu trong qua trinh suy luin

Qua trinh khit nhiéu py(x;_1|x;) & budc thi ¢ tit T — 1 dudc bat diu tif x 1a nhiéu
hoan toan A/(0,1). Luan vin sé dung mot neural network fy(x;,t) d€ du doan nhiéu
& = fo(xy,t) da dudc thém vao dé€ duge x;_1 tif x;.

Quii trinh khit nhidu 6 trung binh iy (x;. 1) = —- (xt ~ doa fy(x, t)) va phuong

sai Xy(x¢,t) nhu sau:

PG(XO T Xt 1 |Xt

HE’%

(3.4)
po(Xt—1]%t) = N(Xt—1; Ne(Xt, t), Xo(xt,1))

Qua trinh khit nhiéu 13 qud trinh bat dau tif nhiéu hoan toan, ding mot neural

network fy d€ hoc dudc qua trinh khit nhiéu.
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3.1.3 Qua trinh huén luyén trong mé hinh diffusion co ban

q(xe[xs-1) = N (%45 v/aurxe—1, (1 — au)I)

Ofor e —@% . .

€ <Lr—>€p € <Li—>€4 €1<L1>€;

1
[t]

1 ( 1—a 2 t)) - 1 (:1: 1—a 6 1)>
—(z — éo(z¢, = - éo(z1,
Va\ ' Vi Ve Ve

&
<

eg(xt, t)

pe(xt—1|xt) = N(xt—ﬁNG(xtat), Ze(xt’t)) >

Hinh 3.4: M6 hinh diffusion cd ban

Mo hinh diffusion s& hoc trong s6 6 ctia ham du doén 16i fy(x¢,t) hay con ky hiéu 1a
eg(24,t). Trong qud trinh denoising, ta sé t6i vu do 15i gitta nhifu du doan ey(x;, t) va

nhiéu thuc té ;. V6i mdi budc thi ¢ ta s& tdi wu ham loss £; dé thu dudc trong sb 6.

L' =Byt e |6 = eo(xes )]

3.5
= Bt [1,7) %0, [Hﬁt —€g(Vauxo + V1 — e, t)H2]

Trong d6, ham méit mat £ tdng sé 1a £ = Zthl Ll
V6i fo(x;_1,t) hay €y 12 mdt mo hinh Unet dung d€ ma hoa va giai ma di liéu dé
du doan nhiéu da thém vao di liéu. Qua trinh tinh todn ham 13i dudc trinh bay minh

hoa trong Hinh 3.4.
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Thuat toan 1 Thuit toan training trong DDPM

1. Tinh sén cdc gia tri \/ay, /1 — a; va /a; cho mdi bubc ¢ : 1 — T. Xéc dinh lich
trinh nhiéu {a; € (0,1)},, véia; < as < -+ < ar.

2. Lay nhan x, tif phan phdi ctia dit liéu da chuin héa.
3. Tao nhiéu ngau nhién €; cho méi budc ¢ : 1 — T, v6i Vt : €, ~ N(0,1).
4. Gay nhiéu (forward) x( dé thu dugc x;  mdi budc ¢ : 1 — T+

Xt = Vaxg +v1— ae

5. V6i mdi t, 1dy ¢ ngau nhién ti [1, 7.
6. Cho x; va t vao md hinh dé€ du doan nhiéu: € = €(x;, ).
7. Tinh dao ham dé€ cip nhat trong sb:
Vo, ller — ea(x1, 1)
Tinh loss:
L' =Eyoi 1y x0er [l€ — €0(vVarxo + V1= ase, t)|]

8. Quay lai budc 6 cho dén khi hoi tu dé thu dudc trong s6 tdi uu ¢

3.1.4 Qua trinh liy mau trong diffusion c¢ ban

Sau khi thu dudc trong s6 ¢’, luan vin sé dung ham denoising d€ khi nhiéu tit nhiéu

x7 ~ N(0,1). Qua trinh bién ddi tif nhiéu hoan toan x7 sang du doan x, nhu sau:

Xi—1 = \/% (Xt — \}%fy(xt,ﬂ> + V1 — € (36)

Luu y rang ¢ 1a nhiéu cb dinh va nhiu ngau nhién dudc tao ra trudc qud trinh
huin luyén, chi st dung lai két qua ngiu nhién trong qua trinh forward diffusion Muc
nho 3.1.2 & cong thiic Cong thiic 3.1. Nhu Hinh 3.5, do 13i €; 1a do nhiéu cla tiing
budc ¢, va ham loss £! sé tinh theo tiing budc ¢.

Tiép theo qua trinh huin luyén, thuat toan 14y mau (sampling) trong DDPM bat
dau tir bu6c tao nhiéu hoan toan, tic 1a x7 ~ A(0,1I), noi dif liéu ban dau hoan toan
1a nhiéu. Céc gid tri \/az, v/T — ar v \/ay, dugc tinh tif qué trinh hun luyén, s& dugc
st dung trong qua trinh 1iy mau dé du doan lai di liéu gbc x¢. Budc tiép theo 1a tinh
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—q(x¢|x¢1) = N(xe; Ve, (1 — D))= —pp(xi-1]x:) = N (%415 po(%s, 1), To(xe, ) >

Forward Diffuse (C6 dinh) Denoising (Hoc dugc)

—— Stochastic process —— Reverse stochastic process

Online (Training)

Q——@—*@ﬂ*‘

€1 €L, = lle — ez, t)|*—> €9 (T4, )

Offline (Inference) >

Hinh 3.5: Qua trinh Training va Sampling trong m6 hinh Diffusion tiéu chuan

toan hé sb diéu chinh nhiéu o;, dua vao lich trinh nhiéu a; da dudc thiét 1ap trong qua
trinh huén luyén. Céc gid tri nay sé anh hudng dén do nhiéu dudc thém vao trong qua
trinh 1iy mau ngugc.

Qua trinh 1dy mau (sampling) nhu Thuit toan 2 sé& dudc thuc hién tit budc T trd vé
1, va trong mdi budc, mot nhiéu ngau nhién z ~ A(0, 1) dudc tao ra d€ cong thém vao
két qua du dodn. Tai mbi bu6c ¢, mo hinh sé du dodn nhiéu ey dua trén dit liéu nhiéu
x; va budc thdi gian t, sau d6 st dung du dodn nay dé€ tinh todn gia tri y, 1a udc luong
ctia xo. Cudi cling, mot lugng nhiéu o,z dudc cong thém vao p d€ thu dudc %,_,, dit
liéu nhiéu tai bu6c t — 1. Quad trinh nay tiép tuc cho dén khi ¢ = 1, va khi d6, chuing ta

¢ dudc %o — du doan cubi cling cia dif liéu gbe tir qua trinh khi nhiéu.
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Thuat toan 2 Thuit toan sampling trong DDPM

1.
2.
3.

N o ok

Bat dau vé6i nhiéu: xp ~ N (0, I).
Céc gia tri /oy, /T — oy va \/a; dugc 14y tir qua trinh huan luyén.

Tinh hé sb diéu chinh nhiéu oy tif oy d méi budc ¢t : 1 — T

V6i mbi ¢, 1y ¢ tuan tu tix [T, .., 1].
Tao nhiéu ngau nhién z ~ N(0,I).
Pua x; vao m6 hinh d€ suy luan nhiéu: €y = ey (x;, ).

Dung nhiéu du doan d€ tru di x; & budc t:

1 1—Oét ( t)
= — | Xt — ——€g/(Xq,

. Cong thém mot lugng nhiéu: X, 1 = p + o;z.

Khi t = 1, thu dugc %X, tif qua trinh khtt nhiéu.

Diéu quan trong nhit trong qua trinh 1y mau (denoising sampling) d6 chinh 1a
phéi cong thém mot dd nhiéu z € N(0,1), v6i z sé& dudc 1an lugt thém & tiing budc ¢
bing hé s6 diéu khién o;. Muc tiéu ctia nhiéu  1a d€ 1am gd phan phdi (marginal noise
distribution) cho md hinh fy (hay €g) c6 th€ hoc dudc nhiéu, con véi z 1a d€ ting tinh

da dang trong qua trinh sinh va su 6n dinh trong qua trinh liy miu. Qua trinh gidm o;

dudc trinh bay & phu luc Muc A.3

3.1.5 Cai tién md hinh diffusion véi du doan x, thay vi ¢,

Dua vao Cong thiic 3.3, c6 thé thiy néu c6 x; thi sé suy ra dudc xg. Va néu c6 xg

thi cling s& c¢6 thé suy ra dugc x; mot cach twdng minh véi ¢ bt ky bing cach thém

nhiéu ¢; da c6 tir qua trinh thém nhiéu thuin (forward diffusion).

T quan sit nay, nhém tac gia [37] dé xuat cai tién DDPM, thay vi ding ham
neural network fj(x;,t) d€ du dodn ¢; nhu Hinh 3.4 thi fy(x;,t) s€ dugc dung d€ du

doan truc tiép xo, va khi c6 xq sé thém nhiéu bang Cong thiic 3.3
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fo Xi-1)€ : X1

Hinh 3.6: So sanh € objective (bén trén) va xy objective (bén dudi)

Nhu hinh Hinh 3.6, ta bat diu bang viéc thém nhiéu thuan (forward diffusion), tit
t:1 — T dé dudc x7 ~ N(0,I). Sau khi c6 nhiéu x7 ta sé dua vao ham f; d€ du doan
%0, t X0 s€ thém nhiéu d€ dudc %;_;. Thuc hién lan luct dén khi ¢ = 1, ta sé thu dudc
%o. Ta c6 thé so sanh hai phuong phdp nhu sau:

* ¢ objective : md hinh sé du dodn 18i. Bit dau tir viéc forward qua trinh gy nhiéu
d€ 1ay dudc x7, khi c6 dudc x7 ta sé st dung x7 € N (0,1) d€ dua vao qua trinh
denoise. Trong qua trinh khit nhi€u, mo hinh sé du doén nhiéu ¢, da dugc thém
vao tlf qud trinh forward, 13 nhiéu ¢, va t6i vu 16i gitta nhiéu du dodn va nhiéu

thuc té tl qua trinh forward.

* x( objective : tuong tv md hinh sé giy nhiéu (forward diffusion) qu4 trinh giy
nhiéu dé 14y dudc x, khi c¢6 dudc x; ta sé st dung x € NV(0,I) d€ dua vao qua

trinh denoise. Mo hinh sé du doén truc tiép xg, sau khi c6 xo mo hinh sé tiép
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tuc gy nhiéu dén budc thi x;_;, va tiép tuc st dung x,_; d€ dua vao md hinh

du doan x

3.1.6 Mo hinh diffusion c6 diéu kién

Dé c6 thé diéu khién qua trinh sinh véi cic diéu kién khéc nhau, thi can phai sinh véi
diéu kién ¢, hay néi cich khic ta can tim xdc suét p(x|c) khi biét trudc ¢. Nhém tic
gid [14] dé xuat st dung mot ham f,, riéng d€ huan luyén cho diéu kién. Tuy nhién
phuong phap nay gay kho khin khi cac diéu kién sinh thay ddi va viéc két hop va cap

nhat trong s6 6 mdt md hinh riéng sé gay kho khin khi mé rong.

Diéu huéng

Co diéu kién

f 0 (Xt, t C@)
Hinh 3.7: Diffusion c6 diéu kién biang vector diéu huéng

Nhu hinh Hinh 3.5, d€ qu4 trinh suy luan c6 thé sinh ra cc két qua x¢ khdc nhau
va c6 thé diéu khién dugc dua trén didu kién c. O mdi budc ¢, cAn thém mot luong
diéu huéng véi mot didu kién cu thé. Nhém tac gia dé xuat Classifier-Free Diffusion
Guidance [21] véi viéc két qua xo dudc cap nhat bang cach cong két qua c6 diéu kién

va khong c6 diéu kién.
X0y,c0 =7 Jo (Xt 0) + (1 =) - fo (x¢, 1, co) (3.7)

Trong do, c 1a diéu kién, ¢y 1a diéu kién rong, két qua sinh diéu kién dudc diéu

khién bang tham s6 ~, néu v cang Ién thi két qua sinh ra cang sat véi diéu kién c,
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nguoc lai thi két qué sé nghiéng vé két qué sinh khong c6 diéu kién.
Nhu Hinh 3.7, ham f, trén cing la khong c6 diéu kién, fy gitta 1a diffusion c6 diéu

kién, f, (duéi cuing) 1a diffusion véi diéu kién rdng.
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3.2 Mo hinh cta dé xuat OHGesture

xg € RI:MXD

s € RI:NXD

ec RS
a c RL:Mx1024

s C

Ga(xtv t’ C)
L b,

4

Go(x4,t1,c) ]
A

v E Rl:Mx3OO

6]

-

& el Diffuse Diffuse J
>‘Cg — ceieadaea s e .
a € RLMx102 >xr ~N(0,T) L% 1
1:M %300 1—-T T—1
v e R¥ET . — 1y — >

Hinh 3.8: Téng quan vé md hinh OHGesture

M0 hinh dé xuit OHGesture (Open Human Gesture Generation) ctia luin vin dudc
dua trén md hinh DiffuseStyleGesture [50] 4p dung m6 hinh Diffusion [20] c¢6 diéu
kién [21] (Classifier-Free Diffusion Guidance) dé diéu khién céc dic trung trong qué
trinh khtt nhiéu.

Nhiing diém giéng va khac clia viéc 4p dung mo hinh diffusion cho bai todn sinh
cU chi (gesture generation) so v6i mo hinh Diffusion trong bai toan sinh anh:

Piém giéng

* St dung m6 hinh Diffusion (Muc 3.1) trén ct chi x"*P véi M khung hinh
theo thdi gian, D = 1141 1a c4c di€m toa dd chuyén dong ctia mo6i khung hinh

(tuong tu width va height trong anh).
* St dung Diffusion c6 diéu kién (Muc nhé 3.1.6) véi xg objective (Muc nho 3.1.5).

« 0 cong doan 4. Md hoa ddc trung va cong doan 6. Gidi md ddc trung Hinh 2.2,

mo hinh st dung latent vector c6 sd chiéu 1a 256.
Piém khac
« Sinh cti chi c6 diéu kién:
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- biéu kién cam xic: ¢ = [S,e,a, v} va cy = [@, J,a, V].

— NOoi suy trang thai gitta hai cim xiic ey, e, sit dung didu kién: ¢ = [s, e, a, v]

va cy = [s,eg,a, v}.

« 0 cong doan 5. Két hop dc trung Hinh 2.2, mo6 hinh st dung Self-Attention:
Mai lién hé gilta cac cam xic, ctf chi khdi tao va tiing khung hinh (tuong tu

Dall-E 2 tinh méi lién hé giita viin ban va anh).

« O cong doan 5. Két hop ddc trung Hinh 2.2, md hinh concat giong néi va vin
ban (Tuong tu nhu ControlNet stt dung Pixel-wise Condition)

Trong d6 xg 1a chudi M khung hinh ci chi x € RUM*P (D = 1141), véi diéu kién
¢ = [s, e, a,v] bao gdm cti chi khdi tao (seed gesture) s, cam xiic (emotion) e, chudi
giong ndi (audio) a tudng ing cu chi, va van ban v.

Muc tiéu ctia mé hinh 13 hoc dudc tham sb 6 ctia ham Gy (generative) véi dau vao
12 ma tran cti chi x; € REM*P budce thdi gian ¢ va diéu kién c. Tong quan ctia mo hinh
dé xuat OHGesture dugc minh hoa & hinh Hinh 3.8. Tuong tu mo hinh diffusion co
ban bao gdm hai qua trinh: qud trinh tao nhiéu (diffusion) ¢ va qud trinh khi nhiéu
(denoising process) py vdi trong sb #. Cong doan 1. Tién xit Iy sé& dudc trinh bay &
Muc 4.2.

3.2.1 Cong doan xu ly dac trung

Trong cong doan 2. Xit Iy ddc trung (Hinh 2.2), muc tiéu 1a chuyén dit liéu thanh cac

ma tran hoac vector trudc khi dua vao mo hinh.

* Van ban (Text) v € REM>*3%: Nhy da trinh bay trong Muc nho 2.4.2, MDM
[44], DiffuseStyleGesture+ [53] trong cong doan nay su dung cac doan van ban
mo ta cti chi nhu 13 Prompt ctia Midjourney 1am dau vao cho mé hinh, tuy nhién
van ban mo ta dudc dung d€ phan cum tling ct chi. Trong khi muc tiéu cta luan
vin 1a st dung vin ban nhu 1a mot dic trung ngilt nghia, d€ cin chinh tiing doan
van ban tuong dng véi tiing doan ct chi phuc vu cho viéc xay dung ngudi ky

thuat so.

Vi viy, trong cong doan nay dong gép clia luan vin 1a st dung dit liéu tiéng
néi ¢ san, sau khi tién x& Iy & Muc 4.2 dé€ thu dudc vin ban, luan vin si

dung mo hinh FastText [8] d€ nhing (embedding) viin ban thanh cac vector cin
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chinh tuong tng v6i sd khung hinh tuong dng vdi cii chi. Véi cic ving khong
c6 van ban sé dugc cho la ma tran 0, cac vung cé ti vung tuong ung s€ dudc

gdn 12 gia tri nhiing theo tiing khung hinh cta ct chi d€ dugc ma tran vin ban
v E RI:M ><300'

R1:Mx1024: T4t ca dif liéu giong néi & dang wav sé

* Giong noi (Speech) a €
dudc gidm sb6 sample rate (downsampled) xudng 16kHz, va giong néi sé dudc
lay tuong dng véi cli chi 1a 4s dé dudc vector a € R%40%, Tuong tu Diffus-
eStyleGesture, ludn van st dung moé hinh pre-train WavLM Large [11] nhung
waveform tho vao d€ dugc vector thé hién dic trung Am thanh. Sau d6 st dung
ndi suy tuyén tinh (interpolation) d€ ciin chinh dic trung ctiia vector tiém 4n

trong WavLM theo chiéu thdi gian thanh 20fps d& dudc ma tran giong néi
ac RI:M x1024

¢ Cam xiic (Emotion) e € R%: Cam xtic 1a nhan dugc chon 1 trong 6 cam xuc bao

gf)m: Happy, Sad, Neutral, Old, Relaxed va Angry.

Sau d6 nhan cdm xuc dudc di qua 16p one-hot encoding d€ dudc vector e € RS,

* Cu chi khdi tao (Seed Gesture) s € R¥V*P: 1a chudi ctt chi N = 8 khung hinh
bt dau, v6i mdi khung hinh 1a di liéu bao gdbm 75 khép xuong, dudc xi ly theo
cong thic Cong thiic 4.1 d€ dugc vector D = 1141 chiéu.

 Cu chi that (Ground Truth) xo € RUM*D : 13 chubi ¢t chi M = 80 khung
hinh (4 gidy vé6i 20fps), dit liéu ct chi that dugc tién xi ly dé€ dudc ma tran

Xg € Rl:MxD.

3.2.2 Cong doan trich xuét diic trung

Trong cdng doan 3. Trich xudt ddic trung (Hinh 2.2), muc tiéu 12 chuyén ma tran thanh
cac vector tiém 4an (latent vector) biéu dién thong tin cta dif liéu bang cach cho cic
dic trung can hoc di qua cic 16p bién ddi tuyén tinh (linear) hoic MLP (Multilayer

Perceptron).
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Timestep
t—mm> MLPy
T ¢ RZSG
" se RNXD
JL q Random
" —>» Lineary —>» Mask
S € R1?
Seed Gesture
ec R’
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+
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t
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Lineary
I |
*

=

Hinh 3.9: M6 hinh trong OHGesture

Diffuse
0—(t—1)

Budc thdi gian ¢ mdi qua trinh ¢ € [0, 7], muc

tiéu cia md hinh 1a d€ vé6i budc thdi gian ¢ bt ky, md hinh c6 thé téng quat

héa qud trinh khtt nhiéu, va c6 th€ hoc dudc viéc véi tiing bude ¢ thi gid tri

s& thay ddi thé nao dbi v6i két qua du dodn xo. Gia tri timestep ¢ dugc khéi

tao bang viéc ma héa nhing vi tri (Position Embedding) bang ham sinusoidal
PE(t) = [sin (m) , COS <m>] , sau d6 dugc dua vao mot MLP (Mul-

tilayer perceptron) dé€ bién ddi thanh vector T € R,

 Giong ndéi A € R'"M*64: Tir giong néi a € REM*1024 g8 di qua mot 16p tuyén

tinh (linear layer) d€ giam kich thudc ctia dic trung xudng con vector dic trung

64 chiéu dé tao thanh ma tran cudi cing A € RU:M*64,

 Van ban V ¢ REMx64: in ban sau qua trinh tién x Iy ¢ muc Muc 4.2 s& dudc

ma tran cin chinh tuong dng s6 khung hinh M d€ dudc ma trin v € R1:M*300,

35



viin ban sau d6 dugc di qua ham bién d6i tuyén tinh nham gidm chiéu dic trung,

va thu dudc ma tran V € R1M*64 c3n chinh tuong tng v6i ma tran Am thanh.

 Cit chi khdi tao S € R'92: Tir cti chi khdéi tao s € RUN*P g di qua 16p bién d6i
tuyén tinh (linear layer) d€ dudc vector S € R¥2, vector S sau d6 dudc di qua
mot 16p mit na ngau nhién (random mask) trong qua trinh huin luyén, muc tiéu
12 4n hodc hién ting doan cti chi trong N khung hinh, va d€ mé hinh c6 thé hoc
dudc néu tiing khung hinh bi thiéu thi sé 4nh hudng nhu thé nao dén ci chi du

doan.

« Cam xiic E € R%: Tir vector cam xiic e € R® s& dudc dua qua 16p tuyén tinh
(linear layer) dé dugc vector dic trung E € R%. Muc tiéu 1a d€ co thé concat

dudc véi vector khdi tao S € R192 d€ tao thanh vector tiém 4n 256 chiéu.

* Ci chi nhiéu x; € REM*D (Noisy gesture): khi huin luyén, x, 1a ct chi nhiéu
c6 cling kich thudc nhu cif chi gbc xg sé dudc sinh ngiu nhién tit phan phdi
chuén A(0,I). Khi sinh ngiu nhién, ct chi nhiéu ban dau x; dugc 1dy mau tix
phéan phdi Gaussian va cac x;,¢ < T khac 1a két qua ctia budc 1am nhiéu trudc
d6 nhu Hinh 3.8.

3.2.3 Cong doan ma héa dac trung

Trong cong doan 4. Md héa ddc trung (Hinh 2.2), muc tiéu 1a giam sb chiéu cia di
liéu xudng kich thudc thip hon, nham gidm viéc bung nd khbi ludng tinh todn.

V6i dit liéu chinh trong qud trinh Diffusion chinh 1a chudi ci chi x; € REM*D,
Nhu minh hoa & Hinh 3.9, chudi cit chi véi kich thuéc M x D sé di qua 16p Lineary
dé dugc ma train X € RUM*256_Qua trinh giam chiéu dit liéu cia x sé dudc thuc hién
tru6e khi chudi cii chi x di qua céc 16p Cross-Local Attention va Transformer Encoder

dé tinh sy tuong quan gitta nhiéu loai di liéu khac nhau.

3.2.4 Cong doan két hop diic trung

Trong cong doan 5. Két hop ddc trung (Hinh 2.2), muc tiéu 1a st dung cic phép
concat, cdng hoic st dung cac 16p attention d€ tinh su' tuong quan gitta cac dic trung.

Pau tién ¢t chi khdi tao S € R'92 va vector cam xtic E € R% dudc ghép lai vé6i
nhau dé€ tao thanh mot vecto ¢ kich thudc 256, bsi vi kich thude 256 1a kich thudc
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vector tiém 4n dudc chon dé tinh tuong quan gitta cac dic trung. Sau dé dudc cong

thém vector timestep T d€ tao thanh vector z,;, € R?°6.

zy, = concat(E || S) + T (3.8)

Qua trinh két hop dic trung clia z,; ny dugc minh hoa & Hinh 3.11a.

3.2.4.1 Két hop dic trung theo khung hinh

replicate

Sau d6, zy, ———— Z sao chép (replicate) M 1an d€ ciin chinh kich thudc tuong duong
v6i kich thudc M khung hinh dé€ dudc ma tran Z € REM*256 phy Hinh 3.9,

Ta sé cong ma trin giong néi A va viin ban V véi nhau d€ dugc ma tran két hop
thong tin cla vin ban va giong néi. Sau dé tiép tuc két hdp concat v6i ma tran cii chi

X. Cubi cling concat véi ma trin Z dé dudc ma tran M.

M = concat(Z || concat(X || (V + A))) (3.9)

Ma trin M € RU"M*P theo Cong thiic 3.9 thé hién dic trung theo khung hinh tix
khung hinh 1 dén khung hinh M, v6i mdi khung hinh c6 kich thuéc P 1a téng clia cic
ddc trung da concat. V6i X € REM*256 7 ¢ REMX256 yi A 'V ¢ REM*64 P gg ¢6
kich thuéc P = 256 + 256 + 64. Sau d6, ma trin m sé dudc di qua qua trinh bién d6i

tuyén tinh d€ gidm chiéu tir P chiéu xubng 256 chiéu d€ dugc ma tran m; € R:M*256,

m; = Linearyg(M) (3.10)

3.2.4.2 Co ché attention trong qua trinh két hop cic diic trung

Trong mo hinh ctia luan vin st dung co ché attention [45] d€ két hop cac dic trung,
muc tiéu 4p dung co ché attention 12 tim dudc sy tuong quan ctia titng khung hinh véi
nhau. Co ché attention dudc 4p dung trong Cross-Local Attention va Self-Attention
trong 16p Transformer Encoder.

Co ché attention ¢ cdng thifc nhu sau:

(3.11)

KT + Mask
Attention(Q, K, V, Mask) = softmax (Q +Vias ) A\

VG

Cong thuc Attention trén c6 Q (Query), K (Key) ,V (Value) la cac ma trin sau khi
di qua céc ma trin bién ddi tuyén tinh Q = XW, K = XWg, V = XWy. Véi dau

37



vao 12 ma tran biéu thi chudi M khung hinh, véi méi khung hinh 1a mdt vector dudgc
concat tlf cac vector dic trung bao gom ca cli chi khéi tao, viin ban, giong néi, cam
xtic va cti chi x; ma luan van mudn thuc hién khi nhidu. v/C 1a hing sd (constanst)
chuin hoéa kich thuéc ma tran. Qua trinh Local-Cross Attention dudc diéu khién chi
d€ tinh céc dic trung cuc bd clia chuyén dong clia cac cu chi va dic trung trong cic

khung hinh 1an can.

Vanban V
_|_
Giongnéi A
h%;M
. Cu chi X > Lineary -
Token Z
Zt J

—

|

Full Self-Attention Cross-Local Attention

Hinh 3.10: Co ché Attention trong Transformer Encoder va Cross-Local Attention

Ham Attention hoat dong nhu mot bo tir dién, v6i cac thong tin cubi cling tra dudc
1a ma trin V (value), con Q (query) 1a tif khéa mudn tim kiém, K (key) 12 danh muc
céc tif khoa trong bo tir dién tra ctiu. Qud trinh Attention sé tinh todn mifc do tuong
dong gitta Q va K dé€ xac dinh trong sb cho cdc gia tri trong V.

Két qua cudi ciing 12 t8 hop cic gid tri trong V, trong d6 cic gid tri tuong ting véi
cac khéa gidng truy vAn nhit sé c6 trong sd cao hon. M 12 mit na (mask) dé thuc hién
qua trinh chu y cuc bd. Cross-Local Attention s€ dugc minh hoa nhu Hinh 3.10 bén
phai. Con 16p Transformer Encoder sé st dung Self-Attention 16p bén tri.

3.2.4.3 Két hgp dac trung cuc bo voi Cross-Local Attention

Ma tran m; € REM*256 g iép tuc di qua 16p Cross-Local Attention d€ tinh tuong

quan gitia cac dac trung cuc bd.
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h; = Lineary(Cross-Local Attention(my)) (3.12)

Cross-local Attention s€ thuc hién v6i Q = K = V = my. Tuong tu y tuéng tu
phuong phap Routing Transformer [39], Cross-local Attention cho thay riang su quan
trong trong viéc xay dung biéu dién cac vector dic trung trung gian trudc khi di qua
16p Transformer Encoder nhu Hinh 3.9. Céc vector dac trung s€ dudc cong thém mat
vector ma héa vi tri tuong d6i RPE (Relative Position Encoding) d€ thé hién dudc
dac trung theo thu tu thoi gian trude khi di qua 16p Cross-Local Attention. s

Sau qua trinh Cross-Local Attention, mo hinh tiép tuc dugc dua qua I6p tuyén
tinh theo Cong thiic 3.12 d€ cin chinh tuong ding véi M khung hinh d€ dudc ma tran
h; € REMxD.

3.2.4.4 Két hop dic trung toan cuc véi Transformer Encoder

99 @

Lineary

Transformer Encodery

256
Budc thdi gian T R g g ................
Zi
192 G’

Cl chikh&itao S @B
|

Lineary

Cross-Local Attentiony

(D> R 256 """"""""
Cam xdc E.TRM @ @

(a) Céch concat dic trung d€ dudc z,,  (b) Qua trinh két hop dic trung titng khung hinh

Ké thira tt MDM [44], vector z, 13 token dau tién thé hién thong tin cho toan bd
chubi khung hinh, tuong tu nhu z, trong md hinh BERT [13], token CLS dau tién thé

hién théng tin cla toan bd doan vin ban. O ddy, luin vin st dung zy, 12 z,, € R2%
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(Cong thiic 3.8) token dau tién biéu thi dic trung biéu thi cho toan bd chudi M khung
hinh.

X = Transformer Encoder(concat(zy, || hi**))) (3.13)

Céc vector hy bi€u thi cho chudi M khung hinh, tuong tu nhu phuong phéap Re-
former [26], truée khi di vao 16p Self-Attention trong Transformer Encoder, md hinh
s& st dung 16p ma héa vi tri tuong ddi (Relative Position Encoding - RPE) dé thay
thé ma héa vi tri tuyét ddi, gitip mo hinh hiéu qua hon trong viéc xi 1y chudi dai.
Khi vao 16p Transformer Encoder [45] gitip tinh todn dugc mdi lién hé gitta cc chudi
dit liéu. Trong 16p Transformer Encoder mo hinh sé dp dung co ché tu chi y tucng
ty nhu Cong thiic 3.11 trén nhung khong st dung mat na Mask. Gitp tinh sy tuong

quan gitia toan bd chudi.

3.2.5 Cong doan giai ma dac trung

Trong cong doan 6. Gidi ma ddc trung (Hinh 2.2), sau khi tinh dudc su tuong quan
gitta cac dic trung, muc tiéu Ia ting kich thudc dit lidu trd vé kich thu6ec ban dau.

Nhu minh hoa & Hinh 3.9, ma tran tiém 4n X, sau khi di qua 16p Transformer
Encoder d€ tinh su tuong quan gitta nhiéu loai dit liéu khac nhau. Két qua sé di qua
16p bién d6i tuyén tinh xq = Lineary(Xo) dé ting kich thudc ma tran tiém 4n thanh
kich thudc ban dau x, € RUM*D,

Cong doan cubi cliing, két xuét sé dudc trinh bay 6 Muc 4.4.

3.2.6 Diéu khién cam xic trong bai toan sinh ¢t chi

O céc bude trén md hinh da c6 thé hoc dudce céch sinh ¢t chi. Tuy nhién, d€ mo hinh
hoc dugc cic cdm xic trong cdc tinh hudng khac nhau, luan vin tham s6 héa va thay
ddi 1an ludt tiing cam xic, sao cho két qua du doan phan 4nh diing cdm xic tuong
ung.

Tuong tu nhu cdc phuong phdp st dung mo hinh khit nhiéu c6 diéu kién [21], [44],
luan vin st dung diéu kién ¢ = [s, e, a, v], bao gdm cti chi khéi tao s, cdm xic e, giong
ndi tuong ting a va vin ban v. Mo hinh diffusion c6 diéu kién ¢ & day sé 1a tong ca
truong hop & tiing budce ¢ trong mo hinh khit nhiéu Gy (x4, 1, ¢), V6i ¢y = [, T, a, V]

khong diéu kién va ¢ = [s, e, a, v] ¢ diéu kién. Qud trinh nay c6 thé dé dang diéu

40



khién bang mot 16p mit na ngiu nhién (random mask) trén cc vector dic trung clia
ct chi khdi tao s va cam xtic e. Khi d6, mé hinh chi viéc thay d6i nhan tuong tng véi

16p mask da 14y ngiu nhién d€ mo hinh c6 thé t6i uu theo céc diéu kién khéc nhau.

XUC,Czﬁ =7-G(xp,t,0) + (1 =) G (xt,t,c0) (3.14)

Diém dic biét 1a ¢6 thé dua trén viéc hoc c6 diéu kién va khong c6 diéu kién cla
classifier-free guidance [21], ¢ thé ndi suy gitta hai cdm xudc e; va cadm xiic ey khdc
nhau bing céch cho diéu kién ¢ = [s, e, a, v] Vi ¢y = [s, eg, a, v]. Khi d6 ta c6 thé viét

lal 'C%O’)/,Cl,CQ =7 G (mtvta Cl) + (]- - 7) -G (l’t,t, 62)-

3.2.7 Qua trinh huén luyén

Thuét toan 3 Huén luyén trong OHGesture
1. Tinh san c4c gid tri va siéu tham sb: v, \/az, /I — az, /& va nhiéu ngiu nhién
€ tai moi budc ¢ : 1 — T. Dinh nghia lich nhiu {a; € (0,1)}L ;.

2. Lay nhin ban dau x tif phan phdi dif liéu da chuin hoéa.

3. Tao ngu nhién cdc mit na Bernoulli ¢; = [s,e1,a,v], ca = [s,ez,a,v], hoidc
o = [@,@,a,v].

4. Thém nhiéu d€ c6 ct chi nhiéu x;:
xt = Vauxo + V1 — are
5. Vi mbi budc ¢, 1dy ngau nhién ¢ tir [1, 7).
6. V6i x, t va cac diéu kién mit na ¢;, ¢z, du doan chudi ct chi:
X0y,er,e0 =7 - Go (xe,t,¢c1) + (1 =) - Go (x4, 1, ¢2)
7. Tinh loss va dao ham dé cap nhat trong s6 6:

L= By <1,77,x0,¢; [HuberLoss(xo, Xo)]

8. Lip lai tt bu6c 6 cho dén khi hdi tu, thu dudc cic tham sb tdi vu ¢

Thuét toan 3 huin luyén md hinh OHGesture bat dau bang viéc tinh todn céc gia tri

va siéu tham s6 can thiét nhu ~, \/a;, /T — oy, +/@; va nhiéu ngau nhién ¢, cho tiing
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budc thdi gian ¢ tif 1 dén 7. Sau d6, nhan ban dau xg, dai dién cho cti chi gbc, ducc
14y tt phan phéi dit liéu da chudn hoéa. Tiép theo, cic mit na Bernoulli ¢; va ¢y dudc
tao ngiu nhién, mo phdéng cac diéu kién khac nhau nhu ct chi, cdm xiic, giong néi,
hoéc vin ban, véi mot trong cdc mit na cé thé 1a khong c6 thong tin cdm xtc. Sau
khi c6 cac mit na, nhiu dugc thém vao d€ tao thanh ci chi nhiéu x;, dugc tinh bing
cong thiic két hop chudi ct chi gbc va nhidu ngiu nhién. Qua4 trinh tiép theo 13 chon
ngau nhién mot budc thdi gian ¢ trong khoéng [1, 7] va st dung ¢l chi nhiéu x; cliing
cac mit na d€ du doan lai chudi cti chi gbc thong qua mo hinh, trong d6 du doan dudc
tinh bang mot su két hdp clia cic ham tao ra tif cac diéu kién mit na. Sau khi c6 du
doan, loss dudc tinh bang cach sit dung HuberLoss gitta chudi ctt chi gbe va du dodn,
tir d6 dao ham loss d€ cap nhat cdc tham s6 trong s6 6. Qud4 trinh huin luyén nay dudc

1ip lai cho dén khi mo hinh hoi tu va thu dudc cac tham sb t6i uu ¢’

3.2.8 Qua trinh iy mau

—— Stochastic process —— Reverse stochastic process

Huén luyén (Online)

(=)

Ge(xh t, C) J<— €¢

Ga(xhta C@) J<—
0—(t—1) é

—/

Suy luén (Offline)

»
»
@ X¢—1) <.

OtZ

€t

}ACOJ{ { Gy (xt7 t, C)

0—-(t—1) +

Hinh 3.12: Qua trinh hoc Offline (Training) va Online (Inference)
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Dé c6 thé sinh cit chi vdi chiéu dai ty y, luan vin cat chudi ban dau thanh cic doan
ngan c6 chiéu dai M. Trong qu4 trinh huén luyén, cti chi khéi tao ban diu c6 thé dudc
tao ra bing cach liy ngiu nhién mot ct chi tir tip dif liéu hodc tinh trung binh cic
doan da cat. Cu thé & day, sé liy géc quay trung binh trong cac doan da cat dugc. Khi
do, chi can 14y 1an ludt cac khung hinh di sinh ra va chon N = 8 khung hinh cudi
cung lam ct chi khéi tao & ludt tiép theo. Pbi véi mdi doan di cit ra, cit chi x; 1an
lugt sé dugc ap dung ham khit nhiéu % = Gy (xy,t, ¢), sau khi c6 % sé€ dudc thém
nhiéu (diffuse) cho dén khi dudc x,_;, va x,_; sé tiép tuc dudc thuc hién khi nhiéu
cho dén budc t = 1 d€ dudc xq.

Thuét toan 4 LAy mau (sampling) trong OHGesture
1. Khéi tao v6i nhiéu: xp ~ N (0,1).

2. Céc gid tri \/ay, /T — oy va 1/a; 14y tl qud trinh huin luyén, tinh san gia tri o,
t oy S moibudct: 1 — T.

3. Chia mbi doan giong néi 4 gidy thanh: a € R64000, Ct chi khdi tao s ban dau
la trung binh dit li€u, sau d6 dudc lay tir doan cu chi da suy luan. Chon cam
Xxic mong muon, van ban dudgc phién am ti giong ndi a, tao cap diéu kién
c=[s,ea,vl.

4. V6i mdi t, 14y ¢ tuan tu i [T, .., 1.

5. Tao nhiéu ngau nhién z ~ N(0,I).

6. Dua x; vao d€ suy luan Xét) = Gy (x4, 1, ¢).

7. Thyc hién thém nhiéu %\ tit bue 0 — ¢ dé nhan %\ .

8. Cong thém nhiéu: &,_; = %\

1 + 04Z.

9. Quay lai budc 4. Khi ¢t = 1, thu dudc %q tir qua trinh khit nhiéu.

Thuat toan 4 1iy mau bat dau bang viéc khdi tao cti chi nhiéu ban dau x; tit phan
phdi chudn N(0,1). Sau d6, cdc gid tri \/ar, /1 — ar va /a; dugce lay tir qud trinh
huén luyén, cung véi gid tri oy dudc tinh tif oy tai moi budc thdi gian ¢ tir 1 dén 7.
Modi doan giong néi 4 gidy dugc chia thanh céc chudi di liéu a, va ctt chi khdi tao s
dudgc 14y ti trung binh dit liéu hoic tif doan ct chi di suy luan. Cam xtic mong mudn
va vin ban dugc phién Am tif giong ndi a, tao thanh mot cip diéu kién ¢ = [s, e, a, v].
Thuét toan sau d6 thuc hién cdc budc tuin tu, bat dau tit budc cudi cung 7' va tién

ngudc vé 1. O mdi budc, nhidu ngiu nhién z dudc tao ra va mé hinh du doan &gt) tu
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cti chi nhiéu x;, thdi gian ¢, va cip diéu kién c. Du doan nay dudc chuyén tiép dé tinh
toan xgt_)l cho budc tiép theo, va nhifu dudc cdng vao dé€ cip nhat cti chi tai bude t — 1.
Qua trinh nay 13p lai cho dén khi dat dén buéc 1, khi d6 thuét toan thu dudc két qua

ct chi khif nhiéu % nhu 1a két qua dy dodn cubi cling.
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Chuong 4. THUC NGHIEM

4.1 Tap du liéu

Neutral

Hinh 4.1: Minh hoa vé 6 cti chi Happy, Sad, Neutral, 01d, Relaxed va Angry

Luan van st dung tap dit liéu ZeroEGGS [16] 1a mot bo dit liéu motion capture dugc
xay dung dé€ nghién cifu va phat trién cdc mo hinh tao cit chi. N6 bao gdm 67 doan doc
thoai do dién vién motion capture ni thuc hién, véi tong thdi gian 1a 135 phiit. Cac
doan hoi thoai trong tap dit liéu dugc bi€u dién v6i 6 cam xiic khac nhau: Happy,
Sad, Neutral, 01d, Relaxed va Angry, gilip md phdng nhiéu trang thai cdm
xtic khac nhau trong ¢t chi va chuyén dong co thé. ZeroEGGS cung cip mdt nén tang
phong phi dé€ nghién ctiu kha niing két hop gitta bai néi va cit chi dong, phuc vu cho
viéc tao ra cdc mo hinh c6 thé diéu chinh cii chi tuong ting v6i cAm xidc va ngit nghia

cua van ban.

4.2 Cong doan tién xt Iy dit liéu

Trong cong doan 1. Tién xt ly dit liéu (Hinh 2.2), cdc dif liéu vé ¢t chi, giong néi,

vin ban dudc doc va xt Iy d€ bi€u dién thanh cic vector hodc ma tran thé hién thong
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tin vé dit lidu tho.

Déi véi dir liéu van ban: Luan vin st dung thu vién nltk tich céc ti, st dung
contractions dé€ chuyén cic tir viét tit vé dang chuin hoa.

Mot trong nhitng déng gép cia luan vin 1a tif dif liéu giong ndi c6 san t tap
ZeroEGGS, luan vin da st dung Adobe Speech To Text dé chuyén giong néi thanh
vin ban, ding Montreal Forced Aligner [40] ctia tif dién 4m vi Tiéng Anh d€ ciin chinh
dugc thoi gian tuong ting v6i s khung hinh ctia ct chi d€ thu dudc cic TextGrid.
Trong TextGrid s€ c6 thdi gian tuong ting véi tung tu, dua trén thong tin nay, ludn van
st dung gensim dé nhiing vector word2vec.

Dit liéu ctr chi bao gom céc tép BVH (BioVision Motion Capture) dugc thu nhan
tif cdc cdm bién bing cic hé théng Motion Capture. Trong cic tép BVH, c6 chiia hai

thanh phan gdm Hierachy va Motion. Trong dé:

* HIERARCHY: 1a mot cdy dinh nghia thong tin khung xuong bao gom 75 xuong
{by,by---brs}, mbi bone bao gébm thong tin vé vi tri ban dau (OFFSET), va
cdc loai tham s CHANNELS thé hién thong tin vé loai, thif tu ctia goc quay
(Zrotation, Yrotation Xrotation) va vi tri (Xposition, Yposi—
tion, Zposition) sé dinh nghia trong phin MOT ION. Bone (thuong 1a Hips)
dau tién s& 12 bone gdc by, 12 vi tri sau d6 sé dudc forward kinematic (dong
hoc thuén) d€ dudc T-Shape 1a vi tri ban dau cta toan bd khung xuong trudc khi
ap dung chuyén dong.

¢ MOTION: la chudi cdc khung hinh. Mdi khung hinh 1a d@ liéu chuyén dong thé
hién su thay ddi clia toan bo 75 khung xuong da dinh nghia trong CHANNELS
cua HIERARCHY.

MO hinh ctia luin vin chuyén dit liéu tir géc quay Euler sang goc quay Quaternion,

v6i goc quay Quaternion 13 mot véc-td gom 4 phan ti.

/ / / /
g = [proota Troots Proot> Troots Pjoinss Fjoins» Pjoins» Tjoins> dgaze 4.1)
Trong do v6i moi g € R'4! bao gdom:
® Proot € R3: toa do cla diém g0c
* rro0r € R*: GOc quay cta diém gdc

* Ploo € R3: Van tdc thay d6i clia toa dd gbe

46



e r/ . € R3: Van toc thay ddi ctia goc quay goc
* Pioins € R3"ein: toa do cuia cac khung xuong
* Tjoins € ROein: Goc quay cua cic khung xuong theo mit phang X va Y

pjfoins e R3momn: Van tdc thay d6i clia toa do cac khung xuong

e r/ e R3%n: Van tdc thay d6i clia géc quay cac khung xuong

joins
* dgae € R?: La hudng nhin

Chudi cti chi ban dau c6 dit liéu 1a géc quay sé dudc chuyén thanh cic géc quay
radian, t goc quay radian & dang Euler sé dugc chuyén sang goc quay Quaternion,
v6i qua trinh cu thé dudc trinh bay trong Muc B.3.

D liéu giong néi: a.,, € R'*r¢h [a chudi giong ndi thd duge doc & sample rate
16000, sau d6 dudc cit thanh a € R40% tong ting véi 4 gidy. Luan vin st dung thu
vién ffmpeg-normalize dé chuin hoéa tiéng n6éi nhé hon so véi giong néi goc.

Cam xuc: Dit liéu cam xiic sé dugc biéu dién bﬁng mot vector one-hot encoding
san. Trong qu4 trinh 14y mau, tén tép sé dinh nghia ludn thong tin vé cdm xic mong
mubn.

Toan b dit liéu sé dudc luu bang h5 dudc dung dé luu trit dit licu.

4.3 Qua trinh huén luyén

Toan bd qua trinh huin luyén mo hinh dudc thuc hién trong gan 2 tuan vdi cac tham
s6 sau: s6 budc huan luyén 7' = 1000, st dung GPU Nvidia 3090. Learning rate dudc
thiét 1ap 12 3 x 1075, véi kich thudc 16 hudn luyén (batch size) 12 640 va qua trinh huin
luyén thuc hién téng cong 43, 853 mau, tiic ta sé 14y ngiu nhién ¢ budc vao ham fy dé
thuc hién du dodn xq. Tham s6 diéu khién cam xic 1a v = 0.1. Ty 1& st dung mit na
ngau nhién (random mask) cho cdm xtic va ct chi khéi tao 12 10%, qu4 trinh st dung
mit na ngau nhién v6i ham Bernoulli nham 4n hién ma trin thong tin cia cAm xic va
cu chi khéi tao.

Gia tri ctia 8 bat dau ti 0.5 — 0.999.

Ham HuberLoss(xg, Xg) dudc tinh nhu sau:
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* Néu |xg — %o| < ¢ thi Lsx0.% = 3(X0 — x0)?: Nho hon ngudng thi binh phuong
khoang cach. Lic nay HuberLoss hoat dong giéng nhu MSE. MSE nhay cam

hon véi cdc 16i nho gitp dao ham (gradient) mugt ma hon.

 Néu |xg —%o| > thi Ls,.5, = 0 X0 —X0| — £02: L6n hon ngudng thi duge tinh
bang khoang cach tuyét dbi MAE. MAE nham giam d6 nhay véi 16i 16n, khong
phat niing 16i 16n d€ gitip m6 hinh 6n dinh hon ddi véi trudng hop ngoai lai.

Qua trinh huén luyén dudc trién khai trén ma ngudn cong khai tai: Github/OHGes-

ture !.

4.4 Qua trinh sit dung Unity dé két xuat

P& tryc quan héa qud trinh sinh ¢t chi tir dif liéu dau ra ctia mo hinh, trong cong
doan 7. Két xudt (Hinh 2.2) luan vin st dung Unity, ké thita ma nguon tit mo hinh
DeepPhase [43] . Dt li€u sau khi sinh la t¢p BVH (BioVision Motion Capture). Trong
Unity, luan vin b3 sung ma ngudn C-Sharp dé két xuét theo vi tri toa do va nhan tuong
ing, v6i vi tri va géc quay cia cac xuong dudc bi€u dién dudi dang quaternion.

Chi tiét phan render clt chi dudc sinh ra, tdi trinh bay & Phu luc C.

M3 ngudn chuong trinh Unity dudc ludn vin cong khai & Github/DeepGesture-
Unity 2.

'https://github.com/hmthanh/OHGesture
2https://github.com/DeepGesture/deepgesture—unity
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Chuong 5. KET QUA VA PANH GIA

5.1 Phuong phap danh gia

Qua trinh danh gia dugc thuc hién qua hai d do chinh la: Mean Opinion Scores
(MOS) va Fréchet Inception Distance (FID).

5.1.1 Panh gia dua trén cam nhéan cua con ngudi
5.1.1.1 Mean Opinion Scores (MOS)

Hién tai, chua c6 mot dd do chung cho bai toan sinh ct chi, dac biét 1a sinh ct chi tu
giong nodi, vi vay luan vin dua vao danh gid chii quan ctia con ngudi d€ thuc hién céc
danh gia thuc nghiém. Tuong tu nhu cac phuong phap trudc day [56], [29], cac md
hinh sinh cti chi diéu khién bang giong néi van thiéu cac chi sb muc tiéu phan dnh
mot cach nhit quan v6i nhan thic chli quan cta con ngudi [2].

MOS dudc do luong thong qua ba tiéu chi:

+ Human-likeness (Mtic do gidéng con ngudi)
* Gesture-Speech Appropriateness (Su phu hgp gitta ¢t chi va giong noi)
* Gesture-style Appropriateness (Su phu hgp gitta phong cach ct chi)

Mot trong nhitng déng gop cua luan vin 1a xay dung GENEA Leaderboard ! [35].
Hé thong nay bao gom HEMVIP (Human Evaluation of Multiple Videos in Parallel)

nham so sanh két qua sinh truc quan giita cac video dudc tao ra tir két qua két xuit.

"https://genea-workshop.github.io/leaderboard
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Pairwise Comparison of Gesture Generation Al Model Studies
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< Previous Page 1 of Y Next >

» 0:00/0:15 ) o o > 0:00/015

Left Better Equal Right Better

Hinh 5.1: Hé théng HEMVIP nhim danh gid két qua sau khi két xuit ctia hai mo hinh

Trong nhom GENEA (Generation and Evaluation of Non-verbal Behaviour for
Embodied Agents), ching t6i s€ thué cac ngudi danh gia trén Prolific va thuc hién
nghién ctiu ngudi dung (User Study) theo két qua két xuét trén video, ngudi tham gia
sé danh gia Bén Trdi Tot Hon (Left Better), Bang Nhau hoic Bén Phdi Tot Hon (Right
Better). Diém s6 sé& cip nhat sé 1a —1, 0 vd 1 cho md hinh cho cic két qua sinh bao
gdm ca dit liéu that. Két qua so sanh ctia todn bd mo hinh sé& dudc cip nhit bang hé
théng danh gia Elo (Elo rating system).

Mai ngudn clia chuong trinh dudc cong khai & github.com/hemvip.github.io .

5.1.2 Panh gia dua trén cac dé do so hoc

5.1.2.1 Sai s6 toan phuong trung binh (Mean Square Error)

Do do sai s6 toan phuong trung binh gitia chudi cti chi du dodn y; " va chudi cu
chi that yl.le *D qugc thuc hién theo cong thiic sau:
1 — 2
_ 1:MxD ~1:MxD
MSE =3 [|yi ™ = g7 (5.)
i-1

Trong do:

HEMVIP 2 https://github.com/hemvip/hemvip.github.io
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n 12 s6 luong mau di liéu.

yFM*P 14 gid tri thyc (ground truth) ciia méu thy 4, v6i M la sé khung (frames)

va D la so chiéu di liéu.

yil:M *D 13 gia tri du dodn ctia mau thi i, ¢6 cung kich thuée M x D.

HynyD _ yl:MXDHQ
1 1

thuc va ma tran du doan.

12 binh phuong chuin clia su chénh léch gilta ma tran

MSE do ludng dd chénh léch trung binh binh phuong gitta cac chudi cti chi thuc
va chudi cti chi du dodn, cang nhd thi mo hinh du dodn cang chinh xac. Két qua danh
gia dugc cap nhat 6 Muc nho 5.2.2.1.

5.1.2.2 Fréchet Gesture Distance (FGD)

Tuong tu cac phuong phap sinh anh st dung dé do FID (Fréchet Inception Distance)
nhidm do khoang cdch phan phdi ctia dit liéu that va dit liéu du dodn. Khoang cach
Fréchet trong cti chi hay FGD (Fréchet Gesture Distance) do su tuong dong vé phan

phdi gitta chudi ¢ chi sinh ra y; " *? va cit chi thuc t& y*P;
FGD = || — pl + Tr (z+i—2\/z§:) (5.2)

Trong d6 trong d6 n 14 s6 luong mau dit liéu, cac tham sb:

po= 1250y P vap = L5 gD 1an Jugt 1a vector trung binh cla
1:MxD

1

cdc dic trung (features) tif tap dif liéu thuc y M >P va tap dit liéu sinh y

)
S g S G =) (1P =)

S =S (M ) (gD - /l)T: 12 ma tran hiép phuong sai (co-

) 1

variance matrix) cua cac déc trung tu tap du liéu thuc va sinh.

Tr(-) 1a todn tif vét (trace) cia ma tran, tinh tdng cdc phan t trén dudng chéo
chinh.

V/E3: 1a cin bac hai ma trin (matrix square root) ctia tich hai ma tran hiép

phuong sai.
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FGD thép cho thiy phan phdi ctia cili chi sinh ra gan gidng véi cii chi thuc té, trong
khi FID cao gdi y su khac biét 16n, cho thay chét ludng ¢t chi sinh ra kém hon. Trong
ludn vin, qud trinh d4nh gid dugc thuc hién trén chudi ci chi du dodn %0 € REM*D

va chudi ct chi that xg € RUM*D,

5.2 Két qua danh gia

5.2.1 Két qua danh gia nghién citu nguvi dung
5.2.1.1 Két qua danh gia bang MOS

O day luan vin st dung lai két qua danh gid ctia mo hinh baseline DiffuseStyleGes-
ture [50] trong do do vé cdm nhan danh gia clia con ngudi do linh vuc sinh ct chi
van con rat mdi, chi phi d& uéc Iuong cdc mo hinh con 16n nén luin vin khong thé
danh gia dudc mo hinh OHGesture. Vi vdy cac két qua nay chua bao gdm thong tin

két qua vé md hinh OHGesture ma luan vin dé xuat.

5 5 5

Tac®® ¥ g4’ %%8§é°

IS

Human-likeness rating
~ w
Speech appropriat
~
ppropriat
~

H
Style appropria

0 0 0
Ground Truth  StyleG Audio2G ExampleG Ours Ground Truth StyleG Audio2G ExampleG Ours Ground Truth  StyleG Audio2G  ExampleG Ours

(a) Human-likeness (b) Speech Appropriateness (c) Style Appropriateness

P& hiéu hiéu suat thi gidc thuc té ciia phuong phdp ctia luan vin, ludn vin tién
hanh mot nghién ciu ngudi dung so sanh cac ct chi dudc tao ra tif phuong phap ctua
luan vin va dit liéu chup chuyén dong thuc té. Do dai ctia cc doan clip danh gia dao
dong tir 11 dén 51 gidy, véi do dai trung binh 13 31.6 gidy, dai hon so véi cac doan
trong d4anh gia GENEA [56] (8-10 gidy), vi thdi gian dai hon c6 thé tao ra két qua rd
rang va thuyét phuc hon [51]. Ngudi tham gia danh gid trén thang diém tir 5 dén 1,

véi cac nhan ti excellent, good, fair, poor, dén bad.
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Human Gesture-speech

Name
likeness appropriateness
Ground Truth 4.15+0.11 4.25 +£0.09
Ours 4.11 + 0.08 4.11 + 0.10
— WavLM 4.05 +0.10 391 +£0.11
— Cross-local attention  3.76 4+ 0.09 3.51 £0.15
— Self-attention 3.55+0.13 3.08 +0.10

— Attention + GRU 3.10+0.11 298 +£0.14
+ Forward attention 3.75+0.15 3.234+0.24

Bang 5.1: Két qua d4nh gid baing MOS

5.2.2 Két qua danh gia theo d do s6 hoc
5.2.2.1 Két qua danh gia bang MSE

Trong luén vén, chudi ¢t chi du dodn sé dudc doan trén M khung hinh. Luén vén st

dung Mean Square Error trén chudi ct chi x> P,

Cam xuc Tu Nhién BudonBa Vui V& Thu Gian Lén Tudi  Gian Dit
DiffuseStyleGesture ~ 75.04 51.40 110.18 130.83 116.03 78.53
ZeroEGG 136.33 81.22 29047 140.24 102.44  181.07
MO hinh dé xuét

OHGesture 161.22 89.58  279.95 156.93 99.86 215.24

Bang 5.2: Két qui d4nh gid Mean Square Error theo 6 cidm xiic

5.2.2.2 Két qua danh gia bang FGD

Luan vin dé xuat Fréchet Gesture Distance (FGD), do do FID dua trén cii chi (ges-
ture), va xay dung ma ngudn GestureScore * . Trong GestureScore, luan viin xay dung
mot Inception V3 model, d€ ma héa chudi khung hinh x'*»*P thanh vector tiém an
kich thude 32 x 32. St dung vector nay lam dau vao cho Cong thiic 5.2. Sau day 1a
Bang 5.3 danh gid két qua ctia mo hinh OHGesture bing GestureScore

3Github/GestureScore: https://github.com/GestureScore/GestureScore
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Name FGD trén vector déc trung FGD dif liéu gbc
Ground Truth - -

Ours
OHGesture (Feature D=1141) 2.058 9465.546
OHGesture (Rotations) 3.513 9519.129

Bang 5.3: Két qua ddnh gia Fréchet Gesture Distance (FGD) trén x"M*P (tit khung
hinh 1 dén khung hinh M, méi khung hinh ¢6 D dic trung tiing khung hinh )

e Vector dac trung St dung tép BVH dé chuyén toan bo skeleton ctia mdi khung
hinh thanh vector dac trung D = 1141 nhu cong thiic Cong thuc 4.1

« Rotations: T tép BVH két qua, luan vin trich xudt sy thay d6i ctia cdc géc quay
(rotations), D = 225 (225 = 75 x 3) ctia chudi ct chi véi chiéu dai mdi doan 1a
M khung hinh d€ danh gia 3 dong OHGesture bén dudi.

5.3 Xay dung va tiéu chuiin héa hé thong danh gia két
qua sinh cu chi

Hién nay cac mo hinh sinh (gesture generation) ct chi dudgc quan tdm nghién ctiu véi
rit nhiéu mo hinh khac nhau, tuy nhién do khdng c6 do do chung, vi cic do do truyén
théng nhu FID (Fréchet Inception Distance) hay IS (Inception Score),.. khong thé
hién dudc hét cac tinh chit Gibng ngusi (Human-likeness), tinh phit hgp vé6i giong néi
(Speech Appropriateness), va tinh phu hop v6i phong cach (Style Appropriateness)
ctia ctf chi. Cac mo hinh ciing dudc thuc hién va huin luyén trén mot tap dit lidu khéc
nhau, vi vdy rat khé dé biét dudc mo hinh nao da dat két qua t6t hon, va mo hinh
nao 12 mo hinh state-of-the-art, tir d6 khé c6 thé dat dudc su tién bo trong linh vuc
sinh ¢t chi. Viéc thiéu tiéu chuidn chung d€ danh gia trong cong dong nghién ciiu
khién luin viin mong mudn xay dung mot hé théng xép hang truc tuyén [35] GENEA
Leaderboard #, 1a mot bang xép hang cac mo hinh sinh ct chi. Luan vin thu thap va
xt 1y mot tap dit liéu ci chi tif nhiu ngdn ngit va tif nhiéu tip dif liéu khac nhau va
tiéu chuan héa dé€ tao ra mot tap dit liéu duy nhit. Sau d6, luan vin sé mdi cac tac

gid ctia cac mo hinh d€ hoc va du doan trén tip di liéu da dudc tiéu chuin hda, sau

4GENEA Leaderboard: https://genea-workshop.github.io/leaderboard/
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khi c6 két qua sinh ct chi, luan vin sé thué nhiing ngudi tham gia nghién ctiu trén
Prolific dé danh gia va xép hang két qua sinh ct chi cia cdc mo hinh. Hién tai luan
viin dang xay dung hé thong truc tuyén hemvip/hemvip.github.io® véi muc tiéu danh
gia két qua sinh cda ct chi thong qua viéc thué cac ngudi tham gia danh gia két qua
théng qua Prolific. Luan vin sé b6 sung céc danh gid vé mod hinh OHGesture dua trén
cac diém sb trén.

Thong qua hé thdng danh gid nay, nghién ctiu ky vong sé thiét 1ap mot tiéu chuin

chung, tit d6 tao dong luc cho su tién bd trong linh vuc sinh ct chi.

SHEMVIP2 https://github.com/henvip/hemvip.github.io
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Chuong 6. KET LUAN

6.1 Két qua dat dugc

Luan vin da phat trién va thit nghiém thanh cong md hinh sinh ct chi OHGesture,
mdt hé thdng c6 kha ning tao ra cli chi rat ty nhién, mang lai cAm giac gidng ngudi.
Diém ndi bat cia m6 hinh 13 kha ning ddng bo chinh xic giita cit chi va cdm xic, ndi
dung cta giong néi dau vao, dong thdi c6 kha ning suy luan vuot ra khéi cac dit liéu
dudc huin luyén ban dau. Diéu nay c6 nghia 1a m6 hinh dua trén Diffusion khong chi
phu thudc vao cdc mau dit liéu ¢l chi da dugc hoc ma con c¢é thé c6 tinh khai quat
héa cao, va c6 thé sinh cii chi cho cic giong néi va ngii canh c6 xdc suat dif liéu thap.

Mot diém dang chu y khac trong nghién cifu nay 12 viéc mé rong di liéu dau vao.
Luan van khong chi gi6i han & cu chi, giong n6i va nhan cam xuc ma con tich hgp
thém cac cong cu chuyén déi vin ban thanh giong néi d€ chuyén giong néi thanh vin
ban. Nhd ¢6 thém mot dic trung vé vin ban, mo hinh c6 thé bs sung thém dic trung
vé ngif nghia ctia ¢t chi va gitp md hinh c¢é thém ngudn thong tin dé€ dat két qua sinh
tot hon, dong thai gitp hé théng hiéu rd hon ngit canh va tao ra cd chi phu hop véi

tiing ndi dung cu thé.

6.2 Uu va nhudc diém ctia mo6 hinh

Mo hinh sinh cit chi OHGesture c6 nhiéu vu diém dang k&, gép phan quan trong trong
viéc phat trién cac hé thdng tuong tdc ngudi-mdy tu nhién va linh hoat hon. Tuy nhién,

van con mot s6 nhudc diém dé cai thién hiéu qua trong tuong lai.
Uu diém:

* Do chan thuc cao: Dua vao két qua sinh cii chi, c6 thé thiy mo6 hinh OHGesture
da dat dugc két qua sinh clt chi c6 do gidng ngudi cao. Cac ct chi sinh ra phan
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anh dudgc sac thdi va nhip diéu cla giong néi, giip hé thdng c6 kha ning phan

hoi dong bo véi thong tin cam xuc va ndi dung cua giong noi.

 Kha niing tong quat t6t: Nhd mo hinh khit nhiéu c6 thé phi dugc cac diém di
liéu c6 cac xdc suat thip, mo hinh c6 thé suy luin ct chi cho cac tinh hubng
va trang thdi cam xdc chua ting xuit hién trong tip huin luyén, cho thiy tiém

ning dng dung trong nhiéu bdi canh thuc té.

* C6 kha niing kiém soat dugc nhiéu dic trung khdc nhau: M6 hinh diffusion c6
kha ning diéu khién dudc cdc cam xiic khac nhau, c6 kha ning ndi suy trang

thai gitta cac cam xuc khac nhau.
Nhugc diém:

MO hinh hién chua c6 kha ning suy luin theo thdi gian thuc (real time) va can

nhiéu budc dé ra két qua cudi ciing.

« Thong tin dic trung theo D = 1141 dudc xi 1y nhu mot tim anh, khong thé hién
ding dic trung chuyén dong.

* Phu thudc vao dit liéu dau vao chat lugng cao: M6 hinh yéu cau dit liéu giong
néi dau vao c6 chat luong tdt va ro rang d€ ddm bio do chinh x4c clia ¢l chi
sinh ra. Khi giong n6i dau vao bi nhiéu ho#ic chifa nhiéu bién thé cam xic khé

phan biét, do chinh xdc clia cti chi sinh ra c6 thé gidm siit.

6.3 Phuong hudng phat trién va nghién ciru trong tueng

lai

Trong tuong lai, c6 nhiéu huéng phat trién tiém ning dé€ cai thién va md rong mod hinh
sinh ctf chi OHGesture, nham dap ting tot hon céc yéu cau thuc t& va ning cao tinh

ting dung ctia hé théng. Mot s6 huéng nghién cifu va phat trién chinh bao gdm:

« T6i vu héa md hinh dé c6 thé suy luin theo thdi gian thuc, hién tai mo hinh phai
chia chudi giong ndi, va két qua sinh phai dugc import vao Unity mdi c6 thé
render. Trong tuong lai, luan vin mong mudn c6 thé xay dung cac hé théng vé6i

thdi gian thuc. dé c6 thé tuong tdc va ting tinh dng dung ctia mo hinh
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« Tbi wu héa qud trinh sampling va giam s6 budc 14y mau: Hién tai, qua trinh sinh
ctr chi doi hdi mot s6 budc 1dy mau (sampling steps) tuong d6i 16n, anh hudng
dén téc d6 va hidu qué ctia hé thong. Viéc t6i uu hoa dé giam sb bude sampling
ma khong 1am suy giam chit luong ci chi sinh ra sé gitip mo hinh dap dng

nhanh hon va phu hdp cho céac ung dung thoi gian thuc.

* Tich hgp va thit nghiém cac k¥ thuat embedding méi: St dung cac phuong phap
embedding méi, da dang héa thong tin dau vao cé thé giip mod hinh hiéu va
phén 4nh t6t hon ngit canh va cam xic clia giong néi. Pay ciing 12 mot hudng
phit trién d€ nang cao kha ning clia hé thong trong viéc sinh ¢t chi phut hop vdi

ngl nghia cia cac ngoén ngti khac nhau.

+ M0 rong sang cdc ngdn ngit mdi: Hién tai, md hinh chi yéu hoat dong véi cac
dit liéu giong néi tiéng Anh. Nghién ctiu mé rong mo hinh d€ sinh ct chi cho
cdc ngdn nglf va nén vin héa khac nhau sé 12 mot buéce tién quan trong, gitip hé

théng tré nén da dang va ting dung rong rii hon.

 Két hop v6i mo hinh DeepPhase [43] d€ dat hiéu qua sinh ct chi thdi gian thuc:
Muc tiéu cta luan vin la tich hgp OHGesture v6i md hinh DeepPhase d€ phat
trién hé théng c6 kha ning phan hoi cit chi trong thdi gian thuc, ing dung trong
cac tinh hubng giao tiép tu nhién nhu hoi thoai ngudi-mdy va cac hé théng diéu
khién bing giong néi. V6i muc tiéu 1a hoc cic dic trung vé pha clia cdc chuyén
dong dé c6 thé trich xuét dudc cdc dic trung chuyén dong, thay vi st dung dic

trung nhu mot tim 4nh ctia mo hinh.

« Cai thién danh gid khach quan bing cac do do tu dong: P& giam su phu thudc
vao cic danh gid chd quan, can phat trién va tich hop cac phuong phap danh gia
tu dong dang tin ciy, cho phép mo hinh c6 thé tu ddnh gia va diéu chinh theo

cac chi s6 khach quan.

6.4 Dong gop cua luin van
Trong luin vin nay, luin vin da phat trién hé thdng sinh ctt chi OHGesture, vdi cac
dong gop quan trong nhu sau:

« Phat trién md hinh sinh ¢t chi dya trén Diffusion: Hé théng OHGesture dudc

thiét ké dé tao ra cic cif chi dong bo véi giong néi dau vao va phan dnh ding
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cam xtic. Md hinh nay con c6 kha ning tdng quét héa, cho phép sinh cii chi
ngay ca v6i cdc mau giong néi ngoai dit liéu huin luyén, mang lai d6 chan thuc

cao.

 Cong khai ma ngudn va mo hinh trén c4c nén ting ma: D€ thiic diy tng dung va
cai tién tif cong dong, luan vin di cung cap ma ngudn trén GitHub, luan vin md
rong ma ngudn, va dugc cong khai & Github/OHGesture ' va mot phién ban pre-
trained trén Huggingface huggingface.co/openhuman/openhuman 2, gitp cac

nha nghién citu khac dé& dang tiép can, tai hién va mé rong hé thong.

e Tich hop thém viin ban va giong noi chuyén ngii trong qua trinh sinh ¢t chi: Véi
tap dit liéu ZeroEGGS chi bao gdm giong néi, ¢t chi va nhin cam xdc, luin vin
st dung cac API ctia Azure va Google d€ phién am (transcribe) cac tép giong
néi thanh vin ban. Gitip mé rong dit liéu dau vao ctia md hinh sinh cit chi thém
dic trung vin ban, gitip hé théng c6 thém ngit canh d€ sinh ra céc ct chi phu

hop hon véi ndi dung cu thé.

 Déng gép vao viéc xay dung hé théng danh gia chuin héa: Ching tdi phat trién
mot hé théng xép hang truc tuyén GENEA Leaderboard ® [35] cho cac mo hinh
sinh ctt chi. GENEA Leaderboard sé& thu thap va xt 1y cdc dif liéu ct chi tif nhiéu
ngudn ngdn ngit va tap di liéu khac nhau, tao thanh mot tap dit liéu chuin héa
duy nhit. X4y dung mot ban xép hang d€ so sanh nhiéu md hinh khac nhau. Va
st dung ngudi d€ danh gid cdc mo hinh sinh, gitip danh gia chinh x4c két qua
sinh ctia ctt chi so véi cdc do do trude ddy, von khong thé do dudc su phic tap va
da dang trong chuyén dong ctia cli chi tuong tng vdi giong néi. Piéu nay gitip
tao nén mot nén tang dit liéu thdng nhit, hd trg viéc danh gia dong nhit giita
cidc mo hinh. Tt d6 thiic ddy tinh théng nhit trong linh vuc sinh ci chi trong

cong dong nghién ciu.

* Xay dung cong cu truc quan héa bang Unity: Céac hé thdng truc quan héa ct chi
hién nay déu dua trén Blender, va khong dat két qua hién thi t6t khi sinh cif chi,
bang viéc ké thita ma nguodn tif mo hinh DeepPhase [43] d€ x4y dung hé thong
két xuit bang Unity Github/DeepGesture-Unity *.

'Mi ngudn Github https://github.com/hmthanh/OHGesture

2HuggingFace https://huggingface.co/openhuman/openhuman

3GENEA Leaderboard: https://genea-workshop.github.io/leaderboard/

4Hé théng render qua trinh sinh cti chi bang Unity https: //github.com/DeepGesture/deepgesture—unity
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* Xay dung hé thdng danh gia ct chi bang FGD (Fréchet Gesture Distance): Dua
trén ma nguoén FGD [55], luan vin xay dung GestureScore va huin luyén mot
md hinh méi d€ danh gid su khac nhau vé phan bd dit lidu vé géc quay giiia dif
liéu du doan va dit liéu that. Ma ngudn ctia GestureScore ° va mo hinh pretrain

clia mo hinh dénh gid dudc cong khai 6 Huggingface ©

+ Xay dung huéng phat trién trong tuong lai: Dua trén nén ting ctia mo hinh
diffusion va hiéu o ban chét ctia qud trinh sinh ct chi, luin vin c6 thé két hop
cidc md hinh sinh ci chi dua trén pha véi cic thuét toan xi ly va trich xuét
thong tin, nham t6i vu héa chét lugng va tinh phu hdp ciia cic cii chi dudc sinh
ra. Huéng phat trién ndy md ra trién vong cho céc cai tién sau rong trong viéc
tuong tdc gitia ci chi va cac yéu td ngit canh phiic tap nhu biéu cam khudn miit,
ngit diéu va dong luc cam xiic, tao nén ting cho nhiing budc tién trong céc tng

dung giao tiép ngudi - may va cac linh vuc lién quan khéc.

SGithub/GestureScore: https://github.com/GestureScore/GestureScore

SHuggingface/GestureScore: https://huggingface.co/GestureScore/GestureScore
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6.5 Luikét

Qua qua trinh thi nghiém va phan tich két qua sinh ct chi thuc té, m6 hinh OHGesture
clia luan vin da ké thita va phat trién tr mo hinh DiffuseStyleGesture, c6 kha ning
sinh ¢t chi chan thuc, khong chi trén cac mau dif liéu trong tap huin luyén ma con mé
rong dudc v6i nhitng giong néi khong cé trong dit liéu huin luyén, vi du nhu giong
ndi clia Steve Jobs. Piéu nay minh chiing cho tiém ning ctia mo hinh Diffusion trong
viéc sinh cti chi cho céc dif liéu hiém, noi x4c suat dit liéu thap.

Bén canh d6, luan vin da déng gép cdc ma ngudn chinh siia trén Github, bao gom
qua trinh két xuét (render) va xt ly dif liéu trén nén tang Unity, tao nén ting thuin
1i cho cic nghién cifu va ci tién tiép theo dbi v6i mo hinh OHGesture. Viéc két hop
thém vin ban vao qua trinh sinh cit chi ciing 12 mot bude dot pha, md ra nhiéu huéng

phét trién ting dung trong cac linh vuc yéu cau tuong tac tu nhién va hiéu qua hon.
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Phuluc A. CAC THAM SO TRONG DIFFUSION

A1 Su thay doi

~

0:5

cua /ava1—«

0

05 1

Hinh A.1: Su thay ddi cta \/a va /1 — «

Trong quad trinh diffusion, hé thdng muén gidm dan sy hién dién cla x va ting dan su
hlén dlén ctia nhiéu €. VOl x; = Jouxi—1 ++/1 — apep. Cac hé Sé Joarvay/1 — oy gllip

diéu khi€n qu4 trinh nay

* J/a;: Ban dau gid

tong gitta nhi€u va

e /T — oy: Ban dau

dén cudi cling thi su 4nh hudng ctia nhiéu cang 16n va trd thanh nhiéu hoan toan.

C4a hai dai lugng nay

dinh mic do nhiéu dudc thém vao tiing budc ¢ va mic do gilf lai trang thai truée do

qua tung budc.

nhu sau:

tri 16n nhung gidm dan d€ gidm su anh hudng vao két qua

Xt

gia tri nho nhung ting dan theo ting budc. V6i muc tiéu 1

thay d6i theo thdi gian trong qua trinh diffusion, tir d6 quyét
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A.2 Su thay doi cia va va /1 — a

oy = Hle ai. V1 —ap = 4/1— H§:1 a;. Ca va va v/1 — a dong mot vai trd quan
trong trong qud trinh huin luyén va sinh ct chi. Gidp kiém sodt mic do nhiéu dugc

thém vao va cli chi, ta ¢ thé thdy v/a gidm dan con /1 — & thi ting dan..

0 200 400 600 800 1000 0 200 400 600 800 1000

Hinh A.2: Qua trinh thay ddi clia va va /1 — a
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Phu luc B. QUA TRINH XU LY DU LIEU BVH

B.1 Céau tric khung xuweng ciia mot nhin vat

Mot sb tén khung xuong nhan vat trong 75 khung xuong chuyén dong bao goém:

Hips, Spine,Neck, Head,RightShoulder,RightArm, RightForeArm, Right—-
Hand, LeftShoulder,LeftArm, LeftForeArm, LeftHand, RightUpLeg, Right-
Leg, RightFoot, RightToeBase, LeftUpLeg, LeftLeqg, LeftFoot, LeftToe-

Base, ...

\ Hips
v Spine
\ Spine1
\ Spine2
\ Spine3
v “\. RightShoulder
v RightArm
\ RightForeArm
> RightHand
> RightArmEnd
v LeftShoulder
LeftArm
v LeftForeArm
> LeftHand
> LeftArmEnd
v Neck
v Neck1
v Head

> HeadEnd

A RightUpLeg
\ RightLeg

A RightFoot
> RightToeBase
> RightLegEnd
> RightUpLegEnd
v LeftUpLeg
v LeftLeg
\ LeftFoot
v J\ LeftToeBase
> LeftToeBaseEnd
> LeftLegEnd
> LeftUpLegEnd

Hinh B.1: Khung xudng cua mot nhan vat
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B.2 Cau tric tép dit liéu BVH

File BVH (Biovision Hierarchy) 1a mot dinh dang file dif liéu chifa thong tin vé ciu
triic xuong va dit liéu vé chuyén dong clia xuong trong mot hé thdng xuong. File BVH
bao gdm hai phan chinh: phan khai bdo ciu triic xuong va phan dit liéu chuyén dong

clia xuong.
 HIERARCHY:

— DPinh nghia thanh phan va tén cic khung xuong, vi tri khdi tao clia céc
khung xuong & vi tri T-pose (Tay dién vién motion capture sé dugc dudi
thang thanh hinh chit T).

— Dinh nghia quan hé cha-con tif nit gbc dén cac nit 14 ctia mot khung

xuong. Vé6i nit gbe thudng 1a cot sdng (Spine).

— Dinh nghia cac du li€u s€ dudc ghi nhan nhu vi tri hodc goc quay theo
chiéu X, Y, Z ctia mdi khung xuong theo thdi gian.

¢ MOTION: La chudi chuyén dong theo titng khung hinh, v6i moi khung hinh la
dit liéu ctia tiing xuong vé chuyén dong theo thdng tin vé géc quay hodc vi tri
da dinh nghia 6 HIERARCHY.

MOTION

Frames: 7286

Frame Time: 0.016667

.00352400006 86.606987 0 0.490480989 0.0279319994 -6.49757195
00352400006 86.606987 -0.0283540003 0.48171699 -0.0194809996
00352400006 86.606987 -0.0546680018 0.47310701 -0.0689229965
00352400006 86.6056061 -0.0783089995 0.464415014 -0.12521399
00352400006 86.6043854 -0.100622997 0.455056995 -0.185530007
00352400006 86.6031876 -0.122184001 0.444750011 -0.249752 -6
00352400006 86.6019974 -0.142823994 0.433441013 -0.317882001
00352400006 86.6007996 -0.163385004 0.420841008 -0.38962099

00352400006 86.5995941 -0.185066 0.405855 -0.464527011 -6.83
00352400006 86.5983505 -0.207151994 0.389432997 -0.541544974
00352400006 86.5970688 -0.229480997 0.372554004 -0.614641011
00352400006 86.5951233 -0.25286001 0.353704005 -0.684701025

00352400006 86.5928802 -0.277058005 0.333912998 -0.756413996
00352400006 86.5905991 -0.30133 0.314761996 -0.830637991 -7.
00352400006 86.588295 -0.325839996 0.296337992 -0.905332029

00352400006 86.5859909 -0.350551009 0.278358996 -0.979005992
00352400006 86.5836182 -0.375133991 0.262282014 -1.05174804

09999991e-05 86.5807953 -0.39993 0.249116004 -1.12400305 -7.

S

HIERARCHY
ROOT Hips
{

OFFSET 0.00352400006 86.606987 0
CHANNELS 6 Xposition Yposition Zposition Zrotation Yrotation Xrotation
JOINT Spine

OFFSET 3.72965547e-17 8.81424618 -2.08010697
CHANNELS 6 Xposition Yposition Zposition Zrotation Yrotation Xrotation
JOINT Spinel
{
OFFSET -1.01898064e-17 8.84414101 -1.06827795e-17
CHANNELS 6 Xposition Yposition Zposition Zrotation Yrotation Xrotation
JOINT Spine2
4

OFFSET -7.98921476e-17 11.6822681 -3.7201687e~17
CHANNELS 6 Xposition Yposition Zposition Zrotation Yrotation Xrotation
JOINT Spine3

q

OFFSET -1.73472348e-17 11.7467003 -3.81639165e-16

CHANNELS 6 Xposition Yposition Zposition Zrotation Yrotation Xrotation
I0TNT Nerk

(a) HIERARCHY trong tép BVH (b) MOTION trong tép BVH

(SIS I SIS IS IS IS S I SIS IS IS S )

local

rotation>® = {a, 5,~} 1an luct 1a géc quay quanh céc truc Z ,Y , vd X, géc quay
tong hop ba truc trong khong gian Euler 1a

R = Rz(a)Ry (6)Rx(7) (B.1)
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Trong do:
1. Ma tran quay quanh truc Z:

cos(a) —sin(a)

0
Rz(a) = [sin(a) cos(a) 0
1

2. Ma tran quay quanh truc Y

cos(B) 0 sin(B)
Ry (8) = 0 1 0

—sin(fB) 0 cos(f)
3. Ma tran quay quanh truc X:

1 0 0
Rx(v) = |0 cos(y) —sin(y)
0 sin(y) cos(y)

Dé tinh toa do chuyén dong ctia mot nhan vat, thuc hién phép toan sau:

position,,,, = R - position;g, + t (B.2)

B.3 Qua trinh chuyén géc quay Euler sang Quaternion

bé

tranh Gimbal lock, dit liéu & dang goc quay Euler phai dudc chuyén sang dang

goc quay Quaternion. Trong do goc quay tung Bone dang Euler ZYX sang dang

Qu

aternion, mdi Bone biéu dién bang 4 phan t& ¢ = (qu, ¢ ¢y, ¢2), VO céc gia tri

dugc tinh nhu sau:

Dau tién, tinh céc gi4 tri cos va sin ctia mdt nita goc quay cho mdi truc:

Q

® Ccq = COS (5) ,  Sq =sin (%)

)

® ¢y = CO8 (%) , Sy =sin (%)

N[

S

005:(308( ), 55 = sin

Dua trén céc gi4 tri tinh dudc & trén, cac thanh phan ctia quaternion dudc tinh nhu

sau:
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® Qu = CaCBCy + SaSBSy
® (r = CaCBSy — SaS8Cy
® Qy = CaSECy Tt SaCBSy
® (. = 50CBCy — CaSBSy
V6i quaternion ¢ da tinh, vi tri toan cuc cua bone pyjopa dudc xac dinh bing cach

quay Vi tri cuc bd pjocy thong qua cong thuc:

Pglobal = ¢ * Plocal - q_l +t (B.3)

v6i t 1a vi tri gbc clia bone trong khong gian toan cuc.
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Phu luc C. MINH HOA KET QUA SUY LUAN CUA
CU CHI

C.1 So sanh gitwra cu chi ground truth va cu chi du doan

GroundTruth HGesture

Click vao 4nh d€ xem video

Két qua cti chi ground truth va ct chi du doan ctia md hinh & khung hinh 3821 du

dodn trén mau giong n6i 003_Neutral_2_x_1_0
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https://youtu.be/22lNm2tvmrk

C.2 Minh hoa cac cam xic khac nhau cua cu chi

011 ]

Click vao 4nh d€ xem video

Két qua sinh hay suy luin ctia md hinh OHGesture v6i ciac cam xtic khac nhau.
Mau dé 1a ground truth trong tip dif liéu ZeroEGGS, mau xanh 1a két qua sinh cia
md hinh OHGesture.

Click vao dnh dé xem video
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https://youtu.be/KUlBZXLtYJ4
https://youtu.be/eZghfNGmZn8

C.3 Minh hoa viéc sinh cur chi v6i giong néi nam ngoai

tap huan luyén

Click vao dnh dé xem video

Minh hoa sinh cu chi tuong tng véi giong néi cua Steve Job

Cam on cac thay da lang nghe!

Minh hoa sinh cii chi v6i giong néi dudc tao tii Microsoft Azure gi6i thiéu vé dé
tai.
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https://www.youtube.com/watch?v=B6nv1kQmi-Q
https://youtu.be/yLwXdm7UgPE

C.4 Minh hoa chuyén déng ctia nhan vt

Click vao anh dé xem video

Minh hoa cti chi dudc iy 6 khung hinh phia tru6c va 6 khung hinh phia sau cta ct

chi.
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https://www.youtube.com/watch?v=9IIIZP3EJLg
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