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Facial expressions are the main means of communicating social
information between people, being a form of nonverbal
communication. In a virtual reality program or game, a compelling 3D
character needs to be able to act and express emotions clearly and
coherently. Animation studies show that character need to represent at
least six basic emotions: happy, sad, fear, disgust, anger, surprise.
However, generating expression animations for virtual characters is
time-consuming and requires a lot of creativity. The main objective of
the article is to generate expression animations combined with lip-
synchronization of 3D characters according to the semantics of
Vietnamese sentences. Our method is based on the blendshape weights
of the 3D face model. The input text after emotion prediction will be
passed to lip sync and emotion generator to perform 3D face animation.
Experimental results with 200 Vietnamese sentences are automatically
classified according to six different emotions. Then, conduct a survey
that predicts the emotion shown in the video. Survey participants were
asked to recognize the emotions of 3D virtual faces according to each
sentence of input text. Survey results show that anger is the most
recognizable emotion, happiness and excitement are easily confused.
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Biéu cam khuon mat 1a mot hinh thac giao tiép phi ngon ngir, day la
phuong tién chinh dé truyén dat thong tin giita con ngudi. Trong
chwong trinh thuc tai 40 hodc trd choi, mot nhan vat 3D hap dan cin co
kha ning dién xuat va thé hién biéu cam mot cach rd rang, mach lac.
Céc nghién ciru vé dién hoat chi ra rang nhan vat can biéu dién téi thiéu
dugc sau cam xuc co ban: hanh phc, budn, so hai, chan ghét, tuc gian,
ngac nhién. Tuy nhién, viéc tao dién hoat biéu cam cho nhan vat a0 t6n
nhiéu thoi gian va doi hoi sy sang tao cao. Vi muc tiéu tao dién hoat
biéu cam két hop voi dong bo mdi mot cach ty dong cho nhan vat 3D
theo ngir nghia cau tiéng Viét, bai bao dua trén cac trong s6 blendshape
ciia md hinh mat 3D. Vin ban dau vao sau khi du doan cam xuc s&
dugc chuyén dén bo dong bo moi va tao cam xuc dé thyc hién dién hoat
mat 3D. Két qua thuc nghiém vai 200 cau tiéng Viét duge phan loai
quan diém ty dong theo sau cam xuc khac nhau. Sau d6, tién hanh cudc
khao sat dé dy doan biéu cam mit cua nhan vat 3D. Nguoi tham gia
khao sat dugc yéu cau nhan biét cam xtc khudn mat 4o 3D duoc tao ra
theo timg cdu vin ban diu vao. Két qua khao sat cho thay, tac gian la
cam xtc d& nhan biét nhét, hanh phuc va vui mirng dé bj nham Ian.
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1. Giéi thigu
L.1. Pt vin dé

Ngay nay, nhan vat ao 3D dong vai tro quan trong trong cac tng dung tuong tac gitta nguoi
VGi may tinh, tro choi giai tri. Hinh anh duoc két xuat tir nhan vat 3D gidng ngudi that giap nhan
thirc thong tin mot cach ty nhién, trong d6 céac tin hiéu cam xuc khac nhau truyén dat cac thong
tin khac nhau. Biéu cam trén khuén mit duoc sir dung dé truyén dat nhiéu ¥ nghia khac nhau
trong cac ngir canh khac nhau, pham vi va ¥ nghia duoc thé hién tir nhitng cam xuc co ban dén
phtrc tap. Cam xtic trén khudn mat dé truyén dat thong tin qua cac b phan khac nhau nhu chuyén
dong cua mét, 16ng may, moi, mili v.v.. Pong thoi, nhitng biéu cam nay két hop véi khau hinh
khi néi tao thanh mot thong diép hoan chinh trong giao tiép.

Nam 1992, Ekman [1] da phan loai cam xuc thanh bay loai khac nhau: tircc gian, hanh phuc, s¢
hai, ngac nhién, budn bi, ghé tom, khinh bi. Sau d6, Ekman di thém céc cam xtic khac: thich tha,
mén nguyén, Xau ho, toi 16i, béi réi v.v... vao danh sach cac biéu cam cta 6ng. Tuy nhién, trong
nhitng nghién ciru tiép theo, Ekman da nhan dinh séu loai cam xac co ban: tic gian, hanh phuc,
ngac nhién, budn bi, s¢ hii, ghé tom 1a co s cho cac biéu cam trén khuén mét con nguoi. Nhiing
két qua nghién ctru cua Ekman xoay quanh viéc phét hién ra rang sau cam xuc co ban duodng nhu
dugc cong nhan trén toan ciu, ngay ca trong cac nén van hoa ma con nguoi khong thé hoc duoc
biéu cam khuon mit théng qua phuong tién truyén théng. Tuy nhién, cac nghién ctu tiép theo da
chi ra c6 nhiéu cam xtc co ban hon. Nam 2017, Alan S.Cowen va Dacher Keltner [2] d3 xac dinh
dugc 27 loai cam xuc khic nhau ciia con ngudi. Nhém nghién ciu chi ra rang, con nguoi trai
nghiém cam xuc theo mot pho va co sy pha tron nhat dinh chir khong cam nhan riéng biét ting
loai. Dya trén cac cong trinh nghién ctru biéu cam cua con ngudi, trong noi dung bai bao su dung
bo sdu cam xuc co ban dé ap dung phén loai 16p cam xtic cho cau vin ban tiéng Viét.

Thuc té, mot cau néi duoc truyeén tai s& di kém véi mot cam xac nhat dinh, su thé hién cam
xUc nay chi tdn tai voi con nguoi va cac loai dong vat. pé may tinh c6 thé hiéu duoc cam xuc 4n
¥ sau cau ndi, bai bao sir dung thong tin ngit nghia ctia cau vin ban dau vao dé phan loai cam xuc
[3]. Vi mot cau van ban dau vao, bd phan tich ngit nghia s& tim kiém céc tir khoa c¢6 cuong do
cam xtc cao va danh gia cac trong s6 cua tir khoa dé du doan cam xiic cho vin ban [4].

Hién nay, c6 nhidu cong cu phan tich cam xtic cia con ngudi. Nghién ctru nay sir dung bod
phan tich cam xac cua ParallelDots [5] do co thé phat hién chinh x4c cam x@ic ciia vin ban dau
vao; xur Iy va tra két qua trong thoi gian ngén; dam bao yéu t bao mat dir liéu. Dya trén nhiing
vu diém cua bo phan tich cam xuc cua ParallelDots, bai bao lya chon sir dung cong cu phan tich
cam xuc nay. Trong do, cam xtc chan nan thay cho ghé tom, vui mung thay cho ngac nhién.
Hinh 1 thé hién sau loai cam xtic dugc bai bao sir dung twong (ng véi thang do ning luc cam xuc
cua ParallelDots gom: tic gian, hanh phuc, vui mirng, budn, so hai, chan nan.

S LT

Tic gian Hanh phutc Vui mirng Buon So hai Chan nan
Hinh 1. Sdu cdm xiic co ban cia khudén mdt duwoc chon dé dién hoat

Cho dén nay, c6 nhiéu cach tiép can khac nhau dé tao biéu cam mat nguoi. Phan 16n cac nghién
ctu tiép can theo hudng diéu khién mo hinh dya trén nhan thirc vin hoa chu quan ciia con ngudi [6]
— [7]. Tuy nhién, kha ning nhan biét chinh x4c cic biéu cam trén khudn mit ndi chung con thap.
Do d6, trong bai bao nay dé xuit mot mé hinh tao biéu cam mat ngudi tu dong trén co so phan tich
ngir nghia cua tiéng Viét. Phan tiép theo cuia bai bao trinh bay tdng quan mot sb ky thuat tao biéu
cam mit cho mé hinh nhén vat 3D. Tiép theo, trinh bay chi tiét ki thuat tao biéu cam khudn mit va
dong bo moi nhan vat 3D theo ngit nghia tiéng Viét. Cudi cung 1a két qua thuc nghiem.
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1.2. Cdc nghién ciru lién quan

Mot s6 nghién ctru gan day [8], [9], [10], [11] d4 chi r& mot s phuong phap tao biéu cam mat
v6i nhitng cam xuc co ban. Nicolas [12] da dua ra nhimg nghién ctru dot phé trong linh vuc tao
biéu cam khuon mit. Nhém nghién ciru da gioi thieu phuong phap tao biéu cam dé tuong tac
giita nguoi va may tinh dya trén cac tham sé dinh nghia khuon mat MPEG-4 (FDPs) va cac tham
s6 dién hoat mat (FAPs). Uu diém chinh ciia phuong phép nay 1a kha ning phan tich va tong hop
biéu cam linh hoat.

Tang [10] da tao nhan vat a0 ndi c6 cam xuc (EAVA) bang cach chuyén van ban thanh giong
n6i cam xuc théng qua ki thuat ddng bo giong nédi cam xtc. Nghién ciru tip trung vao dung mod
hinh mit 3D, dién hoat biéu cam mat, dong bo giong ndi cam xuc, két hop chuyén dong cua moi
va biéu cam khudn mat. Dé tim ra sy khac nhau gilia céc trang thai cdm xuc, nhom nghién ctru da
sir dung cac quy tic dé xac dinh cac thong s giita cam xuc va ngit diéu trung lap. Véi két qua
danh gia chu quan, cam xic tiéu cuc (budn, so hii, tic gidn) duoc ddng bo tot hon cam xuc tich
cuc (hanh phuc).

Dahmani [8] str dung bo ma hoa ty dong bién thé (VAE) dé dong bd biéu cam voi 4m thanh
giong ndi. Két qua thuc nghiém cho thay ty 1é nhan dang tét véi hau hét cac cam xuc. Tuy nhién,
kho phan biét giira cam xac budn va so hii.

Liu [13] xdy dung mé hinh tao biéu cam theo phuong phap tiép can tam sinh 1y [14], [15] dua
trén nhan thic cia con ngudi. Qua trinh tao biéu cam goém hai bude chinh: Pinh nghia cac
chuyén dong cua khudén mit dudi dang don vi hanh dong (Aus) [16] dé xay dung mot khong gian
dir lidu; Tao mot loat cac biéu cam mat tuong (g Vi sau cam xtic co ban va nhitng cam xac
phtic tap théng qua tuong quan chéo. Tan dung kha ning du doan ctia mot tap I6n cac biéu cam
trong s 25 cam xtic co ban va phuc tap vao khong gian dit liéu, nhom nghién ciru da chitng minh
duogc kha nang tao biéu cam cho nhan vat 0.

Phan Ién cac nghién ctru dign hoat biéu cam khuén mat duoc thuc hién theo mé hinh diéu
khién di liéu dua trén nhan thic vin hoa cha ‘quan cua con ngudi. Két qua nghién ctru cia cac
phuong phap trén cho thay kha nang nhén blet cac biéu cam trén khudn mit duoc tao ra chua
ddng nhat hoan toan. Hai mé hinh tlep can gan day nhat 1a VAE [8] va DBLSTM [17], tuy nhién
k§ thuat tinh toan phirc tap va c6 nhidu thach thic trong qua trinh thyc hién. Nguoc lai, phuong
phap ciia chung t6i d& thuc hién do quy trinh thiét 1ap cac cAu hinh blendshape dé tong hop biéu
cam khudén mat dugc thuc hién mot cach tu dong, do d6 qua trinh thuc hién dién hoat cam xuc
khuon mit trén nhan vét 4o tinh toan it hon va loai b6 yéu to tac nhan chu quan cia con ngudi.

2. Phwong phap nghién ciru

+/— Vin ban —\‘

[ Dich API Google ] [ Ghi 4m van ban ]
Phan tich bPdng bo
cam xuc moi

\ Dién hoat mat /

Hinh 2. Quy trinh tqo dién hogt biéu cam khuén mat véi diz liéu dau vao,
cdc budc trung gian va két qua dau ra

Phan nay trinh bay chi tiét phuong phép tao din hoat biéu cam nhan vt 40 dua trén phan tich
ngir nghia cau tiéng Viét duoc thé hién trong Hinh 2. Pau vao 1a vin ban tiéng Viét. Bai bao st
dung b6 phan tich ngt nghia ty dong ctia van ban dé dy doan cam xtic cho khudn mat. Dau tién,
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cau van ban tiéng Viét dugc chuyén sang 4m thanh, dong thoi duoc dich sang tiéng Anh thong
qua bo dich thuat API Google. Sau d6, van ban dich dugc chuyén dén bo phan tich ngir nghia
API ParallelDots dé xac dinh cam xtic ciia van ban. Tién hanh tao dién hoat méi cho nhan vat dua
trén 4m thanh dugc ghi trudc d6. Cudi cung, két hop dién hoat méi v6i cam xitic di duoc dy doan
dé tao ra dién hoat cho khudn mat.

2.1. Phén tich ngir nghia

Vin ban tiéng Viét ban dau sau khi dugc dich sang tiéng Anh qua bo dich API Google s&
duoc chuyén sang bo phén tich ngir nghia. Bang 1 1a ket qua mot s6 mau céu tieng Viét sau khi
duogc dich sang tiéng Anh sir dung API Google.

Bang 1. Mgt s6 mdu cdu van ban dau vao tiéng Viét

Cau van ban N#@i dung Vin ban dwoc dich
A Ai da lam hong xe cua t6i? Who damaged my car?
B That vui khi gap lai ban Good to see you again
C Xin 131, toi khong ¢b y Sorry, I didn’t mean to
D T6i rat mong cho 12 hoi che sap téi I’m looking forward to the upcoming tea festival
E Ban c6 chic ciy ciu nay an toan Are you sure this bridge is safe?
F Ky nghi 1€ 1an nay that dai va té nhat This holiday season is long and boring

Bai bao str dung bd phan tich cam xac API ParallelDots [5] dé du doan cam xtc cho vin ban.
MJi cdu vin ban dau vao s& duoc phan thanh cac 16p cam xtc khac nhau. Mdi 16p cam xuc thu
duogc két qua phan tich gdm hai thanh phan: Nhan cam xtc va ty 1& phan tram trong s6 cam xuc.
Véi nhiing trong s6 cam xtic thu dugc, bai bio chon 16p cam xuc c6 gia tri phan trim cao nhat
lam cam xtic cho ciu vin ban, gia tri phan trim dwoc chon sir dung lam hé s ty 1& cho cac
blendshape ctia nhan vét 4o khi tao biéu cam.

Vi duy, V&i cau van ban “Ai da lam hong xe cua t6i?”. Cau vin ban thu dwoc sau khi str dung
b6 dich Google: “Who damaged my car?”. Tiép theo, st dung bd API ParallelDots dé phan tich
cam xuc cta cau van ban dich. Két qua phan tich gdm: Hanh phiic: 0,31%; Tic gian: 72,67%;
Vui mirng: 0,78%:; Buén: 18,12%; Se hii: 6,21%; Chan nan: 1,91%. Véi két qua du doan trén,
bai bao chon loc tc gian 1am cam xuc dau vao cho ciu vin ban. Bang 2 thé hién két qua du doan
cam xtc ¢6 trong s6 cao nhat ciia mot s6 cau tiéng Viét sau khi phan tich bai API ParallelDots.

Bang 2. Ty |é phan tram trong sé cam xiic cao nhat Ciia cdu vin ban dau vao

Céu viin ban Cam xiic Ty 1& % cao nhat
A Tuc gian 72,67
B Hanh phuc 45,05
C Buon 41,06
D Vui mirng 34,11
E So hai 49,56
F Chan nan 82,07

Bai b4o st dung thu vién tng dung khach va SDK dé tich hgp API Komprehend trong chuong
trinh ing dung. Két nbi API ParallelDots vi chuong trinh duoc thiét 1ap bang cach sir dung thu
vién Komprehend. D¢ sir dung dir lidu trong Unity, bai béo tao két ndi TCP giira tng dung may
chu va khach bang ngdn ngir C#.

2.2. Pong by moi véi giong néi

Qua trinh dién hoat méi dua trén tép 4m thanh dugc ghi lai tir vin ban dau vao. Cac hinh dang
méi dugc xay dung dua trén cac chuyén gia vé dién hoat. Véi su khac biét caa tiéng Viét so vai
cac ngon ngtt khac, chung t6i xay dung bd dich hoat caa tiéng Viét gom: 12 nguyén am don, 139
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nguyén &m ghep, 17 phu &m don va 11 phu am ghép. Trong 28 phu dm, chung tdi dlen hoat 4 phu
am b/m/p/ph/v vi chi ¢6 5 phu 4m nay c6 su tac dong nhiéu ciia méi. VSi muc tiéu téi vu bo dich
hoat, cac thanh diéu duoc sir dung trong tiéng Viét duoc loai bo khi dién hoat. Piéu nay c6 anh
hudng téi hinh anh khi dién hoat méi, nhung sy anh hudng nay 1a khong 16n. Bén canh d6, khi ¢6
gang xay dung bo dich hoat tiéng Viét véi day du cac dau sé phat sinh sy bung nd té hop. Véi
nhitng 4m vi c¢6 hinh dang chuyén dong ciia méi gidng nhau s& dwoc gop thanh 1 nhém. Hinh 3
thé hién hinh dang moi cia cac am vj tiéng Viét dai dién cho timg nhom.

Hinh 3. Hinh dai dién cho cdc nhém am vi tiéng Viét

Qua4 trinh dién hoat mot cau 1a sy két hop dién hoat tung tr don trong cau d6. Qua trinh dién
hoat mét tur 1a su ket hop cua viéc chuyén trang thai tur tién 4m vi téi hau 4m vi. Bai bao sir dung
ky thuat noi suy dé tinh toan qua trinh chuyén ddi giita cac 4m vi va cic trang thai giira theo thoi
gian. Cac 4m vi dugc Sap xép trén dong thoi gian, trang thai dién hoat ctia nhan vat tai thoi glan t
1a noi suy caa 2 4m vi gan nhat, trudc va sau thoi gian t. Gia swr, thir tu cac am vi 1a po, Py, ..
dién ra tai cac thoi diém to, ty, ..., tn. Ta xac dinh duoc vi tri clia t trén dong thoi gian véi diéu klen
ti <t <t+1. Trang thai p; m6 ta h1nh dang miéng tai thoi gian t dugc xac dinh dya trén ham ndi suy
tuyén tinh (1).

t—t _—
p= il )
. G, - G, =1 . .

Tong hop budc nay ching ta thu duge hinh anh nhan vat 3D dién hoat néi tiéng Viét voi dau
vao la tep am thanh da dugc gan nhan.

V6i cau van ban dau vao sé& thu dugc tép dién hoat moi, mdi tép s& twong ing véi mot cam xuc
dugc phan 16p trong sau cam xtc co ban. Tiép tuc tao bleu cam cho tirng tép v6i cam xuc ¢o trong
s6 cao nht.

2.3. Tgo dién hogt biéu cam khuén mdt sir dung blendshape

Str dung cac tham s6 cau hinh blendshape dé tao sau biéu cam co ban trén khudén mat. Mbi
biéu cam kiém soat cac bo phan nhat dinh cia khuén mat nhu mit, 16ng may, miéng. Cac bo
phén dugc xac dinh boi cac thong s6 blendshape c6 gié tri tir 0 dén 1, sy thay doi gia tri ciia cac
thong s6 blendshape sé tao ra cac cam xtic khac nhau trén khuon mat. Vi duy, khi tic gian thi 16ng
may nhiu lai, khi hanh phic thi miéng cudi rong. Bang cach két hop cac cau hinh blendshape trén
khubén mat sé tao ra dugc nhom gém sau cam xuc co ban dugc thé hién trong Hinh 1. M6 hinh
blendshape dugc xac dinh bdi cong thurc sau:

n

V=Ze*Vl- (2)
i=1

Trong do:

- V: mot dinh ctia m6 hinh

- e: trong sb cam xtic duoc du doan theo ParallelDots, 0 < e < 1
- V;: vi tri cta dinh trong hinh dang mat i
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Két qua tao didn hoat biéu cam két hop voi dong bo méi ciia sau cau tiéng Viét (Bang 1) duoc
thé hién trong Hinh 4. M3i cau duoc thé hién boi d6 thi dao dong am thanh va hinh anh khuén
mit duoc trich xuét twong Gng Vi Vi tri 4m vi cua tép am thanh. Puong thang mau do trén song
am thanh dai dién cho vi tri 4m vi cta tirng tir trong tép 4m thanh.

[ 3555 - B8N
“Igg - B-5- -5
h. o A

Hinh 4. Dién hogt biéu cam ciia sdu cdu vin ban ¢ Bang I twong img véi A, B, C, D, E, F

3. Két qua va ban luin

Pé danh gia do chinh x4c ciia khuon mat dugc tao ra, ching t6i tién hanh thuc nghiém trén tap
dit liéu gom 200 cau van ban tiéng Viét voi cac cam xtic khac nhau. Qua trinh khéo sat thuc hién
voi dbi tgng 1a 20 nguoi ding mai va 20 chuyén gia dién hoat, méi nguoi s& nhan dang cam xuc
khu6n mit nhan vat 3D khi dién hoat tap dit liéu trén, bang cach dy doan cam xtc ctia mdi cau vin
ban s& trong tng V4i cam xuc ndo trong sau cam xuc co ban: Hanh phic, tic gian, vui ming, budn,
so hai, chan nan. Hinh 5 1a két qua khao sat ciia su cdu vin ban dwoc minh hoa trong Bang 1.

Két qua khao sat nhan dang cho thdy, sé lugng ngudi nhan dang cam xuc dat gia tri nhiéu nhat
trén ting van ban tring véi két qua dy doan cua API ParallelDots. Trong do, hai cam xtc Hanh
phiic va Tac gian 1a nhan biét d& dang va chinh xac nhét. Trong khi do, nguoi dung hay nham 1an
gitra Vui mung voi Hanh phuc, Buon véi Sg. Sy nham lan nay 1a do yeu t6 tuong dong Vé cac dic
diém nhan tric hoc trén khuon mat. Két qua khao st ciing cho thiy, khi h¢ sb cam xiic theo
ParallelDots cang cao thi két qua nhan dang cam xuc cua ngudi tham gia khao sat cang chinh xéc.
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Hinh 5. Két qud khdo sdt nhdn dang cam xiic véi ky thudt dé xudt. Trong d6, biéu do cét la hé s6 cam xiic
du dodn theo API ParallelDots, biéu do dwong la so lwong nguoi nhdn dang ting cdm xiic ciia nhdn vt ao

4. Két luan

Bai béo trinh bay ky thuat tao dién hoat bicu cim khudn mit két hop voi dong b moi mot
cach tu dong cho nhan vat 3D theo nglr nghia cau tleng Viét. Bing cach khai thac phan tich ngir
nghia cdu van ban dé xac dinh 16p cam xtic va trong s6 cam xac. Cac trong sé d6 két hop voéi cac
cau hinh blendshape dugc dy doan trudc dé tao ra biéu cam khu6n mit cho cau vin ban. Sau do,
tién hanh cudc khao sat voi 40 ngudi tham gia dé nhan biét cam xuc duoc tao ra cua tip ciu vin
ban dau vao s& thudc cam xuc ndo trong sau cam xuc: hanh phic, trc gian, vui ming, budn, so,
chan nan. Két qua khao sat cho thay viéc tao dién hoat mat khong anh huéng dang ké dén viéc
nhan biét cam xuc. Didu d6 cho thay, ky thuat d& xuat cua bai bao 1a dang tin cdy. Bai bao sir
dung bd dich API Google, do d6 ciu vin ban du vao con bi phu thudc vao qué trinh chuyén doi
ngon ngit cia bo dich. Pong thoi, qua trinh dién hoat tu dong con bi phu thugc vao bd phan tich
cam xuc ciia API ParallelDots. Bén canh d6, qué trinh sinh biéu cam tu dong bi anh huéng boi
thiét ké khudn mat dau vao cua nhan vat din dén cac biéu cam sinh ra con chua phong phi.
Huéng phat trién cho nghién ctru nay 1a ap dung véi tap dir liéu dau vao 16n hon va da dang céc
cam xuc thay vi gioi han trong sdu cam xuc hi¢n tai.

Loi cAm on
Bai bao duoc hoan thanh véi sy tro giup cua dé tai nghién ciru véi ma sé: DH2022-TN07-01.
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