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In the field of virtual reality, the problem of simulating gestures, 3D
head states is a topic that has received much attention because of its
strong applicability in many real-life problems, such as building
personal objects in movies, in systems of virtual broadcasters, virtual
guides... The article is interested in the problem of simulating the
movements of the 3D human head model following Vietnamese
dialogue and the implementation contents with a sequential nature
from 3D head modeling problems to control algorithms, transform the
model. Specifically, the article presented how to build a 3D human
head model, how to calculate transformation vectors based on
individual syllable representations as well as model transformation
over time, based on analyzing the content of the input Viethamese
dialogue to create the desired animation. The experimental results
have proved the effectiveness of the proposed proposals and are the
basis for moving towards more complete human simulation virtual
reality applications.
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Trong linh vuc thuc tai 40, van dé moé phong cu chi, trang thai dau
ngudi 3D 12 mot chu d& nhan dugc nhidu sy quan tim béi kha ning tng
dung manh mé& trong nhiéu bai toan thuc té, ching han nhu xay dung
cac nhan vat trong phim anh, trong cac hé thdng phat thanh vién 4o,
hudng dan vién ao... Bai bio quan tdm dén vin d& mé phong cir dong
ciia md hinh ddu nguoi 3D theo 1oi thoai tiéng Viét va cac noi dung
thuc hién c6 tinh chat xau chudi tur nhirng van dé& vé& mo hinh hoa dau
ngudi 3D dén nhitng thuat toan didu khién, bién d6i moé hinh. Cu thé,
bai bao da trinh bay cach thirc xay duyng mo hinh mau dau ngudi 3D,
cach thuc tinh toan cac vector bién ddi dwa vao cac biéu dién am tiét
riéng 1¢ ciing nhu viéc bién d6i md hinh theo thoi gian, trén co s& phan
tich noi dung 10i thoai tiéng Viét diu vao dé tao ra dugc hoat canh
mong mudn. Cac két qua thuc nghiém di ching té dwoc su hiéu qua
cua nhirng dé xuét duoc dit ra va 1a co sé cho viéc tién t6i nhitng wng
dung thuc tai 40 mé phong con ngudi hoan thién hon.
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1. Gioi thigu

Nghién ctiru m6 phong con ngudi 4o 3D 1a mot bai toan quan trong ¢ y nghia trong linh vuc
thuec tai ao, trong do van dé md phong cir dong ciia md hinh dau nguoi 3D rat dugc quan tam.

Dic biét gan day, chii d& mé phong cir dong ctia dau ngudi 3D dya trén ngudn 4m thanh tiéng
n6i dua vao nham tao ra video dau ngudi noi chén thuc dang la chu dé thu hut nhiéu nghién cuu,
da c6 nhiéu cong trinh dé xuat nham dong bd hoa am thanh véi chuyén dong cia moi [1] - [6].
Tuy nhién, sy gin két gitra Am thanh va chuyén dong cua dau ngudi chua dugc glal quyét. Trong
khi d6, chuyén dong ty nhién va nhip nhang ctia dau ciing 1a mot trong nhitng yéu té chinh dé tao
ra cac video dau ngudi noi sat thyc [7], [8].

Chung ta biét rang, cac cir chi, trang thai biéu hién khudn mat trong mot hé théng mé phong
con ngudi a0 3D duoc tao ra tir sy chuyén dong cua hé thong cac co nét mat, két qua 1a dan dén
nhiing bién dang nhét dinh trong thoi gian ngan cia nhitng bo phan khudn mét nhu da, 16ng may,
mili, mi mit, va méi [9]. Vé mat ban chat, moé hinh 3D c6 thé duoc hiéu 1a mot tap diém trong
khong gian 3 chiéu va nhimg thong tin vé mdi quan hé gitra cac diém d6. Nhu vay, viéc bién doi
mo hinh déu ngudi 3D ciing s& xoay quanh ciu tric dit liéu nay.

O day, xét trén viéc bién d6i cac thanh phan trén khudn mit nhim muc tiéu tao ra nhitng su
thay d6i trén mo hinh sao cho phui hop véi 16i thoai, mé hinh dau ngudi 3D c6 thé coi la khong
c¢6 su thay doi vé lién két dic trung giita cac diém va chit liéu anh. Nhitng su thay doi chi 1a
nhitng su dich chuyén c6 gi6i han va c6 su rang budc theo nhiing tiéu chi nhét dinh cua cac diém
trong mo hinh dau nguoi 3D. Nhu vy, Vin dé bién d6i mé hinh s& dwoc giéi han trong nhiém vu
bién ddi toa do cua tap diém trong mé hinh dau nguoi 3D voi nhitng tham sb nhit dinh.

Mot dic ta quan trong dugc dua ra cho vén dé tao hoat canh dau 3D 1a tap diém trong chuan
MPEG-4 [9]. MPEG-4 dic ta cac dic diém dau nguoi voi 84 diém dic trung (Hinh la) di kém
V6i cac tham sé hoat hoa. Tap hop cac tham sé nay twong ng Vai cac cir chi ciia dau ngudi ma
két qua 1a gay ra sy bién dang ciia mé hinh dau nguoi so vai trang thai cin bang trung tinh. Tir
viéc xay dyng qua trinh bién dang ctia mo hinh dau nguoi Véi cac tham sé hoat hoa két hop Véi
nhan thoi gian, ta co thé tao ra hOat canh cua dau nguoi trong Gng. Vi tri cac diém dic trung
duoc thlet lap twong @ng Voi cac mdc trén ddu nguoi nhu 1 miéng, mii, mat,... va chung duoc
sap xép theo timg nhom.

Mot sb nghién ciru d sir dung tap diém MPEG-4 trong cac nghién ciru cia minh. Chang han,
nhom nghién ctru ciia Turban [10] da thyc hién ap dung chuan MPEG-4 vao dit lidu cac ban quét
3D chét lugng cao tir video RGB-D Kinect. Nghién cttu cia nhom huéng dén viée xay dung cac
mo hinh khuén mit chin thuc va c6 thé 4p dung vao tao chuyén dong cho md hinh ddu ngudi.
Mot nghién ctru khac 1a ctia nhom Itimad [11] vai viée xay dung mot mod hinh mat 3D dya theo
chuin MPEG-4 va c6 chirc ning dong bd hoa chuyén dong méi phit hop véi dit liéu 4m thanh dau
vao. Nghién ctru ciing ap dung ham Raised Cosine Deformation vao dir liéu hinh hoc khuén mat
va trién khai ngon ngir EEMML (Emotional Eye Movements Markup Language) dé huéng téi
tinh chéan thuc cho hoat canh khuon mat. Nam 2015, nhom nghién citu ctia Zhao [12] da cong bd
mot cong trinh vé tong hop hoat canh khudén mit 3D c¢6 cam xuc dya trén mé hinh FCRBM
(Factored Conditional Restricted Boltzmann Machines), tir chudi nhin cam xuc va tham s6 FAPs
(Facial Action Parameters) ban dau, ky thuat ldy mau Gibbs dugc ap dung dé lay chudi FAPs
twong ung va sinh ra hoat anh khuén mat 3D dya theo dac ta MPEG-4.

Gan ddy, mot nghién ciru nhim déng b biéu cam khudén mat véi tiéng noi da dugc dé xuat
boi nhém Dahmani [13] vao nam 2019. Céc tac gia di ap dung tiép can hoc sau vao viéc xay
dung mot khong gian nhing. Tir di liéu van ban du vao, cac dic ta xac dinh cac tham sb cam
xuc va ap dung dé diéu chinh cac tham sb vé nhan thoi gian, m thanh ciing nhu hinh anh. Tiép
dén vao nam 2020, nhom nghién ctru ctia Liu [14] d4 nghién ctru qua trinh sinh biéu cam gém hai
budc dya trén tiép can tam sinh 1y. Cu thé, cac tac gia da thuc hién xay dung khong gian dir liéu
dua trén cac chuyén dong don vi cta khuén mat va tao ra cac trang thai biéu cam khac nhau.
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Suzhen Wang [15] va dong nghiép da dé xuat mot bo khung gom cac budc sau: Thuc hién tach
chuyén dong cua dau khoi toan khung hinh chuyén dong phu thugc 4m thanh va dy bao chuyén
dong cua dau twong wng voi 4am thanh, sau d6 bd tao trudng chuyén dong sé sinh cac diém diéu
khién chinh tir am thanh va tu thé dau, cudi cung tong hop lai thanh video.

Pha chuén bj
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Hinh 1. (a) Cdc diém cia chuan MPEG-4; (b) So do chung ciia phwong phdp dé xudt

Vao ndm 2022, nhém nghién ctru cia Chi [16] da trinh bay mot ky thuat dong bo moéi véi 16i
no6i trén co sé tao hoat canh khudn mit sir dung “blendshape” va thir nghiém trén nén tang Unity
str dung ngon ngtt 1ap trinh C#.

Bai bao nay dé cap dén viéc bién d6i mo hinh dau ngudi 3D tai cac thanh phan trén khudn mit
nham muc tiéu tao ra nhiing su thay déi trén mé hinh sao cho phu hop véi 16i thoai déu vao trén
co s da dugc phan tich ra thanh cac am tiét. Bé 1am duogc diéu nay, chung toi da xay dung mot
tap cac mo hinh mau dau ngudi 3D va sir dung né 1am co sd dé trich cac vector bién déi mo hinh
theo cac biéu dién am tiét riéng 16. Vi mot 10i thoai dau vao dugc dai dién bai tap chudi cac 4m
tiét c6 nhan thoi gian, mo hinh s& dugc bién d6i mot cach twong tmg ¢ trong sé dé tao ra dugc
hoat canh dau ra twong ing dé thé hién cir dong ciia mo hinh theo 10i thoai.

Phan con lai ciia bai bao dugc ciu tric nhu sau: phan 2 1a cac ndi dung k§ thuat dé xuét tir xay
dung mo hinh dén cac k¥ thuat bién d6i, phan 3 1a thir nghiém va cudi cung 1a két luan.

2. Ky thuat dé xuat
2.1. So dé chung

Chung toi d& xuat mot bo khung thuc hién gom hai pha: pha chuan bi va pha xay dung hoat
canh (Hinh 1b).

bién d6i
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Hinh 2. Luoc dé tao hogt dnh trong chuwong trinh
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Pha chuin bi: Pau tién thyuc hién xiy dung tap cac mé hinh mau dau nguoi 3D. Tap nay gdm
Mot md hinh cén bang va cac mo hinh biéu dién trang thai dau nguoi 3D theo mdi am tiét tuong
ung. Voi moi cdp: moO hinh can bang va mOt mé hinh &ng v4i mot am tiét, ta sé trich rat duoc
mét tap cac vector bién d6i mot mo hinh can bang sang mot mé hinh biéu dién am tiét tuong tng.
MJi tap vector bién d6i nay s& duoc luu trir lai thanh file nhu mét co so di liéu dé phuc vu cho
viéc bién doi cac mo hinh khac sau nay.

Pha xay dwng hoat canh (hinh 2): Trudc tién, mé hinh cén bang s& dugc nap vao. Sau do,
moé hinh nay duoc bién dbi dé tao ra mot tip cac mé hinh theo cac am tiét cua loi thoai dua vao
cac tap vector bién d6i dé c6 dugc mot day chi s6 mé hinh xuat hién trong hoat anh. Cudi cung,
sir dung ky thuat morphing dé tao ra su chuyén bién trang thai mém mai giira cac mé hinh dé cho
ra mot hoat canh.

2.2. Td@p mé hinh dau 3D

Céc md hinh déu 3D duogc xay dyung lam dir liéu co so cho viéc bién ddi tuong tng voi 1oi
thoai. Tap mo hinh nay bao gdm mé hinh can bang va cac mo hinh biéu dién trang thai dau nguoi
3D theo mbi 4m tiét twong tng.

M5 hinh can bang thé hién trang thai diu nguoi & tinh trang trung tinh, cu thé dinh nghia nhu
bBang 1 dudi day.

Bang 1. Bang cdc trang thai dau nguoi & tinh trang trung tinh

Tén b phan Trang thai
Co mat TAt ca co mit déu thu gian
Mt Céc mi mit tiép tuyén Véi trong den

bong tir (con nguoi) bang 1/3 dudng kinh cua trong den
Cac moi khép lai
Puong giira hai moi ndm ngang va c6 cung do cao voi khoé moi.

Miéng Miéng dong va rang trén cham vao rang dudi
Ludi bang, nam ngang véi du ludi cham vao duong bién gitra ring trén va
rang dudi

Trong pham vi nghién ctu ctia bai bao, mé hinh déu ngudi 3D duge mo hinh hoa dudi dang 1a
mot tong thé cac bd phan. Mdi bo phan 1a mot d6i tugng 3D, biéu didn boi mot tap cac diém
dugc phéan b theo trat tu nhat dinh, bao gom mét dang hinh hoc cua dbi twong trong khong gian
3 chiéu, va mot két cau bé mat pha 1én bé mit ngoai cua dang hinh hoc do. Cu thé & day, dang
hinh hoc cia mdi ddi tugng 1a cac luéi da giac hinh thanh tur tap diém trén. Khi xdy dung, mat
phiang khudén mit song song Vai mat phing Oxy va anh mit theo huong tryc Z. Cac mo hinh
tuong (g Vi cac am tiét s& c6 cau tric dit lidu gidng v6i mo hinh can bang nhung co cac trang
thai toa do cac diém trén bé mat ludi khac biét dua theo mdi biéu dién khuon mat ang véi am tiét.

2.3. Trich rit vector bién déi theo am tiét
Viéc bién d6i md hinh tir trang théi can bang sang trang thai dich Gng véi mdi am tiét thuc té
1a bién d6i cac diém trén mo hinh theo moi vector twong tng dé€ tao ra mot bién thé cta khudn
mat. D€ ¢6 duoc mdt mé hinh dich mé phong mot phat Am, nhitng bd phan sau trong mé hinh s&
duogc bién d6i: da mat, ham rang dudi, ham rang trén, va ludi.
Gia str da co N la tap diém ctia mod hinh can bang va T tip diém cua mé hinh dich.
N = (x11:}’11;211:- “Xmny, Ymng, Zmnm) € R3XMxn 1)
T = (x11:}’11;211:- X, Ymnp, Zmnm) € R3xmxn 2
Ta can tinh ra tip vector V dé bién ddi tir N sang T, cung véi tap chi s6 I twong Gmg. Cong
thirc tinh nhu sau:
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{Vik =Tjj - Nijv,i{j € [1,n]/N;; # Ty 3)
Iy =j k€ [1,p]
Trong do:
e m: s6 bo phan cia mé hinh chiu sy bién doi.
e ni: s6 diém trén bo phan thi i.
e pi: s6 vector bién ddi cua bo phan thi i.
Duéi day 1a thuat toan dé tinh vector bién d6i cho mot phép bién doi tir mé hinh can bang
sang mdt mo hinh wng voi mot am tiét nao do.
Thuét toan trich rit vector bién doi:
Input:
e NeutralModel: M6 hinh can bang.
e TargetModel: M6 hinh dugc bién doi theo 4m tiét.
Output:
e vector: Tap vector bién ddi theo mot 4m tiét nao do.
e vec_index: Tap cac chi sb cta diém trén mé hinh ¢ vector bién dbi twong ung trong tap
vector.
Cac budc thuc hién:
For each part €(Skin, LowerTeeth, UpperTeeth, Tongue)
Begin
{Tinh tap vector bién ddi cho bo phan part}
num_of vectorpart =0
For i =1to num_of point(part)
Begin
{Tinh vector bién ddi tai diém i }
If (xi(NeutralModel) # xi(TargetModel)and
yi(NeutralModel) # yi(TargetModel)and
zi(NeutralModel) # zi(TargetModel))
Begin
vectori = (xi(TargetModel) - xi(NeutralModel),
yi(TargetModel) - yi(NeutralModel) ,
zi(TargetModel) - zi(NeutralModel))
vec_indexnum_of vector =i
increase(num_of_vector)
End
End
End
Tap cac vector nay s& duoc luu thanh file. Véi mdi am tiét, ta s& c6 mot file chira mot tap vector
bién dbi cho am tiét trong tmg. Cac file vector bién doi s& dugc luu theo cau tric nhu sau:
Ny

indexy; X11 Y11 Zy

index, X12 Yi2 Zyp

indexyp X1n Yin Zypn
nm

indexy,; Xmi Ym1 Zmy

indeXy, X12 Ym2 Zmp

http://jst.tnu.edu.vn 24 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(15): 20 - 28

indeXmn X Yinn Zmn
Trong do :
e m: 1 s6 bo phan trén mé hinh chiu sy bién doi.
e ni: s6 vector bién doi cho bo phan thi i.
e index;: chi s6 clia diém trén bo phan thi i ciia mé hinh Gng véi vector bién doi thu j.

2.4. Bién doi moé hinh theo am tiét

Khi da c6 tap céac file vector bién doi, ta c6 thé sir dung dé bién d6i moi mé hinh cing dang
v6i md hinh miu theo cac am tiét twong Gmg. Qua trinh bién d6i mo hinh theo mot am tiét duoc
thuc hién nhu sau.

Dau tién, ta nap vao md hinh can bang can bién doi. Sau do, doc cac vector tir file luu trit tap
vector cho am tiét tuong ung. Tiép theo, cac bd phan Da mat, Ham ring dudi, Ham ring trén va
Ludi ciia mo hinh dich s& duoc bién d6i bang cac dich chuyén cac diém theo cac vector bién ddi
tuong tmg. Luu ¥ 13 chi ¢6 mot s6 diém duoc luu trir vector bién doi mai duoc dich chuyén.

Bay gio, gia sir ta da co N 1a tap diém ctia mo hinh can bang, V tap vector bién doi, va I 1a tap
chi s6 vector.

N = (xll:}’n:zll, ...xmnm,ymnm,zmnm) € R3xmxn @)
r= (xll:}’n:zll, ...xmnm,ymnm,zmnm) € R3xmxn (5)
I ={k € [1,n;]/Ny, # Ty} ©)

Trong do:

e m: sb bo phan ciia mé hinh chiu su bién doi.

e n;: S6 diém trén bo phan thi i.

Ta can tinh ra tip diém T cta mé hinh dich. Cong thirc tinh nhu sau:

i €[1,m]
T, = Ny — N, ’
{ Y j =UI' “véi Lk € [1,n]/Ny # Ty, (7
ik ] € [1'ni]

Du6i day la thuat toan dé bién d6i mé hinh theo mdi 4m tiét.
Thuét toan bién d6i mé hinh:
Input:
e NeutralModel: M6 hinh can bang.
e vector: Tap vector bién ddi theo mot am tiét nao do.
e vec_index: Tap cac chi sb cuia diém trén mo hinh c¢é vector bién ddi twong wng trong tap
vector.
Output:
e TargetModel: M6 hinh theo am tiét nao do.
Cac buéc thuc hién:
For each part €(Skin, LowerTeeth, UpperTeeth, Tongue)
Begin
{Bién ddi bo phan part}
For i =1 to num_of_vector(part)
Begin
{Dich chuyén diém trén mé hinh ing véi vector bién d6i}
pointvec_index (i) (TargetModel)= pointvec_index(i)(NeutralModel) + vectori
End
End
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2.5. Piéu chinh treng sé theo théi gian

Khi thuc hién phép bién doi theo diy n hinh S;.. S, (Si 1a mot d6i twong hinh twong wng bo
phan cia mé hinh), thuc chat 1a mot chudi cac phép bién ddi lién tuc cho tirng cip hinh (Sy,S,),
(52,S3), -y (SisSie1), (Sis,Sie), +ovy (Sna,Sn)-

Mbi h1nh Si c6 mdt trong s wi kém theo. Trong s6 nay s& duoc thay ddi theo thoi gian. Vi du,
khi qué trinh morphing tién dén phép morphing giita cip mo hinh S; va Si.y, thi cac w s& duoc
diéu chinh theo cong thirc (8) dudi day.

l—a,j=1i
Wi—1.n a,j=i+1 (8)
0,j#i,j#i+1

Trong d6, a€[0,1] 1a mét hé sb bién ddi theo thoi gian gitra mdi cap khung hinh co ban.

3. Thir nghiém va danh gia két qua

Ky thuat duoc cai dat thir nghiém bang ngén ngir 1ap trinh Java 3D trén nén DirectX. Dong
thoi két hop sir dung ngon ngit mé hinh hoé thuc tai 40 VRML dé luu trit cic mo hinh (Hinh 4).

Mo hinh cta chung t6i duoc xay dung bang phin mém FaceGen Modeller, co cic ludi da giac
gom 6516 tir giac duoc két hop tir 6674 diém. Sau d6, chiing toi xuat mé hinh ra thanh file VRML.

12¢8

(@) (b)
Hinh 3. (2) Cdu triic hinh hoc ciia mé hinh, (b) Két cdu bé mat cia bé phdn da mat
Vé6i mot doan vin ban 1oi thoai dau vao, ndi dung s& dugc ‘phén tich theo nhleu cap dudi dang

ciu triic cdy. Poan vin s& dugc phén tich ra timg ciu, ting tiéng va timg am tiét. Hinh 5 thé hién
qua trinh thyc hién vai cau “Taéi 1a Thay. Xin chao ban.”.

I T6i la Thuy. Xin chio ban. l

a th uy
N_tran/ Iv_ool/ N_tran/ N_al Iv_tran/ Iv_uy/

X in ch ao b an
N_tran/ N_in/ I_tran/ _aol _bmp/ _an/

(@) (b)
Hinh 5. (a) Cdu triic cdy phan tich van ban, (b) Anh xa am tiét véi mé hinh
_Tur nhitng ngi dung k§ thuét duoc trién khai, ching t6i tién hanh xay dyng mot h¢ thdng phan
mém hoan chinh mé phong cir dong cia mo hinh dau nguoi 3D theo loi thoai tieng Viét. Trén co
s6 nhitng mo hinh da dugc xay dung trude va dugc tai san sang vao dit liéu cua hé thong lac khaoi
dong, phan mém sé thuc hién tirng bude phan tich nhitng doan van ban loi thoai dau vao dé trén
co s& d6 anh xa twong ng nhitng am tié€t v4i nhirng thong tin dac trung trong co s& dir liéu cua
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hé thong phan mém. Tir d6, phan mém thyc hién ndi suy va biéu dién nhitng hinh anh dau nguoi
theo chuoi cac am tiet da dugc phan tich twong tng.

(@) (b)

Hinh 6. (a) Giao dién chicong trinh sau khi tai mé hinh dau nguoi 3D va nhdp van ban,
(b) Giao dién chwong trinh khi thuc hién mé phong biéu cam theo loi thogi

Hinh 6 mé ta giao dién chuong trinh phdn mém mo phong cir ddng ciia md hinh dau nguoi 3D
theo 11 thoai tiéng Viét. Phan mém da xay duyng hoan chinh cac giao dién diéu khién twong tng véi
cac budc thuc hién cua nghién ctiru d& xuét, tir budc nhap van ban tiéng Viét, phan tich ra cac 4m
tiét voi nhin thoi gian, 4nh xa ra cac md hinh co s¢ va thuc hién noi suy dir liéu hoat canh dau
nguoi 3D. Phan mém dugc xay dung véi ngon ngit Java trén cong cu phat trién Netbeans. Cac hé
thong diéu khién dwoc xay dung chi tiét voi tung chirc nang tuong (ng V6i cac bude chinh trong
nghién ctru d& xuat. Noi dung 10i thoai c6 thé duoc nhap truc tiép trén khung van ban cua cira $6
cho phép thir nghiém vai nhitng cau thoai tiéng Viét bat ky. Sau do, noi dung loi thoai s& dugc phan
tich va anh xa twong tng v6i nhan thoi gian. Thong tin 4m tiét ciing v6i nhan thoi gian s& dwoc cap
nhat tryuc tiép trén khung van ban caa phan mém. Dong thoi, & quan sat duoc qua trinh mé phong,
nguoi ding s& sir dung nit bAm ngay bén dudi khung hién thi mé hinh dau nguoi.

4. Két luan

Viéc md phong cir dong ciia mo hinh dau ngudi 3D theo 10i thoai 1a mot van dé& quan trong
trong viéc tao ra ban sao ky thuat sé con ngudi 4o twong g tai tao lai con ngudi that véi nhiing
noi dung da phuong tién. Bai bao d trinh bay mot quy trinh dé thuc hién viéc mé phong ctr dong
ctia mo hinh dau ngudi 3D theo 16i thoai bit du tir nhitng yéu cau cho viéc thiét ké mé hinh dau
3D, viéc tinh cac dic trung chuyén dong theo 10i thoai dén cac ki thuat ndi suy mé hinh phuc vu
sinh hoat canh theo thoi gian. Pidu nay da dap tmg dugc nhu cau xay dyng ban sao ki thuat s6
con ngudi 40 twong tng tai tao lai con ngudi that véi nhitng ndi dung da phuong tién trong nhiéu
truong hop vi du nhu phat thanh vién hay nhitng vi tri chuyén tra 161 giai dap cac cau hoi cua
khach hang. Nhitng truong hop dbi tugng nhur vy khong yéu cau co nhiéu nhiing cir dong cua co
thé, tay chan ma chi yéu 1a nhiing cir dong, biéu cam, than thai ctia khudn mat khi trinh bay.
Trong thoi gian sip toi, nhom nghién ctu s& tiép tuc mé rong dua trén nhitng ndi dung da thuc
hién dugc dé hoan thién hon viéc mé phong con ngudi trong nhiéu linh vuc tng dung khéac nhau,
chang han két hgp mo phong su bién doi cia thanh quan, phdi vao trong nhitng ddi twong ca si a0
ung dung trong thanh nhac...

Loi cam on
Nghién ctru ndy duoc tai trg boi dé tai NVCC02.02/23-23 “Hb trg hoat dong nghién ciru khoa
hoc cho nghién ctru vién cao cap nam 2023, NVCC02.02/23-23”.
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