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Tém tit. Bai todn khoi phuc dién mao cua con nguoi tir hop so 1a bai todn rt quan trong trong
nhiéu linh vyc nhu khao ¢é hoc, nhin ching hoc khi ngudi ta muén tai tao b mit cua ngudi co
xua dya trén hop so da hoa thach (nguyén ven hoac khong con nguyén ven), va dic biét la trong
gidm dinh phdp y khi can dung 1én khudn mat ctia ngudi da chét dwa trén hop so tim dugc. San
phdm trén méy tinh dé khoi phuc mit nguoi tir hop so chua ¢6 san phidm nao thich hop thyc hién
khdi phuc mat nguoi Viét. Trong bai bdo nay chiing toi gidi thiéu hé thong tai tao khudn mit 3
chiéu dua trén hop s¢ voi cac ) liéu vé ching toc ngudi Viét Nam.

Tur khoa: 3D modeling, 3D morphing, RBFs.

1. Giéi thigu

Bai todn khdi phuc dién mao cta con ngudi
tor hop so thu hiit su quan tdm nghién ctu cla
nhiéu nguoi 1am viéc trong cédc linh vyc khic
nhau tai nhidu quc gia. Pidu nay c6 thé duoc
minh ching bdi sy tham gia cia hon 100 dai
biéu véi hon 50 bdo cdo vé nhiéu khia canh ciia
bai toan tai Hoi nghi vé Khoi phuc dién mao t6
chuc tai Remagen, 2005; bdi hang tram nghin
tai liéu trén Internet va hang tram dy 4n vé khoi
phuc mat nguoi tai nhidu nudc trén thé gidi.
Mic du d3 c¢6 mot sb nhém nghién cuu dua ra
mdt s6 phuong phap va san pham trén méy tinh
dé khoéi phuc mat ngudi tir hop so, cic phuong
phap dua ra van phu thugc nhiéu vao céc s6 liéu
vé ching toc (chwa c6 Viét Nam), vi thé chua
thich hgp dé thuc hién khdi phuc mat nguoi
Viét
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Khoéi phuc dién mao khuén mat nguoi dua
trén hinh thidi xuong ving so mat la mot bai
todn rat quan trong trong nhiéu linh vyc nhu
khao ¢ hoc, nhian chung hoc va dic biét 1a
trong phdp y. Bai toan c6 thé dugc md ta nhu
sau: cho mdt hop so (gém sQ mdt va xuong ham
dudi) ciia mét nguoi da chét, can tai tao dién
mao khuén mat cua ngudi do.

Trong bai bdo nay ching t6i gidi thiéu hé
théng tai tao khudn mat 3 chiéu dua trén hop so
Vv6i cédc sb lidu vé ching toc nguoi Viét Nam.
Qui trinh ciia hé thong bt dau véi dit lidu so
quét 3 chiéu. Dya vao hé thong kim thé hién bé
day mé mém & mot sé6 mdc xic dinh, ching toi
tién hanh bién d6i khu6én mat mau sao cho khép
v6i hop so va tién hanh vi chinh khuén mat vira
bién d6i dé dugc khudn mit can téi tao. Bai bdo
duoc t6 chirc nhu sau, muc 1 giéi thi¢u bai
toan. Nhitng nghién ctu lién quan dugc trinh
bay ¢ muyc 2. Muc 3 trinh bay vé viéc chuan bj
dir liéu dau vao cho bai todn dua trén co so
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cung cip s liéu cta Vién phap y Quan déi. Cic
thuat todn va k¥ thuat khoéi phuc dir liéu mat
duoc trinh bay & muc 4. Muc 5 va 6 trinh bay
két qua thir nghiém va két luan cta bai béo.

2. Tong quan

Viéc tdi tao khuén mit nho sy hd tro cua
mdy tinh duoc bat dau bang viéc ldy dir lidu 3
chiéu so tir cdc thiét bi nhu may chup cat 19p,
méy chup cong hudng tir, mdy quét 3 chiéu,..
Xéc dinh céc vi tri mdc trén so va trén da do do
day mo tir d6 tao ra khuén mat khép vaéi hop so.
Cudi ciing vi chinh cdc ving trén khudén mat
sao cho ph hop.

Béng cic thiét bi sb héa nhu chup cét 16p
(CT-scan), chup céng hudng tr (MRI) hoac
thiét bi s6 héa 3 chiéu khéc tao ra mé hinh 3
chiéu cua hép so. DUt li€u thu dugc thuong
khong phai 12 mé hinh 3 chiéu ngay ma c6 thé
1a mot tap cdc anh hai chiéu (v6i phuong phép
chup ct 16p va chup cOng hudng tir) hoac mot
tap cic diém 3 chiéu chua theo cu tric. Dé thu
duoc mo hinh 3 chiéu c6 thé su dung duoc, can
phai nghién ciru va phat trién céc ky thuat xay
dung mo hinh 3 chiéu tir nhiéu anh [1-4], cic
ky thuat t6 chirc lai tap cc diém 3 chiéu thanh
ciu tric [5]. Mic di da c6 cdc k¥ thuat dugc dé
Xuét, viéc nang cao d6 chinh xac ctia m6 hinh 3
chiéu duoc tao ra van con 1a vin dé can phai
nghién ctru thém.

Trén md hinh 3D cta hdp so xac dinh cac
diém méc, rdi tai d6 xédc dinh cdc diém tuong
{mg trén da nho vao dit liéu vé do day cta mo.
Viéc xdc dinh chinh xdc cédc diém nay mot ciach
ty dong ciing dwgc nhiéu nhém nghién ciu
quan tdm va phan ndo giai quyét dugc. Dya vao
céc diém trén da ndy, nguoi ta c6 thé thuc hién
phép ndi suy nho cac cong cu nhu mang RBF,

B-spline, NURBS, Spline phén cip, v.v.. dé tao
ra ludi 3 chidu cia bé mit khudén mat tuong
ung, vi du [6-9]. Mot phuong phédp khéc 1a duya
trén tap co s¢ dir liéu va dung cac phuong phap
xdc suat thong ké hodc cdc phuwong phép khic
dé c6 thé tinh ra dugc ludi 3 chiéu cua bé mit
khuén mat, vi du [10]. Nguoi ta cling c6 thé tao
ra mot ludi 3 chiéu miu véi cdc k§ thuat bién
dang dya trén diém diéu khién, sau d6 thay doi
diém diéu khién mot cdch hop ly dé tao duoc
lu6i 3 chiéu cua bé mit khudn mat tuong Ung.
Mot sb tic gia st dung phuong phiap md phong
céc viing phan mém trén khudén mat ngudi, nhu
céc co mat, 16p da, v.v., dé tdi tao lai duoc toan
bd vung dau va mat mdt cdch hoan chinh dua
trén mo hinh 3D cta hdp so va d6 day cac mo
mém tuong tmg, dong thoi c6 thé tii tao lai
duoc cac chuyén dong trén khudn mat, vi du
[11-15].

M6 hinh 3D ctia khudn mat sau khi dwoc tai
tao cling c6 thé duoc lam chéan that hon b?ing
cich tao ra do chén thuc cho cac by phéan trén
mat nhu mét, mui, tai, moi; va lam bé mat da.
Cong viéc nay doi hoi viéc nghién cuu cic ky
thuat mé phong 16p da va céc k¥ thuat ghép anh
2 chiéu vao 3 chiéu.

3. Chuén bij dit liéu

3.1. So

Dir liéu so quét 3 chidu duoc chuin héa lai
bang phan mém MeshLab véi s lugng dinh va
tam gidc can thiét. M&i md hinh so gom 80.000
dinh 95.000 tam gidc. Modul tai dit li¢u hop so
thuc hién viéc xoay dit licu sao cho hop so nam
trén mat phéng Frankfurt (FH) [16] va chuin
héa véi hé thong toa do clia bé mit mau. Hinh 1
biéu dién dir liéu so sau khi duoc chuén héa.
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3.2. Khuén mdt mau

Khu6n mét mau 1a ludi tam gidc gdm 2638
dinh 5014 tam gidc duoc sinh ra tir phan mém
Poser. Ching tdi chuin bi 8 khuon mit miu
(hinh 2) theo cic s liéu nhan tric hoc cua

nguoi Viét Nam va theo gidi tinh. Khi thiét ké
khudn mdt mau ching toi xem xét dén cic sb
liéu phan loai cdc dic diém dién hinh trén
khuén mat cia nguoi Viét Nam theo bang 1
duéi day:

Hinh 1. Dit lidu so sau khi chuin hoéa.

Béng 1. Phén loai mét s6 dac trung trén khuoén mat cia nguoi Viét Nam

STT  Tiéu chi phén loai ISOLE;i Loai 1 Loai 2 Loai 3 Loai 4
1 Dang mat 4 Vuodng Nhon Trai xoan Tron
2 Dang 16ng may 3 Ngang Xién trong Xién ngoai
3 Dang mét 3 Théng Xién trong Xién ngoai
4 Dang mi mat 2 1 mi 2 mi
Gitta  Trong Ngoai
5 Dang mii 3 To Trung binh Nho
6 Dang dau mili 3 Chiic Héch Vudng
7 Dang mbi 3 Day Trung binh Mong
8 Dang bo méi trén 3 Théng Cong Ldm
9 Dang miéng 3 Rong Trung binh Hep
10 Dang tai 4 Oval Tron Tam gidc Chir nhat
11 Diy tai 2 Cédinh  Di dong
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Hinh 2. 01 khudén mit mau dién hinh.

4. H¢ théng kim

4.1. Vi tri kim

He¢ théng kim gdm 39 chiéc diing dé do bé
day mo mém tai cdc vi tri xdc dinh trén hop so.
Ching t6i da 1am viéc vdi Vién phap y quan doi
dé xéc dinh chinh x4c vi tri mdc nhan tric (bang
2) gan kim trén mé hinh hop so. Yéu ciu khi
gén kim trén hop so: hop so phai dugc dat o vi

tri Frankfurt (hinh 3). Dua vao cdc tinh todn va
cham bé mit, d(‘Sng thoi voi céce sb lidu vé mde
cim kim, chiing t6i dd trién khai modul tai hé
thdng kim va gin kim trén hop so. Bén canh d6,
modul nay cho phép nguoi st dung vi chinh vi
tri kim theo tri thitc chuyén gia vé& nhén tric hoc
dé dat dwgc cdc kim vao ding vi tri mong
mudn.

Bang 2. M¢t s0 moc cam kim trén so

STT Ténkim Dién giai

1 VERTEX Diém cao nhit cua so

2 SUPRAOBITAL_P  Diém giao nhau giita duong giita véi duong qua hai bd trén 6 mét phai

3 GLABELLA Diém nho ra trudc nhat trén duong giita, phia trén hai mii cia xwong trdn
4 SUPRAOBITAL_T Diém giao nhau giita duong giita véi duong qua hai bo trén 6 mét trai

5 NASION Phia trén gdc mili, ngang mirc khép mii tran

6 RHINION Diém giira phia truéc chd hai xuong miii khép nhau
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Y.

Hinh 3. Mit phang FH.

4.2. Do dai kim

Dé tinh todn dwoc d6 dai cdc kim, hay néi
céch khac 12 bé day 16p mé mém tai vi tri cic
kim, ching t6i thyc hién nghién ctru dé tu dong
tim ra mdi lién hé nhéan tric hoc cta 16p mo
mém va md hinh hop so dang cé. bé lam duoc
didu nay, trudc hét chiing t6i xdy dung mot co
s& dir liéu la cac $6 liéu do dac dugc cia nhiing
tinh nguyén vién st dung phuong phap chup cit
16p (CT). Sau d6, chiing t6i dp dung phuong
phap hoc mdy dé tim ra twong quan giira cic s6
lidu do duoc trén so va cdc s6 liéu do bé day mo
mém.

Chiing toi ding mang noron tién hanh hoc
tir tp dit liéu nhan tric do dugc tir cdc anh
chup cat 16p [17] do Vién phap y Quan doi
cung cap tinh ra céc ham thé hién mbi quan hé
trong quan giita cdc s6 do trén hop so tir d6

tinh ra d6 dai kim cua hé théng 39 kim (bang
3). Ching t6i su dung md hinh Perceptron
nhiéu tang (Multi-Layer Perceptron) dé khép
dir liéu input va output. M6 hinh MLP c6 tir 3
tang trd 1én. MAi nit trong mot tang két ndi t6i
moi nit trong tang tiép theo véi trong s6 Wij.
Ching t6i st dung mang 2 ting, voi ham
chuyén tan-sigmoid cho tang an va ham chuyén
tuyén tinh cho tang output. S6 lidu trén 1000
nguoi Viét trudng thanh thude 2 gidi nam va ni
d6 tudi tir 18-55. Véi mdi do dai kim output,
chiing t6i huén luyén mang no ron dé thu duoc
mo hinh tuong quan gitra d¢ dai input va d dai
output nay. Qua trinh hudn luyén duoc thuc
hién nhiéu 14n, véi céc trong ) dugc khai tao
khac nhau. Két thiic qua trinh nay, mang no ron
voi két qua tdt nhat — c6 Mean Square Error ciia
tap Validation 12 nhé nhat — dwoc chon dé 4p
dung cho tip Test (bang 3).

Béng 3. Mot s6 ham tinh d9 dai kim véi mbc cam kim tuong (mg

STT Ténkim Ham tinh d¢ dai kim (Y)

1 VERTEX Y =0,093X-1,19 véi X: rong tran/ rong dinh

2 SUPRAOBITAL_P Y =0,084X+2,6781 voi X: cao so

3 GLABELLA Y =0,0733X-2,2482 véi X: rong tran tdi thiéu

4 SUPRAOBITAL_T Y =0,0839X+2,7975 v6i X: EndocanthionP-EndocathionT
5 NASION Y =-0,0624X+12,148 véi X: cao so

6 RHINION Y =0,0271X+1,071 v6i X: cao so
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5. Bién d6i mé hinh khuén mit

5.1. Chon va hudn luyén mo hinh da mang RBF

Chiing toi sir dung ba mang RBF dé 1iy 4nh
xa mdi dinh trén moé hinh khudn mit mau sang
mot dinh twong tng trén md hinh khudn mat két
qua can xdy dung voi ba gid tri toa d trong
khong gian 3 chiéu. Goi S 12 tap cdc diém dic
trung trén khuon mit miu, T 12 tip cic diém
dau kim trén da mit ctia khudén mat két qua tmg
v6i hop so. Cic mang nay duoc huan luyén
bang cdc tap S va T.

p(x. v, 2) — p'(RBF, (p). RBF, (), REE. ()

Mobi RBF ¢6 dang 1a mgt ham f nhu sau:

n
. Z wj hj(p¢)
fiPi) = 1=1 €))
Trong d¢:
e n la sb lugng céc dau vao cia tip huin
luyén.

e P::1avector 0p:, O la gbe toa do.

e Wj: ]a trong sO cuia mang, can duogc x4c
dinh dya vao tap huan luyén.

e hj 13 ham co ban, ap dung phuong
phdp rat thanh cong cta Noh va

Neumann [18].
=Wl B+ 5

Véi Si khoang cdch ngan nhat tir cdc diém
— —
|pz’ - P_;‘|

b

.S}' — (}_# imin

Pj dén diém P:,
(Eck[19] dé xuat).

Nhu vy ta c6 thé thdy cdc B 1a tinh
duoc ngay ban dau tir 2 tap diém S va T. Bay
gid chiing ta can tinh cic Wi dé x4c dinh
duoc ham f.

Tinh cdc Wi bang cich huan luyén mang
3 lan véi cac toa d6 3 chi€u cua cac diém
thudc tap S va T.

Ta xét W = (WyaWzs s Wy ). Goi C(W) 12
ham chi phi cua W Phuong phdp nay su
dung thém modt hé sb A dé cuc tiéu héa ham
chi phi C(W):

cwW)=¢ele+ awlw (2)

Trong dé:

€. |3 vector sai sé cua chénh 1éch gitra
gid tri thuyc té va gid tri tinh toan dugc,
é= y— HW vy Hj = hy(¥)),

Tham s quy tic duoc thém vao dé tranh
trong s vuot qud muc.

Thay e vio trong dang thuc (2) va ldy
dao ham cua C(W) theo W ta c6:

w= A"1HTy (3)

Trong d6 A = HTH+ A v6i1la ma tran
don vi.

Viy ta tinh dugc A, sau d6 dung cong
thire (3) dé tinh duge W

5.2. Bién doi

Mot khi céc 4n da dugc tinh ra, mang RBF
ndi suy dep trén tht ca cdc diém con lai va bién
mé hinh khuén mit mau thanh mé hinh khuén
mit két qua. Lic nay h¢ thong ding ba mang
RBF v6i céc hé s6 an da tinh duoc dé bién tat
ca cic toa do cua dinh trén khudén mit mau
thanh cac dinh c6 toa d§ mdi, cac tam gidc Kkét
nbi cic dinh van giit nguyén nhu vay, ta s& c6
dugc mo hinh khuon mit két qua, hay 1a khudn
mat can tai tao.

5.3. Chinh swa khuoén mat

Mo hinh khudén mat sau khi dwoc tai tao
bing cich bién d6i khuon mit miu bing cic
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mang RBF & budc trén c6 thé con nhimng dic
diém trén khuon mit con chua hop 1y, do d6
ching t6i phat trién thém mo-dun chinh sira
khuon mat dé cho ra mot khudén mit ot hon.
Thanh phan chinh sira gdbm md-dun:

e Chinh stra theo diém: cho phép chinh
sira toa do tung diém dic trung trén
khu6n mat.

e Chinh stra theo vung: cho phép chinh
stra mdt vung cta khudén mat theo cac
diém dic trung trén ving dé.

6. Thir nghiém

Chiing tdi phét trién h¢ thong tdi tao md
hinh khudén miat tir hop so bang ngdn ngit
Microsoft Visual C++ chay trén nén Microsoft
Visual Studio 6.0.

Trong phan thir nghiém tinh d6 dai kim,
ching toi chia di liéu ra lam 10 phin ngau

Bl o
nl

B

gl ]
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)

2 ¢

10 .

"o 2 ) o #0

{a) Neural network model

nhién, va xoay vong ldy 9 phan dé huén luyén
va 1 phan dé kiém tra. Véi mdi lan huan luyén,
chiing t6i chia ti 1& hudn luyén / validation 12
8/2, va s6 lugng no ron trong tang an dugc chon
lan Iuot tir 10 dén 50. V&i mdi sd no ron duoc
chon nay, chiing t6i huan luyén 20 lan véi cic
trong s6 dugc khéi tao khac nhau. Két thic qui
trinh, ching t6i chon ra mang c6 két qua tot
nhit d6i véi tap validation, va 4p dung mang
nay vao tap test dé ra két qua va so sanh véi dit
liéu trong co s& dir licu.

Két qua thyc nghiém duoc thé hién & cic
Hinh 4. Trong cdc hinh nay, cic dd dai kim
duoc dy doan duoc so sanh voi gid tri thuc
trong co s¢ dir liu. Két qua thyc nghiém cho
thdy két qua t6t dbi voi cac kim c6 do dai 16n
nhu nasion, va cho két qua kém hon ddi véi cic
kim ¢6 d6 dai nho, do c6 sai s6 trong qud trinh
do dac. B¢ dai kim cang 16n thi anh hudng cta
sai s6 nay cang nho.

l &0 40 &0 il
(b} Linear regression model

Hinh 4. Két qua tinh to4n d¢ dai kim Nasion sir dung Mang no ron (a) va Hoi quy tuyén tinh (b).

Chiing toi da thir nghiém hé thong trén 06
so that do vién phdp y quan doi cung cip (hinh
5). Céc chuyén gia bén Vién phap y quan doi,

Vién khoa hoc hinh sy bg cong an danh gia tbt,
chuan bj thim dinh nghiém thu va trién khai
thuc té.
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Hinh 5. Két qua tai tao khudn mat cuia mot vu 4n.

7. Két luan

Chting toi da trién khai thanh cong hé thong
khoi phuc khudn mat ngudi Viét Nam tir xuong
so duya trén thyc té tién hanh khao sat, xdy dung
co s& dir liéu vé SO va mo mém cua ngudi Viét,
tir d6 phan tich duoc mbi twong quan dé cé thé
khoi phuc dugc khuoén mat.

Bén canh d6, ching t6i da nghién ciru dp
dung cic ky thuat san c6 trong Cong nghé
thong tin, dic biét 1a trong xur Iy anh va dd hoa
mdy tinh dé két hop co so dir liéu vé phan cling
va phan mém cia mdt nguoi dé tdi tao khudn
mat. T d6, ching t6i dd xdy dung dugc hé
thong tdi tao khudn mit tir hop so duoc Vién
phdp y quan d6i va Vién khoa hoc hinh sy bd
cong an danh gid tot.

Trong tuong lai g?m, ching t6i hoan thién
hon nita hé théng tai tao khudén mat dua trén
hop so dé dua ra két qua nhan dang t6t hon
dong thoi tién hanh dénh gia két qua khi trién
khai hé thong trén thuc té.
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3D facial reconstruction from skull

Ma Thi Chau, Nguyen Dinh Tu, Dinh Quang Huy

VNU University of Engineering and Technology, 144 Xuan Thuy, Hanoi, Vietnam

Reconstructing the 3D facial model of an unidentified individual from his skull plays an important
role in terms of archaeology and anthropology. Moreover, different shapes of faces are obviously due
to races. Computer aided system of 3D facial reconstruction based on skull is currently not available
for Vietnamese. In this paper, we introduce a skull-based modeling system of using Vietnamese
anthropometric parameters to build 3D face.

Keywords: 3D modeling, 3D morphing, RBFs.



