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The three-dimensional (3D) models have been widely used in many
fields such as education, healthcare, and entertainment because they
provide a comprehensive appearance of objects in 3D coordinate
system. In the healthcare field, for example, 3D models are often used
to simulate internal organs, as well as surgical planning or for training
purposes new technologies. However, the 3D structure of organs is
mostly complex, and processing requires a lot of skills and experience
from experts. This paper presents a method for representing 3D modes
based on conformal map and spherical harmonics. Firstly, the
conformal map is used to transform the source model in sphere
coordinate. Then the spherical harmonics is applied to represent the
mapped model in different resolution and details. In the experimental
section, we simulated the human liver using a public dataset, Medical
Image Computing and Computer Assisted Intervention (MICCAI)
SLIVERO07. The results showed that the proposed method is effective in
representing liver model.
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M5 hinh 3D dugc st dung rong rdi trong nhi€u linh vue nhu gido duc, y
té va giai tri. Chang han trong linh vuc y té, mé hinh 3D thudng duoc
tng dung dé md phong cac co quan bén trong co thé nguoi, cling nhu
lap ké hoach phau thuat hoic st dung trong huan luyén cac cong nghé
méi. Tuy nhién, cu tric 3D ciia cac co quan thudng phuc tap va viec
xir 1y s& doi hoi nhiéu ki nang va kinh nghiém cia cac chuyén gia. Bai
bdo nay s& trinh bay mot phuwong phap dé biéu dién lai mé hinh 3D cua
gan dua trén anh xa dong dang (conformal map) va ham diéu hoa cau
(spherical harmonics). Trudc hét, anh xa dong dang s& dugc dung dé
chuyén mé hinh ngudn sang khong gian hinh cau. Sau d6, ham diéu hoa
cau dugc ap dung dé biéu dién lai mo hinh vé6i cac d6 phan giai va muc
o chi tiét khac nhau. Phan thuc nghiém, chung t6i tién hanh mo phong
trén gan ngudi, st dung co so dir lisu MICCAI 2007. Két qua cho thiy,
phuong phap dé xut hiéu qua cho viéc biéu didn mé hinh 3D cua gan.
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1. Gigi thigu

MBS hinh 3D cua d6i twong duoc sir dung phd bién trong nhiéu linh vuc do nd cung cip mot
goc nhin tong thé vé ddi tuong trong khong gian ba chiéu. Trong linh vuc y té, mé hinh 3D duoc
ap dung trong viéc phat hién va chan doan bénh. Chang han, bac si c6 thé cin ¢t vao hinh anh dé
chan doan sém cac bénh va tim ra cach chita tri hiéu qua [1] - [3]. Trong giai doan lap ké hoach
phiu thuat, bac si ciing c6 thé xem trudc co quan s& duoc phﬁu thuat, du doan két qua hau phau
thuat dé dua ra phuong phap phau thuat téi uu. Trong thuc té 40, mo hinh 3D c6 vai trd quan
trong trong viéc huan luyén va thuc hanh cac phuong phap méi. Tom lai, mé hinh 3D ¢6 thé giip
bac sT va nhan vién y té hiéu rd hon vé cu tric cua co thé, gitp t6i uu héa phuong phap phau
thuat va chira tri, giam thiéu rui ro va ting kha ning chira tri [4].

Gan, mot bo phan to nhat & ving bung, dong vai trd quan trong viéc ngan chan chat doc di
truc tiép vao mau, cling nhu san sinh ra dich mat tro gitip hé tiéu hoa. Diéu nay dan dén viéc gan
thuong bi qua tai ciing nhu nhiém doc. Khong gidng nhu mot sé bo phan khac, chirc ning gan
khong thay thé duoc bang thiét bi hd trg [5], va do d6 viéc phat hién sém va ¢ cac phuong phap
diéu tri hiéu qua s& giup duy tri sy Séng cho bénh nhan. Mot thdng ké vé bénh ung thu (cancer)
nam 2020 [6] cho thay, ty 1€ nguoi nhiém méi va tir vong do ung thu gan chlem 4,7% (905.677)
va 8,3% (830.180) trong tong s6 cac loai ung thu dwoc khao sat. Theo d6 ty 1é mac ¢ gan xep & vi
tri tha 7. Viéc hiéu rd v& mo hinh 3D cua gan s& gbp phan quan trong trong viéc chan doan va
diéu tri.

Mo hinh 3D ciia gan can duoc biéu dién trong khong gian don gian dé thuan loi cho mé phong
va phan tich. P& mo hinh hoa 3D cua gan, viing gan can dugc trich xuét tir tap anh 2D (slices).
Nhu d3 biét, két qua thu duogc tir anh quét ciia gan co thé chtra rat nhiéu co quan l1an can, Chang
han than (kidneys), lach (spleen), xuong (bones) va ciac mach méau (blood vessels) [7]. Trudc hét,
phan gan tir anh 2D s& duoc trich xuit. Sau d6, mé hinh 3D cua gan s& duoc tai tao dé phuc vu
cho xir 1y, phan 16p hodc md phong. Mot trong nhitng thuat toan phé bién dugc dung dé xay dung
hinh anh 3D tir mot tap anh 2D 1a Marching Cube [8]. Tuy nhién, m6 hinh dugc tai tao chira mét
s6 luong 16n cac dinh va da giac. PO phan giai ciia mo hinh tuy thude vao sd lugng anh 2D trong
tap dau vao. Vi duy, tap chira 394 anh 2D s& sinh ra mot mé hinh 3D véi 250 ngan dinh (vertex)
va 500 ngan mat (triangle). M6 hinh véi do phan giai qua 16n s& tén chi phi xt 1y, luu trit trich
Xuit va mé phong thoi gian thuc. Do d6, viéc biéu dién lai mé hinh 3D ciia gan trong khong gian
don gian hon s& gitip giai quyét nhitng han ché vira néu.

Trong nhitng thap ky qua, ham diéu hoa cau (spherical harmonics, SH) va 4nh xa bao giac
(conformal mapping, CM) la hai cong cu quan trong trong viéc xtit Iy mo hinh 3D. Trong nghién
ctru cua Huang va dong nghiép [9], SH duogc dung dé can chinh (alignment) bé mat va ang dung
trong phéan tich anh MRI (Magnetic Resonance Imaging) tim. Trong khi Papadakis [10] d& st
dung cac thudc tinh cua SH trong bai toan truy van hinh dang 3D (3D shape). SH ciing duoc sir
dung trong bai toan nhan dang mat nguoi [11]. SH cling dugc tng dung trong linh vuc y té. Cu
thé, Mofrad va dong su [12] da dua vao cac hé so (coefficients) cia SH dé phan 16p gan khoe va
gan bi nhiém bénh. Trong khi do, Bergamasco [13] 4p dung SH dé xir ly, truy van céc dbi tuong
va ung dung cho viéc chan doan bénh suy tim. Trong mot nghién ctu gan day, Mukhaimar [14]
da su dung SH va mang tich chép (Convolutions Neural Networks) trong bai toan phéan Iép doi
tuong. Tac gia ket luan rang, phuong phap dé xuét giup tang hiéu suat cua bai toan va giam bét
s6 luong tham s6 duoc huan luyén. Nhiéu nghién ctru da tng dung CM dé phan tich mé hinh 3D.
Chang han, Gu [15] dya vao CM dé phan tich bé mat vo ndo. Choi [16] da danh dau cac diém
trén sau ranh cia hai vo ndo can phan tich, sau d6 sir dung CM dé chuyén mé hinh nio sang hinh
cau dya trén cac rang budc cua cac ranh. Le [17] dé sir dung phuong phép tuong tu dé tim phan
viing gan c6 hinh dang tuong dong, dugc ap dung trong phau thuat ciy ghép gan. CM ciing dugc
ap dung trong viéc ding ky khuén miat 3D (face registration) va bién ddi cam xuc (face
expression) [18], [19].

http://jst.tnu.edu.vn 153 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(07): 152 - 160

Trong nghién ciru cia Gu [15], tac gia gisi thiéu so lugc V& viéc st dung CM va SH cho viéc
nén mé hinh vo ndo. Tuy nhién, tic gia chua trinh bay chi tiét cac budc thuc hién. Trong bai bao
nay, SH va CM s& duoc sir dung dé biéu dién lai mé hinh 3D ciia gan. Truéc hét mé hinh 3D s&
dugc chuyén sang khong gian hinh cau don vi (unit sphere) dwa vao CM. Sau d6, SH duoc sir
dung dé biéu dién lai mé hinh 3D duéi nhimg d6 rong biang thong (bandwidth) khac nhau.
Phuong phéap dé xuat dwoc thuc nghiém trén bo dit liéu gan duoc cong bd cong khai. Phan con lai
clia bai bao dugc to chirc nhu sau. Muyc 2 s& gidi thiéu chi tiét phuong phap CM va SH. Muc 3 s&
trinh bay két qua nghién ctru va thao luan. Phan két luan s& duoc thé hién trong muc 4.

2. Phuwong phap nghién ciu

CM la cong cu duoc sir dung dé bién ddi cac hinh dang phuc tap thanh cac hinh dang don gian
hon. Cu thé, CM c¢6 thé dugc str dung dé cai thién chat lwong ciia cac md hinh 3D bang cach
giam nhiéu, cai thién do chinh xac va kha ning mo phong, ciing nhu tao ra cic mo hinh 3D tir cac
dir liéu dau vao khac nhau (hinh anh y té hoac dir li¢u m6 phong) [20]. Trong khi do, SH dugc st
dung dé mo ta cac d6i tuong 3D va gidi quyet céc Van dé phan tich khong gian 3D. Cuy thé, nd
dugc sir dung dé phat trién cac phwong phap tién xur Iy cho md hinh 3D, giup tang tdc qua trinh
tinh toan va 1am giam luong dit liéu can luu trit. N6 ciing c6 thé dugc sir dung dé tao ra cac mo
hinh 3D tir cac bo dit liéu khac nhau, chang han nhu anh chup X-quang.

2.1. Anh xa béo gidc

Tham sb hoa (parameterization) 1a viéc xac dinh mot anh xa mot-mot (bijective map), duy
nhét (umform) dé Chuyen tir mo hinh ngudn sang mot khong gian phi hop, vi du hinh cau don vi
S2. Anh xa can cyc tiéu bién dang goc cuc b va bao toan dién tich. Dya vao diéu kién cuc tiéu
ham ning lugng (energy function), ¢6 thé chia thanh bdn loai, bao gom: planar map (b6 qua cac
bién dang), conformal map (cuc tiéu bién dang goc cuc bd), equiareal mapping (4nh xa bao toan
dién tich) va isometric map (cuc tiéu bién dang goc va dién tich). Trong d6, anh xa bao giac dwoc
xem 1a phit hop cho viéc tham sb hoa bao toan thong tin hinh hoc ciia mé hinh [15].

Cho mot md hinh dang hinh cau (genus zero) M va mdt vector chuin hoa (normal vector)
71(v) tai mdi dinh v trén M. Anh xa Gauss map N: M’ — S? dugc dinh nghia boi:

N() = n(v) 1)
bit (T, h) 1a mét ludi (mesh) duge dinh nghia trén mot phicc don hinh (simplicial complex,
[21], trang 2651) T, h 1a ham nhung |T'| trong R3, nhu vay, h: |T| - R3.

Goi {u, v} 1a mot canh tao boi hai dinh u, v. Him ning luong (energy function) véi mdi canh
duoc dinh nghia boi:

EW =<hh>= > W, (@ -h@) )
{u,v}eEdge(T)

trong d6, ¥, ,, 1a mdt hing sb (constans). Néu dit T, = {vy, v, v3}, va T, 1a hai tam gidc co
chung mot canh {u, v} va
l (v1 — v3). (v, — v3)
2|(vy —v3) x (v —v3)|
© 1 (v, —v1). (v3 — 1)

v 2| (v — vp) X (V3 — vy)
@ = 1 (w3 —v3). (v —vy)
. T 2| (vg — 1) X (v1 — 1)

Cac tham so cua tam giac [; cling dugc dinh nghia tuong tu. Khi:

Wy = aﬁ),v + ag,v ’ 3)
thi ham nang luong duogc goi 1a ham nang lugng dicu hoa (harmony energy). Trong truong
hop thong thuong (W, ,, = 1), thi ham nang luong goi 1a nang luong Tuette.

Ay v, =
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Céc budc xac dinh 4nh xa bao gidc duoc mo ta trong [15] bao gém ba budc chinh:

B1: Tim anh xa Gauss nhu trong cong thuc (1);

B2: Tim dnh xq cuc tiéu (2) 1ng Véi ham ning lwong Tuette (khi ¥ = 1);

B3: Budt Cuéi cing sé tim dnh xa dong nhat cuc tiéu (2) véi ham nang lwong diéu hoa (3).

Luu y: Ham nang luong s& giam dan sau moi bude, va dan tién dén 0. Bé dam bao thuat toan
két thuc, can cho truéc mot gia tri ngudng e hoic sé lwong vong 1dp n & cac bude 2 va 3. Gia tri
cu thé s& duoc xac dinh trong thuc nghiém.

2.2. Ham diéu hoa cau

Trong toan hoc, SH (6, ) 13 ham duoc dinh nghia trén hinh cau boi su két hop tuyén tinh
clia cac hé sb diéu hoa C/™(harmonic coefficients) va cac ham co s& truc giao ¥™(6, @) (basic
function) & mirc d6 [ va thir ty m. N6 dugc mo ta nhu sau:

fe.0= > D Weeoq @
LeN,[0,L] me[-L]
Trong biéu thuc (4) , L 1a 6 mo rong (bandwidth) va

Y 6.0) — J(21+ DU i -

47 (I+m)!
Trong do:
m(x) = (—1)m(1 —x2)z (%))
vi Pix) = g L - D' x € [-14]

Dé tim hé s6 €™, cong thirc (4) ¢6 thé duoc viét lai dudi dang phuong trinh sau:
YC=f (7

(6)

Trong do,
[xl(glJ(pl) Y1(01,91)  21(601,91)

f:

Xn(On, @) Yn(On @n)  Zn(6n, @n)
}’00(91'€01) }’11(91’4’1) 3’01(91401) }’LL(91:<P1)
Y[yim(6,9)] =

yOO(gn' q’n) Y—ll(gn' (pn) yOl(en'gon) yLL(Hnr (pn)
X0 o0 Zoo
C[Cﬁn'cl{n'clzm] = .
) i o ch

Vi n 1a s0 lugng dinh trong md hinh.

Theo dinh ly 3.2 trong [22], ap dung phép phan rd ma tran SVD (Singular value
Decomposition) trén Y. Phuong trinh (7) c6 thé duoc giai nhu sau:

E: 1% Z+-ut1‘f (8)

Trong cong thirc trén, V, U 12 ma tran bén trai va phai ctia phép phan tich SVD. ¥ 1a ma tran
dudng chéo véi cac phan tir duge xac dinh boi:

7\“ _ {1/}\11 néu Aii >T
u 0 ngwoclai '’ 9
Ai; 12 phén tir trén duong chéo cta ¥,

Sau khi thu duoc hé s €™, mot diém trong mo hinh muc tiéu dugc xac dinh cong thuc (4).
Trong d6, 8 € [0, ], vag € [0, 2m]. Tuy theo yéu cau, c6 thé didu chinh budc ting dé cua 6
va do cla ¢. df va dg cang nho thi s lugng diém trén moé hinh cudi cling cang 16n. Bén canh
do, L s& quyét dinh do chi tiét cia md hinh.

Viéc biéu dién mé hinh st dung SH dugc tom t4t nhu sau:
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B1: Sir dung két qud Ciia dnh xa h ¢ Muc 2.1 dé tinh Y/™(6, @) theo céng thirc (5).

o z

Vi 6 = acos (\/W)’ @ = atan G)

B2: Tim C[™ theo cong thirc (7)

B3: Ap dung cong thirc (4) d@é xdc dinh toa do mét diém trong mé hinh cudi cing.

Goi a(v); va a(v}) 1a d6 16n goc thir i ciia md hinh ban dau va mo hinh dugc anh xa trén hinh
ciu twong Ung, @, la d6 bién dang goc trung binh trén mé hinh thir m. Do bién dang goc trung
binh (@) cua |m| mau duoc tinh nhu sau:

_ zi|a(vil—a(v{>| 7= 2@ (10)

m = ! iml
Ham diéu hoa cau duoc ap dung dé biéu dién lai moé hinh, sau khi thu dugc anh xa bao toan
goc. Qua thuc nghiém, ching toi thiét 1ap cac tham sé cho L = 32,d6 = dp = 1,5, gia tri
ngudng 7 trong cong thirc (9) duoc thiét 1ap bang 0,03. Trong d6, L quyét dinh do chi tiét cia mo
hinh két quéa, d6, d¢ cho phép diéu chinh d6 phan giai (s luong dinh va mit trén mé hinh).

3. Két qua va thao luan
3.1. Co so dir ligu

Phuong phap dé xuit trong bai bao duoc cai dat bang ngdn ngit C/C++ trén hé diéu hanh
Ubuntu, véi mdy tinh c6 cau hinh 2.4GH CPU va 8GB RAM. Chiing i cling st dung Qt [23] va
Visualization Toolkit (VTK) [24] d¢ cai dat cac thuat toan xt ly hinh anh 3D co ban va trich xuat
(render), nhu doc anh CT va Marching Cube.

(©

(b)

Hinh 1. Minh hog 3 lat anh CT gan (a), duoc gdan nhan (b), va mé hinh 3D twong g xem o mat sau
(posterior view) (), Mau sac cua mé hinh dwoc dung cho muc dich minh hoag.

Bo dir liéu SLIVERO7 [25], bao gdm 20 anh chup CT cua gan dugc chon tir 20 bénh nhéan
khac nhau duoc sir dung trong thuc nghiém. Ca 20 anh déu dwoc gan nhin ving gan. T4t ca anh
c6 do phan giai 521 x 512 pixel. Mdi anh CT chira tir 64 dén 394 lat (slice). Bo dir liéu
SLIVERO7 c6 thé duoc sir dung dé phat trién va danh gia cac thuat toan phan doan gan ty dong,
cling nhu cac cong cu hd tro chan doan va theo ddi cac khéi u trong gan. N6 ciing c6 thé duoc sir
dung dé nghién ctru va phat trién cac phuong phap xir ly anh y té khac lién quan dén gan. Trong
thuc nghiém cac anh duoc gan nhén s& duoc chuyén sang anh 3D sir dung thuat toan Marching
Cube va dugc rat gon con 5.000 dinh véi khoang 10.000 mat, xem Hinh 1.

3.2. Céc théong sé va két qud thuc nghigm

Nhu di trinh bay & muc 2, dé dam bao thuat toan anh xa két thuc, hai gia trj ngudng s& dugc
sir dung, bao gom e (xac dinh 16i ciia ham ning lwgng) va 1 (s6 vong 1ap téi da ciia qua trinh tim
anh xa t6i wu). Vi gia tri € cang nho va n cang 16n, do bién dang goc ctia phép anh xa s& nho,
nghia la hinh thai hoc cua dbi tuong s€ dugc bao toan, tuy nhién thoi gian thyuc thi s€ 16n. Pé can
bang gitta thoi gian thue thi va do bién dang, trong phan thuc nghiém, gi tri cua € va n duoc gan
bang 1075 va 2 X 10%. Bang 1 cho thay két qua vé thoi gian thyc thi va d¢ bién dang goc cua 20
mo hinh tr dir liéu MICCAL
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Bang 1. Két qua ciia phép dnh xa bdo gidc

Anh Thoi gian (gidy) Bién dang géc (d9)
Liver01 80,7 2,2
Liver02 64,2 14
Liver03 94,9 15
Liver04 86,8 1,3
Liver05 4143 1,6
Liver06 79,6 24
Liver07 83,1 15
Liver08 78,3 15
Liver09 82,5 15
Liver10 69,5 15
Liverll 106,6 1,9
Liverl2 83,4 15
Liverl3 79,7 15
Liverl4 65,6 11
Liverl5 79,5 1,6
Liverl6 491,6 11
Liverl?7 67,1 14
Liverl8 88,3 1,7
Liver19 88,8 2,2
Liver20 64,1 1,3

Trung binh 117,4 1,6

C6 thé thay rang, thoi gian anh xa trung binh 1a 117,4 gidy, ngan nhat ¢ trudng hop Liver20
(64,1 gidy) va dai nhat & Liver16 (491,6 gidy). Diéu nay 1a do cau triic hinh hoc cia mdi mo hinh
khac nhau, din dén téc do hoi tu khac nhau. Nhung nhin chung, d6 bién dang goc trung binh cua
20 mAu 1a nhe, khoang 1,6 do, véi gia tri nhd nhat ¢ truong hop 14 va 16 (v6i 1,1 do). Hinh 2
minh hoa mdt manh trén mé hinh ngudn va anh xa tuong (ng cua noé trén hinh cau. Trong do,
mau sic trén bé mat thé hién cho do cong trung binh (mean curvature) cho muc dich quan sat.

Hinh 2. Mgt manh trén mé hinh nguon (a, ¢) va dnh xa Ciia né (b, d)
Thoi gian tai tao md hinh trung binh 1a 18,3 gidy, mé hinh két qua chira khoang 28.562 dinh

va 57.120 mat. Chung t6i thyc hién mét thyc nghiém khac vai L =24, df = dep = 2, m6 hinh
két qua chira 16.022 dinh va 32.040 mat. Thoi gian tai tao dugc the hién trong Hinh 3.
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Thei gian tai tao mo hinh

20

§|I|I|I|I|II|I|I|I|I|I|I|I|I|I|I|I|I|I|I

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20
Anh

Thoi gian (giay)
-]

mL=32,0=¢=15 =5L=24,0=¢=2

Hinh 3. Thoi gian tdi tao mé hinh véi cdc tham sé da cho

Luu ¥ rang, md hinh két qua duoc tai tao bai roi rac phép tich phan (integral) theo toa do cuc
(polar) va phwong vi (azimuthal). Do d6, vé mat hinh hoc, mé hinh dugc tao thanh tir tap hop céac
hinh tir giac, ngoai trir & hai cuc. Tuy nhién, ching ta c6 thé dé dang tam giac hoa chiing néu c6
nhu cau, nhu Hinh 4.

(a) (b)
Hinh 4. Bieu dien dang tir gidc (a) va tam gidc (b) ciia mé hinh két qud

4. Két luan

Ving bung nguoi ciu thanh tir nhitng co quan c6 cu tric 3D phuc tap va hau hét déu nim
bén trong. Su tién b cua khoa hoc cong ngh¢ da giup cac bac si X-quang (radiologist) va cac
chuyén gia phau thuat (surgeon) co thé quan sat cac co quan bén trong ma khong can phau thuat.
Do d6, viéc hiéu sau vé cau tric cua gan rat quan trong. Trong bai bao nay, chung t6i da trinh bay
mot phuong phap dua trén sy két hop CM va SH cho viéc biéu dign lai md hinh gan 3D va phan
tich cac két qua dya trén cac tham sd. Bang viéc thay do6i cac tham s, mo hinh c6 thé duoc biéu
didn dudi do chi tiét va do phan giai khac nhau. Theo kién thtc caa ching t6i, hién chua co
nghién ctru nao ap dung két hop hai phuong phap va thuc nghiém trén bo dir lieu MICCAI
SLIVERO7. Do d6, két qua thuc nghiém trong bai bao cht yéu dwa vao viéc tinh chinh cac tham
s6. Trong tuong lai, ching t6i s& tién hanh phan tich sau hon cac két qua dinh lugng va dé xuat
mot hé thdng mo phong viéc cit ghép duya trén thong tin giai phau hoc cua gan.

Lol cam on

Chung t61 xin cam on céc tac gid cia MICCAI SLIVERO07, da cung cAp mot bo dir liéu hitu
ich cho viéc nghién ctru ve gan nguoi. Chung t0i cling cdm on cac phan bién da dong gop nhiing
y kién gitp hoan chinh bai bao nay.
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