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Tém tit: Thuy van bén viing trén luéi 3D 1a mot chu
dé nghién ctu co ban trong dd hoa may tinh, cung cip
mot giai phap hiéu qua dé bao vé ban quyén cho ludi 3D.
Bai b&o nay trinh bay cach tiép can thuy van khdng mu
manh m& cho cac md hinh lugi 3D.Y tuéng cua phuong
phap nay la nhing théng tin thuy van vao cac lugi 3D
bang cach thay d6i phan bb cua cac dinh tai mién bién
d6i. Két qua thir nghiém cho thay thiry van c6 tinh trong
sudt cao va bén virng trudc cac tin cong hinh hoc khéc
nhau.

Tir khda: M0 hinh lugi 3D, bao vé ban quyén, thay
van bén viing, toa d6 hinh cau.

I. GIOITHIEU

Cuing voi su phét trien cua ha ting mang va toc do xu
ly ciia may tinh, moi nguoi co thé sao cheép, sua doi, luu
trit va phéan phol dir liu ky thuat sé mot cach dé dang.
Gan day, md hinh ludi 3D (Three- dlmen5|onal) da duoc
sur dung rong rai trong nhiéu ung dung nhu cong nghlep,
giai tri va y té [1], [21 Do d4, viéc bao vé ban quyén doi
voi luéi 3D la mét van ,de quan trong va giai phap dugc
ua chuong la thuy van s6. Thiy van duoc tao ra va nhing
vao dir lieu, khong thé tach roi thiy van khoi dit ligu néu
khong c6 ding phuong phép va khéa. Bang vi¢c nhing
thuy véan vao mo hinh luéi 3D, sau d6 c6 thé tach thiry van
ra dé khang dinh chii quyén cua md hinh 3D.

Ky thuat thay van c6 thé phan loai theo nhiéu cach
khac nhau: thuy van mu, khdng mu hay ban mu; thuy van
bén viing hay dé v&; thuy van mién khong gian hay mién
bién di;... Trong [3] ching tdi dé thuc hién phuong phap
nhL’mg thﬁy van mu trén mién khong gian tai hé toa do
cau. Trong bai bao nay chung t6i trinh bay mot thuat toan
thuy van khong mu, bén ving duoc thyuc hién trén h¢ toa
d6 cau ¢ mién bién doi, vai viéc chon lya h¢ s6 nhling phu
hop co thé nang cao tinh trong suét cia mé hinh 3D hay
tinh bén virng cua théng tin thay van.

Trong phan 1 chung t6i trinh bay cac co s¢ ly thuyét
lién quan gom: gidi thi¢u kién tric thuc té vé mé hinh lui
3D, phép bién do6i cosine roi rac swa doi (MDCT -
modified discrete cosine transform) va mét s6 hinh thac
tan cong hinh hoc trén lugi 3D. Phan 11 trinh bay thuat
toan thUy van trén mo hinh 3D dé xuat dugc thuc hi¢n
trong mién bién déi MDCT, phan IV cung cap cac két qua
thuc nghiém clng cac thi nghiém tan cong dé danh gia
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chip nhén ding:

tinh bén virng cua thuat toan. Cudi cing phan V la két
luan.

II. CACCOSOLY THUYET

A. M0 hinh luéi 3D

Tl’ong thuc té cac mo hinh 3D thudng dugc dai dién
boi cac ludi da giac. Mot ludi 3D dugce déac trung boi ba
thanh phan: dinh, canh va mat (thuong 12 hinh tam giac
hoic tir gidc). Trong khi toa @6 cua cac dinh tao nén thong
tin hinh hoc cua lusi thi cac canh va cac mit mo ta cac
mdi guan hé lién ké gitra cac dinh va tao thanh théng tin
két n6i cua ludi [4]. M6 ta theo todn hoc, mot luéi M chira
Ny dinh va Ne canh ¢6 thé dugc mé hinh héa bai M = {V,
E}, trong do:

V={v,=(x,v,z)ie{L2...N,}} [
e :(Pl(j)’PZ(j))
E= je{l,Z,...,NE}; 2

Pl(j) , P(j) e {1, 2, NV }

2

Hoéatri=6

®)

Hinh 1. (a) M6 hinh Iwéi 3D casting, (b) Héa tri (valence)
cla dinh va d¢ (degree) cua mat

MOI dinh v; dugc mé ta bai toa d ba chiéu Xi, Yi, Zi cua
né, mdi phan ti trong E biéu dién mot canh néi hai dinh
khéc nhau dugc dénh s6 P19 va PO twong Gng. Hinh 1.
minh hoa vé lu6i 3D véi “hda tri” cua mot dinh la sb canh
néi dén dinh d6 va “do” cua mot mat l1a 50, canh tao nén
mat d6. Cac dinh lan can la cac dinh duoc ket noi truc tiep
véi dinh d6 bang mot canh.

B. Phép bién doi cosine roi rac sira doi

MDCT duoc gidi thiéu lan ddu vao [5] va dugc phat
trién thém trong [6] La mot phép bién ddi Iapped dua trén
bién déi cosine roi rac loai IV (DCT-1V), nén MDCT co
su bat thuong so vai cac phép bién ddi Fourier khac & chd
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n6 c6 mot nira ngd ra gidng nhu ngd vao (thay vi cling
mot s6). N6 1a mot ham tuyén tinh F : R?™ — R" (trong
d6 R 1a tap sb thuc). Tap 2N sé thuc Xo, ..., Xon1 duoc
chuyén thanh N s thuc Xo, ..., Xn.1theo cdng thuc sau:

ZNZ:X cos{ (n+;+’;j(k+;ﬂ,k=0,l,....N -1

Phép bién d6i cosine roi rac nguoc cO sua aoi
(IMDCT) thyc hi¢n chuyén N sb thuc Xo, ..., Xn1 thanh
2N s6 thuc v, ..., Yon-1 theo cdng thic sau:

RS Zfnsl _ 1 (4)
Ngka{N (n+2+2](k+ ﬂn 0,1..2N-1

Hinh 2 va 3 mo ta trén Matlab cac thanh phan ban
kinh cua céc dinh trong md hinh ludi “hand” 36619 dinh &
thoi diém trudc va sau khi bién d6i MDCT.
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Hinh 3. Ban kinh cac dinh sau khi thuc hién MDCT

C. Céc dang tdn cong trén lieéi 3D

Chia nhé. Trong phép tan cong nay, c&c dinh va canh
duogc thém vao ludi géc dé c6 duoc phién ban sira doi
muot hon va c6 chét lugng hinh anh cao hon. C6 ba lugc
dd chia nho dién hinh: lugc d6 /3, lwoc dd diém giira don
gian va lugc d6 vong lap [7]. Hinh 4-(b) cho thay két qua
phép tan cong chia nho /3 cua ludi 3D gbce trong hinh 4-
(a).

Cit xén. Trong dang tan cong nay, mot phan cua lugi
3D bi cat mat va tao ra mot mo hinh méi. Hinh thirc tan
cbng cat xén duoc thuc hién véi céc ty Ié cat dinh gan
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dlng khac nhau. D6i véi mdi ty I¢, ludi 3D s& duoc cét
xén doc theo ba truc tryc giao chon ngau nhién. Hinh 4-(c)
la mot vi du cho luéi 3D bi cat xén 30% so véi m6 hinh
goc.

Pon gian héa. Phién ban goc cia md hinh luéi 3D
thuong ¢ do phuc tap rat cao vi can dam bao do chinh
Xac. Trong cac ung dung thuc t¢, thuy van dugc nhing
trong cac md hinh ban dau, sau d6 leéi 3D duoc don gian
héa dé thich ung vai kha nang cua cac tai nguyen c6 san
[8] Hinh 4-(d) la két qua cua phép tin cong nay véi ty l¢
giam canh 95%.

Lwong tir hoa toa d§ dinh. Hoat dong nay duoc sir
dung phan Ion trong k¥ thuat nén lugi 3D. Trong phuong
phép luong tir hda ddng nhat R-bit, toa d6 x (tuong ty voi
y va z) caa mdi dinh dugc lam tron thanh mot trong 2R
muc luong tur.

~ Lam min. La mot hoat dong pho bién duoc sir dung
dé loai bo nhiéu trong qua trinh tao luoi théng qua
phuong phéap quét 3D. Déi vai céc lusi 3D thay van, qué
trinh lam min thuong duoc thuc hi¢n voi thuat toan
Laplacian [9] v&i s6 lan lap khac nhau cung hé so bién
dang A=0.1. Hinh 4-(f) la két qua caa phép lam min véi
2=0.1 va sé lan lap la 30.

Thém nhiéu. Dang tan cong nay nhim muc dich mo
phong cac dix kién tao ra trong qua trinh tao ludi hogc
truyén dir liéu. Trong bai béo nay, ching t6i thém nhiéu
gia ngau nhién trén toa do dinh x; theo phuong trinh sau
(tuong tu cho y; va z):

X\ =x+a.d (5)

Trong d6 d biéu thi khoang céch trung binh tir dinh
dén tam ddi twong (tm cua ddi tuong duoc tinh theo thé
tich cua ludi [10] hoac vi tri trung binh cua cac dinh luéi
[11]) va a; 1a cuong d6 nhidu cua xi. ai 12 mot sé gia ngau
nhién phan bé déu trong khoan

[-A, A] véi A la cuong do nhiéu]c’yn nhat. Hinh 4-(g) 1a két
qua cua phép tan cong thém nhiéu véi A=0.3%.

(c) Cit xén (d) Pon gian héa

(g) Thémnhidu (h) Bién d6i dong dang

(a) Ludi 3D gbe

(¢) Lugng tir hda

(b) Chia nho
-

(f) Lim min

Hinh 4. M6 phéng céc tan cong luéi 3D

Bién d6i déng dang. Phep bién doi nay la sy ket hop
giita cac phép tinh tién, xoay va ty 1¢ déu nhung van gitr
nguyén hinh dang lugi. Trong mdi lan thuc hién phép
dong dang nay, mo hinh lui 3D tuan theo mot phép tinh
tién ngau nhién, mot phép xoay ngau nhién va mot ty le
déu ngau nhién nhu thé hién trong hinh 4-(h).

. THOY VAN TREN MO HINH LU 3D

Trong phan nay ching toi sir dung mot hé thong bao
vé ban quyén lugi 3D bang phwong phap thuy van. Mo
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hinh gdm hai quy trinh chinh: nhing thay van va xac
minh nhu sau.

A. Nhing thzy van

Luoi 3D géc
| Poc toadd| ,|Chuyén sang toa
cac dinh do cau
MDCT thanh
phan ban kinh
Watermark l
_’ Chu6i | ,f  Nhing
U nhi phan Watermark
IMDCT
Luéi 3D da Chuyén sang toa
nhung thiyy van ﬁ déyDescar%es.

Hinh 5. Qua trinh nhang thdy van

Thuy van (watermark) c6 thé 1 céc bit nhj phan, mot
logo hay vai ky tu dac bi¢t nao d6 cing véi ludi 3D goc s&
14 ngd vao cua qua trinh dong dau dugc mé ta trong hinh
5.

_Gia tri toa do céc dinh dai di¢n cho khoang cach gilra
moi dinh t&i trong tdm mo hinh ludi 3D. Goi viP={xi, Vi,
zi} 1a dinh thir i trong hé toa o6 Descartes va vi® = {gi, 8,
#} 1a dinh twong ing trong hé toa do cau [12]. Méi quan
hé gitra vi® va vi® dugc mo ta bai (6), (7) va hinh 6.

z

)\
Rt
\‘~\psin¢
P
é I
|
p I
|
I
S | - Y
psingcosd : p
I
|
e
,,,,,,,,,,,,, ¥
psin ¢sin @ Q

Hinh 6. Quan hé giia toa dé cdu va toa do Descartes

p=Cy v

0, = arctan % (6)
Xi
Z,

¢ = arccos —
P
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Trong d6 pi (thanh phan ban kinh) dwoc goi 1a chuan
dinh thar i, va:

X, = p,Ccosd sing
y, = p sing sing @)
Z, = p, COS¢,

Thanh phan ban kinh pi cia cac dinh lusi sau d6 s&
dugc chuyén qua micn tan s6 nho phép bién doi MDCT
va dua vao khoi nhing. Thuy van sau khi chuyén sang
chudi nhi phan s& duoc nhing lan luot tung bit W; vao cac
thanh phan tan sb thap A; cia dinh lugi & mién MDCT dé
tao thanh A qua cong thic (8). Vi mai bit thuy van dugc
nhing vao mét mau tan so thap (sau khi bién doi MDCT)
cia dinh ludi, ma thanh phan tan s6 thap nay c6 sé mau >
Y5 56 mau gdc nén ludi 3D ban dau phai ¢6 sé dinh I6n
hon hai 1an s6 bit thay van.

A=A+aw ®)

Hé s6 nhing ¢ sir dung dé can bang tinh trong suét va
bén viing cua thuat toan. Trong khi tinh trong suét s& gitr
cho mé hinh 3D sau khi nhing it sai khac nhat so voi md
hinh géc va giir dugc d¢ tinh xao trong cac san pham 3D
thi tinh bén vitng s€ dam bao qua trinh xac minh luén tach
dugc thay van dung trudc nhitng tan céng khéc nhau 1én
md hinh. Gi4 tri o s& dugc lya chon tuy theo ting ung
dung cu thé, ¢ cang tang thi tinh trong sudt cang ting,
tinh bén viing cang giam va nguoc lai.

Céc thanh phén tan s6 thap A sau khi nhiing thuy van
sé duoc bién doi IMDCT ro6i chuyén sang toa d6 descartes
va phuc hdi lai dinh dang coa lugi 3D. Nhu vay ngd ra
cua quy trinh nhiang thay van sé 1a mot mé hinh lugi 3D
dé nhing thuy van co rat it sy sai khac so véi md hinh ban
dau.

B. X&ac minh
Luci 3D da
nhiing thiy van
Poc toadd| |Chuyén sang
ﬁ" cic dinh | | toadd chu | | MPCT
! :
: Chuoi
--------------------------- Tach nhj phén e\
t Watermark
T tach dwgc
Doc toadd| |Chuyén sang :
ﬁ_’ cicdinh | | toadgciu | | MPCT
Ludi 3D gé'c
de doi chimg

Hinh 7. Qua trinh tach thdy van

Qué trinh xac minh sé& st dung md hinh luéi 3D chta
thily van cing véi ludi 3D gdc dé dbi chiéu va 1am ngd
vao cho qué trinh béc tch thuy van nhu dugc mé ta
trong hinh 7. Tuong tu nhu qué trinh dong dau, dir lidu
céc dinh cua ca hai ludi 3D ndy s& lan lugt chuyén sang
toa do cau va qua phép bién d6i MDCT rdi dua vao khbi
tach thity van.

Céc bit thay van w s& duoc tach tir A va A’ lan luot
bang cong thic (9) véi hé sé o gibng véi quéa trinh
nhing.
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w=AA ©)

CA4c bit thuy van tach duoc wi sau do6 s& duoc sép xép
lai theo dinh dang ban dau dé chiing thuc ban quyén cho
mo hinh ludi 3D.

IV. KET QUA THWC NGHIEM

Cac két qua sau day dugc thyuc hién trén Matlab 2019a
véi thong tin thay van la hai logo nhi phan cung kich
thudc 60 x 60 bit, cac mé hinh lugi 3D thi nghiém lan lrot
la “bunny” 34835 dinh, “dragon” 50.000 dinh, “crank”
50012 dinh, “hand” 36619 dinh, “elephant” 24955 dinh va
“venus” 100759 dinh.

(b) Watermark 2

9

(f) Hand

(a) Watermark 1

(c) Bunny (d) Dragon

(e) Crank (h) Venus

(g) Elephant

Hinh 8. Thdy van va lwdi 3D sty dung trong thi nghiém

A. Dénh gia tinh trong suot

Dé danh gia chat luong cua cac ludi 3D sau khi nhing
chang t6i sir dung thude do do bién dang cau trac ludi
MSDM (Mesh Structural Distortion Measure) duoc e
xuat bai Lavoué [13]. Tham sé nay bang 0 khi hai md
hinh gidng hét nhau va tién toi 1 khi hai mé hinh rat khac
nhau.

MSDM (A, B) = ( ZLMSDM (a,.b, )) [0,1) (10)

V&i A va B 1a hai mé hinh ludi can so sanh; n la sb
dinh cua mo hinh; a;, bjla ludi cuc b thir j dang xét. Gia
tri LMSDM dugc cho bai:

LMSDM (a,b) = (04L(a,b)’ +0.4C (a,b)’ +0.25 (a,b)’ ) (11)

Trong do L, C va S twong tng la ham so sanh d¢ cong,
d6 tuong phan va cau trac caa hai ludi:

L(ab)= (12)
) )
C(a,b):ﬂ (13)
mex (o0 )
S(a,b)zw (14)
ooy

Xy
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Véi wy, oxva oxoytuong tng la gia tri trung binh, d¢
léch chuan va hiép phuong sai ciia do cong trén hai ludi
cuc b a, b. Theo [14] gia tri nguong cia MSDM < 0.3 s&
dam bao tinh trong sudt cho mé hinh da nhang thay van.
Cé nghia la khi thuc hién nhung thay van vao cac ludi 3D
khong gay ra qua nhiéu sy bién dang trén mé hinh géc.

Mot thude do khac la VSNR (Vertex Signal-to-Noise
Ratlo) [1], dung dé danh gia chat luong (tinh trong sudt)
cua céc thuat toan nhiing bang cach kiém tra sy khac biét
truc quan gitra moé hinh d& thay van vai nguyén ban cua
no.

Goi (X, Y, »z,)va(X Y , z) lan luot Ia toa do
dinh V; truge va sau khi nhing thay van, VSNR dugc tinh
theo SNR tir cong thac (15) va (16):

Zi’\;(xiz +Yi2 +Zi2) (15)
SNR = S - — -
[CES TR
VSNR :20I0g10(SNR) (16)

Trong thi nghiém nay ching t6i thuc hién nhing lin
luot hai logo thay van vao sau m hinh lugi 3D véi nhiéu
hé s6 nhting khac nhau, sau d6 ghi nhan do bién dang cau
trdc lugi MSDM. Hinh 9 thé hién sy thay d6i MSDM theo
cac hé sb nhiing khac nhau, theo d6 chiing toi thdy rang
vé6i hé so6 nhing «r<0.005, thuat toan thay van sé cho do
trong sudt mong mudn. Gia tri ¢ nay ciing chinh la hé s6
nhing trong céc thi nghiém sau trong bai bao nay.

Thi nghiém 1: Danh gia tinh trong sudt
Ngb vao: Lugi 3D gbc M, thay van géc w, hé sé nhiing «
Ngé ra: Lugi 3D da nhiing M’, MSDM, VSNR.

Buoc 1: Doc lugi 3D goc M lay thanh phan dinh V va mat
E; chuyén V sang toa do cau sé dugc ban kinh p va hai
goc 4, ¢.

Budc 2: Bién @i MDCT ban kinh p dé duoc thanh phén
Xap xi A va chi tiét D.

Budgc 3: Chuyén w thanh chudi bit nhi phan 3600 bit.
Budéc 4: Nhiing 1an luot 3600 bit wi vao 3600 mau A (i= 1
+ 3600) theo cong thic (8) véi hé s6 nhing ¢ tao thanh
A’

Budc 5: Bién d6i IMDCT A'va D tao thanh p.

Budc 6: Chuyén p’, 6, ¢ sang toa do descartes duoc V'’
va xay dung lai lu6i 3D M.,

Budc 7: So sénh M va M’ dé tim MSDM va VSNR.

Tra vé: M’, MSDM va VSNR
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bunmny - w1
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MSDM
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Hésd nhing 102

Hinh 9. Gia tri MSDM khi nhing Ién‘lu’o’t hai thay van 1én
s&u mo hinh véi nhiéu hé sé nhung

Chuing toi thuc hién thi nghiém nhdng ngau nhién 64
hogc 128 bit vao cd&c m6 hinh ludi 3D, sau d6 ghi nhan su
khac biét truc quan qua VSNR va so sanh vai cac nghién
cau liégn quan trong [1] va [15]. Theo két qua nhu bang |
chlng ta c6 thé thay rang thuat todn thuy van caa ching
t6i dat duoc gia tri VSNR cao nhit, hay néi cach khac,
thuat toan thay van da dat duoc tinh trong sudt cao.

Béng I. So sanh tinh trong sudt cda cac thudt toan
nhung qua tham s6 VSNR
Th”ﬁg}oa“ Thuattoan[1]| D& xuit
M6 hinh
64 bit |128 bit| 64 bit | 128 bit | 64 bit | 128 bit
Bunny 106.37{104.56| 141.86 | 135.93 | 144.25| 136.52
Dragon 118.37(112.37| 146.96 | 141.03 | 147.69 | 141.78
Crank - - - - 149.09 | 144.00
Hand 120.08{114.49| 144.02 | 138.08 | 145.39 | 138.85
Elephant - - - - |130.68|125.96
\Venus 135.53(129.69| 157.37 | 151.43 | 158.37 | 152.67

B. Pdnh gié tinh bén viing

Tiéu chi quan trong d6i véi cac phuorng phép thuy van
s6 la phal chang minh thuét toan thay van manh mé dbi
V6i céc cudc tan cong. Trong cac thi nghiém tiép theo,
chung t0i s& kiém tra d6 chic chan cua phucmg phap thuy
van dé xuit, chung toi thuc hién tan cong lén cac doi
twong chira thiy van sau d6 trich xuét thuy van tur do.
Tinh bén viing dugc danh gia thong qua viéc tinh toan
méi tuong quan (corr) cua thay van goc w va thay van

trich xuat w’.
Do (W -w)(w; - w) (17)

\/z WW)XZ( )

corr =
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Mot tham sé khéc ciing dugc ding dé so sanh gitra
thiy van goc va thity van tach dugc 1a NHS (Normalized
Hamming Similarity). Gia tri NHS s& nam trong khoang
tir 0 (hai chudi khac nhau hoan toan) dén 1 (hai chudi
gidng hét nhau).

NHs = 1 TOW W) (18)

N.M

HDW,W) = 373 xor (Wi, i), WG.j) (19

Trong thi nghiém tiép theo ching t6i thuc hién nhing
64 bit ngéu nhién vao céc luéi 3D, sau d6 thyuc hién tin
cbng bang cac phuong phap nhu da dugc trinh bay & phan
11-C véi nhiéu hé sé tan cong khac nhau. Cac lusi 3D sau
tan cong s& duoc trich Xuét thity van rdi so sanh vai thiy
van gdoc dé tim méi tuong quan corr va NHS.

Thi nghiém 2: Dénh gié tinh bén viing

Ngd vao: Ludgi 3D gbc M, loai nhidu N va cac hé sb tan
cbng.

Ngd ra: corr, NHS.

Budgc 1: Tao chudi thuy van w gém 64 bit ngau nhién.

Budc 2: Nhing w vao ludi 3D goc M (nhu trong thi
nghiém 1) véi ¢ = 0.005 tao thanh M.

Budéc 3: Tac dong nhiéu N 1én M’ tao thanh M ",

Budc 4: Tach thuy van w’ tir M’ va M theo (9) nhu mo ta
trong phan I11-B.

Budc 5: So sanh w va w’ tim corr va NHS.

Tra vé: corr, NHS.

Béng Il. Tham sé corr cda thdy van tch duoc trén cac
mé hinh bj tdn cong so véi thdy van géc

L Thuit toan thiy van
Tan cong X
[16] [17] | Péxuat

Thém nhiéu 0.01% 0.710 1 1
Thém nhiéu 0.05% 0.695 | 0.986 1
Thém nhiéu 0.2% 0.676 | 0.956 1
Lam min Nir=5 0.643 | 0.883 1
Lam min Nir=10 0.808 | 0.837 | 0.980
Lam min Nix=30 0532 | 0716 | 0.794
Luong tir héa 10 bit 0.620 | 0.986 1
Luong tir hoa 9 bit 0.565 | 0.971 1
Luong tir hoa 8 bit 0545 | 0912 | 0.831
Chia nhé diém giita 0.535 | 0.986 1
Chianho /3 0.686 | 0.841 0.92
Chi nho vong lap 0.696 | 0.896 | 0.725
Don gian hoa 10% 0.494 | 0597 | 0.476
Pon gian hoa 50% 0.326 | 0.543 | 0.150
Don gian hoa 70% 0.370 | 0525 | 0.123
Ciét xén 1% 0.709 | 0.656 0.758
CAt xén 5% 0.693 | 0525 | 0.561
Cit xén 10% 0511 | 0508 | 0.617
Cit xén 20% 0.210 | 0.516 0.516
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Gia trj trung binh corr cua thuy van tach duoc tir cac
mo hinh nhidu khac nhau (so véi thuy van gbc) dugc ghi
nhan va so sanh vai céc thuat toan lién quan trong [16],
[17].0trinh bay két qua so sanh gia tri trung binh corr cua
phuong phép thily van dé xuat so Vi cac nghién cau lién
quan. Theo do chlng ta c6 thé thdy rang thuat toan thay
van dé xuat bén viing hon céc thuat toan lién quan trong
[16], [17] d6i voi cac loai tin cong: “Thém nhidu”,
“Luong tir héa”, “Lam min” va “Chia nho”. Ddi vai céc
loai tan cong khéc, thuat toan dé xuat khong cho thay qua
nhiéu sy khac biét.

Bang IV. trinh bay két qua so sanh tinh bén viing cua
thily van trong phuong phap dé xuat voi nghién cau lién
quan [3] qua tham s6 NHS. Hai m6 hinh st dung trong thi
nghiém nay la “bunny” va “crank” ?vé'i’céc‘ loai tin cong
khac nhau. Theo d6 chung ta cé thé thay rang thuat toan
dé xuat trong bai bao nay hi¢u qua hon [3] trong hau hét
cé4c loai tAn cong ngoai trir tan cong cat xén.

Bang Ill. So sanh tinh bén viing cia thuat toan thdy van
dé xuat vdi [3] qua tham s6 NSH
Thuat toan [3] Dé xuét
Loai tan cong (k=9) (o =0.005)
Bunny | Crank | Bunny | Crank
Chua tin cong 1 1 1 1
Chia nho 1 1 1 1
Cit xén 30% 0.7253 1 0.6823 | 0.8698
Don gian héa 0.7253 | 0.7486 | 0.6094 1
Luong tir 1 0.9983 1 1
Lam min 0.7858 | 0.7311 1 1
Nhiéu 0.25% 1 1 1 1
Bién déi dong dang | 0.5108 | 0.5092 | 0.6094 | 0.6094

Bang 1V va V so sanh tinh bén viing cua thay van
trong phuong phap dé xuat véi cac nghién ctu lién quan
trong [1], [15] trén ttng M6 hinh nhlng. Phuong phap tan
cong lan ot l1a thém nhidu va lam min, tham sb so sanh
la corr.

Béang IV. Danh gia tinh bén viimg véi cac tén cong thém
nhiéu qua tham so corr

. Hé s Thuat toan thiy van

Lwéi 3D FRP S
tan cong [15] 1 Dé xuat

0.1% 0.774 0.945 1

Bunny 0.3% 0.770 0.803 1
0.5% 0.506 0.527 0.9333

0.1% 0.864 0.969 1

Hand 0.3% 0.859 0.848 1
0.5% 0.688 0.703 0.9675

0.1% 0.949 0.968 1

Dragon 0.3% 0.927 0.842 1
0.5% 0.726 0.771 0.9333

0.1% 0.964 0.978 1

Venus 0.3% 0.941 0.867 1
0.5% 0.715 0.737 0.8008
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Béng V. Panh gia tinh bén ving voi tan cong lam mjn
gua tham so corr

. Hé sb Thuét toan thiy van

Lwéi 3D Ao tA T
tan cong [15] [1] Dé xuat

Bunny Nir =5 0.968 0.940 1

Hand Nir =5 0.939 0.951 1

Dragon Nitr =5 0.910 0.929 1

Venus Nitr =5 0.910 0.947 1

V. KET LUAN

Trong bai bao nay chung t6i gisi thi¢u mot thuat toan
thuy van trén mo hinh luéi 3D, tir d6 c6 the ap dung trong
viéc bao vé ban quyén cho cac md hinh lugi 3D. Thay van
duoc nhiing vao mo hinh trén mién tan s qua phép bién
d6i MDCT véi hé so nhing ¢ c6 thé thay doi dugc de
tang tinh bén viing cho thity van trong khi van dam bao d6
trong suét caa mé hinh.

Pé danh gia tinh bén ving, Chung toi cling da thuc
hién nhiéu loai tin cong véi nhleu hé s6 khac nhau Ién cac
mo hinh d nhung, sau do tién hanh tach thuy véan dé kiém
tra va so sanh véi cac nghién ciru lién quan. Két qua cho
thay thuat toan thuy van de xuat rat hi¢u qua khi chong lai
cac tan cong: “Thém nhiéu”, “Luong tr hoa”, “Lam min”,
“Chia nho” va chua hi¢u qué véi loai tan cong “DPon gian
hoa” hay “Cat xén”.
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A ROBUST WATERMARKING APPROACH FOR
3D MESH MODEL

Abstract: Robust 3D mesh watermarking is a basic
research topic in computer graphics, which provides an
efficient solution to the copyright protection for 3D
meshes. This paper presents a non-blind and robust
watermarking approach for 3D mesh models. The idea of
this method is to embed watermarks into 3D meshes by
changing the distribution of vertices at the transform
domain. The test results show that the watermark is
highly transparent and robust to different geometrical
attacks.

Keywords: 3D Mesh Models, Copyright Protection,
Robust Watermarking, Spherical Coordinates.

Nguyén Lwong Nhat, Nhan hoc vi
Tién s§ nam 1998 tai Moscow, nuéc
Nga. Hién la Truéng khoa Ky thuét
bién tr 2, Hoc vién Cong nghé Buu
chinh Vién théng, co s tai TP. H)
Chi Minh. Linh vyc nghién ctiu: Xu
1y tin hiéu, tri tué¢ nhén tao, an toan
théng tin.

Pao Duy Liém, Tét nghiép Thac si
K§ thuat Vién thong nam 2014 tai
Hoc vién Cong nghé Buu chinh Vién
théng. Hién la giang vién khoa Dién
Dién tu truong Pai hoc Cong Nghé

{ < Sai Gon. Linh vuc nghién ctu: Xt
‘ 1 Iy tin hiéu, mat ma, ky thuat y sinh,

{ N hé thong nhing.

SO 04 (CS.01) 2021 TAP CHi KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 49



