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Transform domain-watermarking scheme of 3D models
based on local feature points

Zhang Jianming, Zhou Xiaomei, Wang Xinyu, Zhan Yongzhao

School of Computer Science and Communications Engineering, Jiangsu University, Zhenjiang 212013, China

Abstract: Objective To improve the robustness of transform domain watermarking and solve the limits of the grid shape in
multi-resolution wavelet transform, a transform domain-watermarking scheme of 3D models based on local feature points is
presented in this paper. Method 3D models are partitioned through longitude and latitude angles to get the local feature
points. Two-dimensional matrices are composed by the ratio of the length of the local feature points and the other points in
this region. The discrete wavelet transform is carried out on the two dimensional matrix modifying the wavelet coefficients of
each layer in the intermediate frequency and high frequency coefficients to embed the watermarking. Then, the airspace sig-
nal is obtained by the inverse discrete wavelet transform and the length of the local feature points is modified to obtain a 3D
watermarked mesh model. Result The proposed watermarking scheme is robust against attacks such as translation, rotation,
uniform scaling, vertex re-ordering, noise, simplification, cropping, subdivision, quantization, combination attacks and so
on. Conclusion The experimental results show that this watermarking scheme has good robustness and imperceptibility. Be-
sides, it has no strict requirement for the shape of the mesh model.

Key words: 3D watermarking; 3D mesh model; local feature points; transform domain; discrete wavelet transform
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JIN AELAH O H 2k 55 Bk I B e 1, [ 22, P 22 5
K, Bt it LUK BB A SR EE o BYHUE TS
SRS P IEAT 2 U UE T A5 5 ZEAIK 2 HER 10 s
IR Fh 233 10 v v A 22 0 i A K ER, i AZK Ep
FAY A B A X e v g M R A . H RS S
FYBEISZEISR , I am 2 SIS A IR IE , 45 S B0 LA 43 3
TR 3 X BN =16, Jay il TS 8 b =4, K ERAY
HRATREE @ =0. 05, /KEIF 5 & 160 {7 i BEHL — 18
A, AR S n =6,
3.1 AR

TE 3 YRR BIRLAR A i 21 X BE A X BN
DA% T R/ IN , THU S RS G 5 22 I R, FE SR
FAPASE IR DX 35 A e A 7K BT, BT LA A5 R AR i A 7K B RY
TN BE , B iR K BB Y ORECEE | T AR SCHE P
FEAE AR 43 1 2 1 1R A8 b TR Z0 Ay DX, 34 B Jm)
FRAE ST B A, PR I BB AE A 3 L SE 3 AN AT I

Clw" ,w) =

Mo K1 454 T rabbit head £ Venus 3 Firfg 7Y
() i LR A AR [ i A B B 7K ERASE AR, 7E i AR
24 0.05 B, 3 Rk B 5 i G 5 B A I ue |1
VA ATART 22 531, PRI 12 7K B SR AR 18 152 22 5 Wi 48
AN HER D A ARE B AN AT WAk

PR K ERRAN AT DL B T B3 561 ik
AR H (SNR) Sfe A B i A /K B A5
A5 IR ATR 3 AL R B, — ek 136, SNR Ak, T
TR iR AT 3 AERSEHY () 52 0 I /N

rabbit

1

(a) JHk

i
2

head

(b) a=0.057K E1E

Venus

(c) a=0.08 7K E[IA5 714
E3 TN e i R N NG N i

Fig. 1  Original models and watermarked models in

different embedding intensity
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A DL A R 2 [ -, R L R DT RE T
24 3 PR AL A FR B 0. 08 AR 35 H B T SR
AT, QN3 1 FT7R |3 PSR 14 {5 M6 L B o A o
JE a BYIENN, 505 Le S B R #2515 e LE o R,
IKEFEANRESG A W] WAERYEER . R, Jd i BLAA
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AN AL DL R R R 2R

F1 BANKINERBEELREHRNRBTHIERRE
Table 1 SNR of watermarked models in different

embedding coefficients

A KA R a friM Lt SNR/dB
0.01 79.65
rabbit 0.05 65. 66
0.08 65.54
0.01 81.55
head 0.05 67.57
0.08 63.48
0.01 85.04
Venus 0.05 71.06
0.08 66.98
3.2 2BH

R T SRR R A K B ASEAY i 1, R LIRIS
SIS TF %% 1) 3D Mesh Watermarking Benchmark L7/
FEXSHRATK BN AR BY 04T 2% R B, A0 45 LA 2
dr T E R YT R A A0 R AR S
Bt S5 2 DU et | F DA S5 A5 v i A
(7K ER 5 I AR R AT LU A, 385 AR AH OC R AR
AR BER (FER A /K BN 805 7K B AL B T
{6 100% ) SR B0 k7K EP Y& o

1) P78 R 48t o XA e 245
A, H TR K BRI A o AR AR Y E A T T

A, IR B R 46 B2 8 7 el FRUEE, IR ik
TEG P Bt 5, K PR 8 4= 5B IE A 4 B ok .

2) Wi EHEY o A SCHR B AR AE 5 R 5 R
HURE AR A ¢, 5 TS Iy T 56, e T, o HE
¥, BEE B B PR DS R AR U |, 2 MO RATE AR
REAE AR I A 110 Jey B AR AF A5, B ik A TR Jey S R AiF
R/ EIRE RS 4 F IE A P2 B R

3) MR Ak MRS S S, X3 4K
FEBEAY B T AR BR TS I — > B 2] (R B AL 75, W
Tr) 5t A 7 ) S BEATL 1), MR P 1140 W 32 S kg W 7 ] it
(14K B 5 R T 8 A o BE B A LA, e ik
YRS () 5 55, A% S v i R RS SR BE 3 O AR
0.05% ~0. 8% R HUE ,3 PRI 7EAS [F] B 7 i
FEF S5 RN 2 ron . 3 2 SRUNZA T
P AT B BB R, HEr head A5 S Mg 7 A0 8
5 T A PR AY | BIZE MR PR SR FE S 0. 8% K, $2 H
HAARSCE N 0.55,

XTI, 3 A A TR A A A 4 ) R
Z 11 bit 9 bit 8 bit 7 bit, SLE AR NFE 2 R, M
SEYR A SRR R, 3 A AL f A E O 8 bit 1), 42 HL
K ERAEOCIESI KR T 0.5, T AL{E N 7 bit i, #5571
H T O 2l B T BRSO 2 T S
YA, H R R AR Y v B2 B B4 A SCAE 3 7 B
DAL, Rtz A o Ak e B — o a1
 Venus 75 AH [7] 5 Ak {8 B 52 B 1% 7K B AR G {8 fe
7, Bl Venus X AL p) & B VE R

xR2 BEEURHIRER
Table 2 Results of the noise and quantization attacks
rabbit 7Y Venus f& 7 head FE 7Y
UG SIUESTH S
HARAE PLAF IR/ % HARAE RLEE A/ % HARAE RLAR R/ %

7 0. 05% 1.0 0 1.0 0 1.0 0
R 0. 1% 0.93 3.75 0.95 2.5 1.0 0
R 0. 3% 0.75 12.5 0.81 10.0 0.83 8.12
g3 0. 5% 0.62 19.4 0.69 15.0 0.72 13.8
IR 0. 8% 0.43 28.8 0.49 25.6 0.55 22.5
1k 11 bit 0.93 3.75 0.98 1.25 0.95 2.5
21k 9 bit 0.71 13.8 0.78 10.6 0.75 12.5
51k 8 bit 0.59 21.3 0. 66 17.0 0.64 18.0
21k 7 bit 0.45 27.5 0.52 23.8 0.49 25.7
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4) 53] fRifb R ge o Yok o X TR OIS 6 3
YR A B BTY) 10% 30% (50% (70% , S0 4% S
g 3 Fim . ZE R UIIZ B LS B U 2 A 3
S P M, FE BT IR 70% B, AH G {E KT
0.5, H:rf1 head BERIAEBTHI R Ky 70% B, B 1 AHC
{4 0.65,

X T4 43 Yoy, 430 2R A s 40 43 sqr3 4 43
il loop 4143 3 Fl w43 3% 3 LA T R 45 40 43, 5K
ek RANZe 3 iR, 1% 3 PR 3 AR [ 2E B Y

053 v 5 B 7K ER B AR DG4 KT 0. 8, Bz A
XA o3 ELAG 0 i 1, head BN H 23 T 1)
BT o, M OGME IS 0.9 DU,

X T A Sy, 8 3 4R ATV S L H 435 i A
10% 30% 50% .70% ,SCuG25 e 3 fros . 7816
3k 70% BT, Venus $HLH (14 7K B 1 AH OCAELRE 35
0. 8, B 12 53 1 Xk ] A B 1Y 8 0 VAR,
Venus X ] 16 2 of; 19 6 4 M o, 78 faf fb 35 97.
5% I, SR UK ENAAH GBS 0. 68

®3 FHULAS EUREXRER

Table 3 Results of the cropping, subdivision and simplification attacks

rabbit f5 7 Venus %1 head %1
Wk 2R
FHICAH PIAE R/ % HHAH BLERRE/ % HHAH PR AR/ %
B 10% 1.0 0 1.0 0 1.0 0
B4 30% 0.90 5.0 0.91 4.38 0.93 3.75
B 50% 0.80 10.0 0.79 10.3 0.80 10.0
B 70% 0.52 23.8 0.5 25.0 0.65 17.5
W AR g 1.0 0 1.0 0 1.0 0
Sqrt3 44y 0.95 2.5 0.98 1.25 1.0 0
Loop 44y 0.86 6.88 0.89 5.63 0.93 3.75
faifk 10% 0.91 4.38 1.0 0 0.96 1.88
fiifk 30% 0.89 5.62 0.95 2.5 0.91 4.38
fRifk 50% 0.80 10.0 0.90 5.0 0.83 8.75
faifk 70% 0.65 17.5 0.80 10.0 0.74 13.8

5) Gt o Xt head A5 H1 R HY 57 U X if F
o | A T R PR e 3 P Al 2R 2R 3R T
e, T AT T 4 FEBUAY S, SR 4
RAUNSR 4 PR e 01 T a0 4 Jros i Fh 28 280 Y
WRE TG, PR U A AR S (B R A SCRY BIE, R W
ARSCERE NS X 2 5 BB 5 T o B — 2 A
P, Hr 3 4t agS5 R al 1, head 7Y R4 87 U
Mg P PR 5 T8 el L 1 P o e P ) K A Tl i —
o
3.3 HEXEERER

IR /N AL 0 32 24 v e A B GO ER A
PUBUKED, i T 3 4R [ B A — S8y i, BUA RS
PR M IT LA AN 5838 B LIS /N AR e xt 3 4
B iR A K ENBY SR 00 22 AR SCRTE S5 a4 R
{1/ INBE A IR ) A AR R AT Hede

%4 head REWBEWHHILEER

Table 4 Results of the combination attacks

B MUt 25 A i XA PR/ %
) 10% + 7 0. 1% 0.90 5.0
B 30% + MR 0. 1% 0.79 10.3
BiH150% + MR 0. 1% 0.61 19.4
51 70% + BE 0. 1% 0.49 25.6
fEiAk 10% + W7 0. 1% 0.89 5.63
{34k 30% + M7 0. 1% 0.74 13.8
fRi1k 50% + A7 0. 1% 0.57 21.9
TRk 70% + W& 0. 1% 0.41 29.4

SCHRLS TR/ 2R B ST 5 R A7 S 56 e A
IR PRI 19 /N I R BOP R AOKED, (HiZ 5
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5 BRI A 2250 B A AR EA T /N A e, H
REARDTI LA Bk M7 T A A e S R 5 SCRR [ 7 ] 5%
TS 3 AN LI A K B 2585 A
PRI/ 53 A Ak B D) s AN RO = £ 0 A,
T A 0 FE AR B /N AR B i A K B ISR T DL
FHF AR = I WA, (E D6 A0 = FIE AR B A5
B BEARHT LA i o | e 7 i o o Al 2 o 25 il 26
TS SCHRL 9 1T/ NI AR i 3 HERSE TR BRI, %
LA A ARERIRL T AT RIS DWT Ab 3 3 2 k4
RRETEL 5 m] LIS AT AR AR B 3 ZEfE
Y B HREHRY T L ety BT ety A2 8 5 SRR 10 ]
T/ NBR 3 HEMME R K ENEOR , SRIBUSR

(1 43 DX, I AEBR I A s T DEA 7 /NI AR 4, 7 IR
TR 2B T HRATKED A TS H TR B MRS R
(1 3 HERAY , (H R BEARDT LA e ol (W ook B9 V1%
PRI AR SO T SR AR A A A A R, 0 3
RS SR ik s RS A 2 1 TR A 772K B A ik
A I 20 BRI AR R AEAR 23 B R A P R A
A I BER B HR ER RCR 3R A K ED IR T
TAEERRIZARE 3 HERETY, H AEARHT LT 2 Tt
Nk AN R BUG PN A G UL R 71 LG e 1L &
fag s AR A i 2R 8 HARRYXT L2 R A3k 5
JI7R, th3R S R, AR SCREE AT LA A R
RIEARE 3 AEfA, BARPTAI I R RZ

®S5 HERWLE
Table 5 Algorithm comparison
it J B R IR ARZESR e

SCHRES ] SCHRLT ] SCHREO ] 3CHkL10] A3
Uit vV vV vV vV vV
T i A x x x x vV
I 7 T o/ % 0.05 0.5 x 0.5 0.8
b/ bit X 7 X X 7
B/ % X X 59.76 50 70
Moyt X x x X vV
it/ % x x x x 90
A dodi X x x x vV
RAFEIEAR RN = e fEE=ME HEEIRAR IR IR

T VIR AL, x FRA AL, BOE b %t S ok i

4 &

ARSI SR A AL s N 5 T B U N e e R B
R ATKED R 3 ZEASEAY (14 530 30 2ok X 3R] o Jl— A~
AN A DX, 8 e S H DX I S R A A A
JRIFRAFEAE A 0 LOAEAE S 2 4ESF- 181 9 B S T, 7E 2
2T A AN AR RO A T AR BT AR R, S0 45 2R
RWNZF LA BRI S PR FA AT UL, B M
FIARTC A% 2K, BB A2 V3% ieHe (2 ) 4 ik
AOTH AT FEHE A0, o M i p i ol 3 B A i
(R, I BEA RURDT ST U1 40 AL A 5
i — RPN AT W T o IR 3 Y R A5 T
TEBKTATARAR 28 N #EAT 3 20 73 IX, %400 53 T EE X Tk

IR A AN IS S BB [R5 T R AR 70 X8 —
BT OL T 1207 1Y A S TR o — E Y 2K
AR ) B TO AR S /0 D BRI Xl ) T
NS T B U Sy R — R TARE
A RO XIS 97 3 0 T A, R B o X IX s ) T
AVECH B A A B, KR AR R 1) T 5 H A3 A
ARDL, BE F I 7 A5 1 3] 7 08 XSRS, At phe X B Ay
TH A R ) 2 8 ) AL
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