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A Semi-fragile Watermarking Scheme for 3D Mesh Models
Based on Partitioned DCT
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Abstract: Semi-fragile watermark has wider applicability, as it can distinguish malicious tampering and
normal mesh processing. Most present algorithms can only tolerate a few types of normal mesh processing.
A novel semi-fragile watermarking algorithm based on mesh content is proposed. In this algorithm, mesh
is partitioned into some sub-meshes, and semi-fragile watermarks are hidden in DCT coefficients of each
sub-mesh. When mesh is tampered, the position occurred can be located by matching the extracted wa-
termark sequence and original watermark sequence. Experimental results show that the proposed algo-
rithm can tolerate various mesh normal processing, such as mesh RST similar transforming, and quantiza-
tion of vertex coordinates with low intensity, while is sensitive to malicious tampering. The proposed algo-
rithm can also locate the tamering positions with relatively high precision.
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Table 1  Evaluation results of watermark transparency

by different partitioned numbers

BERL I3 R gk SNR,,., (dB) /PSNR;,,. (dB)
400 63.41/38.12
500 61.27/36.24
600 59.15/35.32
700 55.51/32. 18
800 51.18/28.07

4.2 JKRENERBMETFM T EMEELER

G S R R 22 D IE R AL BRI, 55 K B
PA AR ARE T, BIAEURE, T SRR s
G TETGE I, BRI A~ [ 55 7 B U Y
AR , DASE B EC ORI L o 7K XS
A R RIS I PT L SR IR £~ i 55 7K TP 71 A D
f=F e 55 /K BN R 51 2 1) B AR UL Sim A1 24 PE A 45
b, sl (4)

lf—;IwU)—wﬁﬂ
L

,Sim e [0,1]

(4)
Horrw (i) Fw (i) 439 37 JF iR 7K B 51 i B
FKENFPHNIES @ AiE, L AKERFANMR ., Y
Sim = 1.0 B, UiHIRECE 17K B3 51 5 R G 7K B
JPH AT SEFEVCHL, 7 WS AR 70 B ol gl ki 8
P77 25 VF VI I PN A O IE B BN AR B 2 Sim <
1O B, SRR R 7K BN 5 B aR 7K Ep Z )t 3 T
VCFCH AL, R MRS A W G s & T 1
HE 5V L) DA I B A P
4.2.1  FEsTEEA RST A0 R 3 432 64 5 24k 7

Sim =

IR TR R

1) BERPRRALBE . AL K B A S PR B
SRR TR T AT T B S (RIEAR(ED
(AR RIS ey iR e 742 B G S 2 AU VN
EpFE A2 A R

2) AEINAS ) — B AR AL B YA R AT A% 1)
—ERAHCAL B, FEB AR B A T, 4 LA Xl
() 4 ke 1 AR TP R, DR A T st A 3R T A s 2 [
AR RN A T AR R R, AT B SR A
DCT S AL P, #3214 DCT 72 8l 28 K50 H 4 %
(ELHLRE Rl TSR TR A R, AN SO R o /K B
R S B E] =4~ DCT A8 e R 52 W LAY 2k o6 AR
X = A R R L HEL AR IO TR G RO, 24k
PERFIFFA R AARTEAL, A% 1] — E ATl Ak
BN 20 7K B R B AT AT S0 o

3) BARUGERE AL B AE A B HOK B2
HXTALRIEAT T PCA FEICH AT, A5 700 8 3 Sy ]
—IERS, WORKEN AT R ERI, PRl 7 AR A Y
Jiee b B

SLELCIRM RN (SR 2), ABEIERAK
M K BN X RST AU AZ e Ak B 2R BUAS UK, K
ENAH (AR R 1 iR 1. 0,

F2 AR RST AH AR Ab 35 K EPAH SG(E
Table 2 Watermark correlation values after

model RST processing

‘ Bunny MankFace Happy Buddha
b2 Tr

TR iRl TR
TR Ax = 7.5,
B A« Lo 1.0 1.0
Ay =-4.5,Az = 0.8
FHRER 3.0 1.0 1.0 1.0
FEHURERR 0. 2 1.0 1.0 1.0
i ZARE —60° ,
WREEA ) 1.0 1.0 1.0
LhJE A 45

4.2.2 FiEMEA R LA E TR ELRES
B 52 B 25 R

1) To a5 BEHLIGE S

A BE ML I % A K B AR IO A BR 16 A A
PRERI AL, 2 3 A R R
B A A KB R 5 B Y M R (o B A
0.0005 LA'F) Hag—w#kpine s (WE2 (a) By
AN), AL R BRI R S e A R, H
W 25 s O s B IE R, AKERAR e SR T e, B
o R P e T L A AR A7 TR R I (i
K2 (b) FiR).



42 R E e (HARBHERR) %53 &

(a) Intensity=0.000 5 (b) Intensity=0.003

P2 THO R P i S P Y
AhIiS:E (Happy Buddha)
Fig. 2 Model appearance distortion by adding

random noise on vertices

F 3 USINTIU REALISE R K BN SE B
Table 3 Watermark correlation values after adding

random noise on vertices

AL Bunny ManFace Happy Buddha
St Y Y
0. 000 3 1.0 1.0 1.0
0.000 5 1.0 1.0 1.0
0. 001 0.77 0.76 0.74
0. 003 0.56 0.53 0.46
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Table 4 Watermark correlation values after quantization of
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Fig. 3 Model appearance distortion by quantization of

vertex coordinates
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Fig. 4 Detection and location of local malicious attacks
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Table 5 Compared results with other semi-fragile

watermarking algorithms
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