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STL Model Watermarking Algorithm Based on Pyramid Technique

CUI Han-Guo® LIU Jian-Xin? LI Zheng-Min*

Abstract To ensure the security and integrity of stereo lithography (STL) model during transmission on the network,
according to its own characteristics, the topological reconstruction of the STL model was achieved. After the pretreatment
of primary component analysis (PCA), the multidimensional index algorithm for STL model based on pyramid technique
was proposed, and the data space that contains the STL model was subdivided and indexed. According to the singular
value decomposition principle, an STL model watermarking embedding and extraction algorithm based on B+ tree K
nearest-neighbor query was proposed. Experimental results showed that the presented algorithm is efficient and robust
to many attacks such as rotation, translation, uniform scaling, vertices reordering, simplifying, noise and cropping under

blind detection.
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Fig.1 Subdivision on data space with

pyramid techniques
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Fig.2 Influence of data set size on elapsed time
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Fig.4 Simplifying attack experiment
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R BERER AN

Table 1 Correlative value of attack experiment

ARSCHE Sk [16] Sk
Wi e (mm) BN U VIR VA AT SR L R
DL R S A OC R AL LR R S AHOC R AL

A3t (95 %) 0.036 0, 0.99 0, 0.99 0, 0.99
fRi Bt (80 %) 0.032 0.04, 0.97 0.04, 0.97 0.05, 0.97
fa Bk (65 %) 0.041 0.09, 0.93 0.09, 0.93 0.11, 0.92
fa Bt (50 %) 0.037 0.18, 0.90 0.18, 0.90 0.21, 0.87
I i (0.4 %) 0.034 0.03, 0.98 0.03, 0.98 0.03, 0.98
W (0.7 %) 0.031 0.05, 0.94 0.05, 0.94 0.05, 0.93
B (1.0 %) 0.042 0.08, 0.92 0.08, 0.92 0.10, 0.90
7 ety (1.5 %) 0.046 0.14, 0.87 0.14, 0.87 0.17, 0.83
BBt (10 %) 0.032 0.01, 0.98 0.01, 0.98 0.01, 0.98
YL (20 %) 0.035 0.01, 0.97 0.01, 0.97 0.02, 0.96
YR (35 %) 0.033 0.02, 0.95 0.02, 0.95 0.04, 0.92
WYXt (50 %) 0.036 0.05, 0.91 0.05, 0.91 0.07, 0.87
Tt (95 %, 0.4%, 10 %) 0.037 0.05, 0.98 0.05, 0.98 0.06, 0.98
&2t (80 %, 0.7 %, 20 %) 0.041 0.07, 0.93 0.07, 0.93 0.09, 0.92
&t (65 %, 1.0%, 35 %) 0.043 0.11, 0.90 0.11, 0.90 0.14, 0.88
BE& i (50 %, 1.5 %, 50 %) 0.047 0.14, 0.84 0.14, 0.84 0.26, 0.80
FRHGE (15, 35) 0.031 0, 0.99 0.21, 0.87 0.01, 0.99
R HE (45, 75) 0.037 0.01, 0.99 0.26, 0.73 0.01, 0.98
FRH (65, 35) 0.035 0.02, 0.98 0.29, 0.69 0.03, 0.96
SR H (75, 45) 0.037 0.01, 0.97 0.24, 0.75 0.02, 0.95
A 0.5 0.036 0.02, 0.98 0.31, 0.69 0.02, 0.98
i 0.75 0.033 0.01, 0.98 0.23, 0.76 0.02, 0.97
it 1.5 0.035 0.02, 0.96 0.32, 0.67 0.03, 0.94
Gk 2.5 0.038 0.02, 0.97 0.31, 0.69 0.04, 0.95
e Hdi (35°) 0.033 0.02, 0.98 0.26, 0.74 0.02, 0.98
e Hedi (75°) 0.037 0.03, 0.95 0.37, 0.62 0.05, 0.92
et Rt (115°) 0.034 0.03, 0.95 0.32, 0.67 0.06, 0.92
et (160°) 0.038 0.02, 0.93 0.38, 0.61 0.03, 0.89
W&t (15, 35), 0.5, 35° 0.033 0.04, 0.98 0.21, 0.78 0.04, 0.98
P& Bt (45, 75), 0.75, 75° 0.037 0.07, 0.94 0.37, 0.62 0.09, 0.92
&2t (65, 35), 1.5, 115° 0.037 0.09, 0.93 0.34, 0.65 0.13, 0.89
B4 (75, 45), 2.5, 160° 0.041 0.06, 0.92 0.42, 0.58 0.08, 0.86

4) MR TS, KK EIRBERY TS ARRR DN 0.1 % 0.2 %+ 0.3 % 0.4 % 0.5 % Bri A 5
P 5T By AL 75 I R R T O M R A BRI R IR R AR 00 0.1 % 0.2 % 0.3 %~ 0.4%
FE 5 R R T R B O PR B I LA, BRI Bl S s SR S A Rk 1 pros. B
TR RS, B 5 4y T ZME A Y B, ASCEEEME SRR 1.5 % A3 31K L
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S IBHERRTBY )55 5 R 10 %. 20 %+ 35 %. 50 %
e A SR, 5 SR S I 1 R,
ATBLE H, BT 50 % I, AT A i
BT 0.1, MR REOCT 0.9, 53R [16] 4
e, B 50 2 4 0 LA T8 G 35 2 O
FRO AT 28, D24 B LA e 9 ) B

K5 WSk

Fig.5 Noise attack experiment

K6 BIUIXGE s
Fig.6 Cropping attack experiment
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BIE, A REBOR T e, 9% (75, 45), 4
HCLE A 2.5, HERE AT A 160 ° IR i5 LS AR AR
ANFET B, AHOC RO T ATk (e, 5 SCHR [16]
AH A SO LA S 1 58 LRy R0 B (A 5 &R
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7 OBABGRR

Fig.7 Joint attack experiment
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