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Digital Image Watermarking Focused on Various
Machine Learning Techniques
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Abstract. Digital watermarking is a technique used for embedding information in digital content. We have
already proposed a digital watermarking scheme with cropping tolerance based on machine learning. The
synchronization marker is embedded in a lattice-shape in the low frequency domain. Binarization processing is
performed on the watermarked image to find the lattice-shaped marker and synchronize against cropping. As a
result, we have achieved sufficient image quality to satisfy the IHC evaluation criteria Ver.3. In that method, we
used machine learning algorithm called Support Vector Regression. In this paper, we additionally show evaluation
on various machine learning algorithms.
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(a) Image 1 (Flower garden) (b) Image 2 (Street view)

s /‘

(d) Image 4 (Port view) (e) Image 5 (Bus) (f) Image 6 (Flower pot)

X 5 FEAm 5

# 1 IHCEERDED LYV K ZBEDALE

position (x1,y1) (x2,y2) (x3,y3) (xa,y4)
1 (16,16) (1935,16) | (1935,1095) | (16,1095)
2 (1500,16) | (3419,16) | (3419,1095) | (1500,1095)
3 (2617,16) | (4536,16) | (4536,1095) | (2617,1095)
4 (16,770) | (1935,770) | (1935,1849) | (16,1849)
5 (1500,770) | (3419,770) | (3419,1849) | (1500,1849)
6 (2617,770) | (4536,770) | (4536,1849) | (2617,1849)
7 (1344,768) | (3263,768) |(3263,1847) | (1344,1847)
8 (16,1520) | (1935,1520) | (1935,2599) | (16,2599)
9 (1500,1520) | (3419,1520) | (3419,2599) | (1500,2599)
10 [ (2617,1520) | (4536,1520) | (4536,2599) | (2617,2599)
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# 2 WRETIEONEITHET D MRS R

Compression ratio PSNR MSSIM
1st coding | 2nd coding | 1st coding | 2nd coding | 1st coding | 2nd coding
Imagel | 0.0655 0.0387 42.2507 41.1787 0.9909 0.9889
Image2 | 0.0649 0.0381 41.9447 42.0595 0.9801 0.9796
Image3 | 0.0635 0.0376 38.4955 38.6804 0.9689 0.9683
Imaged | 0.0665 0.0367 42.0696 40.7871 0.9869 0.9820
Image5 | 0.0663 0.0400 41.0439 40.0965 0.9769 0.9683
Image6 | 0.0659 0.0385 41.7427 41.2044 0.9859 0.9851
Average| 0.0654 0.0382 41.2579 40.6678 0.9816 0.9787
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ofo|o|e|e|e|o

Average
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6.67% Ziii 72 LT 5. 2 BB H OJEMERIL 3.82% TH Y,
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A BRI L 2 BeBED LG - fi#Etk, HDTV-size DY)V
REBEEAT S T2BROFT ) L OMHERITT T 0% & 7o
7.

#2, 3 L0, HEFET HC FELOFBIEYE Ver3 %
ER LT D LR TE T

43 BEFEFLITYXLI EOFE

MATLAB b CHEAE 70 23U X ADOREREEICE L
TOFMEITo7-. 7ATY XL EIEAE L FRED
RMSE Z % H LEEl L7=. RMSE OfEA/NEVIEY, B
FERBETHD.

RMSE = (22)

1

;;(ﬁ -y
I TolIT— 20k, fITTHME, ylIENHETHD
AREFHICH VT — 22 v ME, FHMEAES 6 2 &
MO EEESIRE Lz, A CRHMEH M 6 87X Thb
FEEAICRE LT —4ty FbHAELE, T—4 8T
% x| THC ZERFMALYE Ver.3 W7 — 2 %
ERIBRIZ 300 & Lz, T A MIT—%ty M 5o8IRE
THREL, RMSE 5 H L7z, LLUFICRHmFERERd.

— 469 —




K 4 BAE TV A ) X LRI O E R

KT BEMEET LY X LHO G E R

Bk | BiR2 | B3 | B4 | EIRS | EitR6 | BitR1 - 687 (A7 — # Image2 D &)
BRER 195 [ 138 [ 132 | 1.32 | 1.28 | 1.79 1.65
S E ARV ER 236 | 1.82 | 1.63 [ 415 | 1.49 | 2.94 1.94 PSNR MSSIM RMSE
ONZ - ERER 193 | 120 | 132 | 128 | 133 | 186 165 1st coding | 2nd coding | 1st coding | 2nd coding
27y 774 AR | 195 | 1.38 | 1.32 | 1.36 | 1.28 | 1.79 1.65 iR E)E 41.9354 42.0657 0.9799 0.9796 1.38
EHAREAR 6.62 | 5.60 | 7.15 | 4.85 | 5.96 | 8.22 6.37 BHIREAR 34.1747 34.1967 0.9626 0.9590 5.60
PREOREA 7.97 | 745 | 864 | 627 | 7.97 | 1067 9.04 B REAR 32.5645 | 32.6270 0.9555 09512 | 11.55
HHASREA 13.29 [ 11.55 [14.70 | 8.95 [11.17 [16.91 14.43 ESYM 11.9573 12.0763 0.9803 0.9798 158
?i’;\m zéz ;Zi zz ;2; ;;; z; ;;z MAWH Y ZSVM | 31.0464 | 31.1194 0.9480 0.9432 | 15.20
s - i - - - i, - # 3+ h {m} =
3RSYM 373 11066 | 613 | 616 | 467 | 6.33 3.66 A v X ER2E)F | 35.2569 35.2014 0.9668 0.9633 2.53
L H T ZSVM 13.82 [15.20 [11.26 | 9.31 [13.39 [13.91 12.81 F8  HMEEE T DY X AR S L
FIZED A 7 ZSVM 420 | 634 [ 549 [ 354 [ 631 [ 570 4.41 e
BT 7 ZSVM 439 | 459 | 4.75 | 2.82 | 4.54 | 5.08 441 (g7 — & Imagel-6)
T—RT 4 Y RER 763 | 6.38 [ 807 [ 647 | 682 | 683 6.67 PSNR MSSIM e
NE 2 TRER 793 | 479 | 501 | 335 | 509 | 528 4.25 1st coding | 2nd coding | 1st coding | 2nd coding
—EiEHA Y ABRER | 1.99 | 140 | 144 [ 137 | 1.26 | 1.82 1.65
i ?XL\&@JW REENR 41.9442 42.0712 0.9800 0.9796 1.65
Mattern 5/2 7 X @12/ | 1.98 | 1.40 | 1.42 | 1.31 | 1.28 | 1.81 1.64 . TRETS =5 2800 3670 6% =
eE A Y 2 BIZENR 274 | 253 | 289 [1.83 | 268 | 3.27 2.79 SRE : : : : :
HEIRAYZBRER | 1.99 | 140 | 144 [ 135 [ 1.26 | 1.82 1.65 Bl REAR 33.9961 34.0175 0.9616 0.9577 14.43
#RIFZSVM 41.9514 42.0748 0.9801 0.9797 1.79
M WH 7 ZSVM 31.7756 31.8343 0.9545 0.9504 12.81
18.00 HBET T R @IZE)T | 35.5209 35.4490 0.9677 0.9643 2.79
16.00
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