38 FHoW fu %% TR
2017 £ 5 A PACKAGING ENGINEERING <213 -

I EN R
E T Hough THIEFEKZIER QR 3£ B /KENE

E—IR, AWK
( M T K2, ¥ 200093)

WE: A&y ATk QR BB H B K e EA, $2 8 —Fr4Hst QR A AR B4 0 5% G- b 4R A 3R 4L
FREPF ik, ik AR ZREEAAAL AR 694 2 et 4 B KR AT, R B3 QR A EAR BAR AT
6,83 BT AL A B L IRAL AR R 3R 0 FRAL 2L, 4 B A 25 /K PP 04 3 S 48 M A A N B 2238 28/ 0k 4
fi# 89 QR iy VIR Z #UG #ATE R . Hough T #eidid A4 47 A #3460 QR AR 7 @2 %oy A4k, et/
HIEARIE, ARBOUKP, &R ESENHNRET, RIPHEF T RAFHRTILME (PSNR=323), Zit =4
g, 5542 (R, RF . EE ), JUMEHR (FH. #&4. %) ARITH AR LR E— 2520,
PR 6RO AMT T L, 4536 R AT R R A BR 0 S, TRMIEE A EadbsiE,
) B 3K B 09 R T L, 4133 QR A8 B Ah B R LA — 2 84 B A AL,

X7 : Hough T #:; QR #L; 4 &K ; FHian @

FESES: TS206 XEAFRIRAG: A XEHS: 1001-3563(2017)09-0213-06

Algorithm of QR Code Holographic Watermark Based on Skew
Correction by Hough Transform

GONG Yi-min, SUN Liu-jie
(University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to put forward a frequency domain digital watermarking algorithm for QR code carrier im-
age which has strong robustness, in order to overcome the problem that QR code image is hard to hide watermarks.
Fourier holography technology subject to double random phase modulation was used to encrypt watermark and the pre-
treatment was made including Gaussian blur and the removal of visual sensitive area for QR code carrier image at the
same time. Then the singular value matrix of holography encrypted watermark was weighted and embedded into the mid-
dle frequency coefficient of QR code after secondary wavelet decomposition and then was restored. The straight line at
the edge of QR code image in the same direction was detected by Hough transform through coordinate system transfor-
mation and then skew correction was done to extract the watermark. Watermark kept good invisibility (PSNR=32.3) under
the suitable embedding strength. After a series of attacks, including binarization attack, signal processing (filtering, noise
and compression), geometric transformation (translation, rotation and scaling) and print-scan attack, the extracted water-
mark was still clearly visible. The proposed algorithm has strong robustness for various types of attacks and it can resist
rotation attack at any angle, and it also meets the requirement of invisibleness. The algorithm has certain application value
in QR code anti-counterfeit technology.
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Fig.2 Process of encryption and decryption for watermark image
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Fig.3 The embedding process of watermark
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Fig.4 The extraction process of watermark
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Fig.6 Watermark embedding and extraction
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Tab.1 Experimental result of robustness test
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