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Functional patterns-relevant blind-deblurring method for

anti-counterfeiting code images
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Abstract: Objective Anti-counterfeiting code can be as a sort of quick response (QR) code-special design. The functions
of anti-counterfeiting and traceability of QR code are involved in beyond encoding and decoding. So, the quality of anti-
counterfeiting code images is highly required for that. Actually, the obtained anti-counterfeiting code image is challenged to
be blurred due to camera-derived noise, the relative shooting motion between camera and anti-counterfeiting code, and its
errors-defocused. Generally, QR codes-relevant slight blur degradation does not have a great impact on the function-deco-
ded of anti-counterfeiting codes in terms of its own error-modified ability, but the function of authenticity identification is

still a challenging issue to be resolved via the restoration for blurred anti-counterfeiting code images. Most of current blind
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deblurring algorithms are aimed at natural images, which do not make full use of the features of anti-counterfeiting code.
The restoration result is not effective and time cost is high as well. To resolve this problem, we develop a blind-deblurring
method on the basis of anti-counterfeiting code’ s functional patterns. Method First, the blurred anti-counterfeiting code
image is converted into grayscale and interpolation-bilinear is used to coordinate its size to 512 x512 pixels. The intensity
and gradient priors of anti-counterfeiting code image are re-identified in terms of its binary features. Intensity-prior means
the gray values of clear anti-counterfeiting code image are concentrated between 0 and 255, while anti-counterfeiting code
image-blurred are scattered between 0 and 255. Gradient-prior is defined as the difference between adjacent image pixels,
which has horizontal and vertical directions. The gradient distribution of clear anti-counterfeiting code image is amongst 0,
255 and —255, whereas gradient values of blurred image are scattered between —255 and 255. Then, the entire blurred
anti-counterfeiting code image is divided into four blocks with the same size: 1) upper left, 2) lower left, 3) upper right,
and 4) lower right. After that, the three image position detection patterns of upper left, lower left and upper right and the
correction pattern of lower right are extracted respectively. There are two potentials of block processing as mentioned below.
The first one is beneficial for the deblurring-regularized method, which is scale-related temporal optimization. The other one
is focused on comparative analysis for estimating the blur kernel of whole image to make deblurring result better in terms of
non-uniform blur-melted block processing. Finally, intensity and gradient-priors cost function is as the constraints, and the
deblurring problem is decomposed into two subproblems. The clear images and blur kernels of four blocks are generated
based on regularization method and numerical method. Result First, we test 100 artificial blur-relevant anti-counterfeiting
code images. The updated blur types consist of motion blur, defocus blur and the two blurs-coordinated. To evaluate the
performance of those algorithms to be tested, peak signal to noise ratio (PSNR) , structural similarity (SSIM) and the time
cost are used as the indicators. The experimental result shows that our algorithm can deal with varied degrees of motion blur
and defocus blur. Next, we test 50 blurred anti-counterfeiting code images collected by mobile phones. Natural image qual-
ity evaluator (NIQE) is used as the image quality evaluation index. Our average NIQE value is decreased by 3. 02 and the
time cost is optimized by 22. 07 s compared to some popular algorithms, including blind image deblurring using patch wise
minimal pixels regularization. Furthermore, the details of anti-counterfeiting pattern can be restored well. Conclusion To
guarantee certain deblurring effect and time efficiency, our easy-to-use blind-deblurring optimization of anti-counterfeiting
code images is demonstrated.

Key words: anti-counterfeiting code; blind deblurring; functional pattern; intensity prior and gradient prior; regulariza-

tion; image quality evaluation
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Fig.4 Intensity prior and gradient prior of anti-counterfeiting code images ( (a) clear anti-counterfeiting code image ;

(b) blurred anti-counterfeiting code image; (c¢) intensity histogram of (a);(d) intensity histogram of (b) ;

(e) horizontal gradient histogram of (a) ; (f) horizontal gradient histogram of (b))
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Fig.5 Segmented anti-counterfeiting code images and extracted
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images; (b) position detection patterns and correction pattern)
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A3 13.65 0.601 3 4.47
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Fig.7  Deblurring results of artificially blurred anti-
counterfeiting code images( (a) clear images;
(b) blurred images; (c) Pan et al. (2014);
(d) Yan et al. (2017);(e) Wen et al. (2020) ;(f) ours)
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Table 2 Quantitative comparison of deblurring results

of artificially blurred anti-counterfeiting code images

KERT PSNR/dB SSIM SRILFERT /s
Pan %8 A (2014) 19.79 0. 656 3 81.75
Yan %5 A (2017) 18.38 0.581 8 98.97
Wen 25 A\ (2020) 20. 14 0.634 1 31. 66
A3 21.26 0.728 7 11.74
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Fig.8 Deblurring results of blurred anti-

counterfeiting code images taken by mobile phone
((a) blurred images;(b) Pan et al. (2014);
(c¢) Yan et al. (2017);(d) Wen et al. (2020) ;(e) ours)
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Table 3 Quantitative comparison of deblurring results

of blurred anti-counterfeiting code taken by mobile phone

RS NIQE BEFEN /s
Pan % A\ (2014) 12.35 81.70
Yan 5¢ A (2017) 10. 88 95.19
Wen %% A (2020) 9.88 31.77
A 6. 86 9.70
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