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[Abstract]

Recently, applications that acquire additional information by taking a quick response (QR) code photo with a smart-phone camera
is widely used. The QR codes can contain a lot of information, but in order to recognize a QR code, we need to take a photo so
that all four corners of the code are covered. To overcome this limitation, we propose a method to embed a sequence of code bits
to a digital image and detect from the captured image of its photos. The proposed scheme embed the code in the frequency domain
so that the code is not lost despite severe image degradation issued during the print-camera process. The conventional
frequency-domain approaches usually embed only 1~2 bits, however we designed to be able to contain 16 bits. In particular, we
additionally embed alignment bits as well as code bits to facilitate the decoding process. In our experiments, we achieved an
average accuracy of 95.2% for images partially captured under random rotation. This corresponds to only 0.76 bits in terms of the

average number of error bits.
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Fig. 2. Code embedded image in frequency domain. (a)
input image (b) magnitude image (c) data and
alignment bits embedded image.
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Fig. 4. Enhancement of magnitude image (a) an example
magnitude image of a patch among 40 patches
(b) enhanced magnitude image by our approach.
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Fig. 5. Bit sequence binary image (a) input magnitude
image (b) donut-shape masked image (c) binary
image using adopted threshold (d) line removed
image using Hough transform (e) noise removed
image using Morphological opening.
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Fig. 7. Alignment bit image (a) input magnitude image (b)
alignment bits binary image.
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Table 1. Decoding Accuracy.

Image Shooting Direction
Nt Vertical Random
baboon 98.8 94.4
lena 100 97.7
flamingo 96.3 93.8
racing 99.4 96.2
shining 99.4 94.2
All 98.8 95.2
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