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Abstract To address the problem of low recognition rate of QR (Quick Response) codes under changes in
illumination, pollution, and damage, a QR-code recognition algorithm based on multiblock local binary patterns
(MB-LBP) combined with an improved grey wolf optimization (GWQO) algorithm for optimizing a support vector
machine (SVM) is proposed. Firstly, the lifting wavelet transform is used to separate the high- and low-frequency
components of the image, while the second-level low-frequency and horizontal high-frequency components are
divided into nonoverlapping sub-blocks. The MB-LBP features of each sub-block are separately extracted and fused.
Then, principal component analysis is applied to reducing the dimension of the sample set. Finally, the classification
model of the QR-code data is established using the SVM algorithm. To further improve the classification accuracy,
the nonlinear convergence factor based on a logarithmic function is introduced to improve the optimization
performance based on the standard GWO; the improved GWO is used to optimize the SVM model. The recognition
performance is tested according to different combination modes of high and low frequencies and the SVM
optimization algorithm. The experimental results show that the proposed algorithm significantly improves the
recognition rate and classification accuracy, and it is highly robust.

Key words image processing; QR-code recognition; improved grey wolf optimization algorithm; multiblock local
binary patterns; lifting wavelet transform
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Fig. 3 Process of feature extraction for QR-code image
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Table 2 Testing results of low-frequency components

in levels of 1-4

Decomposition level 1 2 3 !
Training time /s 220.43 68.80 31.48 23.79
Recognition rate /% 96 94.5 82 34.5
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Table 3 Classification results of SVM model optimized by different algorithms

Comparison item GWO-SVM PSO-SVM DE-SVM ILFGWO-SVM
Sample weight of correct recognition 195/200 192/200 194/200 199/200
Recognition rate /% 97.5 96 97 99.5
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Table 4 Comparison of recognition performances of different models

No. Method Recognition rate /% Test time /s
1 Lifting wavelet+MB-LBP+SVM 71.5 16.10
2 Lifting wavelet+ MB-LBP+PCA+SVM 95 4.73
3 Lifting wavelet+MB-LBP+ILFGWO-SVM 94 113.68
4 Lifting wavelet+ MB-LBP+PCA+ILFGWO-SVM 99.5 9.12
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