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Region enhancement and multi-feature fusion for
contraband recognition in X-ray images
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Abstract: Objective X-ray security screening technology is widely used in public transportation infrastructures. The real-
time security images are generated via X-ray-related scanning for checking. Due to manual inspection mechanism has its
hidden risks, it is required to develop prohibited items-related intelligent recognition based on X-ray security check images.
Method The convolutional neural network based ( CNN-based) technique has been developing dramatically in the field of
computer vision tasks. The CNN-based intelligent recognition model is restricted by a huge amount of label-manual X-ray

images for training. Current recognition model is just suitable for homogeneous data-distributed between the training and tes-
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ting sets. When the color distribution of X-ray images in the testing set is inconsistent in the training set, it is difficult to
identify the target for the model. However, the problem of multiple datasets distribution is more prominent in practice for
such application scenarios. Dual-energy X-ray imaging technique allows the scanner to distinguish different colors in terms
of the item$ effective atomic number. The heterogeneity problem of X-ray images is challenged in color distribution. The
performance of X-ray image intelligent recognition algorithm will be lower intensively when the distribution of training and
test data is inconsistent. So, we develop a heterogeneity-alleviated multi-feature fusion model further. First, to alleviate the
influence of different color distribution of prohibited items, the attention mechanism is adopted to extract a newly pixel-level
feature, called region-enhanced feature, which are trained in terms of overall feature distribution. The generalization ability
is improved for multicolor-distributed X-ray images. Then, multi-feature fusion strategy is used to enrich the feature infor-
mation like color, shape and outline. The features of color, edge and region-enhanced are melted into a centralized man-
ner. The balanced weight parameters are added to the three kinds of features. Multi-feature fusion can be used to realize
more effective feature information and optimal robustness in the case of chaotic objects in an image. Finally, a ternary loss
functions are illustrated in relevant to fusion, edge and regional enhancement. To get feature fusion better, weight of three
losses are set to balance the weighted feature-parameters. Result The experimental analysis is carried out on the public dataset
for the performance evaluation of entirety and generalization (i. e. , performance on test samples with the same and different
color distributions) , called SIXray. Our mean average precision (mAP) can be improved by 4.09% and 2.26% of each in
comparison with the ResNetl8 and ResNet34. For a single class prohibited items, the average accuracy of our method can
reach 94.25% and 90.89% in the identification of guns and pliers-prohibited. We can identify 26 samples in SIXray_ last101
dataset in generalization, which is 4. 3 times beyond benchmark. The demonstration shows the effectiveness is improved in
terms of multicolor-distributed samples. Additionally, ablation experiments are conducted to verify the effects of multiple
features and hyper-parameter settings. The experimental results show that the overall recognition performance can be
improved based on the richer multiple features ( each of edge features and regional enhancement features improve the overall
recognition performance by 1. 32 and 1. 05 percentage points). Conclusion A region-enhanced multi-feature fusion method
is developed to deal with rich color and different distribution and chaotic and complex objects through X-ray security images-
relevant feature analysis. The enhanced region features are obtained in terms of feature distribution overall. Multi-feature
fusion strategy is implemented for the optimization of color, shape and contour details. And, a ternary loss function is used
to improve the fusion effect and its heterogeneity. Our analyses demonstrate that the performance of the model can be
improved for prohibited items checking. The effectiveness and robustness of the proposed method are verified as well. The
multi-branch structure of the model is required to be developed further due to its limitations of computational cost and recog-
nition efficiency.

Key words: X-ray security image; contraband recognition; region enhancement; attention mechanism; multi-feature fusion
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Fig.4 Examples of security images with the same color distribution and different color distribution

((a) security images with the same color distribution; (b) security images with different color distribution)
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Fig.8 Structure diagram of CBRP convolution module
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Table 3 Overall performance comparison of different methods on ResNet18 model

fi W% J1R/%  \TF% d /% $J1/% 0 mAP/%  FPS/(/s)
C + Baseline 88.32 86. 47 72.49 84.54 61.29 78.63 44
C + PyConv( Duta %5,2020) 90. 14 89.08 68. 86 85.22 60. 20 78.70 28
C + HR(CHR) (Miao %,2019) 88.10 89.74 72.99 85.63 64. 49 80. 19 36
C + CBAM ( Miao %,2019) 88.92 87.96 77.83 88.32 68. 01 82.21 36
C + REMF(A30) 92. 38 87.85 76.25 90. 54 66. 56 82.72 34

TE PR FR B SN R AER
%4 TREFEE ResNetdd HT F R GIEAERT He
Table 4 Overall performance comparison of different methods on ResNet34 model

Y W3Z/%  JIRs/%  WF/% HTF/% 85T1/%  mAP/%  FPS/(I/s)
C + Baseline 91.16 86. 89 75.42 87.62 66. 06 81.43 34
C + PyConv( Duta §,2020) 89.77 88.39 74.09 86.78 62.16 80.24 17
C + HR(CHR) (Miao %,2019) 91.05 89.75 77.73 88.11 67. 41 82.81 26
C + CBAM( Miao %%,2019) 90. 53 89.39 79. 64 90. 87 64.34 82.96 27
C + REMF(A30) 9. 25 88.76 78. 41 90. 89 66. 15 83.69 25
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Fig.9 Comparative experimental results of generalization ability
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Fig. 10 Only images correctly identified by REMF method
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Table 5 Ablation results
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