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Registration Recognition Methods of the Printing Images
Oriented to the Imbalanced Training Set

JIAN Chuan-xia, GAO Jian
(Guangdong University of Technology, Guangzhou 510006, China)

ABSTRACT: The work aims to study a preprocessing method for the imbalanced printing image training set in view of the
problem of poor recognition accuracy of unaligned printing images in the detection of imbalanced printing image regis-
tration. An integrated sampling preprocessing method for the imbalanced printing image training set was proposed. Firstly,
the imbalanced training set was divided into support vectors and non-support vectors through the support vector machine
model. Secondly, in order to balance the training set, the support vectors in the minority class (i.e., the unaligned printing
images) were oversampled and the non-support vectors in the majority class (i.e., the aligned printing images) were
undersampled. Finally, the pre-processed balanced training set was used to train the support vector machine model, and the
model parameters were optimized. The proposed integrated sampling method was used to pre-process the imbalanced
training set to obtain the support vector machine model. The recognition rate of the minority class ¢ obtained through the
recognition of printing image registration was 0.9375, the geometric mean G,.,, of the recognition accuracy was 0.9437 and
the F-score was 0.9574. The proposed method outperforms other methods in the experiment in terms of the recognition
accuracy a' of the unaligned printing images, Gpeqn and F-score.

KEY WORDS: imbalanced data; printing registration; integrated sampling; support vector machine
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Fig.2 Printing image registration detection flowchart
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Fig.3 Linear SVM classification of two-class data
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Fig.4 Flowchart of a new integrated sampling method
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Fig.5 Sketch map of inserting linearly support vector data
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Tab.2 Texture features of some printing mark images
A (1) 7(2) 7(3) 7(4) 7(5) 7(6) 7(7) 7(8) bR
1 0.5225 0.0076 1.0983 0.0383 5.0970 1.7544 0.0209 4.5538x107* +1
2 0.5119 0.0083 1.1592 0.0402 5.4313 1.8412 0.0207 4.7135%107* +1
3 0.5137 0.0082 1.1311 0.0406 5.3055 1.8238 0.0207 4.6388x107* +1
4 0.5019 0.0082 1.1654 0.0409 5.4766 1.8621 0.0203 4.5704x107* +1
5 0.5093 0.0081 1.1640 0.0395 5.3524 1.7969 0.0206 4.5521x107* +1
6 0.5255 0.0080 1.1242 0.0391 5.1308 1.7718 0.0212 4.7379x107* +1
7 0.5211 0.0081 1.1370 0.0397 5.2426 1.8006 0.0211 4.7562x107* +1
8 0.5177 0.0082 1.1457 0.0399 5.3185 1.8183 0.0210 4.7500x107* +1
9 0.5146 0.0082 1.1531 0.0401 5.3807 1.8313 0.0208 4.7345%107* +1
101 0.5552 0.0058 1.0270 0.0292 3.5124 1.1212 0.0224 3.3652x107* -1
102 0.5477 0.0066 1.0477 0.0327 4.0662 1.3571 0.0220 3.8994x10°* -1
103 0.5552 0.0058 1.0259 0.0296 3.5429 1.1459 0.0224 3.4289x107* -1
104 0.5553 0.0066 1.0282 0.0333 4.1766 1.4105 0.0223 4.1708x107* -1
105 0.5370 0.0069 1.0911 0.0349 4.5069 1.5364 0.0216 4.2560%107* -1
106 0.5479 0.0068 1.0446 0.0335 4.2393 1.4231 0.0220 4.0778%107* -1
107 0.5407 0.0068 1.0714 0.0339 4.1523 1.3826 0.0218 3.8800%x107* -1
108 0.5408 0.0073 1.0718 0.0341 4.6119 1.5096 0.0217 4.2350x107* -1
109 0.5469 0.0067 1.0537 0.0331 4.0675 1.3664 0.0220 3.9227x10°* -1
200 0.5653 0.0057 1.0023 0.0299 3.5570 1.1368 0.0229 3.5539x107* -1
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Tab.3 Testing results of addressing the imbalanced train-
ing sets with different methods

ik SVM Us SMOTE  XH ik
a 0.7813 0.8542 0.8750 0.9375
a 1.0000 1.0000 1.0000 0.9500
a 0.8456 0.8971 0.9118 0.9412
p 1.0000 1.0000 1.0000 0.9783
r 0.7813 0.8542 0.8750 0.9375

Grmean 0.8839 0.9242 0.9354 0.9437

Fcore 0.8772 0.9213 0.9333 0.9574
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