I, BT, B, WARR, mEE, TR, ZEAY, EXW, BB,
Rapx?, RRY O F2V <1.q:%%mﬁaﬁmﬁ, [ 5 TUAE A S B 2 R R e i
Jr vk R AL T SO0 A 2 W LR A 0y ) B R TS S T S0 3, b 1026295
2 VEBHZGRIASE, TRB 110179; 3. HEZERRS:, HEST 210009)

SRR R A E W FARER A R R AT R, DRI RER fliﬁuﬁ/]
2K ARSI Tk $ﬁnﬁ%%é%mﬁm&%%%ﬁﬁ%@\ﬁ@&ﬁ WIHBAE, R
kAN RO BEAF IR XA BEGE R, XA R > A INEEFNKERIRS, RAIFER
022 M %% ( Convolutional Neural Network, CNN ) #£8 = BPResNet50. DenseNet20142ShuffleNetV2, S+
GEFHE RTINS ARA, ZIHEE, A TNEKER R GRAN, b, AL EEZRFES T
2, B CNNAE R 2 5] Ao A B 5 K 0 M b Fo ik F SEAT AT L ZAER 2F Tl X 4R 69 12 5) S
B RARL BN 96%VA L, HDenseNet201 B8 B A #4694 2 ; H5ARRAAAL, FEHELRLE £,
RAEE R LAREER, M‘r%i‘iﬂﬂCNN#?; G SR =l P R E X A i e b
BAHT, VIR RBOR A AT 1556, Bk sh su ey B E R Ao 2 AT &

MEF; BQRFN; BRNEML; R

R917 A 1002-7777(2024)01-0071-11
doi:10.16153/.1002-7777.2024.01.010

Application of Machine Learning in Classification and Recognition of Insoluble
Particles in Antibody Formulations

Guo Sha'*, Guo Xiang™, Gao Jie', Xu Dongze’, Mei Yuting', Wang Cui’, Xia Xijie'”, Li Lingkun’, He Pengfei',
Wu Hongyu®, Wu Hao”, Wang Lan'" (1. National Institutes for Food and Drug Control, NHC Key Laboratory of
Research on Quality and Standardization of Biotech Products, NMPA Key Laboratory for Quality Research and
Evaluation of Biological Products, Beijing 102629, China; 2. Shenyang Pharmaceutical University, Shenyang
110179, China; 3. China Pharmaceutical University, Nanjing 210009, China)

Abstract Objective: To classify and modeling of insoluble particles in antibody injections collected by
microfluidic imaging technology, in order to establish a classification and traceability analysis method for
insoluble particles. Methods: In this study, four different types of images including bubble, silicone oil droplets,
glass particles and protein particles generated by repeated freezing and thawing were obtained by the microflow

imaging system. These images were divided into training set and test set. The characteristics of images in training
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set were studied by and trained in three Convolutional Neural Network(CNN) models, namely ResNet50,

DenseNet201 and ShuffleNetV2, in order to establish data model. The recognition and classification performance

of the model were tested by the images in the test set. Besides, the classification accuracy and speed of the

three CNN models were compared with that of human eyes through application in an actual case. Results and

Conclusion: The recognition accuracy of each model for the test set is above 96%, and the DenseNet201 model

has better stability. Compared with human eye recognition, there is no significant difference in accuracy, but a

significant acceleration in recognition speed. This study proves that CNN model can be applied in classification

and traceability analysis of insoluble particles in protein preparations, so that targeted measures can be taken to

reduce the potential risks and safety hazards of drugs.
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