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HCR-RecNet: Deep learning—based handwritten chemical reaction
expression recognition

HE Xianyu, LIU Wei, TAO Jiajun

(School of Informatics, Hunan University of Chinese Medicine, Changsha 410208, China)

Abstract: Handwritten chemical reaction expressions appear frequently in teaching materials, exams, laboratory notes, and
industrial documents. Converting them from images to one — dimensional encoded text reduces data redundancy and supplies
structured input for intelligent grading and chemical information processing. Reliable recognition remains difficult because symbol
categories are diverse, handwriting styles vary widely, and reaction expressions contain coupled components such as molecular
formulae, reaction operators, and reaction conditions. This work presents HCR —RecNet, a divide—and - conquer framework for
handwritten chemical reaction expression recognition. The framework contains a detection stage and a post—processing stage. The
detection stage is built on YOLOV13 to localize and classify key symbols. The post—processing stage performs structured parsing of
detections. It refines molecular—formula regions, models the spatial order of symbols, and reconstructs sequences under a unified
symbol-encoding constraint to produce standardized one—dimensional representations. Experiments on a self—constructed dataset of
8,352 handwritten reaction images report an overall recognition accuracy of 86.24% , which is markedly higher than that of holistic
recognition baselines. The results indicate improved robustness on critical substructures while maintaining global structural
consistency, supporting automatic digitization and downstream analysis of handwritten reaction content.
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Fig. 1 Handwritten chemical reaction equation
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Table 2 Comparison of Object Detection Models

" Inference  Paramele
T EMR/% CMR/% oo onee arameler -y, cision/%  Recall/% F1 — Score/ % mAP50/% mAP50-95/%
Time/ms Count/M
YOLOV8x' ! 83.90 98. 46 3.70 68.21 94. 81 97.10 95.94 98.30 80. 40
YOLOv9e! 26! 84.32 98.56 6.50 69. 50 94.93 97.74 96.31 98.22 80. 65
YOLOV10x!?"! 48.89 91.73 4.90 3177 88.73 87.54 88. 13 93.15 73.11
YOLOv11x' % 85.28 99.02 5.00 58.93 93.54 98.57 95.99 98. 01 80.92
YOLOVI3x 86. 24 98. 60 4.30 64. 00 95.29 99.01 97. 11 96. 86 80.37
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