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Abstract Several image-based deep learning models have been proposed to detect abnormal behaviors
of workers in underground utility tunnels. Many of these proposed models apply rules to the deep
learning inference results to determine falls. On the other hand, rule-based models can be limited in
their fall detection performance because of the influence of camera angles and positions. This paper
compares the performance of rule-based and learning-based object detection deep learning models for
detecting workers' falls in underground utility tunnels. For the rule-based fall detection model, this study
used YOLOv5 models trained on the COCO dataset (Model A) and the underground utility tunnel dataset
(Model B), respectively, and determined worker falls using the aspect ratio of the bounding box
regardless of the worker's posture. In contrast, the learning-based model (Model C) for falls was trained
on YOLOv5 to distinguish between falls and the standing postures of workers in underground utility
tunnels. For the test data, the F1 score of Model C for detecting workers' falls in underground utility
tunnels was 0.867, which was 76% and 10% higher than Models A and B, respectively. Hence, the
learning-based model was more effective than the rule-based one. In addition, improving worker
recognition performance was necessary to enhance the fall detection performance of rule-based models.
The research findings are expected to contribute to the selection of efficient methods for the safety
monitoring of underground utility workers.
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Fig. 1. Sample images of workers in the underground utility tunnel
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Fig. 2. Distribution of bounding boxes ratio for dataset
of worker fall in underground utility tunnels
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Fig. 3. Loss and mAP curves for validation data
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Table 1. Best metric of models from YOLOv5 for
validation data (mAP: Mean average precision)
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Table 2. Metric of models A and B for test data to
detect workers (P: Precision, R: Recall, F1:
Harmonic mean of the P and R, A: Accuracy)

Model P R F1 A
A 0.999 0.653 0.790 0.653
B 0.999 0.864 0.927 0.864
C 0.999 0.867 0.929 0.867
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Table 3. Metric of models A and B for test data to
detect a fallen worker (*Weighted metric,
P: Precision, R: Recall, F1: Harmonic mean
of the P and R, A: Accuracy)

Model P R F1 A
A 0.763 0.364 0.493 0.571
B 0.841 0.737 0.786 0.770
Normal 0.895 0.830 0.862 0.887
C Fall 0.919 0.820 0.867 0.856
All* 0.909 0.824 0.865 0.869
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