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A Study on Recognition of not Wearing Safety Helmets at Construction
Sites using Image Deep Learning
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Abstract The most common accidents at construction sites are caused by not wearing personal protective
equipment. According to industrial accidents statistics, one of the main death causes is not wearing safety
helmets, and although various efforts have been made to have workers wear safety helmets. One of the ways to
manage the wearing of safety helmet is to use CCTV-based image deep learning algorithm, so various methods
have been proposed to confirm workers' compliance with wearing safety helmets by the CNN. This can help
with safety management by checking whether workers are complying with wearing safety helmets and
identifying workers who violate safety rules. In this study, we proposed a model construction methodology that
can effectively determine whether workers are not wearing safety helmets by utilizing YOLOvV9. With CIS data
set, we selected the optimal variables and data ratio for detecting workers not wearing safety helmets, and we
aimed to increase field usability by analyzing the discrimination accuracy and error according to the distribution
of data on wearing or not wearing safety helmets derived through various learning and verification.
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Table 1. Experiment and computer environment

Division Computer specification
0s .
(operating system) Ubuntu 22.044LTS
CPU AMD Ryzen Threadripper
(entral processing unit) PRO 59%BWX
GPU NVIDIA GeForce RTX
(graphic processing unit) 4090
RAM 503GB
(random access memory)
CUDA
(computed unified device 11.8
architecture)
CUDNN 84.0
(CUDA deep neural network) B
Image size 640
Software python/pytorch
Model YOLOvVIC
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Table 2. Dataset applied to the experiment

Case helmet no-helmet Ratio
1 3000 0 -
2 2500 500 51
3 2000 1000 21
4 1500 1500 11
5 1000 2000 1:2
6 0 3000 -
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Figure 3. Labeling results for the dataset.
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Table 3. Model performance by Case

CSS ngiﬁ itn(;t precision recall mAp@0.5
1 - 0941 099 0976
2 5:1 0955 0.96 0910
3 201 0925 0.98 0937
4 1:1 0938 097 0924
5 1:2 0939 097 0937
6 - 0946 097 0961
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Table 4 Confusion Matrix
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Table 5. Comparison of confusion matrix values by Case

Case TP TN FP FN
1 097 - 0.03 -
2 095 0.76 0.01 0.14
3 095 0.83 0.03 0.04
4 094 0.8 0.02 0.09
5 092 0.83 0.04 0.05
6 0.76 - 0.24
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Figure 5. Case 1: Recognizing a regular hat as a helmet

32l 6. Case 2 : no-helmetE helmet22 14l
Figure 6. Case 2: no-helmet is recognized as a helmet
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Figure 7. Case 3 :Holding a helmet in hand is recognized as
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