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Abstract: This paper is an experimental study on the improvement of smoke and flame detection from different materials with

YOLO. For the study, images of fires occurring in various materials were collected through an open dataset, and experiments

were conducted by changing the main factors affecting the performance of the fire object detection model, such as the bounding

box, polygon, and data augmentation of the collected image open dataset during data preprocessing. To evaluate the model

performance, we calculated the values of precision, recall, F1Score, mAP, and FPS for each condition, and compared the

performance of each model based on these values. We also analyzed the changes in model performance due to the data

preprocessing method to derive the conditions that have the greatest impact on improving the performance of the fire object

detection model. The experimental results showed that for the fire object detection model using the YOLOvV5s6.0 model, data

augmentation that can change the color of the flame, such as saturation, brightness, and exposure, is most effective in improving

the performance of the fire object detection model. The real-time fire object detection model developed in this study can be

applied to equipment such as existing CCTV, and it is believed that it can contribute to minimizing fire damage by enabling

early detection of fires occurring in various materials.
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Fig. 1. Different materials: (a) PMMA, (b) PC, and (c) HDPE.
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Fig. 2. Fire shape of materials: (a) Gyeongbu expressway fire (PMMA) and (b) Cheongju soundproof tunnel fire (PC).

Table 1. Comparison of physical properties.

Division Specific gravity Heat resistant point Melting point Fire retardant

PMMA 1.17~1.21 95°C 224°C Combustibility
PC 1.19~1.23 120°C 230°C Self-extinguishing
HDPE 0.93~0.97 120°C 130°C Self-extinguishing
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Fig. 3. YOLO algorithm operation principle.
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test and (b) Redmon’s the results of each model test.
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Test Dataset

Fig. 6. Image dataset.

Table 2. Dataset conditions.

Image data processing method Train Val Test Total
Bounding box 2,800 350 350 3,500
Polygon 2,800 350 350 3,500
Augmentation 36,400 4,550 350 41,300
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Fig. 9. Test results of each optimizer type.
Table 3. Training fire detection model.
Training parameters Details
Epochs 100
Batch size 16
Image size (pixels) 640X 640
Optimizer algorithm SGD
Initial learning rate 0.01

Model YOLOvVS5s
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Fig. 12.

Training and validation loss. (a) Bounding box, (b) polygon, (c) augmentation, (d) bounding box, (e) polygon, and (f) augmentation.
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Table 4. Performance results by model.
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Model Dataset Precision Recall Last mAP Best mAP FPS
Yolov5s6.0 Bounding box 0.7914 0.6211 0.6506 0.6674 61.1468
Yolov5s6.0 Polygon 0.9415 0.8165 0.8897 0.8908 61.1966
Yolov5s6.0 Augmentation 0.9737 0.9045 0.9505 0.9465 61.6426
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Fig. 15. Validation of model performance through CCTV footage capturing actual fire incidents. (a) Goheung hospital and (b) Coupang

distribution center.
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