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Abstract

Fire is one of the dangers that can endanger human health in a short time and if it is not controlled in
time, it will cause a lot of damage. Therefore, timely and accurate identification of the location of the
fire can prevent the consequences of its expansion. In this research, a new method for fire detection is
proposed based on the extraction of its temporal-spatial features in video frames. In the proposed
algorithm, a multiscale convolutional neural network along with a YOLO (you only look once) network is
used to extract spatial features and identify fire candidate regions. Then, fractal analysis based on the
temporal blanket method is then used to remove non-moving textures similar to fire and to examine the
temporal features of the candidate region. Finally, the fire region is separated from the other parts of the
image by fusion the results of the two steps. The evaluation results of the proposed method on three data
sets show that the accuracy of fire detection is about 96.1%, while the precision and recall values are
92% and 96.9%, respectively. Experimental results show that the proposed method performs better than
existing algorithms and thus confirms the ability of this method for efficient use in the real world.
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Figure (1): The architecture of the proposed fire detection algorithm
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Figure (2): The architecture of the proposed CNN module connected to the YOLO network
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Figure (3): Selection of the best anchor box using the proposed method, a) Output results of YOLO algorithm, b) Output results after

applying the proposed algorithm
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Figure (4): Results of the moving objects detection based on temporal blanket method, a) A frame of two videos, b) Output images for the
fractal dimension
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Figure (7): Confusion matrix of the proposed method on datasets 1 to 3
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Figure (8): Images of the proposed algorithm steps, a) Fire videos, b) Candidate region detection with Multi-scale CNN & YOLOV2, c)
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Table (1): Evaluation results of the proposed method on Datasets 1 to 3
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Figure (9): Images of the proposed algorithm steps, a) Non-Fire videos, b) Candidate region detection with Multi-scale CNN & YOLOV2, c)
Moving object detection, d) Fusion of the results of two methods, €) Result of proposed method
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Figure (10): Result of proposed method on sample images
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Table (2): Comparison of the proposed method with state-of-the-art fire detection methods
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Figure (11): Two examples of the output images and their related graphs in the fractal analysis stage, a) A fire video frame, b) Fractal image
of the video frame, c) Fractal dimensional image histogram
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6. Background subtraction model

7. Optical flow

8. Local binary pattern-three orthogonal planes (LBP-TOP)
9. Support vector machine (SVM)

10. Fusion

11. Logistic regression

12. Squeeze-net

13. Google-net

14. Field programmable gate array (FPGA)
15. Adaptive light convolution neural network
16. Faster region convolution neural network (Faster R-CNN)
17. You only look once

18. Temporal blanket

19. Rectified linear unit (ReLU)

20. Max-pooling

21. Bounding boxes

22. Anchor boxes

23. k-nearest neighbors (KNN)

24. Self-similarity

25. Histogram equalization

26. Fire-dataset

27. Ko

28. https://github.com/sulenn/fire-dataset
29. http://cvpr.kmu.ac.kr

30. https://www.nist.gov/fire

31. Accuracy

32. False negative (FN)

33. False positive (FP)

34. Recall

35. Precision

36. F-Measure (F1-score)

37. Confusion matrix

A%
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