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ABSTRACT

In the event of a disaster occurring within a building, the prompt and efficient evacuation and rescue of occupants within the building
becomes the foremost priority to minimize casualties. For the purpose of such rescue operations, it is essential to ascertain the distribution
of individuals within the building. Nevertheless, there is a primary dependence on accounts provided by pertinent individuals like building
proprietors or security staff, alongside fundamental data encompassing floor dimensions and maximum capacity. Consequently, accurate
determination of the number of occupants within the building holds paramount significance in reducing uncertainties at the site and
facilitating effective rescue activities during the golden hour. This research introduces a methodology employing computer vision
algorithms to count the number of occupants within distinct building locations based on images captured by installed multiple CCTV
cameras. The counting methodology consists of three stages: (1) establishing virtual Lines of Interest (LOI) for each camera to construct
a multi-camera network environment, (2) detecting and tracking people within the monitoring area using deep learning, and (3)
aggregating counts across the multi-camera network. The proposed methodology was validated through experiments conducted in a
five-story building with the average accurary of 89.9% and the average MAE of 0.178 and RMSE 0f 0.339, and the advantages of using
multiple cameras for occupant counting were explained. This paper showed the potential of the proposed methodology for more effective
and timely disaster management through common surveillance systems by providing prompt occupancy information.
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Fig. 2. Example of Camera Code System
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Table 1. Counting Results by Floors and Sections

Morning Noon Afternoon
(09:00-09:15) (11:45-12:00) (18:00-18:15)
Total Frames 224,651 228,592 223,575
Gound Truth Frames 62,862 55,405 59,871
Predicted Frames 61,142 72,087 63,235
Average Accuracy 0.937 0.884 0.876
Average Fl-score 0.819 0.775 0.782
Average FPS 10.14 9.13 5.50
Table 2. Counting Results by Floors and Sections
Category Accuracy MAE RMSE
1 0.956 0.044 0.161
2 0.834 0.275 0.584
Floors 3 0.698 0.303 0.479
4 0.780 0.221 0.335
5 0.954 0.046 0.137
Average 0.844 0.178 0.339
A 0.867 0.133 0.223
B 0.879 0.179 0.423
Sections C 0.622 0.408 0.651
D 0.992 0.008 0.072
Average 0.840 0.182 0.342
By Floor By Sections
0.9560.956 S 0.963 OJSOM 0.9540.954 o567 0.995 0575 0870 055 0992 0.992
0.622
1F 2F 4F SF A B C D
W Original ® Modified W Original  m Modified
Fig. 6. Example of LOI Adjustment Results
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