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Deep Learning Based Fire Point Chasing Pan-Tilt System

Using Thermal Camera
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There have been frequent fatal accidents of firefighters at fire scenes. A firefighting robot can be an alternative to humans
at a fire scene to reduce accidents. As a critical function of the firefighting robot, it is mandatory to autonomously detect a
fire spot and shoot water. In this research, a deep learning model called YOLOv7 was employed based on thermal images
to recognize the shape and temperature information of the fire. Based on the results of the test images, which were not
used for learning purposes, a recognition rate of 99% was obtained. To track the recognized fire spot, a 2-DOF pan-tilt
actuation system with cameras was developed. By using the developed system, a moving target can be tracked with an
error of 5%, and a variable target tracking test by alternately covering two target braziers showed that it takes about 1.5
seconds to track changing targets. Through extinguishment experiments with a water spray mounted on the pan-tilt system,
it was observed that the temperature of the brazier dropped from 600 degrees to 13 degrees. Based on the obtained data,
the feasibility of a robotic firefighting system using image recognition was confirmed.
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Fig. 1 Annual number of injured firefighters [1] (Adapted from Ref.
1 on the basis of web page)

(a) RS3 of L.A fire department [2]
(Adapted from Ref. 2 on the basis of web page)

(b) Smart firefighter robot of hyulim robt [3]
(Adapted from Ref. 3 on the basis of web page)

Fig. 2 Various firefighter robot
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Fig. 3 Fire detection using artificial intelligence [11] (Adapted from
Ref. 11 on the basis of OA)

Fig. 4 Network architecture of YOLO [13] (Adapted from Ref. 13
on the basis of OA)
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Fig. 5 Examples of image data for training
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Fig. 6 Detected bounding boxes using YOLOv7
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Fig. 7 Feedback control of pan-tilt system
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Fig. 9 Pan-tilt system
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Fig. 10 Water spray control system configuration

Table 1 Specification of the developed pan-tilt system

Components Name Specification
CPU: Intel Core i7-10875H
Computer  TFG256XX GPU: GeForce RTX 2060
Resolution: 160x120
Camera  ThermoCam 160B Scene Dynamic Range:
-10~+140°C
Microcontroller:
Mcu OpenCR ARM Cortex-M7
Motor MX-64R Stall torque: 6 N'-m
Pump 26820200 Max pressure: 200 PSI

Displacement: 7.6 LPM
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Fig. 11 Example image of recognition results

x x
o o
o Qo
j=} 05 j= 05
c c
T k=]
c c
5 5
o o
) @
o o
0 10 20 30 40 50 o 10 20 30 40 50
Time(s) Time(s)
(a)3m (b)6m
1 1
x x
o o
Q Q
o 05 j=2 05
c <
k<] =]
€ €
5 5
o o
n @
0 0
o 10 20 30 40 50 o 10 20 30 40 50
Time(s) Time(s)
(c)9m (d) 12 m

Fig. 12 Recognition test results based on distance between the
fireplace and the camera
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Fig. 14 Result of moving target tracking experiment
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Fig. 15 Variable target tracking experiment
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Fig. 16 Results of variable target tracking experiment
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Fig. 17 Extinguishment experiment
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Fig. 18 Result of extinguishment experiment
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