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A Sensor Module Overcoming Thick Smoke through
Investigation of Fire Characteristics

Zzu gl gt
Min-Young Cho!, Dong-In Shin?, Sewoong Jun'

Abstract: In this paper, we describe a sensor module that monitors fire environment by analyzing fire
characteristics. We analyzed the smoke characteristics of indoor fire. Six different environments were
defined according to the type of smoke and the flame, and the sensors available for each environment
were combined. Based on this analysis, the sensors were selected from the perspective of firefighter.
The sensor module consists of an RGB camera, an infrared camera and a radar. It is designed with
minimum weight to fit on the robot. the enclosure of sensor is designed to protect against the radiant
heat of the fire scene. We propose a single camera mode, thermal stereo mode, data fusion mode, and
radar mode that can be used depending on the fire scene. Thermal stereo was effectively refined using
an image segmentation algorithm, SLIC (Simple Linear Iterative Clustering). In order to reproduce the
fire scene, three fire test environments were built and each sensor was verified.
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[Fig. 1] (a) Electromagnetic spectrum showing compatible
sensors according to wavelength (b) Responseable sensor
according to smoke characteristics and amount of information
from sensors
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[Fig. 2] (a) Inability to identify structures due to thickening with
thermal image camera in the event of a fire.

[Fig. 3] A thermal image of the indoor fire site during the flash
over. It is difficult to identify the door (red box area) with
thermal images only.
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[Fig. 4] Classification of smoke and fire distribution according to
the location of indoor fire (a)fire - white smoke state, (b) white
smoke - intial state, (¢) white smoke - smoke-filled state, (d) dark
smoke - intial state, (e) dark smoke - smoke-filled state, (f) fire -
dark smoke state
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[Table 1] Effective sensors according to the distribution of
smoke and fire.
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Fire - white smoke Proceeding RGBCHSWIRC (TIC) [Table 2] The specifications of the sensor module
White smoke - RGBC (Bottom area) No. Items Specification
intial state SWIRC/TIC (Top area) 1 Size (mm) 214 (W) x 214 (H) x 287 (L)
saoketledome | SWIRC/TIC AL e
RGB Camera (1)
Dark smoke - ; RGBC (Bottom area) 3 Sensor Thermal Stereo Camera (2)
intial state TIC (Top area) Radar (1)
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Initial RGBC+TIC+Radar PC Nvidia Jetson TX1
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board photographed with thermal camera
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(b)
[Fig. 7] Single camera sensor mode (a) RGB Image (b) Thermal Image
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[Fig. 8] Result image of thermal stereo (a) Left thermal image
(b) Left thermal image (c) Thermal stereo (d) Thermal stereo

using SLIC

[Fig. 9] Jet colormap
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[Fig. 10] Plot of the radar data

ME Yo = [Fig 1019 222D 1825 T2]al 7}
dlolE & o FAgH)

x=dsin(6),y = dcos(0) (10)
5. A% o &)
A7 A SHA| oA ojm gk AakE Bol=A] HE

s17] 1814 4 sk B3 Al AU S TESS
S Atk o3 7] 84 2 5ol A 71 3k 2 7
& T3] T A $7S TR, W =Rl

)

FIF oﬁ

P 54 122 5 vd FE A nE 243

(b) ©

[Fig. 11] White smoke experiment, (a) Test setup for white
smoke experiment., (b) An image showing the two objects (c) An
image showing the three objects (RGB Image, thermal image,
thermal stereo, sensor fusion mode, top to bottom)
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[Fig. 14] Dark smoke experiment, intermediate state (a) RGB
image (b) thermal image (c) thermal stereo (d) thermal stereo
after post-processing (e) sensor fusion mode
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[Fig. 15] Dark smoke experiment, smoke-filled state (a) RGB
image (b) thermal image (c) thermal stereo (d) thermal stereo
after post-processing (e) sensor fusion mode
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[Fig. 16] (a) fire test (b) fire test setup (c¢) RGB image (d) the
result of sensor fusion (e) the result of Radar
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[Fig. 17] Quantitative experiment (a) placement of reference
object and obstacle (b) a situation where only the reference
object is visible.

[Table 3] Results of quantitative experiment.

Subjects V(%) Subjects V, (%)
1 128 6 132
2 135 7 125
3 123 8 126
4 142 9 127
5 143 10 132
Average 131.30
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