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Visual Sensing of Fires Using Color and Dynamic Features

Yongtae Do*

Abstract

Fires are the most common disaster and early fire detection is of great importance to minimize the consequent damage. Simple sensors
including smoke detectors are widely used for the purpose but they are able to sense fires only at close proximity. Recently, due to the
rapid advances of relevant technologies, vision-based fire sensing has attracted growing attention. In this paper, a novel visual sensing
technique to automatically detect fire is presented. The proposed technique consists of multiple steps of image processing: pixel-level,
block-level, and frame level. At the first step, fire flame pixel candidates are selected based on their color values in YIQ space from the
image of a camera which is installed as a vision sensor at a fire scene. At the second step, the dynamic parts of flames are extracted by
comparing two consecutive images. These parts are then represented in regularly divided image blocks to reduce pixel-level detection
error and simplify following processing. Finally, the temporal change of the detected blocks is analyzed to confirm the spread of fire. The
proposed technique was tested using real fire images and it worked quite reliably.
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Table 1. Color features of flames[7]
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Fig. 2. Red(r) and green(g) color distributions of flame (solid line)
and non-flame (dotted-line) pixels.

2 =eoAE oY =S Aetstol, YIQ 2 $7tlA &
SaE AESHAT YIQ A8 372 F2 NTSC 349 2
A ARG, U171 Y g A TH Q gk ARgetol 2
ARt} RGB 28 F7tlA YIQ $7ro29f Mgk o}
4)9} Zro] o ATHI0L. YIQ 37X 9] 3t 3f4 H&
| (B2 Fojx= HSI $7olA o] AE Wi} 7]840
I3[t} Fig. 32 YIQ 37tIA e 4% WHio] Horng [719] 7]
of wigj axpAde Hol Frh &, YIQ s1tlA Y Al
Fig. 3(b)ollAle 2t sigohe Ftol 2 Zopxitt. ofof ¥l
8f, Fig. 3()°llAe 2ol Atz HE=A Xstel=dl, HSI
A2 F7tA Table 19 YARE 7IEo 2 S9& HEdke
7, AR of B 3] H gho] Eqbgst A&l
2 A7 LojAA] F

> o2
o ?
=
=3

—

>

rE ol rlo
mO

—213-

(b) ©

Fig. 3. Color-based extraction of fire flame pixel candidates: (a)
Fire scene image, (b) Candidates in YIQ space, (c)
Candidates in HSI space.

(d)

Fig. 4. Fire pixel extraction by comparing two consecutive images:
(a) and (b) are original images captured at time t-1 and t
respectively, (c) and (d) are flame pixel candidates detected
by color, (e) is the result of XOR operation.
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Fig. 5. Failure of pixel-level fire detection. Images in (a) and (b)
are two consecutive images that result in the detection
shown in (c) when using Eq.(5).
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Fig. 6. Block-based flame detection for the case of Fig. 4(e).
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Fig. 7. Experimental images: (Left) Scene images, (Middle)
Extracted fire pixel candidates, (Right) Block-based
detection.

Table 2. Experimental results compared with an existing
technique[8], where O means a success of fire
detection while X means a failure
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