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Detection of Smoke Propagation Direction Using Color Video Sequences
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Abstract: To better assess fire location and direction of fire development, it is crucial to detect smoke and a
clear undestanding of smoke propagation direction. Smokes tend to progress rather than backtrack. They do
not usually go 1 one direction. The proposed method focuses on the detection of smoke propagation direction
with image analysis that enables a potential fire risk situation to be recognized at an early stage. Using the
consecutive smoke image frames having significant smoke candidate, comparison has been done by DP
matching to detect the global direction of smoke propagation. In this research, the possible directions of smoke
have been grouped mto 4 categories. The direction of movement of smoke in one category shows the global
direction of smoke propagation in that direction. The general information about that direction can be used to
identify area at risk for at least filling with smoke and possibly catching fire.
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INTRODUCTION

Understanding smoke and its propagation in the bud
can save crucial seconds that can often make the
difference between life and death, or between mild
structural consequences and complete collapse of the
building. The use of early warning of fire and smoke
detection systems has resulted in a significant reduction
overall in fire deaths. The sooner a fire 1s detected, the
better the chances are for survival. To identify how fires
develop, smoke detection and its spreading style analysis
is an important part of safety analysis and is essential in
assessing the risk of escalation.

Smokes develop in different ways and are often
unpredictable i their growth. Smoke has multispectral
signatures such as color, geometry and motion. The
shape of a smoke region usually keeps changing wlich
depends on surrounding environmental factors. The
proposed research is aimed at cost-effective and accurate
means of designing efficient smoke propagation direction
detection system with color video scene analysis.

Background: There are some papers about fire and smoke
detection using image analysis and only a few papers
concentrate on smoke propagation. Smoke usually
complements with fire nearby. Hence to detect smolke and
its propagation style, attention has been paid also on fire
detection with vision algorithm. Existing methods of
visual fire detection rely almost exclusively upon spectral
analysis except (Rubaiyat ef al., 2005). Some systems use
CCD cameras (Chen et al., 1999). The methods described
in Kozeki (1999) and Kozeki (2001) uses an infrared and
thermo-graphic cameras.
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The vision-based methods presented in Healey et al.
(1993) and Foo (1995) to detect fire seem to be promising.
The system reported in Plumb et al. (1996) makes use of
specialized pomt-based thermal sensors with thermal
camera. However, none of them address the detection of
smoke and rely upon ideal conditions. The method used
in Rubaiyat ef al. (2005) is based on image analysis of the
smoke scenes captured by a normal video camera with
detection algorithms; it can detect smoke from the taken
umages in its early stage.

Although, there are some methods to detect smoke
propagation direction, almost no effort has been paid to
detect the direction of smoke propagation with image
analysis. Choi et al. (2005) shows the variation of smoke
propagation distance with different parameters such
as fire size, ventilation rate in a tunnel. In the study
Chen et al. (2003), authors computed the 3-dinensional
smoke flow fields to inderstand the mechanisms driving
the motion of smoke and stack effect.

None of the papers address the image-based smoke
propagation detection and its fashion. Hence a vision
based smoke propagation detection system with color
video scenes has been proposed here.

MATERIALS AND METHODS
The proposed research comprising wuse of
surveillance camera means, video frame comparison
means and signal processing means. The method 1s
arranged to analyze different frames acquired by the video

camera monitoring means and to compare the intensity
and/or color of individual pixels or group of pixels so as to
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consider the inter-relationships of these pixels to detect
the presence of smoke characterized in that signal
processing means.

In this proposed research, the smoke is assumed to
be associated with fire. Hence after detecting fire with the
help of Rubaivat et al. (2005), smoke has been detected by
Chen et al. (2003). If the smoke detection algorithm
indicates a potential smoke condition then statistical
analysis 1s supposed to be carried out to detect the
direction of smoke propagation with statistical analysis by
DP matching. Hence to get potential smoke candidates,
the threshold based analysis 1s proposed to be operated
by weighting each subblocked region, for example using
a point count system to provide a pass/fail form of
scoring. Generally the signal processing means provides
one frame as a reference and compares the current frame
with that reference. The image-based algorithm subtracts
the reference frame when it is treated as background. The
block diagram of the proposed method 1s shown m Fig. 1.

After detecting smoke, main focus is on detecting its
propagation path. A step by step procedural diagram has
been shown in Fig. 2. Here subblocking has been done on
the detected smoke images first. Then the smoke count is
calculated in every subblock of the image. If the smoke
count of a subblock 1s greater than a threshold, the whole
subbolck is considered as smoke candidate. Then
binarization has been done here by putting “1” in the
subblock and the other subblocks whose smoke count 1s
less than the threshold value, “0” has been putted there.
After getting the binarized subblock of smoke candidate,
contours of smoke images has been calculated Then
comparing the contours of successive smoke mmages, DP
matching has been applied to calculate the displacement
vector from 2 successive unages.

The concept of DP matching is as follows. Two
successive frames are considered as set of pixels. The
elements of each set are the contour pixels of its
subblocked binarized smoke images shown as follows:

{
= {b,, b, by, by b,}

Tet us consider, A be the set of contour pixels for ith
frame and B for (1+ 1)" frame. Then for one element of A,
it searches every element of B for matching with its
minimum cost by heuristic search method. The process is
repeated for all the element of A. By matching the every
elements of A with B, it gets the displacement vector for
2 successive frames. Then all the displacement vectors are
plotted for histogram analysis to get the peak of
displacement vectors number with respect to orientation.
After getting the peak, it 1s considered that the orientation
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Fig. 1: Smoke propagation path detection algorithm
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Fig. 2: Procedural steps for detection of global smoke
direction

corresponding to the peak of displacement vector to be
the global direction of smoke for those two image frames.
Rather than considering two successive frames only, this
1dea can be used for comparing any two image frames with
periodic appearance.



Bt J Soft Compt, € (1); €5-45 2008

RESULT S AND DISCU S50

& deo sequence of amooke has been taken within a
cloged room using a wideo camera The size of the room
was gbout 25:25 sgquare feet. The real smoke had been
generated by burning small pleces of woods with some
brrirg chemicas The camera was positioned aboat 10
feet far from the smoke ocourrence spot The collected
video sequence has been correrted to a mmber of
cotresponding color image frames The video sequence
cotisigts of 13,000 frames in BMP file with resclution of
F20=420 pixels. The warious fashions of stmoke have been
observed from the start of barning to the endto detect the
various gobal direction of smoke using vision al gorithi.

To detect the dobal direction of smoke from color
image frames shownin Fig 3 and 4, the detected bnarized
smoke image has been subblocked wlich is shownin
Fig & and 6, respectively. To detect the global direction of
smoke propagaticn, rather than considering &l the
directions the directions of smoke propagation has been
grovped into 4 over all directions as, 0-43, 45-90, 90-135
arid 135-180°,

The consecutive frames do not show the change of
global direction of stmoke. Hence, observation has been
done on the detection of the gdobal direction of smoke
after ewery 10 frames Displacement vectors have been
cacuated for image frame 1200 and 1210 which is shown
inn the Table 1. To duow the walidity of wide range of

Fig 3: Original itm age frame 1200

Fig &4 Original image frame 1210
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image frames the same calcdations have been done
for various image frames and the remdts are shown in
Takle 2-3. It is observed from Fig. 7 that most of the
Displacerert Vectors from the edge of smoke image frame
1500 to the edge of smoke image frame 1210 orient
towards 0-45° Hence the histogram  analysis  of
Diisplacemert Vector orlentation of smoke is maximm
towrards 0-457° growp. Then it has been considered that
thiz directionof maritmen Digolacemend VW ector oriertation
tobe the divecti ot of propagation of amoke. Therefore, we
caty say that the global direction of smoke for these 2
image sequencesis-457

Agsin, Tahle 2 shows the displacement vectors of
sncke from 1210-1820. Here marimum mumber of
Displacement ¥V ectors orient around 135-120° for these
two successive frames. Hence, the global direction of
smoke here iz toward 135-180° Therefore, from the
ohservation after 10 frames in Table 1-5, 1t could be said
that the smoke propagates in 2 overall directions from
1200-12350 frame.

Table 1: The diplac emmert wector fromm amoke Tmage sequerces 1200 and
1510

Orientation of dicplacerrert wecta Monber of diplac ettt we cbor

0-45% 9

45-00 1

o0-135* fi

135-180% 5

Table 2: The displacerrert wector froen samobe Irage seqaetces 1510 and

1320
Oriertation of dicplacetrerit vecta Hinrber of diplac erterd tre ctor
0-45° 3
45.00% 1
o0-135° 2
135-180° 5

Table 3: The diplac et wector froom sroke dmage sequences 1330 and

1530
O deritation, of displacerteri veoba Hhovber of displac ettt we chor
0-45% o
4 5-q0* 4
o0-135¢ 5
135-180% ]

Tahble 4: The dicplacerrert wector froen samobe roge ceqaetnces 1830 and

1340
Oriertation of dicplacerrert wecta Hianber of displacertert wrector
0-45* 9
45-90* ]
00-135% 5
135-180° 4

Table 5: The displacernert wector froom smoke Dhage sequences 1340 and

1850
Crindation of dicplacetrerit wecta Horber of dieplac ertverd we ctor
0-45° 9
4590 ]
o0-135* 4
135-180° 3
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Fig. 5: Subblocked smoke image frame 1800

Fig. 6: Subblocked smoke image frame 1810
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Fig. 7. Histogram of displacement vector from image
frame 1800-1810

CONCLUSION

Detection of global direction of the detected smoke
was observed for a range of image sequences. Our
algorithm gives a oclear understanding about the
propagation path of smoke. This method of smoke
propagation direction provides unique information about
the spreading style of smoke in a fire canght place.
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Observation has been done here assuming the smoke to
be whitish, further work can be done considering blackish
smoke. The effect of air flow can also be considered in
future.
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