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The temperature difference between fires exting g agen rsion field caused by
grenade explosion scatters and background is gimy and f|re tinguishing agent dispersion
presents obscure configuration. These in he Iowe trast of the infrared fire
extinguishing agent dispersion image a bord the fire extinguishing agent
dispersion are difficult to be extract rdi g characters of fire extinguishing
agent dispersion and infrared ima rder K g method by dynamic texture and
mathematical morphology was @ed Fir e infrared image sequence was pre-
segmented by dynamic text et od n the edges in fire extinguishing agent

dispersion were extracted by Canny op he extracted edges were dilated, labeled and
selected by the mathematm@orpholo the true dispersion borders were extracted. The
experimental resultse Wthat proce8sing the fire extinguishing agent dispersion images by
the methods mentlo ove %&tlvely extract the borders of the fire extinguishing
agent dispersi and g r results, which can be the foundation of measuring the
fire extingw@ nt di p@)
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1. Introductio@

Crown mﬁa burning in the canopy of the forest fire, which is fairly dangerous and
difficult t@ guish [1]. Remote drop of fire extinguishing bomb has became an effective
metho tinguish crown fire. After dropping the extinguishing bomb, the dispersion area

ffected by the gas flow in the fire ground so that air flow has a major influence over
th ctiveness of fire extinguishing agent. Meanwhile, the crowns of foliage conditions
also have an impact on the dispersion. Through experimental analysis, the current actual
guantity of fire extinguishing bomb used to extinguish crown fire is equivalent to 3-4 times
the theoretical amount. The measurement of dispersion area would help us study the
interaction between fire extinguishing agent and fire ground for a more effective usage of fire
extinguishing agent. Explosive dispersion is hard to measure, most scholars draw FAE fuel
explosive dispersal process to analyze the dispersion area. However, the result was not
precise according to parameter back from the results.
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This paper will analyze the interaction between fire extinguishing agent and fire ground
based on the infrared image that has been development in recent years [2-7]; the dispersion
border will be highlighted; the interaction would be analyzed in order to determine the best
explosion point [8-9], assure the best result of fire extinguishing.

2. Extinguishing Agent Dispersed Arrangement of Field Experiments

The explosion of fire extinguishing bomb to disperse ultrafine powder fire extinguishing
agent and the effect on the fire ground have been measured. The fire extinguishing bomb used
in the experiment has an outer radius of 255mm, shell thickness of 3mm, the shell material of
FBR, ultrafine dry powder extinguishing agent of 13 kg with density of 0.3g/cm®. Center tube
contains RDX explosive. The extinguishing fire bomb is placed above the center of the fire
ground that is simulated as crown fire. Distant record and infrared thermal imagetf_h SO

been placed. Seen figure below:

1-Analog crown fire, 2-@wishiq c@iiffusion region,
3- Infrared Therrﬁ ger, 414 eed Camera
Figﬂ@)erir‘ne@ S

The extinguishing proc(eé:as been \ by the infrared imager. The early, mid, late

and the end of dispersi ave bee sen to analyze the interaction between fire
extinguishing bomb_a Qs groumﬁ Figure 2. Those pictures have been divided into two

p
stem Layout

parts, which are fir\%n uish dispersion area and background. The borders are not
very clear th@c tion alslt;ws.

v

@O Figure 2. Extinguishing Agent Dispersion Infrared Image

3. Extinguishing Agent Dispersed Field of Dynamic Infrared Image
Texture Segmentation

The dynamic texture is texture image sequences which refers to a repetitive spatial and
correlation on time. For example, the river flows, flame, smoke dispersion with wind and so

on [10-13]. Each frame is static texture, there is a certain statistical properties of the time
frame between the front and rear. The fire extinguishing agent dispersion is a typical kind of
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dynamic texture, the production, diffusion, dissipation and other processes of dynamic texture
is significantly different from the surrounding environment backgrounds. Diffuse infrared
image sequences by infrared thermal imager extinguishing agent can be recorded this
dynamic texture segmentation. It can be divided into three categories: (1) the method was
based on model; (2) the method was based on the motion; (3)the method was based on a
special. This paper uses a dynamic texture segmentation method based on Fourier analysis of
the proposed by LI. The segmentation process was shown in Figure 3.

- Calculate
Inputimage |, Image || oot L) phase | R::(;’S:rt‘?:t
sequence preprocessing spectrum
\ 2
Morphological Convert to_ binary Compute Smooth v
: | Image using the 7
processing threshold threshold frame
*
Figure 3. Dynamic Texture Segm%@o Flow
In the pre-processing stage, the traditional conth nce jStogram equalization
and other methods of infrared image enhancement waS=uSed [14-1 frared grayscale image
sequence I(x,y,t), Wherein X, y is the position{foMNeach pix the representative; t is the

frame number. For I (x, y, t) for 3D discrete I@l transforN T) can be expressed as:

x-1

i a ON %
FUy)) =Y (0 (0,7 Y of ‘@y,t)) ’% )
RO SN R

x=1

Wherein: x and y are the vm&nd hei ﬁb&ch frame; t is the total number of frames.

o, =exp Tk =0gPx-1. e image sequence | (x, y, t) during the 3D
Discrete Fourier Transf&FT), By F (I"(x, vy, t)) of the real part and the imaginary part to
obtain a phase s}% m P, (x, vy, 1))], 3D phase inverse DFT spectrum,

[Ox, Y, = \0%““”% ¥

When performing Qrete Fourier transform (DFT), the number of frames must be
selected considerin rame rate of the image sequence, and agent dispersion rate of
change. Each fra&onstruction filters smoothes the average sequence. Choose a suitable
threshold (such a an) gray value of the image sequence into two image sequences. Binary
image obtaﬁ%y mathematical morphology operations, including filling, erosion, dilation,
opening sing operation. You can use the morphological opening operation to operate
filter | point arithmetic expansion before proceeding. When performing the role
i orphological operations, such as corrosion, expansion, structural elements of the
d size used should be consistent.

Figure 4 shows the dynamic texture segmentation through image after. Clearly, because of
the dispersion and the surrounding area extinguishing agent unperturbed background texture
characteristic differences in the dynamic texture segmentation can more accurately determine
the area where the fire extinguishing agent dispersed.

ty
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Figure 4. Segmented Image

Through the use of multiple image sequences dynamic texture segmentation method found
that due to the low frame rate selected infrared image sequences and morphologlcal

processing elements in the shape of the structure is limited, segmented extingui nt
dispersion area is not complete, but very accurate circle the location where the w gion.
Thus you can use this method of extinguishing agents dispersed areas pye- entation,
followed by other operations. Figure 3 shows the outside of the'dynamic mentation
method based on the resulting image extinguishing agent ?&sed areayfirg extinguishing

agent diffusion zone part has been removed.

*
Figure 5. Pre-s : nted\&g age by Dynamic Texture

4. Edge Detection

Figure 5 is divid %Id of fire-extinguishing agent dispersed in two parts
and the backgrg boundmt en these two areas is not particularly clear, there is a
mutual transd tra one. In order to facilitate the analysis of the precise scope of
extinguishing t dlspWId and background. Already largely determine extinguishing
agents diffuse field e action operation, commonly used methods are: Prewitt, Canny,
Bwperim, Laplacia rt, Sobel operator, morphological operators and other methods [17-
18]. Operator different methods such as edge extraction after different. The

experimen omparison, we chose the Canny operator, the operator of the extinguishing
agentto e é ore complete dispersion field.

Figure ows the use of Canny operator from extinguishing agents diffuse edges of the

°

Figure 6. Boundary of Extinguishing Agent Diffusion Field Detection
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After the border has been detected, the images were also recovered. Images were divided
into two levels of black and white by the method of threshold. Q is the gravity value of the
histogram. The background of the images was also one of two levels. The gravity value of
black and white areas can be calculated by histogram.

n Q
9,9, C 9,9,
N YL 1] @)

w n b Q

Zi:qu Z‘4i:oqi

Purpose of the calculations of A and A, is the standard method to find the image
restoration and to reduce the diffusion of histogram. After measuring the background image,

A, and A, can be gathered in the histogram. Calculations can be completed wne

following mapping function, and the image would be transferred from the spatia in to
the blurred domain [7-8].
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When all the pixels in the gra efmapped,to the*interval between 0 and 1, We apply the
transfer function H on pixels. ¢

N\
iy =M (p,)= ML @)) %\Q (5)
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The images W@Jcessed by the method offered by literature 2, the histogram could be
built. Accokdihg to’ the characteristics of the image histogram threshold was adjusted 218,
DiffusionG and fire area binary image was given, as shown in Figure 4.

Q)O

(6)

Figure 7. Histogram and Binary Image
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After the process introduced above, the border of fire ground and the area of explosion can
be clearly detected, and the background area was changed into binary image. Area calculation
application calculated different areas of explosions. The statistics table gives the ratio of fire
ground area to the whole area of the image. When the position of camera and the size of
picture were fixed, the fire area can be compared horizontally [9-10].

5. Extinguishing Agent Diffusion Process Analysis

In the early stage of fire extinguishing agent dispersion, the force of explosion determined
the dispersion state. Explosive force depends on the size of the center air powder and natural
and strength of shell. Fire extinguishing agent along the direction of explosion air flow
accelerated motion. In the acceleration process, the gravity and the force of mediym were
acted on the fire extinguishing agent particles. The second stage of dispersion, the for he
explosion reduced gradually and equaled to the resistance force acting on the p ti%ﬁ&t this
time, the speed of fire extinguishing agent reached maximum. Next step,@ locity of
extinguishing agent particle gradually decreased. When the speed is \ radius of
diffusion arrive maximum. In the end, fire extinguishing al ﬁ%ulence.

According to the dispersion process, the maximum d% the di i
shown in Figure 8. We also use dynamic texture se na Igorithm for image
processing, so we can get diffusion radius and volu igure 9 the infrared image of
the turbulence. We use matlab software to calcu@he dn‘(u zone area, specific data seen

in Table 1. . 0

Figure 8. The Maximum Radius of Diffusion Images
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Figure 9. Turbu@ i

Table 1. (@f leQ\ gion

Initial diffusion \ @ne qun’%radlus of diffusion Turbulent diffusion

1.49 N \ 1.89 1.92

A3
According to Table @h the inc@of dispersion area, the dispersion area of the
beginning differs ex m tha of the ultimate range with the little effect of turbulent
phase on dispersio ing mainly concentrates in the process of dispersion
area increase |sper5|on s of Figure 8 and 9, dispersion concentration can be
calculated b* aglng distance and angel of inclination to infer if the
e

dispersion co tratlon s the minimum required by fire extinguishing. The result is
the reference for dete% ctiveness of fire extinguishing.

6. Conclusion@

Aimed aNbow contrast of infrared imagery when fire extinguisher dispersing, an edge
detection d based on Canny operator and dynamic textures is employed in this paper.

e u e significant difference between dispersion region texture and background,
d@ textures method based on Fourier transform is used for pre-segmentation of

disperSion area and detecting the edges. Infrared imagery can be well treated by this method.
What’s more, it provides the strong guarantee for detecting the effectiveness of fire
extinguishing and optimizing the design of the fire extinguishing bomb. After the fire
extinguishing bomb test, the ratio of bomb height to diameter was 3.3, the ration of explosion
power to fire agent was1.5%. Fire extinguishing bomb can extinguish crown fire, the amount
of fire extinguishing agent reduces 20-25%. For the future improvement of the different
types of crown fire extinguishing bombs structural foundation, provide some technical
support.
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