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Abstract

An image processing approach for detection of sniokfdeo using static and dynamic features is psga in this paper. As the
conventional smoke detection such as particle sagp$moke, temperature, Humidity Sensors neeble twose to the source of
the smoke for detection, also they have weaknesdd@a coverage area and low response time. In otdeovercome these
shortcomings, this paper presents a method baseithage processing techniques, capable to identifgke from video taken

from video dataset.

The proposed detection method consists of thewfwitp steps: moving region detection, smoke coléeat®n, detecting smoke
disorder, direction and then classification phashkis will provide early warnings such as fire, thheslucing economic losses and
casualties. In addition, it will help to improveethiate of smoke detection, as well as reducingfalee detection rate of other
suspected object. The paper is structured as fstlosection 1 describes introduction part and featuof smoke used to
differentiate it from other suspected object. Theegtion 2 describes the previous work includingveoional and recent

research on smoke detection. Next, section 3 decthe proposed smoke detection system. Finallglusion is given.

Index Terms: smoke detection, moving region detection, smokertesa

1. INTRODUCTION

As the smoke produced by fires is visible much befine
fire flames the approach proposed in this papeudes on
the detection of smoke and provide an early warnkige
and Smoke, if not detected early enough, can cgusat
harm to valuable resources for human survival, rdgghe
balance of earth ecosystem and worst of all theguently
cost human and animal lives. Nowadays the casdiesf
going on increase resulting in a large amount efds in
terms of economy, animal and human life. Mostly hsuc
cases include fire in railways, houses, factoresgraft,
buses, office, submarines, shopping malls, etccdse of
indoor fire, the primary cause of death in victimssmoke
inhalation. The smoke kills by a combination of rthal
damage, poisoning and pulmonary irritation caused b
carbon monoxide, hydrogen cyanide and other corigyust
products. So the objective is that detect the smadiag
static and dynamic features, as early as possijleEarly
fire smoke detection is essential in order to pievian
effective response to emergencies and damages.aifine
behind this is to provide appropriate actions ttigate the
effects of the smoke and fire can be taken. Thesers
generally include the evacuation of occupants fdanger
zone to a safe place and the initiation of extisbment
activities either automatic or manual.

The conventional mechanisms such as particle sagpli
smoke, temperature, sensors and humidity sensors ha
weaknesses in the coverage area and response time i

detecting smoke [4]. The chemical properties ofiplas in
the air are used by sensors to raise an alarmu@mession
activities became difficult and time consuming. Eerthere

is a need of a mechanism with faster response andoe
able to monitor a wide area. To ensure a safe ggdhere

is need of tremendous research in the area of dy ea
warning of fire and smoke detection.

In order to provide fast response, monitor a wiskaand to
reduce false alarms of conventional systems, angema
processing based detection work is proposed inphjer.
Mostly vision based systems make use of charatiteris
features for identifying the non-stationary regiomsvideo.
Here we are using motion and color as the initiabke
detection steps [1, 9]. In the first step of pragabsystem
that is moving region detection adaptive background
subtraction technique is used for identifying foraqd
region. In an adaptive background subtraction nustho
background frame is updated at each frame for acitdn

in order to get the foreground region [2]. Thispsig able to
eliminate the disturbance of stationary non-smaiggan. In
the second step identified region of moving objeit be
checked for smoke color. Now in the next steps rgeugaing
the other dynamic feature of smoke to differenttzéveen
smoke and non-smoke objects. In third step disdieldure
of smoke is calculated from the ratio of smoke oagi
perimeter and area. Then smoke direction is condpbie
using the max value of moving region in each frame.
Finally, on the basis of all the above steps asdiaation
will be made, that, whether there is smoke or nat video.
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1.1 What is Smoke?

Smoke is a physical and chemical process. Whertautes
burn, chemical changes will suddenly occurs, i grocess
particles and gases will be generated by deconiposind
transformation of the substances this constitigmake.

1.2 Types of smoke features

The proposed system is based on smoke featurean Ibe
group into two types [1]:

a. Static features

These features remain constant continuously oveerad
of time. In this research we are using smoke cafostatic
feature to seprate it from other suspected objdw. most of
the smoke is gray that is light gray or dark gray.

b. Dynamic features

These features changes continuously over a pefididne.
It includes smoke disorder area, shape, direcétm,In this
research we are using disorder and direction ofksmnto
seprate it from other suspected moving object.

Most of the previous smoke detection system usdg on
motion and color information resulting in a falskren.
Hence in this proposed paper combination of motmor
and with the dynamic features of smoke is provittedet
good performance of a smoke detection in video.oAls
dynamic features help to reduce false detectioa eatd
increases the accuracy of smoke detection.

2. LITERATURE SURVEY

Some of the previous works in smoke detection with
conventional and image processing approach isliasvia

A. Conventional approach
Conventional smoke detection technique use human

observation, sensors, satellite, to monitor theosundings
[4]. Some of the methods (Fig -1.) are mentionddwee

Fig 1. Conventional smoke detection approach

a. Human observations

The human on watch towers are made to observe the
location throughout. If any fire smoke occurs hporgs it.
However, accurate human observation may be limited
operator fatigue, time of day, time of year, andggaphic
location.

b. Sensors

Sensor can cover only small area and has battesygeh
problem. Because they raise alarm only when smokees
in contact it is not so much reliable as video Hadetection.

c. Satellite and Aerial Monitoring

Satellites based system can monitor a large argat bas
some limitations such as low image resolution, lackeal
time detection, very expensive, also weather cardivill

seriously decrease the accurate detection as riitions
led by the long scanning period and low resolutimm
satellites.

B. Image processing approach

The most of smoke detection work in previous rededas
based on color and motion. So there are chancdalsH
detection.

Some of the researches are mentioned below:-

a. “Forest Fire Smoke Detection in Video Based on Bligit
Image Processing Approach”

This work was proposed by Surapong Surit, Watchara
Chatwiriya [1]. They used following steps for smoke
detection: detection of area of change in the cdirmeput
frame against the background image, identify region
interest (ROIs) by connected component algorithm,
calculate area of ROI by convex hull algorithm @egment

the area of change from image, analysis and caécatatic
and dynamic characteristic and finally classifyigult of
above steps as smoke or non-smoke.

b. “A System for Video Surveillance and Monitoring”

This work was proposed by R. T. Collins, A. J. bipt and

T. Kanade [2]. It uses multiple, cooperative vigemsors to
provide continuous coverage of people and vehiolea
cluttered environment. For estimating the movingioe
they have used the adaptive background estimatiamh a
subtraction method.

c. “Review of recent developments in fire detection
technologies”

This work was proposed by Z. Liu and A. Kim [3]. ékh
have used the characteristic features for smokectien.
Also they have provided some review about current
techniques. They have proposed two model of firekem
detection in video with following steps: obtainingdeo
images, processing video images, detecting motiaa, a
extracting fire characteristics and determiningdir

d. “Algorithm for smoke extraction in autonomous fdres
fire detection”

This work was proposed by Ivan Grubisic, Darko Kicla
and Karolj Skala [5]. In this work they combine oot
detection, spectrum analyzing, etc. algorithm fonoke
detection.

e. “Reliable smoke detection in the domains of ieag
energy and color”
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This work was proposed by P. Piccinini, S. Calderand

R. Cucchiara [6]. Main focus in this work is onoaw
features: the energy variation in wavelet model armblor
model of the smoke. That is Energy analysis usimg t
discrete wavelet transform and Color analysis toedce
blended smoke regions also they have used A Bayesia
approach for classification.

f. “Spatio-temporal analysis in smoke detection”

This work was proposed by C. Y. Lee, C. T. Lin, &hdT.
Hong [7]. It uses a Gaussian mixture model and tcocts a
background image for foreground detection. Aftés,tthey
analyze spatial and temporal characteristics ofdickate
regions in video sequences, exploiting three featuedge
blurring, gradual energy change and gradual chriomat
configuration change. To gain proper generalizatbility
with respect to sparse training samples, it contbihe three
features using a support vector machine basedftass

g. “Fire smoke detection in video images Using Kalman
filter and Gaussian Mixture Color model”

This work was proposed by Li Ma Kaihua Wu, L. Z].[
They estimated the moving object using MHI and Kaim
filter. After this, they use the temporal analysisneural

network, with two features: energy variation in &bt

domain and color blending coefficient.

3. PROPOSED SYSTEM

The aim of this proposed work is to develop an
identification system to detect an occurrence oblgmin
video. In this paper, we use smoke features to wcinthe
smoke detection. Smoke detection process is onsulof
problems in the monitoring system, whereby the abje
becomes the main focus is smoke. In general smoke
detection process can be seen in Fig -2.
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Fig -2.General block process of smoke detection.

As shown in Fig -2. Following are the main stepsitoin
order to get characteristics feature extractionsofoke
object.

stepl. Moving region detection

Smoke has a dynamic feature of motion it continlyous
change. So, in the first step, adaptive background

subtraction method will be used to get regions aivimg
objects, which are candidates of possible smokiemed2].
According to this method, a pixel is moving if:

[1(x, y, n) = I(X, y, and n-1)| > Th(x, y, n) ) (
Where, I(x,y,n) means intensity of pixel (x,y) it frame I,
I(x,y,n-1) means intensity of pixel (x,y) in (n-1)¥rame of |
and Th(x,y,n) is an adaptive threshold calculatecbading
to:

u Th(x,y,n)+(@-u)(r [I(x,y,n)-B(x,y,n)|)
Th(x, y, n+1) = If pixel (X, y) is stationa
Th(x, y, n)

If pixel (X, y) is moving

. @)

Where, ris a real number greater than one, the update
parameter us a positive number close to one &, y, N

is the background image. Initial threshditl(x, y, n)values

are set to a pre-determined non-zero value.

An adaptive background is estimated as:

uB(x,y, n)+(1-u) I(x,y, n)

B(x, y, n+1) = If pixel (x, y) is stationar
B(x,y, n)

If pixel (X, y) is moving

.. (3)

Where, B(x, y, n) is the intensity of the estimated
background related to the frame n at the positioiy). The
update parameter u is a positive real number diosane.
Initially, B(x, y, 0) is set to the first image fre I(X, vy, 0).
Finally an estimated background image is subtra@teioh
the current image to detect moving regions as:

[I(X, y, n) - B(X, y, n)] > Th(x, y, n) e (4)

In this way we will get the non-stationary regichsit are
the possible candidates of smoke to process irhdurt
processing. In The next steps with moving regiorhamd
we check it for smoke using feature of smoke, wate out
non-smoke area.

step2. Smoke color detection

In this step moving region computed in previoup s$eused
for checking against smoke color. The smoke usisibyws
grayish color in process of burning material. Fois tthe
average color value of RGB in each pixel is estgdawith
following equation [1]:

Avgxy = (Rxy+Gxy+Bxy)/3 ... ()

Next, absolute difference of RGB is compare withtd find
gray smoke color with following equation:

If [Rxy- avgky| & |Gxy- avgry] & |Bxy- avgky] <Th
Color of smoke
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Else
Not smoke color

step3. Dynamic features of smoke

In the proposed system dynamic characteristicsnudke
such as disorder, direction is used for more ateura
detection of smoke [10, 11]. Since in the previeteps we
separated the smoke color object but there mighhimgs
that confused with the smoke such as people, aat, a
shadows moving on, etc.

a. Smoke disorder detection

Smoke disorder means change in scale when smokadspr
When the smoke comes it spread in different dioasti It is
the dynamic and unique nature of smoke and all emok
show this type of nature. The Smoke disorder isutated
with following equation:

Perimeter
—— >Threshold .... (6)
Area

Disorder =

Where, the perimeter is the sums of circumferenaks
smoke regions, area is the sum of smoke pixel and
Threshold value is used to distinguish the othenilar
objects. Likewise disorder value is calculated fmach
frame.

b. Smoke direction detection

As smoke continuously moves in upward directiorsdobon
this distinguishing feature of smoke we employ the
following logic. In this step, if smoke directios up then
max value of binary image for each frame is useiially,
max value for suspected region of first frame iketa
Likewise, max values for suspected region of neates
are taken. After this, we use condition that if pacted
region value observed in the next frame is lardent
previous frame then that is a smoke with up dicectit is
represented as:

vsfl< vsf2 continue, . (D)
This process will continue until one of the nextotw

condition holds first value equal to second values@cond
value less than first. It is represented as:

Vsfl> vsf2 stop ....(8)
Or
vsfl = vsf2 stop. ... (9)

Where vsflis the max value of first frame&sf2is the max
value of next frame. It will help in differentiainsmoke
from other similar object.

step4. Decision/Classification of smoke

In this step decision will be made on the basismwbke
features to classify the extracted region as snwkaon-
smoke. Support vector machine is a set of relatpérvised
learning methods that analyze data and recognaires,
thus it will be employed in our method for featutessed
classification. Also the alert will be given whemake
detected for taking next action.

CONCLUSIONS

In this paper, a smoke detection in video approach
combining motion, color and dynamic features of kens
proposed. It is an efficient and responsive apgrofn
detecting smoke in the video for early detectionfiod
smoke. This approach can be used for detecting erirok
indoor and outdoor area. In our method we are ¢akito

the consideration the static and dynamic naturenudke for
effective and accurate detection.
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