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Abstract 
 

Over the years fire detection systems have been 
developed using multiple techniques. These systems 
monitor the damage done by forest fires and tend to 
reduce the environment degradation and save the 
natural as well as human resources. On the other 
hand, these techniques or methodologies still need a 
lot of effort because they are mostly a high cost 
maintenance process for early detection. Otherwise 
some systems have been considered as slow systems 
in detecting fires. It is a well documented fact that 
detecting a fire would not be enough for real time 
cases. An early detection and an early alarm system 
can rapidly improve the detection process and avoid 
loss of life as well as property or natural damage. In 
this paper we introduce a new detection system for 
fire detection using a multimedia board in order to 
detect and verify the fire in less time. The idea of the 
new algorithm is to add the capability of multimedia 
in an efficient way. Therefore, we used the IMB 400 
Multimedia board in order to capture the images and 
run our filtering algorithm over the images to detect 
the fire. Hence, with the IMB 400 board’s sleep/wake 
up ability, we can save on the critical issue of energy 
consumption. With this system, we will be able to 
detect and verify the fire in an environment at the 
same time and save the fire images in a database for 
further training of the classifier. This would be a 
robust system itself. Lastly, in this paper we are 
showing the importance of color information and 
movement over the detection of fire systems by using 
the Multimedia board (IMB400) in our 
implementation. 

1. Introduction  
 

In many places over the world fire hazards threaten 
the natural environment. Even the modern cities 
today face this issue. It is not new to hear about the 
forest fire accidents especially in California, USA, 
and how there is loss of life and damage to property 
as well as wild life. In addition, the aftermath of 

forest fires leave a lot of environmental damage that 
takes up years and a lot of money to clean up [1]. 

Early fire detection systems are based on either using 
human for monitoring or motorized devices to protect 
a critical area. Lately, the smoke detecting devices 
are used to protect small building or houses but these 
systems detect the fire and raise an alarm after the 
fire has reached a certain temperature or a smoke 
particle was detected by the smoke detector. 
Although such systems work fine they are not 
efficient as in most cases the loss of property is 
already done. Furthermore, false alarms are high in 
such cases as a room temperature can increase due to 
multitude of factors though this is a very rare 
coincidence.  

Hence, even the ordinary detectors can cost a lot in 
terms of energy, money and manpower. To deploy a 
current system, it needs a large number of people in 
order to setup the smoke alarms to have a monitoring 
station with human monitoring the video relay. Thus, 
such systems result in human error as communication 
errors [2].  

Apart from the fact that our system can work in 
indoor environments, in this paper we are mostly 
focusing and discussing about the fire dete4ction 
issues in outdoor environments such as forests. The 
techniques discussed earlier cannot satisfy dectection 
as well as providing sufficeint information on fires 
like smoke properties, the size of the fire and the 
movement of the fire. with In addition, the current 
systems are difficult to deploy. It is quite difficult to 
set up a network of sensors in an outdoor 
environment and its only possible to cover a certain 
perimeter and not an entire forest. [1] 

Satellite communications have been used for most 
recent fire detection systems [3-6]. In 1999, the 
Moderate resolution Imaging Spector radiometer 
(MODIS) was introduced as the first image detection 
technique [3]. It helps in providing information about 
the forest fire around large areas of forests all over 
the world. The satellite has the ability to scan the 



earth’s surface daily. It receives the information over 
three dimensional determinations. They are: 5 bands 
in 500 m, 29 bands in 1,000 m and 2 bands in 250 m. 
This systems provide fire detection information in 
real time cases. The flaw in this system is the fire can 
be studied rather that detected at the start. Our goal in 
this paper is to detect fire at its source from the start. 
Thus, the suggested system prevents severe damage 
that can be caused by the fire. 

Many researchers have tried to improve the forest fire 
detection systems and they have used many different 
techniques. Examples of such are AVHRR and 
MODI. Both these methods have been used in getting 
the data in order to detect the fires over two countries 
which are Canada and China [4],[5]. However, most 
of the above methods have several limitations related 
to the sensitivity of the satellite, depth of the forest 
and the scale of the fire. Therefore, we are 
introducing an efficient implementation with the help 
of the IMB400 multimedia board in detecting the fire. 
The system works by capturing the images of the fire 
and stores them in a database. Our algorithm starts 
collecting the color information from the images. 
This approach helps in determining the temperature 
and the size of the fire. 

The paper is structured as follows: The IMB 400 
multimedia board overview is explained in section 2. 
The related work is stated in section 3. System 
architecture is presented in section 4. The simulation 
setup is given in section 5. Simulation results and 
analysis are presented in section 6. Finally, 
conclusions are provided in section7.  

2. IMB 400 multimedia board overview 
 

IMB400 is the development board for Imote2 
platform. It has the ability of processing multimedia 
information. Figure 1 shows the IMB400 board. This 
board can be used to take images, videos (no video 
drivers developed yet), play audios and recording. 
Based on the multimedia information provided by the 
board, we can develop third-party software to 
perform any kind of processing on that data. For 
example, we can store the images in a database for 
use by a classification program. The largest 
contribution of this board to the wireless sensor 
network is its ability to save energy. The 
development of the board enables the user to allow 
certain individual functions like the camera, speaker 
and microphone to stay in a sleep state while the PIR 
sensor is active in monitoring the movement. This 
enables the nodes to have a longer battery life. [7]. 

 

Figure1: IMB 400 multimedia board 

The IMB 400 board suports the following main 
feature: 

1. Camera: This device was developed to 
improve Imot2. It has 640x480 pixels, 30 fps 
max image resolution and its format is RGB, 
YCbCr or YUV. This camera has the 
capability to control sharpness, saturation, 
gamma, and hue.  

2. PIR Sensor: its range is up to 5m and the 
angles of determining is 80-100. 

3. Audio Codec: 48 kHz, mono is its rate. It has 
the ability to filter defeat of noise. 

The environments of IMB400 board are TinyOS on 
the Ubuntu operating system and Cygwin is used for 
windows operating system, and Linux.  

The IMB 400 multimedia board has a huge 
subsystem. It can run Audio Codec and Playback 
Codec (e.g: Wolfson WM8940), the Camera allows 
for taking Color Image (OmniVision OV7670), also 
on the board Miniature Speaker and Microphone 
allow for working with sound frequencies, and the 
PIR Sensor can be used for motion detection. 

3. Related Work  
 

Many researchers have studied the fire detection 
systems but there is a limited number of publications 
that discuss the details of the implementation. Many 
papers present their ideas in mathematical models. 
There are different kinds of systems that have been 
shown; some are single and other are multisystem or 
mixed systems of different techniques. In this section 
we review several techniques and studies that are 
presented in literature. 

The authors of [9] present mostly the structure of the 
wireless sensor network. The team presents the data 



processing application, which is an artificial neural 
network to the in-network over WSNs in real time 
detection systems. Whereas, in [8] the artificial 
neural network was implemented in order to analyze 
the sensing of data at individual time periods. Hence, 
the authors consider this implementation as sensing 
dynamic data over the time.  

The possible materials that may cause the forest fire 
were studied in [6]. The authors revised all the 
conditions for space-based view with different types 
of risks. Also, they created a map for the fuel, 
observing the fire and determining the way of 
recovering the burned places. The study was done on 
determining which condition can really cause the fire 
and how could the performance of the satellite be 
improved scanning more efficiently.  

FireSensorSock system was introduced in [12]. The 
idea of this system is to make the sensor nodes safe 
over the WSNs. This system provides a special kind 
of protection during the nodes process and allows 
them to sense current data without having any 
damage. The result gives different values of 
temperature which show if there is a fire or not. The 
providence of protection of the nodes will allow 
sensing over larger and harsh environmental 
conditions. 

4. System Architecture 

Most common fire detection systems use smoke 
detectors to detect the cause of the fire. Such 
detection approach, though work, can be too late in 
the detection of fire as the smoke particle needs to be 
detected by the filter inside the module and while this 
happens a lot of damage is done. Our method of fire 
detection is a vision based system which allows the 
detection of fire based on a picture- based interface 
and thus further processing (in milliseconds) allows 
us to determine whether the images are actually of a 
fire or not. This way an early alarm can be raised to 
prevent extensive damage. Also the fact that our 
systems is based on WSN and have their own ad-hoc 
network, it allows the deployment of these nodes 
from anywhere into any environment i.e. from an 
indoor environment to and outdoor environment such 
as forest or isolated places. The systems shown in 
Figure 2 works as follows: 

1. The images are retrieved from the Cygwin 
platform that is the Tiny-OS platform which 
supports the IMB 400 camera board interface.  

2. Once the images are stored in our base station, 
they will be used as input images for our second 

application which is a program written in C# 
programming language. 

3. This application gathers the information from 
each image by doing the following: 

a) The initial color image is retrieved by our 
application. 

b) The color image has information that needs to be 
converted from the RGB color scale to the Ycbcr 
color scale 

c) As we are dealing with fire, we need to get the 
information of luminance which is known as 
Segmentation. 

 

Figure2: The flow chart of our system 

There are several steps we have to do to convert from 
the RGB to the Ycbcr color scale:  
1. The segmentation is the image’s documentation 

and isolation into areas that correspond to physical 
units. Overall approaches to segmentation can be 
gathered into three classes: Continuity-based 
methods, Pixelbased Methods, and Edge-based 
methods. 

2. Pixel based methods: the most common and 
efficient method is thresholding where all pixels 
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having strength above or below a threshold value 
will be ordered as part of the segment. The Input 
image should be in RGB format. RGB color model 
contains of three colors: blue ,red, and green. 
Because the RGB color space is delicate to the 
light environments, thus the detection may be non-
decisive if the lighting conditions fluctuate. Thus 
we use YCbCr color space in our proposed method. 
The actual color showed depends on the real 
RGB primaries which are used to show the signal. 
YCbCr color space stores the Luminance 
information (Y) individually from the chrominance 
information (Cb and Cr). Luminance (Y) can be 
demarcated as the illumination (Luma), However 
chrominance is denoted as the difference of two 
color modules, Cb and Cr. The Module Cb is blue 
detriment the luma (B-Y), whereas the module Cr 
is red detriment the luma (R-Y). The change of 
RGB color space into YCbCr color space is done 
by the following formula: ܻ ൌ  0.299ܴ ൅ ൅ ܩ0.587  ൌ ܾܥ ܤ0.114   െ0.1687ܴ െ ൅ ܩ0.3313  ൅ ܤ0.5  ൌ ݎܥ  128   0.500ܴ െ െ ܩ0.4187  ൅ ܤ0.0813   128 

Where ܴ, ,ܩ ∋ ܤ ሾ0,255ሿ, ܽ݊݀ ܻ, ,ܾܥ ∋ ݎܥ ሾ0,255ሿ  
However, our proposed method calculates the RGB 
color for each pixel in the taken input. After that, the 
RGB color space is changed to YCbCr color space. 
The resultant YCbCr color frame is split into 3 
different layers of Y, Cb and Cr color spaces 
individually. Finally, if any of the threshold values 
set by our algorithm is broken, then an automated 
system initializes the alarm.  

5. Simulation Setup 

We have implement out new algorithm over Cygwin 
on windows. We have also installed TinyOs 2.x 
under UBUNTU. The IMOTE2 sensor boards are 
supported in Tinyos and we run the simulations for 
the sensor boards like MICAZ. However, the 
algorithm is implemented using NESC (Network 
Embedded C). The implementation includes three 
sections to run any sensor. The sections are: 
Configuration File, Component File, and Make File. 
 
The drivers for the images, video and sound have 
been developed for the IMB400 Camera Board. The 
IPR2410 is the communication board and is the most 
important board in our setup for the wireless 
communications environment. We have also used 
boards such as the IIB 2400 and IBB240 to make a 

robust system . The complete module is shown in 
Figure 3.1.  

 

Module Frontal Views 

 

Module View with Board Description 

Figure 3.1: Module Implementation 

Communication in this board is done using their own 
ad-hoc networks as each module is given an 
individual ID so that it is easier to know which 
module sensed the fire in our case. Even if the sensor 
is not close to a primary node or to a base station, the 
signal can be sent through the other nodes in the 
network till it reaches the destination. A network 
diagram is shown in the Figure 3.2 to 
diagrammatically explain the communication 
network between the nodes. 

 
Figure 3.2: communication network between the nodes 



6. Simulation Results 
 

As we explained in section 5, we have used the 
IMB400 multimedia boards. The boards help in 
saving the energy over the network by providing the 
ability to allow the various sensors to wake up / 
sleep. Therefore, all the sensors do not transmit all 
the time to improve the battery life. In our 
implementation, only the camera sensor wakes up to 
capture images if there is movement detected by the 
PIR sensor. The images captured are sent to the base 
station. 

Based on these inputs our implementation provides 
us with sufficient and necessary information if there 
is a fire. In this case it provides the temperature 
intensity of the fire as presented in [13]  

The algorithm presented in this paper allows us to 
choose the type of detection we need. This feature is 
optional and can be activated if we need more 
variables to compute and get more information out of 
the image about the fire. Since the PIR sensors has 
the ability to pick any changes in the temperature 
which occur due to motion of objects or animals thus 
this allows for improving the false positive results. 
Figure 4 shows the interface and where the images 
are received by the base station. 
 

 

Figure 4: Samples of Stored images 

Finally our implementation gathers all the 
information from each image by applying the color 
conversion from RGB to YCbCr color space. The 
individual histograms allow us to see and understand 
the individual intensities of the chrominance and the 
luminance as shown in Figure 5.  

 
 

Figure 5: The fire detection system 
 

The system analyzes this information based on above 
system architecture. Figure 5 shows how the system 
retrieves the image then covert the colors. Based on 
these colors we can get the temperature’s level[13]. 
Then from the relation between the fire color and the 
fire temperature, we can get the size of the fire. 
Furthermore, by using camera board we can detect if 
there are human beings or animals that caused the 
incident to happen. Hence, such approach provides 
solutions to many issues in fire detection.  
 

7. Conclusion 
 

Different applications were used for implementing 
the forest fire detection systems. However, in this 
paper we have introduced a unique fire detection 
system by using multimedia board IMB400. use 
Using the system presented in this paper, we can 
reduce the percentage of error possibility since we 
can detect any movement and determine any object. 
Other issues such as deployment were also solved. 
The approach helps in conserving the battery life. 
Due to the use of camera boards and image 
monitoring, we have actually improved the system 
correctness of fire detection. Our proposed system 
could prove the successes in verifying the fire in less 
time.  

This work will be extended by using the IMB400 
multimedia boards and the MTS 300 boards together 
to improve communication between the nodes and 
have an alarm system deployed in the outside 
environment. Furtehrmore, we plan to improve the 
system by adding filtering mechanisms to improve 



the accuracy of detection as well as determine the 
location of the fire.  

Because there is no automatic positioning system for 
the modules, we are yet to determine a method for 
locating the fire in an outdoor environment. In our 
previous work we were able to use the micaz motes 
to determine location of the fire using acoustic 
ranging technique. We will try implementing that 
method with the current work to develop and deploy 
a complete monitoring system for fire detection and 
prevention. 
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