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Abstract

The main obstacle to transmit images in wireless
sensor networks is the lack of an appropriate strategy
for processing the large volume of data such as
images. The high rate packets errors because of what
numbers very high packets carrying the data of the
captured images and the need for retransmission in
case of errors, and more, the energy reserve and band
bandwidth is insufficient to accomplish these tasks.
This paper presents new effective technique used the
technique Background subtraction to compress,
process and transmit the images in a wireless sensor
network. The practical results show the effectiveness
of this approach to make the image compression in the
networks of wireless sensors achievable, reliable and
efficient in terms of energy and the minimization of
amount of image data.

1. Introduction

Wireless Sensor Networks (WSN) was initially
motivated by military applications for battlefield
surveillance [1], [2]. In recent years, the usage of
WSN in civilian situations, such as disaster detection,
health care systems, environment monitoring, weather
forecast system, and habitat monitoring [3,4]. A large-
scale deployment of sensors can be used to collect
physical and environmental information. Still images
taken by digital cameras, which are one kind of
sensors, are very useful for presenting remote on-site
views in surveillance applications such as fire
prevention systems and damage observation
applications. Due to the inherent characteristics of
WSN such as loss-prone, low-bandwidth and order-
changing transmission of packets, the question of how
to provide reliable, short delay image transmission
over WSN becomes a demanding and interesting
research topic. Images are extensively used for
monitoring in surveillance applications. With the help
of remotely located digital cameras, the host
application can get on-site views from faraway places.
Due to the fact that image files are usually large in size
and the number of images being transmitted is
numerous, the transmission of images takes up a great
portion of traffic over the networks. Traditionally,
images are transmitted over reliable, high-bandwidth
wired links. Therefore, the duration between an image
being
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requested and finally being displayed is quite short
and almost negligible to the user. However, if images
are transmitted over a wireless channel, for example,
the error-prone, order changing and lossy wireless
link, the duration will have to be prolonged and
images may not be displayed smoothly to the end user
[5].

The image sensor nodes have the following

characteristics and requirements [6]:

1. Higher processing power and more memory

Image acquisition and processing are compute and
memory intensive tasks due to the high information
content of image.

2. Real-time and high communication bandwidth
Real-time is a requirement for image sensor network.
To reduce the requirement of high communication
bandwidth, image compression and partial image
analysis need to be implemented at the node. Through
simple image analysis, only necessary information is
transmitted to the base station.

3. Since energy of each image sensor node is supplied
with a limited energy battery, low power design
technology must be considered. Image transmission
consumes more energy than computation. Energy
efficient image transmission scheme is needed.

4. Robust transmission and quality of service (QoS):
Due to the wireless channel is prone to be interfered
by noise, the failure of information transmission often
occurs. Robust transmission strategies are needed to
resolve the problem.

5. Distributed processing and collaboration: each
image sensor node captures the image in its own view.
Due to fault consideration or densely deployment, the
field of view of neighbor image sensor nodes may
overlap. Collaborative processing is needed to reduce
the redundant.

The goal of this paper is to provide an image
compression technique in wireless sensor networks,
for a monitoring system that can minimize to the
maximum number of transmission of images captured
at nodes sinks, since much of network energy is
wasted only for emissions and receptions. We try to
use a technique called "background subtraction” ,
which uses the reference image of the area to be
monitored, and the current image (real time), the
difference between these two images that can be
exploited in the Detection of objects in the area to be
monitored.
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This paper is organized as follows: Section Il
presents some related works. Section 11l brings the
statements and definitions of the proposed approach.
Simulation results are presented in Section 1V,
followed by conclusions and references.

2. Related Work

Image compression is a well-established research
field, but sensor networks present a context in which
new design issues have to be addressed. The main
characteristic of such networks is nodes with scarce
resources. In fact, the primary focus on energy,
computational power and allocated memory call for
new approaches. In the literature of WSNSs, several
compression algorithms have been proposed. The
image compression techniques and processing
algorithms in a wireless sensor network are classified
in two categories [7]:

v Local processing and compression;
v Distributed processing and compression.

2.1. Local processing and compression

The processing of data at the node source is also
necessary to provide for possible loss of information
during the transmission of packets to the sink, and to
control the quantity of data to be sent (at the same
time, the quality of the image) according to the state
of the network.

There are several compression algorithms in the
literature. Some may provide high compression rates,
but they cannot be implemented in sensors nodes
networks, because of resource limitations on sensor
nodes. In [8] presented a study to evaluate the
performance of several traditional image compression
algorithms on a sensor node. They studied five
algorithms: JPEG2000, Sub Sampling SS, DCT,
SPITH and JPEG. The results show that for
JPEG2000, DCT, SMITH and JPEG, the energy cost
of processing is higher than the transmission cost of
the image without compression. The results show that
Sub Sampling (SS) is the wunique simplest
implementation algorithm and presents energy
savings with respect to the no compression case,
allowing a power reduction of about 29% for the
considered application.

The advantages of local data compression are:

v' Prolongation of the lifetime of the source
node.

v The reduction in the amount of data
circulating on the network.

v" Packet loss tolerance.

Recent studies have shown that the transmission of

images without compression through the current
WSNs s still very costly in energy [9,10]. Cristian
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Duran-Faundez and al measured in [11] the
consumption of a node MICA2 of Crossbow linked to
a Cyclops camera when acquiring and transmitting an
image of size 128x128 (8 bits per pixel). The node has
consumed 91 mJ excluding headers of packets while
the camera had about 90 mJ energy consumption. This
consumption is very high for the WSN, which rapidly
depletes the node battery [11, 12]. According to high
energy cost of transferring entire images through the
network, compression becomes a necessity.

In the literature, some local processing of
proposals to avoid the implementation of a complex
load distribution between several nodes of the
network. The compression at source has certain
advantages. Indeed, it can extend the network life;
special attention should be taken to avoid draining the
battery quickly the source node. Local compression
also allows contributing to the decrease the
congestion in network. Among the implemented
algorithms based on local processing and compression
are as follows: JPEG2000, JPEG, SPIHT, DCT and
DWT [19].

Compression by the jpeg technique is a method
more used in image compression literature, but this
technique is not adapted to be used by the sensor
nodes because the nodes of the sensors suffer from
some constraints such as, lack Energy, memory space,
computing power, the problem of the jpeg technique
is related in the step of computing DCT (Discrete
Cosine Transform) factors. Standard JPEG consists
to divide the image into blocks of NxN pixels
(generally of the blocks of 8x8 or (16x16) and to apply
to each block: the DCT. The blocks are then
quantized and coded with RLE and Huffman [13]. All
steps of the JPEG algorithm are DCT factors that
require more calculations, which lead to greater
energy consumption.

Some research groups use techniques based on
local compression, some work can be cited:

Kaddachi and al. [14] benefited from the attractive
features of the DCT Loeffler (execution speed and
reduced computational complexity) to propose a
compression technique at source dedicated to WSNS.
The disadvantage of this approach is the additional
cost of a possible integration of IP (Intellectual
Property) developed within the nodes of WSN.

Makkaoui and al. [15] have proven the
effectiveness of the zonal DCT for implementation on
a wireless sensor network source node. This technique
significantly reduces the computational complexity of
the conventional DCT without significantly degrading
the image quality at the reception. Despite the low
complexity of the =zonal DCT compared to
conventional DCT, the complete compression chain
(DCT quantization zonal + entropy coding +
packetization) has considerable complexity. The
energy savings achieved could be improved by a
hardware implementation of this approach.
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JPEG2000 [16] is an image compression algorithm
based on a very complex process that includes a
dyadic wavelet transform, a bit allocation, a
quantization and entropy coding. Wu and Abouzeid
[26] proposed a technique based on the JPEG 2000
standard, but which respects the demanding
requirements of networks of vision sensors. At first,
the idea that the processing cost was negligible
prevailed, but this statement is certainly wrong [12].
For the platform mentioned in [8], JPEG2000 did not
give good results.

2.2. Distributed processing and compression

Due to the distributed nature of the sensor
networks, it was evident that many of the work would
be based on distributed compression of the images.
There are several published proposals based on
distributed compression, even if they do not really
realize distributed processing, but rather collaborative
processing.

In the bibliography of image sensor networks, two
different approaches have been classified as
"distributed” methods. The first class (most used)
takes advantage of the existing correlation between a
sequence of images captured by two different cameras
(same capture area), seeking to reduce the amount of
data to be transmitted from each. A second class
considers an approach that uses exactly a distributed
processing, sending some areas of an image to
different nodes so that they each make a part of the
processing.

We will describe and discuss some works found in
the literature on the distributed processing of images
applied specifically to networks of wireless sensors.

In [17] the authors proposed a scheme for multiple
cameras that capture different points of view of the
same scene. Here a camera node takes an image of a
general scene and a set of secondary cameras each
have an overlapping view of the region of the first
scene. The method is based on the form context
approach presented in [bb]. But this approach has the
disadvantage because is the additional cost of energy
and processing to detect the overlap between the
capture of the nodes, in addition, Congestion in the
network due to sending more packets.

In [16] the authors proposed a technique based on
distributed image compression using the JPEG2000
standard. The basic idea is to distribute the processing
load of the computation of factors the wavelet
transforms between the different nodes. Two
techniques for the exchange of data have been
proposed:

v Method of parallel wavelet transform: In the first
method, the application of a parallel wavelet
transform [18] is proposed. The captured image is
divided into n data blocks Ry,. . ., Rn, consisting
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of one or more lines. These blocks are transmitted

to some neighboring nodes of the source.

v' Tiling Method: In this second method, the
captured image is divided into tiles (of data
blocks), and then these tiles are distributed to a
number of neighboring nodes. These nodes
perform the 2-D wavelet transformation
independently on these tiles. Finally, the results
are transmitted to an aggregate node.

In [20] the authors presented a distributed
compression scheme based on LBT (Lapped Bi-
orthogonal Transform), an algorithm of zero-tree type
(which exploits the parent-child relationship between
the different coefficients) and Golomb coding. The
LBT requires much less computation and memory
than the DWT.

All its approaches to distributed processing
(distributed data compression) have not been
validated experimentally on real platforms of wireless
sensor networks. The theoretical results presented in
his references are good, but the studied models should
be confronted with satisfactory experimental results
[11].

This paper presents a technique for image
compression in a wireless sensors network; we
consider the nodes are static position. All previous
studies are based on the set of nodes to perform image
compression tasks. We try to present a technique
based on the method of “background subtraction”
with image quantization, this approach saves
considerably the node energy equipped with a camera
in the network, thus reducing the number of
transmission of Images in the network since the
operations of the transmission and the reception are
two extremely energy-intensive operations and
consequently minimizing the complexity of the
processes that enter into the image compression
operation.

3. Proposed system

Our approach is based on an image compression
technique using an object detection method, called
background subtraction, we justify our choice of this
technique because in the case of image sequences, it
is possible to increase the compression rate, consider
the fact that between two consecutive images most
pixels practically retain the same value. Because,
generally an image belonging to images sequence, the
bottom of the decor is very often fixed and only some
elements have changed from an image to the next. In
addition, a big part of the various elements between
two consecutive images of a sequence can be assigned
to a local displacement or not the objects.
Compression techniques seek to transmit only the
difference between two successive images [21]. The
goal is to minimize the maximum size of the
compressed image, minimize the number of sending
packets of compressed images in the network and
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saves lot of energy of node equipped of camera as well
as reduces the network communication overhead,
which leads to an increase of the network lifetime to
accomplish the task image compression.

Background Subtraction technique [21] is an
image processing technique used to determine
Changes between two or more images. The difference
between the reference image Ir and current image lc
is calculated by finding the difference between each
pixel in each image, and generating an image as a
result.

Background subtraction is particularly a
commonly used technigque for motion segmentation in
static scenes [21]. The objective of this technique is to
detect moving regions by the subtraction between the
current image "lc" pixel by pixel and the reference
image "Ir". The reference image "Ir" is captured and
sending to the processing center, while another copy
is saved at each node during the network initialization
phase. If the difference between the pixels is higher
than a threshold T, then T is classified as a
foreground. The image reference Ir is updated with
new images over time to adapt to dynamic scene
changes [21].

There are different approaches in literature using
the background subtraction technique to detect the
foreground regions and to update background. In [23]
uses the simple version of this scheme where a pixel
at location (x, y) in the current image (Ic) at time t is
marked as foreground if:

lle (%, y) = (IR, V)| > T (1

The equation is satisfied where “T” is a predefined
threshold. The background image “Ir” is updated by
the use of an Infinite Impulse Response (IIR) filter as
follows:

lretl = o leet (1 - 0«) IRt (2)

The reference background is updated with new
images over time to adapt to dynamic scene changes.
In literature, several methods to update the reference
image or background image among these techniques
are found in [23, 24].

The purpose of our system sent only changes in the
reference Ir image, the objects detected instead of
sending the entire image. The changed pixels
compared to the reference image are extracted from
the current image at time "t" that are higher than the
threshold value T.

These small image (the difference) is quantified
with coordinates), compressed by method discussed
in [27] and sending by the sensors nodes with their
coordinate values to the destination (the processing
centre). In destination (the processing centre), the
final image is reconstructed using an Image Reference
Ir sent during the initial phase to the destination.
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This technique is very simple and easy to
implement while satisfying the image quality
requirement and decrease the transmission rate of the
captured images. Simulation results show that our
system increases the lifetime of the network up to 10
times with respect to the transmission of the image
without using without using our approach.

Figure 1. Reference Image Ir.

The network consists of a set of nodes, each node
equipped with a camera contains a memory used to
store reference Ir image in the initial deployment
phase; the image shown in Figure 1, also transmitted
to the destination (the processing centre), for
reconstructing the final image. After, de-quantified
and de-compression operations.

Reference Image (1)
(Background model)

| Acquire the current Image I I

v

| Ip= [Current Image Ic) - (Image reference Ig) I

@3epdn 9ouasayes 9dew)

Quantification AND
Compression PHASES of (Ip)

v

Transmitting Ip compressed to
destination (processing centre)

Figure 2. Organization chart of local processing at
node

The system detects of objects in Ic by subtracting the
current image (Ic) from the reference image (Ir),
after, if the value of the subtraction operation is
greater than a threshold T, Firstly, going to the
quantification / compression phases by (distributed
compression operation discussed in [27]) of this
difference, Secondly, updating the reference image,
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by remplacing the reference image by current image
Icin the local node.

But, in the processing center the update of the
reference image Ir is replaced by the reconstructed
image, else the system go to a new capture current
image Ic, finally, sent this compressed difference to
distination (processing center), the steps is detailed in
following organization chart 1.

The structure of the system shown in Figure 3 is
divided into three zones:

1) The capture area: where nodes occupied a camera
to capture images, after the compression phase, using
the proposed method;

2) Nodes medium area: Consists of intermediates
nodes, its roles are to transmit the compressed image
to the destination;

3) Destination area: where decompression is applied
according to the method proposed in [3].

Camera Node =ra

Capture Area

= A s Image Compression
N ]
\ 5 o
@ \ prezionst| sy [ 7 g
Current Image "’fr‘u

Nodes medium Area

uossudwosag ateuy |

Final Image
E 3

Saved Reference. p
Image N ==,
R

= Destination Area
eference Image

Figure 3. System Structure

After the camera node deployed in the network, if
there is no change in the new captured image or in the
current image Ic compared to the reference image Ir,
the system switches to recapture, else, if there is a
change as shown in Figure 4.

Figure 4. Current Image (I1C)

Thus, instead of sending the entire captured image,
only changed pixels are returned after compressed by
the method discussed in [27]. The image of Figure 5
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is the image obtained after the subtraction operation
between the current image (Ic) shown in Figure 4 and
the reference image shown in Figure 1.

Figure 5. Image ID obtained from (I¢ - Ir)

Finally, image difference Ip obtained at the node
equipped with a camera is illustrated in Figure 6, after,
cropping the size 75 / 75 area of the image. Image
compression solves the problem of the size of the
image, which reduce the amount of data required to
represent an image.

Figure 6. Image difference Ip after cropping

If the difference Ip contains black pixels or a few
pixel values less than a threshold “T” fixed in
advance, the system has nothing, he must move to
another capture, otherwise, the difference between I¢c
and Ig, the captured image and the reference image
their sizes are 75 / 75 area, must now be passed to
compression phase discussed in [27] and the
guantization phase of the small image illustrated in
figure 7, also leads to reduce the size of this difference
image.

Figure 7. Quantized Image

The image Compressed get in the final phase must
be remitted to the destination or (the processing
centre). The compression rate is increased by more
than 75 times is depended the detected changes.
Finally, in destination (Processing Centre), the final
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image is reconstructed using the De-compressed
image received and De-quantization, finally, the
image is saved to the destination.

4. Simulation and results

The performance of wireless sensor network is
measured by the life of the network, which is
measured from when the network starts
communication operation until the first network node
fails due to lack of energy). The energy consumed for
receiving a bit is:

ERx = &e (3)
The energy consumed to transmit a bit is:

Erx= ge + &K~ (4)

ge 1S the energy consumed by the circuit for each
bit, & is the energy dissipated for each bit by meter, k
is the distance between a transmitter and a receiver
wireless, and 2 < a < 4 is the parameter loss path [28].
The energy consumed to accomplish our proposed
technique is:

Ecost= ,B (5)

S is the energy consumption for the following
operations: Determine the difference between Iz and
Ic and quantification.

The communication range of node k is chosen from 5
to 20 meters while « is chosen 2.

The captured image or the current image is of size
547 kb, jpeg format and a resolution is 1600x900 as
shown in Figure 4, which reduces to 30 kb, after
calculating the change by comparing the reference
image of Figure 1 and the current image that is shown
in Figure 4. Since there is only a small change
represented by the figure 5 cropped of image is
reduced to 6 kb and after the application of
quantification reduced to 800 bytes therefore the
compression ratio is more than 50 times, although,
wavelet compression requires much more processing
power and high battery.

The parameters for the wireless communication
energy model are typically equal respectively ex = 100
x 1012and ge = 50 x 110°as shown in [16]. The range
communication k of node is selected between 4 and
30 meters, and a chosen equal to 3.

Simulation is realized by MATLAB 12, the figure
8 and figure 9 respectively shows the relationships of
energy consumption image compressed using our
approach in figure 9 and in Figure 8 without the use
of our approach while the distance from 4 to 30
meters. Energy consumed without the use of our
method is .03uj while the energy consumed by using
our method is 0.00003 uj. Thus, more than 80 times,
the life time of the network is increased.
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5. Conclusion

In this paper, we present a novel technique of
image compression used the background subtraction
applied to a wireless Image Sensor Network. Our
approach has proven their performance compared to
other methods such as compression image distributed,
since our approach requires very low processing
power and a very low consumption rate of the energy.
We determined the different changes each time
between two images, reference image and the current
image, and keeps only the difference, at the same time
our method minimize sends images in the network,
since the operation of the transmission and reception
very expensive in energy, for this we have increased
the maximum duration of node and network life.

Therefore, the compression ratio is very high
because the difference extract is very small compared
to the current image that contains the background and
foreground, that is, some changes in the reference
image.

We showed by simulation that our approach
improves the energy efficiency of the node camera
sensor networks. The proposed technique is very
simple and easy to implement and gives better results,
since not demand processing power as compression
methods. Performance evaluation has shown that our
approach increased the node lifetime equipped camera
with a more than 50%.
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