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Abstract – The emerging technology during the last years
allowed the development of new sensors equipped with wireless
communication which can be organized into a cooperative
autonomous network. Some application areas for wireless sensor
networks (WSNs) are home automations, health care services,
military domain, and environment monitoring. The required
constraints are limited capacity of processing, limited storage
capability, and especially these nodes are limited in energy. In
addition, such networks are tiny battery powered which their
lifetime is very limited. During image processing and
transmission to the destination, the lifetime of sensor network is
decreased quickly due to battery and processing power
constraints. Therefore, digital image transmissions are a
significant challenge for image sensor based Wireless Sensor
Networks (WSNs). Based on a wavelet image compression, we
propose a novel, robust and energy-efficient scheme, called
Priority Image Transmission (PIT) in WSN by providing
various priority levels during image transmissions. Different
priorities in the compressed image are considered. The
information for the significant wavelet coefficients are
transmitted with higher quality assurance, whereas relatively
less important coefficients are transmitted with lower overhead.
Simulation results show that the proposed scheme prolongs the
system lifetime and achieves higher energy efficiency in WSN
with an acceptable compromise on the image quality.

Keywords: Wireless Sensor Network; Priority Image
Transmission; Energy optimization, Discrete Wavelet
Transform.

1. INTRODUCTION

Recent advances in image processing, Radio Frequency
(RF) and Micro-Electro-Mechanical Systems (MEMS)
technology have brought enormous development of image
transmission over Wireless Sensor Networks (WSN). In this
scenario, the Wireless Sensor Networks [1] are self-
organizing wireless systems of embedded devices deployed
to retrieve, distributively process in real-time, store, correlate,
and merge image streams originated from heterogeneous
sources. The main characteristic of such networks is nodes
with scarce resources. Given the severe resource constraints,
nodes are limited in energy, storage capability and
computational power. These resource constraints involve
serious difficulties for the image transmission. Therefore,
image transfer in WSNs presents major challenge which
raises issues related to its representation, its storage and its
transmission. The image data is bulk sized and contains a lot

of redundancy which leads to challenges in designing energy
efficient image transmission schemes over WSN [2]. For this
study, the image transmission is going to be made on much
more than one Package. All these packages are energy
consuming. To save communication energy, images are
compressed in order to reduce the number of transmitted bits
by removing the spacial and spectral redundancy.
In the same context, we consider compressing and
transmitting images in a multi-hop wireless network. We
focus on the design and performance evaluation of priority
image transmission. Our approach can be expressed in two
aspects, i.e., (i) Identification of the essential and important
sub-band coefficients, and (ii) Efficient transmission of these
coefficients. In the first step, wavelet coefficients are
produced after Discrete Wavelet Transform (DWT) on the
original image as in the main-stream compression algorithms.
After the DWT, multiple parts according to the magnitude of
wavelet coefficients are identified, marked and associated
with their importance levels. In the second step, unequally
important transmissions are applied to different sub-bands in
the compressed image. More reliable transmission of the
important parts enhances image quality, while less effort is
put on unimportant sub-band coefficients, leading to energy
efficiency. Our proposed Priority Image Transmission (PIT)
approach achieves high energy efficiency with an acceptable
compromise on the image quality.

To optimize energy consumption in Wireless Sensor
Network, a large variety of research efforts has been
proposed during the last decade. Some of the researches have
been performed to explore the unequal importance image
transmission over WSN for energy efficiency. However, most
of them focus on the multi resolution levels and the
embedded progressive characteristics of wavelet based image
compression. The research in [2] proposes a joint source
channel coding approach for energy efficient JPEG2000
image transmission in WSN, by applying different error
resilient coding protection to different levels of bit-streams.
In this approach, the unequal importance between structure
information and magnitude information is not fully identified.
In [3] multiple bit-streams are created to constrain error
propagation in a sub-tree, and hierarchical unequal error
protections are applied. Again, this approach is still image-
hierarchy oriented, without considering the unequal
importance between the structure information and magnitude
information. Researches in [4] investigate the tradeoff
between energy consumption and image quality. By
balancing computational energy consumption and
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transmission energy through image compression, energy
efficient transmission in WSN is achieved.

Other research has been focused on the distributed image
compression. The distributed image compression related
studies in WSNs can be illustrated in the following two cases.
In the first case, nodes have extremely constrained
computation power. Hence, a node does not have sufficient
computation power to completely compress a large raw
image. In this case, a distributed method to share the
processing task is required to overcome the computation
power limitation of each single node. In the second case,
even if nodes are not extremely computation power
constrained, but is battery operated, distributing the
computation load of processing every raw image among
otherwise idle processors of other nodes extend the overall
lifetime of the network. In [5], a distributed image
compression using the JPEG2000 standard is proposed. Its
main idea is based on the distribution of the wavelet
transform processing workload between various nodes. Two
methods for data exchange have been proposed: The parallel
wavelets transform method and the tiling method. Qin Lu et
al. in [6] proposed a distributed implementation scheme of
the Lapped Biorthogonal Transform (LBT) based on a
clustering architecture. They overcome the computation and
energy limitation of individual nodes by sharing the tasks
processing. This approach is intended to extend the lifetime
of the wireless sensor network under a specific image quality
requirement.
Our approach is different from previous researches. It’s
suggests using an extended version wavelet image
compression called priority image transmission (PIT) to
achieve higher energy efficiency in WSN image
transmission. This technique provides various levels of
reliability during image transmissions. The basic idea is to fix
the priority to be allotted to the packages according to data
which they will contain. This paper is organized as follows:
Section 2 describes wireless sensor network model. Section 3
describes proposed PIT approach. Experimental results are
shown in section 4. Finally, section 5 concludes this work.

2. WIRELESS SENSOR NETWORKS
A wireless sensor network (WSN), as its name implies,

consists of spatially distributed autonomous sensors to
cooperatively monitor physical or environmental conditions.
The development of wireless sensor networks was motivated
by military applications such as battlefield surveillance. They
are now used in many industrial and civilian application
areas, including industrial process monitoring and control,
machine health monitoring, environment and habitat
monitoring, healthcare applications, home automation, and
traffic control. One of the most important constraints of such
network is the necessity to save energy consumption as they
use batteries lasted limited, generally irreplaceable. In
addition, they are also characterized by low processing speed,
storage capacity and bandwidth, which require very careful
management of resources. The major components of a typical
sensor network are:
- Sensor Field: A sensor field can be considered as the area in

which the nodes are positioned.

- Sensor Nodes: Sensors nodes are the important part in the
network. They are in charge of collecting data and routing
this information back to a sink. A sensor node consists of
four main components: (i) a sensing unit including one or
more sensors and an analog-to-digital converters for data
acquisition; (ii) a processing unit counting a micro-controller
and memory for local data processing; (iii) a radio subsystem
for wireless data communication (RF unit); and (iv) a power
supply unit. For wireless multimedia network, sensor nodes
are equipped with multimedia devices such as cameras. These
devices are smaller, and offer more performances in terms of
speed and image quality. Thus such network will have the
capability to transmit image.
- Sink: A sink is a sensor node with the specific charge of
receiving, processing and storing data from the other sensor
nodes. They serve to decrease the total number of messages
that need to be sent, hence reducing the overall energy
requirements of the network.
- Task Manager: The task manager allows extracting the
information from the network and disseminates control
information back into the network. It also serves as a gateway
to other networks, a powerful data processing and storage
centre and an access point for a human interface.

Fig.1. Components of Wireless Sensor Networks

Due to the inherent characteristics of sensor nodes, and in
particular the severe resource constraints, the image transport
in WSNs content has several problems which raises issues
related to its representation, its storage and its transmission.
However, communication of image content has several
bottlenecks, including limited bandwidth of cellular
networks, restricted computational power, limited storage
capability, and battery constraints. Motivated by the
application needs and nodes resource constraints, this paper
focus on the problem of efficiently transmitting images in a
resource-constrained multi-hop wireless sensor network.
Based on a wavelet image compression, different priorities in
the compressed image are considered in order to achieve
higher energy efficiency in WSN image transmission and
extend network lifetime. To analyze the dissipated energy,
we have adopted the parameters which refer to the
characteristics of MICA2 motes [7].
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3. PROPOSED PIT APPROACH: ESSENTIAL
COMPONENT IDENTIFICATION
3.1 BASIC IDEA

The basic idea of the proposed technique is transmitting
the image wavelet coefficients by priority. This technique
attempts to conserve energy using progressive image
transmission. The wavelet image compression provides at the
source the means to arrange data packages of various
priorities.  Assuming that the input image size is of M×N
pixels and that the image is decomposed into r resolution
level, then the 2D-DWT is iteratively applied r-1 levels. In
this way, data packet priority can be performed. In each
transform level the priority level is defined as follow:

23  rPL (1)
In this study we have adopted the CDF 9/7 DWT (also

referred as lifting scheme (LS)). Its objective is to allow
maximum flexibility, while maximizing memory efficiency.
Theoretically, DWT is a 2 dimensional separable filtering
operation across rows and columns of input image. The DWT
based on the concept of multi-resolutions facilitates
progressive transmission of images. This is achieved by first
applying the low-pass filter L and a high-pass filter H to the
lines of samples, row by-row, and then re-filtering the output
to the columns by the same filters. As a result, the image is
divided into 4 sub bands: low-low (LL1), low-high (LH1),
high-low (HL1) and high-high (HH1).
The smallest resolution, which is represented by the sub-band
LLi is the most significant. The priority assigned to HLi, LHi
and HHi sub-bands are defined according to the importance of
their output streams consisting of pixel position. Fig.2
illustrates the distribution of wavelet coefficients after
applying 2-D wavelet transform to the 256*256 Lena image.

Fig.2.The distribution of LL1, LH1, HL1 and HH1 sub-bands
coefficients respectively after wavelet transform through

2D-DWT

We notice that, the lowest image resolution (represented by
the LLi sub-band) is the most important, thus it’s assigned to
priority 0. Since, the HLi sub-bands coefficients are more
important than the HLi and HHi sub-bands coefficients and
because of the numerical distribution have decreasing
importance from the LLi sub-band to HHi sub-band, the
priority P is shown in Fig.3:

Fig.3. (a) Output image after the first decomposition level,
(b) Priority level

We notice from Fig.2 that, wavelet coefficients do not have
same magnitude. Therefore, wavelet coefficients are also
assigned by priority (Pc) in each sub-band. Priorities with
smaller values do not impact the image quality. A strategy
on Pc priority levels is defined by setting a (Pc - 2) thresholds,
{T1, T2,. . . , T(Pc -2)}, with Ti > T(i+1). In each sub-band the Pc
priority of coefficient c is assigned as fellow:
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having the greatest value.
The wavelet coefficients are packed at their priority as

illustrated in Fig.4. The main objectives achieved by this
technique are: Progressive transmission, and progressive
quality.

Fig.4.Transmission process

After the DWT and the packing of the raw data of the
captured image, the packets are ready to be sent. The source
sensor transmits the packets starting by those with the highest
priority, then continues with those of the next lower priority,
and so on. The data packet priority is realized as follow:
- Reading the LLi sub-band coefficients and arrangement into
packages of level 0 priority.
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- Reading the LHi sub-band coefficients and arrangement
into packages of level 1 priority. These processes are
performed on all sub-bands.
It is not mandatory to receive all the priority levels at the
sink, only the basic level 0 which is the most significant part
of the image energy.
In this approach, we use an image request based scenario.
The request is initiated by the base station and then conveyed
through the intermediate nodes using a multi-hop
communication. Each sensor node involved in the request
transmission process keeps in its memory all the request
parameters. The most important request parameters are QoI
(quality of image) which contain priority levels PL and Pc,
PSNR, compression ratio, and rate. The requested parameters
may be obtained when reaching a certain processing level,
depending on the wireless applications.

3.2. ENERGY CONSUMPTION ANALYSIS
This research addresses the problem of image

transmission in a WSN proposing an approach (PIT) which
increase network lifetime. In order to evaluate the benefits of
the priority image transmission (PIT), we have developed a
communication energy model. In this case, we have made the
following assumptions:
 All sensor nodes have the same characteristics.
 The original image is decomposed into r-1 decomposition
levels.
 The communication environment is assumed to be
contention-free and error-free.
 The distance from the image source to the sink is
established by h hops. The 1-hop transmission is assumed to
be loss-less.
In this study, transceiver energy dissipation model [8, 9] is
used. In reception mod, the consumed energy per bit is

eRXE  (2)
In transmission mod, the consumed energy per bit is

 dE aeTX  (3)

Where, e is, energy consumed by the circuit per bit, a is
the energy dissipated per bit per m2, d is the distance between
a wireless transmitter and a receiver, and 42  is the
path loss parameter. The typical parameter values for wireless
communication energy model (2) and (3) are

1210.100 a J and 910.50 e J as given in [10]. The
distance between node varies from 5 to 35 meters while α is
given 2.
In this study, we analyze the communication energy with an
acceptable compromise on the image quality. The image
quality is measured by using the peak signal to noise ratio
(PSNR) metric, which is defined (in decibels) by:

Where, q is the number of bits per pixel (bpp) of the original
image, and MSE is the mean-square-error which is defined
by:

Where, ),( nmi is the pixel values of the original image,
),( nmî is the pixel values of the reconstructed image.

Although, metric PSNR does not always accurate image
perception, we confirm it because it is a commonly used in
the literature.

4. RESULTS
The performance parameter in wireless sensor network is

the lifetime. In order to extend the network lifetime, it’s
necessary to optimize the energy consumption. In this
section, we report the experiments being conducted to
evaluate the energy savings made possible by using the
proposed technique. In particular, we report on the savings in
communication energy using the PIT technique, and discuss
their impact on image quality.

4.1. EVALUATION OF COMMUNICATION ENERGY
AND IMAGE QUALITY

In the next experiment, we report on the consumed
communication energy during the reception compressed
image. The communication energy depends on the size of the
compressed image. Fig.5 shows the relationships between
required energy and priority levels. We notice that the
consumed energy without PIT is of about 26mJ while the
consumed energy using this approach varies over priority
levels. Using the first wavelet transform level, the consumed
energy reduces by 75% if the first priority level is performed
with loss in image quality: PSNR=20dB. While the
consumed energy to perform priority level twice is about
13mJ which corresponds to a decrease of 50%, compared to
the scenario without PIT technique with a PSNR=22dB.
When DWT is applied twice, the average consumed energy
to receive LL2 sub-band (PL=1) is divided by four compared
to the energy necessary to receive LL1 sub-band. That
corresponds to a decrease of 75%. As shown in Fig.5 when
DWT is applied once, the consumed energy evolves rapidly
based on priority levels, whereas for the highest wavelet
decomposition level, the energy is progressively changing.
Since the most of the image energy is located in LLi sub-
bands and the high-pass sub-bands (LHi, HLi and HHi)
represents residual information of the original image, the
highest wavelet decomposition level make easy progressive
transmission and progressive quality.
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Fig.5. Energy consumed in reception at different priority
levels

In order to illustrate the advantage of our proposed
technique on image quality, we have applied it on Lena
image at different priority level. For the fourth wavelet
decomposition level, the image shown in Fig.6 (a) is obtained
by receiving the LL4 sub-band (P=0: PL=1). The consumed
energy is about 0.102mJ. While the image shown in Fig.6 (b)
is obtained by receiving the LL4 and LH4 sub-bands
(P=0+P=1: PL=2) of which the energy is about 0.204mJ. The
trade-off between communication energy and image quality
is determined by the wireless application. For example one
may prefer saving communication energy over image quality
for remote wireless sensors network application.

(a) PIT technique (b) PIT technique
(trough level 4 and PL=1) (trough level 4 and PL=2)

PSNR=20dB                              PSNR=22dB
Fig. 6. The image quality after PIT technique using

the Lena 256*256 grayscale image.

4.2. EVALUATION OF COMMUNICATION ENERGY
VERSUS DISTANCE

In this part, we investigate the influence of distance
between source and sink on the transmission energy. This
study is achieved for different priority levels. To simplify, in
this experiment the first wavelet decomposition level is being
used therefore four priority levels are considered.

As the radio subsystem is one of the most power
consuming parts in sensors node, it is obvious that
compressed image progressive transmission will save energy.
From Fig.7, we notice that the consumed energy is match
lower for the first priority level than for the fourth one
associated with minimum loss in image quality.
Considering the distance from source to sink is fixed
arbitrarily to 35 meters, the dissipated average energy
reduced by 69% with image quality still acceptable in WSNs.
These results demonstrate that our proposed approach
improves the energy efficiency, which should optimize the
network lifetime.
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5. CONCLUSION AND FUTURE WORK
The paper suggests using an extended version wavelet

image compression called priority image transmission (PIT)
in order to achieve higher energy efficiency in WSN image
transmission and extend network lifetime. In this study a
wireless multimedia network is considered which sensor
nodes are equipped with multimedia devices such as cameras.
We have shown through simulation that PIT improves the
energy efficiency of camera equipped node of sensor
networks. The proposed technique is very simple and easy to
be implemented. Performance evaluation has shown that PIT
should increase the lifetime with an acceptable compromise
on the image quality. In our future research studies we will
investigate the multi-path routing approach which may
further enhance the performance of the proposed PIT.
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