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ABSTRACT

Transferring multimedia content such as videos and images over a wireless sensor network represents an
open subject of research. It can be treated in different ways. For instance, we can send images through the
network without compression using the spatial domain or using the frequency domain. In this paper use
wireless sensor network routing protocols, such GPSR, for image transmission by processing it the
frequency domain using the DCT transform. Actually, the aim of our work is to propose a new variante of
Leach protocol, named MLD (Multiple Level Delay)-Leach, that is tested by studying the impact of
image compression on energy consumption and the quantity of images received by the sink. For this
purpose, we used Omnet++/Castalia as a simulator. Two applications are used in this simulation: the first
one sends images without compression, and the second application sends images using a compression in the
frequency domain. We are interested by this approach to study network energy behavior over time.
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1. INTRODUCTION

As a result Of the unceasing development in
micro-electro mechanical system (MEMS) and
wireless communication technologies, low-priced
and small communication systems are at hand
called "sensors". Actually, They are composed of
transmission unit, a power unit control, a processing
unit, a control unit and a sensing unit [1]. Wireless
sensor network is a formation of numerous sensors.
In fact, they capture information about the
environment such as temperature, pressure etc.. .
Then, the collected scalar data are sent to the base
station (sink) as shown in figure 1. Actually, WSN
is used in multiple domains like industry, medicine,
agriculture, etc... . But, WSN suffers from multiple
weaknesses in resources. Firstly, the processing
power is limited. Secondly, the available memory is
limited. Lastly, the energy is limited which affects
the lifetime of the sensors. [2]

Figure 1:Wireless Sensor Network structure

The wireless multimedia sensor network is an
extension of WSN. In fact, sensors that form
MWSN are equipped with multimedia devices
(microphones and cameras) for the sake of
acquiring multimedia data related to the surrounded
environment. Then, the captured data are sent via
the network until its final destination, which is the
sink. Also, it exists multiple schemes for MWSN
like single-tier flat architecture, single-tier clustered
architecture and multi-tier ~ heterogeneous
architecture as shown in figure 2 [3]. Nevertheless,
it requires fulfilling some constraints such as limit
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of ressources, the need of High band with, the use
of cross-layer and the coding of multimedia content
[3]. In fact, WSN and MWSN have many
applications in multiple fields of interest.

‘ Multimedia processing hub 9‘ Sensor node
. Video sensor . Storage hub

Single-tier flat Single-tier clustered

Multi-tier

Figure 2: Architecture of WMSN

The development of sensors made possible
Internet of things (IoT) possible. Since the world is
interconnected and smarter every minute than
before, IoT helps to make things easier and faster
for us. Thus, WMSN uses scalar and multimedia
data in multiple applications such as smart-grid or
monitoring [5] etc... .

The routing process is an important phase in
WMSN, because it's a major factor in energy
consumption. As a consequence, it affects the
lifetime of the network. In fact, there are multiple
routing protocols like DD3 [6], SPIN [7], SAR [8],
LEACH [9] etc.. . In this paper we choose LEACH,
because it makes energy consumption a priority [9].

An image can be presented and processed in two
domains, spatial or frequency domains. We can get
the frequency domain by using the Fourier or DCT
transforms. JPEG image coding uses a compression
techniques based on DCT transform [12]. In this
paper, we used the JPEG coding process result to
reduce the number of packets transfered over a
WMSN which can affect the energy consumption of
the network[13].

The LEACH protocol is not suitable for WMSN
[4]. Therefore, we prpose an improved version of
the protocol, which combines image compression
and packets routing to have the maximum quality of
the transferred images. Actually, we use layers to
minimize the number of intermediate CHs. Thus,
the energy consumption is less, and the quality of
constructed images by the sink has a better quality.

We are going to see the following sections:
firstly, we will present related works. Secondly, we
will present our proposed protocol. Thirtly, we will
analyze the results of simulation.

2. RELATED WORK
2.1 LEACH protocol:

In 2000 Wendi B, Heinzelman proposed a new
protocol called LEACH [9]. The simulation is
executed in an equal period of time called Round.
In each round two phases are performed: cluster
setup phase and steady phase. During the cluster
phase an election is made by each node to decide
whether or not it's going to be a cluster node
throughout the present round. Each node picks a
random number which is compared which is
compared to the threshold T(n). Then, we compare
the chosen value and T(n). The node is elected
cluster head if the picked number is minor than the
threshold , otherwise it's not.

P
neeG

Eq. 1

T(n) =<1 — P+ @+ (+mod %)

0 ,else
According to the above formula p is the designate
percentage of CH(Cluster Head), r is the round in
progress and G is the list of nodes that wasn't
picked as CH during 1/P rounds. Therefore, if a
node is picked as a CH, it has to be elected CH only
after 1/P rounds.

Each CH advertises itself to the non CHs by
sending an invitation. When they receive
invitations they choose to join the CH that as the
most powerful strength of signal. The cluster setup
ends by the creation of clusters. Then each CH each
member of the cluster will send its data to its CH in
a limited period of time called "frame". This period
of time is determined by CH using a TDMA packet.
The figure below will shows the process.
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Figure 3: LEACH Structure

Figure 3 shows that every cluster head sends data
directly to the sink.
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2.2 M-Leach

CHs in this protocol [10] don’t send the data
directly to the sink. Instead, it takes CHS as a relay
depending on the most favorable path to the sink
throw intermidiates CHs.

2.3 Deficiencies of the LEACH protocol

Even if the lifetime of the network is more than
other protocols such as plane multipath routing, it
still has some drawbacks. The cluster-head
communicates directly with the sink which causes
some problems. Firstly, if the sink is far from the
cluster-head, it will be impossible to communicate
with it. Secondly, even if the sink is reachable by
the cluster-head, the necessary energy to transmit
data will be so high. Thus, the energy consumption
of the network will increase. Therefore, the liftime
of the network will be affected.

3 THE PROPOSED PROTOCOL

Our paper proposes new protocol named MLD-
leach(Multiple Level Delay) that improves the
leach protocol. Our protocol has as goal to extend
the lifetime of the network by reducing the energy
consumption. Also, make the protocol suitable for
the multimedia content. To reach this goal, we use
the same number of CHs as leach. Actually, in the
leach protocol each CH sends the data directly to
the sink. This process causes two major problems.
Firstly, the CHs which are too far will not be able to
send data to the sink. Secondly, the data sent from
different CHs arrive simultaneously, which causes
the lost of data, which affects the number of
received  packets. Hence, quality of receiving
images is affected. In order to solve these problems
we use multi-hope, distance and delay to choose the
next CH.

3.1 Initialization phase:

After the election of all nodes, the sink
broadcasts a message using the maximum energy
transmission. The CHs that receive the message
form the first level, store the distance from the sink,
the strength of the signal, delay and the ID of the
sink. Then each CH of the first level will
rebroadcast the same message with the information
of the sink (distance, delay) to the next level. In the
level two, CHs create a table in which each line
represents the CH's information about the source of
the message. The informations are the total distance
from the sink, the distance from the previous CH,
the total delay from the sink, the strength of the
signal and the delay between the previous CH and
current CH. Then the same message will be send to
the next level with total distance from the sink and

total delay. Then, the same process is repeated until
all CHs are reached.

3.2 The Update phase

The update phase is launched when the first
phase ends. Also, it's repeated every period of
time.This period fixed durig the simulation . This
process assures the update of the routing table in all
levels.

3.3 The cluster setup phase

This phase is the same as the original leach.
Furthermore, we use this phase to update the delay
in the table.This table contains the list of the CHs of
the inferior level along with the distance ,the delay
and ths distance from the sink. Also, the steady
phase uses the same process as leach. After that
phase, the routing phase begins. As shown in Figure
4.
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Figure 4: Multi-level structure
3.4 The routing phase

In this phase, the CHs send the gathered data
from their members to the next node.

The figure 4 shows that the CHs that belong to
level one send their data directly to the sink using
the strength of the signal. In the case of the CHs
that belong to level two, we have two cases:

e If all the total delay is equal we choose the
CH which has the minimum distance to the
sink as shown in figure4.
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e If we have a CH which have a minimum
total with a level superior than two, we have
also two cases:

o If we have equal delays between the
previous CHs, we pick the node which
has the shortest distance as shown in
Figure4.

o We choose the node which has the
shortest delay if we have different delays
as shown in figure4.

This process is repeated every time we want to
transmit. Therefore, we can balance the energy
consumption, to make sure that the maximum data
are sent with the best delays.

4 SIMULATIONS AND RESULTS
4.1 Application layer

In this paper, we compress images before sending
them through to the network. This process is done
in the application layer. We used the spectral
aspects of images. We take an image, and divide it
into small blocs 8x8. In this simulation we use the
gray image which is presented in in figure 6.Then,
we apply the DCT to each bloc. After that, we apply
the Quantization on the DCT result. In order to
reduce the size of data before transmission, we use
the RLE compression technique. After that, the
compressed bloc is sent over the network with its
meta-data(size,bloc coordinates). Once the sink
receives the data we apply the reverse process to
retrieve the bloc, by applying the reverse
quantisation using the same quantization matrix
used in the source node. Finally, we create the
image progressively from the received blocs.

Under
sampling

— hlaj |—>  Quantisation > RLE coding

JPEG compressi ¢

Final image Network

JPEG d i ‘L

Upper le— ReverseDCT | Reverse RLE decoding

sampling

]

Figure 5: Coding And Decoding Process Using DCT

quantisation

4.2 simulation setup:

In this section we are going to give details about
the simulations that we concluded and the results
that we got. In fact, we used Castalia simulator [11]
as a tool of evaluation.We used the radio model

CC2240 to simulate a real radio transmission. In
fact, this radio model leads a few rounds number.
Also, we compared our new protocol with the
original leach and M-leach .

In our simulation we suppose that all the nodes
are not reachable by the sink. The following table
shows the proprieties used in our simulation. Also,
we used 100 nodes distributed uniformly..

Table 1: Simulation Parameters.

Parameter Value
Tpology size 200x200 m’
Number of nodes 200
Round length 40s
CH probability 0.05
Number of trials 20
Initial power 30j
BS position (0,0)
Size of image 64x64
Number of sent images 1
Delay between images 200 s
Delay between sending 02s
packets
Quantization percentage 98 %

The table I represent the parameters of the
simulation.

Figure 6: The Gray Scale Image
Used In Simulation

The figure 6 shows the image that we used in our
simulation . in this simulation,each node sends an
image like the figure 6 through the network,which
makes 100 images.

4.3 Analysis of results:

In order to evaluate our protocol, we are going to
use two approaches. The first one is the lifetime of
the network. In fact, this parameter shows us how a
routing protocol is efficient in term extending the
lifetime of the network. The second approach we
are going to use different metrics to efficiency in
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term of transferring images. The first metric is
measuring the number of images in function of their
corresponding quality. Actually, this metric allows
us to evaluate the quality of receiving images. The
second metric is the lost packets during the
transmission.This metric shows us how network in
term of delivering packets, which influences the
number of received images and their quality.
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Figure 7: Graph Of Dead Nodes

The figure 7 represents the number of dead nodes
during the time of simulation. It shows a
comparison between Leach, M-leach and MLD-
Leach. Concerning LEACH, it shows that the first
node dies in Round 42 and the last mode dies in
Round 48. It also shows that the lifetime of the
network is the smallest compared to the other
protocols. In M-Leach the first nodes dies early, but
the last node dies after leach in round 72. But the
lifetime of the network of the network is longer
than leach. Lastly, MLD-Leach has the longest
lifetime of the network. Besides, the first node dies,
after all other protocols die in Round 78 and the last
node is dead in round 80, which can be explained
by the fast draining of energy of the left sensors.

The results of leach can be explained by the fact
that the cluster heads transmit directly to the sink
with maximum energy of transmission to reach the
sink. On the other side, the M-leach extends the
lifetime of the network compared to leach protocol.
Although, the M-leach protocol uses a variable
number of intermediate clusters-heads, which puts
some pressure on some cluster-heads rather than
others. Hence, it has a direct effect on these CHs by
dropping their energy faster than other CHs.
Finally, our protocol proves that it is more
consistent and extend the lifetime of the network
too far compared to other protocols. It can be
explained by the fact that we update the routing
table periodically. Then, choosing the cluster-head,

which has the minimum pressure at the lowest
level. Also, the optimization of energy transmission
minimizes the energy consumption of CHs.

Figure 8: Number Of Images Per Quality
Using LEACH Protocol

The figure 8 shows that the Sink constructs
images with a variety of qualities between 3% and
75% of the original image. We notice that the
constructed images with 10% and 12,5% present
the majority. Also, we can see that. By the using
Leach, the number of received images is the
biggest, but only one image has quality has 75% of
the original image. The quality of the other
constructed images is less than 40%. This can be
reflected by the high level of lost packet related to
this protocol, which is explained by the single hop
from CHs to the Sink. This mode of transmission
creates congestion around the Sink. Besides, the
CHs which cannot reach the Sink can not transfer
their images.

B R RN W W B B W

Quality of received images %

Figure 9: Number Of Images Per Quality
Using M- LEACH Protocol

By using the M-Leach, The figure 9 shows that
the Sink constructs images with a variety of
qualities between 1,6% and 100% of the original
image. We notice the M-leach can transmit a better
quality (100 %, 98%), but in few numbers. The
quality of the other constructed images is less than
40%. The quality of the other constructed images is
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less than 40%. The quality of the other constructed
images is less than 56%. These remarks can be
explains by the fact that the M-leach suffers from a
big number of lost packets, because of the high
number of intermediates CHs. Also, the random
election of CHs and the limited time of rounds
make prevent packet the packets to get to the Sink
in the current round, because they jump from a CH
to another.

7

Figure 10: Number Of Images Per Quality Using
MLD-LEACH Protocol

By using the MLD-Leach, The figure 9 shows
that the Sink constructs images with a variety of
qualities between 14% and 100% of the original
image. We notice the MLD-leach the Sink can
construct images with good quality (100 %)..These
results can be explained by the fact that the MLD-
leach has the fiewer number of lost packets.Also,
the number of intermediate CHs is controlled by the
number of levels.
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Figure 11: Number Of Lost Pakets Per Protocol

This figure expresses the number of lost packets
for each protocol. It is clear that our variant of the
Leach protocol goes beyond the standar versions.

It is clear that our protocol is saving more energy
which is expressed by the lifetime of the network.
Also, by using our protocol, the sink reconstructs
images with better quality compared to other
protocols.

We are interested in future works by improving
the results of the figure 10 by using a strategy that
sends overlapped blocks over the network in order
to complete the the missing image information.

5 CONCLUSION

In this paper, we studied two protocols, which are
Leach and M-Leach. The main advantage of Leach
is saving energy. M-Leach face up the most
disatvantage of Leach which is distance. Actually,
M-Leach can send from long distance. Then, we
proposed a new protocol based on Leach and M-
Leach protocol that supports multimedia content. In
fact, Leach protocol is designed to save more
energy without taking into a count the distance
between nodes and the transfer multimedia transfer.
We proved that our protocol surpasses LEACH and
M-LEACH protocols in term of energy lifetime of
the network and fixes its drawbacks. Also, it can
transfer more images with better quality.
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