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Abstract. Wireless Sensor Networks (WSN) are the networks that can realize data
processing and computation skills of sensor nodes over the wireless channel and
they have several communication devices. Wireless Multimedia Sensor Networks
(WMSN) are the networks composed of low-cost sensor nodes that transmit real-
time multimedia data like voice, image, and video to each other and to sink. WMSN
needs more energy and bandwidth than WSN since they transmit a larger amount of
data. The size of the data transmitted by the sensor nodes to each other or the sink
becomes an important factor in their energy consumption. Energy consumption is a
fundamental issue for WMSN. Other issues that affect the progress of WMSN are
limited bandwidth and memory constraints. In these networks, for which the node
battery lives are important sources, the limited sources must be effectively used by
decreasing the transmitted data amount by removing the redundant data after proper
processing of the environmental data. A new algorithm is developed to minimize
the energy consumption during image data transmission between sensor nodes on
WMSN, and so, make the nodes use their most important source, battery life ef-
fectively in this study. This algorithm is named as Energy-aware Application Layer
Algorithm based on Image Compression (EALAIC). This algorithm makes use of
the top three image compression algorithms for WMSN and decides instantly to
which one is the most efficient based on three parameters: the distance between the
nodes, total node number, and data transmission frequency. In this way, the sensor
node battery lives are used efficiently. The performance analysis of the developed
algorithm is also done via Network Simulator – 2 (NS – 2) and it is compared by
the existing algorithms in terms of energy rate (consumed energy/total energy) and
PSNR (Peak Signal to Noise Ratio).

Keywords: Energy efficiency, Fuzzy logic, Image compression, Wireless multime-
dia sensor networks.

1. Introduction

Wireless Sensor Networks (WSN) become widespread easily because of some features
such as being more appropriate to natural conditions than wired communication, be-



510 Arafat SENTURK et al.

ing more reliable, having a flexible structure, producing solutions with low cost, self-
organization, using the energy in a balanced way inside the network, and ease of instal-
lation. The purpose of WSN is to give access to data at any time and from everywhere
easily. They do this function by collecting, processing, analyzing, and transmitting data
[4], [28]. WSN has drawn the attention of the researchers since it can easily solve the
practical and theoretical difficulties. Another reason for the increasing popularity is using
small devices for transmitting data to far distances after some basic operations are done
in physical environments. Besides, WSN has been used frequently in many military and
unmilitary applications since it avails to measure some physical phenomena like temper-
ature, pressure, moisture, and location [50].

Wireless Multimedia Sensor Networks (WMSN) are the networks that are composed
of low cost sensor nodes that transmit real-time image, video or audio data to each other.
Audio and visual data may exist together in a single device or they may exist separately.
Besides, WMSN can store real-time multimedia data after retrieving from several sensor
nodes [34]. WMSN leads to the most hopeful developments in real-time multimedia mon-
itoring. But having a larger amount of data for transmission when compared with WSN
makes the life and efficient energy usage important problems for WMSN [27]. In addition,
energy efficiency has been studied extensively in sensor networks [44],[45],[9],[46],[16].
[31] focuses on the energy-aware image transmission in WMSN for flood images. In
this paper, the researchers applied image segmentation and the useless parts of the images
were removed before transmission. This approach may achieve good performance in flood
images in which mostly the trees and sky are at the top of the image and the flood water
are at the bottom and overlay a considerable part of the image. Middle part of the image,
transition between the land and water, as accepted as the most important part of the image.
For that kind of images segmentation can be applied and the regions out of ROI can be
removed and then this downsized image can be transmitted. But for example Lena image
that we used in our experiments consists of many details on the whole image and the
proposed segmentation method does not work for this kind of cases. Energy consumption
is the fundamental issue for WMSN. The sensor nodes in the network consume most of
their energy during data retrieval and the performed operations. Therefore, proper design
is required to maximize the lifetime of wireless sensor networks. Other issues that affect
the development of WMSN are limited bandwidth and memory constraints [4],[29].

Delivery of multimedia data requires higher bandwidth than traditional sensor net-
works and this situation affects the design of WMSN [15]. Designing low complexity
encoders and decoders besides high compression ability is an important application layer
problem in WMSN for which energy preservation is rather necessary [15]. Some algo-
rithms can be developed to process raw data retrieved from the environment and only the
important data can be transmitted instead of unnecessary data. Thus, the size of trans-
mitted data can be reduced and energy consumption can be minimized [33]. Reliability,
congestion control, latency minimization, and error check are the requirements provided
in the transmission layer in terms of quality of service. Quality of service-based routing
and forwarding schemas are the research topics of the network layer. MAC layer protocols
should contain priority-based and latency aware timing algorithms [15],[55]. This layer
controls the biggest part of radio communication, and so, it plays an important role in
energy efficiency and reducing latency [22].
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1.1. Image compression algorithms used for WMSN

There are many types of research related to energy efficiency in WMSN and these re-
searches can be classified according to the layer they correspond to. In the application
layer, especially the improvements in image compression algorithms constitute an essen-
tial part of the researches. The image compression algorithms used for WMSN are given
in the following part.

Low Energy Image Compression Algorithm (LEICA) developed by Sun et al. [41]
claims to minimize energy consumption by shrinking the data amount without any defor-
mation in image quality. LEICA first divides the image into two layers as background and
foreground. This layered structure is named as ROI (Region of Interest). The important
content falls into the foreground and the relatively important image is in background. The
unimportant background image is compressed more than the important foreground image.
In this way, both image qualities are preserved and the compression ratio is increased, and
so, the energy efficiency is provided.

The first image compression algorithm used in WMSN is Embedded Zero Tree Wavelet
(EZW) [39] is modified by Said et al. to make encoding and decoding faster and it is
named as SPIHT (Set Partitioning In Hierarchical Trees) [35]. SPIHT converts the pixel
data of the image in a tree structure and collects the most related pixels in a single set.
Then, zero-valued trees are encoded in a single value. Combining this feature of wavelet
transform and SPIHT achieves a high compression ratio in images.

Thanks to the algorithm developed in [2], JPEG2000 formatted images are consid-
ered to be transmitted in a low-energy fashion without any deformation in image quality.
Unnecessary bits inside the image are removed in this study for less-energy data transmis-
sion. But it is understood that the sensor nodes in WMSN are not suitable for JPEG2000
formatted image compression in terms of hardware and it consumes more energy than ex-
pected. Mulugeta et al. have proposed a secure forwarding protocol for sensor networks
in [30]. Minimizing the energy consumption in image compression, processing and trans-
mission are aimed at this study.

Discrete Wavelet Transform (DCT) is an image compression technique that is fre-
quently used in WMSN. DCT based image compression techniques provide proper com-
pression efficiency. Since encoding is done after the image is decomposed into small data
blocks, it can also be used in low-memory applications [3].

The network was divided into two layers in [43] as camera nodes and common nodes
which fulfil the compression duty. Images were divided into blocks and the largest-energy
nodes were selected, and then wavelet transform was applied seperately. Several nodes do
the compression of a subpart of the image at the same time and parts are then combined in
order to maintain load balancing in the network. Besides, unlike LEACH they considered
the residual energies of the nodes and the average energy consumption for cluster head
selection.

Image was transmitted by three methods in [17]. Transform coding, conventional
compressed sensing and a new compressed sensing method used together. In the new
compressed sensing method they used inverse binary DCT method. It is shown that the
proposed approach is more enrgy efficient than DCT based other approaches.

In [47], the authors developed and object detection based energy efficient transmission
method. They first determines the object presence and sends image segments instead of
sending whole image. The reciving node constructs the whole image based on the frames
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it took earlier. Their purpose is to use the approach in real time object tracking. They did
not give the details of the experiments like the distance between the nodes, size of the
area, number of hops for a transmission, etc.

Compression of video data was handled in [20]. Repeated features between the frames
and redundant features were eliminated to reduce bit rate of the video stream. Authors
evalute the frames in terms of their inter ayer features and remove redundant features.
They do not evaluate each frame seperately. Therefore, this approach can not be used for
the compression of images as in our case.

1.2. Energy-aware protocols for layered architecture

In the following part of the study, energy-aware protocols which are proposed for WMSN
are explained based on a layered architecture. Energy-aware studies are given starting
from the physical layer to application layer.

New technology with less latency and higher data rate are needed for multimedia
communication. Even IEEE 802.15.4 provides high data efficiency in radio inactive status,
its energy consumption is rather more. In [40], energy-saving IEEE 802.15.4 is handled.
The method adjusts activeness according to traffic conditions in radioactive status and
provides energy saving with less latency. In [24], a method based on radio interval and
frame process adjustment with RED (Random Early Detection) queue management is
proposed. The method aims to improve the performance of WMSN by reducing end to
end latency and packet losses.

MAC protocols work for satisfying the quality of service requirements in the applica-
tion layer. MAC layer has a differing important when compared with other layers because
of its responsibilities like reducing collusion and number of retransmissions, minimizing
energy consumption and interferences, and maximizing reliability and consistency [15].
In [37], a CSMA-CA (Carrier Sense Multiple Access with Collision Avoidance) based
MAC protocol is proposed. Traffic classes are given priority according to the jumped
node numbers. Also, to reduce collision possibility it allows interfering to report mes-
sages. In [6], both TDMA (Time Division Multiple Access) and contention based CSMA
used together for scheduling different traffic flows concerning priority. Service difference
is ensured by the queue management schema. High-priority traffic has more chances to
access the medium and the latency is reduced. Some MAC protocols include additional
processes that require sniffing also in a sleep state to make high-priority data has a greater
chance [18], [12].

The fundamental difficulties in routing protocols are to optimize network performance
and provide energy preservation while satisfying the quality of service requirements [15].
Quality of service metrics in the routing layer is end to end delay, packet loss, the total
number of hops, bandwidth, connection quality, and energy. A geographic routing pro-
tocol has been proposed in [36]. End to end delay is ensured by evaluating the position
relative to the base stations, remaining energy and queue length in the next node. In [7],
a routing approach that maximizes network lifetime by balancing energy consumption in
the nodes is presented. Service differentiation is used to access the base stations in the
acceptable delay interval. In the other study, the cluster heads use ant colony optimization
to find the optimal path through base station [8]. In [51], different service requirements
are considered for different traffic flows. These are some service constraints like delay,
packet loss, remaining energy in the nodes, and required number of hops for every path.
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The method works in the way that the base station broadcasts a query indicating its needs
and all subjacent nodes check their sources and added to the path if they have more re-
sources than required. In [21], energy efficiency in WMSN was considered in terms of
finding optimum routing paths and managing network load with respect to energy re-
serves of the nodes. Their routing protocol aves the overall energy by preventing useless
data transmission using an energy threshold. Similarly, [25] also deals with finding opti-
mal paths in a WMSN for QoS and balanced energy distribution. They do not consider
to reduce packet size for multimedia transmission in WMSN. [1] focuses on the efficient
transmission of video over WSN. It proposes a routing protocol and transmits packets
based on their priority through the scored paths. There are aso many efforts in recent
literatüre for energy aware routing [19], AODV routing protocol was enhanced in [11]
considering not only the number of hops in a transmission, but also the residual energies
and the congestion issues for an energy efficient routing.

The transport layer plays an important role in the communication over sensor net-
works with delay constraints. Congestion detection and reduction, end to end delay, and
reliability requirements must be satisfied besides energy constraints [15]. Different traffic
flows occur in WMSN and each flow may have its own reliability, error and delay con-
straints. All these constraints must be satisfied for every traffic flow separately. Transport
layer protocols in traditional WSN are not suitable for WMSN. No service differentiation,
flexible delay intervals, the importance of reliability of the event, not the application are
the features that distinguish WMSN from WSN [15].

Pixel-based Wyner-Ziv encoder is proposed as a proper application layer operation
[4], [14]. However, this encoder causes delays since it requires many feedbacks from the
decoder part. In [56], pixel based Wyner-Ziv the encoder is applied in a sliced structure
with automated rate selection. Sending only necessary parity bits and so efficient usage of
bandwidth is purposed. Encoder takes the data quality in the end side and sends an appro-
priate number of parity bits for a successful encoding. In a different study, a two-phase
protocol has been proposed [48]. In the first phase, compression gain which is obtained
when interrelated cameras encode together is measured by an entropy based discreteness
metric. Then, an optimal clustering hierarchy is established for encoding. Therefore, the
global compression gain is maximized besides the reliability in the decoder part. Maxi-
mization of compression is achieved by ensuring the selection of the clusters with mini-
mum entropy, and reliability is achieved by ensuring all camera nodes are covered at least
in two of selected clusters.

Insufficiency of studies in the application layer and the idea to develop more energy-
efficient approaches by combining realized improvements with the improvements in other
layers have to lead develop an energy-aware method to work in the application layer. Thus,
the network lifetime will be prolonged by minimizing the amount of data to be transmitted
and selecting the most suitable compression algorithm according to the network condition
(distance between nodes, the total number of nodes and data transmission frequency).

The main contributions of the proposed energy aware approach are as follows:

– Instant determination of image compression algorithm among the most efficient com-
pression mthods used in WMSN based on the network condition,

– Acceptable PSNR value is checked to satisfy QoS requirements of WMSN,
– Compression ratio is not fixed, i.e. it can be increased if acceptable PSNR is pre-

served,
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– Fuzzy rule based approach is used during the determination of compression algo-
rithm,

– Comprehensive experiments are conducted to investigate the consumed energy and
residual energy of the network based on several parameters which are distance be-
tween the nodes, data transmission frequency, and number of nodes. Also, PSNR
values are calculated for different compression ratios.

– A comprehensive overview of the literature is realized and the obtained results are
compared by the state-of-the-art to show the performance of the proposed method.

In the first part of the paper, WSN and WMSN are mentioned briefly. The image com-
pression algorithms used for WMSN are mentioned and energy aware studies related to
WMSN are given based on layered architecture. In the second part, the image compres-
sion algorithm to be used in the developed algorithm is decided through the referenced re-
search. Next, operation principles of EALAIC are given. In the third part, the performance
criterions of WMSN are considered and the parameters of the simulation are mentioned.
Afterward, a performance evaluation of EALAIC is done based on energy rate, end to end
delay and total energy consumption via the comparison with the other referenced works.
The results are given in the fourth part and future works are proposed.

2. Energy - Aware Application Layer Algorithm Based on Image
Compression

Image compression methods in WMSN are divided into two groups as lossy and loss-
less methods. Lossy methods provide important advantages since they have less encod-
ing/decoding time, better compression ratio, and usability in energy-limited applications.
Image size in lossless compressed images is considerably greater than the lossy one, and
so, the sensor nodes need more power and bandwidth when transmitting images. There-
fore, lossless image compression methods are not preferred in WMSN [53]. Three im-
age compression algorithms that give the best solutions in terms of energy efficiency in
WMSN stand out in [38]. These algorithms are DCT, SPIHT, and LEICA.

In this part of the paper, the energy-aware method, EALAIC which is based on DCT,
SPIHT, and LEICA to be used for WMSN is given. The parameters of EALAIC and how
they are obtained are specified below.

A. Obtaining data about the distance between nodes: The sensor nodes in EALAIC
have data about the distance between each other via a routing protocol, Modify-Adhoc
On Demand Distance Vector Routing (M-AODV) which is obtained by changing “hello”
packet in Adhoc On Demand Distance Vector Routing (AODV) routing protocol.

B. Determination of Number of Nodes and Data Transmission Frequency: The
number of required nodes and data transmission frequency is determined in the network
establishment phase. The reasons why the distance between nodes, number of nodes, and
data transmission frequency are given in Section 2.1.

C. Determination of Compression Algorithm via Fuzzy Logic Method: EALAIC
first processes the determined parameters for the selection and decides the algorithms to
be used. Then, all parameters are considered among the determined algorithms and the
most efficient one is decided. The detailed information is given in the following part of
the section.
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D. Determination of PSNR Value Loss and Its Conservation: PSNR value of the
compressed image is calculated and the predetermined value loss interval is tried to be
conserved. Therefore, both higher compression is obtained and the quality of the system
is preserved. Required operations and sample analyses are in the following.

The data obtained by the above steps are processed by the decision tree method and
converted into rule-based data. The selection of the most efficient image compression
algorithm is done according to the data obtained by the fuzzy logic method. These opera-
tions are explained in detail in Section 2.1.

Reducing the transmission and acquisition energies spent by sensor nodes is aimed.
Since the transmission and acquisition energies will be reduced, sensor nodes use their
battery lives efficiently and the network lifetime is intended to be prolonged. Also, the
PSNR value of the compressed image is kept in the acceptable interval for wireless com-
munication and the image quality is aimed to be preserved.

The most efficient image compression is decided thanks to EALAIC and the energy
spent by sensor nodes will be minimized. In the energy calculation operations, both the
energy consumed by compression algorithms and the energy needed by EALAIC are
considered. The structure of EALAIC is given in Figure 1.

Pseudo code of EALAIC is the following:

ALGORITHM EALAIC (cp, D, Ds)
//input : cp, respose to hello packet, the image size
//output: compressed image
//cp_x, cp_y, neighbour node coordinates
//S: data transmission frequency, Ds: number of nodes in network
node = node who sends hello packet
cp_x = take X coordinate inside respose packet
cp_y = take Y coordinate inside respose packet
node_x = take GPS_X coordinate
node _y = take GPS_Y coordinate
distance = sqrt((node_x-cp_x)ˆ2+(node_y-cp_y)ˆ2)
i = take_image
P = psnr(i) //PSNR value of image i
D = 5 //Compression ratio
Sa = algorithmSelection(S,Ds,distance)

//selection of compression algorithm
While do
Sg = COMPRESSimage(D,Sa,i) // %D compressed image according to Sa
Sg_P = psnr(Sg) //PSNR value of compressed image
if (P-Sg_P )< 25 ve (P-Sg_P) > 20
return i //send data to node with cp_x,cp_y coordinate
else if (P-Sg_p) >= 25
D = D + 5
else D = D - 5
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Fig. 1. Structure of EALAIC

2.1. Determination of Compression Algorithm via Fuzzy Logic Method

EALAIC has used a fuzzy logic method to determine the most efficient image compres-
sion algorithm. First, the numbers of states are minimized by the decision tree method
and the most suitable method is decided by fuzzy logic method.

The parameters of EALAIC are specified based on the system needs. These parame-
ters and the reasons why they are determined are:

– A. Distance between the sensor nodes in the network affects their transmission/acquisition
energies [32]. This situation is taken into consideration and “distance between nodes”
is determined as a parameter. The sensor nodes in the system may be mobile. Thus,
the distance between nodes may change at any time. The linguistic variable of mem-
bership function is determined as “low” for the cases when the sensor nodes whose
coverage area is 200 meters are close to each other, as “high” for the cases the dis-
tance is in the border, and “medium” for the cases the distance is neither “low” nor
“high”.

– B. The Number of sensor nodes over the network affects the total energy consump-
tion. Energy waste is inevitable when there exist a greater number of nodes [26], [13].
Besides, the number of nodes also affects the coverage area of the application. Re-
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quired node number can be determined by considering the coverage area of the sensor
nodes [13]. “Number of nodes” is determined as a parameter trough these inferences.
The coverage area of the system is stated by the user in the network establishment
phase to obtain the number of nodes to be used for the network. The linguistic vari-
ables of fuzzy membership function formed by this calculated value are determined
as “low”, “medium”, and “high”.

– C. Sensor nodes transmit the received image to the next sensor node in the coverage
area after they perform some operations on the image. Transmission of this image
data in a certain time interval is important in terms of energy. Because all nodes used
in every transmission spend transmission/acquisition energy [52]. For this reason,
“data transmission frequency” is used as a parameter in the system and the linguistic
variables of fuzzy membership function are specified as “low”, “medium”, and “high”
according to the user request.

Sensor nodes are made to select and use the most efficient algorithm thanks to EALAIC
which is developed with the mentioned parameters. Energy consumption during compres-
sion (operation complexity), compression amount, quality loss in the output data, and the
distance-based evaluation are effective in the selection of the most suitable compression
algorithm. For example, in the distance based evaluation, a summation of the operation
complexity and the energy consumed to transmit compressed image is calculated for every
compression method and the one with less energy consumption is preferred. The method
may have high the compression ability, but its operation complexity may also be high.
Consuming a high amount of energy may be unnecessary when the distance to transmit
data is short. Transmitting data after a simpler method with less operational complexity
can be less costly. Therefore, the preferred compression method changes depending on the
distance. The method with less complexity is preferred not to cause latencies in case of
the evaluation based on transmission frequency and to minimize these latencies. In case
when the number of nodes is variable, for instance when the number of nodes is high,
number of hops will be high and every hop will bring additional cost. On top of it, if the
operation complexity is also high, then the total cost will increase and so more energy
will be consumed. This means operation complexity is effective in the evaluation based
on the number of nodes.

There are three fuzzy input variables for the Fuzzy Logic Method. These are the ones
determined for EALAIC and they are “number of nodes”, “frequency”, and “distance”.
The fuzzy output variable is named as “the algorithm to be used”. The fuzzification oper-
ation whose block schema is given in Figure 2 is established by MATLAB 2014a Fuzzy
Logic Toolbox.

Determination of the algorithm to be used according to the distance between nodes:
“hello” packet in AODV routing protocol has been changed to calculate the distance be-
tween sensor nodes which are in the coverage area of each other and this protocol is named
as Modified Adhoc On Demand Distance Vector Routing (M-AODV). The location infor-
mation obtained via the GPS module on sensor nodes is added to the modified “hello”
packet. This packet is delivered to the neighbors and they are informed about their loca-
tions. Then, the distance between nodes is calculated using this information. If M-AODV
is not used, then geographic algorithms must be used. Geography based algorithms use
many control packets and they consume a lot of energy [10], [23].
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Fig. 2. Block view of fuzzy logic input and output variables

The frame structure of AODV “hello” packet is given in Figure 3 and its modified
version is in Figure 4. The distance between nodes is calculated using the equality given
in equation 1 thanks to the information provided by GPS module by taking location in-
formation of both nodes.

Fig. 3. Frame structure of “hello” packet

Fig. 4. Frame structure of modified “hello” packet

Mi,j =

√
(xj − xi)

2
+ (yj − yi)

2 (1)

The compression algorithm changes with respect to the distance between nodes. Ac-
cording to the simulation results, “energy rate (remaining energy/total energy)” versus
distance between nodes is given in Figure 5 graphically for three compression algorithms.

It is shown by the graphics that DCT is the most efficient algorithm to be used for
WMSN in terms of energy when the distance between nodes is low. When the distance
between nodes is medium, using LEICA for image compression seems logical and if the
distance between nodes is high, SPIHT is the most energy-efficient compression algo-
rithm. However, sometimes the algorithm to be used for compression cannot be decided
clearly. That is to say, the energy efficiency of more than one algorithm seems to be
high for some distance intervals. When fuzzy logic is used to determine the best one for
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Fig. 5. Energy rate versus distance between nodes

these situations: “Distance” parameter changes between 0 and 200. Three membership
functions have been constituted for this input variable and these are named as “low”,
“medium”, and “high”. The upper and lower limits of input variable “distance” are given
in Table 1 and its graphical representation is in Figure 6.

Table 1. Membership function limits of input variable “Distance”

Linguistic variable Membership function limit
Low 0 70
Medium 50 120
High 100 200

As a result of this inference, DCT or LEICA will be used for compression in case
“distance” parameter is “low and medium” and LEICA or SPIHT will be used when
“distance” parameter is “medium and high”.

Determination of the algorithm to be used according to the number of nodes: The
required number of nodes according to the area where they will be set up is known on
the average for any system since the area where the WMSN addresses are definite during
establishment. The compression algorithm changes according to the number of nodes
used for the network while the compressed image data is transmitted. According to the
simulation results, “energy ratio (remaining energy/total energy)” versus the number of
nodes in the network is given in Figure 7 graphically for three compression algorithms.
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Fig. 6. Graphical representation of membership functions of input variable “Distance”

Fig. 7. Energy rate versus distance between nodes
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It is shown by the graphics that DCT has the best energy rate when the number of
nodes in the network is the lowest. LEICA algorithm seems to have the worst energy rate.
However, DCT losses its efficiency as the number of nodes increase and SPIHT seem to
be better. LEICA algorithm is at the forefront in the networks with high number of nodes.
That is, using DCT is efficient in case the number of nodes in the lowest, using SPIHT
is efficient when the number of nodes is medium and using LEICA is logical for the
cases in which node number is the highest. As shown in Figure 7, the proper compression
algorithm is not decided clearly for node numbers. Fuzzy logic is used for that kind of
situation. “Number of nodes” parameter changes between 0 and 256. Three membership
functions have been constituted for this input variable and these are named as “low”,
“medium”, and “high”. The upper and lower limits of input variable “Number of nodes”
are given in Table 2 and its graphical representation is in Figure 8.

Table 2. Membership function limits of input variable “Distance”

Linguistic variable Membership function limit
Low 0 64
Medium 50 158
High 144 256

Fig. 8. Graphical representation of membership functions of input variable “Number of
Nodes”

As a result of this inference, DCT or SPIHT will be used for compression in case the
“number of nodes” parameter is “low and medium” and SPIHT or LEICA will be used
when “number of nodes” is “medium and high”.

Determination of the algorithm to be used according to data transmission frequency
over the network: Data transmission-acquisition between nodes is realized at certain
time intervals. This interval shows the data density in the network and it can be determined
optionally during system establishment. The data transmission frequency of the sensors
in the network changes between 2 seconds and 19 seconds. According to the simulation
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results, data transmission frequency versus “energy rate (remaining energy/total energy)”
is given in Figure 9 graphically for three compression algorithms.

Fig. 9. Energy rate versus distance between nodes

It is shown by the graphics that SPIHT is the most efficient algorithm when the net-
work is in peak time, i.e. data frequency is the highest. DCT algorithm seems to be better
when the data frequency becomes lower and LEICA is the most efficient one when the
frequency is quite low. However, like the other parameters, in some frequency intervals,
there are overlaps and the fuzzy logic method is used to get rid of this problem.

Table 3. Membership function limits of input variable “Frequency”

Linguistic variable Membership function limit
Low 12 20
Medium 5 14
High 0 7

“Frequency” parameter changes between 0 and 19. Three membership functions have
been constituted for this input variable and these are named as “low”, “medium”, and
“high”. The upper and lower limits of the input variable “Frequency” are given in Table
3 and its graphical representation is in Figure 10. As a result of this inference, SPIHT
or DCT will be used for compression in case the “frequency” parameter is “high and
medium” and DCT or LEICA will be used when “frequency” is “medium and low”.
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Fig. 10. Graphical representation of membership functions of input variable “Frequency”

Selection of image compression algorithm: “Selected Algorithm” value is obtained
using above three input variables. For this purpose, three membership functions are con-
stituted for “Selected Algorithm” output variable. Names of the algorithms (DCT, SPIHT
and LEICA) to be used after the method works are given as linguistic variables of mem-
bership functions. The upper and lower limits of output variable “Selected Algorithm” are
given in Table 4 and its graphical representation is in Figure 11.

Table 4. Membership function limits of input variable “Selected Algorithm”

Linguistic variable Membership function limit
Low 0 1
Medium 1 2
High 2 3

Fig. 11. Graphical representation of membership functions of output variable “Selected
Algorithm”
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2.2. Determination of PSNR value loss and its Conservation

PSNR value of the compressed image is calculated in the developed system. The accept-
able PSNR loss value for wireless communication is about 20-25 dB [42]. If the difference
between the original image and the compressed image is in the acceptable loss interval,
then the image is transmitted to the next node or the sink. If the difference between the
original image and the compressed image is less than or equal to 20 dB, then the com-
pression ratio is increased and the image is transmitted to the next node or the sink after
compressing the original image with higher compression ratio. However, if the differ-
ence between the original image and the compressed image is more than 20 dB, then
the compression ratio is decreased and the image is compressed at lower ratio and sent.
Conservation of the quality of the system will be provided by keeping PSNR value of the
compressed image in the acceptable interval.

Sample images given below are used for the simulations in Section 3 and the infer-
ences done in this section related to PSNR value loss.

Fig. 12. (a) sample image 1, (b) sample image 2 ve (c) sample image 3

PSNR value loss versus compression ratio graphic of “sample image 1” data for every
algorithm is given in Figure 13.

Table 5. Compression ratios with respect to PSNR values of sample images

CR PSNR CR PSNR CR PSNR CR PSNR CR PSNR
Image 1 (a) 0 98 5 85 10 81 15 77 20 74
Image 2 (b) 0 95 5 78 10 72 15 70 20 67
Image 3 (c) 0 93 5 87 10 74 15 72 20 69

It is shown in Figure 13 that the acceptable PSNR loss value can be reached by ap-
plying at most 20% compression ratio for “sample image 1” data. That is, PSNR value of
the image decreases from 98 to 74 after compression. So, the PSNR value loss is 24 dB.
When the compression ratio is increased to 25, then PSNR value loss will be 28 dB and
this is out of the acceptable loss interval. Therefore, 20% compression ratio with 24 dB
loss is the most suitable compression ratio.
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Fig. 13. PSNR value loss versus compression ratio graphic of “sample image 1” for three
algorithms

Compression ratios (CR) of three sample image data with respect to their PSNR values
are given in Table 5. EALAIC decides the compression ratio to be based on these values.

3. Performance Evaluation of EALAIC

3.1. Performance Criteria for WMSN

WMSN has some constraints like memory, processor, energy consumption, and lifetime.
Memory and processor constraints can be overcome by the advances in technology. En-
hancing energy consumption and so prolonging network lifetime become possible via the
studies carried out [49]. The most important performance criterion for WMSN is energy
consumption. More energy and bandwidth is needed to transmit multimedia data [4], [53].
The performance of the method proposed in this study is evaluated based on the following
criteria:

– Energy Consumption: Energy consumption is evaluated in terms of three variables
in the simulations and these are: distance between nodes, number of nodes, and data
transmission frequency. Remaining energy after the data is transmitted is proportional
to the performance of image compression algorithm used.

– PSNR Loss Value: PSNR value of the compressed image is measured in the simu-
lations and image transmission is realized only when the PSNR value of the image
decreases 20-25 dB. This interval is the acceptable loss measure for WMSN [42].
Also, the amount of data to be transmitted will be decreased by increasing the com-
pression rate until the acceptable PSNR loss is satisfied. Therefore, the sensor nodes
will consume less transmission and acquisition energy.
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Calculation of the energy rate is realized under the consideration of the transmis-
sion/acquisition energies of the carrier nodes while they carry compressed data towards
the sink. That is, a node inside the network takes the image, decides the proper image
compression algorithm thanks to EALAIC, and the decided compression algorithm is ap-
plied to the image. Then, it sends the image to the next node according to the routing
protocol. The neighbor node who takes the compressed data works only as a carrier and
forwards the data to the next node. The carrier nodes spend only transmission and acqui-
sition energies meantime. They do not spend computation energy.

Images used for the analysis are given in Section 2.2. Different sample scenarios are
made for the performance evaluation and the sensor nodes are made the received images
send to the next node under the below conditions. The conditions are:

– Without compression,
– Using only DCT,
– Using only SPIHT,
– Using only LEICA, and
– Using EALAIC.

3.2. Simulation Parameters

Scenarios and simulations are first realized for stationary networks. Then, the simulations
are carried out for the networks with mobile nodes whose speeds are 5 m/s and 10 m/s.
The nodes are placed by the grid model for stationary network simulation. As for mobile
networks, the sensor nodes are first placed according to the grid model and then they are
moved randomly. The simulation parameters are given in Table 6 and the images are given
in Figure 12.

Table 6. Simulation parameters

Number of nodes 17, 101, 197
Packet size 256 Kbyte
Distance between nodes (meter) 10 - 200
Data transmission frequency (second) 3, 9, 15
Simulation time (second) 120

3.3. Energy Rate

1000-joule energy is assigned to every node as starting energy. The total energy is de-
termined before the simulations according to the number of nodes in the network. The
remaining energy is calculated after the simulation time ends. The rate of the remaining
energy to the total energy is expressed as “energy rate”. Energy rate is a performance cri-
terion that determines the energy efficiency of the simulation realized. Energy efficiency
is determined as good for the cases in which the energy rate is high.

Figure 14 and Figure 15 show the graphics of a stationary network. EALAIC catches
the best energy rate by using SPIHT with 10% compression ratio when data transmission
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frequency is 15 seconds, by using DCT with 5% compression ratio when data transmis-
sion frequency is 9 seconds, and by using LEICA with 20% compression ratio when data
transmission frequency is 3 seconds in Figure 14. The corresponding energy rates are
given in Table 7.

EALAIC catches the best energy rate by using LEICA with 5% compression ratio
when the number of nodes is 17, by using SPIHT with 15% compression ratio when
the number of nodes is 101, and by using SPIHT with 10% compression ratio when the
number of nodes is 197 in Figure 15. The corresponding energy rates are given in Table
8.

Table 7. Scenario: energy rates of five methods with respect to data transmission fre-
quency in the case that “Distance”-low and “Number of Nodes”-medium

Data Transmission Energy Rate
Frequency (sec) DCT SPIHT LEICA EALAIC Without Compression

15 0.9918469 0.9919395 0.9919179 0.9921035 0.9887133
9 0.9912076 0.9911705 0.9910011 0.9912076 0.9819545
3 0.9891125 0.989661 0.9897173 0.9901256 0.9727593

Table 8. Scenario: energy rates of five methods with respect to number of nodes in the
case that “Distance”-medium and “Data Transmission Frequency”-low

Number of Energy Rate
Nodes DCT SPIHT LEICA EALAIC Without Compression

17 0.9938447 0.9939762 0.9944439 0.9944439 0.9928777
101 0.9930386 0.9930810 0.9930327 0.9932125 0.9900944
197 0.9925863 0.9926916 0.9923728 0.9927954 0.9889077

Figure 16 and Figure 17 show the graphics of a mobile network (nodes are moving
with speeds 5 m/s and 10 m/s). EALAIC catches the best energy rate by using LEICA
with 10% compression ratio when data transmission frequency is 15 seconds, by using
SPIHT with 5% compression ratio when data transmission frequency is 9 seconds, and by
using LEICA with 10% compression ratio when data transmission frequency is 3 seconds
in Figure 16. The corresponding energy rates are given in Table 9.

EALAIC catches the best energy rate by using DCT with 10% compression ratio when
the distance between nodes is 40 meters, by using DCT with 15% compression ratio when
the distance between nodes is 90 meters, and by using LEICA with 5% compression ratio
when the distance between nodes is 190 meters in Figure 17. The corresponding energy
rates are given in Table 10.



528 Arafat SENTURK et al.

Fig. 14. Scenario: data transmission frequency versus energy rate graphic of four methods
in the case that “Distance”-low and “Number of Nodes”-medium

Fig. 15. Scenario: number of nodes versus energy rate graphic of four methods in the case
that “Distance”-medium and “Data Transmission Frequency”-low
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Fig. 16. Scenario: data transmission frequency versus energy rate graphic of four methods
in the case that “Distance”-low and “Number of Nodes”-high

Fig. 17. Scenario: distance versus energy rate graphic of four methods in the case that
“Number of Nodes”-medium and “Data Transmission Frequency”-medium

3.4. End to End Delay
Every packet produced in different scenarios is analyzed to obtain end to end delay. In this
works, the average of the time to leave the source and reach the target for every packet
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Table 9. Scenario: energy rates of five methods with respect to data transmission fre-
quency in the case that “Distance”-low and “Number of Nodes”-high

Data Transmission Energy Rate
Frequency (sec) DCT SPIHT LEICA EALAIC Without Compression

15 0.9924413 0.9922819 0.9925320 0.9927140 0.9905598
9 0.9919207 0.9918407 0.9916191 0.9919207 0.9885940
3 0.9904621 0.9906785 0.9907414 0.9909013 0.9852178

Table 10. Scenario: energy rates of five methods with respect to distance in the case that
“Number of Nodes”-medium and “Data Transmission Frequency”-medium

Energy Rate
Distance (m) DCT SPIHT LEICA EALAIC Without Compression

40 0.9929828 0.9928449 0.9926847 0.9935465 0.9897579
90 0.9920975 0.9912844 0.9900279 0.9925456 0.9545897
140 0.9819125 0.9859102 0.9881926 0.9881926 0.9325489

which reaches its target correctly is considered. This operation, taking the average time,
is repeated separately for each algorithm (DCT, SPIHT, LEICA, and EALAIC) and the
packet transmission path is designed in the same manner for every algorithm. That is, in
the simulations realized for the same network, the path followed by the packets is the
same for every algorithm. The compression times of the image compression algorithms
are: DCT in 54.843 ms, SPIHT in 57.968 ms, and LEICA in 54.707 ms.

The time required for a packet to reach its target according to the scenario with 17
nodes is given in Table 11 for each algorithm. EALAIC decided DCT as the most energy-
efficient image compression algorithm in this scenario and used it for compression.

Table 11. End to end transmission time of a packet for a scenario with 17 nodes according
to the used methods

Used Method
DCT SPIHT LEICA EALAIC

Elapsed Time (ms) 403,800 406,925 403,664 404,488

It is shown in Table 11 that EALAIC has better end to end delay value than SPIHT
and worse than DCT and LEICA. The reason is that EALAIC uses the best algorithm it
selected at every turn according to the network conditions and the compression times of
these algorithms are different. Therefore, having varying values for different scenarios is
natural.
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3.5. Comparison of the Methods in terms of Energy Consumption

The methods of the referenced studies and the developed method EALAIC are compared
in terms of the energy consumption which occurs while the image is compressed and
transmitted. The same network model is used in the comparisons (distance between nodes
is low, number of nodes is high, and data transmission frequency is variable). The average
energy consumption of DCT [5], SPIHT [54], and LEICA [41] methods are calculated.
Similarly, the average energy consumption of EALAIC depending on time is calculated
using the mentioned network model.

Fig. 18. Comparison of four methods based on the sample scenario depending on time

Figure 18 gives the comparison about time-dependent energy consumption of a node
for EALAIC and other methods (DCT [5], SPIHT [54], and LEICA [41]) based on the
network model in the sample scenario. The methods have worked for certain times and
the average energy consumption of the network is calculated. Accordingly, It is seen that
EALAIC consumes 103mJ less energy than the other methods.

This situation can be expressed clearly in terms of the energy consumption rates as:
the value 1000 joules can be used approximately 47.6 hours by the least energy consuming
algorithm, SPIHT on the average and it can be used by EALAIC for 55.5 hours. A node
that uses EALAIC developed according to SPIHT has 7.9 hours more lifetime.

The proposed energy-efficient image compression-based approach was also compared
by the state-of-the-art in order to show its performance. The existing papers were compare
in Table 12 concerning the consumed energy.
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Table 12. Comparison of the state-of-the-art

Reference Year Method Consumed Energy
[43] 2011 Wavelet based image compression more than 500 mJ
[17] 2015 Compressed sensing based image transmission 350-400 mJ
[31] 2018 Image segmentation 360-380 mJ

Proposed 2020 Adaptive image compression 100-200 mJ

4. Conclusion

A more effective method than the existing popular compression techniques used for WMSN
has been proposed in this paper. The solution of the energy efficiency problem is given
to be applied in the application layer. The proposed algorithm is different from the others
since it decides the compression algorithm to be used through the parameters “distance
between nodes”, “number of nodes”, and “data transmission frequency”. Therefore, the
most suitable compression algorithm is selected instantly and maximum efficiency is pro-
vided. The method decides which algorithm to use according to the instant network con-
ditions and so, it consumes less energy than the traditional methods that uses the same
compression method for every condition. EALAIC provides 51% energy save for the sta-
tionary networks according to the methods without compression, and 36% energy save
for the mobile networks. Also, for stationary networks, it saves 3% energy according to
SPIHT, 3.6% save according to LEICA, and 4% save according to DCT. As for mobile
networks it saves 2.7% energy according to SPIHT, 3.1% save according to LEICA, and
3.4% save according to DCT. It is seen that EALAIC prolongs the lifetime of every node
by 7.9 hours on the average when 1000-joule energy is assigned to every node.

The proposed application layer method related to energy efficiency based on image
compression can be combined with the energy-aware methods of other layers and a hybrid
network with longer lifetime can be designed in the future works. Additionally, the effi-
ciency of the proposed method can be tested by higher resolution cameras and the method
can be generalized considering the resolution as an additional parameter.
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