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GENERAL CHARACTERIZATION OF THESIS

Relevance of subject:

Wireless sensor network (WSN) is a distribution of autonomous sensors which
cooperatively monitor physical or environmental conditions, such as temperature, vibration,
pressure, sound and so on. WSNs are used in many areas, including home automation,
machine health monitoring, industrial process control and monitoring, healthcare
applications, etc. The areas of use of WSNs enlarge day by day and the implementation of
multifunctional and reliable WSNs is an important task.

The detection process in WSNs mostly depends on sensor node’s physical
conditions and the solutions of detection problems are largely hardware side than software.
After detection the routing process comes and the node has to find whom and how to transfer
the sensed data. After that finds the route, the turn passes to data transfer process. As usually
the volume of transferred data is rather small, that process doesn’t take much effort from
sensor node.

Low energy consumption is a critical task in WSNSs, especially in a sensor
networks which are comprised of nodes that are considered lightweight with limited battery
power. But as usually almost all sensor nodes have limited battery power and keeping the
energy becomes very actual task in WSNs.

The most critical process in sensor networks is the routing because of high energy
consumption, end-to-end delay, control of packet overhead and so on. Thus, it is required to
have a good routing mechanism in WSNs for reducing energy consumption in sensor nodes
and for increasing the network lifetime. The faster is routing process, the longer is sensor
node lifetime and the less is energy consumption. Hence, the development of better ways and
methods of routing is very important task of WSN.

There are many works in scientific literature devoted to the problem of increasing
the lifetime of WSNs. However, the problem still remains an urgent task.

Purposes and objectives of work:

The purpose of this thesis is the research of mechanisms and algorithms of WSNs
functionality and the finding of ways for increasing the lifetime of WSNs. For this reason the
following objectives are formulated and solved:

[J  Review and summarizing of the research results in the development and operation
of sensor networks to identify the main factors which have influence on the
lifetime of sensor nodes and on network in general.



[1  Consideration of the existing algorithms and development of a new routing
algorithm which reduces the active time of work of sensor nodes in order to
decrease energy consumption.

] Development of a method which will increase network lifetime of WSNs by load
balancing of traffic in network, by supporting mobility and by cooperation of
nodes by clustering.

] Evaluation of the efficiency of the proposed algorithms on the network simulation
model.

The subject of research:

[] WSNs architecture and topology

[J  The architecture of sensor nodes, critical points of energy consumption

] Existing methods of routing in WSNSs, their metrics and limitations
Methods of research:

For implementations of new routing algorithms for WSNs NS-allionone-2.29
simulator with Diffusion 3.2.0 code have been chosen. NS-2 is one of the best simulators for
implementation of WSNs and the new algorithms have been implemented in it. About 300
nodes distributed throughout about 400x400m? have been used for these implementations.
The 802.11b protocol is used for simulation of wireless scenario Diffusion 3.2.0 in NS-
allinone-2.29. The nodes have been randomly expanded in grid according to energy
consumption in PCM-CIA WLAN card as NS-2.

Scientific novelty:

[1  Routing algorithm of WSN has been developed, which reduces the energy
consumption of sensor nodes by selecting the best node for the next hop.

[J  Routing algorithm (EECB) of WSN has been developed, in which the clustering
technique, cooperation of nodes and supporting the mobility are used. The new
algorithm reduces the delay in netwoek and the energy consumption of sensor
nodes, and hence increases the WSN lifetime in comparison with existing methods.
Reliability of results:

Using real physical WSNs for adjustment of scientific researches of thesis is very
costly, therefore the simulators are used. There are lots of simulators for WSNs
implementation and NS-2 is one of strongest and the most reliable of those. The new
algorithms are implemented in NS-2 and the results have been compared with previous
algorithms which have also been implemented in the same simulator. Besides, the results of
thesis are implemented in the real WSNs (references of application are presented).

Main points presented for the defense:

(1 Algorithm for reducing the energy consumption in WSN by preventing the
flooding of interest message in order to find the aims and by suitable choosing of
neighbor node which is close to the destination node.



1 Algorithm for increasing the network lifetime by cooperation of nodes in order to
prevent the activity mode of nodes, by creation of agent sink and agent event and
by reducing the traffic load bar when sink wants to find any event.

[J  Method for decreasing the delay in the network by supporting of sink movement in
order to keep the network and by preventing the packet loss when a sink node is
replaced.

Practical significance of results:

The results are important for the organization of works in real environments, such as:

[J  Reducing the average energy consumption of sensor nodes for sending data and
finding destination node.

] Increasing network lifetime and extending the service life of sensor networks by
decreasing average energy consumption.

] Improving end to end delays by suitable choosing of neighbor node and clustering

] Supporting the replacement of sink node in order to keep the network and prevent
the packet loss into WSN when data or interest messages have been sending.
Implementations:

The new routing algorithm of WSNs with developed software package has been
implemented in YTRI (Yerevan Telecommunication Research Institute) in Armenia and ICT
(Information Communication Technology) research center ministry in Iran-Mazandaran
(2011-2013).

Approbation:

The basic scientific and practical results of the thesis have been presented and
judged by international scientific committee of referees in international journals and
conferences. All of them are special in the wireless sensor network field, such as:
SENSORCOMM(2011), ThinkMind(TM), IARIA in France, ITNG(2013), IEEE in USA
and CEIC in Iran. Also the work has been presented on scientific and technical seminars in
YTRI and I1AP.

Publications:

The main results of thesis have been published in 6 scientific publications which
are listed in the end of the abstract.

Structure of dissertation:

The thesis contains introduction, three chapters, conclusion, bibliography with 102
references and 4 appendixes. The main text includes 106 pages, 53 figures, 4 tables and 14
formulas. The full text of theses with appendixes includes 136 pages.

THE MAIN CONTENT OF THESIS
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In Introduction the actuality of the work is justified; the purposes and objectives of
work, as well as the main points presented for the defense are formulated; the practical
significance of results and the scientific novelty are presented.

In Chapter 1 the functional and structural features of sensor networks are
presented. The topologies of sensor networks are discussed; the architecture of simple sensor
node is presented and the research of routing protocols is done. Also the purpose of thesis is
justified and the research tasks are formulated.

In §1.1 the functional principles and topology of Wireless Sensor Network and the
architecture of sensor nodes are presented.

In recent years the interest from industrial and research perspectives to wireless
sensor networks (WSN) has increased. A WSN can be generally described as a combination
of large quantities of small nodes (network of devices), which sense the environment, gather
the information from monitored field and communicate it to the appropriate area through
wireless. The gathered data is passing via wireless network to controller or monitor, which is
named sink. Sink can use the data locally, or can resend it to other devices via network. An
example of WSN usage can be the detection of fire in the forest. Thus, the supervised area
can include a few hundreds of square meters or thousands of square kilometers, and the
duration of the supervision can last for years. Hence, natural disasters can be perceived
earlier by installing networked embedded systems closer to places where such phenomena’s
can occur. The observed environment can be inaccessible by the human all the time and
robustness of detectors is very important.

Asensor node in aWSN is capable of gathering sensory information and
communicating with other connected nodes in the network. The main components of a
sensor node are a microcontroller, transceiver, external memory, power source and one or
more sensors (Fig. 1)
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Fig. 1 Components of sensor node

A WSN is a good solution when running a mains supply to the sensor node is
difficult or impossible. But as wireless sensor node is usually placed in hard to reach region,
the regular changing of battery can be inconvenient and costly. Thus, as can be concluded
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from sensor nodes features, one of the main objectives is the energy consumption, which is
mainly used on communication/data transfer process.

Network topology of sensor applications is an important point in reducing the cost
and complexity and improving the overall reliability of the system. In WSNs deployment
are used traditional network topologies. The common topologies of sensor networks are Peer
to Peer (Point to Point), Star, Tree and Mesh.

In §1.2 the purpose of thesis is justified and the research tasks are formulated. The
working process of sensor node can be divided into 3 parts, detection, routing and data
transfer.

The detection process mostly depends on sensor node’s physical conditions and the
solutions of detection problems are largely hardware side than software. After detection the
routing process comes and the node has to find whom and how to transfer the sensed data.
After it finds the route to the sink, the turn passes to data transfer process. As usually the
volume of transferred data is rather small, that process doesn’t take much effort from sensor
node. Thus, the most critical process of sensor networks is the routing.

The routing process is critical not only for reducing control packet overhead,
maximize throughput and minimize the end-to-end delay, but also for take into consideration
the energy consumption and sensor nodes lifetime. Energy consumption and nodes lifetime
is more actual, especially in a sensor network which is comprised of nodes that are
considered lightweight with limited battery power.

Thus, it is required to have a good routing mechanism in WSNs for reducing
energy consumption in sensor nodes and for increasing the nodes and so also the network
lifetime.

In §1.3 is presented the research of routing protocols and methods in WSNs.
Routing is a path determination process between source and destination for data transfer. In
WSNs for implementation of incoming data routing is mostly used the network layer.
Generally in multi-hop networks the source node is unable to reach the sink directly and
intermediate sensor nodes have to relay their packets. Solution of this issue is the
implementation of routing tables which contain the lists of node option for any given packet
destination. Construction and maintenance of routing table is one of the main tasks of routing
and for its solution are using different routing protocols and algorithms.

The performance of routing protocol is closely related to the architectural model
and depending on the current application, for sensor networks have been considered different
architectures and design constraints. Routing protocols in WSNs can be classified in four
ways (Fig. 2):

[1  According to the way of routing paths are established;
] According to the network structure;

1 According to the protocol operation;

] According to the initiator of communications.
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Every protocol of WSN routing can be used depends on current objective to get the
best solution. But according to the research results of WSN routing protocols and algorithms,
it can be concluded that one of the best routing protocols, which is less energy-intensive and
in the same time have other good conditions, like mobility, multipath usability, effective data
aggregation, and so on, is Directed-Diffusion.

WSN Routing Protocol
1
I 1 1 1

Fig. 2 Classification of routing protocols in WSNs

In Chapter 2 the research and development of methods for routing improvement in
WSNs is presented. The metrics and limitations of base routing protocol algorithms are
described and the development of new routing algorithms based on Directed-Diffusion is
presented.

In §2.1 the algorithms base routing protocol (Directed-Diffusion) are discussed.
There are a number of protocol variants that are optimized for different situations and
Directed-Diffusion is actually more a design philosophy than a concrete protocol. There are
different implementations of Directed-Diffusion and in energy consumption perspectives
Two-Phase pull (TPP) and Power Consumption Directed-Diffusion (PCDD) methods show
the best results.

In §2.2 are presented new routing algorithms based on Directed-Diffusion. In order
to decrease energy consumption and to increase the lifetime of the WSNs, in this work is
developed a new hierarchical routing algorithm by sending data in multi hops form. The
produced algorithm is based on Directed-Diffusion and is able to determine optimize routing
in term of energy consumption end to end delay and other parameters including: free volume
of buffer, sending defeat, distance of candidate node to sink and distance of the current node
to candidate node. The new algorithm selects the best node for the next hop in order to send
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its assumed packages to the destination by calculation of the integral. As a result, it causes
the minimum cost of the network life time. By division of nodes and duties and by making
changes in the Directed-Diffusion, flat routing is divided into hierarchical routing.

Directed-Diffusion has some limitations and in order to reach the goals of this
work those limitations must be improved.

First of all, in interest propagation phase of Directed-Diffusion the sink just flood
or broadcast the interest in the whole network. As a result, it is possible that any signal node
can receive a redundant copy of an interest and has to process it. Hence, by this redundant
interest messages and flooding (Fig. 2.8) the batteries of sensor network get drain out
quickly by which the network life time of WSN decreases. Thus, the main problem is the
efficiently utilization of this energy resources of sensor during the interest diffusion phase.

Secondly, exploratory messages are also the problem of Directed-Diffusion.
Exploratory events are used for receiving high quality events but this protocol signaling can
cause great energy consumption in the network as same as the flooding of interest messages.
The interest propagation and the exploratory messages are the main problems of Directed-
Diffusion. Thus, by improving these two factors can be enhanced the network life time of
WSNSs.

Actually, in the start of the network work, the duty division takes place based on
local clustering and the nodes complete to be a cluster head. After a period, a node with more
remained energy than its geographical area nodes is selected as the cluster head node. If the
reminder energy of the cluster head node is less than the threshold, it will enterprise a new
cluster replacement and the competitor node with maximum reminder energy will be
replaced by previous cluster head node. It means that the sensors with maximum reminder
energy are selected as a cluster (Fig. 3).
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Fig. 3 Illustration of arrangement and clustering of network nodes

This is like some sensors get very close locations. Thus, the sensor selects the wireless with
the maximum reminder energy as the first cluster. This selection can be done based on the
factor (2.1) of selection of alternative cluster head (Fig. 2.9). Each wireless sensor with a
maximum factor other than primary cluster head is selected as the alternative cluster head.



CH_RF = ENi-|Oglo (dNi to primary CH) — Ioglo (AVG_DNi to primary CH) (1)

Eni is the energy of the candidate node for replacement, dni to primary cH is the distance between
alternative node to the primary cluster head and AVG_D D shows delay between the
alternative node and the cluster head. Finally, the node with the maximum CH_RF is selected
as the cluster head. After division and classification of network (Fig. 2.10), the duties of each
node are specified. In other words, each node which senses an event in its own limitation
moves from standby status to active status.

When a node senses an event, a packet named event with a determined lifetime is
created and it is sent to the cluster head. The cluster head node sends the discovered packet
to the adequate relay node by use of a specified function, in order to send the adequate
cluster head. The research will deal with this issue in the next parts of this dissertation; there
is an important point in sending packet by cluster. In other words, if the sink node is in the
sending limitation of cluster head radius or there is not any relay node, data will be send to
the sink node directly. Otherwise, the cluster head selects the node with the highest amount
of route choice (will be discussed in next parts) as the next hop.

According to this method a routing algorithm for WSN has been developed. But
one of the problems in the pervious method of routing is the data sending through the
provided gradients. It means that the discovering data is not sent from node and optimize
stage. Instead, the data is sent to the sink node only and only from requester nodes. It should
be taken to the point that the ignorance of the neighbor and candidate nodes’ energy in the
moment of sending is an important weakness. Although in the previous method two phase
pull protects the network lifetime by positive and negative reinforcement, the weakness is
not removed. Our suggested method will reduce this weakness by taking some pre-sending
parameters. That is why the selected node is the best node for sending. When the event
occurs (for example, explosion in a region), the closest node which discovers this event
selects one of the neighbor nodes based on the selection function. It could be either cluster
head or relay node.

One of the purposes of the work is to reduce the energy consumption and increase
the network lifetime in routing. Thus, to reach those goals there is need to improve the
factors which cause the waiting of network energy. We intend to do it by use of suitable
parameters which cause it. One of the parameters in sending the discovery packet includes
the distance of the sender node to the candidate node. The closer a node to the sender node,
the less will be energy consumption based on distance.

Thus, the main critical parameters are discussed. Those are the distance of
candidate node from the sender node, the amount of reminder energy in the candidate node,
the amount of buffer’s free memory in the candidate node, mean of end to end delay, radius
of optimizes sending.
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There is another problem in routing of the sensor network. It is the problem of
unwanted mobility. Therefore, if the natural and non-natural factors (including landslides,
storm and passage of an animal) replace a necessary node, the data packet will be lost and
will not reach to destination. Thus, in dissertation is tried to consider the other issue, namely
protection of mobility. The mobile node can be a usual or a sink node, which is considered
by cases. It should be known, that if a node is lost because of mobility, network must
construct the routing map again, which is a great disaster in term of decline in the network
lifetime, because the entire primary task should be taken place again to recognize the sink
situation, if a node changes its place illusion. It makes his closest neighbor as middle node,
which reaches the information to the cluster head, because it is a sub-set of the cluster. Also
the middle node updates its information by that time period. As soon as a node is replaced
itself, it sends information to the middle node locally. This causes stability of routes,
prevention of information lose and re-discovery of the route.

Thus, another routing algorithm in WSNs is developed, which also decreases
energy consumption of sensor nodes and at the same time improves mobility problems, such
as packet loss or delivery rate in the network, network lifetime and so on.

In Chapter 3 the development of software package and simulation environment for
estimation of parameters, as well as the main results are presented.

The building of WSN testbed and running real experiments on it is difficult and
costly. Moreover, running real experiments are always time consuming. WSN simulation is
important for its development as protocols, schemes and new ideas can be evaluated in a
very large scale. Simulation is essential for studying WSNs and is the common way to test
new applications and protocols in the field.

In §3.1 are researched the metrics and limitations of existing simulators for WSNs
and the energy system and simulation scenarios are presented.

There are lots of simulation tools which are used in WSNs. Main of those tools are
NS-2, TOSSIM, EmStar, OMNeT++, J-Sim, ATEMU, Avrora and so on. Also for WSNs
simulation is used MATLAB. By comparison of WSN simulators metrics and limitations, it
can be concluded, that the implementation of WSN for the objectives of dissertation is
preferable to do by NS-2. The reasons are that NS-2 is open source, which saves the cost of
simulation. It allows implementing a WSN with lot of number of sensor nodes and contains
flexible models for energy-constrained wireless ad hoc networks. Also there is a huge
quantity of online documentation for NS-2. Another reason to use NS-2 is that for the
previous methods the simulations for energy consumption evaluation are also done by NS-2.

Before consideration of simulation details, we deal with definition of the energy
system model. We have assumed a system including sensor N distributed in an environment.
Equally, a sink node has been located in a distance from the sensor environment. The entire
sensors are uniform with a unique. The sensors are not equipped with GPS; they are able to
regulate their sending power as well as recognize the distance based on the energy of
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received signal. Model of the sending energy for “1” bit data is based on LEACH. The
received energy does not follow this model. It means that if the distance between sender to
receiver (d) is more than dO (reference distance), it is used the multiple routes model (with
route wasting impact of o), else the open space model (with route wasting impact of 2) is
using (Fig. 4).

ETx (I ’ d) = ETx—eIec (I) + ETx—amp (I ' d)
IE,. +l&.d° d<d, )

T 1B, +le,,d” d>d,

Where Eelect is the necessary energy to activate the electronic orbit and emp and & are the

energies of power activating reinforcement for the two situations of multiple route and open

space.

Fig. 4 Selection of path based on amount of energy

In the simulation scenario for the first developed algorithm are used 250 nodes which are
distributed throughout 160 * 160 square meters. For the second developed algorithm are
used 400 nodes in the 400x400 m2 and packets 4000 bit/per, with regard to the point that
sending data has been assumed in standard IEEE 802.11b. As was mentioned, in NS-2 is
used C++ for creation and controlling of simulation model. Thus, for implementation of
simulation scenarios appropriate C++ codes are written and a software package is made.

In §3.2 are presented the main results of simulations. The main tasks of this
dissertation are the decreasing of energy consumption in WSNs and hence the increasing of
network lifetime. Hence, in order to evaluate the efficiency of developed algorithms, we
have compared the developed algorithms with Two-Phase-Pull (TPP) and Passive Clustering
Directed-Diffusion (PCDD) algorithms, which are the best algorithms in low energy
consumption perspectives.

The comparison graphs of the developed first algorithm with PCDD and TPP for
different parameters are presented on Figures 5-9.

12



0.007

0.007
0.006 0.008
B T Suggest
% 0.005 ¥==Suggest Method in © 0005 L] Method in four
two Locations Locations
£ 0004 1 O e & 0004 M ——pedd
§ 0003 e feelt™ Eo.una
== Tow -Phase-Pull
€ oom $ oo {—- et =B=Tiy0-Phase-
a a Pull
0.001 000
0 . . 0 . . . . \
50 100 150 200 250 50 100 150 200 250
Nmber of Nodes Number of nodes
Fig. 5 Comparison of delay in 2 locations Fig. 6 Comparison of delay in 4 locations
0.006
0.007
o 0006 0.005
= Suggest Method
§ 0.005 E in 4 Locations E 0.004
~Suggest Method mA50 MNode
0.004 - i i 000z
£ W—‘— 2 Locatins 3 100 R
E o003 % 3 o=  etepcdd £ 0.002
£ 3
e 0002 T et T yy0-Phase-Pull 2 nom
0.001
0
I e

50 100 150 200 250

Humber of Hodes

Fig. 7 Comparison of the delay rate

06
05

04

1 2 4
Number of Locations

Fig. 8 Comparison of the average delay
consumption in one, two, and four
locations

Sugge st Method in
4 Locations

03

R 170

02

T yy0-Phase-Pull

01

Suggest Method in
2 Locatins

Energy Consumption average

S0 100 150

200

250

Humber of Hode

Fig. 9 Comparison of the average energy consumption

According to graphs can be concluded that for both two and four locations the
delay is lower than for PCDD and TPP. When the number of locations increases, the delay of
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network decreases. In case the number of regions rises, sink finds the source sooner than for
TPP and PCDD. Hence, as the delay of network decreases, the delivery rate increases and for
suggested algorithm it is better than for PCDD and TPP, which is illustrated on Fig. 7.
Although previous methods had fluctuations while our algorithm rises slightly.

As the suggested algorithm decreases average energy consumption in WSN in
comparison with TPP and PCDD algorithms, the lifetime of network increases. But the main
problem of this algorithm is the delivery rate, and for some cases the event delivery faces
50% loss. This problem is solved in the second algorithm by using moveable sink.

Before presentation of the results for the developed second algorithm we will
analyze the effect of mobility on event delivery and network traffic volume. The effect of
expedition rate changes will be analyzed as well.
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Fig. 10 shows the effect of mobility on network traffic capacity and in Fig. 11
shows event delivery rate for a 300 node network. The developed algorithm is compared
with One Phase and Two Phase Pull Directed-Diffusion algorithms. As can be seen on
graphs, the proposed algorithm can maintain the event delivery rate to an acceptable rate
than basic propagation. Since the event delivery rate in basic propagation reduces in different
speed due to the movement of the sink, the result is satisfactory.

According to Fig. 12, in response to the changes in speed the data delivery rate in
basic propagation finally reduces to above 40%. If a user can tolerate a 50% loss in event
sensor, the basic propagation can be used for sink with low speed. By increasing exploratory
data rate, event delivery rate and the overhead are increased.

Fig. 13 shows the capacity of overhead controlling packets for the basic
propagation model, One Phase Pull and the proposed algorithm in case of different speeds.
The random movement in a network with 300 nodes is applied and analyzed.

Now we can analyze the comparison of our developed second algorithm, which is
named EECB (Energy Efficient Credit Base), with TPP and PCDD algorithms.

The comparison graphs of the developed second algorithm with PCDD and TPP
for different parameters are presented on Figures 14-17.

Here we talk about end to end delay, which is the time between packet complete
sending and receiving, in other words, end to end delay is the time when a packet exports
from a node and traverses into network until will be received by another node. This
parameter depends on several factors such as: noise of environment, traffic load bar and etc.
On Fig. 14 is presented the average delay in network in case of using TPP, PCDD and EECB
algorithms by clustering and using of selection function and the distance parameter in
function selection. As can be seen, the delay for EECB is lower than for TPP and PCDD. In
the TPP and PCDD algorithms the process of routing map finding is started only from the
sink to sources, but in EECB the routing map finding starts both from sink to source and
from source to sink. Therefore, the delay for EECB is lower than for TPP and PCDD
algorithms. Also in Fig. 14 is shown that with increasing the number of nodes, the amount of
delay is raised but with this increasing, we can see that EECB is better than other previous
methods. In case of increasing the number of nodes the delay for all algorithms grows, but
for EECB it grows more slowly than for TPP and EECB.

The delivery rate is the percentage of received packets from sent all packets. It is
calculated by the formula (3).

Delivery rate = Number of incoming packet x 100 3)
Total number of packets

On Fig. 15 is shown the comparison of delivery rate in case of different methods.
With increasing of the number of nodes delivery rate decreases, but for EECB it decreases
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more slowly than for TPP and PCDD. This is the result of removing flooding propagation
and controlling of traffic load bar and overhead in EECB. PCDD shows better results than
TPP because of flooding decreasing, but the result for EECB is better because of using
clustering and selection function.

Delay Delivery
70 . . . : . :
/
/
-0~ 12 S
60F | == pcDD /
/
—k— secs y o
S
; ¥ z
E / N
N ¥y 4
> o s 8
~ i A
f / 4
° / 3
) 4 1
o ’ A o
; g
> ; g 0
Lo 7 e a
e T
10 -~ e
- e +
L A
------ e % % —t—— : : : : . :
* * 50
50 w1 00 2% A B 40 50 00 150 200 %0 30 30 40
Nodes Nodes
Fig. 14 Comparison of average delay Fig. 15 Comparison of average delivery
Life Time Energy
400 T T 3 T 3 T 09 §
A -0 1‘1:: JE——
0} * f;f: 08F |--+-pCDD P
- . —h—EECB e
3007 T e, 3
[ S e, X o
'''' S £
Z 250 T kl‘ Z
9 N 8
£ 20 \'—\-\,\ 3
g ™
7 150 o
B &
. 3
100f ~@----—- |, 9
. f
g
50 . S— e
=4
50 100 150 200 250 300 350 400 50 100 150 200 250 300 350 400
Nodes nodes

Fig. 16 Comparison of lifetime

Fig. 17 Comparison of average energy

consumption

Lifetime has many definitions but in this thesis we have used the definition that the
lifetime is the time when 10% of network nodes from total number of nodes remained
“alive”. In the Fig. 16 is presented the rate of lifetime. As can be seen, the lifetime for EECB
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is better than for TPP and PCDD, which is the result of removing flooding propagation and
decreasing traffic load bar in EECB. The lifetime for PCDD because of using decreasing of
flooding is better than for TPP. But in EECB is used clustering and selection function, which
reduce the energy consumption and as a result increases network lifetime, as the lifetime is
directly related to energy consumption. The comparison graph of average energy
consumption is shown on Fig. 17, and for EECB it is lower than for TPP and PCDD.

THE MAIN RESULTS OF THESIS

1. A new routing algorithm is developed which is based on Directed-Diffusion.[2,3,5]
Another routing algorithm (EECB) is developed, which is the improved version of
the developed first algorithm. It improves mobility problems, such as packet loss
or delivery rate in the network, network lifetime and so on.[7]

3. There are several simulation tools which are used for research of WSNs.
According to research results NS-2 simulator is chosen as an environment for
simulations of developed algorithms, Energy system model is defined and for each
algorithm are implemented simulation scenarios in NS-2. [3, 4,5, 6]

4. The developed first algorithm decreases the average energy consumption in
network from 20 to 200% in comparison with PCDD algorithm, and 45-420% in
comparison with TPP algorithm depends on the number of locations and the
number of nodes. At the same time it decreases the average delay from 15 to 65%
in comparison with PCDD, and from 40 to 260% in comparison with TPP, again
depends on the number of locations and nodes. One of the problems of this
algorithm is the delivery rate, and for some cases the event delivery faces 50% loss
as the sink mobility is not supported on this algorithm. [1, 2, 3, 4]

5. EECB algorithm decreases the average delay in network from 1 to 14 times in
comparison with PCDD algorithm, and from 1 to 20 times in comparison with TPP
algorithm, depends on the number of nodes. At the same time it improves the
network lifetime from 1.2 to 2 times in comparison with PCDD, and from 3 to 11
times in comparison with TPP, again depends on the number of nodes. [7, 2]

6. In EECB algorithm the sink mobility is supported and as a result it improves the
delivery rate of packets. In EECB the delivery rate is 2.5-4.5% better than for
PCDD and 4-75% better than for TPP.[7]
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UULLU UGLUNNUSPL 8ULSENEU S8ULSE U8ULLE SEIN1NRE3UL B9

curanbhuiunkhesusv UNUUUNYUUL FUCGLUYANRU UM8NARLUYES
GrenNkpudnruuy ubrufuuvus

uuonoenNkU

Unttwpununipjut tyuunwli t wiyup ukbunpughtt guugkph (UU8)

Intuhghniwmpjut Ukpwhquubkph b wignphpdutph htnwgqnunuip & UUS-h
uuph mbnnnipjut dedwgdwt mwppbpuljubph npounudp: Lodws tyuwwnwyh
hwutknt hwdwp dbwmlbkpuyt) b nwsyby Eu hbnbywy jpunghpubpp®

Uktunpuyhtt gugknh towuljdmt hwdwp Juwnwupus
htunwgqnunipnibitbph wpyniupubph YEpnidsnud wy hhdtwfwb Yhnkpp
quubnt hwdwp, npntp wgymud k. UUS-nud hwbgnygutph b gwigh
Jjwtph nbnnnipjub ypu:

Qnmipinit niikgnn Eppninuynplwt wignphpdutph htnwgnuund b unp
wgnphpuh dpwlnud, npp wjuqbgund b ubkbunpuyghtt hwugnygubph
woliwwnwlph  wliwnh] thnyp  Eubpghugh  uguenidp wjwqkgingn
ywinwlny:

UUS8-h lwuph wbnnnipjut dbdwgdwt twywwnwlny unp JUkpnnh
dowlnud, npp  hpddws E wpwdhyh  hwdwsuh  puwpudwl,
swpdntiwlnipjut  vyuwuwpydwd b Juunbpuynpdwt  Jhongny
hwignygutph hwdwgnpswlngnipjut wywhngdw Ypu:

Unwownlynn wignphpdubph wpynitwbnnipyut qowhwwnnid UUS-h
Jhpwiniw dnnkh Yhpundwdp:

Uwnktwpnunipntunud uinwugyl) Eu hnlyjw hhduwlwb wpyniupubpp®
Uopwiljyly k unp bppoinuynpdut wignphpd, npp hhdtdws & Qunopnjus-
Ythdmqhwih wignphpuh pu:

Uowldty & Uk wy tppnuquynpdut wignphpd® «EECB», npp dowlud
wnwohtt wignphpuh juwnwpbjugnpsquws wbkuwli b Ujh msnd k
owpdnitwlnipjutt  juunhpubpp, hywhuhtt Bu gwiugnd  thwpbpukph
Ynporunp, wowpdwh wpwgnipniip, guugh Yjuuph wingnipniip:
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Uowljqwd wignphpdutph hwdwp ubpnpydl] Bu tukpghwh dopbjubp b
nwhuwbgt) Eu uhunyjjughuyh ugkbiwpubp: Uhdnijughwih ugkiwpukph
hpugnpédwt hwdwp dowljdl) b spuqpuyht thwpkp «C++»-h b «NS-2»
uhunijjuwnnph Jhpundwdp:

Uowljués wnwohtt wygnpphpup tjuqbginid bt gwignud tubkpghuygh
uyundwl Uhohtt pwbtwlnipniup 20-200%' hwdbdwwnws «PCDD»
wgnphpuh htw, b 45-420%" hwdbdwwnws «TPP» wygnphpuh hbwn’
Juwpudws hwbgnyguph pwtwlhg: Uhwdudwiwl wyt tjuqbguinud b
guiignid vhohtt hwyjunnidp 15-65%° hwdbdwwnws «PCDD» wignphpih
htwn, b 40-260%" hudbkdwinws «TPP» wjgnphpuh hbn' qupdju) jupudus
hwignygubph pwtwlhg: Uju wignphpuh gjuunnp phpmpynibtbtphg k
wnwpdwltt  Ynpniunh  dES  wnlnup, wyuwybu, npny  phupbpmd
hpunupdnipjut wnwpnidp Jupnn E niukuwg 50% Ynpniun, putih np wyu
wgnphpunid hwoyp sh wniynid uwnwgnn hwuqnygh
owpdnitiulnipiniiip:

«EECB» wgnphpdp tjuqbgunid bt guignid dhohti hwwunnudp 1-14
wiqud®  hudbdwwnws «PCDD» wignphpdh htw, U 1-20 wbqud’
hwdbtdwnws «TPP» wignphpuh htn' jupuduws hwugnygubph puwtwlhg:
Uhwdwdwtwl wjit pupbjudmud L guugh Yuuph nbnnmpniup 1.2-2
wiqud® hwdbdwwnws «PCDD» wgnphpuh hbtw, b 3-11 whquud®
hwdbdwinwsé «TPP» wygnphpuh htwn' nupdju) jujuws hwbgnygubph
putiulhg

«EECB» wyqnphpunid  hwogh £  wnbjwd uwmwgnn hwbgnygh
swpdniiwlnipiniup, nph wpyniupnud hwpbptbiph wewpdwb Ynpniunp
ujugnud £ «EECB»-nud wnwpdwil Ynpniuwnn 2.5-4.5%-ny wybkih thnpp
pult «<PCDD»-h nhwpnid, 4-7.5%-ny wykih thnpp k pwt «TPP»-h nhwypnid:
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YJIYUIIEHUE BPEMEHU XKU3HU CETU U ITOAJAEPXXK MOBUJIBHOCTU 3A CHET
HUCTIOJIb30BAHUS S3OOEKTUBHON MAPIIIPY TU3ALIMU B BECTIPOBOJHBIX
CEHCOPHBIX CETAX

AHHOTAIIUA

Lenpto  paboTel  sABISETCS  MCCIEOBAHHE MEXAaHHM3MOB U alTOPUTMOB
(GyHKUMOHATBHOCTH OecrnpoBomHBIX ceHCOpHBIX ceTedl (BCC) m HaxoxmeHHs IyTel muist
yBenuueHust BpemeHu xusHu BCC. Jlng nocTmkeHUs 3TOH 1end cHOpMyIHpOBaHBI U
pELIEHBI CIeyIOMNE 3a1a9u:

e Amamum3s u 0600ueHHEe pe3yJbTaTOB HCCIENOBAaHWNA B paspaboTke u
OKCILTyaTallud CEHCOPHBIX cCeTeil Mg BBIABIEHUS OCHOBHBIX (PaKTOPOB,
KOTOpbIe OKasbIBAIOT BIMSHUE Ha CPOK CIyXObl ceHCOpHBIX y310B u BCC B
TIeJIOM.

e AHajgM3 CyUECTBYIOIUX aITOPUTMOB M pa3paboTKa HOBOTO aJrOpUTMa
MapUIpYTH3al[iH, KOTOPBIM yMeHBIIaeT aKTUBHOE BpeMfA pabOThl CEHCOPHBIX
V3JI0B, C L[eJIbI0 YMEHBUIUTH IOTpeGIeHie SHePTHH.

e  Paspaborka MeToza, KOTOPHIH yBenudIuT BpeMs >ku3Hu cetu B BCC ¢ momomsio
GanmaHcupoBaHUsA  TpaduKa B CeTH, IOAJEPXKM  MOOWIBHOCTH WU
COTPYZHHWYECTBA y3JIOB IyTeM KJIACTePUPOBAHHUA.

e Ouenka 5bdeKTUBHOCTH IIPeAIOKEHHBIX aJITOPUTMOB HAa HMMUTAIIMOHHOM
MOJIeJIN CeTH.

Brireykasanuble 337auy OBIIM pPELUIEHBI C IIOMOLIBIO HOBBIX aJITOPHUTMOB

MapHIpyTHU3anun 1 PaSpa6OTKOI/I COOTBETCTBEHHBIX IIPOTIPaAaMMHBIX ITAKETOB.

B puccepranyy moxydeHs! CieyIoNlue OCHOBHEIE Pe3yIbTaThI:

1. PaspaGoTan HOBBIH QJIrOPUTM MapLIPyTH3allM¥, KOTOPBI OCHOBAaH Ha
anroputme Hanpasnennoii-/Tuddysun.

2. Paspaboran zpyroi amropurm MapupyTusanuu: ,EECB®, xortopsiit sBisercs
yJIy4IIeHHOH BepCHeil IIepBOrO ajJIropuTMa. B 3TOM ajropuTMe pelmaroTcs
mpo6ieMbl MOOGHIBHOCTH, TaKHe KaK IIOT€pS IIaKEeTOB, CKOPOCTh J[OCTaBKH,
BpeMs XKU3HHU CETH.

3. /[lna pa3paGOTaHHBIX aArOPUTMOB OBLIM BHEJPEHBI MOZENIH OJHEPTUU WU

chOpMyIMpOBaHBl CIeHapuu cuMyaanuii. Jnd peanqusanum ClieHapHeB
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CHMYJIALUI pa3paboTaH IPOrpaMMHBIil ImakeT Ha ,C++“ ¢ ncmoss3oBaHueM ,NS-
2% cumyaTopa.

PaspaGoTaHHBIN NEpBBIH aITOPUTM YMEHbIIAeT CPefHUN pacxoj, dHEPIUU B
cetu Ha 20-200% mo cpasuenuio c¢ ,PCDD“ anroputmom, u Ha 45-420% mo
cpaBuenuto ¢ , TPP“ amropurmMoM, B 3aBHCHMOCTH OT KOJIHMYECTBA Y3JIO0B U
snoxanuii. OZHOBPeMEHHO OH yMeHBIIaeT CPeJHIOI 3aZepXKKy B ceTH Ha 15-
65% 1o cpasrenuto ¢ ,PCDD® anropurmom, u Ha 40-260% 10 cpaBHEHHIO C
~IPP“, cHOBa B 3aBuCHMOCTH OT KonudecrBa y3moB. OZWH U3 TIJaBHBIX
HEeZOCTaTKOB DTOTO aJITOPUTMA SBJSeTCS GOJBIION IPOLEHT IOTEPH IIAKETOB.
Tak, B HEKOTOPBIX CJIydasX PacChUIKa COOBITHA MOXKeT MMeTh HoTepio B 50%,
TaK KaK B 3TOM QJITOPUTMe He PACCUUTHIBAETCI MOOMJIBHOCTH IOJy4YalOLIETO
yana.

“EECB” anropuT™M yMeHbIIaeT CpefHIOI 3aJiepkKy B ceTd Ha 1-14 pas mo
cpaBuenuto ¢ ,PCDD* anropurmom, u Ha 1-20 pas mo cpaBuenuto c , TPP“
QITOPUTMOM, B 3aBHCHMOCTH OT KojudecTBa y3710B. OIJHOBpeMEHHO OH
yydiraer BpeMs JKM3HM ceTH Ha 1.2-2 pa3 mo cpaBuenuio c ,PCDD®
anropuT™oM, u Ha 3-11 pas o cpasuenuto c ,,TPP, u cHoBa B 3aBuCHMOCTH OT
KOJINYeCTBa y3JIOB.

B amropurme “EECB” paccumraHa MOGHIBHOCTH IIOMYYAIOLIEro y3aa, B
pe3yJbTaTe 4ero IPOLEHT ImoTepu IakeroB yMeHbmaercsa. B ,EECB® mpouenT

morepu Ha 2.5-4.5% mensie yem B ,,PCDD", u Ha 4-7.5% Mensbure uem B ,, TPP*.
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