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Abstract—Ad hoc networks are a type of mobile
network that function without any fixed infrastructure.

One of the weaknesses of ad hoc network is that a route
used between a source and a destination is to break

during communication. To solve this problem, one
approach consists of selecting routes whose nodes have
the most stable link cost. This paper proposes a method
for improving the low power distributed MAC. This

method is based on the context awareness of the each
nodes energy in clustering. We propose to select a new

scheme to optimize energy conserving between the
clustering nodes in MANET. And this architecture
scheme would use context-aware considering the energy
related information such as energy, RF strength, relative
distances between each node in mobile ad hoc networks.
The proposed networks scheme could get better improve

the awareness for data to achieve and performance on
their clustering establishment and messages transmission.

Also, by using the context aware computing, according
to the condition and the rules defined, the sensor nodes
could adjust their behaviors correspondingly to improve
the network routing.

Index Terms—Context aware, Architecture, Ad hoc
networks, Sensor node, Energy, Rule based

L. INTRODUCTION

In ad hoc network, especially in sensor network the
wireless device power is provided by battery, the
network node energy is limited. Therefore it becomes
very important to use the node energy in high efficiency
for prolonging the network lifetime as long as possible.

For the aim of improving the networks lifetime and
capability, we should reduce the node energy expending
and routing link cost. So that how to establish the
network structure and how to choose the routing path are
very important in the ad hoc network.

For the above reasons, in this paper an Energy
conserving Context aware Clustering algorithm (ECC) is
proposed to establish the network clustering structure,
and a routing algorithm is introduced to choose the
Optimal Energy Routing Protocol (OERP) path.

Manuscript received May 21, 2007.

The authors are with Department of electrical and
computer engineering, Korea University of Technol-ogy
and Education, Cheonan City Chungnam Provi-nce,
Korea (Email: fei822@kut.ac.kr, kwlee@kut.ac.kr)

Because in ad hoc network, the topology, nodes
residual energy and energy consuming rate are dynamic
changing. The network system should react continuously
and rapidly to the changing conditions, and make
corresponding action according different conditions. So
we use the context aware computing to actualize the
cluster head node, the routing path choosing.

In this paper, we show a new Energy conserving
Context aware Clustering algorithm(ECC). This
algorithm discuss several energy factors: transmit power,
node mobility, and node residual energy. Totally
thinking of the factors, we choice the nodes which have
low transmit power to cover at least N neighbors, more
residual energy and low mobility as the cluster head.

There are some previous routing energy algorithms
which deal with the energy routing problem in ad hoc
network, such as the MER (Minimum Energy Routing)
Protocol[1] and OMM (Online Max-Min Routing) -
Protocol[2]. Nevertheless, MER only considered the
total energy expend on the routing path, the OMM only
considered the node residual energy. They only consider
one narrow element. This paper proposes a new algo-
rithm OERP, this algorithm includes several elements:
the energy expenditure on the path, the minimum energy
residual node, and the node expenditure. Synthesize
thinking over the above ingredients, we choose an opti-
mal energy routing path to improve the network lifetime.

This paper is organized as follows. In section II, we
show the rule based context aware architecture for
MANET. In section III, we present the Energy conserve-
ing context aware clustering algorithm (ECC), the
optimal energy routing protocol algorithm (EOPR).
Section IV provides conclusions.

I1. A CONTEXT AWARE ARCHITECTURE

In this paper, a rule based context aware architecture
is designed to perform network clustering foundation
and networking routing actualizing.

This paper proposes the context aware architecture
using the ECA (Event-Condition-Action) rules [5], and
designs the main architecture as the following fig.1. The
context architecture is composed by three parts:
communication unit, the processing unit, and black-
board. In this paper, the architecture only context energy
related elements, so a masking part is used. The
communication unit gets information from external
devices and sends the results to the external counterpart;
The processing unit process the context information
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based on the rules; Blackboard contains the rules
memory and context knowledge data part including the if
part (condition), the then part (action), context aware
super addition temporary variables ,intermediate results
and related information.
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Fig.1 Context aware architecture

Several problems are considered in this paper :

- Establish the cluster.

- Maintenance of the cluster structure.

- Choice the routing path improving the energy
consumption

- Information elements included to design the context
rules.
These problems will be resolved as the next section

HLII. CONTEXT ENERGY CONSERVING
CONTEXT AWARE

A. The proposed ECC model
This section introduces ECC (energy context aware

weighting clustering algorithm).

Table 1 Define Notations in ECC

Notation Descriptions
i Node ID
E; Residual energy of node i
P; Transmit power of node i
Dy Distance between node i and node j.
v; Velocity of node ¢
N; Number of neighbors of node i
S Signal strength from node i to node j
Sty Predefine threshold value of S;;
w; ECC Weighting value of node i
Wi Threshold value of W;
ei Energy consumed to trapsmit uni'F
Information from node j to node i
qi Information transmit rate from node j

to node .
R; Energy consume ratio of node i
R, Energy consume ratio of path p
T; Lifetime of node i
U, OERP value of path p

1)Clustering models

These algorithms consider the following aspects.
Choose the node which has the more residual energy,
low mobility, low transmit power to be cluster head.
Table.l defines the notations applied in the algorithm.
The velocity can be got based on the signal strength
between the node i and its neighbors. And this paper
assumes that each node gets the 1-hop and 2-hop nodes
as neighbor nodes.

2) Algorithm description

Each node in the network contains a neighbor nodes
list, and updates the neighbor nodes list based on the
interaction detective message between each node.
The ECC weighting value Wi is defined as (1)

Wi =Ei "*Pi ®*+Vi ™ M

Table 2 weighting value factors

Condition X1 X2 X3
Average Vi is very low 1 1 0
Average V; is high 1 1 0.5
Average E; is high 0 1 1

X1, X2, X3 are the weighting value factors, in general
network, the three energy elements (Residual energy of
node, transmit power, velocity of nodes) is equally
important to the energy consumption. In different
condition, the X1, X2, X3 can be defined different values
which shown in table.2.

3) ECC algorithm rules

ECC algorithm rules are given as follows:
Stepl. Each node i sends neighbor detective message,
and listens to other nodes
Step2. Computing E;, P; and V}, get the ECC value ;.
Setp3. Computing the ¥}, if the W; =W|max.
A. Yes, node i sends parents message to neighbor nodes,
declares its parent node beacon, establishes the cluster
member list, begins to detect the children nodes
information.
B. No, node i listens parents message from the parent
nodes. If receives the parent message form the parent
noses, sets the cluster ID, become a cluster member and
sends child exiting message to parents nodes periodically.
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Fig. 2 ECC cluster structure

This paper purposes the context aware architecture to
classify the context data into different elements, and an
illustration of ECC using classification data is shown as
fig.2 and table.3. In this simple illustration, the context
classification covers six elements: residual energy,
transmit power, velocity, number of neighbors, ECC
weighting value, and the condition (shown in table .3). In
this illustration, we predefine X/=X2=X3=1. According
equation (1), get the ECC value, decide the node
condition {cluster head: cluster member} based on the
ECC weighting value Wi. The network cluster structure
is shown as fig.2, in cluster 1, node 1 as the parent node,
and node 2,3,4,5 children nodes, node 6 as neighbor
node.

Table 3 Context classification form

Id | Ei|Pi|Vi Wi Condition

1 (5 ]|10]10] 0.05 parent node

2 14 1(20(207] 0.01 Child node
3116|1020 0.02 Child node

4 | 4 (2010 0.02 Child node
51312020 0.075 Child node

6 16 |10]15] 04 Neighbor node

4) ECC clustering maintenance.
4.1) Maintenance of Parents nodes

If residual energy of parents nodes W; <Wy, , Wy, can

be defined as B {average W;}, (0<B<1). Parent nodes
send parent nodes changing message to its children, the
cluster head changes, and join to the nearest cluster.

If cluster parent node can’t receive exiting message
from its children nodes, parent node updates children
nodes list, delete the children nodes information.

4.2) Maintenance of Children nodes

If the children nodes receive parent nodes change
message, then children nodes leave this cluster, join to
the nearest cluster.

If children nodes detect the signal strength less than
predefine threshold value, the children nodes will not
send exiting message to parent nodes, then leave this
cluster, and join a new nearest cluster. Fig.3 shows the
flow chart of ECC clustering forming and maintenance

Listen parents message

|

[Monitor chitd nodes|

€Ceve Ciild exiting

message Send and sten neighbor yes
detect message Send chid exting message
" fo parenis periodically
New node joiry
Yes
Update chitdren ist Computng Wi
no
WicWth
yes
Parent node
changes
l Send parents message Join the nearest
cluster

Join nearest cluster

Fig. 3 ECC algorithm flow chart

B. The proposed OERP algorithm (Optimal Energy
Routing Protocol) for the ECC cluster network.

In the cluster-based ad hoc network, the problem of
data transmission becomes the transmission from the
children sensor node to the cluster parent node, and the
transmission between the parent nodes.

1) Routing path discovery

To improve the energy conserving of MANET, we
adopted multipath routing from source node to
destination node, the detail was described in [3]. Energy
elements are added to RREQ. In this paper we focus on
how to choose the routing path based on energy
conserving. Most current energy conserving ad hoc
routing protocol only considered one side problem, such
as MER [1] and OMM [2]. MER only considered energy
consumption on the link path, as OMM only considered
the nodes residual energy. This paper proposed a new
routing algorithm OERP based on the balance energy
value combining the node residual energy and link path
energy consumption. In OERP algorithm, the set of all
the paths from source node to destination node is defined
as P. The selected path is assumed as path p (p €P). The
set of nodes on the selected path p is assumed as Np.
Lifetime of node i is:

E , )

R - =+ 3)

Energy consume ratio of path p is
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Otherwise, maxR; is the maximum value of R; on the

path p. min7j; is the minimum value of T; on the path p.
Y1,Y2, Y3 are the weighting value factors of the OERP.
The OERP value of path p is

va=minT:,”+maxRi'Yz +R;Y3 (5)

2) The performance of OERP algorithm

MingE; is the minimum value of E(i€N,) on path p
and assumed as Ep, minEp is assumed minimum value
of Ep(p € P), maxEp is assumed the maximum value of
Ep(pEP).

In the illustration shown in fig.4, node 1 is the source
node, node 6 is the destination. From source node 1 to
destination node 6, there is three paths shown as
pathl:{1,3,4,6}; path2:{1,2,4,6}; path3:{1,2,5,6}. For
the pathl the minE;=3; for path2 minE;=2; and for path2,
minE;=4; so for the path set minE,= min{3,2,4}=2, and
maxFE,=max{3,2,4}=4.

Stepl. When the node receive the RREQ (Route require),
if myID=Dest.

A. No, add myID to RREQ, computing R; T; add
R;, Tj, E;to RREQ.

B. Yes, node waiting for At, then computing the OERP

value Up, of multipath P, choice the paths set P’ under the
restriction (6):

Epmin Ey+ a(max E, -min E,),(0Sa=1).  (6)

Under the restriction (6), the path which has the small
residuary energy can be avoided to be chosen as routing
path. Under this restriction (7), the path p € P’is selected
as the route path.

Up =max {U} Q)

Step2. Send the reply message to the source node.

T Path1: {1,3.4,6)
5 Path2: {1.2.4.6}
Path3: {12.5.6}

Node1: source node
NodeB: destination node

Fig. 4 A simple multipath Routing

Table 4 OERP element value

Path |min7i | 1/maxRi |I/Rp | E, Up
Pathl | 30 5 5 3 40
Path2 | 20 10 5 2 35
Path3 | 20 5 7 4 32

Fig. 4 Simulation results of OERP for ECC algorithm

The proposed OERP of ECC was used for ns-2 simulator
of performance simulation in modern many treatises.
Comparison estimation compared ODMRP of uniformity
standard. Computer simulation composes net of 50x50
size for arrangement of node, and nodes were arranged
to do random in map. Transmission speed of each node
gave equal value. The size decided by 10, and motion of
50 nodes free arrangement select.

IV. CONCLUSINS

This paper proposed energy conserving context aware

clustering aigorithm (ECC) and an Optimal Energy
Routing Protocol (OERP) for the ad hoc network. The
proposed ECC, OERP algorithms synthetically
considered the energy elements to improve the energy
conserving in ad hoc network.
The proposed ECC and OERP could need to know the
network topology and residual energy of every node. It
would be difficult to perform in large size networks.
Otherwise every node should broadcast its residual
energy to other nodes. These parameters of energy
consumption would also be considered and analyzed as
the future works.
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