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ABSTRACT

Energy must be significantly conserved in Mobile Batc Networks (MANETS) by employing energy
models. Majority of the energy models address énéy/hidden terminal issue, but result in higher pow
consumption due to increased collisions during patiansfer. The proposed energy model for MANET
involves an Energy-efficient Optimized Link StatelRing (EE-OLSR) protocol and a path maintenance
scheme. The EE-OLSR energy model is based on agssige search for the most energy-efficient path.
This model reduces the routing overhead and patip sédelay, and enhances the network lifetime. The
existing energy models for MANET are based on Olgg&ocol and DE (Differential Evolution) — OLSR
protocol with features like QoS (Quality of Senjiagptimization, accuracy of energy states, distabu
clustering, and energy-efficient clustering. Thevey analysis involves the comparison of the prepos
EE-OLSR model with the existing energy models. EHieOLSR model consumes lesser energy compared
to the existing energy models, with respect to hepaed, packet size, average connection arrivel ra
number of nodes, grid size and packet inter-artivag.

Keywords: Adjacent Cluster (AC), Cluster Head (CH), Immediate Neighbor (IN), Mobile Ad hoc Network
(MANET), Optimized Link State Routing (OLSR), and Topology Control (TC).

1. INTRODUCTION The remaining part of the paper is organized a
follows: Section Il involves the works related teet

Mobile ad hoc network (MANET) is a self- energy models for a MANET. Section Ill involves

configuring network of interconnected mobilethe detailed analysis of the existing and proposed

devices. The energy consumed by the devices in te@ergy models for a MANET. Section IV involves

MANET is an important aspect which is handled byhe survey analysis and comparison of the existing

designing  various  energy-efficient  routingand proposed energy models for a MANET. The

protocols. The conventional minimum energypaper is concluded in Section V.

routing protocols involve transmission of signal

packets to decrease the hidden terminal issue, a®.a RELATED WORK

consequence of using asymmetric transmission

powers from different neighboring nodes. The This section gives a brief overview of the
signal packets consume higher power due tgxisting energy models in a MANET. Toutouh and
increased collisions during the packet transfer. Alba proposed an energy-efficient routing protocol
The proposed energy model for MANET for Vehicular Ad hoc Networks (VANETS)[1], [2].
involves an Energy-efficient Optimized Link StateA QoS (Quality-of-Service) optimized version of
Routing (EE-OLSR) protocol and a pathOLSR is used with Differential Evolution (DE).
maintenance scheme. The energy consumptions diggnz and Alhalimiproposed an energy model for
to various factors are tracked to improve théANETs based on the accurate state information
performance during the path performance. Thabout available energy levels[3]. The energy levels
proposed scheme searches for the most energye Utilized as the QoS metrics for the routing
efficient path progressively and maintains thateou decisions. A smart prediction technique is used to
continuously. This significantly reduces the rogtin Increase the accuracy of the energy levels under al
overhead, path setup delay, and enhances the peté"i‘ff'c loads.
to-peer process.
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Dimokas, et al., proposed an energy-efficienAdaptive Control for Energy Efficiency (MC-
distributed clustering model for improving the TRACE). The architecture is an integrated cross-
energy conservation in MANETS[4]. The clusteringayer design between network layer functionality
process forms a hierarchical structure over a fland MAC layer functionality. A passive mesh is
MANET. The distributed clustering model is baseduised to enclose an active multicast tree in a
on the residual energy of each node and tHdANET. Frequent sleeping periods and less
topological features of the nodes. Minming, et alredundant data receptions increase the energy
proposed an energy-efficient clustering method foefficiency.

MANETs [5]. Residual energy, neighbor's

topology, relative mobility, and relative locatiof Nand and Sharmaproposed a probability based
the nodes in a MANET, determine the capability ohroadcasting for AODV (Ad hoc On-demand
a node being a cluster head (CH). The clustgsistance Vector) routing protocol in MANETS
maintenance is performed by Distance Estimatiopg]. This broadcasting scheme improves the
Broadcasting, which estimates the distance betweg@twork lifetime, by decreasing the energy
a cluster member and its CH. The least distang&nsumption. The probability of rebroadcast is
leads to lesser energy consumption during da@ynamically computed using threshold random
transmission. An Off'Duty Threshold metric is Useqjeiay and a node’s remaining energy. The energy
to restart the clustering operation. information of nodes is estimated from the route
request packet of AODV routing protocol. The total
Mian, et al, proposed an energy-efficienamount of energy consumed to receive a control
protocol for MANETs using IEEE 802.11 MAC message during a broadcast operation is greater
(Medium Access Control) protocol[6]. The energythan the amount of energy depleted to transmit the
constraints for performing a random walk in themessage [11].
MANET are reduced by using a distributed next

hop selection algorithm.Wei, et al., proposed a pe Pellegrini, et al., proposed optimal moneto
framework for heterogeneous MANETs known asgorwarding schemes in delay-tolerant MANETSs
Device-Energy-Load Aware Relay (DELAR) [7]. A with multiple node classes[12]. Altman, et al.,
heterogeneous MANET consists of normal nodegroposed optimal monotone forwarding methods in
and powerful nodes. A cross-layer structure@elay-tolerant MANETS [13]. The tradeoff between
DELAR scheme is used to save energy by powgfelay and energy consumption is modeled as an
control, a hybrid transmission scheduling, anptimal control problem. The energy-delay tradeoff
power-aware routing. The power-aware routings modeled as an optimization problem on the basis
protocol integrates the information regarding devicof a fluidic approximation. The forwarding scheme
heterogeneity, nodal load, and residual energy, {rovides a time-constrained delivery of a message

Sa.V-e energy. The hybrid.tl‘ansmission SCheduHI’IQ lﬁ]der total energy expenditure constraints.
an integration of contention-based and reservation-

based MAC schemes. Mini-routing is imposed into
the data layer and an asymmetric MAC (A'MAC)tac
method supports the MAC-layer acknowledgment
The end-to-end delay performance is enhanced b
multi-packet transmission technique.

Yu, et al, proposed a key management scheme in
tical MANETs based on hierarchical
ﬁdentities[14]. The dynamic node selection process
Y€ modeled as a stochastic problem and the nodes
are selected using a private key generator (PKG)
- o under the security constraints and energy states.
Wang, et al., an energy-efficient locatiorvs®  The conditions are addressed by a security model,
protocol is proposed for MANETS[8]. The energy model, and cost model. Yi, et al., propased
efficiency of the location service protocol dependﬁqumpath optimized link state routing (MP-OLSR)
on the accuracy of pOSition information of thefor increasing the load balancing and energy
destination node. The location service protocol iéfﬁciency in MANET [15].Gallina, et al, proposed
based on hierarchical hashing. The distancg probabilistic energy-aware model for MANETs
traversed by the query packets and location updafes). The model is based on Segala’s probabilistic
is optimized by this protocol, which reduces thgyutomata combined with schedulers to determine
energy consumption.Tavli and the choices among the target probability
Heinzelmanproposed an energy-efficient real-timgjstributions. An energy-aware preorder semantics

multicast routing protocol for MANETs [9]. The js ysed to compare the energy consumption of
real-time multicasting architecture is knowngifferent networks.

Multicasting through Time Reservation using

610



Journal of Theoretical and Applied Information Technology
31% December 2013. Vol. 58 No.3 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A mmmm—
F7aYTTI]

ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195

Diaz-Béafiez, et al, analyses the problems m mi
energy broadcast for MANETSs [17]. For a given set
of stations, the min-energy transmission range
assignment is computed. Jin-Hee, et al, surveys the
various trust management systems for MANETS
[18]. A trust system must be asymmetrical and
balance reliability, scalability, fault tolerancand
energy consumption.

Network formation

Proactivediscovery

Optimized link state
Jinhua and Xin proposed a model and protocol routing

for energy-efficient routing over MANETs [19]. imolementatio

This model enhances the energy efficiency by
decreasing the routing setup time and routing
overhead. An energy-efficient routing method
known as Progressive Energy Efficient Routing
(PEER) is proposed to enhance the performance
during the path discovery process.Urgaonkar and
Neely proposed a cell-divided model of a delay-

Energy optimizabn

tolerant MANET for analyzing the minimum
energy function and network capacity region [20]. Is node Energ
asleep? Yy
3. ANALYSIS OF VARIOUS ENERGY
MODELSFOR MANET

Several energy models are applied in MANETS,
which are based on features like QoS op_tim_ization Route Maintenance
[1], accuracy of energy states [2], distributed
clustering [4], and energy-efficient clustering .[5]
The proposed EE-OLSR energy model and other _
existing energy models are described in this Performance analysis
section.
3.1 Proposed EE OL SR Energy Model Fig. 1. Working Of Proposed EE-OLSR Energy

The flow of the proposed Energy-Efficient-OLSR Model.

(EE-OLSR) energy model is given in Fig. 1. The S
major functions of the energy model are neighbo8.2 Green communicationsin a VANET
sensing and route maintenance. EE-OLSR protocol An energy-efficient routing protocol based on

has an advantage of high mobility and lowOLSR is used for VANET [1], [2]. The QoS is
bandwidth. The nodes periodically exchange thgptimized by the OLSR protocol in terms of
topology information to determine the routes fromayerage End-to-End Delay (E2ED), Packet
any source to any destination. The transmission @elivery Ratio (PDR), and Normalized Routing
the control messages in the network is limited by a4 (NRL) of the data packets in VANETSs. The
mult|_p0|nt relay (MPR). technique, mvplvmg the5)ifferential Evolution (DE) optimization algorithm

tracking of the information about the neighbors andl o bined with the OLSR configuration to

topological information about the network. timize the real coded parameters with various
Each node maintains a routing table based on 15 P

information on neighbors and the topology of thdanges. . .
network. The computation of the routing table is The states of a node can be classified as transmit,

based on Dijkstra’s algorithm. The entries in thdé€c€ive, idle or sleep. The energy consumption
routing table consist of destination address, nexfhodel is based on electrical characteristics sach a
hop address, and the estimated distance €difrent, power supply during the different node
destination. Whenever a variation occurs in thétates, packet size, and bandwidth consumption.
network, the routing table is updated.
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3.3 QoSrelated state information for Energy- control. The distributed clustering protocol usad i
efficient routingin MANETS this model is energy-efficient and avoids the
The accurate state information of the nodes in @Ccessive communication overhead due to
network is required for the energy-efficientretransmitted messages. The distributed clustering
routing[3]. The QoS is provided in terms of reducedrotocol known as GEodesic Sensor Clustering
energy levels, which are used for routing decisionéGESC) uses the residual energy of neighboring
The accuracy of the state information can b@0des and local network characteristic to exterd th

quantified by propagating the QoS-related stat@?tV\{OVk lifetime. The cluster coordinator_s for the
requirements throughout the network. distributed clu_st_erlng protocol_are_dgterml_neq_from

A new message type is defined to carry the Qoghe energy-_efflment nod_es which lie in a signifita
related state information and can be included én trPart of the links connecting the other nodes.

OLSR protocol messages to be available to other™ MANET is modeled as a grapB(V, E), where
nodes in the network. The OLSR protocol messagasis the set of vertices, ariglis the set of edges of
are Hello messages and TC (Topology Controff?® graph. The set of neighbors of a nodés
messages. The QoS-related state affiliated with fgPresented byy(x) = {x: (y, X) €E}. The set of
node can be stored by adding a new field to th&o-hop nodes of node (nodes which are the
topology information base and the neighborhoo@eighbors of node’s neighbors) is represented by
information base maintained by the OLSR protocolNa(X) = {z: (z X) €E, wherez # X, z& Ny, and §, X)

The extended Hello messages containing aRE}. The combined set of one-hop and two-hop
address list of neighbors, and most recent Qo$eighbors ok is denoted aBli(x). The length of a
related state affiliated with those neighbors,argelected path is the number of intervening edges
broadcast to all one-hop neighbors. These messagd@ng the path. The minimum length of any path
also contain the QoS-related state of the sendépnnecting the nodgsandzn a graphGis denoted
node during the generation of the messages. byde(y. 2. _

The topology information is spread across the The clustering protocol consists of cluster
entire network by broadcasting the extended Tdormation and network operatidiRr is the time
messages and retransmitting the MPRs. TH&quired for cluster formation and the duration of
extended TC messages contain an address list o network operationTyo is the time interval
node’s MPR selectors, and the QoS-related staRg€tween two consecutivi: intervals. The cluster
affiliated with the specified nodes. The extendedormation process is triggered at beginning of each
TC messages also contain the QoS-related state’8find of the clustering protocol, to choose the
the initiator node during the generation of theéptimum cluster heads (CH) for each individual
messages. node. The network operation involves the transfer

A timestamp is associated with each data point igf data from nodes to cluster heads and information
the databases to modify the local repositories arfdnk through multi-hop paths. _
control messages. When the timestamp is used tofhe Hello messages contain the list of the
compare values initiated from the same node, tim@eighbors and their residual energy. Time slots are
synchronization is not required. assigned to the sensor nodes to avoid interference,

The 1-hop neighbors are iteratively added t&'sing D2-coloring algorithm. The exchange of
maximal residual energy level to the set of MPR§lello messages with the list of one-hop neighbors
until all 2-hop neighbors are linked. The pattare performed only during the cluster formation of
determination algorithm in this model assigns eache first round of the network operation, since the
link with the reciprocal value of the sendershodes are immobile.
residual energy level. The algorithm does not The clustering is performed for evefyr + Tyo
require artificial thresholds to estimate when &econds to choose the new cluster heads. The

node’s residual energy level is low to assign th@rocess of cluster formation integrates the strattu
link with a higher weight. features of the local graph with the residual eperg

for neighboring nodes, to attain the optimum
o ] o selection of cluster heads for each node. A one-hop
3.4 Didtributed clustering for energy-efficient  pejghborx is designated as a cluster head node
routingin MANET whenx covers at least one two-hop neighbor.

A distributed clustering protocol is applied to the After the cluster formation, the nodes are able to
energy-efficient routing in MANETS[4]. A communicate with the information sink. The nodes
distributed clustering protocol means that the soddransmit the sensed data to the selected cluster
can make autonomous decisions without any maimeads. The cluster heads aggregate the data to

e
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enhance the common signal and decrease the E, =1 — (Ex_resiauat/Emitiar); (3)
uncorrelated noise among the signals. The received

messages are aggregated and the new data item is Cy = 5¢/Smax,  (8)

sent to the cluster heads. When a cluster head

transmits a message, the one-hop neighbors are N, = CrnyP)/ PR, (5)

checked for broadcast. The sensor nodes are
equipped with a local cache to avoid rooting loops. s is the normalized difference between the
The cluster head which is a two-hop neighbor of thg\mber of nodecs adjacent neighbors, and the

information sink chooses the one-hop neighbogeqefined number of cluster members that a CH
with the highest residual energy that is also a on an ideally handly,. N is the number of nodes in

hop neighbor of the information sink to retransmitye netyork E, gives the residual energy status of
the message. This attains the load balancing of theqex e .. "is the amount of residual energy
energy dissipation in the one-hop neighbors of the;iained in the recent Hello packet of nade

information sink. Einitia IS the energy of the fully charged battexyis
3.5 Energy-efficient clustering for MANETSs the average of the relative speeds between mode

An energy-efficient clustering mechanism baseémd iFS 1d-hophneighb0r?<nax i_ls_r;[he maximum sp_eed
on distance estimation broadcasting is used fgyermitted in the networ - e parameteN, IS
MANETS [5]. A sensor node can in any of the threé’secI to save th@? cluster's energy consumption by
states namely, ideal, cluster head, and clustﬁ?lecung node with near nelghbors to be the dluste
member. The sensor nodes in this node are mob |gad. The parameten, defines the number of

and every node usedifferent transmission power nodes in the region, when nodex is the CH.P,

defines the energy used to transmit one data anit t
levels. H wh h der is in th X is th
Two tables are maintained namely, adjacert/: When the sender is in the regiom is the

cluster (AC) table and immediate neighbor (IN)PrOMbi”tiE_’S _Of a node present in all the regi@g_s.
table. The AC table records the information ofS the statistical probability of energy consumptio

every node’s neighboring CHs, ID of adjacent CHfor a cluster member sending a data unit to its CH.

CH’s approximate location, and the corresponding
gateway node to reach the sensor node. The IN B =%, prbr. (6)
table contains the information of a node’s one-hop _ ) o
neighbors like, 1-hop neighbor's ID, cluster head The nodes pack its residual energies into the
ID, sensor state, approximate location, and residublello packet and transmit the packet with the
energy. The Hello packet is always transmitted witRighest power level. An ideal status tifés used
a constant power level. for the broadcasting. The receiver's IN tab!e is
The Hello packet is transmitted by the sender anggarched for the sender’s ID upon the reception of
when the IN table contains the sender théhe Hello packet. This is followed by ti@heck-
corresponding entry will be updated. The sendd¢Pdate-Reset operation. .
will be inserted into the IN table as a new neighbo When a cluster member obtains a Hello packet
when the sender is not in the IN table. The entridsom @ CH, the CH's details will be updated in the
of the IN table are affiliated with a timég whose receiver's AC table. When the sender is a CH and
value is merely above the period of Hello packe&h_e receiver is an ideal nod(_e, the ideal node will
broadcasting. The timers are reset as soon as §Ré the cluster. Whert; expires before a node
sender’s packet arrives. These sets of operatiens &hanges its ideal status, the node will prepasdfits
referred to a€heck-Update-Reset operation. When 10 be a CH and_a new cluster is formed. But, when
the timer expires before the arrival of thed Hello packet is sent by a CH to another cluster
corresponding Hello packet, the element will bé€ad, then the two CHs enter a contention period,

discarded from the IN table. after which the node with smaller will contribute t
The weight of a node for the selection of the be afinalCH. .
initial CHs is given by: Distance Estimation Broadcasting and Off-Duty
Threshold are used for the cluster maintenance.
W, = a,y, + ayE, + asCy + ayN,, They;estimate the higher energy consumptions and

perform the required changes to decrease the
energy consumption. When a CH concludes that no
ideal node in the IN table of CH, then the CH ester
_ ) thea% ster maintenance phase. A series of special
Ve = (Ine = mnl/(N = mp)); bro gasts are performed dynamically with

wherex, +a, + az + a4 = 1, and
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different power levels in short time intervals. A
node can alter its transmission power level
according to the number of receiving special

broadcast packets. . Distribution Selection algorithm (RW-DS) [6],

The Off-Duty ThresholdE) defines a very low DELAR [7], MC-TRACE [9], hierarchical identity
residual energy level of a CH. When the residuadased key management method [14], and PEER
energy of a CH is belo;, the CH is not suitable [19].

to be a CH anymore. Then, the states are exchangedrie nodal speed is varied from 1 m/s to 25 m/s.

between the Co”espor!d".‘g C.HS and_ Cluste'fhe EE-OLSR energy model is analyzed in terms
members. The transmission interval in this

; . . of energy consumption for a set of nodal speeds,
clustering scheme is the duration between twQ : . .
acket sizes, and connection arrival rates. The

special broadcasts during the Distance Estimatid} dissipai Ivsis f t of nodal &
Broadcasting. The local re-clustering occurs whefi"1€'9Y dissipation analysis for a set o nodal pee

the residual energy is lesser than the estimatéd performed per packet, per node and on an

energy. average basis. The energy conggmption of the
system is analyzed for the specified number of
4. PERFORMANCE ANALYSIS nodes and grid size. The EE-OLSR energy model is

. also analyzed in terms of nodal energy consumption
The proposed EE-OLSR energy model or a given set of packet inter-arrival time, and

modeled in a network of 150 nodes arranged with Retwork lifetime for a given set of nodes

de_ns_lty of 94 nodes per square kilometer. The The total energy consumed during the system
existing energy models considered for the surve

; gy |¥10deling by DE-OLSR scheme [1], [2] is 6684.708
e e St an by of e proposa EE.OLR scname i
clustering method [4]. Random Walk with 6023.342 J. The amount of energy consumed by the

=0—DELAR [7]
=—-MC-TRACE [9]
Proposed EE-OLSR

=4 PEER [19]=#=Proposed EE-OLSR

x10
4.1 5
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\
Fig. 2. Energy consumption analysis for a set of nodal speeds, (a) per packet analysis in the proposed EE-
OLSR scheme and PEER scheme [19], and (b)average energy consumption per node in the proposed EE-
OLSR scheme, DELAR scheme [ 7], and MC-TRACE scheme [9].
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radio to operate the transmitter or receivesyf) is

method [4], and 43.23 nJ/bit by the proposed EHnter-arrival time.
OLSR scheme. The amount of energy required to

operate the transmitter amplifieE.(,) is 100 pJ/bit
per nf by Energy-efficient distributed clustering The energy consumption per packet is analyzed
method [4], and 95.23 pJ/bit pef tvy the proposed in terms of various nodal speeds for the proposed

EE-OLSR scheme.

4.1 Energy consumption with respect tovarious

parameters

1) Nodal speed

EE-OLSR scheme and PEER scheme [19]. The
average energy consumption per node is analyzed
in terms of nodal speed for the proposed EE-OLSR
) ) _ scheme, DELAR scheme [7] and MC-TRACE

The energy consumption is analyzed in th§cheme [9]. The comparative analysis is given in

various energy models with respect to parameteﬁg' 2.

like nodal speed, packet size, average connection
50 nJ/bit by Energy-efficient distributed clustgyin arrival rate, number of nodes, grid size and packet

—4¢—PEER [19]-=Proposed EE-OLSR
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55
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Fig. 3. Energy Consumption Analysis In The Proposed EE-OLSR Scheme And PEER Scheme [19], (A) For A
Set Of Packet Sizes, And (B)For A Set Of Average Connection Arrival Rates.
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Fig. 4. Mean Consumed System Energy In The Proposed EE-OLSR Scheme And RW-DS Scheme [ 6], (A)
For Various Numbers Of Nodes, And (B)For Various Grid Szes.
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2) Packet size and connection arrival rate o ] )
The energy consumption is analyzed per packet| —®—Energy-efficient proactive routing
in the proposed EE-OLSR scheme and PEER [3]
scheme [19], for a set of packet sizes (bytes) —i—Proposed EE-OLSR
andaverage connection arrival rates (per hour),and 600
compared in Fig. 3.
550
3) Number of nodes and grid size ° 500
The mean consumed system energy for various| £ 450
numbers of nodes and grid sizes is analyzed in the| & ﬂ
proposed EE-OLSR scheme and RW-DS scheme| x 400
[6] and compared in Fig. 4. % 350
c
4) Packet inter-arrival time % 300
The nodal energy consumption rate is analyzed | & 250
for a set of packet inter-arrival times in the < 200
proposed EE-OLSR scheme and Energy-efficient 150
proactive routing technique[3]Jand compared in Fig.
5_ 100 T T T T T T T T T T T 1
6 8 1012141618202224262830
Number of nodes
=—¢— Energy-efficient proactive routing [3]

=—Proposed EE-OLSR

1.01

0.91

0.96 \\

0.86

0.81

Nodal energy consumption rate (Js?)

0.76

Fig. 6. Comparison Of Network Lifetime In The
Proposed EE-OLSR Scheme And Hierarchical
Identity Based Key Management Scheme [ 3] .

5. CONCLUSION

The conventional energy models for a MANET
address only the hidden terminal problem, but fail
to decrease the energy consumption due to the
increased collisions during the packet transfee Th
proposed energy model for MANET involves an
Energy-efficient Optimized Link State Routing
(EE-OLSR) protocol and a path maintenance
scheme. The efficiency of the energy model is
enhanced due to a progressive search for the most

energy-efficient path. This model reduces the
routing overhead and path setup delay, and
enhances the network lifetime. The existing energy
models for MANET are based on OLSR protocol
and DE-OLSR protocol with features like QoS
optimization, accuracy of energy states, distribute
clustering, and energy-efficient clustering. The
survey analysis involves the comparison of the
o proposed EE-OLSR model with the existing energy
4.2 Network lifetime models. The EE-OLSR model consumes lesser
The network lifetime is analyzed for variousenergy compared to the existing energy models,
numbers of nodes in the proposed EE-OLSRith respect to nodal speed, packet size, average

scheme and hierarchical identity based ke¥onnection arrival rate, number of nodes, grid size
management method [14]and compared in Fig. 6. and packet inter-arrival time.

0.09 0.14
Packet inter-arrival time (s)

0.04 0.2

Fig. 5. Comparison Of Nodal Energy Consumption
Rate In The Proposed EE-OLSR Scheme And
Energy-Efficient Proactive Routing Scheme [3] For
Various Packet Inter-Arrival Times.
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