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Abstract— A mobile wireless infrastructure-less network is a collection of wireless mobile nodes
dynamically forming a temporary network without the use of any preexisting network infrastructure or
centralized administration. However, the battery life of these nodes is very limited, if their battery power
is depleted fully, then this result in network partition, so these nodes becomes a critical spot in the
network. These critical nodes can deplete their battery power earlier because of excessive load and
processing for data forwarding. These unbalanced loads turn to increase the chances of nodes failure,
network partition and reduce the route lifetime and route reliability of the MANETs. Due to this, energy
consumption issue becomes a vital research topic in wireless infrastructure -less networks. The energy
efficient routing is a most important design criterion for MANETs. This paper focuses of the routing
approaches are based on the minimization of energy consum ption of individual nodes and many other
ways. This paper surveys and classifies numerous energy -efficient routing mechanisms proposed for
wireless infrastructure-less networks. Also presents detailed comparative study of lager number of energy
efficient/power aware routing protocol in MANETs. Aim of th is paper to helps the new researchers and
application developers to explore an innovative idea for designing more efficient routing protocols.
Keywords— Ad hoc Network Routing, Load Distribution, Energy Eff icient, Power Aware, Protocol Stack
I. INTRODUCTION
Communication has become very important for people to exchange information anytime from and to anywhere.
Wireless infrastructure-less network usually has a dynamic shape and a limited bandwidth. Routing is one of the key
issues in infrastructure-less networks due to their highly dynamic and distributed nature. In particular, a very large
number of recent studies focused on mobile infrastructure-less networks [1, 2]. The performance of a mobile
infrastructure-less networks are depends on the routing scheme employed, and the traditional routing protocols do not
work efficiently in a wireless infrastructure-less networks. Many proactive, reactive and hybrid protocols have been
proposed from a variety of perspectives [2]. The energy efficient routing may be the most important design criteria
for MANETs, since mobile nodes will be powered by batteries with limited capacity [3][4]. Power failure of a mobile
node not only affects the node itself but also its ability to forward packets on behalf of others and thus the overall
network lifetime. This paper surveys and classifies numerous energy-efficient routing mechanisms proposed for
wireless infrastructure-less networks. A mobile node consumes its battery energy not only when it actively sends or
receives packets, but also when it stays idle listening to the wireless medium for any possible communication requests
from other nodes. Thus, energy-efficient routing protocols minimize either the active communication energy required
to transmit and receive data packets or the energy during inactive periods. The transmission power control approach
can be extended to determine the optimal routing path that minimizes the total transmission energy required to deliver
data packets to the destination [5]. Another important approach to optimizing active communication energy is load
distribution approach [6]. While the primary focus of the above two approaches is to minimize energy consumption
of individual nodes, the main goal of the load distribution method is to balance the energy usage among the nodes
and to maximize the network lifetime by avoiding over-utilized nodes when selecting a routing path.
The structure of this paper is as follows. Section 2 presents the overview of infrastructure-less networks. Section 3
presents the energy efficient routing protocols. In section 4 investigates research reviews on popular energy
efficient/power aware routing protocols and tabulated limitations and techniques of wireless infrastructure-less
networks. Finally, present the concluding remarks in Section 5.
II. OVERVIEW OF INFRASTRUCTURE-LESS NETWORKS
A simple wireless infrastructure-less network is represented in Fig.1. Some of the characteristics of these
networks are fully distributed. Hosts in a wireless network can move around. Therefore, the network topology can be
dynamic and unpredictable. Traditional routing protocols used for wired networks cannot be directly applied to most
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wireless networks because some common assumptions are not valid in this kind of dynamic network. Therefore
efficient routing protocols are key components of successful communications in mobile infrastructure-less network.

Fig. 1 Example of an Infrastructure-less Network
A. The Protocol Stack
In this section the protocol stack for mobile infrastructure-less networks is described. This gives a comprehensive
picture of protocol stack of network layers, and helps to better understand, mobile infrastructure-less networks [7]. Fig. 2,
shows the protocol stack which consists of five layers: physical layer, data link layer, network layer, transport layer and
application layer. It has similarities to the TCP/IP protocol suite. As it can be seen that OSI layers for session,
presentation and application are merged into one section called application layer. On the left of Fig. 2, the OSI model is
shown. It is a layered framework designed for the purpose of network systems that allows for communication across all
types of computer systems.
In the middle of the Fig. 2, the TCP/IP suite is shown. Because it was designed before the OSI model, the layers in
the TCP/IP suite do not correspond exactly to the OSI layers. The lower four layers are the same but the fifth layer in the
TCP/IP suite (the application layer) is equivalent to the combined session, presentation and application layers of the OSI
model. On the right, the MANET protocol stack - which is similar to the TCP/IP suite, is illustrated. The main difference
between these two protocols stacks lies in the network layer. Mobile nodes (which are both hosts and routers) use an ad
hoc routing protocol to route packets.
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Application
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Fig. 2 Protocol Stack for Network Models
It is important to explain the developmental goals for an infrastructure-less network routing protocol so that the design
choices of the protocols can be better understood. As already stated in previous chapter, the characteristics of
infrastructure-less networks [8-10] include resource-poor policy, restricted bandwidth, high error rates, and a repetitively
changing topology. Among the existing resources, battery power is usually the most constraining. Thus, the following are
usual design goals for infrastructure-less network routing protocols as minimal control overhead, minimal processing
overhead, multi-hop routing capability, dynamic topology maintenance, loop prevention etc.
III. ENERGY EFFICIENT ROUTING PROTOCOLS
Energy is a limiting factor in case of infrastructure-less networks. Routing in infrastructure-less networks has some
unique characteristics [11][16]. First- energy of nodes is crucial and depends upon battery which has limited power
supply. Second-nodes can move in an uncontrolled manner so frequent route failures are possible. Third-wireless
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channels have lower and more variable bandwidth compare to wired network. Energy efficient routing protocols are the
only solution to above situation. Most of the work of making protocols energy efficient has been done on ―on demand
routing protocols‖ because these protocols are more energy efficient rather than proactive protocols but still these have
some drawbacks. Energy efficiency can also be achieved by sensible flooding at the route discovery process in reactive
protocols. Energy efficiency can also be achieved by using efficient metric for route selection such as cost function, node
energy, battery level etc. Here energy efficiency doesn’t mean only the less power consumption here energy efficiency
means increasing the time duration in which any network maintains certain performance level. As discussed in the
introduction, this goal can be accomplished by minimizing mobile nodes’ energy not only during active communication
but also when they are inactive. Transmission power control and load distribution are two approaches to minimize the
active communication energy [11-15], and sleep/power-down mode is used to minimize energy during inactivity [16].
A. Power Aware Routing
A lot of effort is currently going on to reduce the power consum ed in a mobile device within the ad hoc
network and power aware routing strategy[18 -20] can ensure optimal usage of battery power of each node.
To enhance the efficiency of data communication, shortest path algorithms are usually used. But, if only
shortest path algorithm is used, then it will be observed that the intermediate nodes in that shortest path will
deplete their power much more early then their neighbors. Just as its name implies, power aware routing is
to choose appropriate transmission range a nd routes to save energy for multi-hop packet delivery [18]. We
first discuss the five metrics for power aware routing:
 Minimize Energy consumed per packet: the most intuitive metric, however not optimal for
maximum lifetime;
 Maximize Time to Network Partition: important for mission critical applications, hard to maintain
low delay and high throughput simultaneously;
 Minimize Variance in node power levels: balance the power consumption for all the node in the
network, i.e., all nodes in the network have th e same importance;
 Minimize Cost per packets: try to maximize the life of all the nodes;
 Minimize Maximum Node Cost: try to delay the node failures.
To improve the efficiency of data communication, shortest path algorithms are usually used. But, if only
shortest path algorithm is used, then it will be observed that the intermediate nodes in that shortest path will
deplete their power much more early then their neighbors.
IV. RESEARCH REVIEW
Energy efficient communication in wireless infrastructure-lee networks has received more and more attention, because
one significant characteristic of such networks is that nodes are energy-constrained. Nodes are battery-operated and
frequent recharging or replacement of batteries may be undesirable or even impossible. In [45,49], many protocols have
developed such that it selects the nearest hop to minimize the transmission power, according to this simple observation,
some routing algorithm for discovering an energy-efficient route with transmission power control (TPC) devices. Scheme
presented in request that a node chooses a next hop, which reduces transmission power and exposed nodes along the
route from sources to destinations to achieve better throughput.
PAMAS- power-saving medium access protocol [15, 50] turns off a node’s radio when it is overhearing a packet not
addressed to it. This approach is suitable for radios in which processing a received packet is expensive compared to
listening to an idle radio channel. Chang J.H. [51] proposed the flow augmentation routing (FAR) to obtain the optimal
routing path in favor of a given source–destination couple that reduces the total of link costs along the route. Result to
maximize the network lifetime when data-generation rate is known. Li Q [52] proposed the OMM protocol to achieve the
same goal as in FAR without knowledge of the data-generation speed in advance. It optimizes two dissimilar metrics of
the nodes in the wireless network: Reducing power consumption (min-power) and enhancing the minimal residual power
(max-min). Banerjee S [53] proposed minimum energy paths for reliable communication by utilizing intermediate nodes
to save energy between two distant nodes using transmission power control. Narayanaswamy S [54] presents a Smallest
Common Power (COMPOW) protocol [54] it is a straightforward solution to maintain bi-directionality between every
pair of communicating nodes in a mobile infrastructure-less network. It is understood that the transmission power levels
can’t be arbitrarily used to but instead it should be chosen along with a small number of discrete power categories (P1,
P2, . . . , Pmax). Diverse power levels result in dissimilar node connectivity because they cover dissimilar radio
transmission ranges. Alvin Valera [55] produces Caching and Multi-Path (CHAMP) protocol that enables the discovery
of the shortest multipath, uses a straightforward load-balancing technique to distribute routing load, and uses data
caching and multiple path routing to improve packet delivery and energy-efficiency. Rajgopal Kannan [56] proposed a
method surrounded through duty cycle of the node (i.e. wake and sleep cycles) are based on their circumstances. A
distributed method is used to discover sets of winners and losers, who are afterward assigned suitable slots in our TDMA,
based MAC procedure. It used the model of sensor node based on criticality of the energy as a purpose of energies and
traffic rates. Song Guo [57] presents a constraint formulation for the minimum-energy multicast problem in terms of
MILP (mixed integer linear programming) for wireless infrastructure-less networks. Additionally, it is important to
develop the distributed algorithms of MEM to cope with the dynamic topologies. Bor-rong Chen [58] presents the
performance of AODV, DSR, TORA and DSDV under different mobility models. These protocols differ in their energy
conservation under different mobility model. Thus proving that mobility models play significant role in determining the
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performance of infrastructure-less routing protocol which runs over it. Petra Berenbrink [59] studies random algorithms
of gossiping and broadcasting in infrastructure-less networks. The objective is not only to minimize
energy
consumption but also gossiping and broadcasting time, it is calculated in terms of the total number of packets sent by
nodes. Sanjay Kumar Dhurandher [60] presents an energy efficient mobile ad-hoc on-demand routing protocol that
balances energy load along with nodes so, a minimum energy level is maintained in the middle of nodes and the network
life is increased. Mainly focused on increasing the network permanence by distributing energy consumption in the
network. Tai Hieng Tie[ 61] proposed algorithms improve performance in terms of energy conservation in comparison
with existing AODV protocol , in this author provides changed route selection method. V. Rishiwa [62] recommend a
very good algorithm, that can maximizes the network lifetime by reducing the power consumption throughout the source
to destination path establishment, but author have not provided enough detail. In this paper [47] describes improvement
over of the conventional routing protocol by utilizing higher energy path and backup route. Sofian Hamad [63] shows
that signal strength based routing protocol (if signal strength is above threshold then the quality of link is high) and route
lifetime is calculated using the link expiration time. Dure to this the overhead increases when mobility becomes high in
AODV while stay in same level with LSEA. Radhika D. Joshi [64] has tried variable range transmission power control
by means of DSR protocol. Using transmission range is adjusted dynamically as per node distance. Work is also
described analytical modeling of the protocol performance to predict correct network behavior for future instances. This
technique helps in proficiently estimating the performance of network with modified protocol.
This section presents the comparative performance analysis of existing well known routing protocols of wireless
infrastructure-less networks in Table 1. This compression is important mainly new researchers they know about different
techniques used as well as their limitations in energy efficient routing approach.
TABLE 1 LIMITATIONS OF POPULAR ENERGY EFFICIENT/ POWER SAVING WIRELESS
INFRASTRUCTURE-LESS NETWORKS
Sl. Papers
Author/
Year Technique Used/
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Available Information
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d by
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off nodes
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channels simultaneously transmitti
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boundary for data channel, when hardware is
receiving
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channel (which carries
and control channels. It
RTS/CTS packets). Every
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through the control
S
channel to it.
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2
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Continued on page 5
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Continued on page 6
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As the energy
consumption is measured
by the no. of messages
sent, this paper aims to
reduce the broadcasting
and gossiping time along
with reducing energy
consumed.

The lack of practical
application of this
model is a drawback,
and hence other
methods for random
graphs, like geometric
graphs should be
considered.

EEAODR: Energy
Efficient Ad Hoc OnDemand Routing
algorithm to increase the
network life and to
minimize energy
consumption by
distributing load to all
mobile nodes and
selecting the path with
remaining maximum
power level in nodes.
MEL-AODV routing-The
protocol is based on path
detection by calculating
the remaining energy of
the nodes and there after
selecting the path with
maximum energy and
minimum cost.

For the first time
algorithm waits for dt
time which is useless
because all the nodes
are fully charged and
have equal energy thus
initially this algorithm
does not perform well in
comparison to AODV
protocol

The author proposed PAR
(Power Aware Routing)
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m Energy [47]
Level AODV) routing
also It lacks other
Ef = Etx
Level Ad
protocol. The protocol is
factors like time
+ Ercv
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management, no. of
Distance
MEL-AODV. It works
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Vector
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etc. in. calculating the
Scheme
except its nature of
energy in transmit mode
for
selecting the alternate path and receive mode
for routing if the current
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Continued on page 7
Table 1 (continued)
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Energy
Efficient
Routing
Link
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Energy
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for
Reactive
Routing
Protocol
in
Mobile
Ad Hoc
Network
Energy
Aware
Variable
range
DSR

Sofian
Hamad et
al.[63]

2010

Signal strength based
routing protocol(if signal
strength is above threshold
then the quality of link is
high) and route lifetime is
calculated using the link
expiration time

The overhead increases
when mobility becomes
high in AODV while
stay in same level with
LSEA.

Lifetime
of the
network
can be
reduced

Radhika
D. Joshi
et al.[64]

2011

Transmission range is
tuned dynamically
depending on node’s
distance in VRDSR.
Power control affects the
physical layer
performance. Reducing the
transmission range
demands more number of
forwarding nodes but
energy utilization is less.
The comparison of
different parameters for
both the protocols is done.

For modified VRDSR
protocol, the
improvement in number
of alive nodes , network
lifetime is due to
transmitter power
adjustment done at each
node before transferring
the data. Required to
know the actual distance
between nodes is
difficult.

MAC
layer
protocol
is defined
by
IEEE802.
11
standard.

As it has been shown in table 1 that the comparison of main energy efficient routing protocols based
on their limitations and techniques used. There exists a huge variety of energy efficient rout ing protocols
designed exclusively for wireless infrastructure -less mobile networks. The comparison shows that every
routing protocol has their limitations and advantages. This comparison shows that new researches can find
lot of information at one place means this paper helps the new researchers and application developers to explore an
innovative idea for designing more efficient routing protocols.
V. CONCLUSION
There is not a single protocol which can give the best performance in ad -hoc network. Performance of
the routing protocols varies according to the variation in the network parameters as the position of the
nodes in an mobile infrastructure -less network continuously varies due to which we can’t say that any
particular protocol will give the best performance in each and every case topology varies very frequently so
we have to select a protocol which dynamically adapts the ever -changing topology very easily.
Limited power supply is the biggest challenge of a mobile infrastructure -fewer networks so if we want
to increase the network lifetime (time duration when the first node of the network runs out of energy) as
well the node lifetime, an efficient energy protocols which can perform better in all cases of mobility. The
mobility of the node in infrastructure-fewer networks varies with time so sometimes it becomes the prime
concern while the other times energy of the node may be the prime concern. So, we will choose the protocol
in such a way that which perform best for that particular typ e of network.
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