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Abstract: Due to the infrastructure-less and no central 
administration architecture, Mobile Adhoc Networks (MANETs) 
gained significant interest in various wireless information 
transfer related applications. However, the selection of an 
optimal path to transmit the data is a more critical issue in 
MANETs because the nodes are resource-constrained and also 
have mobility. To provide an optimal solution to this constraint, 
various methods are proposed in earlier. Initially, some basic 
routing protocols are developed and further by modifying the 
base protocols so many strategies are developed. The proposed 
Research paper outlines a detailed survey about the earlier 
developed such strategies and also done a fined classification 
based on the methodology they followed. Broadly the 
comprehensive routing approaches are classified into two classes, 
namely single metric-based approaches and multiple metrics-
based approaches. The further classification is done based on the 
routing protocol used at the base. Due to the widespread 
utilization of meta-heuristic algorithms, some authors used those 
techniques also in the discovery of an optimal path and some 
approaches are outlined in this paper. Moreover, at every phase, 
a fine and detailed comparison is shown through various 
constraints. 
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I. INTRODUCTION 

With great advancement in Information and Communication 
Technology (ICT), Mobile AdHoc networks (MANETs) 
have gained a lot of importance in various applications like 
Disaster Management, Military communications, Health 
Monitoring, Remote Education, Visual Surveillance, etc. An 
autonomous and dynamic communication paradigm  
is required in several advanced applications to provide a 
faster service. MANETs are the best solution for this kind of 
applications in which the mobile devices are integrated and 
formulated into an infrastructure-less network.  
Generally, A MANET is a network formulated with a set of 
mobile devices that can communicate with each other across 
multiple hops in a distributed fashion [1]. 
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Since the mobile devices connected to MANET are smaller, 
cheaper, portable and also have a widespread utilization in 
the real world, MANETs have become a growing and 
promising solution for various benchmark standard 
applications. A simple representation of MANET is shown 
in figure.1. 
 

 
Figure.1 An example of MANET 

 
Some of the applications of MANETs are listed below; 
1. Business and Commercial applications 
2. Crisis management applications 
3. Personal area networking applications  
4. Residential Mesh Networks  
5. Vehicular Applications  
6. Military Applications  
 
A. Characteristics of MANETs 
The infrastructure-less MANETs have the following 
characteristics [2]; 
1. Self-organizing nature: MANETs are infrastructure-less 
in nature and there is no centralized administration. Every 
node in the network has a self-organizing capability 
according to the requirements.  
2. Resource Consumption: In MANETs, the mobile nodes 
are smaller in size and hence the energy capacity is also less. 
The design of a resource-effective communication is a 
serious problem in MANETs. Since the mobile devices are 
resource-limited, a continuous working mode makes these 
nodes quick to die. Along with energy, the bandwidth links 
and memory are also limited to these devices.   
3. Frequent changes in topology: Since the devices in 
MANETs are free to move, there occur frequent changes in 
the network topology. Links established between the nodes 
will break up more frequently with these topological 
changes. For a MANET with high mobile nodes, the link 
breakages are more frequent and it is a more serious issue 
which a significant effect on the network.     
4. Multi-hopping: due to the scarce resources, the nodes in 
MANETs will seek the help of other mobile nodes that are 
in their vicinity.  
A co-operative communication between these nodes 
constitutes a multi-hop communication. This is much 
helpful in the large distance communication where the 
source and destination nodes are kept very fear.  Figure.2 
shows the process of Multi- 
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hopping in which the source node is A and the destination 
node is D and the remaining nodes B and C are hopping 
nodes. Source node A seeks the help of node B and Node C 
to communicate with destination node D. 

 
Figure.2 Multi-hopping 

 
5. Scalability: The major advantage of MANETs is 
scalability. The nodes in the MANET can have the freedom 
to enter and leave the network at any time. This property 
helps in the deployment of a MANET in various 
applications related to node density. For example, in some 
applications like a battlefield, the nodes may grow up to 
several thousand. Though the scalability can give promising 
results, they undergo several problems such as channel 
capacity, scalability. Since the mobile nodes are capacity 
constrained, they drain up quickly.   
6. Limited Security: Compared to infrastructure oriented 
networks or wired networks, MANETs are more prone to 
various security threats. Since every node in the MANET 
can act as a router or packet forwarder for other neighbor 
nodes, there is a chance to compromise the nodes easily. 
Once the node compromised, it behaves maliciously and 
doesn’t cooperate for proper network functioning [2].    

Along with these characteristics, Quality of Service 
(QoS), the node mobility, the reliability of wireless link, 
scalability in multi-hop routing, multicast support, and the 
variations in the capabilities of mobile nodes are few more 
aspects which have a significant effect over the routing in 
MANETs. Hence, the routing mechanisms need to consider 
all these factors when they are developing new routing 
protocols especially for a distant source and destination 
communications. The deployed routing protocol has to 
select an optimal route for a given source and destination 
node pair such that the energy consumption must be less and 
also needs to achieve an effective QoS in terms of packet 
delivery, delay, and available bandwidth of link [3], [4].    
B. Metrics for Route Selection  

Generally, the routing protocols in MANETs 
follows Energy-related routing metrics [5] because the 
Energy is the only one factor which was linked with all the 
objectives such as network lifetime, and QoS related 
objectives like Packet Delivery, end-to-end delay and the 
optimal utilization of bandwidths. Hence most of the earlier 
developed approaches [6] focused on the development of an 
Energy-efficient routing selection for a given source and 
destination node pair. Here some metrics are discussed 
which are considered by earlier approaches.  
1. Variance in the Residual Energy: The energy left at the 
nodes after forwarding the data to further node can be 
defined as residual energy. It is calculated by subtracting the 
energy consumed from the energy at the initial state.  Less 
residual energy indicates that the node is not capable of 
further data forwarding and vice versa. Since a node can be 
a multi-hop forwarder, more than one node may use it for 
data forwarding. In such a case, the variance in the residual 
energy indicates the node’s further forwarding capacity. 

However, this metric alone can’t result in an efficient route 

[7].  
2. Energy consumption per packet: In this aspect, the 
routing algorithm tries to reduce the energy at a packet level 
only. Here the total energy required for every packet is 
reduced by reducing the transmission power. But this metric 
can’t ensure fruitful results, especially which it was 
deployed lonely. 
3. Node Mobility:  Node mobility [8], [9] is an important 
factor that needs to be considered during the route selection. 
For a mobile node with high mobility, there is a possibility 
of larger route breakups which results in an extensive packet 
loss. Further, to establish a new route, extra energy is 
required. Along with these effects, the network may also get 
partitioned if a mobile node moves out of the 
communication range of all nodes. However, a node 
mobility factor can’t ensure the lowest energy path.  
4. Link Bandwidth: The availability of less bandwidth over 
a selected link/ route results in more congestion followed by 
an increased end-to-end delay [10], [11]. Congestion 
becomes worst in the case of multimedia related data 
transmissions like image, speech, and videos. However, this 
metric not ensure the shortest and less energy consumption 
path.  

 Based on the above discussion, it is to be noted 
that a single metric is not a better choice for the selection of 
an optimal route to the destination nodes.  Relatively, a 
mixture of multiple metrics will be more useful to discover 
an optimal route to the destination node. Furthermore, a 
composite route metric that involves multiple metrics 
associated with both QoS and energy would be more useful 
for the evaluation of routes and to achieve an extended 
network lifetime followed by a better QoS.    

This paper investigates various routing techniques 
developed for MANETs. The different metric based 
approaches are there. In the first one, the node or path is 
selected based on only one metric and most of the earlier 
approaches used energy as a reference metric. In the next 
category, the node or path is selected based on multiple 
metrics such as energy, mobility, delay, and stability, etc. A 
fine classification is done in this paper with respect to 
proactive and reactive accomplishment also. Finally, some 
more approaches are listed which seek the help of artificial 
intelligence.  The remaining paper is organized as follows; 
Section II discusses the basic protocols such as AODV, 
DSR, and OLSR, etc. This section also shows a comparison 
between the basic protocols through various constraints.  

Section III discusses the complete details of the 
literature survey and this section is organized under three 
subsections such as single metric-based approaches, 
multiple metrics-based approaches, and learning-based 
approaches. Finally, the conclusions are given in section IV. 

II. BASIC PROTOCOLS 

Under this section, initially, the basic routing 
protocols such as Proactive, Reactive and Hybrid are 
discussed. The classification is done based on the idea of 
how and at what time the route is discovered. Further, the 
literature survey is carried out over the earlier developed 
optimal route selection methods.  
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According to Proactive routing protocols, every 
mobile node has a routing table and it stores the updates of 
all the other nodes, whereas the reactive routing protocols 
acquire the updates whenever they required. Destination 
Sequence Distance Vector (DSDV) [12], Cluster Switch 
Gateway Routing (CSGR) [18], Wireless Routing Protocol 
(WRP) [16], Topology Broadcast Based on Reverse-Path 
Forwarding (TBRPF) [19], and Optimized Link State 
Routing (OLSR) [20] are the better examples for proactive 
routing protocols. Adhoc On-Demand Distance Vector 
(AODV) [15], Dynamic Source Routing (DSR) [14], 

Temporarily Ordered Routing Algorithm (TORA) [13], Link 
Quality State Routing (LQSR) [21] and Dynamic MANET 
On-Demand (DYMO) [22] are the best examples of reactive 
routing protocols. Finally, Zone Routing Protocol (ZRP) 
[23], Zone-based Hierarchical Link State (ZHLS) [17] 
routing, Broader Gateway Protocol (BGP) [24], and 
Enhanced Interior Gateway Routing Protocol (EIGRP) [25] 
are the best examples for hybrid routing protocols. Since so 
many researchers were already done a vast survey over these 
basic routing protocols, this paper represents the complete 
details about these protocols in a very simple manner. 

 
Table.1 Comparison between basic classes of protocols through various routing constraints 

S. No  Routing Feature  Proactive Reactive  Hybrid 

1. Basic routing theme Preloaded information at every 
node 

Acquires On-demand  Combined  

2.  Route discovery  Table-driven On-demand  Combined 
3.  Power Required High Low Medium 
4.  Memory Required High Low Medium 
5.  Delay High Low Medium 
6.  Routing Overhead  Low High Medium  
7.  Updates  Periodically not required  Required periodically Depends  
8. Scalability  Low High for large scale networks Better for large scale 

networks 
9. Bandwidth required High Low Medium 

10. Examples  DSDV, OLSR, CSGR, WRP, 
TBRPF 

DSR, AODV, TORA, DYMO, 
LQSR 

ZRP, ZHLS, BGP, EIGRP 

  

III. LITERATURE SURVEY 

Since energy is an important factor for effective 
communication in MANETs, most of the researchers 
focused on the minimization of energy consumption at 
different levels like node level, transmission level, path 
level, etc. The main objective of almost all the routing 
approaches is to obtain an effective path for a given source 
and destination node pair under various constraints. An 
extensive survey is conducted under this section and the 
complete survey is classified into two classes such as Single 
metric based Routing and Multiple Metrics based Routing. 
The complete details are described in the following sections.   
3.1 Single metric  

In this category, the routing establishment process 
is done based on only one metric and it is mostly the energy 
level of a mobile node. The methods described under this 
survey belong to both reactive and proactive protocols.  
3.1.1 Proactive Based Approaches 

Among the proactive protocols, OLSR protocol has 
gained the most important and widely employed in most of 
the routing approaches. Several metrics are proposed by 
considering the OLSR as the base protocol for the selection 
of a Multi-Point Relay (MRP) or making the decisions in 
routing.  Some more methods considered the OLSR for both 
aspects. Table.2 shows the comparative analysis between 
various approaches developed based on the proactive and 
single metric strategy.   

 Ghanem et al. [26] proposed a new version of the 
MPR selection mechanism with reference to OLSR protocol 
and residual energy of node is considered as a reference 
metric, in place of two-hop neighbors. In this approach, the 
nodes which have less residual energy are excluded from the 
selection of MRPs. Though this approach attained an 
increased lifetime of the network, this approach not focused 
on the drain rate of the node. Furthermore, other than 

residual energy, this approach didn’t consider for route 

computation. 
 Similarly, De Rango et al. [27] developed an 

“Energy Efficient OLSR (EE-OLSR)” by modifying the 

standard OLSR protocol. The MRP selection is 
accomplished based on the Energy Awareness of a node 
through the energy state. For every node, one heuristic value 
is assigned and either it can be low or high. This value is 
defined based on the battery level and the traffic facing it. 
Compared to OLSR, this approach has obtained a significant 
saving in energy consumption. For a MANET with larger 
density, this approach gained a greater performance but the 
EEOLSR produces a higher overhead which is not 
considered during the route establishment.  

 
 
Fatima and Najib [28] proposed another version of 

the modified OLSR protocol by focusing on the reduction of 
energy consumption along with mobility management. This 
approach considered the lifetime and speed during the 
selection of MRP. Mobility management is the main 
advantage of this approach through which the effect of 
topology changes over the network is analyzed. However, to 
track the mobility, every node must a GPS receiver and it is 
not feasible for practical implementation.  

In [29], a new energy model is proposed based on 
the availability of energy state information of mobile nodes. 
This approach used the energy levels of nodes as QoS 
metrics during the selection of a route. Further to obtain the 
state information regarding the energy status of a nod, more 
accurately, this approach also proposed two prediction 
models such as prediction and smart prediction. However, 
the simple energy level is not efficient and this approach nor 
focused on the load balancing and also over other QoS 
related metrics like delay, 
jitter, etc.   
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Further, based on the energy, the method proposed 
in [30] tries to select an optimal MRP followed by an 
optimal path for a given source and destination node pair. 
Among the available paths between the source and a 
destination node, one path is selected as final based on min-
max energy concept. Furthermore, this approach also 
modified the transmission power at the MAC layer such that 
the topology can be controlled. Though this approach is 
accomplished at MAC and network layers, it was not 
considered multiple energy-related metrics to obtain a better 
energy-efficient path.  

One similar approach was proposed by Mahfouz 
and minet [31], called energy-efficient OLSR (OLSRE) 
based on the evaluation of cost that occurred during packet 
transmission. Here the cost is measured based on the energy 
consumed for packet transmission and reception. For every 
node, this approach measures the cost and compares it with 
a predefined threshold. If the cost is above the threshold, 
then only the node is selected as MRP. Furthermore, this 
approach also uses this cost metric for the route selection. 
Though this approach improves the network lifetime the 
residual energy was considered only at the selection if MRP 
but not for the computation is link cost.  

The method proposed by Kunz [32] focused on the 
improvisation of network lifetime and also over the 
improvisation of the performance of the routing mechanism. 

This approach proposed a new version of the standard 
OLSR protocol by introducing two modifications. One is at 
the selection of MRP and another is at the computation of 
route. These two modifications are very much helpful in 
discarding the node’s with less battery capacity thereby 

improving the network lifetime. This method assumes that 
every node has information regarding the residual energy 
without any need to transmit the Transmission Control and 
HELLO packets, but it is an unrealistic case in real-time 
applications.  Furthermore, this approach not focused on the 
main drawback of OLSR, i.e., the reduction of a higher 
number of TC messages through which most of the energy 
is wasted.  

OLSR version 2 (OLSRv2) [40, 41] is an update 
and successor of OLSR. OLSRv2 follows the same 
mechanism of OLSR but it can provide a simplified 
exchange of messages between nodes followed by a flexible 
signaling framework. Compared to the general OLSR, the 
OLSR v2 have a new neighborhood discovery protocol and 
a generalized message/packet format. Based on OLSRv2, 
Jabber et al. [39] proposed a multipath battery aware routing 
(MBA-OLSR) protocol. This approach considered the 
remaining battery energy of the nodes for calculating the 
initial cost of the multiple links between source-destination 
pairs. However, this approach not focused on mobility and 
the variations in the network topology.  

Table.2 comparison of proactive single metric-based routing approaches 
Reference  Routing 

protocol  
Metric  Advantages  Disadvantages  

Graham et al. [26] OLSR Residual Energy Reduced power consumption for the selection of 
MRPs 

Neglected the drain rate during 
MRP selection 

De Rango et al. 
[27] 

EEOLSR Minimum drain rate Reduces the energy of MRP Higher overhead at route 
establishment  

Fatima and Najib 
[28] 

OLSR Minimum Energy-based hops Changes in the network topology are analyzed 
due to the mobility management 

Neglected the direction of 
mobility 

Kunz, T., & 
Alhalimi, R. [29] 

Energy-
Aware OLSR 

Energy level as QoS metric  Has obtained the state information regarding the 
energy status if ode more accurately to find the 

path.  

Not concentrating on the energy 
during the selection of MRP 

Benslimane, A 
[30] 

EPA-OLSR Transmission Power Considered the both MAC and network layers 
and controlled the network topology through 

transmission power 

Residual energy is not considered  

mahfoudh and 
minet [31] 

OLSRE Cost based on the power 
consumed for transmission and 

reception 

Improved network lifetime due to the power 
control through packets.  

Not focused on the residual 
energy levels and node 

movement  
Kunz [32] EEV-OLSR The residual battery level of the 

nodes 
Extended network lifetime and prolonging the 

existence of a node in the network  
Higher overhead due to the 

HELLO and TC packets 
transmission 

Jabber et al. [39] MBA-OLSR remaining battery energy of the 
nodes 

Balanced load over nodes due to the Multipath 
routing  

not focused on the mobility and 
the topology variations  

 
 
 
3.1.2 Reactive Based Approaches 

AODV and DSR are the two most popular and 
widely used protocols under this category. Considering the 
AODV as base protocol, energy-saving AODV (ESAODV) 
protocol is proposed by Ren P et al. [33] in which the source 
node collects the data regarding the energy levels of its 
neighbor nodes in the route discovery process. In this 
approach, after receiving the Route Request (RREQ) 
Packets, the intermediate nodes compare the energy level of 
the source node with a standard threshold. The threshold is 
derived as the average energy of the network and if the 
current energy of the source node is higher than the 
threshold, then only the intermediate node forwards the 
packets. However this approach is not suitable for heavy 

traffic loads because in such case eve the source node has 
higher energy, it will get drain up quickly.   

Next, based on the DSR protocol two approaches 
are proposed by Tarique and Tepe [34,35] namely 
“Minimum Energy Dynamic Source Routing (MEDSR)” 

and “Hierarchical Minimum Energy Dynamic Source 
Routing (HMEDSR)”. These two approaches accomplished 

the modification of control packets to reduce energy 
consumption. The source node initially tries to find a link 
with less energy level followed a route with all links having 
minimum energies. However, the MEDSR has a 
disadvantage is that the packet flooding technique used for 
route discovers has produced significant overhead. Further, 
the HMEDSR controlled this overhead by reducing the 
MAC packets and control 
packet. 
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  But, these approaches not focused on mobility 
management which has a significant impact on the control 
packets management. 

    Considering the different wireless interface of 
mobile nodes, a Power-Aware Heterogeneous Routing based 
on AODV (PHAODV) is proposed by Safa H et al. [36]. 
This approach considered the battery status of nodes when 
constructing a routing table. Further, for a choice of multiple 
routes between two nodes, a route with minimum power is 
chosen and the nodes of that route are added into the routing 
table. However, for a heterogeneous network, the route 
establishment based on simple battery status is not an 
effective strategy, because a node with multiple interfaces 
can broadcast multiple messages into the network by which 
the energy will get depleted.  

Next, the method proposed by Tie T et al. [37] 
proposed an “Alternate link maximum energy level ad hoc 

distance vector scheme for energy-efficient ad hoc networks 
routing (ALMEL-AODV)”. In this approach, a final route is 

discovered based on the residual energy levels of nodes and 
the route with maximum energy is selected. A node 
capability is declared by comparing its residual energy level 
with a predefined threshold. At every node, the status of 
residual energy is buffered into the RREQ packet until it 
reaches to destination. If route failure occurs, then an error 
packet is sent to the source node, then it chooses an 
alternative route if it exists otherwise initiates the route 
discovery process. Nevertheless, this approach was obtained 
a limited performance in the small scale network due to the 
node mobility.      

Further, a maximum transmission range based 
routing approach is proposed by Lalitha and Rajesh [38] 
based on the AODV protocol to minimize the overall energy 
consumption and also the transmission power. This 
approach is termed as AODV range routing (AODV-RR). In 
this approach, only a few nodes are selected to process the 
receiving and processing requests based on a new metric 
called as received signal strength (RSS). However, there is a 
need for further investigation about the selection of nodes 
which takes the responsibility of packets processing.    

Mohamed A. Ryan et al. [42] proposed a new 
routing approach based on the energy and distance aware 
AODV (EDA-AODV) to reduce the routing overhead, 
prolong the lifetime and also to reduce the hop counts. In 
this approach, the route is selected based on two different 
metrics such as transmitting distance between the node and 
its predecessor node and the energy factor. However, this 
approach not considered the mobility by which the distance 
can be increased and the node already selected will move far 

away which results in a longer path followed by more 
energy consumption.    

 M. R. Bosunia et al. [43] proposed a new routing 
protocol named “Energy-Aware and Error Resilient based 
on AODV (EAER-AODV)” in which the intermediate nodes 

selection is accomplished based on the forwarding 
capability. EAER metric derived as a combination of 
successful packet transfer probability and residual energy is 
measured for every node to measure this capability. 
However, the EAER metric only considered the 
transmission energy and reception energy which are not 
sufficient to define the packet forwarding capability of a 
node.   

D Bhattacharya et al. [44] proposed a new routing 
approach by modifying the conventional AODV protocol to 
obtain reduced energy consumption by altering the size of 
the packet. This approach selects the best route based on a 
new metric, `Energy/Distance' ratio. However, they didn’t 

show any interest in the mobility of nodes which has a 
significant effect on energy consumption as well as distance.  

V. S. Devi and N. P Hegde [45] proposed a Power-
Efficient Reliable Routing (PERR) based on AODV. This 
approach measures the power reliability metric (PRM) to 
measure the capability of a node to further forward the data.  

 
 
The PRM is obtained by combining the reliability 

and remaining energy of the node. Here the reliability is 
measured with respect to the capability of successful packet 
transfer. The main advantage of this approach is the 
consideration of reliability and due to this packet delivery 
ratio is increased. However, for every packet transmission, 
checking the capability of a node results in an increased 
delay.    

A “Multipath and Energy-Aware On-Demand 
Source Routing (MEA-DSR)” mechanism is proposed by 
Chettinad and Benmohammed [70] which finds the multiple 
disjoint paths for a given source and destination node pair, 
In this approach, the primary path s established based on 
two metrics and they are the total amount of power required 
for transmitting the data over the route and the residual 
energies of nodes on the route. Further, one more factor is 
also considered, i.e., the total number of hops and the route 
which have less in number are only selected. The authors 
demonstrated that this approach has gained significant 
performance in the high mobility scenarios but the packet 
delivery ratio is observed as low in the case of low mobility 
scenarios. 

Table.3 comparison of Reactive single metric based routing approaches 
Reference  Routing 

protocol  
Metric  Advantages  Disadvantages  

Ren P et al. [33] ESAODV Residual Energy of 
network and also the node 

Better saving of energy 
at a non-participating 

node and also an 
increased delivery rate 

not suitable for heavy 
traffic loads 

Tarique and Tepe 
[34] 

MEDSR & 
HMEDSR 

Minimum Energy 
consumption through the 
modification of control 

packets  

Reduced energy 
consumption at packet 

level hence total 
transmission power is 

less.  

Inaccurate information 
due to the modification 

of control packets  
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Safa H et al. [36] PHAODV Energy cost and residual 
energy 

Less energy 
consumption even for 
the node with multiple 

interfaces  

Increased Flooding due 
to the heterogeneous 

nature of nodes 

Tie T et al. [37] ALL-AODV Maximum energy for 
route and residual energy 

for node selection 

Provides an additional 
high energy route in the 

case of route failures  

Not effective for a 
network with lower 

node density  

Lalitha and Rajesh 
[38]  

AODV-RR Received signal strength Less communication 
overhead due to the non-
participation of all nodes 

Dynamic transmission 
power estimation is not 

supported  
Mohamed A. Ryan 

et al. [42]  
EDA-AODV Energy Factor derived 

based on the transmission 
distance between nodes 

Always gives the 
shortest path with 
reduced energy 
consumption  

Increased route failures 
due to the non-
consideration of 

mobility under distance 
evaluation  

M. R. Bosunia et al. 
[43] 

EAER-AODV successful packet transfer 
capability based on 
remaining energy  

Saves much energy due 
to the awareness of 

packet transfer 
capability  

Only transmission and 
reception energy can’t 

define the capability  

D. Bhattacharya et 
al. [44] 

Modified 
AODV 

Energy/Distance ratio Traces the best route 
with minimum 

energy/distance ratio for 
shorter range   

Mobility introduces 
nodes movement too far 
distances, not discussed 

V. S. Devi et al. [45] PERR-AODV Power Reliability Metric 
(PRM)  

Reduced energy 
consumption with the 

highest packet delivery 
and fastest route 

recovery due to support 
nodes (SNs)  

Packet size and packet 
type are not considered 
in the PRM evaluation 
and also increased the 

delay  

 
3.2 Multiple metrics  

In this category, the routing establishment process 
is done based on multiple metrics like energy, bandwidth, 
stability, mobility, etc. Both for MPR selection and for the 
route selection, this process checks the feasibility through 
multiple metrics. The methods described under this survey 
belong to both reactive and proactive protocols. Table.4 and 
table.5 gives the details of comparative analysis for 
proactive and reactive based routing approaches.  

 
3.2.1 Proactive Based Approaches 

Joshi and Rege [46] proposed a multipath source 
routing approach based on the modification n of the standard 
OLSR protocol, called as OLSRM.   This method 
considered two different metrics such as the node’s residual 

energy and drain rate during the selection of MPR. The 
multipath routing is done based on the min-max lifetime 
(MML) of links. Due to the consideration of multiple paths 
between source and destination nodes, this approach 
handled a perfect traffic load balancing and also the energy 
consumption. Along with residual energy, this approach also 
considered some more energy-related metrics during the 
selection of MPR. 

Considering the composition of both residual 
energy and the power consumed at every node, new energy-
efficient OLSR protocol is proposed Guo et al. [47], called 
as OLSR with Energy Awareness (OLSR-EA). They 
utilized the “Auto-regressive integrated moving average 
time series” technique to calculate the energy consumption 
at regular intervals. Based on this composite energy metric, 
the routing decisions are accomplished to select an energy 
effective route. Due to the consideration of both the residual 

energy and power consumption at every node, this approach 
can better extend the network lifetime compared to the 
standard OLSR. However, this approach tried to select the 
MRPs based on the energy availability but generally, the 
MRPs are selected based on the coverage. Furthermore, this 
approach is not suitable for large scale networks.    
Considering three different metrics such as energy, stability, 
and the occupancy of a buffer, a new MPR selection 
mechanism is proposed by Kots and Kumar [48], called 
QMPR. QMPR used fuzzy logic in the selection of MPRs. 
The main aim of this approach is to improve the quality in 
the selection of MPRs, i.e., the node which has higher 
energy, higher stability is only selected as final MPR and to 
do this, the fuzzy logic rules are applied. Though this 
method gained a qualitative MPR, the obtained path is 
always the shortest path that is not effective in all cases.  

 Anuradha, M., & Anandha Mala [49] considered 
three different metrics such as  Residual Energy, Expected 
Transmission Time (ETT) and load-balancing factor and 
proposed a new integrated framework for route 
computation. Based on three metrics, a new metric is 
formulated, called as multi-objective cross-layer metric and 
integrated into the Multi-Path OLSR (MP-OLSR) [50] to get 
an effective route. The ETT metric is measured from the 
packet loss rate and the load balancing factor is obtained 
from the MAC layer. However, due to the accomplishment 
of the same MPR mechanism, used in MP-OLSR, there is a 
chance of over packet flooding; hence the drain rate of a 
node will be increased. 
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Sarkar et al. [51] proposed a new route selection 
mechanism, called Mobility Aware Routing (MAR) based 
on the mobility factor which is derived by combining speed, 
pause time and the direction of movement. This approach 
can effectively analyze the topology changes both in the 
dynamic and static scenarios, due to the node movement in 
random directions. This approach has gained better QoS; 
however, the computational time required to analyze the 
direction of node movement is too high which introduces an 
unnecessary delay.    

To attain a stable link, Ladas et al. [52] proposed a 
Multipath Chameleon (M-CML) routing which utilizes three 
QoS metrics and provided the results with statistical 
confidence interval by applying the Wilcoxon signed-rank 
test [53] model. This approach has attained a less routing 
overhead and also the less energy consumption by reducing 
the total number of duplicate packets generation. However, 
in a dynamic network, the link quality has a serious impact, 
results in a heavier route failure rate.  

   Li and Wu [54] proposed a new Smooth Mobility 
and Mink Reliability-based OLSR (SMLR-OLSR) routing 

mechanism for MANETs. This approach is implemented on 
the basis of semi-markov smooth and complex restricted 
mobility model which have a realistic node behavior. The 
combination of these two metrics is used in the selection of 
MPRs. Though this approach has obtained a less overhead, 
the complex restricted mobility is not applicable for real-
time scenarios.   

De rango et al. [55] proposed a Link Stability and 
Energy-Aware Routing protocol (LAER) to perform a 
scalable routing in MANETs. This approach combines two 
metrics such as energy drain rate and link stability. To 
obtain an optimal route this approach accomplished Bi-
objective Integer Programming [56] model. The BIP model 
selects the next-hop node which has less energy 
consumption towards the destination and also has higher 
stability. The main advantages of LAER are the provision of 
robustness and also an improved network lifetime. However, 
the link stability is mainly dependent on the node mobility 
which is not considered during the MPR selection. 

 
Table.4 comparison of Proactive Multiple metric-based routing approaches 

Reference  Routing 
protocol  

Metric  Advantages  Disadvantages  

Joshi and Rege [46] OLSRM Drain rate and residual 
energy 

Discovers multiple 
paths with balanced 

energy levels at every 
node through MML  

Not concentrated on the 
mobility through which the 
stability of network disturbs  

Guo et al. [47] OLSR-EA Residual energy and 
transmission energy 

Per interval-based 
prediction results in 
more effective paths 

and nodes 

Per interval, prediction 
ensures a longer delays  

Kots and Kumar 
[48] 

QMPR energy, stability, and 
the occupancy of the 

buffer 

qualitative MPR 
selection  

Always obtains the shortest 
path which is not efficient 

in all cases.  

Anuradha, M., & 
Anandha Mala [49] 

MP-OLSR Residual Energy, ETT 
and load-balancing 

factor 

Reliable, load 
balancing, and energy-

efficient routing  

over packet flooding 

Sarkar et al. [51] MAR Mobility factor based 
on speed, pause time 

and direction 

Better QoS  Longer delay in the 
evaluation of the direction 

of node movement  

Ladas et al. [52] M-CML Three QoS metrics  Reduced duplicate 
packets generation  

Heavier route failure rate 
due to link quality  

 
3.2.2 Reactive Based Approaches  

Kadri et al. [57] proposed a Weight Based DSR 
(WBDSR) that considers the weight of a node as a reference 
metric during the selection of a forwarding node. In this 
approach, the weigh is derived from two metrics such as 
stability and Battery level of the node. The final nod and 
path are selected for a node/path which has maximum 
weight. For two routes with the same weight, the minimum 
hop number route is selected as a final route. Nevertheless, 
the network size variations have much effect on this scheme 
because the size directly affects stability.  Li L, and Li C 
[58] proposed an energy level based routing protocol 
(ELBRP) based on AODV to reduce energy consumption 

and also the delay. To achieve these metrics, ELBRP 
considered two metrics such as the Energy level of node and 
delay. Based on the level of energy, the nodes are classified 
into four classes such as safety, sub safety, danger, and 
every danger. Furthermore, based on the present state, the 
nodes are classified as dead, sleeping, listening, receiving 
and transmitting. However, this approach is simulated over a 
few scenarios and also not considered the impact of other 
parameters such as traffic load and the size of the network.  
Bhatt et al. [59] proposed a modified version of DSR, DSR1 
by modifying the process of a route to discover at the 
intermediate nodes.  
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This approach considered three parameters such as received 
signal strength, residual energy, and node speed to reduce 
the congestion followed by energy consumption in the 
MANETs. However, the delay of DSR 1 is observed to be 
high compared to the DSR, because, the route discovery 
process of DSR1 consumes more time due to the 
consideration of multiple parameters. Furthermore, this 
approach is not much suitable for small scale networks.  

A similar approach is proposed by Varaprasad and 
Narayanagowda [60], EDSR, based on the DSR protocol. 
This approach focused to improve the network lifetime by 
reducing energy consumption at the time of route selection. 
This approach considered two metrics such as Energy cost 
per packet and lifetime to find the selfish intermediate nodes 
at which the packet may get drop and these nodes try to save 
their batteries. EDSR attained reduced power consumption 
and increased lifetime but the time delay is increased due to 
the modified route discovery process. To overcome this 
problem, the same authors proposed another routing 
mechanism, called Efficient Power-Aware Routing based on 
DSR (EPRDSR) [61] which considered the power and 
bandwidth parameters during the selection of the route.  In 
this approach, the final route is selected as the one which 
has a minimum number of hops and maximum available 
power. Though the packet delivery rate is observed as high 
for EPRDSR compared to DER, the end-to-end delay is high 
due to the discovery of alternative paths.  

Dhurandher et al. [62] proposed an energy-efficient 
AODV based routing (EEAODR) to prevent the nodes from 
exhausting. This approach considered three parameters such 
as a number of hops, time and energy levels of nodes during 
the route selection. Furthermore, this approach also observes 
the constraints those consequences to node depletion like the 
size of a packet, type of packet, node energy, and the 
distance between nodes in making the decision regarding the 
route selection. In the case of equal energies of all nodes and 
also the paths, the shortest path is only selected which is not 
a feasible solution for all types of networks.      

Katiravan et al. [63] developed an “Energy 

Efficient and Link-Quality Aware Routing Approach with 
Variable Power Control (ELRPP)” in which the route 

selection is done based on three different metrics such as 
Link Quality, Signal to Noise Ratio (SNR), and residual 
energy. In this approach, the transmission power is 
controlled by making the nodes clustered. The link quality 
metric measures the conditions of the channel with respect 
to fading and mobility effects. The consideration of 
transmission power along with multiple metrics for route 
selection has resulted in an effective performance. However, 

this approach results in a longer delay for the network with 
larger node density due to the processes multi-metric based 
route selection.   

One new method, Minimum Spanning Tree (MST) 
[67] based power-aware routing is proposed by Yanez-
Marquez et al. [64], based on the network topology. This 
approach constructed with the help of MST combined with 
binary decision diagrams (BDDs) [65]. This approach is a 
modified version of the conventional Power-Aware Route 
optimization (PARO) approach [66]. In the derivation of 
MST, this method searches for a node with lesser distance to 
its per-hop node and the power required id directly 
proportional to the distance between the nodes. Though this 
approach is simple, it is not effective for networks with 
larger node density. Along with this problem, the node with 
high mobility ensures increased route failures.  

Rishwal et al. [68] proposed a Power-Aware 
Routing (PAR) to reduce the congestion followed by energy 
consumption.  

This approach considered three metrics to control 
the power ad congestion of a route, they are data type ready 
to transfer, battery lifetime status and the accumulated 
energy of path. The simulation results demonstrated that the 
obtained network lifetime and average energy consumption 
are more effective for PAR compared to the conventional 
DSR and AODV.  However, the PAR experiences longer 
delays in the case of multimedia data which has larger sizes.  

A “Multi-constrained and Multipath QoS aware 
routing protocol (MMQARP)” is proposed by Balachandra 

et al. [69] which considers multiple constraints in the route 
computation and also discovers multiple paths at a single 
instant of the route discovery phase. The obtained multiple 
paths are nods-disjoint and on-demand in nature. This 
approach considered three metrics for route computations. 
They are battery power, delay across the links and route 
reliability obtained through the node position and 
movement. This approach obtained energy efficient, reliable 
and delay aware paths. Nevertheless, this approach doesn't 
perform well for the network with low mobility. 

Gudong et al. [71] proposed energy-efficient and 
load balancing geographic routing (ELGR) to improve the 
network lifetime and also the packet delivery ratio. This 
approach considered two metrics such as energy efficiency 
and load balancing and based on these two metrics, one 
weight is assigned to every hop. The load balancing metric 
is derived from a packet reception rate (PRR). The main 
drawback of this approach is the increased computational 
complexity due to the measurement of PRR, weight and 
forwarding rate.  

    
 

Table.5 comparison of Reactive Multiple metric-based routing approaches 
Reference  Routing protocol  Metric  Advantages  Disadvantages  

Kadri et al. [57] WBDSR Weight metric 
based on stability 

and energy 

Fewer link failures  Not effective for a 
network with less node 

number 
Li L, and Li C, [58] ELBRP Delay and energy 

level of a node 
Less delay, balanced 
energy consumption, 

and complex free 
algorithm  

Not simulated under 
varying traffic load and 
the size of the network 
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Bhatt et al. [59] DSR1 received signal 
strength, residual 
energy, and node 

speed 

Congestion in control 
and less energy 
consumption  

More time-consuming at 
the route discovery 

phase  

Varaprasad and 
Narayanagowda [60] 

DSR Energy cost per 
packet and 

lifetime 

reduced power 
consumption and 
increased lifetime 

time delay is increased 
due to the modified 

route discovery process 
Shankar, S., Varaprasad  

[61] 
EPRDSR Bandwidth and 

power  
Congestion control 

due to the bandwidth 
consideration  

High end-to-end delay  

Dhurandher et al. [62] EEAODR number of hops, 
time, size of a 
packet, type of 
packet, node 

energy, and the 
distance between 

nodes 

Higher packet 
delivery ratio and less 

delay  

High Computational 
complexity  

Katiravan et al. [63] ELRPP Link Quality, 
Signal to Noise 

Ratio (SNR), and 
residual energy 

Controlled 
transmission power 

due to the node 
clustering  

a longer delay for the 
network with a larger 

number of nodes 

Balachandra et al. [69] MMQARP battery power, 
delay across the 
links and route 

reliability 

Paths are energy 
efficient, reliable and 

delay aware 

Not effective for 
multimedia data 

transmission  

    
3.3 Learning-based routing approaches     

Under this scenario, the routing process is done in 
the presence of artificial intelligence. An objective function 
is defined through multiple metrics and it is optimized in an 
iterative fashion. At every phase, current output depends on 
the earlier input. Routing based on metaheuristic algorithms 
like a genetic algorithm (GA) [72, 73], Particle swarm 
optimization (PSO) [74], and ant colony optimization 
(ACO) [75, 76] are some of the examples for this kind of 
routing.  

Y. S Yen at al. [72] discussed the multicast routing 
problem with multiple QoS constraints in MANETs. This 
approach proposed an energy-efficient GA mechanism to 
solve these problems. Further, to minimize the delay time 
through a small population in the GA, the shortest tree-
based routing algorithm and discovers the shortest path. This 
approach has gained better results in the multi-cast problem.   
Next, Kaliappan M et al. [73] used GA to optimize the 
“Dynamic Load Balanced Clustering Problem (DLBCP)”. 

Since the reliable data transfer and load balancing are more 
important to extend the lifetime of a MANETs, this 
approach used a dynamic genetic algorithm such as “Elitism 

based immigrants Genetic Algorithm (EIGA)” and 

“Memory enhanced Genetic Algorithm (MEGA)” to solve 

the DLBCP. In this approach, the optimal cluster head is 
selected based on the energy and distance metrics. Though 
this approach gained a promising performance in the 
improvisation of delivery rate, this approach not focused on 
the mobility of nodes which has a significant effect on the 
stability of the network.   

S Jamali et al. [74] employed Binary PSO (BPSO) 
with the TORA routing protocol to create awareness about 
the energy for every node in the MANET. This approach 
considered the length of the route and their energy levels in 
the route selection. This approach formulates the routing 
issue as an optimization problem and then applies BPSO to 
solve it and to select a rough with optimal weight function in 
regard to route length and energy level of the route. 

To improve the QoS in MANETs, Dipika Sarkar et 
al. [75] proposed a new routing mechanism by combining 
the ACO with AODV protocol. In this approach, the final 
route is selected based on the pheromone value of path and 
the pheromone is derived based on the three metrics such as 
residual energy of nodes, number of hops and congestion. 
The path is selected based on the larger pheromone value.       

Based on the ACO algorithm, Zhou et al. [76] 
proposed the “Ant-Colony Based Energy Control Routing 
(ACECR)” to discover an optimal route with the help of a 

positive feedback character. Along with a number of hops 
and the node energy, this approach also considered the 
minimum and average energy of routes during the route 
selection.   

A.Nagaraju et al. [77-80] proposed Rough Set and 
Weighted Rough Set Based AODV and DSR  techniques to 
improve the performance of reactive routing protocols. The 
proposed protocol uses Rough and Weighted Rough 
mathematical models to reactive routing protocols to 
optimize the redundant broadcasting in broadcast nature of 
Wireless Mobile Ad-Hoc Networks.  

IV. RESULTS AND DISCUSSION 

As shown in figure.3, various routing algorithms taken and 
Throughput is calculated and compared with various 
algorithms of ACO,DSR, AODV, and  DSDV in without 
attacking mode. 
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Figure .3 Throughput Comparison between various 

Routing Algorithms 

V. CONCLUSION 

In this paper, a detailed survey is carried out over 
the routing approaches of MANETs. Since the nodes in 
MANET are resource-constrained in nature, to obtain a 
prolonged life with effective node utilization, the route 
established for any source and destination node pair must be 
more effective. Towards such objective, various approaches 
are developed earlier and they are classified as single 
metric-based approaches and multiple metric-based 
approaches. The further classification is done based on the 
accomplished protocol such as reactive or proactive or 
hybrid. Further, some more approaches are used the meta-
heuristic algorithms for the route computation and the 
details are also stipulated. Detailed analysis and comparison 
are also shown in this paper with respect to various 
constraints such as metrics, advantages, and disadvantages.    
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