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ABSTRACT 

In the design of mobile ad hoc networks, a challenging problem is how to route information reliably and 

efficiently from one node to another in moderate to high level of mobility. Due to mobility, limited residual 

energy of the node, selection of stable and durable path for the communication is the challenge. Also 

remaining queuing capacity is also affected on the packet loss. Many proposals have been addressed to this 

problem; however, few papers consider a proactive protocol like Optimized Link State Routing Protocol 

(OLSR) to better manage the energy consumption and link stability in routing path selection algorithms. In 

this paper, we explored modification to MPR selection and integrating appropriate routing metrics in the 

routing decision scheme to lessen effects of reason that lead to more packet loss. Our power-aware version 

of OLSR is proven by simulations in NS3 under a range of different mobile scenarios and network density. 

Significant performance gains are obtained in terms of packet loss ratio and MPR count for our modified 

OLSR version. 
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1. INTRODUCTION 

 

In the last years, mobile ad hoc networks (MANETs) have attracted many research efforts [1] [2]. 

The challenge of scheming routing protocols for a MANET comes from two features: the 

mobility of the nodes and the ad hoc nature of the network, which lead to a highly dynamic 

topology for an infrastructure-less network. The wireless sensor networks, and also mesh 

networks, can be considered as a subcategory of MANETs, when the sensors or nodes are mobile. 

For example, a moving vehicle may be equipped with a sensor for communication purpose, or 

carried by a human or an animal for monitoring purpose. It is usually a less expensive and low-

powered wireless device. 

There are several applications of MANET like audio, video, multimedia etc, which requires good 

communication and QoS [3] [4]. Similarly other wireless network CDMA, GSM and Wi-Fi, 

MANET is unable to provide reliable QoS [5]. Therefore, selecting appropriate protocol is 

important and challenging task, due to number of protocols presented in the literature, differ from 

each other and required guarantee of stringent QoS [6]. The main aim of QoS routing [7] is to 

find relevant path that must satisfy QoS constraint requirements such as, packet loss, bandwidth, 

delay, jitter, energy consumption which are transmission characteristics of topology. QoS routing 

also satisfies constraint like link, path and tree constraint [8]. Where, bandwidth, jitter-delay and 

end-to-end delay are main, link and path constraint respectively [9]. Thus, to satisfy the above 

constraints with multiple objectives, there is need of potentially new approach or technique for 

solving the QoS routing. To solve QoS routing, past researchers used various meta-heuristic 
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algorithms [10] [11]. But, there is necessity of enhancing routing protocols in MANETS, to 

provide stringent QoS enhancement [12]. Many routing protocols have been proposed for 

MANETs. These  protocols  can  be  classified  into  three  different  groups: proactive,  reactive  

and hybrid. In proactive routing protocols such as DSDV [13] and OLSR [14], the routes to  all  

the  destination  (or  parts  of  the  network)  are  determined  at  the  start  up,  and maintained  by  

using  a  periodic  route  update  process.  In reactive protocols such as AODV [15], DSR [16], 

routes are determined when they are required by the source using a route discovery process. 

Hybrid routing protocols combines the basic properties of the first two classes of protocols into 

one. 

In this paper we investigate an energy-aware and link stability mechanism suitable to be 

integrated with a proactive routing protocol. Specifically, our system is built as an energy-aware 

extension to OLSR [14]. The energy behavior of OLSR protocol has been evaluated and many 

energy-efficient designing schemes for it have been presented to optimize energy consumption, 

some of these approaches have based on exploring the suitability of the protocol for QoS routing 

[17], to achieve the best results, these QoS protocol variants typically modify both the MPR 

selection criteria and the path determination algorithm. While other approach have investigated a 

combination of multiple network parameters  that indicate energy depletion and enable effective 

prediction of low energy paths, by identify the reasons that lead to energy depletion in different 

parts of network and then choose metrics to reduce their effect [18]. However, in this work we 

proposed a new method for determining more energetic-efficient and stable route in the network 

during selecting MPR nodes, via multiple metrics such as residual energy, link stability and MAC 

queuing capacity of the MPR node. The performance of this work has been evaluated using 

mobility enhancements made to NS-3 simulator in terms of packet lost ratio, end-to-end delay and 

number of MPRs. 

The rest of the paper is organized as follows: The related work is reviewed in Section 2. In 

section 3 we briefly introduce OLSR protocol mechanism. We describe our multi-metric routing 

scheme in section 4. Simulation environment and results are presented in Section 5, and 

conclusion is articulated in Section 6. 

2. RELATED WORK 

MANET routing metrics in terms of energy and QoS were examined either independently or all 

together in some studies on OLSR. Regarding to the modified functionalities of OLSR, these 

investigations can be categorized into two main classes. The first class highlights the 

improvement of the MPR selection mechanism. However, the second class proposed 

modifications to link metrics for route computation. A combination of both classes is also 

proposed in other works. hence, in [19] and [20], both proposed to modify the MPR selection 

mechanism of the standard OLSR protocol by adopting the residual energy levels instead of two-

hop neighbors of the node. Furthermore, in [21], authors suggested a Fuzzy logic based on the 

MPR selection mechanism, called QMPR. It is based on the energy, stability and buffer 

occupancy of the nodes to select a more stable MPR and enhance energy efficiency and network 

lifetime. Meanwhile in [22] authors proposed modifications on OLSR by considering the delay 

and bandwidth as metrics for the MPR selection. However, none of the modifications mentioned 

above considered any energy metrics or QoS parameters for route computation. In [23], another 

investigation of energy efficient OLSR protocol, called OLSR_EA was offered. The authors 

changed the route determination algorithm to select paths based on a composite energy cost by 

combining the residual energy and consumed transmission power of each node. They used the 

auto-regressive integrated moving average time series method to measure and predict the per-

interval energy consumption. A QoS version of the OLSR protocol, relying on link bandwidth as 

a QoS link parameter was also suggested in [24]. This QoS OLSR protocol was established to 

select paths with a maximum bottleneck bandwidth. In order to provide a particular path with 
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optimal bandwidth, changes in the link bandwidth must be broadcasted. However, both 

approaches keep the native MPR mechanism, which is not efficient in terms of energy. 

many studies have combined both MPR selection and path determination to improve the energy 

efficiency or QoS metrics in OLSR. For example, in [25], the authors proposed EOLSR by 

modifying OLSR to select MPR and find a path based on the energy. The optimal path was 

selected from all possible paths based on the min–max energy consumption concept. The effect of 

overhearing on the performance of this method was also studied. Another similar scheme was 

offered in [26]. The authors presented OLSRE, an energy efficient routing based on the OLSR. In 

this OLSRE, the energy consumption was taken into consideration during packet routing by 

calculating the cost of packet transmission. Moreover, different variants of MPR selection based 

on the node’s residual energy and its number of neighbors were compared to get the best tradeoff 

between overhead and energy consumed. By contrary, multiple QoS metrics have been also taken 

in account in both MPR selection and best path selection in a few studies. The QoS extension of 

OLSR (QOLSR) was proposed in [27] to select MPR and find an optimal route that satisfies the 

end-to-end QoS requirement, often given in terms of bandwidth or delay. In [28], the authors 

proposed a multi-objective Algorithm based on OLSR (OLSR_MO). It was developed to fulfill 

three objectives: maximizing the packet delivery ratio, minimizing the average end-to-end delay, 

and extending the network lifetime. In order to fulfill these goals, the authors considered three 

routing metrics: node’s queuing delay, node’s energy cost, and link’s stability cost. All the 

metrics were measured locally at each node and used to predict the corresponding future values, 

which are broadcasted periodically to its neighbors. 

In this work, we propose a new model to select more stable, durable path with the help of residual 

energy, link stability and MAC queue size of the node. Certain threshold values are set to update 

the willingness values for MPR selection. To demonstrate our contribution, we introduced this 

approach in OLSR protocol, which is proactive in nature. 

3. A REVIEW ON OLSR PROTOCOL 

OLSR (Optimized Link State Routing), [14], is a proactive routing protocol where nodes 

periodically exchange topology information in order to establish a route to any destination in the 

network. It is an optimization of a pure link state routing protocol, based on the concept of 

multipoint relays (MPRs). First, using multipoint relays reduces the size of the control messages: 

rather than declaring all its links in the network, a node declares only the set of links with its 

neighbors that have selected it as “multipoint relay”. The use of MPRs also minimizes flooding of 

control traffic (figure 1). Indeed only multipoint relays forward control messages. This technique 

significantly reduces the number of retransmissions of broadcast messages. OLSR consists of two 

main functionalities: 
 

•Neighborhood discovery. Each node acquires the knowledge of its one-hop and two-hop 

neighborhood by periodic Hello messages. It independently selects its own set of multipoint 

relays (MPRs), among its one-hop neighbors in such a way that its MPRs cover (in terms of radio 

range) all its two-hop neighbors. 
 

•Topology dissemination. Each node also maintains topological information about the network 

obtained by TC (Topology Control) messages, broadcast by MPR nodes. 

 

Each node computes its routing table by the Dijkstra algorithm. This table provides the shortest 

route (i.e. the route with the smallest hop number) to any destination in the network. 



International Journal of Wireless & Mobile Networks (IJWMN) Vol. 9, 

 

4. PROPOSED MODELING 

To improve the QoS of mobile ad hoc network, we have proposed a new module we designed and 

implemented in the OLSR, which is based on the residual energy, link stability and queuing 

capacity of the node. In native OLSR, selection of MPRs is based on the willingness and degree 

of reachability of the nodes. In our proposed approach, we made essentially two modifications to 

OLSR, first we take into account a combination of multiple network parameters that indicate link 

stability, energy depletion and MAC queue utilization to select more

Then we added modifications to the MPR selection criteria.

 

Since the dynamic topology changes frequently in MANETs, the reliability of a path depends on 

the stability of each link of this path, we adopt the duration of time between two neighbors in 

order to estimate that two neighbors remain connected or not by us

as speed, direction and distance. The measure used in this research to represent the time for which 

two mobile nodes can remain in contact with each other is the link expiration time (LET). To find 

the estimated LET in our proposed routing metric, we used the following formula as given in 

[29]. Let i and j be two mobile nodes within the transmission range r of each other, let 

�x�, y�� be the coordinate of i and j. Also let 

node i, and �v�, θ�� be the speed and the moving direction of the node j (figure 2). then the amount 

of time two mobile nodes i and j will stay connected LET(i,j) is predicted by:

	
��
, �� � 	������������
�

 

Where 

� �
� �

 

This information can be obtained if the mobile nodes are equipped with a GPS system. 

Note that when v� � v�andθ� �

International Journal of Wireless & Mobile Networks (IJWMN) Vol. 9, No. 3, June 2017

 

Figure 1. MPR Mechanism 
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stability, energy depletion and MAC queue utilization to select more stable and durable path. 
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Since the dynamic topology changes frequently in MANETs, the reliability of a path depends on 

the stability of each link of this path, we adopt the duration of time between two neighbors in 

order to estimate that two neighbors remain connected or not by using the motion parameters such 
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implemented in the OLSR, which is based on the residual energy, link stability and queuing 

capacity of the node. In native OLSR, selection of MPRs is based on the willingness and degree 

chability of the nodes. In our proposed approach, we made essentially two modifications to 

OLSR, first we take into account a combination of multiple network parameters that indicate link 

stable and durable path. 
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the stability of each link of this path, we adopt the duration of time between two neighbors in 

ing the motion parameters such 

as speed, direction and distance. The measure used in this research to represent the time for which 

two mobile nodes can remain in contact with each other is the link expiration time (LET). To find 

oposed routing metric, we used the following formula as given in 

[29]. Let i and j be two mobile nodes within the transmission range r of each other, let �x�, y�� and 

be the speed and the moving direction of the 

be the speed and the moving direction of the node j (figure 2). then the amount 

                            (1) 

This information can be obtained if the mobile nodes are equipped with a GPS system. 
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Figure 2. Link Expiration Time Architecture 

 
When a source node sends a request packet, the packet appends its location, direction and speed. 

The next hop neighbor of the source node that receives the request packet will be able to compute 

the duration of time between itself and the source node. 

Assume that P is a routing path between source and destination, and (P2, P3, … , P5) is the set of all 

the links along P. The path stability S(P) is the minimum of the LET�P�� along the path (	i ∈
�1,2,… , , k� ) 
 

:�;� � <
=�>�2,3,…,?��	
��;���           (2) 

 

With regard to energy aware, for increasing the network lifetime without loss of performance, we 

take into account cross layer parameters which contain residual energy of nodes and network 

congestion parameters, and then modify OLSR in order to make routing decisions according to 

these parameters. We combine these metrics to compute an energetic cost for each node i, as 

shown in Equation 3. 
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N           (3) 

 

Where O;�  is the number of packets in the MAC queue and P
� is the residual energy at each 

time. QRS�Tis the maximum considered MAC queue size and U
S�T is the initial energy of a 

node. 

The path energetic cost EC(P) is the sum of EC� along the path (	i ∈ �1,2,… , , k� ), 
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We intended to select a more stable path with lower consumption energy cost to achieve 

reduction in packet lost and prolonged lifetime of the network along with QoS support. The 

stability S�P� of the path is obtained from Equation (2) and lower cost based on Equation (4), to 

get the best possible path with higher link stability and lower energetic cost, we represented the 

path cost by divide the energetic cost of the path EC�P� by the path stability S(P), when as the 

EC�P� decreases and the S(P) increases, the path cost cost�P� will increases. The path that 

minimizes the cost value cost�P� is preferred. 
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In order to not increasing network overhead, we embed links costs to the TC packet that are 

periodically generated by each node. So TC packet is extended to include the field for the updated 

costs, which is locally computed using Equations (1) and (3) of the originator node. And the 

Topology tuples are also extended to take a new field for the cost of the originator node. In the 

last step, based on the path costs computed from the links costs, routing tables should be updated 

rather than on number of hops. And should also include path costs to the destination address 

instead of the number of hops, where path cost is define as shown in Equation (5), hence a new 

algorithm have been proposed that assigns cost equal to 1 to paths towards the 1-hope neighbors. 

Next is examines the topology tuples given by the topology table and three cases are considered 

to update the routing table. The first one occurs when there is an entry in the routing table for the 

originator node of the topology tuple. In this case, a new entry is added to the routing table for the 

destination node of TC with cost equal to the sum of the cost corresponding to route to the 

originator node and the link cost from the originator node to the final node. The second case, 

occurs when there are entries for both the originator and the destination node of the topology 

tuple. Then, the algorithm chooses greedily the new path detected through the originator node or 

it maintains the old path, by comparing their costs. Finally, in the case where there aren’t entries 

neither for the originator node nor the destination node, no new entry is created. 
 

at MPR selection level, according to OLSR standard [14] each node has a parameter called 

‘willingness’, indicates its availability to carry traffic on behalf of other nodes, the value of a 

node’s willingness parameter is an integer between 0 and 7, A node with willingness equal to 0 

must never be selected as MPR by any node. A node with willingness equal to 7 must always be 

selected as MPR. But by default in OLSR standard all willingness values are set to a default value 

equal to 3, and it is still constant along the simulation. We put in the willingness variable the 

available residual energy of the node which be taken each time the HELLO packet is generated, 

using the Equation 6. 

 

Willingness = round	� LC
LFGH

∗ 7�	                                                                                       (6) 

 

Where  
� is the residual energy at each time and  
S�T is the initial energy of the node. 

5. SIMULATION RESULTS AND ANALYSIS 

As mentioned before we used NS3 network simulator to evaluate our modified version of OLSR. 

We executed the simulations to evaluate the performance of our modified routing scheme 

compared to the standard OLSR. We considered three performance metrics to evaluate this 

proposition, which are: 
 

• Packet Loss Ratio: This metric represents the total number of lost packets in the network. 

This metric is most important QoS metric which demonstrates the affect of durable and 

stable approach on total number of lost packets in the network. 

• MPR Count: This metric represents the number of different MPR nodes in the network. 

• End-to-end delay: Time required for the successful transmission of the packet is taken as 

end-to-end delay. 

We simulated a MANET with varied number of nodes in a dense 1000 x 1000 meter square area. 

There are 5 UDP sources generating packets of 512 bytes with different data rates. We have two 

variations of the simulation setup to evaluate the performance of our modified routing scheme 

compared to the standard OLSR. The common simulation parameters of the two variations are 

summarized in Table 1 below. 
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Table 1.  Simulation parameters 

 

In the first setup, we consider a mobile scenario where mobile nodes move in the area based on a 

Random Waypoint Mobility model with a speed varied from 10 to 50 m/s, and the number of 

nodes are varied from 20 to 50, with the parameters described in Table 1. 

From Fig 3, we show the performance of the standard OLSR and the modified OLSR over packet 

loss ratio metric. As the total number of nodes in the network increases, the packet loss ratio 

decreases in the network. From this figure it’s obvious that the modified OLSR scheme performs 

better than standard OLSR. As number of nodes increases chances of selecting better MPR from 

neighbor nodes are increased. By selecting more stable and durable MPR nodes reduces the 

chances of path break as compared to other approaches and also the chances of queue overflow 

are reduced in our modified OLSR protocol, which results in to minimizing packet loss in the 

network. 

 

Figure 3.Packet Loss Vs Number of Nodes 

Fig 4 shows the performance of the standard OLSR and the modified OLSR protocols over the 

MPR count. The number of the MPRs in the network increases and after certain number of nodes, 

MPR count stabilizes. By varying nodes, it is observed that, the MPR nodes in the network are 

minimized as compared to the standard OLSR. The number of MPR nodes in the network is 

minimized in modified OLSR as compare to the standard because it elects the durable MPR nodes 

in the network which results in the stable and durable topology. 
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Figure 4. MPR Count Vs Number of Nodes 

Fig 5 shows the performance of the standard OLSR and the modified one with the help of end-to-

end delay metric. As the number of nodes in the network increases, end-to-end delay is slightly 

increased in modified OLSR protocol, this is due to at every node computation is more complex 

than standard OLSR protocol. 

 

Figure 5.End-to-end Delay Vs Number of Nodes 

In the second setup, to evaluate the performance of our modified OLSR, speed of the node is 

varied by keeping the other parameters fixed during the simulation. 

Fig 6 shows the impact of speed of nodes on packet loss in the network in OLSR and modified 

OLSR protocols. As speed increases the more number of packets are lost in the network. This 

happens due to, as speed increases, there are more chances of path break, which results into the 

loss of packets which are at intermediate nodes, links of the route. Our modified OLSR reduces 

the packet loss in the network which guarantees the QoS of the network. 
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Figure 6. Number of Packet Loss Vs Speed 

Fig 7 shows the impact of speed on number of MPR nodes in the network, MPR count goes on 

increasing linearly with increase in node speed. As speed of the nodes increases, the frequency of 

path break increased which results into increase in MPR count. The modified OLSR reduces the 

number of MPR counts compared to the standard one. 

 

Figure 7. MPR Count Vs Speed 

Fig 8 shows the impact of speed on the end-to-end delay. Delay also goes on increasing when 

speed of nodes increased. This is due to when packet is in network and route is unavailable (due 

to path break), requires time to recalculate route. As speed increases, frequency of path break is 

more. The modified OLSR minimized the end-to-end delay as compared to standard OLSR at 

higher speed. Although, requires more time for computation, but able to select durable and stable 

path which reduces path break frequency, results into reduction in delay. 
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Figure 8. End-to-end Delay Vs Speed 

6. CONCLUSIONS 

In this paper we demonstrated an effective and efficient energy-aware and link stability approach 

for the proactive MANET routing protocol OLSR, by a mechanism that aim to increase network 

lifetime and mitigate end-to-end delay and packet loss ratio, we are interested in integrating 

appropriate routing metrics in the routing decision scheme to reduce effects of reason that lead to 

more energy consumption, via adopting three salient parameters which are: residual energy, link 

stability and network topology. Then we proposed a novel MPR selection policy that allows 

network lifetime to be preserved for longer time, by involve the residual energy in MPR selection 

criteria through the willingness variable. We evaluated the modified OLSR under a range of 

different scenarios, varying number of nodes and mobility pattern, we compared our modified 

OLSR, in terms of packet loss ratio, MPR count and end-to-end delay, with the standard OLSR. 

Our simulation showed that our modified OLSR is able to enhance end-to-en delay and packet 

loss ratio pretty more than precedent work without significant loss in terms of end-to-end delay. 

We are currently extending our OLSR modifications to investigate more cross layer parameters 

that allow increasing the network lifetime. 
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