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Abstract 

The structure and constraints of mobile Ad Hoc networks 

(MANETs) influence negatively the quality of service in the 

network. This negative aspect increases as the network 

becomes larger and denser. The application of the mobile 

grouping technique (clustering) in MANETs significantly 

improves the management of their resources and routing 

performance. In this paper we put forward two new versions of 

OLSR routing protocols called OLSR Med and OLSR Med+. 

These protocols are based on K-Medoids algorithms to 

generate the clusters. The results are compared with standard 

OLSR. The metrics used to evaluate the protocols are: End to 

End Delay, Packet Delivery Ratio and overhead. The results 

show that the proposed improvements and the refined version 

are interesting, compared to the standard version of OLSR. 
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INTRODUCTİON 
A mobile ad hoc network MANETs is a new generation of 

wireless networks; it is a set of mobiles easily deployed and in 

the minimum of configuration. These mobiles form a dynamic 

network, which is spontaneous and totally autonomous. It 

allows the user, provided with a terminal, to access the 

information at any time and from any location. These mobiles 

cooperate among themselves to overcome the Ad hoc network 

constraints, such as the dynamic mobility, the lack of a fixed 

point of management, limited bandwidth, etc. The 

non-centralized management and dynamic topology in 

MANETs require nodes to act as routers to maintain routing 

information. This decentralization has high costs on network 

QoS such as overload, time routing, etc; and also on the 

internal mobile resources and capabilities (Battery, UCT, etc). 

The routing protocol is an essential process in the network 

structure; it is used to route the information to the recipient. 

Several routing protocols have been proposed [1]. They are 

generally classified into three main categories: proactive, 

reactive and hybrid. 

If the mobile network is denser, proactive protocols generate 

more load on the resources of mobile and network. Therefore, 

this leads to a loss of QoS in the network. To solve the problem 

of degradation of the quality of service in MANETs for this 

kind of problem, several solutions have been proposed. The 

clustering [2] is among the best solutions. This approach 

enables mobiles closer to cluster geographically; thereafter the 

mobile will store all the information of its group and some of 

the other groups. This will reduce routing tables and diffusion 

of control and thereafter other network performance will be 

improved as well as network scalability. 

In this paper we propose an upgrade version of standard OLSR, 

called OLSR Med. This version is based on K-Medoids 

clustering algorithm. The result will be refined by giving birth 

to a version which is more stable than OLSR Med, called 

OLSR Med+. The results of these two new protocols can 

improve the quality of service in MANETs. 

In the rest of this paper we start with a presentation of some 

related work. In the second section we present the problem 

formulation, and in the third section we describe the routing 

protocol discussed in our work. Then in the fourth section we 

define the clustering. In the fifth section we explain our 

proposed algorithm, after in the sixth section we present the 

simulation environment before we define the performance 

metrics in seventh section. In eighth section we discuss the 

simulation results and we come to have conclusion in ninth 

section.  

 

 

RELATED WORK 

Several studies provide different clustering technique to 

improve the network scalability, reduce the cost of routing 

information and improve the quality of service. In this part we 

propose some work done and which focuses on improving of 

the QoS of OLSR protocol by using the clustering technique. 

In [3], the authors propose an improved version of OLSR 

standard, which is based on the hierarchical distribution nodes. 

Thus, the nodes are organized in a hierarchical structure 

according to their capabilities (radio, energy, the criteria 

defined by the user). The nodes are dynamically clustered 

together on several levels. So, nodes with better capabilities 

become cluster heads for nodes at lower levels. The topology 

changes in the clusters are communicated to higher levels using 

cluster heads messages called Hierarchical TC. According to 

their results, this technique significantly reduces the required 
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protocol overhead and protocol performance is greatly 

improved with respect to packet-delivery ratio and end-to-end 

delay of data packets, thus improves protocol scalability in 

large size heterogeneous networks. 

OLSR tree [4] is a technique proposed by Emmanuel Baccelli. 

It allows the repartitioning of MANETs into several trees 

(cluster), the clustering algorithm is based on the connectivity 

metric. For routing information within a cluster (intra cluster) 

this protocol uses the standard algorithm OLSR. For the inter 

cluster communication is established through new control 

messages (TC Super, Super Hello ...) exchanged through the 

clusters head (root). According to the results, this protocol 

improves the MANETs scalability, despite an increase in 

overhead generated by adding control messages. 

A semi clustering structure was introduced in OLSR. It gives 

birth to a new protocol named C-OLSR [5]. That reduces the 

overhead in the network and the size of the routing tables 

according to the results. The same mechanism of OLSR is used 

to manage the routing in each cluster. Thus, the TC message 

transmission is limited in each cluster. New messages are 

introduced as C-Hello, CTC and C-MPRs to simulate the 

OLSR routing process between the clusters. The transmission 

and the generation mechanism are defined in the C-OLSR 

algorithm. 

In [6], a standard OLSR improvement is proposed by using two 

techniques that are hierarchical clustering and fish eye, to 

reduce the overhead and size of network routing tables. The 

hierarchical cluster algorithm uses routing information to build 

a hierarchical structure of k level. This new protocol named 

L-HCLSR uses two types of messages that are: Hello and CLC 

(Cluster Topology Control). The Hello message is used to 

discover neighbors and create the logical structure of the first 

level. The CLC message is used by the cluster leaders at each 

level to discover neighbors of CH; It is also used by all nodes in 

the network to build the global network topology and routing 

table. The Fish eye technology is responsible for disseminating 

controls messages between different levels of the hierarchical 

structure. This protocol shows better performance in 

comparison with SA OLSR in terms of overhead, PDR and not 

for EED. 

The new protocol proposed by [7] is based on the approach of 

grouping whose heuristic is inspired by Lin and Chu [8], it is 

adapted to be implemented in standard OLSR. This approach 

establishes different schemes for routing within clusters 

(intracluster) and between clusters (intercluster). This approach 

aims to reduce the size of the routing table and maintenance 

costs involving only the nodes forming the backbone to 

disseminate messages. Therefore, message redundancy is 

avoided. The clustering algorithm is based on the density and 

the identifier of nodes as a metric to elect cluster heads that 

produce r-disjoint clusters. This protocol is compared with 

standard OLSR and the results show that it is efficient in terms 

of the EED, overhead routing control, and PDR. 

 

 

PROBLEM FORMULATİON 

Several studies on routing optimization adopts the clustering 

method to reduce the costs produced by the improvement of 

quality of service in MANETs. In order to devise mobile nodes 

into groups, the K-means clustering technique is one of the best 

known methods [9] used in MANETs. Certainly, this method is 

sensitive to outliers and the center of a cluster may be empty 

using K-means method. Thus, the extreme objects that have the 

upper values can significantly distort the distribution of 

clusters and their centers [10]. The implementation and 

adaptation of K-Means into OLSR protocol allows achieving 

significant results [11]. However, these results can be 

improved and refined, if we apply a method which is more 

robust than K Means [12] [13]. This one will allow clusters to 

be more stable and the center will be better chosen (reducing 

the error). In this paper we propose the use of K-Medoids to 

produce optimal clusters. We implement and we adopt this 

method in OLSR routing protocol. The result give birth to a 

new version of routing protocol called OLSR Med. The 

traditional of K-Medoids algorithm is based on a random 

selection of clusters in their initialization phase, which can 

influence negatively in some cases the quality of clusters 

generated. To resolve this problem the phase of initialization of 

the K-Medoids algorithm refined, during its implementation in 

OLSR, we giving birth to an upgraded version called 

OLSRMed+. 

 

 

ROUTİNG PROTOCOL: OLSR 

The OLSR (Optimized Link State Routing) [14] protocol is a 

well-known proactive routing protocol for ad hoc networks. 

OLSR employs an optimized flooding mechanism [15] for 

diffusing link state information, and diffuses only partial link 

state to all nodes in the network Fig. 3 (a) (b).  The nodes 

using OLSR, maintain a map of the network topology by a 

periodic exchanging of control messages. There are two types 

of control messages:  HELLO and Topology Control (TC). 

Each node in the network independently selects its MPR nodes 

from among its one-hop neighbors such that, through them, it 

can reach all of its two-hop neighbors. A node detects its 

one-hop and two-hop  neighbors  through  link  sensing  

which  is  accomplished through  broadcasting  periodic  

Hello  messages  containing neighbor link state (SYM, 

ASYM, MPR, or LOST). Fig.1 shows the basic format of a 

Hello message. 

 

Originator Address 

 
Link Code Reserved Link Message Size 

Neighbors Adress 

….. 

Link Type Reserved Link Message Size 

Neighbors Address 

….. 

 

Figure 1. OLSR Hello message format 

 

These messages are broadcasted by all nodes and heard only by 

immediate neighbors; they are never relayed any further. 

Whenever a node receives a Hello message it will update its 

one-hop and two-hop neighbor sets. When a Hello message is 

received that  does  not  contain  the  recipient  itself,  the  

sending  node  is added to the recipient’s asymmetrical 
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neighbor set. When a Hello message is received that contains 

the recipient itself, the sending node is added to the recipient’s 

symmetrical neighbor set and all of the symmetric neighbors 

advertised in that Hello message are added  to  the  

recipient’s  two-hop  neighbor  set.  As  such,  by 

examining  all  of  its  neighbors’  Hello  messages,  a  

recipient becomes  fully  aware  of  its  one-hop  and  

two-hop  neighborhood. The  recipient  then  calculates  a  

subset  of  one-hop  symmetric neighbor  nodes  as  its  

MPR  set  and  connection  to  the  broader network.  

This MPR set is declared in its next Hello message broadcast. 

Periodically (every TC_Interval seconds) a Topology Control 

(TC) message, containing a list of neighbor MPR selectors, is 

generated by each MPR for topology declaration. The Fig. 2 

shows the basic format of a TC message.  

 

Originator Address 

 Link Code Reserved Link Message Size 

Neighbors Adress 

….. 

Link Type Reserved Link Message Size 

Neighbors Address 

….. 

 

Figure 2. TC message format 

 

These TC messages are relayed by MPR nodes and therefore 

flooded through the entire MANETs, thereby allowing every 

node to construct a routing table using Dijkstra’s algorithm. 

 
Figure 3. (a) pure flooding and (b) MPR optimized flooding 

 

 

CLUSTERİNG 

Spatial clustering algorithms can be classified into four 

categories. They are the partition based, the hierarchical based, 

the density based and the grid based [16], [17]. According to 

[18] clustering in ad hoc networks can be defined as a 

theoretical arrangement of dynamic nodes corresponding to 

one or more specific properties in different subsets called 

"Cluster". An element of a cluster is characterized by a strong 

similarity of the components of its group, and a strong 

dissimilarity with respect to the members of other groups [19]. 

Each cluster is identified by a particular node called "Cluster 

head". Clustering allows a node to store only part of rather than 

all the information of the network topology. This simplifies the 

processing of the global topology [20]. This reduces the size of 

routing tables and thereafter the reduction of control messages 

generated by the routing system. 

 

The use of clustering in MANETs has several advantages [21], 

usually a cluster structure allows the node to play one of three 

roles Fig. 4: 

 Cluster head : A cluster head is elected in the cluster 

formation process for each cluster.  Each cluster 

should have one and only one cluster head. 

 Gateway : A node is called a gateway node of a 

cluster if it knows that it has a bidirectional or 

uni-directional link to a node from another cluster. 

 Membres : All nodes within a cluster except the 

cluster head are called members of this cluster. 

 

 
Figure 4. Node types in a cluster 

 

 

THE DESCRIPTION OF K-MEDOIDS ALGORITHM 

K-Medoids method is a partitioning technique of clustering of 

object into K cluster, each cluster is presented by a Medoid, it is 

the most optimal located object in a cluster. The PAM 

(Partioning Around Medoids) is the first K-Medoids algorithm 

introduced [22]. Initially, the k number of desired clusters is 

input and a set of k nodes is taken randomly to be the initial 

representative medoid of k clusters. The final medoid (object) 

calculated by PAM is the most centralized position of all object 

in a cluster. Thus the PAM algorithm examines in each step, all 

nodes (one by one) from the input dataset (nodes) that are not 

currently medoid and see if they should be medoid. That is, the 

algorithm determines whether there is a node that should 

replace one of the existing medoid to minimize the total error 

(1).  A node is assigned to the cluster represented by the 

medoid to which it is closest (minimum distance). The PAM 

algorithm is shown in Fig 5. We assume that Ki is the cluster 

represented by medoid ti. Suppose ti is a current medoid and we 

wish to determine whether it should be exchanged with a 

non-medoid th. We wish to do this swap only if the overall 

impact to the cost (sums of the distances to cluster medoid) 

represents an improvement. The total error by a medoid change 

S is given by: 

 

S=∑ ∑ 𝑑𝑖𝑠(𝑛ℎ, 𝑛𝑖)𝑛𝑖∈𝐶ℎ

𝑘
ℎ=1                   (1) 

 
S is the sum of absolute error for all objects in the data set. 

 

 

Cluster 

Gateway Cluster Head 

Gateway 

a b

b 
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Figure 5. Algorithm of PAM 

 

The introduction of changes to the standard algorithm is a 

needed to use the K-Medoids method for grouping nodes of a 

MANETs into clusters. This change aims to determine the K 

parameter of the algorithm. In first, it is assumed that each node 

in MANETs is an independent cluster; then followed by an 

ascending sequence partitions. In the end we reunite the nodes 

from the same neighborhood in the same cluster. Until, a final 

number clusters is reached. Thereafter, the K-Medoids 

algorithm will be used to generate more stable clusters with 

their cluster head. 

The figure 6 present our algorithm based on K-Medoids to 

create the partition of the cluster nodes in MANETs. 

 

 

 

 

 
 

Fig. 6. Proposed algorithm of clustering 

 

 

Intuitively the random choice of traditional algorithm in the 

initialization phase (previous case) will certainly overload in 

some cases the process of calculation of the algorithm. So we 

thought about refining the initial state of the algorithm by 

choosing the most favored nodes to be medoid; this can avoid 

the aberrant nodes to be the head cluster in the phase of 

initiation. 

In our proposal we will conduct a series of descending 

partitions. At the beginning the densest node will be the cluster 

head (CH) of all nodes; subsequently we only affect to the CH 

selected its two-hop neighbors, the rest of nodes constitute an 

Proposed algorithm 1 

Input: Mobile ad hoc network of n nodes.   

Output: Network virtually partitioned into P clusters 

Step 0 

1 Initialization with n medoids (𝑀1
0…𝑀𝑛

0) each node is a cluster 

2 Creation of an initial partition P0 ={(𝐶1
0….𝐶𝑘

0)} 

a. Initialize 𝑙 to 1 (𝑙 𝑖𝑠 𝑖𝑡𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑖𝑛𝑑𝑒𝑥) 

b. Assign to  𝑀𝑙
0 its is two-hop neigbours ; 

      𝐶𝑙 
0={𝑥𝑖 ∈ network | d(𝑥𝑖, 𝑀𝑙

0)<2 hops}; 

c. Remove from list of medoids the 𝑛𝐶𝑙
0 nodes assigned to medoid 𝑀𝑙

0; 

d. Move to the medoid l+𝑛𝐶𝑙
0 

e. Repeating steps b to d until all node are affected ; 

f. Calculation of new medoids of k cluster obtained (𝑀1
1…𝑀𝑘

1): using the PAM 
algorithm; 

Step t 

  3. Creation of new partition Pt ={(𝐶1
𝑡….𝐶𝑘

𝑡)} by assigning to each medoid its two-hop 
neighbors;   
  4. The medoid affected to other medoid are removed from the list of medoids; 
  5. The isoled medoid are assigned to the list of medoids; 

  6. Calculate the medoid of k clusters obtained (𝑀1
0…𝑀𝑘

0) : using PAM algorithm ; 
  7. Repeat steps 3 to 6 until that a stable partition is achieved (structure of partition 𝑃𝑡+𝑖 
equals that the 𝑃𝑡+𝑖+1) or reach n iterations. 

 

Algorithm of PAM 

Input 

D={t1, t2,……….,tm) // set of nodes 

  K // Number of desired clusters 

 Arbitrarily select k medoids from D; 

 Repeat 

  For each th not a médoïde do 

   For each médoïde ti do 

    Compute square error function Sih; 

    Find I,h where Sih is smallest; 

    If  Sih< current Sih then; 

     Replace medoid ti with th; 

 Until Sih>=current Sih; 

 For each ti∈ D do 

  Assign ti to kj where dist(ti, tj) is the smallest over all medoids. 
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another cluster, its CH will be the most dense node, we still 

reallocates to CH its two-hops neighbors. This operation is 

remake until to affect all nodes to its CH. This modification in 

the phase of the initialization of K-Medoids algorithm gives a 

more refined algorithm, called K-Medoids+ presented in  

figure 7. 

 

 

 
 

Fig. 7. Refined algorithm of clustering 

 

 

We used the NS2.34 simulator to analyze the quality of service 

between OLSR standard and the two other algorithms 

implemented in standard OLSR. We validate this analysis by 

studying the behavior of the protocol in terms of PDR, EED 

and Overhead. Later, we evaluate the generation of clusters of 

the two proposed clustering methods. The following table 

shows the simulation parameters. 

 

Table. 1. Simulation parameters 

 

Parameter value 

Protocol OLSR, OLSR Med, OLSR Med+ 

Simulation time 1200s 

Source and type of traffic CBR/UDP 

network size 1000mx1000m 

Size paquet 512 bytes 

Speed nodes 10m/s 

Mobility model RWP 

Number of nodes 10 20 30 40 50 100 

 

 

PERFORMANCE METRICS 

Overhead  

This parameter provides information on the amount of control 

packets generated by the protocol in question for research, 

development and maintenance of roads. 

 

𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 =
∑ 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑚𝑒𝑠𝑠𝑎𝑔𝑒

∑ 𝑑𝑎𝑡𝑎 𝑚𝑒𝑠𝑠𝑎𝑔𝑒
 

 

 

 

Average End to End Delay EED 

This setting presents the average transmission time of a data 

packet from the source to the destination. It is interesting to 

evaluate this metric because some applications require a certain 

period of transfer which must not exceed. 

 

TAVG =
∑ (Hr

i − Ht
i)

Nr
i=1

Nr

 

 

Ht the packet emission time. 

Hr the packet reception time. 

Nr the total number of received packets. 

 

Packet Delivery Ratio 

This metric represent the percentage of packets successfully 

delivered to their destinations relative to the sum of the given 

packet transmitted in the network. 

 

𝑁𝑅 =
∑ 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

∑ 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑 𝑝𝑎𝑐𝑘𝑒𝑡𝑠
 

 

 

RESULTS AND DISCUSSION 

Packet Delivery Ratio 

Generally when MANETs becomes larger and denser, we can 

report a major loss of messages by different phenomena 

(mobility ...). According to the results of Fig.8, we see that the 

clustering method K-Medoids provides improvements in 

Packet Delivery Ratio (PDR) compared to standard OLSR, the 

proposed refinement of the standard K-Medoids algorithm 

allows it to improve the PDR compared to Med+, when the 

network becomes denser. 

 

Proposed algorithm 2 

Input: Mobile ad hoc network of n nodes.   

Output: Network virtually partitioned into P clusters 

Step 0 

1. Initialization: calculate the density at two-hop for all nodes N (𝑥1, 𝑥2 … … 𝑥𝑛) 

and retain the densest node 𝑀𝑙
0; 

2.  Creation of partitions 
a. Initialization 𝑙 to 1; 

b. Assign to  𝑀𝑙
0 its is two-hop neigbours ; 

                     𝐶𝑙 
0={𝑥𝑖 ∈ network | d(𝑥𝑖, 𝑀𝑙

0)<2 hops}; 

c. Remove from list of N the 𝑛𝐶𝑙
0 nodes assigned to medoid 𝑀𝑙

0; 

                𝑅𝑙
0={𝑥𝑖 ∈Network|𝑥𝑖 ∉ 𝐶𝑙 

0}; 

d. Pass to the densest node of remaining nodes; 
e. Repeat steps b to d until all nodes are affected; 

Follow the steps remaining of the previous algorithm (proposed algorithm 1). 
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Figure 8. Packet Delivery Ratio 

 

 

End to End Delay 

In most of the applications, the minimizing of message delivery 

by routing protocols is a necessity for a protocol designer, 

especially in multimedia applications. Based on the results of 

Fig.9, the End to End Delay (EED) of standard OLSR protocol 

increases proportionally with the number of nodes. The 

clustering structure introduced to OLSR (OLSR-Med) 

minimizes EED. For the improvement that we have proposed 

(OLSR-Med +), we can see an EED minimization when the 

network becomes denser, this is due to the optimization of the 

structure of clusters by the refined method proposed.   

 

 
 

Figure 9. End to End Delay 

 

 
Overhead 

The fig.10 shows the overhead of three routing protocols 

(standard OLSR OLSR-Med-Med OLSR +) as a function of 

network density. The standard OLSR generates more overhead 

followed by OLSR and OLSR-Med +. It is noted that the 

division of nodes into groups by our K-Medoids algorithm and 

also by its refinement proposed, allow a significant reduction in 

the controls messages broadcasted, especially when the 

network becomes denser. Hence, this can minimizes the use of 

the bandwidth and so ensure other protocol performance. 

 

 
Figure 10. Control Traffic Overhead 

 

The traditional of K-Medoids clustering method generates 

clusters based on a random initialization selection of clusters 

and their initial medoid. In some cases, this may generate the 

clusters that are not optimal, either by stability or complexity. 

The Fig 11 shows the result of our approach (K-medoid+) to 

start the initial choice of k clusters and their initial medoid. It 

allows minimizing and stabilizing the generation of clusters. 

This refinement can improve the QoS of routing protocol in 

terms of PDR, EED and overhead. 

   

 
Figure 11. Generation of clusters by two approaches 

 

 

CONCLUSION 

In this paper we have shown through simulations that the 

standard OLSR is traditional and cannot guarantee high levels 

of quality of service in MANETs. Hence, the need to adopt and 

implement other technique in OLSR standard algorithm. In 

order to reduce the routing information costs, we have used the 

clustering method to group nodes in several clusters. In this 
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paper, we have implemented in OLSR protocol the K-Medoids 

method to generate clusters. Then, we have refined this method 

to create more stable clusters. The results show that the 

proposed method for OLSR Medoid+ protocol boosts 

performance and stability in the QoS of MANETs, compared 

with the traditional medoid algorithm implemented in OLSR 

and their standard version. In future work, we will plan a 

technique that can improve the K-Medoids clustering 

algorithm, using the criterion of mobility and energy of nodes 

to select the cluster head. 
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