
Feature Extraction of Real-World Traces Using K
Means Clustering In OppNet
Rahul Johari  (  rahuljohari@hotmail.com )

Guru Gobind Singh Indraprastha University https://orcid.org/0000-0002-7675-8550
Tanvi Gautam 

Guru Gobind Singh Indraprastha University

Research

Keywords: Adhoc Network, Delay Tolerant Network, Intermittent Networks, Mobile Adhoc Network (MAN),
Mobility Models, Opportunistic Networks (OppNet)

Posted Date: October 11th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-915827/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-915827/v1
mailto:rahuljohari@hotmail.com
https://orcid.org/0000-0002-7675-8550
https://doi.org/10.21203/rs.3.rs-915827/v1
https://creativecommons.org/licenses/by/4.0/


RAHUL JOHARI ET AL 1 

 

 

ARTICLE TYPE 

Feature Extraction of real-world traces using K means clustering in 

OppNet 

Rahul Johari*1 | Tanvi Gautam2
 

1University School of Information and 
Communication Technology, GGS 
Indraprastha University, New Delhi, 
India 

2University School of Information and 
Communication Technology, GGS 
Indraprastha University, New Delhi, 
India 

Correspondence 

*Rahul Johari, GGSIPU.  

Email: rahul@ipu.ac.in  

Present Address 

Present address 

 

 

 

1 INTRODUCTION 
Natural calamities such as cyclone, earthquakes, hurricanes, volcano eruption, flood etc. are nothing but a consequence of bad 

climate, global warming and several other reasons due to which several human activities has been affected such as 

communication gets crippled, network infrastructure breakdown, emotional and physical health problems, danger of death or 

physical harm, road destruction etc. One of the main functional paradigm is communication in such scenarios for making the 

necessity things possible to tackle with such situations like calling of an ambulance, making communication establishment feasible 

remotely, deployment of communication infrastructure, construction of network topology etc. hence under former mentioned 

situations wherein services such as WLL, CDMS, GSM,PSTN and so on has been disable or becomes non – functional, a network 

concept has been proposed by researchers called as Delay Tolerant Network (DTN). 

DTN is nothing but a subclass of Wireless Area Network (WAN) which possess characteristic like; sparse network, store – carry – 

forward mechanism, dynamic network topology, mobile nodes, infrequent network contact time. situations likewise wherein 

nodes need to establish communication when frequent network breakdown has been occurred due to any reasons like natural 

calamities then DTN application has become invulnerable, then Opportunistic Network (OppNet) plays an important role. OppNet 

is an extension of DTN which possess all inherited characteristics of DTN in addition also; intermittent connectivity, store – carry 

– forward routing mechanism, applicable in disaster and emergency situations. But due to the following mentioned reasons 

certain times application of DTN becomes less tolerant as: 

- Whenever there is a need of frequent network construction to establish communication path between source and 

destination as soon as they came into communication range such as called as an intermittent connection.  

- During a routing if a node carrying a message packet in an intermittent connectivity due to mobile nature of node it 

becomes out of communication range with the communicating node, then application of DTN becomes failure. 

- In an emergency situation there is a frequent need of communication establishment with the node which is in a 

communication range of another node then construction of dynamic network is required. 

- Nodes need to store a message packet till it further comes into communication range with another node therefore 

application of store – carry – forward routing mechanism in essential resulting in an effective routing mechanism.  

But in scenario when a node doesn’t have sufficient space to store a message longer and withstand in an intermittent dynamic 
network connectivity application of DTN also becomes obsolete. Many researchers focused nowadays in OppNet because of node 

intermittent connectivity. In scenario where a node storage capacity of a message packet is less, scalability of a node in an 

environment where multiple participating nodes perform routing mechanism therein took a long time for connectivity and 

message routing. Security and high node mobility yet again a concern for connectivity of OppNet. Also, nodes establish an 

intermittent connectivity with each other as soon as node finds a node in a communication range with another node. 

The main contribution of this work conducted are mentioned below: 

Abstract 

Natural calamities leave people helpless by arising several situations such as network breakdown, 

zero communication, intermittent connectivity, dynamic network topology. In such situation an 

application of dynamic and intermittent routing scheme is essential to make further communication 

possible during likewise scenarios. An application of TCP/IP becomes futile in mentioned 

circumstances as it best works for static nodes and pre-defined network topology wherein source 

and destination nodes are first establishing the communication link with each other. An alternative 

measure of such hitches is to encounter an application of DTN 

 protocol which possess all characteristics to withstand in such scenarios such as; dynamic network 

topology, intermittent connectivity, frequent path breaks, store – carry – forward fashion. In this 

paper we did thorough investigation of forest fire dataset (Uttarakhand) after exploring its 

implementation in ONE with Epidemic, Prophet, Spray and Wait, HBPR, GAER respectively. An 

extensive and thorough investigation for real world traces implementation has been done with 

OppNet routing protocols against mobility models namely; Shortest path map – based, Random 

Direction, Random Walk, Random Waypoint, Cluster Movement respectively for network 

performance metrics namely packet delivery ratio, packet overhead ratio and average latency ratio 

respectively with the application of K means clustering machine learning algorithm. With the help 

of this analysis, we explore the real-world traces characteristics and study the areas on which 

network performance can be improved. 
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i. Features identification: A machine learning algorithm has been used for studying the features of real-world mobility 

traces through study of network performance metrics such as packet delivery ratio, packet overhead ratio and 

average latency ratio respectively. 

ii. Model used for feature identification: K means clustering based machine learning algorithm has been used which 

is a type of an unsupervised algorithm. It is a popular data analysis algorithm which has been used for making the 

best feature identification of the real-world traces.  

iii. Evaluation functions: The feature identification of best machine learning model has been chosen on basis of 

network performance metrics.   

Furthermore, this research paper has been formulated as follows:  

- Section 1 gives an introduction of OppNet followed by the OppNet characteristics with inherited features of DTN and 

MANET (Mobile Adhoc Network).  

- Section 2 literature survey of a paper explains all the work that has been proposed by researchers in the field of OppNet 

and implementation in a real – life dataset traces under the application of machine learning algorithms.  

- Section 3, explains the experimental work that has been conducted of real- world mobility trace (Uttarakhand wild – life 

forest fire dataset) under mobility models namely; Shortest path map – based, Random Direction, Random Walk, 

Random Waypoint and Cluster Movement respectively against the existing routing protocols namely Epidemic, Prophet, 

Spray and Wait, HBPR and GAER respectively in ONE simulator.  

- Section 4 explains the observations and result analysis that has been presented for the three network performance 

metrics as: average packet delivery ratio, average latency ratio and average packet overhead ratio respectively.  

- Section 5 presents the future work and conclusion section which presents all the features that has been extracted after 

application of K – means and on the basis of which we all explore the research areas on which respective OppNet routing 

protocol performance can be improved.  

Method of Experimental analysis: 

Following are the steps with the help of which we can do the implementation: - 

Step1: Importing the real-world traces file into ONE simulator 

Step2: Writing a program for converting the real-world traces file into (.wkt) format that are compatible within ONE simulator, if 

not in a format as compatible with ONE. 

Step3: Extending each respective routing protocol file with the help of extending class concept used in java. 

Step4:  Exporting a perl script file “BonnMotion converter” for making a conversion of mobility traces with ONE compatible 
BonnMotion form. 

Step5: Noting a reading of the result generated in report folder using “extending concept of java” for respective parameter. 
Step6: Again, importing a file for “reinforcement learning, K – means, KNN (K nearest neighbors)” machine learning algorithms 
respectively. 

Step 7: Noting a reading of the result generated in report folder using “extending concept of java” for respective parameter.  
Step 8: Creating a graph and table for performing the comparative evaluation. 

2 LITERATURS SURVEY 

 

The main principle of DTN [1] is store – carry – forward fashion mechanism which makes the communication possible among 

intermittent networks which states that if a packet stores a message packet till it encounter a destination node which is in 

communication range of neighbouring node. In a network architecture former routing scheme is possible in the Bundle layer [2] 

of a network layer which is present between the application and network layer. An instance wherein node encounter another 

node which is a range of another node and it start forwarding a message packet till its deliver to the destination and continue to 

follow this routing scheme till the node is in communication range of another node, this principle is called as an intermittent 

connectivity which is nothing but an extension of DTN called as an OppNet [3].  Many researchers [4] [5] [6] [7] [8] [9] [10] 

conclude the following research areas wherein the performance of OppNet can be improve and optimized by applying few 

algorithms of machine learning, artificial intelligence, IoT: 

- Scalability metric of a node [11]: “Scalability” can be defined as a factor imposed on the node extensibility that is node 
able to perform a multiple functions such as message forwarding, storage of a message packet, maintaining a routing 

table and so on without any hitches. The data dissemination needs to be taken place in an efficient way so as to make 

services available in a reliable and efficient form to all participants.  

- High resource constraint of a node [6]: It can be observed that a node is able to store a message packet till it encounter 

another node which is in a communication range of another node to make an effective routing mechanism possible. Due 

to which a node requires high network resource constraints such as buffer usage, maintenance of a routing table, 

handling flow and congestion control in a network, power consumption and so on.   

- Intermittent connectivity and store – carry – forward routing scheme [7]: Intermittent connectivity is nothing but a type 

of a sparse network wherein a node forms a network as soon it encounters another node which is in a communication 
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range of another network. A network that has been formed intermittently called as a dynamic network construction 

wherein a node has been formed with the participation of a mobile nodes and nodes signaling for a network range.  

- Congestion level of a node [8] 

It can be concluded that optimization of a network resources is an essential criterion for making the high usage of OppNet routing 

protocols in a real-life scenario. For making the routing mechanism efficient most important criteria in mind of a source node is 

packet delivery at the destination node.  

In [12] Deepak et. al. proposed routing scheme kROp, which primarily works on the dynamically available network features for 

the selection of a node that is potentially good for packet routing over a network. This scheme incurs a good packet delivery ratio 

but somehow poor ratio in comparison with ProWait. Additionally, security issue and energy consumption are being high for this 

scheme which results in less optimized network. For future direction work more unsupervised algorithms can be applied to see 

the best changes incurred by the respective scheme.  

In [13] Dhurandher et.al. proposed a work focused towards the network optimization scheme by determining the rate of success 

of packet delivery ratio of a node through the application of algorithms namely decision tree and neural networks. The proposed 

scheme MLProph which is a novel based routing scheme works on the principle of next hop selection after the delivery probability 

computation using the concept of machine learning and Prophet network performance parameters such as node speed, buffer 

size and contact history. The flaw of this scheme is that the implementation could not be taken place with real world mobility 

traces. 

In [14] Carlos O. Rolim et.al. makes the use of predictive routing agents which works on the principle of determining the future 

values of nodes to make the routing efficient and optimizing the network resources. It basically works on the hypothesis 

information regarding the contextual information of a node which is possible with the help of a multi – staging system wherein 

an agent is assigned to the whole network with a responsibility to determine context values of a node that consist of node future 

values and context information of a node.  

In [15] Shubham et.al. proposed an intelligent routing scheme called “intelligent water drop algorithm” works on an optimization 

routing scheme in which dynamic next hop selection done. The node weights calculation done with the help of IWD algorithm 

wherein a node buffer space, number of message packets delivered, energy levels by applying a transitive function for routing of 

a message packet among dynamic network. This scheme incurs with the flaw of that node needs to recharge after a while to 

improve the packet delivery ratio and for traversing a routing path.  

In [16] works on Ant algorithm which is a heuristic probabilistic routing scheme works on the principle of finding a good and short 

routing path among source and destination node for message packet delivery. In this proposed scheme by researchers, it mainly 

focusses in making the network optimize so as to minimal the network resource consumption.  The advantage of this scheme is 

that it incurs less resource consumption ad gives high packet delivery ratio wherein main flaw of scheme is less packet delivery 

ratio and high resource consumption. 

In [17] Xulin et.al. proposed a routing scheme in which the link prediction has been done on the basis of network topology, 

available network resources and node information respectively and framework called as RNN – LP approach. It is a neural 

network-based network link approach in which a vector is obtained that comprises of node present and past contextual 

information using time series analysis. RNN – LP provides better accuracy in terms of delivery and access ratio. In Table 1 we 

present the tabular study of the literature survey that we had conducted.  

 

Table 1. Literature survey 

Paper title Objective Methodology Inference 

parameters 

Pros Cons 

kROp k means 

routing based 

protocol for 

Opportunistic 

networks [12] 

Identification of 

high potential and 

good forwarder 

nodes 

K means clustering 

algorithm 

Hop count, dropped 

messages, delivery 

probability, 

overhead ratio 

Good message 

delivery probability 

and number of hop 

counts are less 

Inclusion of more 

node features. 

Energy consumption 

and security issue not 

taken into account. 

Poor latency ratio. 
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A machine 

learning based 

routing protocol 

for OppNets [13] 

Determining the 

successful delivery 

probability ratio on 

basis of 𝑃𝐿  

Decision tree 

Neural network 

Number of 

dropped/successful 

message delivery 

ratio, overhead 

ratio, hop count, 

buffer space usage 

Good performance 

in comparison with 

Prophet 

No simulation in real 

world traces. 

Use of ML classifiers. 

Towards 

predictive routing 

agents in OppNets 

[14] 

Multi staging agent 

system 

Use of node contextual 

information for routing 

path prediction. 

Message delivery 

Packet overhead 

ratio 

Reasonable 

performance of 

message delivery 

and overhead ratio 

Strategy can be 

proposed for 

reducing the time. 

Nodes needs to get 

recharge timely. 

Neural network-

based routing 

protocol for 

OppNet using 

IWD [15] 

Intelligent routing 

decision using high 

robustness of 

network (IWDNN) 

Intelligent water drop 

optimization 

Delivery ratio, 

average latency, 

overhead ratio, drop 

ratio average buffer 

time vs message 

generation interval 

Superiority in 

respect to message 

delivery ratio 

Verification of 

network robustness. 

Learning rate and 

neural network 

momentum 

parameters left to be 

study. 

Ant Router: An 

efficient routing 

protocol for social 

OppNets [16] 

To increase routing 

efficiency by 

traversing a 

shortest routing 

path availability 

Ant colony optimization 

algorithm 

Number of nodes, 

buffer size, message 

size, message 

generation interval 

Possess practical 

applications. 

Significant 

improvement over 

network 

performance 

metrics. 

Message must reach 

to destination 

through optimal 

routing path only. 

Security and Privacy 

of node not done.  

Link prediction 

approach for 

OppNets based on 

neural networks 

[17] 

Estimation of future 

network link 

availability  

RNN – LP algorithm 

(Recurrent neural 

network link prediction) 

algorithm 

90% high accuracy 

and stability through 

random sampling of 

traces. 

Achieves better 

network link 

prediction 

Better stability and 

accuracy 

Dynamic network 

topology gains high 

overhead ratio. 

 

3 PROBLEM STATEMENT 
Former routing protocols that have been proposed in OppNets are basically limited to message forwarding only not to make the 

routing path optimal, utilizing less network resource consumption and further improvement. In the proposed research work we 

are basically focusing on the objective of feature extraction of the real-world mobility traces on the basis of its implementation 

that has been done under the K means clustering algorithm. The implementation has been presented for the OppNet routing 

protocols; Epidemic, Prophet, Spray and Wait, HBPR and GAER against mobility models namely; Shortest path map based, 

Random Direction, Random Walk, Random Waypoint and Cluster Movement respectively in terms of packet delivery ratio, access 

ratio and overhead ratio respectively. Afterwards, a comparative study has been done for the former objective implementation 

and we listed all numerous solutions on the loophole areas wherein improvement can be done to make the optimal routing and 

less network resource consumption.  

3.1. About the dataset: Uttarakhand has been ranked as a 2nd state of India after Madhya Pradesh in the terms of forest fire 

incidents. In the year 2020, a forest fire incident has been occurred in Uttarakhand in October 1, 2020 and it will continue 

to April 4, 2021 causing a high damage of 1,297.43 hectares of forest, destruction of flora and fauna, death of wild life 

fires and loss of land fertility respectively. Latest study [18] shows that Uttarakhand regions four national parks namely 

Jim Corbett National Park, Govind wildlife sanctuary, Nandadevi forest division and Rajaji tiger reserve are highly prone 

areas for occurring of forest fires. According to National Interagency Fire Centre report Uttarakhand has 45.32% of its 

geographical area under the forest cover that includes snowbound landscapes and alpine pastures as forest total area is 

as high as 71.05%. Within 2005 to 2015, it has been witnessed around 601 incidents of forest fires approximately that 

us 66.39% total damage of wildlife damage (consist of animals and plants both). In our research work following former 

mentioned objectives in which we need to do an investigation study of OppNet existing routing protocols 

implementation in presence of real-world traces [19] of Uttarakhand wildlife sanctuaries and forest areas. Figure 1, 

showing the image trace of wildlife sanctuaries and forest regions covered in Uttarakhand.  
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3.2. Why K means clustering algorithm of machine learning: The purpose of using the existing machine learning algorithm 

in the proposed research work are as follows:  

- Scrutinization of data: In OppNets it has been observed that the hidden part of datasets and identification of patterns 

are not clearly visible with OppNet routing algorithm. Scrutinization can be defined as “Analysis of an unknown data so 

that exploration of areas which are most likely to be group in terms of node movement, node routing path and node 

mobility.  

- Traffic prediction and classification: In OppNet as network possess intermittent connections during routing hence it 

becomes difficult to lookout for the traffic pattern and classification of areas on the basis of participating traffic. With 

the application and implementation of machine learning algorithms [20] it is a necessity to check the traffic pattern on 

basis of existing machine learning algorithms. ‘ 
- Congestion control: Like Epidemic [21] which is a flooding-based routing protocol works on the flooding mechanism by 

routing a message packet to all participating nodes, it ensures 100% message delivery ratio but incurs high amount of 

resource consumption. So as to make the optimal resource utilization among all participating nodes implementation of 

machine learning algorithms becomes mandatory.  

- Security and Fault management: Security and fault management of data during routing in OppNet is a difficult task as 

nodes forwarding a message packet to neighbouring nodes only for the purpose of forwarding a message packet till 

destination node. But detection of a loopholes/malware/bottleneck in traffic is a tedious task. Therefore, application of 

machine learning plays a vital role by applying certain encryption algorithms namely XGBoost or to reduce the depth of 

the data by applying logistic regression model on the dataset. 

 
Figure 1. Uttarakhand wildlife sanctuaries and forest regions 

4 SIMULATION 
In our proposed research work the implementation of work has been done in ONE [22] simulator which is capable of performing 

the functions such as; generating node movement using numerous inbuilt available mobility models, routing of message packet 

among several neighbouring nodes, use of graphical user interface feature (gui) possess functionality of viewing route path, 

message packets movement, node structure and so on. ONE also has one distinguish feature an importing a real-world trace file 

and generating a report on the basis of its implementation using respective routing protocol. As our proposed work 

implementation has been subdivided into two main tasks; primarily an implementation of a real-world traces using Epidemic, 

Prophet, Spray and Wait, HBPR and GAER respectively. Secondly, we did a comparative evaluation in which we compared the 

results of real-world traces with the existing machine learning algorithms namely K – means clustering algorithm and on the basis 

of this evaluation we evaluated areas in which we can improved the factors so as to optimize the routing path and network 

resources in terms of packet delivery ratio, access ratio and packet overhead ratio respectively.  

4.1. Implementation of real-world mobility traces in ONE using routing protocols 

In Section 4.1. we are implementing the real-world traces using existing routing protocols namely Epidemic, Prophet, Spray and 

Wait, HBPR and GAER. Afte conducting the experimental analysis of this implementation we come out an observation in terms 
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of packet delivery ratio, access ratio and packet overhead ratio respectively. On the basis of which we will conduct a comparison 

study on basis of former mentioned network features such as packet delivery ratio, packet overhead ratio and average latency 

ratio respectively. During the implementation of the work, we keep the simulation parameters constants such as number of 

nodes are those which are participating in the simulation process “n=200”, message ttl is the amount of time required to cache 

a queue and keeping it constant at 300ms. An interface is a media through all participating nodes communicate with each other 

such as “Bluetooth” so as to make possible the message forwarding mechanism possible among them. Event is a java class 
which needs to be extended to the chosen routing protocol, here it has been selected as “External Event” file is used for making 

the implementation possible for real world traces only. Report is a java class folder which needs to be imported with the help 

of extending concept of java and it basically comprises of all the status report about the network performance metrics such as 

number of hop counts. The size of message packet has been defined as 50KB – 1MB which is a small segment/whole message 

segment that has been forwarded over the network by a source to its destination. The traffic type that has been selected is 

“pedestrian” only. Number of messages dropped, number of messages generated, number of messages aborted, number of 
messages delivered, number of nodes connected and so on. Movement/Mobility models that have been chosen here are: 

Random Walk, Random Waypoint, Shortest path map based, Map based movement and Cluster movement model respectively. 

Router files that have been imported for router class are Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively. 

Table 2. Default settings of ONE simulator 

Default Setting for ONE 

Simulation connections FALSE 

Type of traffic Only pedestrians 

Number of host group 1 (n=200) 

Msg ttl 300 

Buffer Size 2000M 

Message packet size 50KB - 1MB 

Interface  Simple Broadcast  

Type Bluetooth 

Group speed 0.0,0.0 

Interface transmit range 10m 

Group.okMaps 1 

Event.class External Event 

Report.report MessageStatsReport 

Map based movement "path to be given" 

Group.movementModel Random walk 

random waypoint 

shortest path map based 

map based movement 

cluster movement 

 

 

 

 

Group. Router Epidemic 

Spray & Wait 

Prophet 

HBPR 

GAER 

 

 

 

 

5    RESULT AND DISCUSSION SECTION 
In this Section we are elaborating the result that has been generated after conducting the simulation of mentioned real world 

traces in ONE simulator using K means algorithms. The simulation results obtained with the application of routing protocols 

namely Epidemic, Prophet, Spray and Wait, HBPR and GAER against the mobility models namely shortest path – map based, 

Random Walk, Random Direction, Random Waypoint and Cluster Movement respectively. The network parameters whose 

analysis has been done here are; packet delivery ratio, packet overhead ratio and average latency ratio respectively. In Table we 

are also showing the error rate (%) in terms of bottleneck probability for conducting the result analysis. We also calculated the 

ratio of all network parametric using the formula mentioned in Equation 1, 2 and 3 respectively.  

Packet delivery ratio can be defined as transmitting ratio of total number of message packets delivered to the destination to the 

total number of message packets sent from source to destination node.              𝑃𝐷𝑅 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑐𝑘𝑒𝑡𝑠                                                                                                                           (1)  
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Packet overhead ratio is the ratio of total number of bytes generated/consumed by a sender for passing a message packet over 

a secured routing path or the total number of bytes transferred among sender and receiver over a network. Also representing 

the transmission cost of a network routing. It also reflects the amount of resource consumption done during a message packet 

forwarding.  𝑃𝑂𝑅 = 𝑅𝑀 − 𝐷𝑀𝐷𝑀                                                                                                                                 (2)  
Average latency ratio can be defined as total RTT taken by a message packet during a routing that is “a total amount of time taken 

by a message packet for routing a message packet over a network configuration so as to deliver it to the destination and coming 

back to its destination.” The good ratio considered an optimal if it lies between 20ms – 40ms range. Σ𝑖=1𝑛 = 𝑇𝑖𝑚𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑟𝑒𝑐𝑖𝑒𝑣𝑒𝑑 − 𝑇𝑖𝑚𝑒 𝑎𝑡 𝑤ℎ𝑖𝑐ℎ 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑐𝑟𝑒𝑎𝑡𝑒𝑑𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑒𝑠𝑠𝑎𝑔𝑒 𝑟𝑒𝑐𝑒𝑣𝑖𝑒𝑑              (3) 

In Table 3, represents the results generated on the basis of mobility model namely shortest path map-based movement model 

against the routing protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively for the network parameters packet 

delivery, packet overhead and average latency value respectively. In Figure 2, graphical comparative study has been shown 

separately on the basis of routing protocols separately not in a cumulative form. 

 

Table 3. Analysis of K – means using OppNet under Shortest path map-based 

S.No. 
Mobility 

model 

Routing 

protocol 

Packet 

delivery  

Packet 

overhead 

Average 

latency 

Packet 

delivery  

ratio 

Packet 

overhead 

ratio 

Average 

latency 

ratio 

1.        

Shortest 

path map – 

based 

movement 

Epidemic 194 190 141 97% 95% 70.% 

2.        Prophet 183 181 114 91.5% 90.5% 57% 

3.        
Spray and 

wait 188 174 141 

94% 87% 70.5% 

4.        HBPR 164 94 74 82% 37% 37% 

5.        GAER 172 98 58 86% 49% 29% 

 

The following observations can be concluded from Table 3, that: - 

- The packet delivery ratio of Epidemic is highest among all routing protocols which is 97% and lowest is of HBPR which is 

82%. There is a lag of 15% for performance of HBPR in comparison with Epidemic. K means always choose the smallest 

centroid which allocated to all existing clusters as much as possible the lowest value has been assigned to the centroid. 

From the result analysis that is obtained after performing a simulation it can be seen that for shortest path map-based 

mobility model chosen centroid value for Epidemic is small as much as possible during simulation as Epidemic works on 

the principle of flooding mechanism (that is flooding a message packet to all neighbouring nodes). Performance of Spray 

and Wait lags with Epidemic by 3% whereas for Prophet by 5.5%. The order for packet delivery ratio is given as follows:  𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 

- During analysis of packet overhead ratio for K means under shortest path map – based mobility model performance of 

Epidemic again is on peak as in comparison with other routing protocols by 4.5%, 8%, 58%, 46% for Prophet, Spray and 

Wait, GAER, HBPR respectively. It can be concluded from above metrics that performance of HBPR is best in comparison 

with Epidemic, Prophet, Spray and Wait and GAER by 58%, 53.5%,50% and 46% respectively. Overhead ratio also denotes 

the transmission cost of network construction and maintenance, from analysis it can be seen that performance of HBPR 

is good in comparison with Epidemic by 58%. It also shows that overhead ratio of Epidemic is high which shows that for 

maintaining the network it is not a good option. The increasing order of packet overhead ratio has been shown below:  𝐻𝐵𝑃𝑅 > 𝐺𝐴𝐸𝑅 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 

For average latency ratio the transmission rate in shortest path map – based mobility model good performance index rate is given 

by GAER which is a genetic concept-based routing protocol of OppNet. It can also be seen that overhead ratio of GAER is average 

in comparison with HBPR by 8% only. For HBPR it can be seen that performance rate is constant for both overhead ratio and 

average latency ratio but in GAER it can be seen that its overhead ratio ahead by 20% in comparison with its average latency ratio. 

The primarily reason for this difference is due to the mobility model that has been chosen here which always prefer to choose a 

shortest path on the basis of node movement in a network. 
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Figure 2. Analysis of Shortest path map – based  

In Table 4, represents the results generated on the basis of mobility model namely Random Walk mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively. In Figure 3, graphical comparative study has been shown separately on 

the basis of routing protocols separately not in a cumulative form.  

Table 4. Analysis of K – means using OppNet under Random Walk 

S.No. 
Mobility 

model 

Routing 

protocol 

Packet 

delivery  

Packet 

overhead 

Average 

latency 

Packet 

delivery  

ratio 

Packet 

overhead 

ratio 

Average 

latency 

ratio 

1.        

Random 

Walk  

Epidemic 194 190 184 97% 95% 92% 

2.        Prophet 179 182 190 89.5% 91% 95% 

3.        
Spray and 

wait 65 84 41 

32.5% 42% 20.5% 

4.        HBPR 77 98 58 38.5% 49% 29% 

5.        GAER 178 98 133 89% 49% 66.5% 

 

The following observations can be concluded from Table 4, that: - 

- In packet delivery ratio it can be seen that again for Random Walk performance of Epidemic is again 97% as in shortest 

path map – based mobility model whereas Spray and Wait gives a worse performance. The performance of Prophet and 

GAER is almost same and differ only by 0.5% whereas Epidemic performance ahead by 7.5% in comparison with them. 

The performance of HBPR is differ by 6% in comparison with spray and wait routing protocol. The increasing order for 

performance of packet delivery ratio is given by: 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

 

- For packet overhead ratio analysis, performance of spray and wait is best in comparison with Epidemic whereas HBPR 

and GAER performance is almost same 49%. Epidemic performance is worse in comparison with HBPR and GAER by 46% 

whereas Epidemic and Prophet performance is almost same and worse with a difference of 4%. Spray and wait 

performance are best in comparison with HBPR and GAER by 7%. The increasing order of packet overhead ratio is given 

by: 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝐻𝐵𝑃𝑅/𝐺𝐴𝐸𝑅 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 

- Average latency ratio performance is best for Spray and Wait which is also same for packet overhead ratio that is 20.5% 

only. Similarly, performance of HBPR is average in comparison with spray and wait like packet overhead ratio which is 29%. The 

difference of HBPR is 8.5% in comparison with spray and wait which is nearly same like in packet overhead ratio. Here, 

performance of Prophet strike in comparison with Epidemic by a difference of 4% while for GAER it is 66.5% with a difference of 

23.5%. The increasing order of average latency ratio is given by: 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝐻𝐵𝑃𝑅 > 𝐺𝐴𝐸𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 
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Figure 3. Analysis using Random Walk  

 

In Table 5, represents the results generated on the basis of mobility model namely Random Walk mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively. In Figure 4, graphical comparative study has been shown separately on 

the basis of routing protocols separately not in a cumulative form.  

- Using packet delivery ratio metric performance of Prophet is improved and best in comparison with Epidemic by 0.5% 

for Random Direction mobility model. Also, performance of GAER also improved in comparison with Epidemic by 2% 

only. The worse performance has been given by spray and wait and HBPR in comparison with Prophet and GAER by 

{57%,51%}, {56.5%,50.5%} respectively. The increasing order for packet delivery ratio is given by: 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐺𝐴𝐸𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝐻𝐵𝑃𝑅 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

 

Table 5. Analysis of K – means using OppNet under Random Direction 

S.No. 
Mobility 

model 

Routing 

protocol 

Packet 

delivery  

Packet 

overhead 

Average 

latency 

Packet 

delivery  

ratio 

Packet 

overhead 

ratio 

Average 

latency 

ratio 

1.        

Random 

Direction 

Epidemic 198 114 103 99% 57% 51.5% 

2.        Prophet 188 172 192 94% 86% 96% 

3.        
Spray and 

wait 114 148 104 

57% 74% 52% 

4.        HBPR 104 98 85 52% 49% 42.5% 

5.        GAER 48 61 55 24% 30.5% 27.5% 

 

- The packet overhead ratio not only a network performance metric which is used for performance assessment of network 

but also a cost metric. GAER performance is best in comparison with Prophet and Spray and Wait by a difference of 12%, 

26.5% respectively. Worse performance is given by Prophet in comparison with GAER by 55.5%.  The increasing order of 

packet overhead ratio is given by: 𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 

- For average latency ratio, worse performance has been given by Prophet which is same as in Random Walk and best is 

given by GAER with a difference of 24% only. The performance of Epidemic and Spray and Wait is almost same with a 

difference of 0.5% only. The performance ratio for average latency network metric is almost same for HBPR, Spray and 

Wait, Epidemic. The increasing order of average latency ratio is given by:  𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 
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Figure 4. Analysis using Random Direction 

In Table 6, represents the results generated on the basis of mobility model namely Random Waypoint mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively. In Figure 5, graphical comparative study has been shown separately on 

the basis of routing protocols separately not in a cumulative form. 

 

Table 6. Analysis of K – means using OppNet under Random Waypoint 

S.No. 
Mobility 

model 

Routing 

protocol 

Packet 

delivery  

Packet 

overhead 

Average 

latency 

Packet 

delivery  

ratio 

Packet 

overhead 

ratio 

Average 

latency 

ratio 

1.        

Random 

Waypoint 

Epidemic 149 109 114 74.5% 54.5% 57% 

2.        Prophet 141 118 138 70.5% 59% 69% 

3.        
Spray and 

wait 104 147 89 

52% 73.5% 44.5% 

4.        HBPR 174 42 154 87% 21% 77% 

5.        GAER 175 65 14 87.5% 32.5% 7% 

 

- In packet delivery ratio assessment best performance has been given by GAER for random waypoint mobility model 

which is 87.5% while worse performance has been given by spray and wait which is 52%. The performance of HBPR lags 

only by 1% in comparison with GAER while Prophet performance is 70.5% in comparison with Epidemic that lags by 4.5% 

only. The increasing order of packet delivery ratio is given by: 𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

- For packet overhead ratio worse performance has been given by Spray and Wait which is 73.5% while for packet delivery 

ratio worse performance has been given by spray and wait too. Similarly, for HBPR best performance is presented while 

for packet delivery ratio it is just lags only by 1%. Also, for GAER good overhead ratio has been given in comparison with 

HBPR which has been just lags only 8.5%. The increasing order for overhead ratio has been given by: 𝐻𝐵𝑃𝑅 > 𝐺𝐴𝐸𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

- The average latency ratio best performance has been given by GAER which is also given same for packet delivery ratio 

but in case of packet overhead ratio it’s just lags by 8.5% only. HBPR gives the worse performance which is 77% but for 

overhead ratio it gives optimal performance but in this case its value just shoots high at 77%. Similarly for Prophet worse 

performance is given only with a difference of 8% in comparison with HBPR while for Epidemic and Spray and Wait 

almost same performance has been given with a difference of 12.5% only. 𝐺𝐴𝐸𝑅 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐻𝐵𝑃𝑅 
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Figure 5. Analysis using Random Waypoint 

In Table 7, represents the results generated on the basis of mobility model namely Cluster Movement mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively. In Figure 6, graphical comparative study has been shown separately on 

the basis of routing protocols separately not in a cumulative form. 

 

Table 7. Analysis of K – means using OppNet under Cluster Movement 

S.No. 
Mobility 

model 

Routing 

protocol 

Packet 

delivery  

Packet 

overhead 

Average 

latency 

Packet 

delivery  

ratio 

Packet 

overhead 

ratio 

Average 

latency 

ratio 

1.        

Cluster 

Movement 

Epidemic 149 109 114 74.5% 54.5% 57% 

2.        Prophet 141 118 138 70.5% 59% 69% 

3.        
Spray and 

wait 104 147 89 

52% 73.5% 44.5% 

4.        HBPR 174 42 154 87% 21% 77% 

5.        GAER 175 65 14 87.5% 32.5% 7% 

 

- In packet delivery ratio, best performance has been given by GAER which is 87.5% while worse performance ratio is given 

by Spray and Wait which is 52%. The performance ratio of HBPR nearly same to GAER only lags by 0.5% while 

performance ratio of Epidemic and Prophet is only difference with 4% with 74.5% and 70.5% respectively. The worse 

performance has been given by Spray and wait which is 52% only. The increasing order for packet delivery ratio 

performance is given by: 𝐺𝐴𝐸𝑅 > 𝐻𝐵𝑃𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

- The packet overhead ratio is basically denoting the performance assessment for optimal network by conducting an 

analysis in terms of transmission cost, network parameters requirement. Here for cluster movement mobility model 

network routing protocol which gives best performance is HBPR while Spray and wait again gives worse performance for 

the overhead ratio. Performance ratio for GAER is nearly same for HBPR which is 32.5% and lags by 8.5% in comparison 

with it.  The increasing order for performance assessment is given by: 𝐻𝐵𝑃𝑅 > 𝐺𝐴𝐸𝑅 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 

- For average latency ratio, worse performance is given by Prophet which basically works on the delivery predictability 

value while best performance is given by GAER again at 7% which is same in case of Random Waypoint. The performance 

ratio of random waypoint differs only by few percent in comparison with the Cluster Movement mobility model because 

both works on the concept of clusters but random waypoint forms the cluster after the performance assessment. The 

increasing order for average latency value is given by: 

 𝐺𝐴𝐸𝑅 > 𝑆𝑝𝑟𝑎𝑦 𝑎𝑛𝑑 𝑊𝑎𝑖𝑡 > 𝐸𝑝𝑖𝑑𝑒𝑚𝑖𝑐 > 𝑃𝑟𝑜𝑝ℎ𝑒𝑡 > 𝐻𝐵𝑃𝑅 
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Figure 6. Analysis using Cluster Movement 

6    FUTURE WORK AND CONCLUSION 

In this research work we basically focus on the feature extraction of real-world mobility trace (Uttarakhand Forest fire) with the 

help of k means clustering machine learning algorithm that primarily focus on studying the highest prone areas of Uttarakhand 

regions wherein there is a high probability of forest fire occurring on the basis of performance assessment in terms of metrics 

such as packet delivery ratio, overhead ratio and average latency ratio respectively. It can be seen that performance ratio of GAER 

and HBPR is good for the mobility models namely Random waypoint and cluster movement individually while for random 

direction and random walk performance ratio of Epidemic and Prophet is good. For future work we can see the directions for 

working in the development of a routing protocol on the basis of features extracted which can be easily seen in Table 8, can 

propose a good and optimal routing protocol.  

 

Table 8. Conclusion from K means analysis on Uttarakhand Forest fire traces 

Mobility model 

Routing 

protocol 

Packet 

delivery ratio 

Packet 

overhead ratio 

Average latency 

value 

Shortest path 

map based Epidemic Outstanding Worse Nominal 

 Prophet Best Nominal Average 

 

Spray and 

Wait Average Average Worse 

 HBPR Best Outstanding Best 

 GAER Nominal Best Outstanding 

Random Walk Epidemic Outstanding Worse Best 

 Prophet Best Average Worse 

 

Spray and 

Wait Worse Outstanding Outstanding 

 HBPR Nominal Best Good 

 GAER Average Best Nominal 

Random 

Direction Epidemic Outstanding Nominal Nominal 

 Prophet Best Worse Worse 

 

Spray and 

Wait Average Average Average 

 HBPR Nominal Best Best 

 GAER Worse Outstanding Outstanding 
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Random 

Waypoint Epidemic Average Nominal Best 

 Prophet Nominal Average Average 

 

Spray and 

Wait Worse Worse Nominal 

 HBPR Best Outstanding Worse 

 GAER Outstanding Best Outstanding 

Cluster 

Movement Epidemic Average Average Nominal 

 Prophet Nominal Nominal Average 

 

Spray and 

Wait Worse Worse Best 

 HBPR Best Outstanding Worse 

 GAER Outstanding Best Outstanding 
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S.No. Figure No. Figure title Figure description (50words) 

1.  Figure 1 Uttarakhand wildlife sanctuaries 

and forest regions 

Figure 1, representing an image of the Uttarakhand Forest area 

which is the high prone areas of Uttarakhand Forest areas with high 

probability of forest fires disaster occurrence.  

2.  Figure 2 Analysis of Shortest path map – 

based  

Figure 2, represent the results generated on the basis of mobility 

model namely shortest path map-based movement model against 

the routing protocol Epidemic, Prophet, Spray and Wait, HBPR and 

GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively 

3.  Figure 3 Analysis using Random Walk  Figure 3, represent the results generated on the basis of mobility 

model namely Random Walk mobility model against the routing 

protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER 

respectively for the network parameters packet delivery, packet 

overhead and average latency value respectively 

4.  Figure 4 Analysis using Random Direction Figure 4, represent the results generated on the basis of mobility 

model namely Random Walk mobility model against the routing 

protocol Epidemic, Prophet, Spray and Wait, HBPR and GAER 

respectively for the network parameters packet delivery, packet 

overhead and average latency value respectively 

5.  Figure 5 Analysis using Random Waypoint Figure 5, represent the results generated on the basis of mobility 

model namely Random Waypoint mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and 

GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively 
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6.  Figure 6 Analysis using Cluster Movement Figure 6, represent the results generated on the basis of mobility 

model namely Cluster Movement mobility model against the 

routing protocol Epidemic, Prophet, Spray and Wait, HBPR and 

GAER respectively for the network parameters packet delivery, 

packet overhead and average latency value respectively 

 

S.No. Abbreviations Full form 

1.  DTN Delay Tolerant Network 

2.  WAN Wireless Area Network 

3. OppNet Opportunistic Networks 

4. MANET Mobile Adhoc Network 

5. ONE Opportunistic Network Environment 

6. kRoP K means Routing Protocol 
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