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Abstract 
 

               A primary callenge of MANET is to design an effective routing algorithm 

than can adapt its behaviour to frequent and rapid changes nature of the network 

topology to have a shortest path between sources and destinations with low 

overhead and delay. Ant routing concept is a new scheme for routing inspired by 

the behavior of real ants. Real ants  are able to find the shortest path to a food 

source by following the trail of a chemical  substance called pheromone deposited 

by other ants. This thesis presents a novel scheme for MANET routing protocol 

called Intelligent Ant sense for mobile ad hoc routing protocol (INTANTSENSE). 

It utilizes a behavoiur studies of “ants” in nature known as ant colony optimization 

to perform optimal routing activities. By combining the capability of reactive 

routing with distributed and multipath routing mechanism also uses the ring search 

model, Intelligent Ant Sense protocol displays a satisfactory performances; optimal 

path routing, fast route discovery and effective routing failure handling.  

 

             This thesis study  the intelligent ant sense protocol across a personal area 

network with IEEE 802.15.4 WPAN. The intelligent ant sense protocol written and 

compiled to network simulator NS-2 to have the performance and compared with 

AODV protocol. Then, a performance comparison has been done under conditions 

of  speed , mobility and number of nodes . Results show that the intelligent ant 

sense protocol ensure lower overhead and delay than AODV protocol with high 

packet delivered ratio but give low throughput and slightly high data loss.  
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المستخلص 
 

ِٓ أُ٘ اٌح ذ٠ ت اٌحٟ جٛا ة ش ى ت اٌّٛ  ٠ً رات اٌحٕظ١ُ اٌزاجٟ ٟ٘ إ٠ج د خٛاسص١ِة جٛ ١ة                 

ِٕ س ة ٌٙ  اٌمذس  ػٍٟ ض ظ سٍٛوٙ  ٚرٌه ػٍٟ حس  ط ١ؼة اٌح ١ش اٌّسحّش ٚاٌسش٠غ فٟ  ١ٕة ٘زا إٌٛع ِٓ 

ِشسٍة ٚالأ ٙض  اٌّسحم ٍة ِغ إِى ١ٔة جم١ًٍ اٌض ظ اٌل ى ت لإ٠ج د ألصش ٚأسشع اٌّس سات  ١ٓ الأ ٙض  اي

. ػٍٟ اٌل ىة ٚوزٌه جم١ًٍ اٌحأخ١ش ػٕذ أٔل ء اٌّس سات  ١ٓ ٘ز  ا  ٙض 

ِفَٙٛ ِس س إًٌّ ٘ٛ ٔٛع  ذ٠ذ ِٓ طشق اٌحٛ ١ة أخزت ِٓ دساس ت ػٍٟ سٍٛن إًٌّ فٟ                 

ي ٌة اٌمذس  ػٍٟ أٔل ء ألصش اٌّس سات ػٕذ اٌح شن اٌٟ ٔجذ أْ إٌُ ِٓ خلاي ٘ز  اٌذساس ت. ١ حة اٌ م١م١ة 

ِٕ مة اٌ ؼ َ ٚرٌه  ئج  ع اٌّس س إٌ جج ِٓ ٚ ٛد ِ دٖ و١ّ١ ئ١ة ف١ة جسّٟ   ٌف١شِْٛ ٚاٌحٟ جٛضغ  ٛاس ة 

 ذ٠ذ  ٚفش٠ذ  ِٓ ٔٛػٙ  ٌؼًّ اٌحٛ ١ة فٟ   ٘ز  ا طشٚحة جمذَ طش٠ك. إًٌّ ػٕذ حشوحٙ  فٟ ٘زا اٌّس س

٠سحخذَ ٘زا . ٌحٕظ١ُ اٌزاجٟ ٚ٘ٛ  شٚجٛوٛي جٛ ١ة ٠سّٟ   شٚجٛوٛي اٌح سس اٌزوٟ ًٌٍّٕ اٌل ى ت رات ا

ي ٌؼًّ أفضً ٌُٕاٌ شٚجٛوٛي دساسة سٍٛن إًٌّ فٟ  ١ حٙ  اٌحٟ جؼشف   ٌذساسة اٌّثٍٟ ٌسٍٛن ِسحؼّش  ا

 ٌ ٛ ة ٌلإجص يِٚغ دِج وً ِٓ طش٠مة إسحخذاَ اٌحٛ ١ة ػٕذ ا, جٛ ١ة ٌٍ ١ ٔ ت فٟ ٘زا إٌٛع ِٓ اٌل ى ت 

ٔجذ , اٌ  د اٌ ٍمٟ ٌٍّس س   ػذد ِٓ ِس سات اٌحٛ ١ة ِغ إسحخذاَ خٛاسص١ِة طش٠كجٛفش أ١ٌةٚ ٛد ٚوزٌه 

ٌحص ١ح اٌّس س اء ٚأسشع ِس س ٚوزٌه أفضً طش٠مة دأأْ  شٚجٛوٛي اٌح سس اٌزوٟ ًٌٍّٕ ٠ؼ ٟ أفضً 

. ػٕذ حذٚخ خ  ء ف١ة 

 شٚجٛوٛي اٌح سس اٌزوٟ ًٌٍّٕ وح  ١ك فٟ ش ى ت جؼشف  فٟ ٘ز  ا طشٚحة جُ دساسة                

جُ وح  ة خٛاسص١ِة اٌ شٚجٛوٛي ٚجش ّحٙ  ػٍٟ  شٔ ِج ِ  وٟ اٌل ى ت .   ٌل ى ت رات إٌّ طك اٌخ صة 

جّث ػ١ٍّة اٌّ  و   ٚدساسة ا داء ج ث ػذد ِٓ  ٚ  ٌّم سٔة ِغ  شٚجٛوٛي اٌحٕظ١ُ اٌزاجٟ ػٕذ اٌ ٛ ة

 , ِٓ إٌح ئج اٌّح صً ػ١ٍٙ  .ٚو١ّة اٌح شن ٚػذد ا  ٙض  اٌّسحخذِة فٟ اٌل ىة اٌسشػة, اٌ   ت ٟٚ٘ 

 ٔجذ أْ  شٚجٛوٛي اٌح سس اٌزوٟ ًٌٍّٕ   ٌّم سٔة ِغ  شٚجٛوٛي اٌحٕ ١ُ اٌزاجٟ ػٕذ اٌ ٛ ة ٠ؼ ٟ ألً ض ظ

ِؼٍِٛ ت ِٓ ػٍٟ اٌل ىة ٚألً جأخ١ش ػٕذ أٔل ء اٌّس س ٌؼًّ ا جص ي وّ  ٠ضّٓ ٔس ة ػ ١ٌة ٌٕمً اي ٚجضخُ

اٌّشسً اٌٟ اٌّسحم ً ِغ ٔمص ْ فٟ أٔح  ١ة اٌل ىة ٚوزٌه ص٠ د   س١ ة فٟ و١ّة اٌ ١ ٔ ت اٌحٟ ٠حُ فمذ٘  ػٕذ 

. أسحؼّ ي ٘زا اٌ شٚجٛوٛي 

 



 
 

     VI                                                                          
 

List of Tables 

 

Table 

No 

Title Page 

2.1 DSDV Routing Table of H4 Node. 10 

2.2 AODV Route Request (RREQ) Contents. 18 

2.3 AODV Route Reply (RREP) Contents. 18 

3.1 Routing table of next hop neighbor nodes. 37 

3.2 AODV, Intelligent Ant sense theoretical comparison. 42 

4.1 Simulation TCL file environment. 50 

4.2 Pause time scenario with 15 nodes Output simulated Data. 77 

4.3 Pause time scenario with 25 nodes Output simulated Data. 78 

4.4 Speed scenario with 15 nodes Output simulated Data. 79 

4.5 Speed scenario with 25 nodes Output simulated Data. 80 

 

 

 

 

 

 

 

 



 
 

     VII                                                                          
 

List of Figures 

 

Figure 

No 

Title page 

2.1 DSDV Network Topology. 10 

2.2 AODV route discovery. 17 

2.3 AODV HELLO Message. 19 

2.4 AODV Route Error Request. 19 

3.1 Ant Colony behavior. 27 

3.2 Shortest path taken by the Ants. 28 

3.3 Pheromone value for every hop. 30 

3.4 Intelligent Ant sense route discovery. 32 

3.5 Ring Search Model 33 

3.6 Forward ant discarded through loop. 35 

3.7 Process of High pheromone Value Selection. 36 

3.8 Intelligent Ant sense failure handling Process. 39 

3.9 Intelligent ant sense sending forward ant. 40 



 
 

     VIII                                                                          
 

3.10 Intelligent ant sense receiving forward ant. 41 

3.11 Intelligent ant sense route establishment reply. 42 

3.12 Intelligent ant sense pheromone evaporation and enforcement. 43 

3.13 Intelligent ant sense sending route update (Destination Site). 43 

3.14 Intelligent Ant sense Receiving Route Update (Source Site). 44 

3.15 Intelligent Ant sense multipath route ( source side) . 44 

4.1 Network Simulator environment. 48 

4.2 Development Work Flow. 48 

4.3 Network environment with 15 nodes. 54 

4.4 Network environment with 25 nodes. 55 

4.5 Pause time versus throughput at 15 nodes. 57 

4.6 Pause time versus overhead at 15 nodes. 58 

4.7 Pause time versus packet delivered ratio at 15 nodes. 59 

4.8 Pause time versus end to end delay at 15 nodes. 60 

4.9 Pause time versus data loss at 15 nodes. 61 



 
 

     IX                                                                          
 

4.10 Pause time versus throughput at 25 nodes. 62 

4.11 Pause time versus overhead at 25 nodes. 63 

4.12 Pause time versus packet delivered ratio at 25 nodes. 64 

4.13 Pause time versus end to end delay at 25 nodes. 65 

4.14 Pause time versus data loss at 25 nodes. 66 

4.15 Speed versus throughput at 15 nodes. 67 

4.16 Speed versus overhead at 15 nodes. 68 

4.17 Speed versus packet delivered ratio at 15 nodes. 69 

4.18 Speed versus end to end delay at 15 nodes. 70 

4.19 Speed versus data loss at 15 nodes. 71 

4.20 Speed versus throughput at 25 nodes. 72 

4.21 Speed versus overhead at 25 nodes. 73 

4.22 Speed versus packet delivered ratio at 25 nodes. 74 

4.23 Speed versus end to end delay at 25 nodes. 75 

4.24 Speed versus data loss at 25 nodes. 76 

 



 
 

     X                                                                          
 

Terminology 

ACO Ant Colony Optimization. 

AODV Ad-hoc on demand Distance Vector Routing Protocol. 

CBR Constant Bit Rate. 

DSDV Destination sequenced distance Vector Routing Protocol. 

DSR Dynamic Source Routing Protocol. 

ID Identification. 

IEEE Institute of Electrical and Electronics Engineers. 

IETF Internet Engineering Task Force. 

LAN Local Area Network. 

MANET Mobile Ad-hoc Network. 

NAM Network Animator Tool. 

PDR Packet Delivered Ratio. 

RREQ Route Request. 

RREP Route Reply. 

RERR Route Error. 

TCL Tool Command Language. 

TTL Time to Live. 

UDP User Datagram Protocol. 

WLAN Wireless Local Area Network. 

Wi-Fi Wireless Fidelity. 

WPAN Wireless personal Area Network. 

 

 

 

http://en.wikipedia.org/wiki/Institute_of_Electrical_and_Electronics_Engineers


 
 

     XI                                                                          
 

Table of Contents 

 

............................................................................................................................. الاية ... I 

Dedication............................................................................................................ ........ II 

Acknowledgement…………………………………………………………………. III 

Abstract……………..……………………………………………………………… IV 

 V ..…………………..…………………………………….…………………...المستخلص

List of Tables……………………………………………………………………….. VI 

List of Figures……………………………………………………………..……….. VII 

Terminology………………………………………………………………………… X 

 

CHAPTER ONE               

Introduction 

 

1.1 Introduction ………………………………………………………................ 1 

1.2 MANET Application ……………………………………………………….. 3 

1.3 Problem Description ………………………………………………………… 4 

1.4 Objectives ………………………………………………….………………… 4 

1.5 Thesis Organization ……………………………………………….…........... 5 

2.1  

CHAPTER TWO  

         Mobile Ad-hoc Routing Protocols 

 

2.1 Introduction ……………………………..…………………………………... 6 

2.2 Routing Classifications ……………………………………………………… 6 



 
 

     XII                                                                          
 

2.2.1 Proactive Routing Protocols …………………………………………... 6 

2.2.2 Reactive Routing Protocols ………………………………………….... 7 

2.3 MANET Routing Protocols …………………………………………............ 8 

2.3.1 DSDV Routing Protocol ………………………………………………. 8 

2.3.1.1 DSDV Advantages …………………………………………………. 11 

2.3.1.2 DSDV Disadvantages ……………………………………………… 11 

2.3.2 DSR Routing Protocol …………………………………………............. 12 

2.3.2.1 DSR Routing Discovery …………………………………………… 13 

2.3.2.2 DSR Routing Maintenance ……………………………………….. 14 

2.3.2.3 DSR Advantages …………………………………………………… 15 

2.3.2.4 DSR Disadvantages ………………………………………………... 15 

2.3.3 AODV Routing Protocol ………………………………………............. 15 

2.3.3.1 AODV Routing Discovery ………………………………………… 16 

2.3.3.2 AODV Routing Maintenance ……………………………………... 18 

2.3.3.3 AODV Failure Handling ………………………………………….. 20 

2.3.3.4 AODV Advantages ………………………………………………… 20 

2.3.3.5 AODV Disadvantages ……………………………………………... 21 

2.4 DSDV, DSR and AODV Comparison ……………………………………… 21 

2.4.1.1 Packet Delivered Ratio (PDR)…………………………………… 22 

2.4.1.2 Routing Overhead……………………………………………….. 22 

2.4.1.3 End to End Delay…………………………………………………. 23 

2.4.1.4 Performance comparison………………………………………… 23 



 
 

     XIII                                                                          
 

2.5 Summary …………………………………………………………….............. 23 

 

CHAPTER THREE 

3.1 Intelligent Mobile Ad hoc Routing Protocol 

 

3.1 Introduction …………………………………………………………............. 25 

3.2 Ant Colony Optimization …………………………………………………… 26 

3.3 Principles of Ant Colony Based Algorithm ……………………………….. 27 

3.3.1 Random and Rapid Search …………………………............................. 27 

3.3.2 Stigmery ………………………………………………………………… 27 

3.3.3 Shortest Path …………………………………………………………… 28 

3.4 Intelligent MANET Protocol ……………………………………………….. 29 

3.4.1 Intelligent Ant sense Routing Discovery ………………………............ 32 

3.4.1.1 Ring Search Model…………………………………………………. 33 

3.4.1.2 Third Party Reply Model …………………………………………. 34 

3.4.1.3 Loop Prevention …………………………….……………………... 35 

3.4.1.4 Multipath Routing ………………………………………………..... 35 

3.4.2 Intelligent Ant sense Routing Maintenance ………………………….. 36 

3.4.3 Intelligent Ant sense Routing Failure Handling ……………………... 38 

3.4.4 Intelligent Ant sense Flow Charts …………………………………….. 39 

3.4.4.1  Routing Discovery Flow Chart ……………………………............. 40 

3.4.4.2 Route maintenance Flow Chart ……………………………........... 43 

3.4.4.3 Route Failure handling Flow Chart ……………………………… 44 

3.5 Theoretical AODV Intelligent Ant sense Comparison ……………………. 45 



 
 

     XIV                                                                          
 

3.6 Summary …………………………………………………………….............. 46 

  

CHAPTER FOUR 

4.1 Simulation Description and Results 

 

4.1 Introduction …………………………………………………………............. 47 

4.2 Network simulator 2 (NS-2)............................................................................. 47 

4.2.1 Network Animator Tool (NAM)………………………………………. 49 

4.2.2 Trace Graph ……………………………………………………............. 49 

4.3 Intelligent Ant sense Simulation Implementation………………………. 49 

4.4  Intelligent Ant sense Simulation scenarios………………….…………… 50 

4.5  Intelligent Ant sense Simulation performance metrics………………........ 51 

4.6  Performance Analysis ………………………………..……………………. 53 

4.6.1 Simulation environment………………………………………...……… 53 

4.6.2 Results and Discussion ………………..……………………………….. 56 

4.6.2.1 Scenario 1 ………………………………………..…….................. 56 

4.6.2.2 Scenario 2………………………………..…………....................... 62 

4.6.2.3 Scenario 3…………………………………………………………. 66 

4.6.2.4 Scenario 4…………………………………………………………. 72 

4.7 Pause time scenario output simulated data ………………………………... 77 

4.8 Speed scenario output simulated data……………………………………… 79 

4.9 Summary …………………………………………………….......................... 81 

 

CHAPTER FIVE 

5.1 Conclusion and Future Work 

 



 
 

     XV                                                                          
 

5.1 Conclusion …………………………………………………………………..... 84 

5.2 Future Work …………………………………................................................. 85 

References and Appendix  

References …………………………………………………………………………... 86 

Appendix A: Tcl/Tk Implementation Code for NS Simulator…………………... A.1 

 

 


