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ABSTRACT 

A PROPOSAL OF CONGESTION CONTROL MECHANISMS FOR 
WIRELESS SENSOR NETWORKS  

Asim, Muhammad 
Msc, Computer Engineering 

Advisor: Asst.Prof. Dr.Tuncay Ercan 
January 2018 

Congestion control is one of the critical issues in Wireless Sensor Networks (WSNs). 
It occurs due to high data generation rate and limited capacities of sensor nodes. 
Congestion in a network causes performance degradation because of packet drop, low 
delivery rate and high-energy dissipation. This study presents a new approach to 
control congestion in WSNs by using Vice Cluster Head (VCH). It is proposed for 
cluster-based networks and its significant role is to present an alternate solution when 
there is a congestion or energy dissipation in the Cluster Heads (CHs). It works in two 
phases; setup phase and transmission phase. Setup phase includes; making of clusters 
by dividing the network into grids, selecting CHs and VCHs for each grid, while the 
transmission phase includes; data transmission between member nodes to the CHs and 
from CHs to the Base Station (BS). The proposed protocol is simulated in MATLAB 
and the results show a significant increase in the performance of delivery rate, energy 
consumption and network lifetime in comparison to LEACH and MODLEACH.  

Key Words: wireless sensor network, congestion control, cluster head, vice cluster 
head, centrality, congestion detection, buffer occupancy.





vii 

ÖZ 

KABLOSUZ ALGILAYICI Ç NTROL 
Ö  

Asim, Muhammad 
Yüksek Lisans,  

Yrd.Doç. Dr.Tuncay Ercan 
Ocak 2018 

Kablosuz A  A
Bunun nedeni de herbir sensor 

nak
, KAA.larda

çözme l

alternatif bir çözüm sunm  Bu çözümün iki 
l y

 ö
i 

protokol, ve 

 

Anahtar Kelimeler: k
 





ix 

ACKNOWLEDGEMENTS 

 

 

Muhammad Asim 
18 

 





xi 

TEXT OF OATH 

A PROPOSAL OF 
CONGESTION CONTROL MECHANISMS FOR WIRELESS SENSOR 
NETWORKS plying 
to any assistance inconsistent with scientific ethics and traditions. I declare, to the best 
of my knowledge and belief, that all content and ideas drawn directly or indirectly 
from external sources are indicated in the text and listed in the list of references. 

Muhammad Asim 
Signature 

 
 

January 08, 2018 
 
 
 





xiii 

TABLE OF CONTENTS 
ABSTRACT ............................................................................................................................. v
ÖZ .......................................................................................................................................... vii
ACKNOWLEDGEMENTS .................................................................................................... ix
TEXT OF OATH .................................................................................................................... xi
TABLE OF CONTENTS ...................................................................................................... xiii
LIST OF FIGURES ............................................................................................................. xvii
LIST OF TABLES ................................................................................................................ xix
SYMBOLS AND ABBREVIATIONS ................................................................................. xxi
 CHAPTER 1 INTRODUCTION ............................................................................................ 1

1.1. Thesis Objectives ........................................................................................................... 2
1.2. Order of Thesis ............................................................................................................... 3
1.3. Sensors and Their Architecture ...................................................................................... 4
1.4. Wireless Sensor Networks .............................................................................................. 5
1.5. Congestion in WSN ........................................................................................................ 6

 CHAPTER 2 CONGESTION AND LITERATURE BACKGROUND ................................ 9
2.1. Causes of Congestion ................................................................................................... 10
2.2. Effects of Congestion ................................................................................................... 11
2.3. Communication Patterns in WSN ................................................................................ 12
2.4. Types of Congestion ..................................................................................................... 13

2.4.1. Node Level Congestion ........................................................................................ 13
2.4.2. Link Level Congestion ......................................................................................... 13

2.5. Congestion Mitigation .................................................................................................. 14
2.5.1. Congestion Detection ........................................................................................... 14
2.5.2. Congestion Avoidance ......................................................................................... 15
2.5.3. Congestion Control .............................................................................................. 16
2.5.3.1. Explicit Congestion Notification ....................................................................... 16
2.5.3.2. Implicit Congestion Notification ....................................................................... 16

2.6. Controlling Techniques ................................................................................................ 16
2.6.4. Traffic Control ..................................................................................................... 16



xiv 

2.6.5. Resource Control .................................................................................................. 17
2.6.6. Packet Drop .......................................................................................................... 19

 CHAPTER 3 PROPOSAL VERSUS RELATED WORKS ................................................. 23
3.1. Routing Protocols in WSN ........................................................................................... 23
3.2. Making of Clusters ....................................................................................................... 24
3.3. CH Selection ................................................................................................................. 24

3.3.1. LEACH ................................................................................................................. 25
3.3.2. LEACH-C ............................................................................................................. 26

 .......................................................................... 26
 ............................................................................ 27

 ........................................................................ 29
3.4. VCH Selection .............................................................................................................. 30

...................................................................... 32
 ......................................................................................................... 33

3.5.1. How to Detect Congestion .................................................................................... 34
3.5.2. Proposed Congestion Detection Method .............................................................. 35

 CHAPTER 4 METHODOLOGY .......................................................................................... 37
4.1. Proposed Method .......................................................................................................... 37

4.1.1. Setup Phase ........................................................................................................... 37
4.1.2. Transmission Phase .............................................................................................. 40

4.2. Making of Grids ............................................................................................................ 42
4.3. CH Selection ................................................................................................................. 43

4.3.1. Residual Energy .................................................................................................... 44
4.3.2. Centrality .............................................................................................................. 44

4.4. How Fuzzy Logic Works .............................................................................................. 45
4.5. VCH Selection .............................................................................................................. 46
4.6. Energy Model ............................................................................................................... 47
4.7. Congestion Detection .................................................................................................... 49

 CHAPTER 5 SIMULATION RESULTS .............................................................................. 51
5.1. Simulation Environment ............................................................................................... 51
5.2. Assumptions ................................................................................................................. 52
5.3. Network Lifetime .......................................................................................................... 52



xv 

5.4. Energy Consumption .................................................................................................... 54
5.5. Delivery Ratio .............................................................................................................. 56

 CHAPTER 6 CONCLUSION AND FUTURE WORK ....................................................... 59
REFERENCES ...................................................................................................................... 61





xvii 

LIST OF FIGURES 
Figure 1.1. Architecture of Sensor Nodes ............................................................................... 5
Figure 1.2. Wireless Sensor Network (n.d.) ............................................................................ 6
Figure 2.1. Upstream Traffic .................................................................................................. 9
Figure 2.2. Downstream Traffic ............................................................................................ 10
Figure 2.3. Node Level Congestion ...................................................................................... 13
Figure 2.4. Link Level Congestion ....................................................................................... 14
Figure 3.1. Lifetime of LEACH vs Direct Transmission (Heinzelman et al., 2000) ............ 24
Figure 3.2. Architecture of FLC............................................................................................ 28
Figure 3.3. VCH in a Cluster ................................................................................................ 31
Figure 3.4. CH as an Intermediate Node ............................................................................... 34
Figure 4.1. Grid Based WSN ................................................................................................ 38
Figure 4.2. Flow Chart of Proposed Method ........................................................................ 41
Figure 4.3. Grid Size Calculation ......................................................................................... 43
Figure 4.4. Pseudo Code for CH Selection ........................................................................... 43
Figure 4.5. Membership Functions for Residual Energy ...................................................... 46
Figure 4.6. Membership Functions for Centrality ................................................................. 46
Figure 4.7. Membership Functions for Output Ranks........................................................... 46
Figure 4.8. Pseudo Code for VCH Selection ........................................................................ 47
Figure 4.9. Radio Model for Energy Consumption (Heinzelman et al., 2000) ..................... 48
Figure 5.1. Network Lifetime ............................................................................................... 53
Figure 5.2. Number of Dead Nodes versus Rounds .............................................................. 54
Figure 5.3. Energy Consumption .......................................................................................... 55
Figure 5.4. Energy Consumption versus Rounds .................................................................. 55
Figure 5.5. Packets to CHs .................................................................................................... 56
Figure 5.6. Total Number of Packets to CHs ........................................................................ 57
Figure 5.7. Packets to BS ...................................................................................................... 57



xviii 

Figure 5.8. Total Number of Packets to BS ........................................................................... 58
 



xix 

LIST OF TABLES 
Table 2.1. Energy Consumption Model (Heinzelman et al., 2000; Torres, 2006) ................ 12
Table 2.2. Congestion Control Methods in WSNs ................................................................ 20
Table 3.1. Various Protocols for CH Selection ..................................................................... 29
Table 3.2. Congestion Detection and Control Methods ........................................................ 36
Table 4.1. Division of Nodes, Based on Ranks ..................................................................... 39
Table 4.2. The Rules of FLS ................................................................................................. 45
Table 5.1. Simulation Parameters and Their Values ............................................................. 52
Table 5.2. Number of Dead Nodes versus Rounds ............................................................... 54





xxi 

SYMBOLS AND ABBREVIATIONS 
 

   
   

   
   
   

  
  

   
   

 
 

 
  
  
  





1 
 

CHAPTER 1 
INTRODUCTION 

 

 
 

  
  
  

 



2 
 

 

 

1.1. Thesis Objectives 

 

 



3 
 

 

1.2. Order of Thesis 

 

 

 

 

 
 



4 
 

1.3. Sensors and Their Architecture 

 

 

 

 

 



5 
 

 

 Figure 1.1. Architecture of Sensor Nodes 
1.4. Wireless Sensor Networks  

 



6 
 

 

 

 
Figure 1.2. Wireless Sensor Network (n.d.) 

1.5. Congestion in WSN 

 

 



7 
 

 
  



8 
 

 
  



9  

CHAPTER 2 
CONGESTION AND LITERATURE BACKGROUND 

 

 

 

 
Figure 2.1. Upstream Traffic 

 



10  

 

 
Figure 2.2. Downstream Traffic 

2.1. Causes of Congestion 

 



11  

 

 

2.2. Effects of Congestion 

 



12  

 

Table 2.1. Energy Consumption Model (Heinzelman et al., 2000; Torres, 2006) 
  

 
 

 
 

  

  
  

 

2.3. Communication Patterns in WSN 

 

 

 



13  

 

2.4. Types of Congestion 

 
2.4.1. Node Level Congestion 

 

 
Figure 2.3. Node Level Congestion 

2.4.2. Link Level Congestion 

 



14  

 
Figure 2.4. Link Level Congestion 

2.5. Congestion Mitigation 

 
2.5.1. Congestion Detection 

 



15  

 
2.5.2. Congestion Avoidance 

 

 

 



16  

2.5.3. Congestion Control 

 
2.5.3.1. Explicit Congestion Notification 

 
2.5.3.2. Implicit Congestion Notification 

 

 

2.6. Controlling Techniques 
2.6.4. Traffic Control 



17  

 

 

 

 
2.6.5. Resource Control 



18  

 

 

 



19  

 
1)  
2)  
3)  
2.6.6. Packet Drop 

 

 

 

 



20  

Table 2.2. Congestion Control Methods in WSNs 

      

      

      

 
     

      

  
 

   

      

 
     

 
 
 
 
 
 



21  

Table 2.2 (cont ). Congestion Control Methods in WSNs 

      

 
     

 
 

    

  
    

 





23  

CHAPTER 3 
PROPOSAL VERSUS RELATED WORKS 

3.1. Routing Protocols in WSN 

 

 



24  

 

 
 

3.2. Making of Clusters 

 

3.3. CH Selection 



25  

 
3.3.1. LEACH  

 
1)  
2)  

 

 
 

 
 

 
 

 
 

 



26  

3.3.2. LEACH-C 

 

 

 
3.3.3.  

 
 

 



27  

 
 

 

 

 
3.3.4.  



28  

 

 

 

 

 

 

 
 

 



29  

 

 

 
3.3.5.  

 

 
 

 

Table 3.1. Various Protocols for CH Selection  

     

  
   

     



30  

Table 3.1 (cont ).  Various Protocols for CH Selection  

     

     

     

  
   

     

 
    

     

 

3.4. VCH Selection 

 

 



31  

 
 

 
 

 
 

 
 

 



32  

 

 

 

 

 
3.4.1.  



33  

 

 
1)  
2)  

3.5.  

 



34  

 

 
 

3.5.1. How to Detect Congestion 

 

 

 



35  

 

 

 

 

 
3.5.2. Proposed Congestion Detection Method 

 



36  

 

 

Table 3.2. Congestion Detection and Control Methods 

    

 
 

 
 

  
 

 

   
 

   
 

    

 
 



37  

CHAPTER 4 
METHODOLOGY 

4.1. Proposed Method 

 

 
1)  
2)  

 
4.1.1. Setup Phase 



38  

 

 
 



39  

 

 

Table 4.1. Division of Nodes, Based on Ranks 
     

     

     

     

     

     

     

     

     

     

     

 



40  

4.1.2. Transmission Phase 

 

 

 



41  

 
 



42  

 

4.2. Making of Grids 

 



43  

 
 

 
 

                                (1)  
4.3. CH Selection 

 

 



44  

4.3.1. Residual Energy 

 
 

 

 
4.3.2. Centrality 

 

 

 
    

 
   



45  

4.4. How Fuzzy Logic Works 

 

 
  
  
  

Table 4.2. The Rules of FLS 
   

   

   

   

   

   

   

   

   

   

 



46  

 
Figure 4.5. Membership Functions for Residual Energy 

 
Figure 4.6. Membership Functions for Centrality 

 
 

4.5. VCH Selection 



47  

 

 
 

1.  
2.  

 

4.6. Energy Model 

 

   

          



48  

 
     

 
  
  
  
  
  
  
  
  
  

 
 



49  

 

4.7. Congestion Detection 

 

 
    

 

 
 





51  

CHAPTER 5 
SIMULATION RESULTS 

5.1. Simulation Environment 

 

 
 

  
  
  

 



52  

Table 5.1. Simulation Parameters and Their Values 
  

  

  

  

  

  

  

  

  

  

  

 

5.2. Assumptions 
  
  
  
  
  
  
  

5.3. Network Lifetime 



53  

 

 
 

 

 
 



54  

Table 5.2. Number of Dead Nodes versus Rounds 

 
 

   

    

    

    

    

    

 

 
 

5.4. Energy Consumption 



55  

 

 
 

 
 



56  

 

5.5. Delivery Ratio 

 

 

 
 



57  

 

 
 

 

 
 



58  

 

 
 

 



59  

CHAPTER 6 
CONCLUSION AND FUTURE WORK 

 

 

 

 



60  

 

 

 



 

61 

REFERENCES 

 

 

 

 

 

Proceedings of the
 

Proceedings of the
 

 

 

 

 
 



62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



63 
 

 

 

 

 

 

 

 

 

 

 

 

 
 



64 
 

 

 

 

 

 

 

 

 

 

 

 

 



65 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



66 
 

 

 

 




