
Contents

page
Abstract v
Acknowledgments vii
Contents ix
List of Figures xi
List of Tables xiii
List of Symbols xv
List of Abbreviations xvi

List of Symbols xv

List of Abbreviations xvii

Chapter 1: Introduction 1
1.1 Motivation 1
1.2 Problem Formulation 2
1.3 Contributions 2

Chapter 2: Signal Model and Literature Survey 5
2.1 Signal Model 5

2.1.1 AWGN Signal Model 5
2.1.2 Signal in Fading channel 6
2.1.3 Signal model for Gaussian Mixture Model 7

2.2 Existing Classifiers 7
2.2.1 Likelihood-based Classifiers 8
2.2.2 Feature Based Classification 10

2.3 Machine Learning based classifiers 13

Chapter 3: Extraction of Constellation Signature 15
3.1 Introduction 15
3.2 Constellation Extraction 15

3.2.1 Carrier Frequency Estimation 17
3.2.2 Carrier Frequency Offset Estimation and Correction 18

3.3 Symbol Rate Estimation 20
3.3.1 Symbol rate estimation based on complex envelope 20
3.3.2 Symbol rate estimation based on instantaneous phase 21
3.3.3 Symbol time offset estimation 22
3.3.4 Phase offset estimation 22

Chapter 4: Clustering Analysis of Constellation Signature 27
4.1 Introduction 27
4.2 Clustering Algorithms 27

4.2.1 Ordering points to investigate the clustering structure (OPTICS) 27
4.2.2 k-means Clustering 28

4.3 Estimation of Modulation Order 28
4.4 Estimation of Modulation Domain 29
4.5 Results 32

4.5.1 Proposed Classifier 32
4.5.2 Comparison to related work 33

Chapter 5: Modulation classification through k-medoids clustering 35
5.1 Introduction 35
5.2 Classification using k medoids and similarity score 35

5.2.1 k medoids clustering algorithm 35
5.2.2 Simulation results 37
5.2.3 Comparison to related work 37

5.3 Classification using k medoids and instantaneous phase in flat fading channel 38
5.3.1 Modulation Domain Identification 38
5.3.2 Phase offset estimation 39

ix



5.3.3 Modulation Scheme Estimation 39
5.4 Results and Discussion 41

Chapter 6: Modulation classification through local density of constellation 45
6.1 Introduction 45
6.2 Signal and SystemModel 45
6.3 Modulation Domain Estimation 47
6.4 Modulation Order Estimation 48

6.4.1 Phase Offset Estimation and Correction 48
6.4.2 Calculation of reference radius 48

6.5 Results 50
6.5.1 Proposed Classifier 51
6.5.2 Comparison to related work 53

Chapter 7: Implementation of Modulation classifier over software defined radio 55
7.1 Introduction 55
7.2 LabVIEW FlexRIO Software Communication Architecture 55
7.3 FPGA elements used 56

7.3.1 First In First Out (FIFO) 56
7.3.2 Memory elements 57
7.3.3 Flat Sequence 57
7.3.4 Single-Cycle Timed Loops (SCTL) 57

7.4 Extraction of constellation points 59
7.5 Estimation of order of modulation 60
7.6 Modulation domain estimation 61
7.7 FPGA Implementation of the AMC Algorithm 61
7.8 LabVIEW FlexRIO architecture 62

7.8.1 Hardware realization of AMC algorithm 62
7.9 Results and discussions 65

7.9.1 Experimental outcomes 65
7.9.2 Comparison with other classifiers 68

Chapter 8: Conclusion and Future Scope 71
8.1 Parameter Estimation 71
8.2 Modulation Classification Algorithm 71

References 75

x


