
 

Table of  Contents 

Chapter 1 Introduction ............................................................................................................ 1 
1.1 Research Motivation and Objective 1 
1.2 DSL Technology 2 
1.3 Subscriber Loop Environment 4 

1.3.1 Twisted-Pair Types 4 
1.3.2 Subscriber Loop Structure 7 

1.4 Local Loop Performance Measure and High-Speed Data Transmission Limitations 
Imposed by Loop Structure 9 

1.5 Organization and Overview 11 

Chapter 2 Local Loops and Their Measurement Setup ....................................................... 12 
2.1 Introduction 12 
2.2 Twisted-Pair Model 13 
2.3 Structural Modeling of a Local Loop 15 
2.4 Modeling of the Local Loop Measurement Setup 16 
2.5 Simulating Local Loop Measurements 20 

2.5.1 TDR Response Measurement 20 
2.5.2 Frequency Response Measurement 23 

2.6 Analysis of a Transmission Line System 23 
2.6.1 Bounce Diagram: Signal Reflection at Discontinuities 23 
2.6.2 System Block Diagram 30 

2.7 Summary 33 

Chapter 3 TDR-Based Identification Approach...................................................................34 
3.1 Introduction 34 
3.2 Iterative Loop Structure Modeling 34 
3.3 TDR Reflection Detection 37 
3.4 Loop Parameter Estimation 42 

3.4.1 Initial Length Estimation 43 
3.4.2 Length Estimate Refinement: Cross-Correlation 46 
3.4.3 Model Candidate Generation and Best Candidate Selection 50 

3.5 Problem with Heavily Overlapping Reflections 55 
3.6 Summary 58 

Chapter 4 Decomposition of Superimposed TDR Reflections............................................60 
4.1 Introduction 60 
4.2 Formulation of Problem 61 
4.3 MODE-WRELAX Algorithm 62 

4.3.1 MODE Algorithm 64 
4.3.2 WRELAX Algorithm 68 
4.3.3 Algorithm Performance on Known Signals 70 

4.4 TDR Reflection Decomposition Using MODE-WRELAX 77 
4.4.1 Methodology 77 

  v 



 Table of Contents 

4.4.2 Decomposition Experiment 78 
4.5 Problem Reformulation — TP Analysis for Dispersion Modeling 86 

4.5.1 Analysis of Reflection Signal Models 86 
4.6 MODE-Type Algorithm 91 

4.6.1 Derivation 91 
4.6.2 Implementation 95 
4.6.3 Algorithm Performance with Known Signal 97 

4.7 Application of Mode-Type Algorithm in TDR Reflection Decomposition 105 
4.8 Summary 106 

Chapter 5 Frequency Response Based Identification Approach....................................... 108 
5.1 Introduction: Transition from the TDR-Based Approach 108 
5.2 Decomposition of TP Loop Frequency Response 109 
5.3 Frequency Domain Iterative Loop Structure Modeling 111 

5.3.1 Reflection Processing Order 112 
5.4 Node Location Estimation (Length Estimation) 113 

5.4.1 Data Pre-Processing 114 
5.4.2 Determination of the Number of Dominant Reflections 116 
5.4.3 Conversion of MODE-Type Estimates to Length Estimates 118 
5.4.4 Length Estimate Selection: Based on Estimate Recurrence and Reflection Strength 120 

5.5 Node Candidate Generation/Selection 121 
5.6 Length Refinement: Quasi-Newton Optimization 123 
5.7 Summary 124 

Chapter 6 Fine Tuning and Performance Evaluation of Frequency-Response 
Based Approach .................................................................................................. 126 

6.1 Introduction 126 
6.2 Line Type Refinement 127 
6.3 Refining Segment Length Selection 127 
6.4 Separate Estimation of Node and TP Line Types 128 
6.5 Node Type Rejection with A Priori Knowledge 130 
6.6 Performance Evaluation 133 
6.7 Summary 134 

Chapter 7 Conclusion and Suggestions for Future Work................................................... 135 
7.1 Conclusion 135 
7.2 Suggestions for Future Work 138 

References ................................................................................................................................... 139 

Appendix A: Test Loop Structures............................................................................................141 

Vita............................................................................................................................................... 146 
 

  vi 


	Model-Based Identification of POTS Local Loops for DSL Connectivity Prediction
	(Abstract)
	Dedication
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations
	Chapter 1: Introduction
	Chapter 2: Local Loops and Their Measurement Setup
	Chapter 3: TDR-Based Identification Approach
	Chapter 4: Decomposition of Superimposed TDR Reflections
	Chapter 5: Frequency Response Based Identification Approach
	Chapter 6: Fine Tuning and Performance Evaluation of Frequency-Response Based Approach
	Chapter 7: Conclusion and Suggestions for Future Work
	References
	Appendix A: Test Loop Structures
	Vita


