
Contents 

1 Fundamentals 1 
1.1 Introduction 1 

1.1.1 Redundancy of the Robots 1 
1.1.2 Neural Networks for Resolving the Redundancy 2 
1.1.3 Numerical Algorithms for Resolving the Redundancy ... 2 
1.1.4 Nonrepetitive Motion Problem 3 

1.2 Forward Kinematic Equation 3 
1.3 Geometry of Five-Link Planar Robot Manipulator 4 
1.4 Geometry of PA 10 5 
1.5 Geometry of PUMA560 9 
1.6 Chapter Conclusions 12 
References 12 

Part I Schemes 

2 Robotic RMP Schemes and QP Formulations 17 
2.1 Introduction 17 
2.2 Physically Constrained RMP Scheme 18 
2.3 Extensions of Physically Constrained RMP Scheme 20 

2.3.1 Extension I 20 
2.3.2 Extension II 21 
2.3.3 Extension III 21 

2.4 QP Reformulation and Unification 22 
2.5 Chapter Conclusions 24 
References 24 

3 Proofs of Repetitive Motion Performance Index 27 
3.1 Proof via GNN Approach 27 

3.1.1 Background of GNN 27 
3.1.2 Proof 28 

3.2 Proof via ZNN Approach 28 
3.2.1 Background of ZNN 28 

http://d-nb.info/1032082968

http://d-nb.info/1032082968


xiv Contents 

3.2.2 Proof 29 
3.3 Chapter Conclusions 30 
References 30 

Part II QP Solvers 

4 Dual Neural Network 33 
4.1 Introduction 33 

4.1.1 Concepts and Definitions 34 
4.1.2 Primal and Dual Problems 36 

4.2 Dual-Neural-Network Design 39 
4.2.1 The First Step 39 
4.2.2 The Second Step 40 
4.2.3 The Third Step—Standard DNN Model 41 
4.2.4 Inverse-free Dual-Neural-Network Model 43 

4.3 Dual-Neural-Network Analysis 45 
4.3.1 Global Convergence 46 
4.3.2 Exponential Convergence 48 

4.4 Dual-Neural-Network Simulation 50 
4.5 DNN for Solving RMP Scheme 53 
4.6 Chapter Conclusions 55 
References 55 

5 Primal-Dual Neural Networks 57 
5.1 Traditional Primal-Dual Neural Network 57 

5.1.1 Introduction 57 
5.1.2 TPDNN Model Description 58 
5.1.3 Computer Simulation Study 61 

5.2 LVI-Based Primal-Dual Neural Networks 65 
5.2.1 General Problem Formulation 65 
5.2.2 Reformulation and LVI-PDNN Solution 66 
5.2.3 Additional Theoretical Results 70 
5.2.4 Numerical Studies 73 
5.2.5 LVI-PDNN for Solving RMP Scheme 74 

5.3 Simplified LVI-Based Primal-Dual Neural Network 79 
5.4 Chapter Conclusions 80 
References 80 

6 Numerical Algorithm 94LVI 83 
6.1 Introduction 83 
6.2 The 94LVI Algorithm for QP Solving 84 
6.3 Global Convergence 86 
6.4 Numerical-Experiment Results 88 

6.4.1 Efficacy Verification 88 
6.4.2 Comparative Experiments 90 

6.5 Chapter Conclusions 92 
References 92 



Contents xv 

7 Numerical Algorithm E47 95 
7.1 Introduction 95 
7.2 E47 Algorithm for QP Solving 97 
7.3 Theoretical Results and Simple Proof 98 
7.4 Numerical-Experiment Results 99 

7.4.1 QP Problem with Specified Coefficients 99 
7.4.2 QP Problems with Randomly Generated Coefficients . . . . 101 
7.4.3 Comparison Between E47 and Active-Set Algorithms . . . 103 

7.5 Chapter Conclusions 104 
References 104 

Part III Robot Simulations and Experiments 

8 Examples of Planar Multilink Manipulators 109 
8.1 Three-Link Planar Robot Manipulator 109 

8.1.1 Lissajous Path Tracking 109 
8.1.2 Triangular Path Tracking 112 
8.1.3 Elliptical Path Tracking 112 

8.2 Four-Link Planar Robot Manipulator 114 
8.3 Five-Link Planar Robot Manipulator 117 

8.3.1 Simulations with LVI-PDNN Solver 119 
8.3.2 Simulations with DNN Solver 119 

8.4 Six-Link Planar Robot Manipulator 124 
8.5 Chapter Conclusions 127 
References 127 

9 PUMA560 Examples 129 
9.1 Simulations Using LVI-PDNN Solver 129 

9.1.1 Circular Path Tracking 129 
9.1.2 Straight-Line Path Tracking 130 

9.2 Simulations Using S-LVI-PDNN Solver 132 
9.2.1 Circular Path Tracking 132 
9.2.2 Straight-Line Path Tracking 134 

9.3 Chapter Conclusions 135 
References 136 

10 PA10 Examples 137 
10.1 Simulations Using LVI-PDNN Solver 137 

10.1.1 Circular Path Tracking 137 
10.1.2 Straight-Line Path Tracking 140 

10.2 Simulations Using DNN Solver 143 
10.2.1 Circular Path Tracking 144 
10.2.2 Straight-Line Path Tracking 146 

10.3 Chapter Conclusions 148 
References 148 



xvi Contents 

11 Physical Robot Manipulator Experiments 149 
11.1 Introduction 149 
11.2 Robot-Manipulator Preliminaries 150 
11.3 Scheme Formulation and QP Solver 151 

11.3.1 RMP for the Six-DOF PRJ Manipulator 152 
11.3.2 Bound Constraint with Joint-Limit Margins 153 
11.3.3 Discrete-Time QP Solver 156 
11.3.4 Control Process of PRJ Manipulator 157 

11.4 Simulative and Experimental Verification 157 
11.4.1 Square-Path Tracking 158 
11.4.2 B-Shaped Path Tracking 162 
11.4.3 Circular Path Tracking 162 

11.5 Chapter Conclusions 164 
References 166 

Appendix A Proof of Extension-I Performance Index 167 

Appendix B Simulations of Extension-I Scheme 169 
B.l PUMA560 Robot Manipulator 169 

B.l.l Circular Path Tracking 169 
B.1.2 Straight-Line Path Tracking 170 

B.2 Four-Link Redundant Planar Manipulator 170 
References 172 

Appendix C Simulations of Extension-II Scheme 173 
C.l PA 10 Robot Manipulator 173 

C. 1.1 Circular Path Tracking 173 
C.1.2 Straight-Line Path Tracking 175 

C.2 PUMA560 Robot Manipulator 175 
C.2.1 Circular Path Tracking 175 
C.2.2 Straight-Line Path Tracking 178 

C.3 Four-Link Planar Robot Manipulator 181 
References 181 

Appendix D Simulations of Extension-Ill Scheme 183 
D.l PUMA560 Robot Manipulator 183 

D.l.l Circular Path Tracking 183 
D.1.2 Straight-Line Path Tracking 185 

D.2 PA 10 Robot Manipulator 186 
D.2.1 Circular Path Tracking 186 
D.2.2 Straight-Line Path Tracking 188 

D.3 Four-Link Planar Robot Manipulator 188 
References 193 

Glossary 195 


