
Contents 

1. Introduction . 1 

1.1 General Remarks . 1 
1.2 Definitions . 2 
1.3 Principal Approach . 9 
1.4 Scope of the Book . 11 
1.5 Applications . 14 
1.6 Types of Patterns . 16 
1.7 Light and Color . 17 

1.7.1 Photometry . 17 
1.7.2 Colorimetry . 19 

1.8 Sound . 23 
1.9 Bibliographical Remarks . 24 

2. Preprocessing . 26 
2.1 Coding . 27 

2.1.1 Basic Approach . 27 
2.1.2 Pulse Code Modulation . 27 
2.1.3 Improvements of PCM . 30 
2.1.4 Transform Coding . 31 
2.1.5 Line Patterns . 32 

2.2 Normalization . 34 
2.2.1 Aim and Purpose . 34 
2.2.2 Size and Time . 34 
2.2.3 Intensity or Energy . 37 
2.2.4 Gray-Level Scaling . 39 
2.2.5 Color . 40 
2.2.6 Multispectral Data . 41 
2.2.7 Geometric Correction . 42 
2.2.8 Image Registration . 45 
2.2.9 Pseudocolors . 45 
2.2.10 Camera Calibration . 46 
2.2.11 Normalized Stereo Images . 49 
2.2.12 Speaker Normalization . 50 

2.3 Linear Filtering . 51 
2.3.1 The Use of Filtering . 51 

Bibliografische Informationen
http://d-nb.info/900022779

http://d-nb.info/900022779


X Contents 

2.3.2 Linear Systems . 52 
2.3.3 Fourier Transform . 53 
2.3.4 Computational Aspects . 57 
2.3.5 Homomorphic Systems . 58 
2.3.6 Filtering of Patterns . 59 
2.3.7 Resolution Hierarchies . 63 

2.4 Rank Order and Morphological Operations . 64 
2.4.1 Rank Order Operations . 64 
2.4.2 Morphological Operations on Binary Images . 65 
2.4.3 Morphological Operations on Gray Value Images .. 67 
2.4.4 Morphological Algorithm . 68 

2.5 Linear Prediction . 69 
2.5.1 Predictor Coefficients . 69 
2.5.2 Spectral Modeling . 71 

2.6 Bibliographical Remarks . 73 

3. Segmentation . . 74 
3.1 Common Principles . 75 
3.2 Thresholding . 77 

3.2.1 Obtaining a Binary Image . 77 
3.2.2 Operations on Binary Images . 79 

3.3 Gray-Level Changes . 80 
3.3.1 Differences in Local Neighborhoods . 80 
3.3.2 Contour Filters . 83 
3.3.3 Zero Crossings . 88 
3.3.4 Line and Plane Segments . 90 
3.3.5 Statistical and Iterative Methods . 92 
3.3.6 Generalization to Several Spectral Channels . 94 

3.4 Contour Lines . 94 
3.4.1 Computing Curved and Straight Lines . 94 
3.4.2 Hough Transform . 97 
3.4.3 Linking Contour Points . 99 
3.4.4 Characterization of Contours . 100 

3.5 Regions . 103 
3.5.1 Homogeneity . 103 
3.5.2 Merging . 105 
3.5.3 Splitting . 106 
3.5.4 Split and Merge . 107 
3.5.5 Remarks . 109 

3.6 Texture . HO 
3.6.1 The Essence of Texture . 110 
3.6.2 Numerical Characterization . 112 
3.6.3 Syntactic Characterization . 115 

3.7 Motion . 115 



Contents XI 

3.7.1 Approaches to Motion Estimation . 115 
3.7.2 Optical Flow . 116 
3.7.3 Computation of Optical Flow . 119 
3.7.4 Matching Corresponding Image Points . 120 

3.8 Depth . 122 
3.8.1 Approaches to Depth Recovery . 122 
3.8.2 Stereo Images . 123 
3.8.3 Optical Flow . 124 
3.8.4 Area Matching . 127 
3.8.5 Line Matching . 128 

3.9 Shape from Shading . 129 
3.9.1 Illumination Models . 129 
3.9.2 Surface Orientation . 131 
3.9.3 Variational Approach Using the Reflectance Map .. 133 
3.9.4 Local Shading Analysis . 134 
3.9.5 Iterative Improvement . 135 
3.9.6 Depth Recovery . 136 

3.10 Segmentation of Speech . 138 
3.10.1 Subword Units . 138 
3.10.2 Measurements . 140 
3.10.3 Segmentation . 144 
3.10.4 Vector Quantization . 148 

3.11 Bibliographical Remarks . 149 

Classification . 151 
4.1 Statement of the Problem . 152 
4.2 Classification of Feature Vectors . 154 

4.2.1 Statistical Classification . 154 
4.2.2 Distribution-Free Classification . 158 
4.2.3 Nonparametric Classification . 160 
4.2.4 Template Matching . 161 
4.2.5 Relaxation Labeling . 163 
4.2.6 Learning . 165 
4.2.7 Additional Remarks . 166 

4.3 Classification of Symbol Strings . 166 
4.4 Recognition of Words . 167 

4.4.1 Word Models . 167 
4.4.2 Word Recognition Using Hidden Markov Models . . 169 
4.4.3 Basic Computational Algorithm for HMM . 171 
4.4.4 Isolated and Connected Words . 175 
4.4.5 Continuous Speech . 175 
4.4.6 Word Recognition Using Dynamic Programming ... 180 

4.5 Recognition of Objects . 182 
4.5.1 Object Models . 182 



XII Contents 

4.5.2 General Recognition Strategies . 187 
4.5.3 Classification of 2D Images Using 2D Models . 188 
4.5.4 Classification of 2D Images Using 3D Models . 189 
4.5.5 Classification of 3D Images Using 3D Models . 193 
4.5.6 Structural Matching . 195 
4.5.7 Line Drawings . 197 

4.6 Neural Nets . 199 
4.6.1 Basic Properties . 199 
4.6.2 The Hopfield Net . 200 
4.6.3 The Hamming Net . 201 
4.6.4 The Multilayer Perceptron . 201 
4.6.5 The Feature Map . 204 

4.7 Bibliographical Remarks . 205 

5. Data . ^06 
5.1 Data Structures . 206 

5.1.1 Fundamental Structures . 206 
5.1.2 Advanced Structures . 208 
5.1.3 Objects . 211 
5.1.4 Remarks . 213 

5.2 Data Bases . 214 
5.2.1 A General Outline . 214 
5.2.2 Hierarchical Data Model . 216 
5.2.3 Network Data Model . 218 
5.2.4 Relational Data Model . 219 
5.2.5 Normal Forms . 222 
5.2.6 Data Sublanguages . 224 
5.2.7 Semantic Data Model . 227 

5.3 Pattern Data . 227 
5.3.1 Data Structures for Patterns . 227 
5.3.2 Data Bases for Patterns . 232 

5.4 Bibliographical Remarks . 235 

6. Control . 236 
6.1 The Problem . 237 
6.2 Some Control Structures and Their Representation . 239 

6.2.1 Interaction . 239 
6.2.2 Hierarchical and Model-Directed Systems . 240 
6.2.3 Heterarchical and Data-Base-Oriented Systems .... 241 
6.2.4 Network of States . 242 
6.2.5 Representation by Abstract Programs . 243 
6.2.6 Hierarchical Graphs . 244 
6.2.7 Petri Nets . 245 

6.3 Designing and Planning . 247 



Contents XIII 

6.4 Judgements . 248 
6.4.1 General Aspects . 248 
6.4.2 Importance . 249 
6.4.3 Reliability . 249 
6.4.4 Precision . 252 
6.4.5 Priority . 254 

6.5 Search Strategies . 254 
6.5.1 An Algorithm for a State-Space Search . 254 
6.5.2 An Algorithm for Searching AND/OR Trees . 258 
6.5.3 Remarks on Pruning . 261 
6.5.4 Dynamic Programming . 264 
6.5.5 Heuristic Strategies in Image Analysis . 265 
6.5.6 Heuristic Strategies in Speech Understanding . 268 

6.6 Bibliographical Remarks . 270 

Knowledge . 271 
7.1 Views of Knowledge . 272 

7.1.1 Levels and Hierarchies . 272 
7.1.2 Submodules . 275 
7.1.3 Aspects . 276 
7.1.4 Frames . 276 

7.2 Predicate Logic . 278 
7.2.1 Some Basic Definitions . 278 
7.2.2 Unification . 281 
7.2.3 Inferences . 282 
7.2.4 Remarks . 285 

7.3 Production Systems . 286 
7.3.1 General Properties . 286 
7.3.2 Inferences . 289 
7.3.3 An Example of a Rule Format . 291 
7.3.4 Examples from Pattern Analysis . 293 

7.4 Semantic Nets . 295 
7.4.1 Introductory Remarks . 295 
7.4.2 Components of a Semantic Net . 296 
7.4.3 Instantiation . 302 
7.4.4 Control . 304 
7.4.5 An Application in Image Understanding . 308 
7.4.6 An Application in Speech Understanding . 311 

7.5 Relational Structures . 315 
7.6 Grammars . 316 

7.6.1 Augmented Transition Networks . 316 
7.6.2 Unification-Based Grammar . 319 
7.6.3 Lexical Organization . 327 

7.7 Acquisition of Knowledge (Learning) . 329 



XIV Contents 

7.7.1 Introductory Remarks . 329 
7.7.2 Generalization . 330 
7.7.3 Outline of Some Algorithms . 334 
7.7.4 Learning Concepts of a Semantic Net . 335 

7.8 Explanation . 340 
7.9 Bibliographical Remarks . 340 

References . 343 

Subject Index . 365 


