
 

Table of Contents  
 
 
 

1  Introduction ......................................................................................................... 1 

1.1  Context .................................................................................................................. 1 

1.2  Applications .......................................................................................................... 3 

2  Preprocessing ...................................................................................................... 9 

2.1  Nonlinear filters .................................................................................................... 11 
2.1.1 Median filters and rank-order filters ...................................................... 11 
2.1.2 Morphological filters ............................................................................. 15 
2.1.3 Polynomial filters................................................................................... 19 

2.2  Amplitude-value transformations .......................................................................... 20 
2.2.1  Amplitude mapping characteristics ........................................................ 21 
2.2.2  Probability distribution modification and equalization .......................... 22 

2.3  Interpolation .......................................................................................................... 24 
2.3.1  Zero and first order interpolation basis functions .................................. 25 
2.3.2  LTI systems as interpolators .................................................................. 27 
2.3.3  Spline, Lagrangian and polynomial interpolation .................................. 28 
2.3.4  Interpolation on 2D grids ....................................................................... 33 

2.4  Multi-resolution representation ............................................................................. 37 

2.5  Locally adaptive filters ......................................................................................... 43 
2.5.1 Steerable smoothing filters .................................................................... 43 
2.5.2 Iterative smoothing (diffusion filters) .................................................... 45 

2.6  Problems ............................................................................................................... 48 

3  Signal and Parameter Estimation ...................................................................... 51 

3.1  Expected values and probability description ......................................................... 51 

3.2  Observation and degradation models .................................................................... 56 

3.3  Estimation based on linear filters .......................................................................... 57 
3.3.1  Inverse filters ......................................................................................... 57 
3.3.2  Wiener filters ......................................................................................... 58 

3.4  Least-squares estimation ....................................................................................... 60 

3.5  Singular value decomposition ............................................................................... 65 

3.6  ML and MAP estimation....................................................................................... 67 

3.7  Parameter estimation and fitting ........................................................................... 69 

3.8  Outlier rejection .................................................................................................... 71 

3.9  Correspondence analysis ....................................................................................... 74 

vii



3.10  State modeling and estimation ............................................................................ 77 
3.10.1  Markov processes and random fields ..................................................... 77 
3.10.2  Hidden Markov models ......................................................................... 80 
3.10.3  Kalman filters ........................................................................................ 81 
3.10.4  Particle filters ......................................................................................... 84 

3.11  Problems ............................................................................................................. 84 

4  Features of Multimedia Signals ......................................................................... 87 

4.1  Color ..................................................................................................................... 87 
4.1.1  Color space transformations .................................................................. 88 
4.1.2  Representation of color features ............................................................ 97 

4.2  Texture .................................................................................................................. 102 
4.2.1  Texture analysis based on occurrence counts ........................................ 104 
4.2.2  Texture analysis based on statistical models .......................................... 107 
4.2.3  Spectral features of texture .................................................................... 110 
4.2.4  Inhomogeneous texture analysis ............................................................ 114 

4.3  Edge analysis ........................................................................................................ 115 
4.3.1  Edge detection by gradient operators ..................................................... 115 
4.3.2  Edge characterization by second derivative ........................................... 119 
4.3.3  Edge finding and consistency analysis .................................................. 121 
4.3.4  Edge model fitting ................................................................................. 124 
4.3.5  Description and analysis of edge properties .......................................... 125 

4.4  Salient feature detection ........................................................................................ 127 

4.5  Contour and shape analysis ................................................................................... 132 
4.5.1  Contour fitting ....................................................................................... 132 
4.5.2  Contour description by orientation and curvature .................................. 136 
4.5.3  Geometric features and binary shape features ....................................... 140 
4.5.4  Projection and geometric mapping ........................................................ 144 
4.5.5  Moment analysis of region shapes ......................................................... 154 
4.5.6  Region shape analysis by basis functions .............................................. 158 

4.6  Motion analysis ..................................................................................................... 159 
4.6.1  Projection of 3D motion into the image plane ....................................... 159 
4.6.2  Motion estimation by the optical flow principle .................................... 163 
4.6.3  Motion estimation by matching ............................................................. 168 
4.6.4  Estimation of non-translational motion parameters ............................... 178 
4.6.5  Estimation of motion vector fields at object boundaries ........................ 180 

4.7  Disparity and depth analysis ................................................................................. 183 
4.7.1  Coplanar stereoscopy ............................................................................. 183 
4.7.2  Epipolar geometry ................................................................................. 186 
4.7.3  Camera calibration ................................................................................. 189 

4.8  Audio signal features ............................................................................................ 193 
4.8.1  Audio feature extraction on the timeline ................................................ 194 
4.8.2  Time domain features ............................................................................ 196 
4.8.3  Spectral domain features ........................................................................ 202 
4.8.4  Cepstral domain features ....................................................................... 206 

viii       Table of Contents



4.8.5  Harmonic features .................................................................................. 207 
4.8.6  Multi-channel features ........................................................................... 212 
4.8.7  Perceptual features ................................................................................. 213 
4.8.8  Semantic features ................................................................................... 215 

4.9  Problems ............................................................................................................... 217 

5  Feature Transforms and Classification ............................................................. 223 

5.1  Feature value normalization and transforms ......................................................... 223 
5.1.1  Normalization of feature values ............................................................. 225 
5.1.2  Eigenvector analysis of feature value sets ............................................. 226 
5.1.3  Independent component analysis ........................................................... 228 
5.1.4  Non-negative matrix factorization ......................................................... 229 
5.1.5  Generalized Hough transform ................................................................ 231 
5.1.6  Derivation of statistical representations ................................................. 232 

5.2  Distance metrics .................................................................................................... 238 
5.2.1  Vector distance metrics .......................................................................... 238 
5.2.2  Distance metrics related to comparison of sets ...................................... 241 
5.2.3  Similarity of probability distributions .................................................... 243 
5.2.4  Distance metrics based on prior knowledge about classes ..................... 249 

5.3  Compressed representation of feature data ........................................................... 251 

5.4  Feature-based comparison ..................................................................................... 253 

5.5  Reliability ............................................................................................................. 257 
5.5.1  Reliability criteria .................................................................................. 257 
5.5.2  Quality of classification ......................................................................... 260 

5.6  Classification methods .......................................................................................... 264 
5.6.1  Linear classification of two classes ........................................................ 265 
5.6.2  Generalization of linear classification ................................................... 270 
5.6.3  Nearest-neighbor classification .............................................................. 273 
5.6.4  Classification without prior knowledge ................................................. 274 
5.6.5  Maximum a posteriori (‘naïve Bayes’) classification ............................ 281 
5.6.6  Artificial neural networks ...................................................................... 284 

5.7  Belief, plausibility and evidence ........................................................................... 289 

5.8  Problems ............................................................................................................... 292 

6  Signal Decomposition .......................................................................................... 295 

6.1  Spatial segmentation of pictures ........................................................................... 296 
6.1.1  Segmentation based on sample classification ........................................ 297 
6.1.2  Region-based methods ........................................................................... 302 
6.1.3  Contour-based methods ......................................................................... 304 
6.1.4  Segmentation based on ‘energy minimization’ ...................................... 305 

6.2  Segmentation of video signals .............................................................................. 311 
6.2.1  Key picture and shot transition detection ............................................... 312 
6.2.2  Segmentation by background differencing ............................................ 313 
6.2.3  Object tracking and spatio-temporal segmentation ................................ 314 
6.2.4  Combined segmentation and motion estimation .................................... 320 

Table of Contents       ix



6.3  3D surface and volume reconstruction .................................................................. 321 
6.3.1  3D point cloud generation ...................................................................... 322 
6.3.2  3D surface reconstruction ...................................................................... 323 
6.3.3  3D volume reconstruction ...................................................................... 325 
6.3.4  Projection based description of 3D shapes ............................................. 326 

6.4  Decomposition of audio signals ............................................................................ 329 
6.4.1  Temporal segmentation of audio ........................................................... 329 
6.4.2  Audio source separation ......................................................................... 329 

6.5  Problems ............................................................................................................... 331 

7  Signal Composition, Rendering and Presentation ............................................ 333 

7.1  Composition and mixing of multimedia signals .................................................... 333 

7.2  Mosaicking and stitching ...................................................................................... 338 

7.3  Synthesis of picture content .................................................................................. 341 

7.4  Warping and morphing ......................................................................................... 345 

7.5  Virtual view synthesis ........................................................................................... 347 

7.6  Frame rate conversion ........................................................................................... 352 

7.7  View-adaptive and stereoscopic rendering of image and video signals ................ 356 

7.8  Composition and rendering of audio signals ......................................................... 359 
7.8.1  Sound effects ......................................................................................... 361 
7.8.2  Spatial (room) features ........................................................................... 364 

A  Fundamentals and definitions ............................................................................ 367 

A.1  Fundamentals of signal processing and signal analysis ........................................ 367 

A.2  Fundamentals of stochastic analysis and description ............................................ 376 

A.3  Vector and matrix algebra ..................................................................................... 385 

B  Symbols and Variables ....................................................................................... 391 

C  Glossary and Acronyms...................................................................................... 397 

D  References ............................................................................................................ 399 

E  Index..................................................................................................................... 413 

 

x       Table of Contents



http://www.springer.com/978-3-662-52826-6


	Table of Contents



