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ADF-encoded feature detector, 113
Affinity bit, 268, 269
ASCII, 6,8
Aspect ratio, 36, 37, 39, 64, 108
Attributed

graph matching, 174-176

string matching, 172-174
Automatic Complexification, 118

Background, 5, 8, 8-23, 40, 44, 46, 106,
108, 207-213, 207
Complex, 8, 11, 14, 15, 21
elimination, 8, 100-101
pixel, 9, 12
Bayes, 179, 182, 187, 193, 215, 222, 243,
249
decision theory, 131, 197
error rate, 132, 141, 187
Bellman principle, 173
Bezier Curves, 76-77
Bimodality, 11, 18
Binary
image, 8-9, 11, 19-20, 61-62, 71,
109-110, 208-209, 255, 289-291,
295-297, 302

Morphological operators, 21
Bloc location, 248
Blurring, 30, 60, 285, 290
Boolean function-based, 104
Bootstrapping technique, 282
Bounding box, 38, 40, 106, 218, 266,

286-287

B-spline blending function, 78

Camouflage function, 115, 265, 269, 280
Canalize development, 265
Capping mechanism, 115
CellNet, 115, 117, 265-275, 272, 281
Centroid distance, 74
Chaincode, 59, 71, 76, 284, 289-292,
295-297, 299
decomposition, 59, 61, 289-292
direction, 61, 64, 285, 290
Character
recognition, 1-3, 5, 8, 20, 32 63, 85, 106,
129, 205, 212
segmentation, 205, 207, 208, 244, 257
separation, 208, 212, 228, 231-232
shape, 3,21, 28, 36, 74, 78, 76, 171,
217-218, 281-286
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Character (Continued)
skeleton, 5,45-46, 49, 76,78, 212-214
Character normalization, 3641, 286-289
Aspect ratio adaptive, 37
Bi-moment, 287
Linear, 38
Modified CBA, 287
Moment-based, 38-40
Nonlinear, 40—41
Character segmentation, 205, 207, 208, 243
Candidate lattice, 227, 228
Dissection, 207-210
Explicit, 206, 214, 238
Handwritten digits, 210-214
Implicit, 206, 238
Ligature analysis, 209
Over-segmentation, 206, 207, 220
Projection analysis, 208
Character string recognition
Character-model-based, 214
Character-level training, 221-223
Classification-based, 214-237
Geometric context, 215-220
HMM-based, 237-250
Holistic, 250-256
Lexicon-driven, 204, 215, 227, 228, 231
Lexicon-free, 205, 215, 218, 227, 231
Linguistic context, 216, 220, 228, 235
Probabilistic model, 215-220
Segmentation-based, 205, 206, 256
String-level training, 223-227

Chinese character recognition, 40, 162, 174,

178, 179, 282

Class separability, 9-11, 18

Classifier
Discriminant function-based, 162
Distance-based, 219
Gaussian, 132-134
Gaussian mixture, 137
Hyperplane, 163
K-nearest neighbor, 140
Maximal margin, 163
Nearest-neighbor, 140
Non-parametric, 138
One-versus-all, 170-171
One-versus-one, 170-171
Parametric, 132-138
Parzen window, 139

Semi-parametric, 136
Clustering, 157, 158

k-means, 158
Coarse scale, 23
Co-evolution, 116, 264
Complexity of a Hunter, 268
Component analysis

Connected, 30, 208

Principal, 80-81, 155
Confusion matrix, 182
Continuity, 28, 75,
Contour, 5, 23, 30, 41

analysis, 30, 41

extraction, 23, 45

tracing, 41
Convex hull, 77
Convolution, 28, 60
Coordinate mapping, 41, 43, 44, 286

Forward, 37

Backward, 37-38
Correlation method, 66
Covariance matrices, 83, 134, 301
Cross, 66,93, 140, 147, 186

correlation, 66

entropy, 147, 186

validation, 93, 140
Cumulative Angular Function Shapes, 75
Curvature, 76,78, 311

approximation, 78

signature, 76

Data, 3,5-9,21,24
Enhance, 3-4, 8, 20
extraction, 9, 21, 24
Database, 5-8, 112, 197
CASIA, 291, 295-302
CEDAR, 115,265,272
CENPARMI, 273, 276, 304
CENPARMIL_IRIS, 304, 315
ETL9B, 290, 295-302
USPS, 194
USPS-CEDAR, 34
Decision boundary, 90, 132
Degradation, 22
Dempster-Shafer theory, 184
Dilation, 14, 17
Dimensionality reduction, 80, 83, 90, 285,
293



Direction feature, 59, 61, 289
Chaincode, 62, 63, 290, 292, 295
Decomposition, 61, 290
Gradient, 61,290, 296
Normalization-cooperated feature

extraction (NCFE), 284, 285, 290

Discriminant analysis, 10, 83, 90, 96
Fisher, 83, 96
Heteroscedastic, 85
Linear, 83-86, 294
Non-parametric, 86
Regularized, 134

Discriminant function, 132, 135, 143, 144,

148, 155, 160, 162, 184, 219, 293
Discriminative learning quadratic, 162
Linear, 133, 143
Modified quadratic (MQDF), 134-136,

194, 222, 293
Quadratic, 133,162, 219

Distance
Bhattacharya, 94, 96
City block, 99
Edit, 173
Euclidean, 94, 223
Kullback-Leibler, 96, 174
Mahalanobis, 96, 133
Minkowski, 95, 96

Distortion, 19, 70, 236, 286

Document image, 15, 136, 205

Double-edge, 17-19

Dynamic time warping (DTW), 173, 233

Edge, 12-13,42-44, 62, 70, 228, 286
based image analysis, 13
detection, 70
sharp, 12

Eigen, 81, 84, 89, 220, 301, 308
value, 81-84, 89, 220
vector, 81-84, 220, 301, 308

Elastic method, 73

Elitism, 269, 272, 281

Ensemble Generation, 190
Bagging, 192
Boosting, 192, 200
Overproduce-and-select, 191
Random subspace, 192

Erosion, 17

Evolutionary Algorithm, 120, 264,

266
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Evolutionary computation, 263, 265, 267,
269, 273 275, 283
Expectation-Maximization (EM), 137, 224,
230, 233, 240, 243, 245
Entropy
Conditional, 96
Cross, 147, 186, 223
Error
quantization, 158
Rate, 91, 131, 318
regression, 80
Squared, 145, 223

Feature
Bottom-foreground, 216
creation, 104, 265, 266
extraction, 5, 8, 30, 36, 45, 50, 54, 202,
205, 213, 245, 250, 255, 289, 293, 295,
310
Intermediate-level, 255-256
Line element, 284
Perceptual, 254-257
Polynomial, 110
points, 78,212-214, 216
selection, 90, 265, 302
space transformation, 79
Structural, 60, 255-256,
304-307
Topological, 78
Filter, 22, 27, 30, 60, 283, 295
Gaussian, 23, 60
Linear, 23, 30
Low pass, 22-23,27
Recursive, 26
Spatial, 60
Wiener, 23
Wrapper (and), 93
Foreground, 12, 20, 208, 216
features, 216
feature point, 216
Pixel, 12,20-22,208
Form, 5,7, 19
frame, 7, 19
identification, 8
processing, 5-7, 19
structure, 7-9
Form processing, 5-7, 19
Generic, 5-7
Intelligent, 5-7
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Formal linguistics, 175
Fourier, 23, 67, 73, 266
descriptors, 73, 266
Inverse, 67
transform, 23, 67
Function
B-spline blending, 78
Cumulative angular, 74, 75
Logistic, 143
Radial basis, 88, 143, 152
Sigmoid activation, 144, 153,
188

Gain ratio, 97
Gaussian
classifier, 132, 137
filter, 2223, 60
mixture, 137, 246
Geometric
context, 216-214, 227
feature, 3, 54, 182, 218
moment, 39, 54
Generative model, 226
Genetic Algorithm (GA), 267, 271-273
Crossover, 272
Flooring, 246
Mutation, 269, 271-274
Vote mechanism, 273, 275
Global
features, 206, 254, 255
optimizing scheme, 249
Thresholding, 9-15
Gradient descent, 146, 241
Stochastic, 146, 220-223
Grammar, 234-235, 305-308
Context-free, 240, 305

Handwritten dates, 302-318
segmentation, 302, 307, 305
recognition, 302-303

HELPR, 115

Hessian matrix, 226

Hidden Markov Model (HMM), 204, 223,

236, 242, 337
Baum-Welch, 241, 246
Character-model, 204, 214, 255
Multiple codebooks, 247
Noise model, 249

parameter smoothing, 247
recognition, 204, 236, 242-249
Semi-continuous, 238
topology, 246
Viterbi decoding, 244, 248, 254
Histogram, 10-12, 20, 40, 58, 260, 284,
287,292
bimodality, 11, 18
Holistic, 200, 204, 235, 251-258, 311
approach, 253
feature, 254-257
recognition method, 204-207, 250-257,
311
word-model, 206
Hunter, 262-270, 275
Hybrid, 220, 249
filter wrapper, 93
generative-discriminative training, 221
HMM/Neural Network, 253

Image
acquisition, 6, 8, 25, 237
projection, 37
registration, 64
regularization, 22, 26
smoothing, 33, 206
variations, 66

Interpolation, 38, 247, 292, 286

Isotropic, 23

Kernel, 6, 23,27, 86, 165, 166

KCS, 26

PCA, 89

Polynomial, 166

RBF, 166

regularizing, 23
smoothing, 27

Sigmoid, 166

Layout analysis, 6, 32

Learning, 157, 200, 217, 234, 241
Competitive, 157
Discriminative, 200
Layered, 119
Soft competitive, 157
vector quantization, 160
Supervised, 245
Unsupervised, 156, 241



Lexicon
organization, 235
Reduction, 234
Line-Based Representation, 75
Local
background, 9
Direction, 60, 297
Gradient, 62
neighborhood, 11
Orientation, 59
thresholding, 11-15
Logistic regression, 170, 183
Loss matrix, 131
Matching, 137, 145, 182
Graph, 174, 200
String, 172, 200, 234
Template, 206, 283

Merger, 271, 267

Model selection, 168

Moment, 55, 266, 284, 286, 300, 311
Central, 266, 287, 43
discrete orthogonal Tchebichef, 63
Geometric, 55
Legendre, 57
Psuedo-Zernike, 56
Tchebichef, 58
Zernike, 58

Multiple Classifiers, 179-193
Bayesian combination, 182
Behavior knowledge space (BKS), 183
Borda counts, 183
Fixed rules, 186
Weighted combination, 187-189
Dynamic classifier selection, 190
Confidence transformation, 184
Majority vote, 181
stacking, 180, 194

Multiple Codebooks, 252

Neural network, 142-162
Back-propagation (BP), 149, 150
Higher-order, 155
Multilayer Perceptron, 148-152
Neural-Gas, 158
Perceptron algorithm, 144
Polynomial, 155
Single-Layer, 144-148
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Radial basis function (RBF), 152
Noise, 8, 13,26

removal, 30

sensitivity, 73
Non-Evolutionary, 105

OTSU, 18
Overfitting, 138

Page segmentation, 32
Parameter
estimation, 132
Smoothing, 139
Symptom, 110
Parameter estimation
Cross-entropy (CE), 186
Expectation-maximization (EM), 228
Maximum likelihood (ML), 244
Mean squared error (MSE), 188
Minimum classification error (MCE), 188
Maximum mutual information
(MMI), 220
Pseudo inverse, 220
squared error, 146-147
Pattern recognition, 45, 84, 115
Statistical, 137
Structural, 175
Pixel, 5, 8-12, 15, 38, 254
intensity, 55
interpolation, 38, 73, 251
background, 40
Point-mapping, 68
Polygonal Approximation, 76
Polynomial, 61, 82, 93
function-based, 108
Kernel, 166
Network, 155
Post-processing, 14, 17,205
Pre-Evolutionary Method, 116
Preprocessing, 303, 309, 305, 24, 49
Prey, 115, 265
Projection, 33,40, 71, 88, 141, 182
analysis, 33, 207
density, 41
horizontal-vertical, 41
oblique, 34
parallel, 33-34
radial, 178
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Quasi-uniform matrix, 87

Raster, 208
Regression, 85
Regularization, 26
Reject, 221
Distance, 221, 231
Ambiguity, 221, 231
Relaxation labeling, 178
Restoration, 21, 294
Rotation, 33-34, 38

Scale space, 15
Search, 44,227
Beam, 233, 234
Branch-and-bound, 177
Character-synchronous, 231, 232, 234
Dynamic programming (DP), 172, 229
Frame-synchronous, 232
Heuristic, 176, 177
Tree, 176
Self-organizing map (SOM), 158
Seminal algorithm, 167
Sequential Forward Selection, 100
Shape retrieval, 74
Single-run columns, 213
Skeleton, 5, 48, 50
bottom-background
tracing, 208
top-background, 209
Skew, 22, 66, 206, 287
Detection, 32
flat plane, 66
Slant, 30, 34, 41
angle estimation, 35, 41
Correction, 34, 41
Smoothing algorithm, 291
Sobel operator, 61-62
Soft-max, 158, 187
Spatial filter, 60, 283, 295
Gaussian, 61
Stroke, 11, 14, 54, 66
based model, 8
connectivity, 41

edge direction, 67

model, 8

reconstructing, 20

segment, 64, 290

thickness, 50
Structural template, 171
Structuring element, 14
Support Vector Machine, 162-171

Margin, 163

Sequential minimal optimization

(SMO), 167

Soft margin, 165

Successive overrelaxation (SOR), 167
Syntax analysis, 6

Taxonomy, 103
Tree-based, 103

Thinning, 30, 45

Threshold, 9, 102
Selection, 9
Technique, 9

Transformation
Affine, 64-65
Confidence, 184
Hough, 68-69
Inverse Fourier, 68
Linear, 79-86
Medial axis, 45
Perspective, 65-66
Projective, 66
Rigid, 5

Tying, 247

Underflow, 244, 247
Vector quantization, 149, 160
Visual data extraction, 21

Viterbi alignment, 250

Winning codevector, 159
Wrapper algorithm, 90

Zone detection, 106-109



