Contents

1 Imtroduction......... ... ... .. . ... 1
1.1  Organization of the Monograph. ... ....................... 1
1.2 NOtation ... ovv it e 3
1.3 State of ATt. ..ot 4
1.4  Research Issues and Challenges. . .. ....................... 5
15 Figures ... ...ttt 5
1.6 MATLAB OCRTOOIDOX .. ..vvvi i 5
References. .. ... 6
2 Optical Character Recognition Systems . . . ..................... 9
2.1 Introduction ........... ... 9
2.2 Optical Character Recognition Systems: Background
and History. . .. ... 12
2.3 Techniques of Optical Character Recognition Systems. .. ...... 15
2.3.1  Optical Scanning . ............ouiiiiinnan.. 15
2.3.2  Location Segmentation. . .. ................oou.o... 17
233 Pre-processing . ... .......e.iiiiiin 17
234 Segmentation . ...............iiiiiii 22
2.3.5  Representation . ................ueiiniiiiiian.. 23
2.3.6  Feature Extraction ............. ... ... ... ... ... 28
2.3.7  Training and Recognition. . ............. ... ... .... 29
2.3.8  POSt-ProCesSING . . ... vvvuitnt et 34
2.4  Applications of Optical Character Recognition Systems. . . ... .. 35
2.5  Status of Optical Character Recognition Systems .. ........... 37
2.6  Future of Optical Character Recognition Systems. . ........... 40
References. . ... 40
3 Soft Computing Techniques for Optical Character
Recognition Systems . . . ....... ... ... . 43
3.1 Introduction ............ ... 43
3.2 Soft Computing COnStituents. . .. .......ovueunenenennen... 46
321 Fuzzy Sets . ... 46

vii



viii

Contents

3.2.2  Artificial Neural Networks. . ........... ... ... ....

3.2.3  Genetic Algorithms .. ...... ... .. ... ... ...

324 RoughSets......... ..o
3.3 Hough Transform for Fuzzy Feature Extraction ..............
3.4  Genetic Algorithms for Feature Selection . ..................
3.5 Rough Fuzzy Multilayer Perceptron .......................
3.6  Fuzzy and Fuzzy Rough Support Vector Machines . ...........
3.7  Hierarchical Fuzzy Bidirectional Recurrent Neural Networks . . .
3.8  Fuzzy Markov Random Fields. ............ ... ... ... ...
3.9  Other Soft Computing Techniques. . .......................
References. . ... ..o
Optical Character Recognition Systems for English Language . . . . .

4.1 IntroduCtion . .........c.iiii
4.2 English Language Script and Experimental Dataset . ..........
4.3  Challenges of Optical Character Recognition Systems
for English Language. . ......... ... .. . ... ...
4.4  Data ACqUiSition. . .. ... ..ottt
4.5 DataPre-processing ... ..........uuiuiiiiiii..
45.1  Binarization .......... ... . i
452 NoiseRemoval............... ... ... .. .. .....
4.5.3  Skew Detection and Correction . . . .................
4.5.4  Character Segmentation. .. ...............c........
455 Thinning. . ... ...t
4.6 Feature Extraction ............ ... ... ... . ..
4.7  Feature Based Classification: Sate of Art....................
4.7.1  Feature Based Classification Through Fuzzy
Multilayer Perceptron. . . ........ ... ... ... ......
4.7.2  Feature Based Classification Through Rough
Fuzzy Multilayer Perceptron . .. ...................
4.7.3  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines ..........
4.8 Experimental Results............. .. .. ... ... ... .. ...
4.8.1  Fuzzy Multilayer Perceptron . .. ...................
4.8.2  Rough Fuzzy Multilayer Perceptron ................
4.8.3  Fuzzy and Fuzzy Rough Support Vector Machines. . . . .
4.9  Further Discussions ... ............iiiiiiniinenna..
References. .. ... ..o

Optical Character Recognition Systems for French Language . .. ..

5.1
52
53

54
5.5

Introduction . ..... ... ... ..
French Language Script and Experimental Dataset. . ..........
Challenges of Optical Character Recognition Systems

for French Language ........... .. .. .. . ... .. . .. ...
Data ACqUisSition. . ... ..ottt
Data Pre-processing . .. ..ottt



Contents

5.5.1  Text Region Extraction. . .........................
5.5.2  Skew Detection and Correction . ...................
553 Binarization ........... ... i
554 NoiseRemoval............. ... .. .. .. .. ...,
5.5.5 Character Segmentation. .. ................oou....
55.6  Thinning.............o i
5.6  Feature Extraction Through Fuzzy Hough Transform..........
5.7  Feature Based Classification: Sate of Art. ...................
5.7.1  Feature Based Classification Through Rough
Fuzzy Multilayer Perceptron . .. ...................
5.7.2  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines ..........
5.7.3  Feature Based Classification Through Hierarchical
Fuzzy Bidirectional Recurrent Neural Networks. . .. ...
5.8  Experimental Results............. ... .. .. .. ... .. .. ...
5.8.1  Rough Fuzzy Multilayer Perceptron ................
5.8.2  Fuzzy and Fuzzy Rough Support Vector Machines. . . . .
5.8.3  Hierarchical Fuzzy Bidirectional Recurrent Neural
Networks . ...
5.9 Further Discussions . ........ ...t ..
References. .. ... o

Optical Character Recognition Systems for German Language . . ..
6.1 Introduction ............ ... ... i
6.2  German Language Script and Experimental Dataset. . .........
6.3  Challenges of Optical Character Recognition Systems
for German Language .......... .. .. .. .. .. . ...
6.4  Data ACqUISItION. . . ..ttt e
6.5 Data Pre-processing . ........ ...t
6.5.1  Text Region Extraction. . .........................
6.5.2  Skew Detection and Correction .. ..................
6.5.3 Binarization ............ ... .. i
6.54 NoiseRemoval............. ... .. .. .. .. ...,
6.5.5 Character Segmentation. .. ..................c.....
6.5.6 Thinning.............. . i
6.6  Feature Selection Through Genetic Algorithms. ..............
6.7  Feature Based Classification: Sate of Art. ...................
6.7.1  Feature Based Classification Through Rough Fuzzy
Multilayer Perceptron. . . .......... ... ... .. ......
6.7.2  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines ..........
6.7.3  Feature Based Classification Through Hierarchical
Fuzzy Bidirectional Recurrent Neural Networks. . .. ...
6.8  Experimental Results............. ... .. .. .. .. .. .. .. ...
6.8.1  Rough Fuzzy Multilayer Perceptron ................
6.8.2  Fuzzy and Fuzzy Rough Support Vector Machines. . . . .



Contents

6.8.3  Hierarchical Fuzzy Bidirectional Recurrent
Neural Networks . ......... ... ... ... ...........
6.9  Further DiSCuSSIONS . . ...ttt
References. . ... ... e

Optical Character Recognition Systems for Latin Language. .. .. ..
7.1 Introduction .............. ...
7.2 Latin Language Script and Experimental Dataset . . ...........
7.3 Challenges of Optical Character Recognition Systems
for Latin Language. . .. ........ . i
7.4  Data ACQUISIION. . .« vttt e
7.5 Data Pre-processing .. ........ ...t
7.5.1 TextRegion Extraction. ................ ... ... .....
7.5.2 Skew Detection and Correction . . .....................
7.53 Binarization ............. ..
7.54 NoiseRemoval........... .. .. ... . ... .
7.5.5 Character Segmentation .. ...............c.... ...
7.5.6 Thinning. . ... ... ...
7.6  Feature Selection Through Genetic Algorithms. ... ...........
7.7  Feature Based Classification: Sate of Art. ...................
7.7.1  Feature Based Classification Through Rough Fuzzy
Multilayer Perceptron. . . ........ ... .. ... .. ......
7.7.2  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines ..........
7.7.3  Feature Based Classification Through Hierarchical
Fuzzy Rough Bidirectional Recurrent
Neural Networks ........ ... .. ... . L.
7.8  Experimental Results............. ... .. .. .. . .. .. .. ...
7.8.1  Rough Fuzzy Multilayer Perceptron ................
7.8.2  Fuzzy and Fuzzy Rough Support Vector Machines. . . . .
7.8.3  Hierarchical Fuzzy Rough Bidirectional
Recurrent Neural Networks .. .....................
7.9  Further Discussions . .............c.oiiuiiniinninnenn ..
References. . ... ..o

Optical Character Recognition Systems for Hindi Language. . . .. ..
8.1 Introduction .............. .o
8.2  Hindi Language Script and Experimental Dataset. .. ..........
8.3  Challenges of Optical Character Recognition Systems
for Hindi Language . ......... ... .. .. ...
8.4  Data AcquiSition. .. .......o. ittt
8.5 DataPre-processing.......... ...,
85.1 Binarization ................ i
852 NoiseRemoval.......... ... .. ... .. ... ... ..
8.5.3  Skew Detection and Correction . .. .................
8.5.4  Character Segmentation. . .. ......................
855 Thinning........ ...



Contents xi

10

8.6  Feature Extraction Through Hough Transform ............... 202
8.7  Feature Based Classification: Sate of Art. . .................. 204
8.7.1  Feature Based Classification Through Rough Fuzzy
Multilayer Perceptron. . . ........ ... .. ... .. ...... 205
8.7.2  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines .......... 205
8.7.3  Feature Based Classification Through Fuzzy Markov
Random Fields........... ... .. ... .. . .. ... 206
8.8  Experimental Results............ .. .. ... ... .. .. .. .... 206
8.8.1  Rough Fuzzy Multilayer Perceptron ................ 206
8.8.2  Fuzzy and Fuzzy Rough Support Vector Machines. . . . . 208
8.8.3  Fuzzy Markov Random Fields. .................... 208
8.9  Further Discussions .. ........ ..., 209
References. . ... ..o 215
Optical Character Recognition Systems for Gujrati Language . . . .. 217
9.1 Introduction ........... ...t 217
9.2 Gujrati Language Script and Experimental Dataset. . . ......... 219
9.3  Challenges of Optical Character Recognition Systems
for Gujrati Language .......... ... . . i 220
9.4 Data ACQUISTHON. . . o\ttt e 224
9.5  Data Pre-processing . ... .......uuiniiiitei 224
9.5.1 Binarization ............... .. i 224
952 NoiseRemoval............. .. . ... ... .. .... 225
9.5.3  Skew Detection and Correction . ................... 225
9.5.4  Character Segmentation. . ........................ 225
955 Thinning......... ... 225
9.6  Feature Selection Through Genetic Algorithms. .............. 226
9.7  Feature Based Classification: Sate of Art. . .................. 228
9.7.1  Feature Based Classification Through Rough Fuzzy
Multilayer Perceptron. . . ......... .. ... .. ... ..... 229
9.7.2  Feature Based Classification Through Fuzzy
and Fuzzy Rough Support Vector Machines .......... 230
9.7.3  Feature Based Classification Through Fuzzy Markov
Random Fields.......... .. .. . . ... . . ... 230
9.8  Experimental Results............. ... ... ... ... ... ... 231
9.8.1  Rough Fuzzy Multilayer Perceptron . ............... 231
9.8.2  Fuzzy and Fuzzy Rough Support Vector Machines. . . . . 231
9.8.3  Fuzzy Markov Random Fields..................... 235
9.9  Further Discussions . ... ...... ...ttt 236
References. .. ... ... 238
Summary and Future Research............................... 241
10.1 Summary . ... 241
10.2 FutureResearch.......... .. ... .. . . . i 243
References. . . ... 244



2 Springer
http://www.springer.com/978-3-319-50251-9

Optical Character Recognition Systems for Different
Languages with Soft Computing

Chaudhuri, A.; Mandaviya, K.; Badelia, P.; K Ghosh, 5.
2017, XX, 248 p. 95 illus., Hardcowver

ISBN: 978-3-319-50251-9



	Contents



