Digit Recognition
in Mobile Devices



Main points

* Thesis Objectives

* Goggles

e Android application — Environment

* OCR - Preprocessing, Feature Extraction, Classification

 OpenCV - Android, Manager, Examples, OpenCV Demo2, VLFeat

* Tesseract — tess-two, NDK, Cygwin, Character recognition, android-ocr
* Training Tesseract — Tesseract-OCR, Tesseract3, 3rdParty, fonts, images
* Image Preprocessing — manual, automatic, Leptonica



Thesis Objectives

* Android Application — camera, box
 OCR —digit recognition

* High Success Rate
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Goggles

e Existing Solution — box, camera

* |nternet
« Additional Functions (Search, Translation, Sudoku, QR, sightseeings)
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http://developer.android.com/training

OCR

* blog.damiles.com/2008/11/basic-ocr-in-opencv

* Preprocessing — input image, filtering, size normalizing, colour converting,
bounding boxes, ...

* Feature extraction — image conversion, vector of features to classify
» Classification — feature vector, train system / classification method as knn
* my topic — 1 row, digits only, gaps, artefacts
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00 OpenCV

OpenCV

e open source computer vision and machine learning software library

e 2500+ optimized algorithms

» detect and recognize faces, identify objects, classify human actions in videos, ...
 Android v2.4.9 — library as project, added as referenced project

 OpenCV Manager — needs to be installed along the app., does not require NDK
 examples - C++, Python, face recognition

e OpenCV Demo2 — Barry Thomas, source codes, Canny Edges, Track Features, ...
* VLFeat — above OpenCV, visual features (HOG), statistical methods (SVM)




Tesseract

* Open Source OCR engine, Apache 2.0 license

* Use - directly / API, languages, built-in GUI not provided

e tesseract imagename outputbase [-l lang] [-psm pagesegmode] [configfile...]
* tess-two (tesseract-android-tools + Leptonica )

 Android NDK 32, Cygwin
e Character Recognition

© & % il 100% & 15:03

er Character Recognition

Select  Capture  Recognize Engli

%) Show fscsl.:;rﬁ.ﬂsm :
Ckpgast

» Imnas7*%

android-ocr — box, settings

OCR: English - Mean confidence: 46 - Time required: 1263 ms

OCR: English - Mean confidence: 59 - Time required: 275 ms


https://github.com/rmtheis/android-ocr
https://github.com/rmtheis/android-ocr
https://github.com/rmtheis/android-ocr

OCR: English - Mean confidence: 62 - Time required: 294 ms OCR: English - Mean confidence: 25 - Time required: 476 ms

302351

OCR: English - Mean confidence: 63 - Time required: 533 ms OCR: English - Mean confidence: 73 - Time required: 302 ms

OCR: English - Mean confidence: 51 - Time required: 714 ms OCR: English - Mean confidence: 63 - Time required: 906 ms




Training Tesseract

* Tesseract-OCR download
* Tesseract3 - box files ([0,0] bottom-left), train, font_properties, combine

- jTeSS BoxEdito r Serak =] eng.gillsansmt.exp0.tif - Windows Photo Viewer

- fonts vs. images (real data) Fle ~ Print = Emal  Bum ~ Open
 Real data problem
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File Edit Format View Help
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6 168 2177 176 23105 0

0 183 2177 191 2195 0 007403
<fontname> <italic> <bold> <fixed> <serif> <fraktur> 0283008

timesitalic 1 0 0 1 0 630137
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" - - L premm— S .
—i Serak Trainer For Tesseract 3.0 -Cihdevelopmentitraining\fonts_training\fonts.ser ¢:\development\trainingsreal data_training“TrainData — Copydtesseract eng.myf

expB.tif eng.myfont.expB box.train
Tesseract Open Source OCR Engine v3.82 with Leptonica
xheight=86, bhut median xheight = 6%7.5
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Train Tesseract | Modify Tessdata | Test OCR

ALLY
APPLY_BORES: hoxfile line B-1 ({141,.468>.¢193.688>>:
ching blob
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APPLY_BORES: hoxfile
ching blob
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APPLY_BOXES: boxfile
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1. Add Train Image

FAILURE! Couldn’t find a

2. Define Font_Properties

line 1,8 <((354.468),(455,.682>>: FAILUREY Couldn’'t find a

3. Train Tesseract line 2-1 <<622,.475>,<671,.611>>: FAILURE! Couldn’t find a

4 Combine TessData line 37 ((832.454>,.{(236.593>>: FAILURE? Couldn’'t find a

PPL';'_BOHES: bhoxfile line 4,3 ({1874,.45%9>,.<(1172,.5955>: FAILURE! Couldn’t find
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matching bloh

eng.lucidasans.exp0.tif Fal
eng.microsoftyibaiti.exp0.tif
eng.miriamfixed. exp0.tif
eng.moolboran.exp.tif
eng.raavi.exp0.tif
eng.shruti.exp0.tif
eng.simhei.exp0.tif
eng.trebuchetms. exp.tif
eng.tunga.exp.tif
eng.twcenmtcondensed.exp0.tif gy

FAT

APP

Lt

NPPLY_BOXES: boxfile
matching bloh

Lt

FATL*
APPLY_BOXES: hoxfile
matching bloh

LY

APPLY _BOXES: hoxfile
matching bloh

LY_BOXES:

line

line

line

5.9

6-3

/6

Boxes read from hoxfile:
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Image Preprocessing

[ ] O p e n e d p r‘o b I e m OCR: English - Mean confidence: 66 - Time required: 2080 ms

 manual — Image Editor - grayscale, negative, manual threshold (remove artefacts)

OCR: English - Mean confidence: 69 - Time required: 212 ms

* automatic — Leptonica - Grayscale, Inversion, Binarization, Thresholding



Conclusion

e Thesis Objectives
 Goggles

* Android application
* OCR

* OpenCV

* Tesseract

* Training Tesseract

* Image Preprocessing



Thank you for your attention.



