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Optical Recognition of Cursive Handwriting

INTRODUCTION
This

software  for

of OCR

cursive

the creation
recognition of

focus on
off-line

project

handwriting. OCR programs can recognise printed

text
recognition of handwriting
many different styles and

with perfect accuracy [1]. The
is harder due to the

inconsistent nature of

nearly

handwriting. There are programs for recognition of

printed handwri

ng, but none of them can reliably

recognise cursive text.

Over the written text a digital representation

Text
written
by
hand

has

many advantages:

Coping
Editing
Searching

Automated text analysis

The handwriting is still used in many places and
the ability to quickly convert it into digital form
could be used in:

Schools
Archives

Forms evaluation

GOALS

Create OCR program which process image
of a page and outputs recognised words

Create a custom training dataset of at least
5000 labelled images of words

Test different approaches to each of the
recognition steps

Make the program easily optimizable for
other styles handwritings

METHODS

The program is written in Python 3 with libraries:

The structure of the program

TensorFlow
OpenCV
NumPy
Pandas
Matplotlib
Other

is separated into

four steps. This allows optimization and testing of
individual steps.

1,
21
3.

Background Removal
Words Detection
Normalization

Words Recognition

Bretislav Hajek

1. BACKGROUND REMOVAL

Removes background

Lot
AU iMen
Ly
/K’O\/V\/O(l

= Speeds up following steps

= Increases an accuracy of word detection

Detection of
page contour

Bilateral filter,
adaptive thresh.

2. WORDS DETECTION

= Detects words' bounding boxes

= Words are detected using visual

of words in an image

properties

Words have to be separated by space

Edge detection,
morphological closing

3. NORMALIZATION

Resize to 60 px height

Grayscale image

Thresholding

Tilt correction

SET

Ic

4. WORDS RECOGNITION
Different machine learning models were trained and tested
on a dataset (5000 train + 500 test words):

= Bidirectional recurrent neural network followed
by a convolutional neural (BiRNN+CNN)

- C ionist temporal classifi (CTCO) [2]
= Sequence to sequence model (Seq2seq) [3]

ACCURACY ON THE TEST

1 I

A

Models

80

[

I
[ ot '““

Accuracy (%)

10

- Pl
b BiIRNN

Text
written
by
hand

= Extended to model

(Seq2seqX)

RESULTS

The best accuracy reached on the test set was

80.0%

by BiRNN-+4CNN method combined with

dictionary correction.

As part of a preparation for further optimization,
two best models were further tested. They were

tested on a dataset created from an

archival

document: 200 train + 250 test words.

on AN ArcHivaL Doc

Accuracy

UMENT

CONCLUSIONS

The first three steps work well if
requirements are followed.

input

The highest accuracy (80.0%) was reached
using BIRNN-+CNN method.

The BiRNN+CNN can't be trained
on images of whole words, therefore, new
model (Seq2seqX) was created. It combines
Seq2seq model and BiIRNN-+CNN method.

The Seq2seqX model has comparable and
in some cases better performance than
CTC model.

The Seq2seqX model can use less training
images more effectively than CTC model
The Seq2seqX and CTC models should
theoretically have better performance than
BiRNN+CNN approach on a large dataset.

FUTURE WORK

In order to make this project ready for a real

application, the accuracy has to be improved

= Extend dataset - automated forms

= Extend dataset - computer generated
images

« Optimi hine learning del

= Improve normalization of words

[1] Holley, Rose (April 2009). How Good Can It Get?
Analysing and Improving OCR Accuracy in Large
Scale Historic Newspaper Digitisation  Programs
D-Lib Magazine.

[2] Le, Q.V., Sutskever, |, & Vinyals, O. (2014)
Sequence to Sequence Learning with Neural
Networks. N/PS.

[3] Fernandez, S., Graves, A., Gomez, F.J, &
Schmidhuber, J. (2006). Connectionist temporal
classification: labelling unsegmented sequence data

with recurrent neural networks. /CML
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BEHAO043T - Down Syndrome Smart
Watch

People with Down syndrome face problems in speaking and words
proncuncing. This problem makes them depressed and not interact with
family, friends, and community. In addition, they have neurclogical
disorders and imbalances in al processes. The osed < sina
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