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&
Problems to solve Ing%ti?t?tr

= Handwriting recognition is not very common as a web application
o Standalone JavaScript libraries are practically non-existent

o Current approaches for online recognition (such as MyScript) only

offer an API and must be paid

s Our goals:

o Find a working approach to integrate in Lively and free self-hosting  yandwriting

Recognition

on lively server
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Current approaches: Tesseract (in Lively) ﬂﬁ!ﬁ%‘i{‘&{

m Developed 1984-1994 by HP, since 2005 maintained by Google

- 2016: Introduced Neural netS Can we user Tesseract OCR for Handwriting reconition?
= Supports 100 languages, uses dictionaries
m Perfect for printed characters / typescript

= Can be trained with handwritten characters HW#M}

Can we user Tesseract OCR f¢ Can we user Tesseract OCR fc Can we user Tesseract OCR for Handwi
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Current approaches: Grail

= Graphical Input Language
s Pen + tablet

= Integrated in Lively, not working (Grail, other example)

=  Works for single letters only, requires exact movements/movement

changes

Based on the first four directions of the
stroke, we can immediately identify the
character as:

) H
e
I

-

S

The first four directions of the stroke do not
match any valid character.

?
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https://lively-kernel.org/lively4/lively4-handwriting/start.html?load=https://lively-kernel.org/lively4/lively4-handwriting/demos/libraries/grail-handwriting.html
https://jackschaedler.github.io/handwriting-recognition/

Hasso
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Current approaches: Machine Learning ﬂ.niﬁ?&{

s Typically Convolutional Neural Net

s Good datasets: MNIST, NIST

m Excellent at detecting single characters (99.9% accuracy)
= No recognition of whole words

= Not integrated in Lively

= Example for MNIST
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http://myselph.de/neuralNet.html

Hasso
Current approaches: Windows ﬂﬁ!@%‘a?&{

s Good results

m Closed software, not reusable in other projects out of the scope of
windows
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Current approaches: MyScript

s Good results, also for multiple sentences and even whole texts

= Only free for development, not even for testing certainly not for

production

[ w1 eoelvade, Mo serpd
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WritePad

Hasso
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Institut

= Multilingual handwriting recognition engine

written in C++

s GNU General Public License v3.0

s Provides multiplatform library, such as
macOS, Windows, Linux, iOS, Android

https://github.com/phatware/WritePad-Handwriting-Recognition-Engine

Carrier & B:18 PM -

WP B | WritePad SDK Options
Menage menage nonage
languages in the Options view. Note that
when implementing in-app purchase in
your application you must provide the
correct application bundle |D in the
WritePadStoreManager.m file. You also
must configure the in-app purchase
section for your app on iTunes Connect
web site.
Please note that a use the SDK sample
code, or any portion of it, in an
application that is not integrated with the
WritePad SDK is stickily prohibited and
will constitute violation of the WritePad
SDK License Agreement.
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Architecture

Client/Lively

Lively-App /

Handwriting Frontend

HTTP POST

Server

WritePad
Library

REST API
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Lively Integration |n§ti?3{

m Existing drawing canvas (lively-paper)

m Store drawn points
(X, y) in chronological

WritePad Handwriting Recognition

order ) Potsdam Dotsdam Dotsdeim Dotsderm Dotselam
. o Clear Text
= Send points to our API Dies ist das S W A - Seminar am H P | in
in 1s interval
. . S ootk L fastom | oot A
Cllent/ leely Dies ist das S W A - Seminar am H P | in
Handwriting
HTTP POST Recognition
Server Niklas Hoffmann
Toni Stachewicz
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Lively-App /
Handwriting Frontend
Client/Lively
POST: /lively4handwriting
{points: [ {suggestions:
{x: 23.0, y: 41.2}, ["Hallo",
{x:37.9, y: 32.7}, .1, Hullo®,
"hallo",
language: “en”}
"Rollo"]}
Server

REST API
Python/Flask

WritePad

Library
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WritePad Wrapper |n§ti?3{

Lively-App /
Handwriting Frontend
Client/Lively
HTTP POST
Server v

WritePad REST API

Library

= Wraps WritePad library included as shared object Handwriting

= Returns suggestion(s) for array of painted points Recognition
Niklas Hoffmann
Toni Stachewicz
30.01.2018
Chart 15

s Provides possibility to get suggestions for different languages
s Exports functions in C to provide compatibility with ctypes
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WritePad Wrapper |n§ti?3{

Lively-App /
Handwriting Frontend
Client/Lively
HTTP POST
Server

WritePad REST API

Library

API: Handwriting
Recognition

extern "C" { :
Niklas Hoffmann

const wchar_t* recognizeMultipleSuggestions(const char *jsonString) Toni Stachewicz
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WritePad Wrapper |n§ti?3{

Lively-App /
Handwriting Frontend
Client/Lively
HTTP POST
Server ’

WritePad REST API

Library

Extract Points & Language out of JSON string

Handwriting
Convert Points to WritePad-compatible format Recognition
Apply handwriting recognition in specified language fiklas Holmann
Collect results & build result JSON string 30.01.2018
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WritePad Library Institut

Lively-App /

Handwriting Frontend

Client/Lively
HTTP POST
Server
WritePad
Library REST API
C/C++
typedef struct _ tagTracePoint{ struct CGPoint { Handwriting
CGPoint pt; CGFloat x; Recognition
. Niklas Hoffmann
int pressure; CGFloat y; Toni Stachewicz

L _ 30.01.2018
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Limitations

= Pipeline speed:
o 37 ms (empty canvas)
o 53 ms (word: "Hello")
o 59 ms (word: "Handwriting")
o 110 ms (painted canvas)

"Hello” |
"Handwriting" | S

0 10 20 30 40 50 60
in ms

m Network ®mWrapper ®Recognition

70
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Conclusion |n§ti?3tr

= According to our experience, the recognition works much better than
previous approaches of integrating handwriting recognition in an

online/JavaScript environment

s However, there are still various difficulties
o Writing large texts is ugly

o Words need to be present in dictionary Handwriting

. . - . . Recognition
o Requires availability of another server(does not work in Lively _ g
Niklas Hoffmann

standalone) Toni Stachewicz
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Future work Ingti'rclt?tr

m Create lively component
= Support for multiple words

= Implementation of Lively interactions
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Examples

WritePad Handwriting Recognition

| English v |

&2

Hanohonting

| Handwriting | Hardworking | Hardwiring | Hardwrrtmg | Hardwortmg |
| Clear Text
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| Recognitions | Recognition | recognitions | recognition | Rerognitios
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Examples

WritePad Handwriting Recognition
‘Deutsch v |

Y

Handschrift
Clear Text
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WritePad Handwriting Recognition
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tails | flails | toils | Pails | tads |

Clear Text
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WritePad Handwriting Recognition
[Deutsch v
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rire | risr | ferr | rerr | Hrr |

Clear Text
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S-Bahn

| Stalin | Spann | spahn | Spahn | Statur |
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WritePad Handwriting Recognition
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fens | jens | fins | tens | jers |

Clear Text
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Jens | jens | gens | gem | sens |

Clear Text
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