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FOSS = Free and Open-Source Software



What is Edge-Al?

Edge artificial intelligence refers to the deployment of Al

algorithms and AI models directly on local edge devices such as
sensors or Internet of Things (IoT) devices, which enables real-time
data processing and analysis without constant reliance on cloud

Infrastructure.

- Definition of IBM

Source: https://www.ibm.com/topics/edge-ai, https://en.wikipedia.org/wiki/Edge_computing, https://en.wikipedia.org/wiki/Edge_device


https://www.ibm.com/topics/edge-ai
https://en.wikipedia.org/wiki/Edge_computing
https://en.wikipedia.org/wiki/Edge_device
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 Just finished PhD: computational + theoretical physics
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* Finance research

* GenAl for healthcare
at Canon Medical Research Europe in Edinburgh




| take a lot of handwritten notes!

Study notes & regular notes & maths notes

Sources: (left) https://www.reddit.com/r/medicalschool/comments/n4avlc/just_finished _m2_thought id share _my_ handwritten/, (right) https://gstl.engin.umich.edu/


https://www.reddit.com/r/medicalschool/comments/n4av1c/just_finished_m2_thought_id_share_my_handwritten/

Digital handwritten note-taking

People like to take digital handwritten notes

Benefits: | Fosters

_ digitalisation
- Reduced paper consumption [ and thereby
- Fully editable businesses
- Fully searchable (e.g. RAG)

Example: GoodNotes on iPad

e 24 million MAU (source) source

 ARR: O(millions) (source) Problem:
vendor lock-in



https://www.investopedia.com/terms/m/monthly-active-user-mau.asp
https://www.goodnotes.com/press
https://growjo.com/company/GoodNotes
https://medium.com/@naveenkumarreddy3210/wacom-vs-ipad-the-showdown-for-digital-note-taking-5313dbbef28d

Xournal++

FOSS handwritten notes cross-platform application

— xournalpp / ®

=€) Lo 2/ o' @ 10.5k stars

<> Code (%) Issues 958 Il Pull requests 70 ) Discussions () Actions

@ ¥

Xournal++ is a handwriting notetaking software with PDF ation support. Written in C++ )
with GTK3, supporting Linux (e.g. Ubuntu, Debian ; SUSE), macOS and Windows 10. Open file format

Supports pen input from devices such as Tablets.

& xournalpp.github.io

5 GPL-2.0license
vy 105k stars % 774forks & 101 watching § 14 Branches ) 31Tags -~ Activity Y
our notes

=) Custom properties trUIy belong

@ Public repository
you!

source


https://github.com/xournalpp/xournalpp

GitHub Stars

Xournal++ grows!

x/ Star History

Xournal++ is written in C++

10.0k l ® Xournalpp/Xournalpp ’
. My first production contributions:
6.0k
1. Doxygen for docs
4o 2. Coordinate system tool
2.0k
204 2016 2018 2020 2022 2024

Date %} star—history.com



Problem: Not searchable

We cannot search our Xournal++ notes!

o —
= O xxxxxx lpp / xournalpp Q + < (O] o

¢ code © lssues @D It Pullrequests @ W Discussions ® Actions [ Projects @ |- Cha”enges for Search

Recognition of handwritten text #2152 ez implementation:

rolandlo opened this issue on Aug 8, 2020 - 32 comments

‘.Ii rolandlo commented on Aug 8, 2020 Member = ++ lanees B Local tO be prlvacy aware ‘
- Reasonably fast

Is your feature request related to a problem? Please

describe.

ItevT/(CJZI:be nice to have a feature to extract the handwritten Labels = R e a.SO n ab Iy a.c C u rate

text from a Xournal++ document, so you can reuse it in a enhancemen t . .

- Run on limited hardware
Describe the solution you'd like Projects

I would like to have a Xournal++ plugin, in which you can None yet = Cal |ab|e from C++

select pages (or the whole document) and get the text

extracted from the selected pages and save it to a .txt file or - D e I ive red to ed g e -

copy it to clipboard.

- Make community aware of solution
Community wants this feature! - Community not skilled in ML

But not via cloud. 4= = MLOps questions!
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My solution: Xournal++ HTR

HTR = Handwritten Text Recognition
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Xournal++ HTR grows

@ Star History

70
l @ PellelNitram/Xournalpp_htr | (

£ <4 [N
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Community seems to like it!



Live Demo!



Xournal++ HTR 1s available online

All this already public!

https://github.com/PellelNitram/xournalpp _htr


https://github.com/PellelNitram/xournalpp_htr

Trained
models

Model
training \
versioned
Trained with upload
PyTorch &

PyTorch Lightning

System design

\

\ Python script
w.\ Backend
script
N\
N\

download

Model
reqgistry

e.g. with
HuggingFace

MLOps side ,

calls

To user
specified location

Lua script through API

Xournal++

user

HTR

Side note:

Xournal++

Transcribed
PDF

Also usable as independent backend for batch processing;
e.g. businesses could make use of to build RAG databases
based on their handwritten notes




Excursus: Offline vs Online HTR

Image data

Offline Handwriting

Source: https://mattiasuisse.medium.com/handwritten-text-recognition-in-2020-634984e29ac7



Current ML model

Zero shot: Offline HTR with HTRPipeline by Harald Scheidl

Step 1: Step 2:
Forwards identified words
Recognition Transcription
Segmentation: Image to sequence:

50 A

'wo(d > "word"

100 4

150 ~
Sources:
- https://github.com/githubharald/WordDetectorNN
AT W iy G - https://github.com/githubharald/SimpleHTR

- https://github.com/githubharald/HTRPipeline

200 A



https://github.com/githubharald/WordDetectorNN
https://github.com/githubharald/SimpleHTR
https://github.com/githubharald/HTRPipeline

Next ML model

| already developed a model to perform online HTR text recognition:

aaaaaaaaaaaaaaaaaaaa

Uses:

- LSTM layers

- CTC loss

- CTC decoding

Weights: 5MB in size

Avallable at: https://github.com/PelleINitram/OnlineHTR



Conclusions

 \We live in a world in which ML features now come to
FOSS applications

- Example: | built Xournal++ HTR which will impact >10k
users

* This requires MLOps practises ...

e ... that might differ from cloud-native MLOps b/c ML
runs on the edge (i.e. on the user’s local device)

Go out and build awesome ML open source features!



How to select project to contribute?

Actionable advice

Active

Be proactive in both ideating and implementing a PoC
Plugin system is useful

Language you know

Available zero shot model is useful

Get in touch with community early on



Thanks!

Do you have any questions?

5 mLinkedln

Martin Lellep
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