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What I want to you take from here

… considerations 
for Edge-AI FOSS 

use cases

... tips for you 
when looking for a 

project to 
contribute to

Actionable ...MLOps ...

... an example for 
a FOSS ML 

feature 
contribution

Understand ...

FOSS = Free and Open-Source Software



What is Edge-AI?

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

- Definition of IBM

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


I am Martin Lellep

Experience: Applied Science, Machine Learning
● Just finished PhD: computational + theoretical physics 

with ML
● Previously:

● Finance research
● GenAI for healthcare

at Canon Medical Research Europe in Edinburgh



I take a lot of handwritten notes!

Sources: (left) https://www.reddit.com/r/medicalschool/comments/n4av1c/just_finished_m2_thought_id_share_my_handwritten/, (right) https://qstl.engin.umich.edu/

Study notes & regular notes & maths notes

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

Example: GoodNotes on iPad

• 24 million MAU (source)
• ARR: O(millions) (source)

Fosters 
digitalisation 
and thereby 
businesses
(e.g. RAG)

source

Benefits:

- Reduced paper consumption
- Fully editable
- Fully searchable

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++

10.5k stars

Your notes 
truly belong 
you!

Open file format

source

FOSS handwritten notes cross-platform application

https://github.com/xournalpp/xournalpp


Xournal++ grows!

Covid

Xournal++ is written in C++

My first production contributions:

1. Doxygen for docs

2. Coordinate system tool



Problem: Not searchable
We cannot search our Xournal++ notes!

- Local to be privacy aware
- Reasonably fast
- Reasonably accurate
- Run on limited hardware
- Callable from C++
- Delivered to edge 
- Make community aware of solution
- Community not skilled in ML

Challenges for search 
implementation:

Community wants this feature!

But not via cloud. = MLOps questions!



My solution: Xournal++ HTR
HTR = Handwritten Text Recognition

Start
(currently
nightly) Call plugin

Select
destination

Result:
PDF



My solution: Xournal++ HTR
HTR = Handwritten Text Recognition

Resulting 
searchable 
PDF

Searchable
through
(invisible)
overlaid
text



Xournal++ HTR grows

Community seems to like it! ❤️



Live Demo!



Xournal++ HTR is available online

All this already public!  

https://github.com/PellelNitram/xournalpp_htr

https://github.com/PellelNitram/xournalpp_htr


System design

Side note:

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

Trained 
model
Trained 
model
Trained 
models

Backend 
script

ONNX
Xournal++Xournal++ 

HTR

Lua script through APIPython script

calls user

Transcribed 
PDF

To user
specified locationModel 

training Model 
registry

e.g. with
HuggingFace

download

versioned
upload

MLOps side

Trained with
PyTorch &
PyTorch Lightning



Excursus: Offline vs Online HTR

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

Image data Time series data 
with channels:
- x coordinate
- y coordinate
- time
- pressure



Current ML model
Zero shot: Offline HTR with HTRPipeline by Harald Scheidl

Recognition Transcription

Segmentation:

Step 1: Step 2:

Image to sequence:

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

Forwards identified words

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


Next ML model
I already developed a model to perform online HTR text recognition:

Available at: https://github.com/PellelNitram/OnlineHTR

Uses:
- LSTM layers
- CTC loss
- CTC decoding

Weights: 5MB in size



Conclusions
● We live in a world in which ML features now come to 

FOSS applications
– Example: I built Xournal++ HTR which will impact >10k 

users
● This requires MLOps practises …
● … 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?

● 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

Actionable advice



Thanks!

Do you have any questions?
      LinkedIn

Martin Lellep
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