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The software every neuroscientist dreams of...

® Standardized and generalized methods and processes,
moving from qualitative to quantitative comparisons

® Enabling a common language for multi-disciplinary research,
providing user-friendly software solutions
and spreading innovative methods and results out of the lab

® Maximizing the return-on-investment (of human resources/efforts),
reducing the time-to-journal

® Operating in a collaborative environment, exploiting cutting-edge
technologies and latest trends in software engineering
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Cobrawap

COllaborative BRAin Wave Analysis Pipeline

https://cobrawap.readthedocs.io
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The software every neuroscientist dreams of...

Standardized and generalized methods and processes,
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Enabling a common language for multi-disciplinary research,
providing user-friendly software solutions
and spreading innovative methods and results out of the lab
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reducing the time-to-journal

Operating in a collaborative environment, exploiting cutting-edge
technologies and latest trends in software engineering

EBRAINS 27 CObrawa.p
Cobrawap dS ad Service
COllaborative BRAin Wave Analysis Pipeline :> * Exploit remote computational
https://cobrawap.readthedocs.io resources (e.g. HPC)
o gﬁggr?léle https://github.com/NeuralEnsemble/cobrawap " Reduce users’ technical efforts

GitHub -©°rg for installation & execution
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Cobrawap under the magn|fy|ng glass Cell Reports Methods 4, 100681 (2024)

® originally focusing on slow-wave dynamics, now more general
* designed and developed in collaboration with Jilich Forschungszentrum ' ﬁ neCs=s ﬁ. CONDA
® open source, public repository (github.com/NeuralEnsemble/cobrawap)

h : ~
* Python + expansion/integration of general common tools YML |'i| UNICE#RE ‘=§ FENIX
* hierarchically built up as a sequence of (almost) fixed stages, . 6 sciry é} EBRAINS

each made up of customizable blocks

& = e

> B configs v [ stage0O1_data_entry
> [ stage01_data_entry —f v B configs
> [ stage02_processing [3 config_template.yaml Stages
> BB stage03_trigger_detection v B scripts 1. DataEntry - common format
> BB stage04_wave_detection 0 check_input.py 2. Processing - processed data
> B stage05_channel_wave_chara... 0 enter_data_template.py 3. Trigger Detection = transition times
> BB stageO5_wave_characterization 0 plot traces.py 4. Wave Detection - wave collection
> I utils [3 README.st 5. Wave Characterization > wave parameters
(O README.rst [M Snakefile BIOCkS
[ Snakefile ) . .
Implement single methods and algorithms (modularity)
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4. Wave Detection —> wave collection
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Cell Reports Methods 4, 100681 (2024)

Comparing apples to apples...

Cobrawap allows the comparison across
experimental recordings from different
laboratories and techniques:

stages

Data Entry Processing Trigger Detection Wave Detection Characterization
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... but it also allows for model
Vs experiment comparison:
model calibration & validation!
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Almost any parameter can be tuned
via a set of human-readable config files.

lustering'

iode_clustering', "optical flow'

DERIVATIVE_FILTER: 'scha

il
g 7

EBRAINS
Italy



Pushing the limits of user-friendliness
L kel
Almost any parameter can be tuned [\l/ W\N\J
via a set of human-readable config files. ‘
Parameters are then parsed and fed to [ check input formatJ
the pipeline via workflow manager systems,
that orchestrate the execution flow. ‘

[ ROI selection ]

4

[ frequency filter ]
COMMON

: plot
WORKFLOW [wrlteoutput] [ spectrum ]
LANGUAGE
[ plot signal J

s shakemake




Pushing the limits of user-friendliness B snakemake

Almost any parameter can be tuned

via a set of human-readable config files. COMMON
check_input: A/ }RKFLO\’

run: cwl_steps/check input_2.cwl X .
in: LANGUAGE

pipeline_path: pipeline_path

Parameters are then parsed and fed to ST
the pipeline via workflow manager systems, e
that orchestrate the execution flow. L e e el

JTPUT_DIR inpu
input_fi

OUTPL

pipeline_path: pipeline_path

step: roi_selection.step

data: roi_selection.data

output: roi_selection.output

output_img: roi_selection.output_img

intensity_threshold: roi_selection.intensity_threshold

crop_to_selection: roi_selection.crop_to_selection
out: [roi_selection.output]

background_subtraction:
run: cwl_steps/background_subtraction_2.cwl
snakemake
pipeline_path: pipeline_path
step: background_subtraction.step
data: roi_selection/roi_selection.output
output: background_subtraction.output
output_img: background_subtraction.output_img

output_array: background_subtraction.output_array
out: [background_subtraction.output]

COMMON

run: cwl_steps/detrending_2.cwl

in:
\/\/O R K I: LO\/\/ pipeline_path: pipeline_path

step: detrending.step

LAN ( UA( E data: background_subtraction/background_subtraction.output
output: detrending.output

detrending_order: detrending.detrending_order
output_img_dir: detrending.output_img_dir
img_name: detrending.img_name

plot_channels: detrending.plot_channels
[detrending.output]

output_img_dir




Pushing the limits of user-friendliness

Almost any parameter can be tuned
via a set of human-readable config files.

Parameters are then parsed and fed to
the pipeline via workflow manager systems,
that orchestrate the execution flow.

Everything is transparent to the user,
being hidden by an intuitive
command-line interface (CLI)

which is pip-installable.

* Set up folder, paths and settings:

cobrawap init

* Add a specific profile for a dataset:

cobrawap add profile

* Run the whole pipeline, or single parts of it:
cobrawap run
cobrawap run_stage --stage <..»>

cobrawap run_block --stage <..> --block <..>




The Cobrawap solution
to intercept the demand for resource scalability & usability

Software delivery

-

\_

ﬁ .25, o
o . 4

Collab & KG interaction
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GitHub O NDA

EBRAINS \
Collaboratory

Deploy & run on HPC/cloud

-

\
= FENIXRI
® JSC
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docker = == - ﬁll\r:])gf;E . CSCS
) — ] L ¢ CINECA )
Command-line interface handling workflows
snakemoke

source code
(+ custom)

user
config files
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COMMON
WORKFLOW
LANGUAGE

workflows /




The Cobrawap solution
to intercept the demand for resource scalability & usability

Software delivery
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Cobrawap as a service




The Cobrawap solution

to intercept the demand for resource scalability & usability

Software delivery
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EBRAINS

Cobrawap as a service

Target tasks

® Model calibration & validation

® Large-scale data analysis

® Metrics for clinical applications

® Buildout of methods & algorithms




Scientific Tasks (development of new blocks)
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’/
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Spontaneous vs stimulated/evoked data
Anaesthesia vs natural sleep and wakefulness

TVB-Human & EEG = towards human data,
beyond surface recordings (3D data and
models), measures of complexity
Generalized image processing

CBF + ECoG in mice
BOLD-fMRI + EEG in humans Technical Tasks (towards an EBRAINS service)
* Documentation & CI/CD

* Execution on HPC

* Workflow managers: Snakemake and CWL

Funded until 2025++ by * Parallelization and speed up

PNRR
QDEBRAH\J“)? * Deployment (spack, pip, Docker)

° Input data: link with the EBRAINS-KG




The Cobrawap paradigm (i.e. how science and technology play together...)

Scientific Tasks (development of new blocks)

Funded until 2026 by
INFN CSN5 project
* Anaesthesia vs natural sleep and wakefulness BRAINSTAIN
* TVB-Human & EEG = towards human data,
beyond surface recordings (3D data and
models), measures of complexity

* Spontaneous vs stimulated/evoked data

* Generalized image processing
* CBF + ECoG in mice
* BOLD-fMRI + EEG in humans

See in particular WP1 of BRAINSTAIN:
«Analysis pipelines, data processing, data analysis»

- Coordinated by Giulia De Bonis (RM1)
- Task leaders: C. Lupo (RM1), G. De Bonis (RM1), P. Oliva (CA)

FREBRAINS
Italy



HOS (Hierarchical Optimal Sampling)

an example of data- & question-driven development of algorithms

Dealing with high-res imaging datasets is often challenging, e.g.:
® Huge demand for storage

AMaan AN
® Massive computational resources (CPU time, RAM, ...)
... but do we need everywhere this super-high resolution???

large number of channels

9

significative percentage
of non-informative pixels or
with low signal-to-noise ratio
' o -
keep and use only the informative(!) ones, |
preserve native resolution ==

when admittable(¥ according to
a given scientific question

N

{

signal
[=]

signal
[=]

—10 =




HOS (Hierarchical Optimal Sampling)

an example of data- & question-driven development of algorithms

10°

¢ Can be employed to quantitatively evaluate sl | ¥ o
the «goodness» of a dataset lterative
® Allows for a «smart» (i.e. science-motivated) usage : - 3
) Hierarchical )
of pre-processing methods (as averages) : -
Highly customizable
detected transitions without sampling . . e e 2
Quality test | | Stop criterion iy (= | | | .
& / wm-pixel size
é’ 7 7
g
6 6
5 — 5 —
g g
N s
4 X 4 @
o X X
o o o
o 3 = 3 =
c ~ o~
@ @




Cobrawap + TheVirtualBrain: first results...

What happens when wanting to apply Cobrawap to data not arranged in a regularly-spaced
2D grid of channels, e.g. human EEG?

It would be necessary to go beyond the 2D representation, toward a 3D one...

Starting point: in silico data > THEVIRTUALERAIN.

Open-source platform for constructing and simulating personalised network models

® Relies on fully customizable neural models and structural connectomes

® Parameters can be easily tuned, for better simulation results...

Cobrawap can be used as a
calibration/analysis tool for TVB output!

https://www.thevirtualbrain.org




Cobrawap + TheVirtualBrain: first results...

Using TVB with Larter-Breakspear (LB) models, considering 76-node and 998-node connectomes:

. R
parameters can be tuned, so to retrieve in-vivo Strong oscillations Weak oscillations

features richness i "
® spatio-temporal propagation of waves can be clearly seen :; ]
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https://doi.org/10.3390/app14020890
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