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PyMoDAQ:
Navigating the
Future of Data
Acquisition

lin an era where data is paramount, Dr Sébastien
Weber and his team at CNRS, the French Nationall
Centre for Scientific Research, are changing

the landscape for scientists and engineers with
PYyMoDAQ, an open-source data acquisition

software. Their revolutionary tool stands out for its

accessibility, versatility, and the thriving community

it fosters.
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Bridging the Gap

Data acquisition plays an increasingly pivotal role in the
rapidly evolving world of research and technology. It

is the backbone of scientific experiments, engineering
developments, and technological advancements — and the
complexity of reality makes good-quality data a necessity
rather than an optional ‘nice-to-have’. The ability to efficiently
gather, analyse, and interpret data determines the pace

and success of innovation. Dr Sébastien Weber at CNRS, the
French National Centre for Scientific Research, worked with his
team to develop PyMoDAQ, which effectively bridges the gap
between complex data acquisition needs and user-friendly
solutions.

PyMoDAQ: An Open-Source Framework

Unlike traditional data acquisition software, which often
requires extensive technical knowledge and is typically
rigid in its application, PyMoDAQ is designed to be intuitively
accessible to a wide range of users. Its modular structure
allows for customisation according to the specific needs

of various scientific and engineering projects, making it a
versatile tool in numerous research and technological fields.
In the name ‘PyMoDAQ), Py’ signifies its foundation in Python,
a popular programming language known for its versatility
and user-friendliness. MoDAQ’ stands for modular data
acquisition.

At its core, PyMoDAQ is an open-source framework that takes
care not only of real-time data visualisation and analysis but
the entire experimental set-up - ‘experimental orchestration’.
The software’s graphical interface simplifies complex

data handling processes, enabling users to focus more on
their experimental work and less on the intricacies of data
management. The offline complex data visualisation with

core modules can be used as the building blocks for custom
analysis software. The data management layout of PyMoDAQ
is designed to allow for easy manipulation and use.

An Exciting Graphical User Interface

The graphical user interface (GUI) of PyMoDAQ is designed
with the end-user in mind to be intuitive, clear, and easy to
use. The interface is clean and well-organised, allowing users
to quickly access various features and tools without being
overwhelmed by technical complexities.

One of the most exciting aspects of the PyMoDAQ GUl is its
real-time data visualisation capability. Users can observe
data as it is collected, providing immediate insights and the
ability to make on-the-fly adjustments to their experiments
or processes. This feature is particularly beneficial in research
and engineering environments where real-time data analysis
can lead to quicker decision-making and more efficient
workflows.

This insight led to the creation of two types of graphical
modules in PyMoDAQ, both designed to simplify and
streamline the control of experiments. These two modules are
named DAQ Move and DAQ Viewer. DAQ Move is responsible
for controlling the varying parameters of an experiment, while
DAQ Viewer provides visual feedback on the data collected
from the detectors.

Importantly, the GUI is highly customisable. Users can
arrange and resize panels and controls according to their
preferences and requirements, and the GUI also facilitates
easy integration with a variety of data acquisition hardware.
More importantly, they can configure a given layout for their
specific experimental set-up. Users can connect and control
different instruments and sensors through its plugin system.



The intuitive nature of the GUI means that users can spend
less time figuring out how to use the software and more time
focusing on their primary research or engineering tasks.

Versatility and Adaptability

PyMoDAQ is fully able to deal with any kind of data, from
simple numbers (e.g. temperature), waveforms (e.g.
oscilloscope trace), images (e.g. from a camera) or higher
dimensionality data (from complex three-dimensional
detectors). The underlying data management allows it to
consider all these to be PyMoDAQ data’ and allow flexible
plotting and saving.

This flexibility is achieved through an extensible architecture.
The foundation of this architecture is the GUI, based on the
configuration specified by the user. Consider the parameters
of the DAQ_Move and Viewer GUI modules. These are

both self-generated, constructed according to individual
specifications provided. This is critical for the framework to
evolve and meet new and emerging needs in the field of data
acquisition. The most efficient way to accomplish this is by
building new features using a plugin structure that leverages
the main components of the framework. This approach
enables the introduction of completely new features without
the necessity of rewriting the core components of the data
acquisition framework, thus maintaining PyMoDAQ's essence
as a modular framework.

Facilitating Research

In PyMoDAQ, the process of data acquisition is seamlessly
integrated to facilitate research and experimental
procedures. The software features a DAQ Scan module
specifically designed for automated and synchronised data
acquisition from multiple detectors. This module operates
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based on the values of one or more actuators, a set-up that
enables accurate and efficient data collection across a
range of experimental scenarios.

This module automates the selection of detectors and the
parameters to be monitored or controlled. In doing so, it
ensures that the data collected is not only accurate but
also relevant to the specific requirements of the experiment.
Additionally, PyMoDAQ includes robust data saving and
visualisation mechanisms.

Applications in Imaging and Beyond

PyMoDAQ has already been instrumental in various scientific
experiments, particularly in the fields of fluorescence imaging

and ultrafast electron microscopy. Perhaps most impressively,

the work of Professor Anne L'Huillier, the Physics Nobel Prize
winner in 2023, is being continued using PyMoDAQ at Attolab
in France.

In fluorescence lifetime imaging, PyMoDAQ is used to control
an experimental set-up for measuring the life time of
fluorescent particles. The set-up involves triggering electronic
excitation in fluorescent emitters using short laser pulses.
PyMoDAQ manages the measurement of the arrival times
of re-emitted photons using a high temporal resolution
photon counter. These measurements reconstruct a binned
exponential decay of the fluorescence, allowing scientists
to extract the lifetime of the fluorescence of any part of the
sample, however small or large. This process is facilitated by
PyMoDAQ's ability to control multiple instruments, including
photon counters, microscope cameras, and spectrometers,
as well as actuators like XY stages and laser repetition rates.
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At its core, PyMoDAQ is an open-
source framework that takes
care not only of real-time data
visualisation and analysis but
the entire experimental set-up -
‘experimental orchestration’.
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PyMoDAQ. Credit Sébastien Weber.

The Dashboard allows configuration of the experimental
set-up and hosts the Control modules (DAQ_Move and Daq
Viewer). Extensions can then orchestrate particular features,
such as scanning the varying parameters while grabbing
and saving data (in the case of the DAQ Scan) or optimising a
given signal as a function of some varying parameters for the
Optimisation extension.
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The FemtoTEM is an ultrafast transmission electron
microscope, essentially a pump-probe experiment. It
involves exciting a sample with a femtosecond optical
pulse (pump pulse) and probing it with a synchronized
delayed femtosecond electron pulse (probe pulse).

Key elements of these experiments include generating
electrons from a metallic nanotip using femtosecond laser
pulses and synchronizing these electrons with another
optical femtosecond pulse. PyMoDAQ's role in FemtoTEM
is critical for managing various parameters, such as the
3D spatial positioning of the laser focus on the tip, laser
intensity, and laser polarization.

What’s Next for PyMoDAQ?

Dr Weber has plans to make PyMoDAQ even more user-
friendly and versatile. This involves expanding its library

of compatible hardware, thereby enhancing its utility

in a wider range of experimental set-ups. The growing
PyMoDAQ community, with its increasing number of

users and developers, will play a crucial role in this. The
contributions of the PyMoDAQ community in developing
and sharing plugins will address existing limitations and
enable PyMoDAQ to harness a broader range of hardware
frameworks.

The future of PyMoDAQ lies in its continued evolution as

a flexible, community-driven platform that adapts to the
changing needs of the scientific and engineering fields.
Its commitment to improving data acquisition processes,
expanding hardware compatibility, and fostering a
collaborative community sets the stage for PyMoDAQ to
remain a key player in research and technology.

MEET THE RESEARCHER

Dr Sébastien Welber, CEMES-CNRS, Toulouse, France

Dr Sébastien Weber, a prominent physicist and researcher,

began his academic journey at Université Toulouse Il — Paul
Sabatier (UT3), completing his doctorate between 2007 and
2010. His PhD thesis focused on using temporally shaped

laser pulses on various atomic systems. From 2010 to 2016, Dr

Weber undertook research at several esteemed institutions,
including CEA-Saclay (Lydil laboratory), Imperial College
London, and CNRS at Université Toulouse Ill — Paul Sabatier
(UT3). Dr Weber is the creator of the PyMoDAQ library, a

groundbreaking tool for experimental setup control and data

acquisition.
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