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Abstract. Scientific research frequently uses advanced computational tools and skills to handle its large data-
sets. We developed a user-friendly, innovative solution based on standardized Dodgeville recipes and ipyker-
nels to streamline interactive data processing environment deployment and management. Our solution is com-
patible with a series of widely used analytical software based on Python, and R, and specialized software for
planetary sciences such as the USGS Integrated Software for Imager and Spectrometers (1SIS) and the NASA
Ames Stereo Pipeline (ASP), providing a scalable and highly customizable solution for collaborative research,
teaching, and specialized group.

Introduction

Research data are available in various formats, ranging from raw measurements to pro-
cessed and calibrated products. Accessing such data is facilitated by dedicated archives
and platforms such as NASA’s Planetary Data System (PDS) (PDS Geosciences Nodes,
2020), ESA’s Planetary Science Archive (PSA) (Planetary Science Archive, 2025) , Mars
System of Information (MarSI) (Quantin-Nataf et al.,, 2018), SSDC-ASI's Multi-purpose
Advanced Tool for Instruments of the Solar System Exploration (MATISSE) (Zinzi et al.,
2016), ESA MAAP (Multi-Mission Algorithm and Analysis Platform) (Albinet et al., 2019)
and general-purpose environments like Google Colab. However, turning these data into
useful scientific knowledge usually needs special software and expertise in computing. Se-
veral initiatives aim to provide Analysis Ready Data (ARD) (Building a Lunar Spatial Data
Infrastructure (SDI) - ADS, 2021; Knowledge Inventory of Foundational Data Products in
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Fig.1

Schematic of the
proposed archi-
tecture. Boxes
represent docker
containers,
while cylindres
represent docker
volumes.
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Planetary Science, 2021; Fergason et al., 2021) and interactive web-based analytical inter-
faces [10]. However, many advanced analyses still depend on sophisticated, open-source
software packages such as the USGS Astrogeology Research Program’s ISIS and (Sucharski
et al., 2020) NASA Ames Stereo Pipeline (ASP) (Beyer et al., 2018). Despite their effecti-
veness, these tools require familiarity with UNIX systems and programming, presenting a
barrier to broader adoption among researchers.

Proposed Solution

To address these challenges, we developed a versatile, scalable solution using Docker con-
tainers (Forde et al., 2018) and JupyterHub (Kluyver et al., 2016). Our solution, namely
Europlanet GMAP JupyterHub (Nodjoumi et al., 2025), emphasizes standardized Do-
ckerfile recipes enhanced with ipykernels, facilitating easy adaptation for specific tasks
or research working groups. The core image is the ISIS-ASP-GISPY Docker image, which
integrates ISIS, ASP, and a curated collection of Python packages (GISPY - Geospatial
Python), allowing customization for diverse analytical requirements. Docker containers
offer a lightweight, conflict-free environment, while JupyterHub provides a web-based
platform for interactive computing through notebooks that integrate code, output, and
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explanatory text. A schematic of the architecture is presented in Figure 1.
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Deployment and Management

The system is deployed through a semi-automated script handling Docker volume crea-
tion, networking, and image configuration. Additional parameters enable advanced set-
tings for web service deployment, user access control, and resource allocation. Resear-
chers interact with their computing environments through an accessible JupyterHub web
interface, simplifying adoption and use. Shared folders for users can be configured as well
as third-party services connections, such as GitHub/GitLab and cloud storages like Goo-
gle Cloud.
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Advantages and Impact
Our method presents substantial benefits over traditional computational workflows:

+  Simplified Deployment and Maintenance: Dockerized environments reduce comple-
xity and administrative burden.

+  User-Friendly Interface: JupyterHub provides intuitive access, catering to various le-
vels of technical expertise.

+ Scalability: Easily adaptable for expanding user groups and/or workloads, suitable for
collaborative research, educational settings, and workshops.

+ Customization: The environment and software packages can be tailored to specific
research needs, accommodating additional tools as required.

For instance, curated Docker images can be used on a laptop as standalone containers for
development and then the developed code can be executed in an identical Docker contai-
ner running on HPC nodes running JupyterHub without reproducibility issues.

Another example is a data centre composed of several teams, each with its own specialized
docker image, customized with multiple ipykernels, each for specific task.

Initially developed within the Europlanet GMAP (Geological Mapping of Planetary Bo-
dies) project at Constructor University, this solution was tested at international conferen-
ces such as COSPAR. Currently, it is being implemented at the Space System Data Center
(SSDC) of the Italian Space Agency (ASI). After an initial assessment and integration with
the other SSDC tools and services, we plan to gradually open and enable the JupyterHub
service to the wider community of researchers and citizens. Final users will then have
access to a user-friendly environment, remotely accessible, with embedded access to data,
tools and pipelines running on high-end HPC, relieving the user to perform extensive
computing tasks on personal computers and laptops.

A semi-production-ready implementation is publicly available on Zenodo and GitHub
(Brandt et al., 2024). Continuous improvements are underway to enhance user experien-
ce, particularly focusing on session persistence and recovery functionalities critical for
lengthy computational tasks. Further details about GMAP can be found at https://www.
europlanet.org/.

Conclusion

This standardized and customizable computational environment significantly simplifies
access to advanced analytical tools, promoting broader participation across diverse rese-
arch communities. By lowering technical barriers, it supports collaborative, scalable, and
effective data analysis, ultimately facilitating scientific analyses and innovation. Moreo-
ver, the HPC-based infrastructure, as well as the integration and accessibility of multiple
datasets, services and tools already available at the SSDC, may also allow the application
of novel processing technologies on even very large datasets and/or old datasets, further
improving and widening the scientific outcome.
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