3. Automatic Monitoring of Earth Observation Satellite
Images: The third case study involves classifying regions of
interest in satellite images captured by the Sentinel-2 con-
stellation. The workflow includes downloading satellite
data, preprocessing images, training a support vector
machine (SVM) model, and testing the model. Through
TITAN, each step is defined as a task with precise inputs,
outputs, and parameters, which are semantically validated.
This case illustrates TITAN’s potential for environmental
monitoring, showcasing its flexibility in handling spatial
data and complex analytical pipelines.

TITAN is an actively evolving tool successfully applied in var-
ious real-world scenarios, driving continuous improvement.
Its core validation and evaluation framework, Drama [L2], has
progressed into the more advanced DramaX [L3], enabling en-
hanced workflow support. This evolution has allowed TITAN
to underpin the development of innovative infrastructures for
scientific data analysis, including applications in environmen-
tal data processing [L4]. Notably, TITAN has facilitated the
creation of impactful workflows for European environmental-
ists, such as a predictive model for pollen levels [3].

TITAN represents a significant step forward in Big Data ana-
lytics, offering a semantically enriched platform for building,
deploying, and managing complex data workflows. TITAN
makes creating scalable, reusable, and interoperable data
pipelines easier through its modular architecture, semantic val-
idation, and support for various data processing tools.
Furthermore, TITAN ensures data quality and reproducibility
by tracking data lineage through its semantic model. By sup-
porting diverse case studies across different industries, TITAN
demonstrates its versatility and potential to transform the way
Big Data analytics are conducted, making it a valuable tool for
researchers and industries.

Links:

[L17 https://github.com/KhaosResearch/TITAN-dockers
[L2] https://github.com/KhaosResearch/drama

[L3] https://github.com/KhaosResearch/dramaX

[L4] https://kwz.me/hFg

[L5] https://github.com/KhaosResearch/TITAN-GUI
[L6] https://github.com/KhaosResearch/TITAN-API
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The D4Science platform is advancing reproducible re-
search by providing scientists with robust, cloud-based
tools for large-scale data analysis such as the Cloud
Computing Platform (CCP). CCP enhances collaboration,
allowing researchers to share, reuse, and build on each
other’s work across diverse scientific disciplines.

D4Science [1, 2] embraces the “as a Service” paradigm, offer-
ing Virtual Research Environments (VREs) [3] to streamline
the research process, serving as a foundation for modern sci-
entific collaboration, combining accessibility, innovation, and
scalability within a single, cohesive framework. The VREs
allow researchers to perform their data-driven research tasks
without needing to manage the complexities of storage, com-
putation, or deployment.

The Cloud Computing Platform (CCP) [L1], born from
D4Science’s more than 10 years of experience as an opera-
tional digital infrastructure, embodies the principles of FAIR
(Findable, Accessible, Interoperable, and Reusable) data, ad-
vancing Open Science and reproducibility in research. At its
core, CCP is designed to handle large-scale data analysis, pro-
moting the widespread adoption of microservice-based archi-
tectures. This approach enhances the platform’s flexibility and
makes it highly interoperable and composable, enabling re-
searchers to build and integrate their computational methods
effortlessly. CCP incorporates several innovative features that
make it particularly suited for data-intensive research. Its
methods importer tool simplifies the integration of computa-
tional methods, allowing users to deploy custom algorithms
and applications. The execution lifecycle tracker ensures that
every step of a method’s life, from creation to execution, is
meticulously documented. Additionally, CCP includes a real-
time execution monitor, which provides live feedback from the
server logs during method execution, enabling users to track
progress and identify issues promptly. Furthermore, CCP sup-
ports the archiving of executions, preserving the full configu-
ration, parameters, and inputs of each execution. This capabil-
ity ensures that methods can be repeated with fidelity in the fu-
ture, enabling reproducibility and providing a robust frame-
work for iterative research processes.

One of CCP’s core strengths lies in its flexibility, enabling
seamless integration across programming environments, lan-
guages, and execution infrastructures. This flexibility extends
to the execution of methods by the adoption of standard
REST/JSON APIs for interacting with CCP. Methods can be
executed programmatically from web applications as shown in
Figure 1, command-line interfaces, Jupyter Notebooks or
Galaxy workflows. To further support users, automatic code

11



Special Theme

12

generators create stubs and tem-
plates for multiple languages and
runtimes, including Python, Julia, -
Bash, Galaxy, and Notebooks.

CCP supports both containerised
(e.g., Docker, Docker Swarm,
LXD, Kubernetes, Singularity) and
non-containerised infrastructures
(e.g., Galaxy, Slurm). Execution
infrastructures can be hosted on
commercial platforms such as
Google Cloud Platform, or non-
commercial ones like D4Science’s
production environment. They also
accommodate High-Performance
Computing (HPC) clusters, as well as local environments such
as personal laptops for experimental purposes.

The flexible and inherently distributed nature of CCP execu-
tion infrastructures allows users to design and run methods
precisely aligning computational workloads with the most
suitable resources thus fostering optimisation of execution en-
vironments based on data locality, computational demand and
infrastructure capabilities. By accommodating a broad spec-
trum of execution contexts, from HPC systems to experimen-
tal environments, CCP facilitates distributed and scalable col-
laboration, enabling reproducibility and interoperability across
diverse research domains.

D4Science offers a native execution infrastructure based on
Docker swarm and enriched by a dedicated image registry
based on Harbor. Especially when designing methods for such
container-based infrastructures, scientists have virtually no
limitations on what programming languages, environments,
versions, or dependencies they are allowed to use. By encap-
sulating computational methods and their dependencies into
isolated containers, CCP ensures reproducibility, portability,
and scalability. This approach allows researchers to deploy
methods without compatibility concerns, maintaining consis-
tent execution environments regardless of underlying hard-
ware or software variations. Additionally, the use of containers
significantly reduces the overhead associated with traditional
virtualisation technologies, thereby improving the efficiency
of complex scientific workflows.

By integrating containerisation, flexible infrastructure man-
agement, and robust automation tools, CCP emerges as a crit-
ical enabler of large-scale distributed computing, driving inno-
vation and reproducibility across research disciplines.

In addition to its technical features, CCP strongly aligns with
the principles of Open Science, ensuring that all scientific out-
puts are transparent, repeatable, and reusable. Every execution
within CCP is documented with comprehensive provenance
tracking, which records the origins, transformations, and out-
comes of data. This capability not only supports reproducibil-
ity but also provides a clear lineage for scientific discoveries,
uplifting trust and attribution in research. This flexibility en-
sures that researchers across disciplines, regardless of their
preferred tools, can adopt and benefit from the platform.
Furthermore, the integration of dynamic resource allocation
allows users to scale their computational resources based on
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Figure 1 - The Cloud Computing Platform Web User Interface

demand, making CCP suitable for projects of varying sizes and
complexities.

The platform’s impact is already visible in large-scale scien-
tific initiatives. For instance, the EOSC Blue-Cloud2026 pro-
ject [L2] leverages CCP for ocean science research, utilising
its robust infrastructure to perform collaborative data analytics
on vast datasets. Similarly, the SoBigData Research
Infrastructure [L3], focusing on social data mining and ethical
Big Data analytics, integrates CCP to enable a multidisci-
plinary ecosystem for studying social phenomena. These ex-
amples highlight how CCP empowers researchers to address
complex scientific questions by providing the tools necessary
for effective collaboration, computation, and discovery.

By bridging the gap between technical complexity and scien-
tific innovation, with its combination of containerisation, API-
driven workflows, provenance management, and scalable in-
frastructure, CCP offers researchers a reliable and efficient en-
vironment for advancing their work. As scientific challenges
grow in complexity, platforms like CCP will play an increas-
ingly critical role in enabling reproducible and impactful re-
search across disciplines.

Links:

[L1] https://ccp.cloud.d4science.org/docs/index.html
[L2] https://www.blue-cloud.org

[L3] http://www.sobigdata.eu
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