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Abstract

H2IOSC is a pioneering project to create a federated and inclusive cluster of research infrastructures targeting researchers
from various disciplines, involved in the humanities and cultural heritage sectors with operating nodes across Italy. Within the
project, several tools and services are being redesigned and/or refactored to improve accessibility for targeted communities.
Among the solutions offered by E-RIHS infrastructure, the ATON framework - exposed as a service in the H21I0OSC federation -
was heavily refactored to accommodate the increasing demand of diverse scientific communities and their feedback for the last
10 years. With several H210SC pilots depending on ATON, as well as multiple national and international active projects, we
discuss how the framework and its architecture evolved to quickly adapt and embrace a variety of scenarios, with a dynamic
extensibility model. We report the beneficial impact H2IOSC trans-national and national (TNA/NA) calls had on driving such
refactoring, based on concrete scenarios and international/national use cases. Alongside improved scalability, interoperability
and mechanisms for integration with external platforms and other ecosystems, we describe plug&play models for vertical
and horizontal extensibility. We illustrate the improved plug&play architecture for Web3D/WebXR applications, offering an
accelerator to easily develop and deploy vertical applications, embracing the progressive web-application (PWA) model. We
report and discuss results obtained in the last few years, including a few ongoing H2IOSC pilots and other projects adopting
such models on their own instances of the framework. We also present and discuss the new “flares” architecture, providing
a new way to extend horizontally the functionalities of the framework, able to dynamically equip web applications or extend
ATON micro-service architecture. We describe a few notable cases and how flares hugely impact the overall extensibility of the
framework (both client and server side). We finally present a discussion with lessons learned and how this new architecture
accelerates infrastructural deployment while offering new ways to dynamically shape the operating perimeter of the service for

different scientific communities.

CCS Concepts

* Software and its engineering — Designing software; * Information systems — Web services; * Human-centered computing
— Visualization systems and tools; Web-based interaction; Open source software;

1. Introduction

H2IOSC (https://www.h2iosc.cnr.it/)is a pioneering project
to create a federated and inclusive cluster of research infrastruc-
tures in the ESFRI domain of Social Sciences and Humanities
(formerly Social and Cultural Innovation) with operating nodes
across Italy. The four involved Research Infrastructures (RIs)
are CLARIN (https://www.clarin-it.it/), DARIAH (http:
//dariah.cnr.it/), E-RIHS (https://www.e-rihs.it/) and
OPERAS (https://operas-it.org/). The project has been
funded by the European Union Next Generation EU and the Italian
Ministry of University and Research as part of the National Recov-
ery and Resilience Plan (NRRP), with a partnership of 12 research
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institutes from the National Research Council of Italy (CNR) and
18 operating units from the CNR’s Department of Social Science
and Humanities, Cultural Heritage (CNR DSU).

The Work Package 6 (WP6), in particular, is devoted to activities
related to servification, virtualization, and remotization of existing
tools maintained from the involved Rls in H2IOSC. The main goal
of such activities is to improve (or enable) access to rich tools and
services provided by the Rls, targeting a wide range of scientific
communities.

The H2IOSC federation also offers free-of-charge Trans-
national access (TNA) and National access (NA) to advanced digi-
tal services and tools from the four RIs, to conduct innovative and
computationally intensive research on complex digital data and ob-
jects (https://www.h2iosc.cnr.it/tna-na-calls/). The ser-
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vices exposed in such calls are advanced digital services and tools
from the Italian nodes of the four research infrastructures, either
refactored in WP6 or implemented during the project. These may
also include cross-domain services and proof-of-concept sets of re-
sources developed as H2IOSC community pilots (WP7).

This article illustrates strategies and solutions adopted for the
refactoring of ATON as a service in H2IOSC federation, to ac-
commodate the increasing demand of diverse scientific communi-
ties and their feedback collected during the last decade. ATON’s
involvement in cross-domain projects (archaeology, architecture,
geophysics, diagnostic, etc...) brought out different needs from
each of the scientific communities involved.

This work is structured as follows:

e Section 2 illustrates related work and a few existing approaches
on servification routes, deployment of Web3D services, stan-
dards, and best practices for service integration and communi-
cation.

e Section 3 illustrates challenges and opportunities emerged dur-
ing the past 10 years related to the ATON framework, through
national and international projects - and how these shaped its
evolution and current refactoring processes in H2IOSC.

e Section 4 describes architectural refactoring solutions adopted in
H2IOSC for ATON as a service (also through the beneficial im-
pact of H2IOSC TNA/NA calls) to improve it as an extensible
solution that can be easily shaped for different scientific com-
munities and integrated in a federation.

2. Related Work

Service-Oriented Architectures emerged as an architectural model
improving the service delivery performance of existing traditional
systems to scientific communities, while still retaining their key el-
ements [NIG*20]. Such architectural concepts promote loose cou-
pling, reusability, interoperability, agility and efficiency, with a fo-
cus on breaking each process into smaller blocks of tasks and func-
tions such as services. Within such a context, there are mostly two
architectural approaches: monolithic and mirco-services. In oppo-
sition to the monolithic approach, the emerging micro-services pat-
tern [STF23] has the goal of decomposing a specific process into
small, self-contained and loosely coupled services. Although mi-
grating existing logic from a monolithic to a micro-services archi-
tecture requires effort, it may offer several advantages in terms of
scalability, fault isolation, reusability and data security - especially
when targeting deployment on Rls.

In order to provide access to functionalities and resources offered
by a specific web service, the REST (REpresentational State Trans-
fer) architecture is nowadays widely adopted, with well-known ad-
vantages in terms of integration and interoperability [EACM22,
LCZL16]. REST emerged as the standard protocol: different sur-
veys and recent literature show that various companies or ser-
vice providers have migrated in recent years from XML-supported
SOAP (Simple Object Access Protocol) to REST [KIJT*23].

To discover capabilities of a given service without access to
source code, documentation, or through network traffic inspec-
tion, the OpenAPI (https://www.openapis.org/) specification

(OAS) offers a standard, language-agnostic interface to HTTP APIs
[CCVC21,PR22]. An OpenAPI definition (or OpenAPI document
- OAD for short) can be used by documentation generation tools
to display the API, code generation tools to generate servers and
clients in various programming languages, testing tools, and many
other use cases.

Within the development and deployment of services, Node.js
[SS17] (https://nodejs.org/) offers a cross-platform, open-
source back-end javascript runtime environment that allows the
creation of scalable network applications. It is one of the largest
open-source ecosystems, widely supported and used in several sce-
narios. Such an environment allows to create quite comfortably
micro-services architectures, with rapid definition of routes to de-
sign REST APIs.

Progressive web apps (PWAs) is a set of standards advocated
by the Google Web Fundamentals group. It is an approach to de-
velop mobile apps that can be run on different mobile platforms
(e.g., Apple iOS and Google Android) and take advantage of the
new possibilities and APIs provided by new web technologies
[ADT*19, CFST*22]. PWAs are web-applications with additional
functionalities such as offline availability, background synchronisa-
tion and the possibility to install the PWA on the user home screen
(mobile devices). They have introduced a new path to mobile de-
velopment, making web-apps look, feel and act similar to native
and hybrid apps.

Web3D technologies as well are exhibiting massive advance-
ments in recent years in terms of standardization, integration and
performance, for access and delivery of 3D models via common
web browsers. This is allowing different scientific communities
to investigate how 3D cultural heritage is presented online, and
to discuss needs and requirements that future infrastructures must
meet, in a post-SketchFab era [PGSS25]. In such a scenario, open-
source solutions, employed to build and deploy accessible Web3D
services, must take into account complex relationships with dif-
ferent communities, content creators, CH experts and the general
public [PCS18]. 3D technologies in Humanities research and ed-
ucation targeting infrastructures indeed should also consider sce-
narios, UX design, legislation, infrastructures, and teaching pro-
grams [Mue22].

3. A decade of challenges and opportunities
3.1. ATON framework story in brief

ATON project was initially developed as a basic Web3D viewer
(only client components) based on the open-source OSG.js
library (https://cedricpinson.github.io/osgjs-website/)
in 2015. Specifically, it was designed for the visualization of large
3D landscapes online [FPP19] under the ARIADNE European
project [MSR*17]. It was integrated into a cloud-based architec-
ture, alongside services to process multi-resolution datasets from
user-provided input data.

The OSG.js library was a WebGL framework strongly based on
the OpenSceneGraph concepts [WQ10] (where the team already
had experience) with an API kept as similar as possible to the
desktop project. The OSG.js library was mainly maintained by de-
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velopers of the current SketchFab proprietary platform (https:
//sketchfab.com/).

Following the results of the ARIADNE project, ATON started
an extensive refactoring in 2016 carried out to embrace more use
cases related to interactive 3D on the web, mainly among the ar-
chaeological communities. Following the advancements of OSG.js
library, the viewer was completely redesigned, with improved sup-
port to mobile devices, first support to physically-based materials
(PBR) and first experimentations with WebVR API (2016), mak-
ing the open-source project one of the first among the CH com-
munities to provide immersive VR on the web. This marks the 2.0
version of the growing project, enabling its integration in a project
at the Capitoline Museum [GBML™ 18] for augmentation, dissem-
ination and interactive VR presentation of museum 3D collections
with responsive, cross-device 3D visualization. Similar projects re-
lated to the interactive presentation of 3D collections integrated the
project [ABC*16] for virtual museums.

The fertile ground offered by ATON, led also to different exper-
imentations including Web3D tools to inspect captured sessions in
virtual environments [FC20], the research of compact data models
for panoramic VR [Fd16], interactive discovery techniques for CH
like “temporal lensing” [FFD21a], and gamification models (like
3D puzzles) as Web3D applications aimed at re-contextualization
[TPC*19].

In 2020, the OSG.js library (MIT license) was discontinued, and
its repository archived. The ATON project was highly impacted,
with several underlying features starting to collapse or not working
properly: it was destined to certain death. In 2020 ATON 2.0 was
thus abandoned: the experience gained and lessons learned along
the road were inherited by a completely new version of ATON (3.0)
developed from scratch, based on a more robust library (THREE. js)
with a massive community behind. This moment was particularly
crucial as it allowed to rethink and redesign the framework from
the ground up, also in terms of architecture, web technologies and
interoperability. New ecosystems and robust standards (like gITF
format [RAPC14]) were embraced, with ease of integration, reuse
and long term storage in mind. A new, modular architecture was
introduced beyond mere client components, with a micro-services
model based on Node.js ecosystem (see section 2) - offering a flex-
ible and ready-to-use solution for museums, researchers and pro-
fessionals.

Through the feedback, projects and experience gained so far, the
overall architecture of ATON [FFD*21b] was re-designed around:

e Advanced and liguid (cross-device) 3D presentation features

e Modular micro-services, with a design suitable for clustering
modes (scalability)

e A plug&play architecture for web-apps, also adopting the PWA
model

e Multi-user management

e Persistent identifiers for 3D models, scenes and web-apps

e REST API

A built-in advanced viewer was developed (“Hathor”) offer-
ing a ready-to-use and customizable front-end solution with rich
functionalities, without any intervention required on code. Along-
side Hathor, the flexible plug&play architecture for web-apps guar-
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antees the development and deployment of custom vertical so-
lutions. This necessity emerged directly from the various com-
munities using ATON, as well as requirements from several na-
tional/international projects where the framework was involved
during these 10 years.

3.2. Community Building

The community around ATON grew rapidly among different scien-
tific domains in the past 10 years. The main pillars for community
building revolved around:

e a dedicated website: including how-tos and tutorials, use-
ful links, architecture and formats overview, publications and
projects.

e an open group on Telegram: an international space for support,
help on specific use cases and discussion of upcoming features,
alongside collecting various feedback directly from the commu-
nity.

e aseries of youtube videos, for dissemination or showcase of new
features, projects adopting ATON, etc.

e courses and involvement of schools from multiple grade levels,
presenting the framework through hands-on sessions, while also
carrying out usability tests for new functionalities.

e organisation of online events for the valorisation and fruition of
3D scenes using synchronous collaboration (e.g. guided tours of
reconstructed archaeological sites together with remote partici-
pants).

e participation in dissemination events aimed at both specialists
and the general public.

e through H2IOSC project via access to the main instance of the
framework, deployed through transnational (TNA) and national
(NA) access calls to individuals or teams from academia, busi-
ness, industry and public services.

e dedicated documentation for developers with detailed API, as
well as involvement of THREE.js communities and similar
projects.

3.3. A Matter of Diversity

The open nature of ATON framework, its modularity, the em-
bracement of interoperable standards and modern web technolo-
gies allowed its employment in a much wider and unexpected
range of use cases, especially in the past few years. Alongside na-
tional/international projects targeting different scientific commu-
nities and domains, a growing amount of experimental features
and novel interaction models were developed to inspect complex
or multi-dimensional CH datasets. This was also largely facilitated
also by the massive and responsive community around THREEjs,
as well as ongoing lab research.

Such diversity led to massive improvements in terms of func-
tionalities for the main ATON front-end (Hathor) thus serving
as a modular and all-in-one solution for interactive presentation.
Among the various features and corresponding user interface di-
rectly offered by Hathor, we cite synchronous collaboration (among
remote participants) in the same virtual space; advanced lighting
setups, interactive 3D annotation tools and WYSIWYG editor for
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Figure 1: Samples from the variety of vertical applications cre-
ated with ATON 3.0. First row: multi-dimensional WebXR inspec-
tion tools; Second row: diagnostic field applications; Third row:
3D collections and Virtual Museums,; Fourth row: online exhibit
"100 Year of Science" for National Research Council (CNR); Fifth
row: generative 3D content and Visual/Immersive Analytics via We-
bXR.

associated content (HTMLS), measurements tools, viewpoint man-
agement, and much more.

The diversity range of use cases and domains in the last 5 years
started to negatively impact Hathor, which was growing out of pro-
portions in terms of user interface (UI) complexity and function-
alities demands. Feedback and requirements coming directly from
the community on the other hand, were also shaping new features
(or consolidating existing ones) under the hood, directly inside the
ATON core.

The web-app architecture and its plug&play model started to
grow more and more, with different multi-disciplinary projects,
creating vertical solutions (see Figure 1). We list a few examples
in the past 5 years:

e Advanced semantic tools to inspect multi-dimensional datasets
[DFC23, FDB*22] based on specific formalisms [Dem15] and
GraphDBs.

e WebXR applied games for Heritage and environmental educa-
tion targeting distance-learning [LFBB20].

o Web3D/WebXR applications targeting diagnostic field, adopting
new discovery models for lost or invisible information [FRF*23,
PCFB23].

e Web3D applications for the virtual exploration of different ar-
chaeological sites in large-scale projects involving research in-
stitutions, universities and academies, creative industries and ex-
perts in the CH field [MFP24].

e Web3D for geophysics domain, providing interactive exploration
of GPR acquisition volumetric data.

e Online 3D collections and virtual museums, like “Vani Vir-
tual Experience” (https://www.vanivirtualexperience.
com/interactive-experience).

e Online Web3D applications for multi-sensory journey into Na-
tional Research Council (CNR) scientific research, for the ex-
hibit “100 Years of Science” (https://explorel00.cnr.it/
a/100/).

e WebXR applications to explore and interact with generative Al
content; Visual/Immersive analytics tools to measure and inspect
users’ sessions [FG24].

e Web3D applications targeting architecture field, like the unre-
alized architectures of Michelangelo (https://metamic.it/),
integrating immersiveness, collaboration, interactivity and FAIR
principles.

The huge diversity among these projects - including their logic,
their design, development and deployment as web-apps under the
ATON ecosystem - highlighted a few needs and considerations.
Among the general considerations, we report specifically that:

e a few core features, largely used by all involved projects and
often discussed among the community, were consolidated (e.g:
cross-device presentation, XR modes, navigation system, seman-
tic annotation and other tools).

o the use of “Hathor” (built-in front-end) was consolidated for all
those projects that did not require particular customization (rely
on common functionalities offered by ATON), and/or had short
timelines.

e the integration of other open-source libraries, like NASA AM-
MOS 3D Tiles Renderer (https://github.com/NASA-AMMOS/
3DTilesRendererds) to support Cesium 3D Tiles format, led to
cross-fertilization in 2021 between the projects - a solid proof of
open-source beneficial impact.

Among the emerged needs, we include:

e need to further improve and speed-up the web-app develop-
ment/deployment model targeting vertical solutions, also intro-
ducing reusable components, templates and building blocks

e need to externalize further functionalities, including a few shared
across multiple apps, thus avoiding to pollute ATON core

e need for mechanisms to extend main REST API with custom
logic or routing to custom micro-services

e need for scalable mechanisms to potentially support other com-
patible - but not yet standardized - Web3D formats (e.g. 3D
Gaussian Splats [KKLD23])
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4. The new ATON architecture in H2IOSC

The servification work package in H2IOSC project provided a great
opportunity to further evolve ATON “as a service”, following feed-
back and challenges highlighted in the previous section (3). More
specifically, investigating and developing strategies to maximize its
extensibility and improve access to the diverse communities around
the framework. In order to perform these evolutionary steps, the
refactoring processes involved:

e a complete redesign of the REST API (communication with
other services of the federation).

e an improved plug&play architecture for web-apps (vertical ex-
tensibility).

e design and implementation of “flares” model (horizontal exten-
sibility).

Furthermore, a complete redesign of ATON user interface (UI) is
being carried out in H2IOSC resulting from community feedback
during the past 5 years. Although this is a large topic that will be
discussed in a separate paper.

The trans-national access (TNA) and national access (NA) calls
offered by the H2IOSC federation are also playing a crucial role
to better direction these actions. Different research teams (often in-
volving different disciplines/domains) are in fact applying to access
and use ATON as a service: the variety of their project proposals is
providing valuable feedback for architectural refactoring and re-
design processes.

4.1. Interfacing with the world - The new REST API

The first step was focused on the alignment of ATON as a service
with H2IOSC federation needs, and more in general, providing an
improved interface for external services, platforms or systems to
access ATON resources and functionalities. In H2IOSC, the Ope-
nAPI specification (see section 2) is being adopted, aligned be-
tween all services deployed by the four RIs part of the federation.
The OpenAPI descriptor offers: A) A standardized way for others
to discover ATON capabilities through a format readable by both
machines and humans, in the form of OpenAPI document (OAD);
B) Automated generation of up to date REST API documentation
for developers; C) Early API testing, even before the actual API
provider code is written.

The existing REST API of ATON was completely re-designed
(v2) following best practices and existing guidelines (see 2 section)
around specific resources consolidated in the past 10 years (see sec-
tion 3):

e Collection items: 3D models (point-clouds or meshes),
panoramic content or multimedia files

e 3D scenes: arrangements of collection items (or public resources
offered by external services)

o Users

e Apps (described in detail in section 4.2)

e Flares (described in detail in section 4.3)

For each of the above, a persistent identifier allows retrieval or
manipulation via REST API. Refactoring actions in H2IOSC were
also shaped by the ongoing development of a few E-RIHS pilots

© 2025 The Author(s).
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ATON REST API| v2€2

This is the new REST API (v2) for the open-source ATON framework (CNR ISPC) offered by E-RIHS Research

Infrastructure fhl\DS fhwvww_e-ins.it/). It allows smooth INEQFEUDH with external p\aﬂcrms services or tools.
GPLV3
Scenes ~
/api/v2/scenes/ Listpublic scenes v
/api/v2/scenes/ Createanew scene v
E /api/v2/scenes/{user} Listuserscenes v
/api/v2/scenes/{user}/{usid} GetJSON scene descriptor ~
‘m /api/v2/scenes/{user}/{usid} Delete ascene v
/api/v2/scenes/{user}/{usid} PatchJSON scene descriptor ~
Items ~
/api/v2/items/{user}/models Listuser 3D models v
/apif/v2/items/{user}/panoramas Listuser panoramas v
/api/v2/items/{user}/media Listuser media v
Users ~
/api/v2/users/ Listusers v
/api/v2/users/ Create a new user N
GET /api/v2/fusers/{user} Getuserdata v
/api/v2/users/{user} Update userdata v
|m /api/v2/users/{user} Remove auser N
Apps 2
GET /api/v2/apps/ Getlistof web-apps v
GET /api/v2/apps/{appid} Getweb-app details v
/api/v2/apps/{appid}/{storid} Getstorage data content ~
/api/v2/apps/{appid}/{storid} Manipulate persistent app storage %
Flares ~
E Japi/v2/flares/ Getlistof flares N
E Japi/v2/flares/{fid} Getflare details v

Figure 2: The new REST API for ATON designed in H2IOSC, with
documentation automatically generated by OpenAPI descriptor.

requiring ATON. Previous REST API (v1) will be still operational
for a time, guaranteeing backwards compatibility.

Special attention was paid to HTTP verbs and related best prac-
tices: they play in fact a fundamental role in determining how
clients interact with resources. In particular considering the specific
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action to be performed on the resource: retrieval (GET); creation
(POST); update (PUT/PATCH); deletion (DELETE). Furthermore,
idempotency and safety properties of verbs were considered during
the redesign of the new REST API:

e An operation is idempotent if performing it multiple times has
the same effect as performing it once. GET is inherently idem-
potent, while PUT and DELETE can be idempotent if designed
properly. POST, on the other hand, is not idempotent, as creating
a new resource each time will have a different effect.

e A safe operation is one that does not modify the state of
the server. GET is considered a safe operation, as it does not
change anything on the server node. However, POST, PUT, and
DELETE are not safe, as they can alter server state

4.2. Vertical Extensibility - Apps

The high demand for the development and deployment of custom
solutions was already highlighted in section 3, especially in the last
5 years. Furthermore, H2IOSC pilots involving ATON also led to
focus several activities on further improving vertical extensibility.
The existing plug&play model already proved to be suitable for a
wide range of projects and scientific communities, thus the action
in this case was to simply improve the existing model.

\\>

O/ B9 @Y

Hathor Apps

A

Figure 3: The established plug&play architecture for web-apps,
alongside the built-in front-end ("Hathor").

The actions targeted several improvements to client building
blocks, to speed-up the crafting of a given app, facilitating integra-
tion of service workers (PWA), base configurations, Ul templates,
and routines frequently required by ATON web-apps during the
past 10 years. This refactoring led to a series of improvements, re-
sulting in a concrete accelerator to develop and deploy custom apps

more quickly (for instance, a few H2IOSC pilots and other Web3D
tools).

Such an accelerator is suitable for vertical applications (e.g. spe-
cific domain) that require a custom logic or user interface, for ex-
ample a Web3D tool targeting diagnostic, an architectural WebXR
tool or any PWA accessing ATON functionalities (see Figure 3).
We also highlight that such improvements enabled new possibili-
ties for quick prototypes (for instance, to quickly test a solution or
interaction model) reducing time required to full deployment.

With the exception of "Hathor" built-in front-end, apps are
uniquely identified within a given instance of the framework A;
(for example publicly accessible through a server node of E-RIHS
infrastructure) with the form:

Ai/a/ <appiq >

For example https://sampledomain/a/sampleapp. This also al-
lows flexibility in terms of deployment and distribution of verti-
cal apps (e.g. a centralized instance A hosting multiple apps, or
more instances (A, A,...A,) handling separate apps, depending
on H2IOSC datacenters configurations, availability and foreseen
request volumes.

Under the TNA/NA calls of H2IOSC specifically, ATON as
a service offers the possibility to host (plug&play) custom web-
applications, on the condition that the app is being developed by
the selected applicants.

4.3. Horizontal Extensibility - Flares

“Flares” for ATON were designed and implemented under the
H2IOSC project targeting horizontal extensibility (see Figure 4).
Such a model was introduced as a response to specific components
or functionalities potentially required by multiple web-applications
(described in the previous section 4.2).

Flares are similar to plugins, equipping and extending a given ap-
plication with specific features or extending server-side core com-
ponents. Similarly to app architecture (see previous section) in fact,
flares can be plugged dynamically (by administrators or service
providers) into a given instance, enriching both client and server
functionalities. The possibility to extend both client and server
components offers huge control to shape the capabilities of a spe-
cific ATON instance serving scientific communities.

Just like apps (see section 4.2), flares are uniquely identified
within a given instance A;. They can be developed and published
by developers using common repositories (such as github or gitlab)
allowing administrators or service providers to shape and enrich
their ATON instance depending on specific needs.

A single web-app (e.g. a pilot) is able to define a list of re-
quired flares (Fy, F», ...Fy) programmatically, depending on specific
project needs. Alternatively, current implementation of the archi-
tecture allows an app to load a list of flares Fi, F,...F, at runtime
via url parameters, offering unprecedented levels of flexibility with-
out any modifications to the core of the framework.

An example of a mere client-side flare, would be supporting a
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Figure 4: Horizontal (flares) and vertical (apps) extensibility to
shape a given ATON instance

3D format not directly offered by the ATON core, for instance the
IFC format. In this case, every app on the instance can be equipped
with the IFC flare, supporting the loading of 3D models with IFC
format alongside the standard ones (e.g. gITF or Cesium 3D tiles).
Another example, would be a flare to support a specific formal-
ism (like Extended Matrix [Dem15]), enabling multiple apps (with
different objectives or domains), to provide such functionalities to
final users. An example of a server-side flare on the other hand,
would be a few enrichments of the REST API, communications
with dataspaces (external or part of the H2IOSC federation) or cus-
tom authentication routes. This is the case of the integration with
the federated authentication service (single sign-on of H2I0SC), as
well as other authentication models.

A single flare is represented by a descriptor (JSON) indicating a
list of dependencies (typically organized in subfolders), as well as
other attributes required for its classification and indexing within
the current ATON instance.

In order to validate the effectiveness of the described architec-
ture, we briefly present a few concrete flares developed by integrat-
ing external open-source libraries.

4.3.1. Capture Flare

One of the first flares developed with the new architecture was de-
signed and realized under one of the H2IOSC E-RIHS pilots (“In-
terlumo”) to allow any web-app to capture users’ interactions (see
paper [FG24]). The first version of this capture flare included both
client and server logic, offering the possibility to any ATON app
to track specific spatial attributes at runtime (like camera location,
view direction, etc...) by streaming data chunks to the node. The
main motivation was the investigation of specific research topics
related to analytics, due to the possibility of the flare to produce
anonymized data records (in CSV format) on the server node, for
later inspection.

© 2025 The Author(s).
Proceedings published by Eurographics - The European Association for Computer Graphics.

The flare was assessed in several occasions and public exhibits
with large visitors volumes (ArcheoVirtual 2023, TourismA 2024
and 2025, and many others). Specifically, a few WebXR appli-
cations exposed to visitors were equipped with the capture flare:
this allowed us to remotely track users’ motions in virtual envi-
ronments while using head-mounted displays, thus providing rich
data records directly on the dedicated hub. The flare was then up-
dated to access a new dedicated capture service via its own REST
API, thus maintaining only client components. In particular, the up-
graded flare now allows more flexible schemes, more options and
tracking of custom attributes, with dedicated configuration files di-
rectly via the flare (for more details, see [FG24], section 3.1). As
described in the previous sections, any vertical web-app can now
require (even on the fly) this specific open-source flare to track
users interactions targeting specific research or analysis.

4.3.2. Nexus Flare

The Nexus flare intends to offer support for the Nexus multi-
resolution format developed by CNR ISTI [CGG*05,PD16]. The
github repository of the open-source library provides a THREE.js
implementation, allowing to explore possible integrations in the
ATON framework.

Figure 5: A few ATON scenes referencing sample nexus 3D mod-
els, with direct lighting and real-time post-effects (top row); Full
integration with light-probing system (bottom left) with a nexus
model reacting to a close blue panel; Interactive semantic anno-
tations performed on the 3D model (bottom right)

In this case, minor modifications of THREE.js nexus adapter
were required for a better compatibility and integration with the
framework and the most recent THREE.js releases. Following ex-
isting examples developed by CNR ISTI, a list of required depen-
dencies are referenced into the flare descriptor, with an internal
logic (client component) to handle incoming patches (e.g. view-
dependent multi-resolution refinements). Thanks to the flare archi-
tecture, the ATON instance automatically adds support for .nxs and
.nxz file formats during the 3D scene composition (Figure 5), al-
lowing to combine nexus 3D models with other supported formats
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by ATON (such as gITF). Furthermore, common ATON routines
are applicable like use of light-probes on nexus 3D models and in-
teractive annotations (Figure 5, bottom row). Presenting those 3D
models in both AR and VR sessions via WebXR is also possible.

The current implementation is still experimental, but results ob-
tained so far are promising and could offer incredible opportunities
for integration, especially since CNR ISTI is also participating with
another E-RIHS service in H2IOSC.

4.3.3. 3DGS Flare

The 3DGS flare, as the name suggests, explores support for
3D Gaussian Splats [KKLD23] in ATON. This implementa-
tion is possible thanks to the open-source library based on
THREE.js developed by Luma Labs Al (https://lumalabs.ai/
luma-web-library). In this case, the flare allows to fetch 3D
Gaussian Splats directly processed and published via the Luma Al
Capture service. For the assessment, we used both existing 3DGS
assets published in the main Luma Labs gallery (Figure 6, top right)
and a few 3DGS assets processed by the service from short videos
captured via smartphones. Specifically these 3DGS were captured
in a few locations, including Sermoneta castle (during E-RIHS
Training Camp) and the cloister of the Basilica of Santa Maria del
Carmine in Florence (Figure 6, top left and bottom row). Built-in
markerless AR mode offered by ATON via WebXR is fully opera-
tional to present, inspect and walk around a 3DGS in a real space,
including support to multiple semantic layers created by the Luma
Al service (e.g. Figure 6, middle row).

The loaded 3DGS object can indeed also be combined with other
classic 3D representations in the same scene (e.g. gITF) or ex-
plored collaboratively using the built-in ATON component (Fig-
ure 6, bottom row). These results - including experimentation with
AR presentation (via WebXR) directly from ATON - are also show-
cased in a public video (https://www.youtube.com/watch?v=
EPLVCF9V07M).

The current implementation is again still experimental, and other
open-source 3DGS libraries based on THREE.js are growing very
quickly. This will allow us (or other developers) to explore multiple
possibilities towards integration of 3D Gaussian Splatting via flares
architecture in the near future.

5. Discussion

We presented challenges and opportunities encountered during the
last decade by the development of the open-source ATON frame-
work, its growth and involvement in national/international projects,
its relationship with scientific communities and their feedback.

These 10 years and the variety of projects involved, did teach us
invaluable lessons and offered directions to improve the framework
(see section 3).

Different strategies and solutions were adopted for the refactor-
ing and deployment of ATON “as a service” in the H2IOSC federa-
tion (section 4), to accommodate the increasing demand of diverse
scientific communities involved. We redesigned the whole archi-
tecture to provide the maximum flexibility in terms of extensibility

Figure 6: Top row: A few samples of 3DGS loaded in ATON di-
rectly from Luma Al service; Middle row: sequence of video-frames
of 3DGS presented in AR via ATON on a smartphone, filtering only
foreground semantic layer (computed by the Luma Al service); Bot-
tom row: real-time collaborative exploration of 3DGS in ATON.

and integration with other services or platforms (part of H2IOSC
federation or not).

We also report the beneficial role of H2IOSC TNA/NA calls,
where applicants keep providing us fresh feedback, assessing our
refactoring and redesign processes. This is greatly helping us to
focus efforts, directly from real scenarios where ATON is employed
as a service by external national or international teams.

The improved plug&play architecture for web-apps (section 4.2)
was already extensively tested on the field during the last 5 years,
offering a powerful accelerator for vertical applications (custom
Web3D/WebXR tools for specific domains like diagnostic, archae-
ology, architecture, ..). This model is already being adopted by mul-
tiple H2IOSC pilots (WP7) as well as other national/international
projects where ATON is involved.

The novel “flares” architecture (see section 4.3), allows ser-
vice providers to extend horizontally a given deployed instance of
ATON. Flares are similar to plugins: they equip web-apps with
additional functionalities to support new 3D formats, metadata
schemas, formalisms, and much more. They also offer the possibil-

© 2025 The Author(s).
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ity to extend server-side features as well, such as enriching REST
API for integration with dataspaces, authentication systems, and
much more. Within this work, we assess the new horizontal exten-
sion illustrating results obtained on a few developed open-source
flares, providing custom tracking of users’ sessions (section 4.3.1)
and support to additional 3D formats (section 4.3.2 and 4.3.3).

Regarding ATON growth, the Telegram open group of the frame-
work reports a +25% in 2024 compared to the previous year (2023)
also thanks to increased dissemination activities in H2IOSC and
TNA/NA calls, as well as via other active national/international
projects in 2024. The main website reports over 9500 views
(+42%) compared to previous year, with 2800 unique visitors in
2024 (4+28%). The main repository on github reports that the cur-
rent version of ATON (v3.0) in 5 years reached almost 80 stars,
with a steady growth.

The main ATON instance is currently deployed as a service un-
der the H2IOSC federation on a E-RIHS server node located in
CNR Research Area in Rome: it is hosting over 60.000 3D models
and 21 web-apps, uploaded in the associated cloud storage during
the past 5 years. The ratio between public 3D scenes (accessible
via main landing page) and overall total of 3D scenes created by all
users is only 6%, which highlights the users’ preference for unlisted
3D scenes (only accessible via generated scene-ID). We are eval-
uating future strategies to increase this ratio, including rewarding
mechanisms, to fuel openness and access to user-generated content.

The new architecture described in this work, will allow to cus-
tomize and massively extend the ATON core, providing new ways
to dynamically shape the perimeter of a deployed instance with ver-
tical and horizontal extensibility, listening to the rich diversity of
scientific communities involved.
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