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Executive Summary

This deliverable provides detailed information about teployment and implementation okix demonstrator
usecase$ YR K2g (KS@& O2yiGNRO6dziS (2 GKS (S OKyutkeknfore, @l f A R
this document delivers thénal result2 ¥ G KS LINRP 2S00 Qa RSY2yaidNI 2 NE&

Additionally, the deliverable includes these case validatiomesults, defined according to the differenkey

group functionalitisthat users can performgndrelatedto three different validatiorphaseghat happen across

the project The first phaseto be validatedis that of September 202Zmoment A)when the XReco project

started, to see how the target usergould have performed the production tasks of the XReco workitefore

the consortium took to workand thus establishing a baseliriehe secondalidationphasehappened around

June 2024moment B1) about 21 months into the projectoinciding with the development of the first version

2 F . vwBndr2r\aable Product (MVP- the first integrated version of the XReco platforrfihe third phase

to be validated was June 2025 (moment B2), about 34 months into the projaatiding witha refinedversion

of the MVPafter an additional year of developmert KS NX & dzf 64 aK2¢4 K2g GKS LINR2
achieved an improvement in satisfaction and workflow acceptance @f 20%.
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1 Introduction

In the secondphase of the XReco project 22-M38/June2024 ¢ Oct2025)!, the use case partners designed,
implemented, and deployedixdemonstrators:three in the domain ofnews media (one by RAI, two by DW)

one for generalirtual media production,and two in the domain(s) of Tourism and Automotive. The main
objective of the demonstrators is to prove that the XReco platform and its components enable the five user types
(as described iD6.2) to perform their tasks:

1 Contentgiversto upload content to the MuralMediaRepository(NMR)

Contentsearchersand transformers tsearch the NMR and connected external repositories

Content transformers toransform 2D assets into 3D assets

Content creators t@reate Extended RealityX{R experiences

Content givers and takers sellandbuy assets and/or experiences on the XReco marketplace
Section2 of this deliverable will describe how the XReco tools were used to produce these demonstrators.

= =a =4 =4

The different demonstratordiave coveied the tools and technologies developed XRecoas listed in the
overview table belowTheso-called Demoatrator Matrix (Table 1)was designed early in the project to define
which technologies would be used by whom asubsequenthled to forming collaborationgroupscomprising
use case and technology partners to team up for the ratitia of the Demonstators.

Tablel: Demonstrator Matrix

Demonstrator

3D Reconstruction (NeRF)
4D Human Reconstruction
Human ReconstructiodDGS

XRecaAuthoring Tool

Tourism- ZAUBAR
Automotive - CAR

n this case, the second phase does not retatthe second reporting period, bub the time after thesubmission of D5.1.
2 hitps:/Ixreco.eu/wp-content/uploads/2024/04/XRec®6.2Disseminatiorccommunicationand-exploitation. pdf

|3
2 | A
o |2 2
c c S
.8 i) >
< 2 |3 |2 |2 S
o c c © = o | 8
@ o [®] pud () c o
3} o o o = = =
%) Q Q s | = 0 Q
g x|x 9o |g & | =
[}
= 818 | £ | =
News Media(Virtual Studio)¢ DW X X X X X X
News Media (3D Infographic€) DW X X X X
News Media- RAI X X X X X X X X X
Virtual Media Production FFP X X X X X X X
X X X X X
X X X

* ¥ ok
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The News Media Demonstrators by Deutsche Welle (DW) &idstidw how XReco supports news media
production in large broadcaster workflovas well as fomtegratingsmaller3D/'VR representations in everyday
journalism gee0)z ¢ K A fsétondV/RthaMiisic VidedProduction Demonstratoshows how smaller media
companies can make use of XR production technolodibdedia Demonstrators reconstructed buildiraysd
smaller objectgproducing 3D models and 3D Humans in volumetric captures or avatars, integrating these 3D
assets in their immersive storytelling to enable innovative media production

»nl o1 wQ a Deménsizhitdr @and” CAR Automotive Demonstratoshowthe use case of a tour guide and
tourists who explore a city using interactideigmented RealityAR experiences. The tour guide has the role of
content creator, and the tourists are the final content consumers. Using the reconstruction technologies that
XReco provides, the tour guide can reconstruct landmarks and input them into the platform and ttreate
experiences through the ZAUBAR Aypjthe proprietary CAR app respectively

While the successful production of thes&x demonstrators already provides proof that the XReco tools and
services enable content producers to create 3D assets ExtdndedReality KR) experiences, the XReco
technologies are also validated individually in a series of validation activities in June and Juan@Qzérby
external usergrovidingfeedback on theMinimum Viable ProductMVP of the platform Section 3 and the
annexes to this document elaborate on the validation methodologies and procedures.

Just as the demonstrators prove the use of different potential users to carry out certain tasks, there is also a
guantitative evaluation to fulfitwo KPlsas mentioned in thé®escription ofAction (DoA)

1 KPI 3.2improved by at least 20% (in terms of user acceptance measured in a Likert scale) XR production
workflows via the delivered platform, evaluated througbceptance testing, subjective usability
evaluation and expert interviews.

1 KPI 4.2Show increased acceptance and usability rates (>= 20%), via user studies and interviews on at
least three (3) different sectors (i.e., journalism and media, automotive, tourism).

Because the user groups are significantly different, the selected approach towards this validation was in dividing
the platform in 5 different key group functionalities

1 XReco Platform

3D Reconstruction Services

Unity Authoring Tool

XRCapsules

ZAUBARREMS

=A =4 =4 =4

Every key groufunctionalityhad a different tessetassociated to it.
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2 The Demonstrators

The followingsubsectionsdetail the six different demonstrators: two traditional broadcasting companiesl R

and Deutsche Welle (DW), and Austrian SME media production company FFP tested the use of XReco
technologies in News and Media productimhile ZAUBARNd CARmplemented and demonstrated XReco
technologies in the field of Tourism and AutomotargertainmentC2t f 2 Ay 3 (KS LINR 2SOl Qa
(DoA), the News Media Demonstrators have been the focus of the workflow design as they serve media
production companies of various e whereas the Tourism and Automotive Demonstrators focus morthen

use of the platform and itsomponentsin other, nonmediafocusedareas®

2.1 News and Broadcasting DemonstratoiRAI

Table2: Overview of technologies used iAIR demonstrator

The news evolution ‘ Lead partner RAI
Platform services Metasearch, Marketplace
Reconstruction technologies NeRF Gaussian Splatting, Structure from Motion
Human reconstruction Holoportation, Unreal Engine (MetaHumar), GDGS:4D Gaussial
technologies Splatting,Free Viewpoint Video
Authoring tool(s) RAIQ & & G dzR AVvatuaFstudidiUirdaleAgbe 6
Output format(s) 2D Vide®

The evolving media landscape increasingly demands immersivdjneam formats supported by innovative
tools for content creation and distribution{Reco addresses this need by providing a unified,-didv&n
ecosystem for next generation media productiofhis capability was demonstrated through a short TV
documentary on Guglielmo Marconi, created using historical materials assembled via the XReco pldtéorm.
Marconi documentaryalidates the XReco platform as a robust, ¢ogbnd solution that effectiely addresses
the key technical and commercial challenges of modextendedReality (XR and virtual production.

2.1.1 Demonstrator overview and expected output

To showcase a broad range of XReco's capabilRfdsleveloped a demonstrator focused on the TV production

of a short documentary about the life and groundbreaking work of Guglielmo Marconi, the pioneer of wireless
telegraphy. Marconi's story, marked by revolutionary inventions that laid the foundation fodem
communication, offers a rich tapestry of vintage electronics that can be brought to life through XReco's advanced
functionalities. The project's ambition to seamlessly integrate XR content into media production and

3 dThe News Media demonstrator will be the focus of the platform and of the technologies surrounding it, and it will allow
the cooperation of professionals coming from research and development together with artists, journalists, and other media
professionalsThe Tourism & Sebriving Cars demonstrator will prove the potential of the XReco ecosystem to be exploited
in other environments where media technologies play an important €ole.

* Xk
* *
* *

*
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consumption makes it an ideal platform for delivering educational news and entertainment TV programmes in
an engaging and informative mannéfhe demonstrator's outcomes are showcased in the form of a video
documentary, which integrates the various technologies developed by the partners. This multimedia format
allows the innovations to be presentedardynamic and engagingay, as describenh the followingsubsection.

2.1.2 Demonstrator Workflow

Table 3 presents both the core components updated from the first demonsteatdrthe rew ones introduced
in this second demonstrator.

Table3: Workflowof creatingdThenewsevolutiore Y2yaidNF 2N

RS
WORKFLOW COMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content ingestion Repository Connector T3.5 Ingestion ofassesfrom proprietary

(ATO82Cat,RAl) (updated) sourcesandpubliconline platformsinto
the XRec@latform
Content analysis Newscontent tagging RAI) T4.1 Generation oinultilingual semantic tags
(new) (e.g., named entities, conceptspm the
descriptionsof ingestedassés
Content access, Orchestrator (MOGupdated) T3.1, Tagbased ontent filtering;
search, and & Neural Media Repository T3.2 Crossmodal ontent search
management (UNIBAS{updated) Configuration, executioand monitoring
of contentproductionservices
3D object reconstruction T4.2 Generation of 3D models from 2D videc

(CERTH, UPM, RAI) (updated) T4.3 assets
Blind face restoration (RAI) T4.3 Enhancement of the resolution of lew

(new) guality human face images

(Sl RICA e [Ieilelsl 3D face reconstruction (RA T4.4 Creation of realistic, highdelity 3D
(new) models of human faces
3D Human (RAI) (updated) T5.4 Creation of photorealistic digital twins
Virtual scene composition T4.3 Virtual reconstruction of realvorld
(i2CAT, RAI) (new) environments from 2D videos
Holoportation (i2CAT) (updadg Reconstruction and transmission of full

human bodies
(Reaitime) Content Free Viewpoint Video (UPN Ta.4 Reconstructiorand transmissiorof full
integration (new) " human bodies

GDGS:4D Gaussian Splattin
(i2CAT) (new)

Content licensing Rights Management (FINCONS¢ T3.3  Association of content license policies t
(updated) T3.4 ingested/generated assets

(ool MnlelslElib£Nilels] Marketplace (MOG(updated) T3.3 Selling opurchasing of generated asset:
T4.4 and experiences

4 Demonstrator video on YouTubettps://www.youtube.com/watch?v=XaOlthKwhYw

Reconstruction of full human bodies
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The first crucial step in building suaddemonstrator involves content ingestion. XReco Connectors enable media
providers toadd different typesof media assets, including images, 2D videos, texts and 3D models, along with
standardsed metadata, to the platformin the case of the Marconi documentary, we uploadete2D videos

of ancient electronic devices from théRMuseum of Radio and Television in Turin, to provide a valuable visual
contextfor successive processingn examplés shown irFigure 1

Asset Preview

RAIlvintage Radio

tester_048
License

Connector XReco Repository

RAIl vintage Radio

Figurel: 2D video showing Morse telegraph usedior 3D reconstruction.

Given that contents ingested in the XReco platform originate from heterogenous providers, such as online news,
broadcaster€archives, public web repositories, each distinguished by its own metadating rules and schemas,
XReco's standarsiid approach ensures that all contarimgested are efficiently orgasgd, interlinked and easily
accessible within the platfornkor instance, searafg for keywords like "phonograph” or "telegraplehabled

the editorial team to retrieve images of sound and vaieproducton devicedrom the set ofcontent sources
available viathe Metasearch servicéhat crawls internal and external sourcék&e WikiMedia Commons,
Sketchfaband EuropeanaBuilding on thesesearch resultsthey were able to better identify a subset of visual
assets and textual descriptions of Marconi's early technological innovdtiooembininga reverse image search

with the filtering criteria provided by thélews Tagging servicetwo new featuresoffered by the updated
Orchestrator and Neural MedRepository gee Figur®).
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*Neco

Asset Preview X

File:Guglielmo Marconi
posing.jpg

Wdwd

Connector Wikimedia Commons

DESCRIPTION

Detected Objects (

0
News Tag

D O D D CID CIRED €D C5D Ep———
SIMILAR 3D MODELS Q

Figure2: Example omultimodalcontent search refinement based on textual properties (i.e., sgoags) or visugbroperties (i.e.,
similar images/videos/3D models).

One of XReco's most exciting features is its cutddge content production capabilities. The platform allows
creators to transform traditional 2D footage into realistic 3D models using advanced semies codeThis

goes beyond thénitial demonstrator, providing and entb-end pipeling(from 2D footage upload to 3D model
building) that is accessible antlineable via the unified interface of theXReco Orchestrator. This interface
provides a streamlined user experiendeding the complexity of the urdlying technologies-or the Marconi
documentary, detailed 3D models of key technological artifastse reconstructed using Instant NGihd
Structure from Motion (SfM)These modelsire placed in a virtual environment alongside the real presenter
allowing viewers to explore these technological marvels from every angle, fostering a deeper understanding of
their complexity(see Figure 3)

For any media organisation that wantspmtect, and exploit produced assets, addressing content licensing and
monetization is crucialFor this purposgethe editorial team used th&RecdRights Management interface to
attribute the appropriate licence to each of the generated 3D models, ensulegr terms of use and
compliance, before publishing them on the XReco Marketpldbe licences can be selected frorbraad set

that includes both free and nofiee options. The selection process is now suppogep-by-step through a
visual interface, whichelps users understand the peculiarigeand implications of each license (see Figure 4).
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Figure3: Screenshot from the video of the Marconi documentary.

Thereal preserter andthe 3D models are placed in a virtual environmeFhe presenter can interact with the
models by e.g., focusing on them or zooming in.

Publish Asset >

Follow the steps below to select the most suitable license for your asset and publish it to the Marketplace.

LICENSE EXPERTISE

106 | need help selecting a license.

ATTRIBUTION

20f6 Anyone using my work must include proper attribution.

DO YOU WANT TO ALLOW OTHERS TO USE YOUR WORK COMMERCIALLY?
3of6 O Yes, others can use my work for commercial purposes against remuneration.
O Yes, others can use my work for commercial purposes for free.
O No. Others can not use my work for commercial purposes. CCBY

Attribution required. Free to use, modify, and distribute for any purpose,

PREVIOUS including commercial use. REVIEW LICENSING CONDITIONS

Figure4: Example of license selection.

The XRecplatform is designed to be complemented with thiparty tools to meet production need$or
example we builta digitaltwin of Marconiwith Unreal MetaHumanFigure5 illustrates the processStarting
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from a set of lowresolutionimages ofthe a | NJ 2 y Afr@ri theFRAD &chive we ran the XReco face
restoration service to improvéheir quality (top left). We then used the face mesh staatbne softwaré to
create the face meshased on the restored face imaggsp right). After that, we imported the mesh into Unreal
to refine the appearance and using a motion suit to record body movements (bottonHeis)ly, we positioned
the digital twinin avirtual laboratory (bottom right).

*Deco

Figure5: lllustration of thegeneration of thedigital twin.

Aninterview was conducted using holoportation, which involves-teaé volumetric capture, directly from i2cat
premises (Figure 6 right)The threedimensional visuadation of the interviewee provides an immersive
experience that traditional video formats cannot achieve, allowing viewers to observe the subject from any angle
and perceive realistic depth and spatial presence.

A combination of both XRectechnologies and external tools is used in the process, with each one
complementing the other.

Finally, a virtual scene was composed by UPM using a 3D Gaussian Splatting reconstruction of the Rai Museum
of Radio and Television, generated fr@m footagepreviously recorded by i2CAT. Within this environment, two
avatars representing a fan and a correspondent journalist interact with each other. The fan is created using 4D
Gaussian Splatting, while the correspondent journalist is captured with a-wetisetup and rendered in real

time using Free Viewpoint Video (FVV) technology (see F&uedt). The virtual camera path waseated

following RAI instructions and recommendations. The specific camera parameters were provided to i2CAT to

5> The face mesh was developed Blbased on a commercial plugin for Blender called FadéduiFaceBuilder for Blender
| KeenToolsat https://keentools.io/products/facebuildeifor-blender
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generate a coherent 2D render of the 4D Gaussian Splatting fan, which was integrated with the rest of the
elements of the scene.

Figure6: Examples dthe functionalities forthe reconstructiontransmissiorand renderingpf humans andealworld enviroments
integrated in immersive XR experiences.

2.1.3 Challenges and risks

The development and deployment of the demonstrator presented a variety of technical and satizmal
challenges, highlighting both the innovation and the inherent complexity of immersive XR media production.
One of the most prominent difficulties was the interaction between teal presenter and the inserted virtual
elements, specifically, enabling meaningful interactions not only with virtual objects but also with remote
participants.

Interactions with objects(Figure 3)were efficiently managed by introducing dedicated triggers, which
streamlined the workflow and ensured smooth presentational dynamics. However, integrating the holoported
expert from Barcelona into the virtual studio environmejfigure 6, rightproved to be considerably more
demanding. Achieving natural interaction and rale synchronisation betweenhe presenter andthe
remotely transmitted avatar required advanced technical solutions and ultimately necessitated a degree of post
production correction to reach the targeted level of visual and audio fidelity.

Beyond these interactive aspects, ensuring consistent integration of differing technologies was a substantial risk.
The use of multiple reconstruction techniquesuch as Unreal MetaHuman, 4D Gaussian Splatting, and Free
Viewpoint Video- meant that harmamising lighting, avatar scale, and audio required meticulous grtzdform
coordination. Any misalignment betweendbe elements could result in a fragmented immersive experience,
reducing the effectiveness of the demonstrator. Considerable tingresouces were spent on optirding these
aspects, both durinthe initial production and the editing phase.

Despite these challenges and latent risks, the overall process resulted in a satisfactory outcome. The
demonstrator successfully exemplified the capabilities of the XReco platform, delivering an immersive, high
quality media product that demonstrates thartgible benefits of integrating innovative XR technologies and
collaborative workflows in nexgeneration broadcasting.

6 As described in a dedicatednference papef ¢ - wSO2 tfFGF2NY FyR w!L bSéa aSRALI
33rd ACM International Conference on Multimedia (ACMMMZB)iblin, Ireland 2731 October 2025.

* ¥k
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2.2 News and Broadcasting DemonstratobW

In the second phase of the project, DW created two demonstrator produgctione following up on and
extending the virtual studio productions of phase 1, the otimroducing a completely new style of immersive
interaction in newg; the 3D Infographics.

2.2.1 Demonstrator#l: 3D Productions

Table4: Overview of technologies used in DW's demonstrétor

3D Virtual StudidProductions ‘ Lead partner DW |
Platform services Metasearch, Marketplace
Reconstruction technologies SfM, 3BDGSNeRF
Human reconstruction FVV
technologies
Authoring tool(s) XRecAuthoring Toolbased on Unity)
Output format(s) 3D virtual studio, 2D videos

In collaboration withmultiple partners, DW led the creation dfree virtual studio productionsto extend the
demonstraton and validaton of integrating XReco technologies into news media workflows. For ftrst
production, which was set around Turin's Arco del Valentino, DW and UPM first recorded a Free Viewpoint Video
(FVV andthen created a Unity scene to showcase the use of a 3D presentea abdmodel within a virtual
aSGidAYy3Id ¢KS alyYS o5 Y2RSf g1 & GKSY dzaSR Asgcond LINE T
production. This demonstrated the apphtion of 3D assets within DW's established production workflow.
Thirdly, acompletelyvirtual studio wasisedin Unity3D. A presenter and rotating 3D models were placed inside,
utilising the spatial capabilities to their full potentialhis virtual presentation was demonstrated usi?p
greenscreen videos, FVV, and an animated avatar from a partner project.

2.2.2 Demonstrator overview and expected output

This part of the DW News Media Demonstrator showcases the application of 3D models in virtual studio
productions for media creators and journalists. The productions ca#dmlitionalQinvolving the creation of 2D
videos with embedded 3D models, or they can be3D productions.

Three different outcomes were created:

1. Avirtual productiong A (i K FWV &ig@& echnology
2. Avirtual productionA y 2 Y S T2 studias? Q&
3. Virtual 3D studioproductionsin Unity
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2.2.3 Demonstrator Workflow

Table5: Workflow of creating the DW News DemonstratBD productions

WORKFLOW GCOMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content ingestion Repository Connector T3.5 Ingestion of archive content through

(ATO82Cat, DW) manual upload;
Conversion of legacy metadata to a
common data model
Content access, Orchestrator (MOG) & Neural T3.1, Use of search and retrieval todtsfind
search, and Media Repository (UNIBAS) T32 3D models in internal and external
management repositories Creation of content baskets
Instantiation of content processing
services
3D Reconstruction (UPNRCat, T4.2 Generation of 3D models from 2D video
FFp assets
Content production ARSIV} T4.4 Volumetric capture, transmission and
reconstruction of full human bodies
Content acquigion Marketplace (MOG) T33, Acquisition of content that is already

T4.4 available in the XReco marketpla@eg.
¢CAYA&2F NI Qa {dio DS
¢ dzNR y aBuperapp A £ A O

Content licensing Rights Management (FINCONS T3.3 Association of content license policies t
T3.4 ingested/generated assets

(et Il AnlelalElibLlilel)] Marketplace (MOG) T3.3 Selling generated assets and experienc

(Sfelaila Mg ICIeo[=UlelslM Unity Authoring Tool T4.5 Creation ofvirtual studio environment;
Creation of an integrated news
production in a virtual studio

Virtual Production with FVV Live

Ly al@& wWwnunX 52Qa bAO2ftla tldl 6Syd G2 !ta (2 065 N
screen(Figure7). Simply put, this technology makes it possible to instantly create a 3D video using multiple
cameras that are pointed at a person.
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Figure7: Behindthe-scenedook: Presenter with VR goggles at the FVV production in Madrid.

tKS Cx+ [AQGS {OSyS stra (GKSy AyGSaINI¥GSR AyidG2z I+ o5
reconstruction of the monument is based on several 2D photos and turned into a 3D model with the help of the
SfM tool. This model was made available via ¥Reco platform and marketplace. The goal was to create-a life
sized 3D model of the arch as a virtual set and have a presenter walk through it while talking to the viewer.

A virtual production like thig i.e., with FV\ offers a more coseffective option to news media creators
compared to using a professional journalistic studio, with results that are very satisfactory, as our demonstrator
shows.

Figure8: The goggles scene in Unity.

To make the most of the 3D aspects of both the presenter that was recorded in FVV and the 3D model, the scene
O2@OSNEB G(KS FdzAft aLI GALt SELISNASYyOS @Al | OF YSNI WTf
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Figure9: Screenshot of the camera path in Unity.

In the final vided, the presenteiboth stands and walks inside the monumeand speaks about the advantages
of virtually visiting places and sights worldwide.

Virtual Production in a professional studio

In June 2024, the DW team met at their headquarters in Bonn to test whether putting a news presenter in a 3D
model of the Valentino arch and creating a 2D output could work in one of their professional TV &tudios.

With the help of the integrated studio VR technology, the presenter was again placed inside the 3D model of the
Arco del Valentino, however, this time with only one camaomting at him. Further options for the presenter

to use the spatial aspects of the 3D model were explored. On a monitor, he could see himself in the 3D Turin
arch, walk around a statue, estimate his own movements in relation to the 3D model and lbbkat all sides.

FigureloY 9ELJ 2NAY 3 (KS LRaaroAfAdASE 2F o5 LINRPRAzOGAZ2Y A

1SS 2dziiLizi Ay - wS XRe@iRecofstizitim Monudh&nts yh B8 Tuvin Aich Comes Alive with RVY Live
https://www.youtube.com/watch?v=JM_3wVr2ZJU

8{ SS 2dziiLidzi Ay - wS GRetod YouraNazt Tip Mighthk Vingg@drh BroadcasReady VR Studios to
Unity3C¥ Mtps://www.youtube.com/watch?v=wy8SLFqg40P0
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This workflow shows how XReco technologies and 3D assets can be implemented into professional journalistic
processes and help DW media creators to produce high quality 2D outputs.

The virtual studio in Unity3D

After having explored the spatial options of larger models, i.e., the Arco del Valentino, DW wanted to
demonstrate that smaller models can be used in 3D studio presentations just as well. In phase one of the XReco
project, Visyon and Capgemini had alreadsated a virtual studio. In the Unity virtual studjevhich resembles

a traditional TV studio desigrthey created a pedestal with a rotating platform and put 3D reconstructions made
with XReco tools on top of it, namely:

T ¢dzZNAyQa . FaAftAOl {dzJSNHEIY YIRS gAGK bSwcC
T ¢ A YA a3tlGHdrg@ @athedral, made with SfM
T .SNIAYyQa F2NN¥SNItlFfFOS 2F (GKS wSLlzmtAOZ YIRS &6AF

The 3D models were created and optimised with the technologies and skills of UPM, CERTH, i2Caffaed FFP.
presenter is placed next to the rotating buildings.

In a traditional journalistic studio production, not much can be changed after filming is complete; camera angles,
for example, remain as they were recorded. With this Unity production workflow, however, journalists and
directors have the freedom to buildebuild and use different tracking shots and angles in a scene.

Figurell: Screenshots from the virtual studio.

Another project result that came from this virtua
studio production is a collaboration withe EU project
SERMAYS As part of one of their use cases, SER
created an avatar calle@uardiafor an XR securi
training for journalists. Together, the XReco a
SERMAS teams have successfully integrated the
security agent into the XReco virtual studio.

Figurel2y {9wa! { ! @I GF NJ aDdzr NRAI ¢ AY

9 For a brief description of the SERMAS pilot, Isiges://sermasproject.eu/pilot1-securityagent/
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¢CKS F@FGFN g1a AYydSaANIYGSR dzaAy3da GKS !'yAde | dzi K2 NRYy
(Graphics Language Transmission Format) version to be incorpdfated. DW and Capgemini teams worked
G23SGKSNI) G2 Odzad2vyAaasS OFYSNI aSdiaay3aa FyR Fy3tsSa |
with speech synthesis softwastevenlabsThe experiment proves that news media creators can bring their own
assets, including animated avatars, to the table, and integrate them in the virtual studio template inltUnity.

other words, external tools and technologies can be connected to and uie@xisting XReco technologyust

like with FVV.

In summary, the virtual productions demonstrator:

1 Successfullintegrated3D architectural modelsito immersive studio environments

1 Demonstrated versatility. The demonstrator spanned real TV studio setups and fully virtual Unity
environments with rotating Jt I G F2 NY LINBa Sy i { adaptabilty acios2didfévefitd - w S
production scales

9 Bridges the gap between traditional broadcast and immersive, flexible storytelling.

2.2.4 Challenges

Physical studios can pose limitations, as fixed cameras and restricted space reduce flexibility and can prevent
presenters from movingjust anywheré. By choosing the Arco del Valentino, the open building structure
allowed a presenter to stand inside the monument and walk througteiten though the physical spade real

life€, in the studia, only allowed for a few steps. By further shifting to Utlised virtual studios, camera angles

and perspectives can be dynamically controlled.

For the production at th@hysical studio, the 3D model hadhe cut into building blocks in advandeeeFigure
13: left part of the Arcoin red, right part greenground plate and stairs grey, sculpture purglegnable that the
presenter would actually be hidden when behind the ptude in thecentre of the construction.

|

v!"

Figurel3: Segmentation of 3D Model (left); presenter betsndlIpture(right).

0r8§S 2dziLdzi Ay - wS XRediand SERMMNS&iToSucity vayayGuardia ifixXReco’s Virtual Studio
https://www.youtube.com/watch?v=LduMVSf9VM4
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2.2.5 Demonstrator#2: 3D Infographi

Table6: Overview of technologies used in DW's demonstr&for

3D Infographis ‘ Lead partner DW |
Platform services Metasearch, Marketplace
Reconstruction technologies StM, 3DGS
Human reconstruction technologies n.a.
Authoring tool(s) Unity Authoring Tool
Output format(s) 3D infographics

In search of more adaptable, smaller approaches to integrating 3D and XR experiences into everyday journalism,
the DW team developed 3D infographics. These enable journalists to use 3D models in articles with minimal
technical restrictions during productioor consumption.

2.2.6 Demonstrator overview and expected output

The interactive 3D infographic demonstrator, developed by DW and Capgemini, introduces -dddaity
template enabling (news) media creators to embed annotated 3D models directly into web articles, without any
coding expertise required. Engsers can then click on the 3D objects, zoom, pan and rotate around them,
learning about a subje¢hrough multimedia annotations an interactive manner.

In the course of this demonstrataight 3D infographics o$ix different buildings and objectésee list under
Error! Reference source not found=>3D Model Creationwere created to establish andemonstrate the

workflow of creating them with the XRetemplates for UnityAn overview of the8Dinfographics concept and
the demonstrator examples is availabde YouTubé!

2.2.7 Demonstrator Workflow

Table7Y 22N] Fi2g 2F ONBFiAy3 (GKS 52

bSg
WORKFLOW COMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content ingestion Repository Connector T3.5 Ingestion of content from WikiMedia anc
(ATOS/i2Cat) Europeana,;
Ingestion of content through manual
upload;
Conversion of legacy metadata to a
common data model

5SY2yaiNI G2

11 éXReco | Bring Your Stories to Life with Interactive 3D Infogradphidsps://www.youtube.com/watch?v=Ilji9RF7wgRE

* Xk
* *
* *

*
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WORKFLOW GCOMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content access, Orchestrator (MOG) & Neural T3.1, Use of search and retrieval tools;
search, and Media Repository (UNIBAS) T3.2 Creation of content baskets;

management Instantiation of content processing
services
3D Reconstruction (UPM, FFP) T4.2 Generation of 3D models from 2D video
assets
Marketplace (MOG) T3.3, Acquisition of content that is already
T4.4 available in the XReco marketplace
Rights Management (FINCONS T3.3  Association of content license policies t«
T3.4 ingested/generated assets
(ol Il lelplElibLlilel)] Marketplace (MOG) T3.3 Selling or purchasing of generated asse
and experiences
Unity Authoring tool T4.5 Creation of 3D infographics

Template Development

Capgemini produced 3D infographic template in Unity, designed to be exported for WebGL and easily
embedded into HTML articles. It supports interactive features such as panning, zaomdirgating as well as
clickable hotspots (audio, video, text and images). Beginners and professionals can both use the template
createnew 3D infographicsAfter learning how to navigate it, it took DW members on averagehburs per
infographic, including research for the hotspots.

3D Model Creation

Various artifacts and architectural sitefsix in tota) were converted into interactive models using
- w S Gauatarefrom-Motion (SfM)and Gaussian Splatting (3DG&)Is. These included:

. §NI Ay @alaceFa? theRSpblic (3DGS)
t 2 ( & REindearower (3DGS and SfM) f ety et
. § NIJewigtMuseum (3DGS and SfM) WSS

TheNebra Ark Visitor Center (SfM)
TheVeste Wachsenbungedieval castle (SfM)
Anantique phonograph cylinder (SfM).

ok whPRE

*Neco
Figurel4: Infographic of an old phonograph. 3D model by RAL.

Media creators who want to use the template can use XReco reconstruction tools to make their own 3D models
or purchase/acquire/download them from the platform. The XReco platform is also ideal for finding hotspot

XRecas aHorizon Europénnovation Project cdinanced by he EC under Grant Agreement ID1070250
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elements such as videos or photos. Otherwiggen-sourceplatformssuch aguropeanar Wikimedia Commons

can also be employed for this purpose, as was done with many of the demonstrator infographics.

Theo5 Y2RSta 6SNB ONXBI dD&ilg Drénk édioriali dégrtnfeid Thay praduct & farmat
where drone footage of famous buildings and monuments in Germany is shown to viewers. They lent some of
their footage to XRecaoThis collaboration shows that DW departments already recognize the potential of
showing certain objects/buildings from many angles and are interested in XReco's technical capabilities. The
implementation of the 3D infographics at DW is currently beingaeepl.

In addition,a joint filming day with a drone was orgamil to capturethe Einstein Towein collaboration with

the Leibniz Institute for Astrophysics Potsdam (BUo are responsible for this landmarkfS N | y & Qa { OA
Heritage

' FGSN) 6SAy3 adzllL ASR 6A0GK W5 F22GF3S o0& 523 'taQa
creating the 3DGS models. The 3D model of the old phonogvaplprovided byrAlvia the XReco marketplace

Comparative Modelling

Einstein Tower and Jewish Museum were mtatelsing both SfM and 3DGS methods, illustrating visual and
functional differences. While 3DGS modeffer a bit more photorealistic detailhey lack physical geometsp

that hotspots are always visible regardlesshaf viewing angle. SfM models, howevatow hotspots tasticke

to 3Ddsurfaces (meaning, thexcannotbe seen from all angl@éHow media creators choose to reconstruct their
3D models will depend on their storytelling needs. XRaters them different optionss presented irFigure

15.

*DNeco

Figurel5: Screenshots of Jewish Museum infographic in 3DGS (left) and (righii/

12 https://www.dw.com/de/dailydrone/t-19502935
13 hitps://www.aip.de/en/
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Customsation

The template allows media creators to adjust features of the infographics with intuitive sliders. They can:

1 Set camera starting positions

1 Setlighting intensity and angles

1 Define hotspot behaviar: either fixed in place or facing the camera during interaction.

Other possibilities include cropping models, changing backgroundrcaial styling hotspot Ul elements.

% /A v ® =v By Q-

Figurel6: Screenshot of editing process in Uniith 3DGS Einstein Tower model.

Embedding/Accessibility

Final outputs are embeddable 3D viewers (HTML), requiring no redirects or downloads-fsesadand making
the infographics accessible, interactive enhancements for digital storytélliesite visitorcan encounter and
interact with real historical architecture or other technical topics (sucaralsaeologyr anatomy), independent
of time and location. Spatial dimensions that would be hard to convey with just text cexpbered in a virtual
space For media creators, the 3D infographic templates akso be reused for VR and AR projects.

2.2.8 Challenges

Before the infographic template was ready for use, it had to go through several iterations and feedback loops
between DW and Capgemini who developedAtstraightforward way for users to imporiply files (3DGS

models) insteadofjuse 6 2 FAf Sa o6{ Falv KIR (2 0SS F2dzyRd Df AGOKS2
well. And since the template comes with an interactive tutorial, minor bugs also had to be fixed in the
instructions, such as not being able to selectalourpicket.

XRecas aHorizon Europénnovation Project cdinanced by he EC under Grant Agreement ID1070250
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2.3 Virtual Media Productiodemonstratorc FFP

Table8: Overview of technologies used in FFP's demonstrator

Multi-View Music Video ‘ Lead partner FFP |

Platform services Search

Reconstruction technologies 3DGS, SfM and NeRF

Human reconstruction 3DGS/4DGS

technologies

Authoring tool(s) Unity

Output format(s) Multi-View interactive Video 4K 2{Android appin Testflight modg
and immersive Apple Vision Pro XR

¢t KS GmaMdB8diAadzari O +ARS2¢ RSY2YaildNI (2N A& Iy 25pidu@eNI O A
music video from any angle. The experience was created with the help of advanced Al reconstruction tools and
services, as well as additional Gesslutions It is available for mobile phones (Andrcaa)ld Apple Vision Pro.

It was featured in a detailed YouTube vidaohow it was createf, andthere isa downloadable & installable

version for Android phoné3

2.3.1 Demonstrator overview and expected output

The starting point of the experience is a miaiiimera archival wistudio recording from 2018, when neither
neural rendering techniques (3DGS, NeRF) ndmaséd production tools or Generative Aéng available FFP

have used XRecaemplex reconstruction pipeline and Unibased authoring tool to create and render multiple
scenes from 36 different camera angles encoded in a single 4K or 8K video for the two platforms, respectively,
and created interactivglayers for such experiences.

1 OnAndroid userscan rotate the content and watch from any angle by swiping their fingers over the
saeen. The content features traditional horizontal footage as well as vertical media.

1 OnApple Vision Prdhe video is spatially located in 3D spasethatthe viewer can walk around and thus
change the viewpoint.

¥ https://www.youtube.com/watch?v=8kct6MrgpkkXReco | MultiView XR Watch Music Videos from Any Angle on Your
Mobile or VR Headsglttps://www.youtube.com/watch?v=8kct6 Mrgpkk

15 Downloadé& Installation instructionshttps://panocastdownloads.s3.eaentrak

1.amazonaws.com/XReco FFP_MultiView2025 Release.zip
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Figurel7: Multiple views of theinger in thanteractive music vide(above). Android player in use, fingsvipe motion rotaing the
view (last row at the botton

2.3.2 Demonstrator Workflow

Table:2 2 NJ Ft 26 2 FMuBINGBW Nusiy\Adenli KRS Yee y' & G NI G 2 NJ

WORKFLOW COMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNEF)S

Content production n/a  Archival 3écameras video clip originall
recorded in 2018 (material used wit
artist's approval), 360° shootigg in

Seychelles, Mauritius, Zanzibar, Miinchu
and Budapest

(ool pi i dolelo[V[eaile)s M 3D Reconstruction T4.2 Generation of 3DGS models from mul
camera 2D video assets, 360° video ¢
mobile-phone footage

Content production T4.4 Reconstruction of full human bodie
recorded from 36 camera angles and A\
large scenes captured with 360° camer
artifacts and objects captured with mobil
phone

(SelpilgMlgICI[Uelsl XRecoPlatform and Authoring T4.5 Creation and Rendering of an immersi
tool (Unity + FFP) video in Unity for mobile and AVP

2.3.3 3D Reconstruction Experiments (NeRF, 3D Gaussian Splatting, SfM)

The key elements of FFP's complex production pipéfimelved recovering the moving shape of thimgeg a
body and gestures from the original studio recordings from a&&®@era studio capture, in combination with
large scale 3DGS reconstructions of outdoor scenery (bedthdmurs forest, cave), as well as smaller artifacts
(seashells, flowers, African masks & statues) captured with mobile praomesonsumegrade 360° cameras
(Insta360 X4)Specifically, FFP first reconstructed point clouds by reaoyeramera motion and estimating
imaging parameters, before subsequently deploy8iy Gaussian Splatting (3DG8hd SfM (Structurerom
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Motion) services to creat@D spatial representationf the subjects. Source footage was recorded at multiple
locations during théifetime of the project in Seychelles, Mauritius, Zanzibar, Germany and Hungary.

To digitally create the artifacts in 3EFPused XRec® @arious reconstruction services as demonstrated in the
accompanying videosnd figuresdelow. Due to the high volume of data and the extreme challenge to produce

all shots from 36 angles in time, we also used a dual GTX 4090 Al machine to reconstruct and render scenes using
the same algorithms.

In addition,FFPRalso developed a set atistompython scripts to combine individually created 3DGS models into
single scenes with spatially located natural elements, into which the singer's image was placediineréai
rendering.

D Orchestrator | XReco X o+

c 235 xreco.az.mog-technologies.com/orchestrator 0 Q YW
Zﬁbeco P

ASKET

s

@ Philipp uplood test

O xuCopsule_Content_Basket

|
' |
© 3065 _Content_Basket (1l 7 0
O cuglieimo Marcont P |

|

O stM_content_sosket (7
© st (structure from Mation) >

(D Newr (Neural Radiance Fleld) In the wild »

@ instant-NGP (Neural Graphics Primitives) >

v id| & o &

© Zouborcms >
© xecopsules >

©  unity Authoring Tool >

Figurel8: 36 camera data set uploaded to the XReco orchestrator for reconstruction.
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Figurel9: Mobile camera footage adn Africanmask uploaded for 3DGS/NeRF reconstructaiar usedn the final MultiView video.

Figure20: Capturing datéor largescale 3DGS reconstruction di@bourusing a dual rig of 360 cameraghe final 3DGS model served
as the background of the singer in many scenes.
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2.3.4 Free Viewpoint Video

The original FVV footage was recorded in late 2018 usingcar®@ra DSLR setup as part of tHgper360
European Research project

C2NJ GKA& O LJidzZNBR aidzRA2 YL (SNR Fhadio bé&emovBdirSsdilie saerfieS & A Y
while the quality and framing needed to be improved for others. This is called mask geneféi®mas done

via a combination of Atasedhumanmatting and depth-estimation algorithms taking advantage of the 3D
reconstructed 3DGand meshbased (SfM) representations.

Figure2n 5 D{ NBO2y a i NHzOGA2Y 605D{ aSljdSy0S0 27T i HobdsEefirigh)Sandde 62 R
same information on the mobile playerehtre

2.3.5 Authoring Tool Development

As a final stepFFP brought these data sets and image/video sources intbtlitg-basedXRecAuthoringtool
to visualse and combine them in a single unified representation for the purpose-tdmdering the scene from
any angle with the help of a directed virtual camera.
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Figure22: AcomplexX3DGScenen Unitycreated from multiple reconstructeteural renderinglements (beaches, boat, prison door,
flowers, statues, etc.) into a single

The elements in Figure 22reused as background in one of the scenes in the FhatiView video.

D UnityGaussianSplatting ACTOR_SinghVikd - AssetCreator_ MultiView_SinghViki vO - Windows, Mac. Linux - Unity 2023.2.511* <DX12>

Assets bject ( ent  Services Jobs Tools Window Helg
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Figure23: Combinng flat (2D)Al-processed camera views with a 3DGSkgesund in Unity for rendering 36 independent videos.

Export PLY

Figure24: Free viewpoint Virtual Studio setupUnityreplacing thenost with a viewdependent representation of the singer, a 3DGS
forest shelter in fron(same as Figure 23and3DGSSeychellebarbourshownin through the window adackground.

2.3.6 Challenges

The key technological and production challenge was to turn an#5short video turned into 1Bour length
full-scale video production with FFP needing to generate 36 different views for each scene. The sheer volume of
captured data, the multiple neural reconstruction passes, cleanup and running additienaséd masking and
removal algorithms dended significant effort and time. The final output was not perfect. As an exasqute
masking mistakes made by the automatic pipeline in the final outpatt ¢thn be found by viewers from certain
angles onlyvere intentionally left in

In addition,the creative ideas and technology tests posed additiamdbreseenchallenges that called for

9 having the singer speak a few lirtbat hadnot beenin the original recording

1 developing animated 3DGS models to create a singing African mask driven by the facial movements which
was tracked consistently across multiple camera views,

9 driving particle effects from the reconstructed moving point clouds, and

1 relightingthe entire 3DGS scene to match the mood of the song in each of the 18 cuts.

Finally, FFRIso developed an additiahplayback solution to showcase how immersive perssedlexperiences

that surround the viewer with spatially situated content can offer interactititstt had never beforebeen
possible. Maore specifically, FFP ported the initial MultiView playback technology to one of the latest spatial XR
devices, the Apple Vision Pro, which was not availadlen the original proposal was submitted. This new
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device, however, required us to experiment with new ways of user interaction and developing truly spatial
interfaces.

Figure25: MultiView music video experience running on the Apple Vision Pro Mixed reality headset.

2.4 Tourism Demonstratot ZAUBAR

Tablel0: Overview of technologies used in ZAUBAR's demonstrator

Tourism Demonstrator ‘Leadw ZAUBAR
Platform services Metasearch, Marketplace
Reconstruction technologies StM
Human reconstruction 4D Human Reconstruction (in Phase 2)
technologies
Authoring tool(s) AR CMS
Output format(s) AR application

Inthis DemonstratorZAUBARwith support from DW on the content sidpyoduced an application that allows
tourists to explore the city with a mobile phone and viewr2presentationsor 3D models of the monuments
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they encounter along the way and learn about their histofjne user experience was documented in a
Demonstrator video together with the Automotive DemonstratgtReco | A Ride Through History: Discover
Timisoaravith ARc In-Car and OsSite- YouTubesee section 2.5).16

The Demonstrator was built with theAUBAR CM8§,browserbased, locatiorbased AR content management
system (CMSJeveloped, implemented, and validatéud XRecoThe work addressed connectivapdreliability

for streamed AR on an automotive infotainment screen, introduced advanced authoring capabititialing
volumetric video avatars, mixed phodA RS2 6 daAEASEé 0 O2YLRAAGAZ2Y&EaT -NBY2i
style templates for historical imagerand integrated zerdriction distribution to end usersTheZAUBAR CMS
interoperateswith the Neural Media Repositprand 3D human/volumetric services.

Creating and operating locatidmased AR at city scale and in vehicles requires a complete authoring
distribution toolchain and robust delivery over heterogeneous networks. In XReco, we focused on lowering
authoring friction and ensuring dependable playback in demanding conditions (urban canyons, cellular
handovers, and Htar environments).

2.4.1 TheZAUBARVeb-Based, LocaticBasedAR CMS

ZAUBARJelivered a browsenative authoring environment where creators assemble AR experiences from
multimedia assets (2D/3D/volumetric, audio, text) and place them at precise geolocations. The system supports
uploads and transformations, neshestructive edits (e.g., cropping/colour adjustments), and generafive
assisted asset preparatiorall accessible without local installs. Final experiences can be exported to iOS/Android
and are prepared for visionOS.

Authoring model and data structures

The CMS structures its content into four hierarchical layers. At the highest level, projects act as logical containers
that group work across different venues or cities. Each project is made up of multiple scenes, which are
collections of content and logited to specific locations. Within these scenes, anchors serve as geospatial
reference points, using GPS or IMU data (inertial measurementlugit; St SOGNRBYA O RS@OAOS (K
motion by combining accelerometers and gyroscopes) and optiovigilyal hints, to bind digital content to the

real world. Finally, assets and behaviours define what users actually experience: these include 3D models, 2D
media, volumetric videos, and audio elements, combined with triggers, timers, and proximity gatesritral

interaction dynamics.

Authors use a mapentric editor to place/adjust content remotely, preview liésight, and set activation radii
and occlusion hints. A permissions system (roles for authors, reviewers, publishers) and versioned publishing
channels (staging/production) support curatorial workflows.

To remove apmlownload friction, App Clips (i0S) and Instant Apps (Android) were integrated. This preserved
VI GADBS LISNF2NYIFEYOS YR RSG0O6 dOKIE 6 5 E LIS KBS, gighBgk,f $§ NB |
or deep links crucial in tourism and Hear contexts.

¢tKS /a{ O2yySoOota G2 -wSO02Qa &S NohedssonsFuetd, and He®RE a St
derived scene assets. It also made use of results from the 3D human reconstruction/volumetric video services.

16 hitps://www.youtube.com/watch?v=EGXt1dJrxeQ

* Xk
* *
* *

*
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This trimmed authoring time and enabled multimodal experiences that blended historic media with
contemporary captures.

The CMS was designed as a fully brovisesed solution that eliminates the need for local installations while
supporting multimedia uploads, Aksisted asset preparation, and mobile exports. By integrating App Clips and
Instant Apps, it removes the frioi of downloading, enabling instant AR experiences at points of interest or
within vehicles. Through its connection with XReco services, it accelerates authoring by providing fast access to
reconstructed 3D assets and NeRE NA @SR Y I S NR Indtéehd chgéalSlities Wedielvlivazd S
through real tourism and automotive demonstrators, ensuring that authoring, distribution, and playback work
seamlessly in practice.

2.4.2 Demonstrator overview and expected output

Within the XReco project, the CMS functioned as the AR authoring frontend at the end of a pipalimelon

the Neural Media Repository (NMR) for search, rights/licensing, and curated reuse. Complemeiasgdil
transformations included 3D reconstruction, NellkE methods, and 3D humans/volumetrics. It was used to
create and edit an interactive locatidrased AR experience about the Timisoara uprising in 1989.

¢tKS - wSO02 ¢g2N]Ft2¢ oObaw [ ! L { Nicyod disgibioh) déndnsatesh 22! |
how creator teams can produce and publish XR experiences quickly, with proper licensing and precise
geolocation. The ZAUBAR Web CMS forms the last milkeoKReco ecosystem: it converts curated and
transformed media from the NMR into precisely anchored, narratively structured XR experiences and distributes
them to end devices with minimal friction.

2.4.3 Demonstrator Workflow

Tablel:2 2NJ] Ft 26 2F ONBIGAYy3I GKS G¢AYA&2FENI ! LINARA&AAY3T 6! w

WORKFLOW COMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content ingestion Repository Connector T3.5 Ingestion of assets from proprietary
(ATOS/i2Cat, RAI) (updated) sources and public online platforms into
the XReco platform
Content access, Orchestrator (MOG) (updated) « T3.1, Crossmodal content search;
search, and Neural Media Repository T3.2 Curatorial teams discover licensed med
management (UNIBAS) (updated) (photos, videos, 3D objects, volumetric

captures), manage carts, evaluate
licensing models, and import metadata
(ofelpit=Taie] (ol [i[eii[eslslM 3D object reconstruction T4.2 Generation of 3D models from 2D vidt
(CERTH, UPM, RAI) T4.3 assetsand photos

4D Gaussian Splatting (CERTE T4.4  Recording of lifesize tourist presenter

Content licensing Rights Management (FINCONS T3.3 Association of content license policies
(updated) T3.4 ingested/generated assets
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WORKFLOW GCOMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content authoring ZAUBAREMS T4.5 3D objects and 4D Human recordings a
imported to the CMS;

Scenes are composed with anchors anc
behaviours Historical photos become
spatial experiences through portal
templates; Mixie connects archival
images with cinematic sequences;
volumetric avatars deliver locatieaware
storytelling

Scenes are positioned remotely on a 3C
map (geofences, linef-sight) and, if
needed, aligned with high precision usir
visual localization or firuned on site
via the Editor app.

(ool MnlelslElib£ilels] Marketplace (MOG) (updated) T3.3, Selling or purchasing of generated ass
T4.4 and experiences

The XRececosystem provides a datiriven media framework for XR. At @entre, the Neural Media Repaository
(NMR) supports search, organization, and license management; additional Al transformations include 3D
reconstruction, NeRkke methods, and 3D humans/volumetrics.

The demonstrator followed a clear production flow within the XReco ecosystem. First, curatorial teams searched
the Neural Media Repository to discover licensed media, manage content collections, evaluate licensing, and
import metadata. Next, the requiredsaets were transformed using XReco services to generate reconstructed
3D models and volumetric humans. These prepared assets were then authored into scenes within the ZAUBAR
Web CMS, where they were combined with anchors, portal templates, Mixie commssidind storytelling logic.
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Figure27: ZAUBAR Web CMS overview with remote placement

Remote placement on a 3D map defined initial positions, with visual localisation used-tarfealignments on
site. End users then encountered these anchored AR scenes througfrigéom launch methods, experiencing
volumetric characters, historicabrtals, and immersive media directly at physical locations.
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Figure28: Enduser experience in AR (I: demo re@iposition of endisers inside AR, r: euger view)

This streamlined workflow demonstrated how XR experiences can be created and published efficiently while
maintaining high spatial accuracy and licensing compliance.

2.4.4 Challenges

This section summarises the main technical, operational, and product risks we encountered while designing and
GrfARIFGAYT GKS ¢2dz2NRAY g9 | dzi 2 Yoaséd BcatiorBaSed AR GMSNIL-als@ NJ &
captures the experiments that digbt work as expected, the pivots we made, and the concrete mitigations we
implemented.

Alignment and Playback Robustness

Remote placement accuracy

One of the key challenges encountered during the demonstrator implementation was related to remote
placement accuracy. When anchors were positioned purely through remote tools, withesiteowerification,

they sometimes appeared misaligneparticularlyin terms of height, scale, or approach vector. To address this
issue, a twestep workflow was introduced. This involved performing an initial remoteptaeement followed
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by optional onsite refinement, where necessary, to fiene positions. Additional features such as occlusion
previews and orientation helpers were also implemented to support this process. Despite these measures, sites
that could not be visited before lench still carried a slightly higher risk of misalignment.

Volumetric Video & 3D Humans

Bandwidth and thermal limits for volumetric playback

The use of volumetric video and 3D humans presented both technical and operational challenges. Continuous,
highfidelity volumetric playback within a car environment created bandwidth spikes, increased device
temperature, and occasionally led to droppedrres. To mitigate this, a fallback content ladder was designed,
allowing the system to dynamically switch between volumetric playbackiepréered 3D billboards, and simple

2D video depending on bandwidth conditions. Volumetric clips were also segmatdeaxhiinks and préetched

for each point of interest. However, longer dialogue sequences still proved demanding, so the team prioritised
short, highimpact moments and ensured prenders were always available as backups.

Pipeline complexity & turnaround

In addition, the pipeline for volumetric capture and processing proved more complex than initially expected.
Offline processing times were longer, and minor mismatches between rig output and mobile runtime formats
required additional reencoding steps. Tlse challenges were addressed by standardising ingest profiles,
automating transcodings during the CMS build step, and strategically limiting the number of volumetric scenes
in Phase 1, reserving more extensive use for Phase 2. Even so, the schedule deseagitive to delays in
capture windows, so 2D and 3D alternatives were kept on standby to avoid bottlenecks.

G4 aA EA S &ideo R@mpdzitions & Human Occlusion on Android

C2 NJ & a A Evidé& combpdfsioiistand human occlusion on Android devices, performance varied significantly
across different hardware. Mixie effects performed very well on LiBduRpped devices but were inconsistent

on midrange Android phones and old#hones. This was resolved through device capability detection that
applied perdevice templates, with automatic fallback to simpler composites without occlusion or heavy effects
when needed. The team acknowledged that achieving perfect visual paritgsaetbdevice types was not
feasible; instead, expectations were carefully managed through quality assurance processes and clear
documentation.

Automotive Integration & Streaming Path

AirPlay latency & control UX

Several challenges also arose from automotive integration and streaming paths. AirPlay mirroring occasionally
introduced latency and session drops, especially in areas with high wireless interference. Mitigation strategies
included adding reconnect logisimplifying the ircar user interface to make it tolerant of brief delays, and

OF OKAYy3 LRAyGa 2F AyiSNBad FKSIR 2F GAYS (2 YiI al af
deterministic under RF congestion, and a wired or fully natitegiiation was identified as a potential future
improvement.
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Hardware variability

Hardware variability within the car setup also played a role: vibrations affecting the iPhone mount sometimes
degraded VPS frame quality at driving speeds, whereas the industrial PC and camera system offered more stable
performance but added complexity. Tope with this, mounting stability and exposure settings were improved,
reliance on VPS during movement was reduced, and more recognition tasks were shifted to when the car had
arrived at a point of interest. Higbpeed scenarios continued to present aligent challenges, so richer visual
experiences were concentrated in stationary moments.

2.5 Automotive Demonstratog CAR

Tablel2h GSNWASSG 2F (SOKy2t23AS&8 dzASR Ay /! wQa RSY?

Automotive Tour Guide Demonstrator [EEGREGGEIE CAR

Platform services Metasearch, Marketplace

Reconstruction technologies StM

Authoring tool(s) CAR tool (originally by Atos/eviden)

Output format(s) AR applicatioffior in-car entertainment

Building on the original stardlone application by Atos/evideas part of the Automotive Demonstrator in Phase

1, Continental Automotive Romania (CAR) designed, implemented, and validated a native AR application and
deployed it for incar scenarios. The work also addressed connectivity reliability for streamed AR on an
automotive infotainment screen.

CAR was responsible for the design and deployment of the hardware and software setup that allowed seamless
visualisation and interaction with AR content while ensuring automegizele performance and safety. DW
supported CAR with the creation of a cohereser experience and the necessary content and narrative for the
Demonstrator productionThe user experience was documented in a Demonstrator video together with the
Tourism DemonstratorXReco | A Ride Through History: Discouarisoarawith ARc In-Car and O+Site -
YouTubgsee section 2.5).7

2.5.1 Demonstrator overview and expected output

The team produced an application where tourists could explore the city through the prism of history by seeing
3D models of the landmarks they pass and learn about their history. The application gives its users a way to
contact a tourist guide who would awer any questions they had in a video call. The final application was used
via the dashboard in the car but could be exported to other Android or 10S devices.

The CAR AR application is a Ubiged application for locatichased AR experiences. It unifies assets such as
images, 3D models, audio and text with geoation in order to create a very good tool to have as a tourist in a

17 https://www.youtube.com/watch?v=EGXt1dJrxeQ

* Xk
* *
* *

*
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new place. Within the XReco project, the application functioned as the frontend at the end of a pipeline centred
2y (0KS (2dz2NA&aiQa RSaAaANB (2 tSINY Y2NB loz2dzi GKS LX |
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The application catered for two types of enders tourist guides and tourists to be guided. It consists of amap
centric Ul for picking landmarks and calling the tourist guide for more information (Rgyrand a screen which
displays a 3D model of the landmark, a panel with a short history of it and an audio narration which presents it
(Figure30).

?(Beco

) - Continental Automotive Romania

Figure30: Enduser viewing 3D model of Millenium Church and textual description on CAR display
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Starting from the map, the tour guide creates a Point of Interest (POI) and adds all the necessary assets for the
landmark to be added on the map. e.g. an image and the 3D model (Fiure 3

Room Name
Posten

Lathude: 43 75865

Loogitede: 21 22037

Description

Thumbnail

Q (7]

30 Model

ﬁ Q e Croate

Figure31: The Landmark Add Screen

The whole system connects tourists, guides and the XReco backend through a server connection to take care of

asset storage and metadata (uploads, versioning, rights, license metadata) and the Connectors to XReco services
(Metasearch).

Figue2aK2ga AYTF2NXYIGA2Y Fo62dzi F thL 2y GKS G2dz2NRAadaq

it full-screen in an interactive spatiglewer orconnect with a tourist guide to learn more about the landmark.
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Figure32: The Popup panel
The XRecéutomotive use case allows the demonstration of integrating the technology developed within the
project, in WP3 and WP4, piloting a potentially final product that includes the search of assets, the creation of
new ones and their monetization.
More specifically, the experiment described here validates specific tools designed to enable:
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f The creation of AR applications for mobile devices
1 The integration of such applications in an automotive hardware environment
1 The use by the final users of the applications built with the tool.

The Tourists' Perspective

As a tourist (i.e., consumer), you start your journey by sitting in a car equipped with AR technology. As the car
begins to move, the hear screen streams content that overlays realrld landmarks. This content includes
historical facts, 3D reconstructig, and interactive stories about the sites you are passing. The AR experience is
designed to be immersive, turning your car ride into an informative and engaging tour. It becomes even more

Figure33: Doing the click gesturgeft); The application registered the cligight)

During your trip, the AR system highlights points of inte(P€Isklong your route. For example, as you pass a
historic building, the screen might display a 3D model of how it looked in the past (FQusdadg with audio

narration about its significance. This not only makes the journey more interesting but also allows you to learn
Fo2dzi GKS OAGEQa KAAG2NE Ay | dzyAljdzS FyR Sy3alF3aiay3a ¢
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Figure34: 3D model on the kear display (right)
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The Creators' Perspective

'a | (2dzNJ 3dzZA RS 6AdSods O2y(iSyd ONBFG2NDLX &2dz dzaS |/
experiences. This application is ugeendly and allows you to place points of interest precisely in the real world,
ensuring a seamless experze for tourists. You can add 3D models, upload audio narrations, and design
interactive elements that will enhance the tourists' experience.

Using theapplication,you place anchors at specific locations which host the assets. For example, you might
create a 3D model of a historic monument and place it at the exact spot where the tourists will see it from the
car. The app also allows you to update and manage comtgmamically. If there is new information or if you

want to add a special event, you can do so easily through it. This flexibility ensures that the AR experiences
remain fresh and relevant.

Ly adzYYFINEBZI /!wQa -wSO02 !dzi2Y20A0S dzaS Ol asS RSyY2ya
transform the way tourists experience and interact with historical landmarks, making the journey both
educational and entertaining. This project not oshowcases the practical applications of AR but also highlights

its potential to revolutionise the tourism and automotive industries.

Technical Specification

The AR application, within the experiments, has been deployed on a Linux computer with the following
characteristics: Ubuntu 20.04 LTS, Camera, 32GB RAM.

The architecture of the AR application is focused on managing and interacting with AR content. The interface is
designed for ease of use, allowing users to upload, edit, and position AR elements hwartdadontext. The
applications prioritise reaime interaction and efficient handling of AR data.

Continental's software is running on the mounted screen in the car. This setup ensures a smooth running of the
application allowing drivers and passengers to enjoy interactive experiences without the need for complex wiring
or additional hardwareThe industrial PC that runs inside the car (trunk) uses an Ubuntu 20.04 LTS operating
system and is interconnected to the cluster and camera that were installed.

Figure35: The computer in the trunk of the car
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2.5.2 Demonstrator Workflow

D5.2 Demonstrators Report :

Tablel3:2 2 NJ ¥t 29

2F ONBIGAy3

GKS a! dzizaYy20A0S

WORKFLOW GCOMPONENT NAMERESPONSIBLE | TASK | MAIN ROLE IN THE DEMONSTRATOR
FUNCTIONALITY PARTNERS

Content ingestion, Orchestrator (MOG) (updated) « T3.1,

Content access, Neural Media Repository T3.2
search, and (UNIBAS)
management
3D object reconstruction (UPM) T4.2
T4.3

Rights Management (FINCONS T3.3

Crossmodal content search;
Curatorial teams discover licensed med
(photos, videos, 3D objects, volumetric
captures), manage carts, evaluate
licensing models, and import metadata
Generation of 3D models from 2D videao
and photo assets

Association of content license policies

¢ 2 dzNJ DdzA |

Content licensing

Content authoring

(updated) T3.4
CAR proprietary application T4.5

ingested/generated assets

2D and 3D objects are imported from th
XReco platform;

POls are created with anchors and
behaviours

Selling or purchasing of generated asse
and experiences

(SelpilaiMnlelplelivelifels] Marketplace (MOG) (updated) T3.3,
T4.4

dzZa SNJ 22dzNyySeé F2NJ ONBI {2 N&

ONI Fi I
understand the steps both user types would typically follow to achieve their goals. There are two types of users:
creators (for example, tour guideand final users (tourists). A detailed walkthrough of each journey will be given

in the following sections.

¢ 2 O2YLINBKSyargds

¢tKS o5 202S0G&a ¢gSNBE ONBFGSR FTNRBY F220F3S OF LI dZNBR
(Figure36). The primary objective was the digital conversion of-«eatld objects into structured, performant

3D mesh models suitable for immersive, raale exploration within virtual tour environments (e.qg., real estate,
museum, or education applications). Thenkflow is defined by rigorous data capture standards and sequential
processing across three spedatl software tools.
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When the 3D models werereated,they were shared through the XReco marketplace.

Tourist guides could then add these new landmarks which includes 3D models, text descriptions and audio
narration about the history of the landmark.

AAAAA

¢ KS | LILX AOI A2y sérdcgsfd &ssebsRarch and usev $hid 2eButed the needed time to add a
landmark and enabled multhodal experiences that blended historic media with contemporary captures.

The experience connects tourists and their guides astesas on two different sides of the line.

POls are placed precisely with the help of a 2D map. Later, they become visible and interactive when the car gets
into a predefined radius. POls can be placed easily without site visits, just with the integrated tools. Geofences
combined with visual finalignment improve robustness in the field.

The Creator Journey included:
1 Content Creation and Deployment

1 Content Import: Creators imported existing content from XReco marketplace or uploaded new images and
videos, texts, sounds or 3D models.

1 AR Content Customisation: Using the application, guides anchored the content using markers and
incorporated the content.

1 Preview and Edit: Before finalising, creators remotely preplaced the content for the AR experience in a web
map environment and made necessary adjustments. The fine tuning was done in AR at the real location.

CKS CAYylIf dzZaSNERQ 22dz2NySeé gl a Fif | o02dzi RAAO2FSNE |y
1 Accessing Content: Tourists discovered AR experiences through markers on the map

1 Interactive Experience: Tourists engaged with the AR content
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1 Information Retrieval: Tourists access detailed historical insights and stbigese37)

&(m Back 1o Map

Figure37: The Screen in which the final users interact with the object

2.5.3 Challenges, Risks, and Lessons Learned

This section summarises the main technical, operational, and product risks we encountered while designing and
Gr{tARFGAYT (GKS 1dzi2Y20A 0SS RSY2yadNI 2N 6A0GK /! wQa !

Alignment and Playback Robustness

Cellular handovers led to buffering during the loading of the assets. Therefore, adaptive quality profiles, local
OFOKAY3 2F ONRGAOIE aasSdazs FyYyR a3INIOSTdzZ RSIANIF RIE GA
dead zones still degrade exence; so that information is pretched near upcoming POIs where possible.

Driver distraction and safety

5NRPSNI RAAGNI OlAz2y yR alFSie O2yaARSNIGA2ya 6SNB S
attention away from the road. To mitigate this, the application adopted a passditgeuser experience with

audioled narratives and drar-safe display modes, ensuring that interactive or visually intensive content only
appeared when the vehicle was stationary or moving slowly. Even with these precautions, regional legal and
regulatory interpretations varied, so compliance checklists wecerporated and interactive elements were
automatically disabled whenever the car was in motion.
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3 Validation

3.1 Introduction

The demonstrators described in this document have providediastd experience with the capabilities that

an ecosystem like XReco provides. Tasyconsideredan essentiapart of validathg the XReco platform, its

many components, and the workfl@in which they are usedf, howeverwe were to leave all the validation to

the demonstrators, as broad as the possibilities that XReco provides, itywéuild 06 S adzZFFAOASyYy G
improvements challenges and reception that we bring to the statehef art of the technology and to users.

Furthermore, the XRedDoA defined two relevant, useelated comparative KPthat were designed to prove
that XReco makehe creation ofXR assets and applications easier, faster, and more affordabldhbgrmhave
been before

1 KPI 3.2improved by at least 20% (in terms of user acceptance measured in a Likert scale) XR production
workflows via the delivered platform, evaluated througbceptance testing, subjective usability
evaluation and expert interviews

1 KPI 4.2Show increased acceptance and usability rates (>= 20%), via user studies and interviews on at
least three (3) different sectorg€., journalismand media automotive, tourism)

In summary, the following validatioseeksto measure acceptance, improvement of production workflows and
added valueln addition,technicalalidationis done on component level, with results reported in D3.2 and D4.2
in month 34 of the project(June2025) Forthe human-centredvalidation, testshave beeroriginallydesignedo

run at 3 different points in time:

1 The state of thepartners or equivalentechnologyat the beginning of the projecseptember 2022A test)
1 The state of the technolodgyr the first partner prototypes andXReclatform of June 2024B1 test)
i The state of the technology of tHdVPof the XReco projectin July 202%B2 test)

3.2 Methodology

Different test scenarioBave beerapplied. As thelemonstrators cover the complete workflow, tleém wasto
have test usersvho evaluateall the key functionalitiesAs not all demonstrators use all cpanents or steps in
this workflow and not all partners liastaff involved in the respective activities, some tests fecusnly on
subparts of the whole processas detailed in the following subsectionall participants provided informed
consent for data usage.

3.2.1 Gommon aspects of thelumancentredvalidation processA/B Testing

58t AGSNIo6tS pom SELXFAYSR (KS 'k. (SadAy3a YSiK2RO |
has been adapted to suit the needs of the evolving project.
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The most important difference in comparison to a conventional A/B testing approach is that the population used
in A and B1 differs from the B2 population. Giventilree spanthat this project covers, it was not possible to be
in touch with participants who donated their time for the A and B1 testing for this next iteration.

As covered in D5.1, 3 different validation moments provide for armvelded view of the satisfaction in the tool

and in the production workflow that we seek. A first validation moment evaluating technology available in
September 2022 prodes a benchmark. The B1 validation that took place in June 2024 provided insightful
information from testers to whom the XReco MVP was made avail&ble comments were made available to
our different development teams who integrated the feedback providing:

Bug fixing.

UX/Ul Improvements.

Improvements in the available MVP functionalities.
New features available in the final version.

A cohesive alih-one platform.

= =4 =4 =4 =4

For the B2 validation phase, the process was divided into two target groups. The first group consisteallet]

friendly testers-i.e.LJIS2 LX S FTNRY GKS LI NIYySNRQ 2NHIYyAalGAZ2Yya |y
project- whose feedback enabled a detailed assessment of the full set of functionalities. The second group was
dedicated to external validatigrrecruiting potential customers from outside the consortium, i.e. people who
were interested in the platform and its tools and services bad no affiliation with the consortiumThis
separation was introduced in consideration of the time required for each validation round: completing all tests
demanded approximatelynore thantwo hours per participant, which was not feasitite ask fromexternal
contributors. Consequently, the external validation was adapted to a shorter feim@Etding free testing time

and a short online surveyf around ten minutes, focusing exclusively on the core functionalities. Although this
approach reduced the gnularity of the collected feedback, it ensured that the effort required from external
participants remained reasonable, while still generating valuable insights and serving as an instrument to engage
potential stakeholders.

Human-centred Validation

External
Validation

Internal
Tests

Technical
Validation

Friendly

Baseline
Testers

Baseline for
Functionality Comparative Functionality Usability Usability

KPI ‘ ‘

Quality —
software test R':lsaer:recth Usability Relevance Relevance
(QoS, QoE)

’ :
Tech partners L S Rect Project teams Partners Potential
partners associates customers

Figure3s.- wS 02 Q& sgherheN éthnital #ngHumarentred across multiple steps.
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TKS | OlGdzht &.né (5868raeedt ¥S o8 O2lyyild d SR AySHEKS Oy o
D5.18, B2 testing comprises friendly testers and external testeh& number of testers for the B2 test ranged
from 5to 20, who addressed both quantitatiSUS questionnaireajd qualitative questions.

3.2.2 Challenges in validation

We encountered several challenges during the validation process that required us to adapt and remain flexible,
ensuring not only compliance with the KPIs but also that the validation process was practical and valuable in
improving the tool based on userddback.

Ly GKS LINB@A2dza OSNEAZ2Y 2F (KWHSORBDAINYWRIAZY PKI A
affordable, fast, and easip-use tools and services that will enable less skilled media creators to produce 3D
assets and XR experiences which had hitherto required huge budgets and/or codibg skillsi ¢ & | £ &2

GThe original idea had been to compare the complexity of the tools and workflows as they had been at the start
of the project with the less complex results of the project. However, these two sets of tools have very different
target users (highly skilled wgeneric user knowledge), which makes it very difficult to compare them. While it

will be easy to demonstrate that the use of XReco tools requires far less technology skills than the use of the tools
that were available in 2022, neskilled users are n@ixpected to have the knowledge or ability to go through the
process of testing the more complex tools. This poses a difficulty in the A/B testing, because we cannot compare
the Avs. B1 vs. B2 for nekilled users in contrast to skilled users. To addhésghe partners agreed to organise

the A/B tests with more skilled users andB tests with less skilled users. This way, there was to be feedback

on the reduction of complexity from the skilled testers and a validation of usability and user Satisfdi¢he

target groups from the tests with the less proficient ugegs

In addition, we faced new challenges during the B2 validation round, particularly concerning the level of
participant engagementDuring theriendly testingphase, we achieved a satisfactory level of participation from
potential users employed within the partner organisations supporting this project, but who had no prior
exposure to it. This proved beneficial, as they were able to devote meaningful timstiogevhile remaining
unbiased by previous knowledge.

When it came ta@xternal testers the challenge proved even greater. Thanks to the efforts of our WP6 team, we
were able to generate a solid number of leads for potential participants. However, we later discovered that the
conversion rate from leads to actual testers was quite low. Aighothis issue affected only one test the
external testers round we would have preferred to include a larger group of participants with no prior
connection to the project to gain a more objective outsider perspectivegather that kind of feedback, we
conducted targeted cole@mail outreach to the leads who had expressed the most interest, particularly those
who had participated in onen-one demos during the IBC event in Amsterdam. A key takeaway for future
projects inwlving validation is the importance of establishing a dedicated budget to compensate external testers
for their time.

Another challenge we encountered was temsion between maintaining evaluation purity and delivering the
most refined version ofthetoob @ (G KS LINR2SO00Qad SyR® LYy 20KSNJ g2NRaz
for all the key group functionalities tools: during the friendly testing round held in May and June 2025, we

18 https://xreco.eu/wp-content/uploads/2024/06/XRec®eliverable5.1.pdf

* Xk
* *
* *
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occasionally used early feedback to resolve issues before other testers encountered them. This approach was
necessary because some of the identified bugs were significant enough to compromise the validity of the results.
In foreseeing this, in the prepatiah of B2 we conducted one round of internal testing in February 2025 during

a consortium meeting in Torino. Many bugs were reported and fixed, but there were others that we could not
anticipate until friendly testers accessed the tools. This preparatiem grovided the opportunity to assess the
overall validation process and provide improvements to the tests. In conclusion, durgfgi&lly testers tests

- the technology occasionally produced unexpected ermors & NBE Ff SOG SR A yommenss 2F
some of which were promptly fixed, while others proved to be-tinee occurrences.

In conclusion, the validation process proved to be a dynamic and insightful phase that not only fulfilled the
LINP2SO0GQa YtL&a odzi lfaz2 LXFE@SR I ONMzOAILE NBES Ay N
related to participantengagemeni, SA G Ay 3 LIzNA (& FyR GKS S@2t @Ay3a ylI ic
and iterative approach ensured that user feedback directly informed meaningful improvements. The experience
underscored the importance of early planning for tester engagamitluding the allocation of dedicated
resources to support external participation, as well as the value of balancing methodological rigor with practical
622t SYyKIyOSYSyldo ! faGAYFIdStes (GKS @ltfth dliver messibleNR OS :
efficient, and higkhquality tools that empower a broader community of media creators.

3.3 Key group functionalities

3.3.1 FRunctionalitiesGrouping

Following the B1 phase iteration, 5 tests have been performed according to the key group functiomafites
B2 phase as well

1 XReco Platform testin comparison with the B1 testing, the B2 phase aggregated the media repository and
search functionalities test with the rights and monetization management test into a single one, given the
commonpathsof the user in navigating through the platform.

9 3D Reconstruction Tools tesThis test covered the usability of the reconstruction technologies, including
Structure from Motion, NeRF in the Wild, Instant NGP, 3DGS, and a common validation of the reconstruction
workflow. All the reconstruction testwere performed through the orchestrator platform.

1 Unity Authoring Tooltest: This test asesed whether nonUnity users can assemble a simple scene and
export a working build using the Unity Authoring Tool.

1 XRCapsuletest: The same test am the B1 phasewas performedon a newer version of the tool that
integrated user feedback from the B1 iteration.

1 ZAUBARCMStest: Atest to validatewhether users can upload and geolocate content in the CMSfainel
smartphone AR app correctly discovers and rentleescontenton-site.

Because of their different nature, each of the group features have their own validation protocol as described
below. We maintained the SUS questionnaire across the different phases to be shi@ta@omparative results

while using the feedback from the B1 phase to collaborate with partners to add or refine questions that targeted
the most relevant aspects identified by them.
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3.3.2 Platform Maturity Across Phases

ThePatform Feature Group entails the following componetisted n Tablel4:

Tablel4: Validationof XReco's Search and Retridvahtend components

GOMPONENT TYPE PARTNE(®) VALIDATION
PHASE

Search and retrieval frontend Frontend UNIBAS

Neural media repository backend (vitrivr based) Backend UNIBAS A, B1, B2
Orchestrator dashboard Frontend MOG B1, B2
XR marketplace Frontend MOG B1, B2
Monetization Management Backend FINCONS B1, B2

Rights Management (SLC Engine, Cicero Server, Blocl Backend FINCONS B1, B2
Service Provider,)

Metasearch, Ranking Agent, Connectors Backend ATOS, i2CAT B1, B2
Multimodal search (Cross Modal descriptors) Backend CERTH B1, B2
Object Detection (Landmarc classification, few shot and track Backend JRS, i2CAT B1, B2
News Tagger Backend RAI B1, B2

The combination of these components enables a set of innovative search functionalities for users. Beyond the
capabilities of traditional texbased search engines, XReco provides:

M Multimodal search for 2D and 3D content

9 Federated search across external repositories, integrated with-kmellvn sources such as Sketchfab
Wikimedia Commons, and Europeaiaa well as partneprovided archives such as DW and RAI.

i Tagbased search: leveraging automatically detected objects, landmarks, andrakatedd tags.

Not all components were explicitly individually tested by users; nevertheless, their functionalities contributed
indirectly to the outcomes of the validation for the platform.

In general, the most relevant improvements introduced to the search functionalities across the three testing
phases were as follows:

Phase A

At the start of the project, the concept of a unified platform for 3D object search and reconstruction was still at
an early stage. Therefore, existing partner solutions and standalone prototypes were taken as reference points,
including the vitrivr medigearch engine developed by UNIBAS, the 3D similarity search developed by CERTH,
and the first draft of the metasearch engine by ATOS. In addition, external 3D object marketplace platforms such
as Sketchfab were also considered as benchmarks.
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Phase B

By Phase B the first integrated MVP was available, providing the following functionalities:

Integrated reconstruction API.

Rights management and marketplace, including Stripe integration.

Local and federated search with connectors to Sketchfab, DW, RAI, and Wikimedia Commons.
Object detection and landmark classification.

Perorganisation asset spaces.

= =4 =4 =4 =4

Authoring tools were available at this stage but were not yet integrated with the platform.

Based on the feedback gathered during Phakethe consortium streamlined subsequent integrations and user
workflows.

Phase B2

Enhancements introduced in Phase B2 included:

Firstlogin guidance with concise text and video tutorials.

Automatic news tagging and tdgased search.

Multimodal search using images and 3D assets.

Europeana connector added to the federated search.

User groups and permissions, including-gesup usability restrictions.

Single sigion (SSO) workflow integrated into the platform.

UX Ul improvementslike visuakations for reconstructed 3D objects, batch uploadiagd refined user
workflows.

=A =4 =4 =4 -8 -8 4

Welcome to XReco!

Welcome to XReco!

*Neco

Use Reconstruction Services

Upload Your Assets
Welcome to XReco!

XReco is a platform for discovering, managing, and licensing multimedia content—including images,
videos, and 3D models. It integrates two main components:

Search External Assets

Explore Your Assets

« Orchestrator: Search, upload, preview, and organize assets; use 3D reconstruction tools—from
Create a Basket selecting media to generating models—and publish assets to the Marketplace.

+ Marketplace: Browse assets shared by others, and buy or download them.

Publish Assets to Marketplace You can move through the tutorial using the Next and Previous buttons or by selecting any step directly
from the side menu.

Download Free Assets

Purchase Free+Paid Assets

Figure39: XReco Platform Firstlogin userguidance.
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ImprovementsBeyondB2

Additional adjustments were introduced after the B2 evaluation to strengthen usability of the Orchestrator and
Marketplace:

1 Transparency of TagJooltips now indicate that tags are automatically generated. This change, applied in
both the Orchestrator and Marketplace, reduces confusion and sets clear expectations.

1 Enhanced License Filteriniylarketplace search supports filtering by multiple licenses at once, giving users
more flexibility when discovering and comparing assets.

1 Clarified Basket Functionalty ¢ KS hNOKSAGNI 02NJ y2¢ tlFo0oSta olaisSi
FNRBY .+Fal1Sdzé NBLIXIFTOAYy3I (GKS LINBJA 2 dzi allfiﬁz FYR dw
f Repository Browsing without Keywordst a @ wSLI2aAAG2NREé y2¢6 RA&LIX I &a | f

allowing users to browse without entering keywords. This makes navigation easier and assets quicker to
find.

These changes not only resolved the most critical issues raised during testing but also improved overall platform
usability, ensuring the final release is aligned with user needs.

3.3.3 3D Reconstruction Tools (UPM, CERTH, i2Cat)

The Reconstruction Services Feature Group entails the following components ligigdrinReference source
not found.Tablel5: Validation of XReco's Reconstruction Services components

Tablel5: Validation of XReco's Reconstruction Services components

GCOMPONENT TYPE PARTNE() | VALIDATION
PHASE

Meshroom, Colmap

Structure from Motion Backend UPM A, B1, B2
InstantNGP (NeRF) Backend CERTH A, B1, B2
NeRFin-the-wild Backend CERTH A, B1, B2
Gaussian Splatting (3DGS) Backend i2CAT B1, B2
GDNeRF Backend i2CAT A,Bl, B2
GDGS Backend i2CAT B2

3D humanrcentric data enhancement Backend i2CAT A, B1B2

Phase A

During Phase A (baseline), the state of the art in 3D reconstruction relied orsopece photogrammetry tools
such as Meshroom and COLMAP, as well as-Na&dtl pipelines like Nerfstudio. While practical, these solutions
typically required access to higind GPUs and neinivial local setup. In parallel, existing methods (e.g.,
Structurefrom-Motion and NeRfn-the-Wild) were installed and configured manually to establish the baseline.
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At the time Phase A was conducted, 3D Gaussian Splatting had not yet been introduced and was therefore out
of scope.

SfM:

During this phase, the user was required to have access to a Linux machine and possess basic familiarity with the
command line. The user set up a basic development environment, downloaded, and installed the required
libraries OpenMVG and Multitex; and maally gathered the footage to be used for reconstruction.
Subsequently, the user created a reconstruction project and successfully generated a 3D object by executing the
commands provided in the instructions via the terminal.

At this stage, the reconstruction pipeline started by extracting SIFT descriptors from the images. These features
were used in the SfM process to estimate camera positions and generate a sparse point cloud. Next, the images
were pre-processecand AKAZE descriptors were extracted. The resulting feature points were triangulated to
produce a much denser point cloud, replacing the sparse one. Finally, the dense point cloud was converted into

' GNAFy3dz N YSAKZ | yR | (S EbstdeNBvare téxtulizat®. Giedtechhisay’ S NI
details were documented in D4.1.

The technical details of this process are documented in D4.1. It is important to highlight that, in this phase, the
point cloud was initially created using Sfrand then densified with AKAZE.

NeRFin-the-wild

In the first phase of the validation tests, the NeiRfhe-wild model was remplemented using its original
codebasé and extended with a mukiesolution hasgrid encoding structuré (D4.1). This enhancement
resulted in significantly faster training times compared to the baseline implementation. The updated pipeline
was integrated into the Orchestrator, enabling users to access the service directly through it. During this phase,
validation was carried out using predefined datasets. Due to the inhetesitenges in achieving interoperability
across different NeRF representations, as well as their computational demands, the outputs were made available
to users in the form of rendered video sequences.

Depth +NeRFGDNeRF

In the first phase, we focused on approaches leveraging NeRF and depth image seragingthe state of

the art and identifying the major limitations of existing algorithms. The primary challenge in achieving
generalizable novel view synthesis has been obtainingtimal performance, mainly due to the computationally
expensive peray samplingequired by traditional volumetric rendering methods. To overcome this bottleneck,
works such as ENeRF have introduced alternative irbaged rendering paradigms. Howeverjstmethod
depends on a dense camera setup with numerous viewpoints, which litmifgacticality in more common,
sparseview scenarios. To address these issues, we have begun developing our own approach aimed at improving
performance and generalizability under sparse input conditions GDN&&tferalizable Depth NeRF).

3DGS

Gaussian Splatting was not yet developed during Phase A or at proposal time; it was later integrated as a hew
reconstruction service to align with the state of the art.
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Phase B1

During this phase, the first integrated version of the platform was introduced, providing the users direct access
to four reconstruction methods: Structtfeom-Motion (SfM), NeR¥n-the-Wild, InstantNGP, and 3D Gaussian
Splatting (3DGS). Via the Orchestr, users could operate from a lightweight computer to select media and
remotely trigger 3D reconstructions, eliminating the need for localeigth GPUs.

Several additional reconstruction and 3D generation methods were available within the project; hothewer
integration had not reached sufficient maturity, and the complexity and heterogeneity of input formats
precluded exposing them to users through a simple, consistent workflow.

StM:

This phase involved mainly the design and development of the API that allows users to interact with the SfM
reconstruction service using the XReco platform. The API provides tools to easily upload images from the XReco
repositories to the reconstruction séice, set the key parameters of the reconstruction process (number of
triangles and texture resolution) and download the result in OBJ format.

The reconstruction service is designed to handle only one reconstruction at a time, which motivated the
implementation of a queuing system using Celéty let one or many users schedule several reconstructions to
be performed sequentially.

NeRFn-the-wild

Inthis phase, the hasbrid structure was replaced with an Octrbased feature volume (D4.2). This approach
allowed empty regions to be efficiently discarded as training progressed resulting in faster training times, albeit
with a slight reduction in outpuquality, as well as compatibility issues with more modern version of the
dependent libraries. The service was once again integrated into the Orchestrator, ensuring that users could
access it seamlessly through the same interface.

Depth + NeRFGDNeRF

During this phasewe implemened our approach GDNeRE novel method designed specifically to generate
high-quality, realtime views from a sparse and simple camera setup. Our key innovation is to leverage depth
map information to construct a probabilistic 3D feature volume. We then use a 3D CNN, supbyiSddN

based features, to intelligently process this volume, allowing it to infer information in occluded or ambiguous
regions that are common with few source cameras. This approach enables GDNeRF to produce highly realistic,
artifact-free results that gjnificantly outperform previous methods in challenging, feamera environments

where they typically fail.

3DGS

In Phase B1, we adapted an alternative to the original Gaussian Splatting implementation developed®y INRIA
The resulting pipeline extracts video keyframes when the input is not an asset, calibrates camera intrinsics and
extrinsics using COLMAP, and feeds the results into GS@latopensource alternative offering comparable
performance. The process outputs ply model and includes a Celebased queuing system and a FastAPI
interface for service interaction, all fully containerized with Docker for easy deployment.
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Phase B2

Thanks to the feedback gathered during Phase B1, we improved the 3D reconstruction workflow in several key
aspects:

9 Scalability tests allowed us to establish reasonable usage limits for users according to the available hardware
infrastructure.

1 Batch uploading and .zip support, together with a reorganisation of the search interface, enabled the
integration of more complex services (e.g., GDGS) and significantly simplified the user workflow.

1 New visualisation options were added: 3D model viewers and Gaussian Splatting renderers. For results like
NeRFs, which cannot be directly visualised in the browser without GPU resources, we generated video
previews. Although these previews do not match foéd NeRF experience, we also provided automatic
conversion of NeRF outputs into 3D models to extend their usability.

1 Improved feedback mechanisms were implemented across all services, including clearer error messages and
progress/loading bars reporting the actual reconstruction status.

SfM:

In this phase, the pipeline was modified to improve the quality of the reconstructed 3D object. The most
significant change was the point cloud densification step: the approach based on triangulating AKAZE feature
points was replaced with MulWiew SteredMVS}°.

Motivated by user feedback, the APl was extended to provide reconstruction previews in both 2D and 3D
formats. Specifically, a GLTF version of the reconstructed 3D object is generated from the OBJ output, which lets
users visualize the result directly witithe XReco web platform without relying on external software.

Finally, a feedback mechanism was implemented to provide status updates for each stage of the reconstruction
process (performing SfM, densifying point cloud, texturizing...), which is very helpful to monitor its progress and
make sure that it is not stuclkdditionally, an errothandling system was integrated to notify the user when a
stage fails to complete.

NeRFin-the-wild

The core implementation remained unchanged during phase B2, with the exception of bug fixes and API
adjustments made to align with the updated technical requirements and revised API structure.

Depth + NeRFGDNeRF

During Phase B2, the core implementation was retained, with only minor revisions involving bug fixes and API
updates to ensure compatibility with the revised technical specifications and API framework.

Depth + Gaussian SplattirgGDGS

In this phase, bilding upon our previous work, we introduce GDGS, a novel architecture that significantly
enhances both rendering quality and speed by integrating the 3D Gaussian Splatting (3DGS) representation.
GDGS replaces the prior rendering pipeline with a morectimdel that predicts the parameters of a unique

Vo {KSYY a! OOdzNY GS adzf GALIX S +2ASs 05 wSO2y adlEEEIRQ@risactoys | & Ay
on Image Processingol.22, n°5, pp.1901¢1914, May2013. DOI10.1109/TIP.2013.2237921
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3D Gaussian for each pixel of the target view. The process begins by extracting deep visual features from the
nearest input view using a 2D UNet. To overcome the limitations of a single perspective and effectively handle
occlusions, a critical crossew dtention module is employed to fuse these features with complementary
information from other source images. From this enriched feature map, a final layer predicts the complete set
of attributes for each Gaussian, including its 3D position offset, rotasicale, opacity, andolour (represented

by spherical harmonics). The final 3D position is anchored to the scene geometry by using the camera's depth
map and applying the predicted offset. Finally, the entire collection of predicted Gaussians is efficiently rendered
into the photoraalistic final image using a specialized differentiable rasterizer.

3DGS

In the final phase, following user feedback, the Gaussian Splatting service was refined through scalability testing,
enhanced error handling, and improved user feedback mechanisms during processing via the Celery framework.
The output .ply files were adapd to meet Orchestrator integration requirements, enabling the inclusion of a
Gaussian Splatting viewer for visualization of the reconstructed results.

Improvements beyond B2

SfM:
After phase B2, two main improvements were implemented:

1 A method was developed to automatically define the region of interest in the 3D model, using the camera
positions to remove outliers and partial reconstructions of background objects. More details can be found
on D4.2.

1 A new functionality was introduced to enable 3D reconstructions not only from still images but also from
videos. For videtvased reconstruction, one frame per second is extracted, allowing the generation of a
sufficient set of images from which the 3D mbdan be reconstructed.

NeRFin-the-wild: The B2 testing phase resulted in several targeted service refinements foriNgiFwild.
These modificationaddressedhree primary areas:

1 Core bug resolution: Critical bugs were resolved, particularly within the ray tracing pipstinancing
rendering stability and accuracy.

1 Appearance encoding enhancement: The mechanism for appearance embedding encoding was refined,
enabling more precise and higher resolution, as well as disregarding appeararairenfor scenes that
do not exhibit different appearances in the uploaded datasets.

 Datasetcompatibilityy { dzLJLI2 NI 6+ & AYyGS3INFGSR F2N O NR2dza RI
dataset, to facilitate comprehensive oljive testing of reconstruction quality.

Depth + Gaussian SplattingGDGS

Beyond GDGS we introduced improvements to model metkarwild sequences where different cameras can
have different lighting conditiond o address this problem, we propose to embed camera embeddings in each
of the input views, which can learn each camera specific lighting conditions.
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An important sidenote:

Live Broadcasting Tools (FVV, Holoportation, Live Capture or Offline Volumetric Video) are not part of the User
validation. They belong to the technical testing, as users cannot test them on their own due to the advanced
hardware (a camera with depth infloration, a studio, for instance).

3.3.4 Authoring tools Maturity Across Phases

As mentioned earlier in this document, the platform was designed to integrate three different authoring tools:
the Unity Authoring Toglthe XR Capsules, and tBAUBARRCMS and App

Tablel6: Validation of XRecoAuthoring Tools

GCOMPONENT TYPE PARTNE() | VALIDATION
PHASE

Unity Authoring Tool Software Capgemini B1, B2

XR Capsules Platform Visyon B1, B2

ZAUBARCMS and App Platform ZAUBAR B1, B2
Phase A

At this stage, the only tool availabier testingwas the Unity reatime 3D development environment. Given its
maturity and widespread adoptiotJnity was used as a baselindhe goal was to evaluate how the workflow
could be simplified for users without a strong technical background, while also gathering early feedback on
specific platform functionalities to improve usability.

Phase B

In this phase, the additional authoring toolEAUBARCMS and XR Capsules) were ready for user testing.
However, they were not yet directly connected to the XReco platform. Consequently, the tools were tested
independently to validate their individual functionalities and user experience.

Unity Authoring Tool

The Unity Authoring Tool was evaluated as a key component of the XReco ecosystem, aimed at enabling users
to efficiently create immersive XR experiences. It offered a streamlined and accessible workflow that allowed
even those with limited technical expésé to build their own content using Unity and the XReco tools and
services. Through structured guidance, intuitive tutorials, and preconfigured templates, the tool simplified the
creation process.

During the test phase, participants were guided through the creation of a virtual TV studio experience. This
scenario served as a representative use case to assess whether users could independently complete the full
workflowt from setup to deployment and swccessfully generate a publishable immersive scene.
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Overall, the results were encouraging: many users were able to complete the process and produce a functional
and visually coherent TV studio experience. However, the feedback also highlighted areas for improvement,
particularly regarding the clarity of glance related to individual plugins and the general use of Unity. Enhancing
support materials in these areas could further lower the entry barrier and improve the overall user experience.

XRCapsuke

During the B1 validation phase, the first puttf¥/Pversion of XRCapsule/as launched, marking the beginning
of an Authoring Tool component tiie XReco ecosystem.

This milestone provided test users with access to an independent web platform for testing the XRCapsules MVP
creation tool, enabling them to design and visualize interactive XR scenes without requiring programming
knowledge. At this stage, the MVP consist# the core of the tool, including:

A single Virtual Productions template to experiment with scene creation.

The ability to import 3D assets in common formats (GLB, GLTF, OBJ, FBX, USDZ).
Basic position, scale, and rotation transformations for objects.

Assignment of triggers to define simple interactions.

Exporting scenes in JSON format for reuse in external tools like Unity.

= =8 =4 =4 =4

These core features allowed userstést the fundamental workflow of creating, managing, and exporting XR
scenes.

It included a proprietary login system, developed internally to provide basic user authentication without
depending on the Orchestrator or Marketplace. This initial implementation ensured secure access and user
session management within the platform.

A dedicated API service was created to manage 3D model optimization after import. This service automatically
reduced polygon counts while preserving materials, improving performance and rendering efficiency. Developed
as an independent solution, it removeide need for external tools and automated the processing of 3D assets
using BlenderThis feature proved essential so most users could run their creattonadapt to the size
requirements that are able to run in most home computers (and ultimately psone

The web application was developed using modern web technologies, providing a 3D workspace where users
could create projects, import assets, and manipulate them through transformations such as position, scale, and
rotation. Users could also assign triggerslefine basic interactions within their scenes.

Since the platform was not yet connected to the Orchestrator, asset ingestion was performed locally. Users could
import their own 3D models directly from their devices, and the system supported common formats such as GLB,
GLTF, OBJ, FBX, and USDZ. Aedhig stage, no templates were availallethe platform offered only the
essential core environment for building and experimenting with XR content.

Each created scene could be exported in JSON format, designed to describe all scene companenting
assets, transformations, and triggarsin a structured and interoperable way. This format allowed scenes to be
reproduced externally, such as in tnieven before full integration with the Orchestrator or Marketplace was
implemented.
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Finally, a Unity integration package was introduced to import the JSON scenes generated by Xfdhagusiyle

into the Unity editor. This enabled users to automatically recreate their XR environments, including asset
placement, materials, and trigger configuration, providing a bridge betweenhaskd creation and redime
visualization tools.

Overall, Phase B1 established the technical and functional foundation of XRGapsaktandalone XR creation
platform. It introduced the essential components independent login, asset ingestion, 3D processing, scene
definition, and export laying the groundwork for the deeper integration and usetused enhancements that
would arrive in Phase B2.

ZAUBARCMS

In B1, ZAUBAR CMS was alrealdsoasernative, locatiorbasedAR CMS with emap-centriceditor and a clear

F dzi K2 NAY 3 KASNI NOKeé ot NB 2S OiiurdbAythorS ob8d rdotelypladezddenth | & 2
on a 3D/WebGL map, set activation radii, previ@s-of-sightocclusion, and use roles with staging/production
OKIyySta FT2NJ OdzNI GA2y® / 2NB FSIFiGdz2NBa | @ Af phote-S Ay O
video compositions (withdevicedependenthuman occlusion)non-destructive media edits, and exports to
iIOS/Android withzerofriction launch via App Clips/Instaipps (QR/NFC/deep links).

+2f dzYSGNRO StSYySyia SEAaGSR la LIXIFOSIHotS laasSia o
| dzY yakn5¢ LIALIStEAY2S gl a atlridSR F2NJt KFas

Operationally, B1 was tested independently of the platform (no SSO yet), focusing on authoring UX and
dependable playback in early tourism andcar scenarios, with remote pyglacement plus optional csite
refinement to counter misalignments.

Phase B2

By this stage, a single sign mechanism had been implemented, allowing users to access the different authoring
tools through the platform with unified credentials. This integration redirected users seamlessly to the respective
tools, effectively packaginthem within the overall XReco workflow.

Unity Authoring Tool

Following the previous test phase, it became evident that further improvements were needed in guiding users
through the available plugin functionalities and the general use of Unity. In response, the documentation was
significantly expanded covering individual plugins, scripting components, and the practical use of scene
templates. Additionally, théastround of user testing was supplemented with a Unity basics tutorial to better
support users with limited prior experience.

As a result, the usability of the Authoring Tool improved noticeably. In the subsequent test, participants were
able to create an immersive, interacti@® infographic experience. Feedback indicated that users appreciated
0KS AYyUdZAGAGS 62Ny Ft26ar GKS adNHzOGdZNBR Gdzi2NAIf R
even for more complex scenarios.

In addition, the integration with the XReco platform was expanded through the introduction of a dedicated tab
within the Authoring Tool. This new interface element provides direct access to key XReco services, such as the
Orchestrator, allowing users to si¢y browse, create and insert assets.
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Overall, the Authoring Tool offers a flexible foundation for creating perssatklinteractive, and immersive user
experiences, supported by expanded plugin integration, improved documentation, and enhanced usability.

XRCapsuke

During the B2 validation phase, a new public versiokRCapsutavas released, marking its full integration into
the XReco ecosystem and introducing significant advancements in authentication, interoperability, and user
experience.

In this phase, XRCapssikeplaced its proprietary login system from B1 with a complete Keycloak integration,
providing robust user management, session handling, and secure authentication across the platform. Users could
access the platform using their credentials or through tharkétplace, ensuring consistent and secure login
across the ecosystem.

The connection between XReco and the Marketplace Basket was also established, allowing users to link, import,
and manage digital assets seamlessly directly from withirotbbestratorinterface. This integration provided a
more unified workflow between asset management and scene building.

The platform introduced support for external multimedia elements, which could now be imported either from a
URL or from the local system. This broadened the creative possibilities for users, who could enrich their XR scenes
with a variety of image, audiand video sources.

A major user interface update enhanced the visual design and usability of the platform. New templates were
introduced, allowing users to start from predefined structures and create personalized XR experiences adapted
to their specific use cases. These immments reduced the learning curve and made the creative process faster
and more flexible.

Users could now save, manage, and reopen their projects directly within the platform, enabling a more
continuous and efficient creation workflow.

A new XRCapsud®layer allowed the visualization of video, image, and audio elements withinpeajett, and

was later updated to support the playback of previously created scenes, completing the full creative loop from
concept to interactive visualization. At the same time, the user interface introduced simplified navigation to help
users become familiar ith the platform and start creating XR experiences more easily.

Overall, Phase B2 transformed XRCapdubten an independent prototype intanintegrated component of the
XReco ecosystem. With advanced authentication, Marketplace connectivity, multimedia flexibility, and improved
usability, this phase solidifiedRCapsuteasa mature, connected, and useriented XR creation platform.

ZAUBARCMS

By B2 the CMS moved from standalone to integrated: siigleonwas in place and the tool interoperated with

the XRecostack (Orchestrator/NMR for search & licensing, connectors for 3D reconstruction and 3D
humans/volumetrics). Authoring matured with vostep placement workflow (remotelINS LI F OS Th 2y
finetune), plus orientation helpers and occlusion previews to reduce misalignment. Volumetric video avatars
becamefirstclasss 4aaSia GAGK RAFf23dzS adSLld yR 'y FRILIIAGS
video), including chunking and prefetch per POI to handle bandwidth/thermal limits. Mixie gained device
cgpability detection and pedevice templates to stabilize results omidrange Android/older iPhones.
Distribution hardened for field use: adaptive quality profiles, local caching, graceful degradation (texabdio
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Ul), prefetching of upcoming POIs, and drisafe modes (passengérst UX; interactivity gated when moving).
The endto-end pipeline was validated in productistyle demonstrators (e.g., the Timisoara Uprising AR
SELISNASYOS0I 02y TANNYA OBiteplaginék2 NAy3 T RAAGNARAO6dzGAZ2Y TIb

Improvements beyond B2

Unity Authoring Tool

In direct response to thfeedback from the B2 tests, several significemprovements and new features have
been implemented:

Figure40: New Ul with shortcuts (left) and Prefab list (right)

Prefab Browser A new interface for browsing and placing prefabs, improving asset management and scene
composition.

1 Top Menu NavigationA streamlined top menu for easier access to core functi@esFigure40)

9 Integrated Documentation A help button within the Authoring Tool now links directly to comprehensive
documentation. The documentation has been restructured, expanded with new content, and refined to
remove deadlocks, ensuring smoother onboarding and troubleshooting.

1 Ul Improvements General interface enhancements for a cleaner, more-frsendly experience.

1 Bug Fixes & Code Cleanuptability and performance have been improved through extensive debugging
and code optingation.

1 Import Asset DialogA new dialog simplifies the process of importing external assets.

1 Updated Unity Version The project now supports the latest Unity version, ensuring compatibility and
access to new features.

9 Text Helper ToolA utility to assist with annotation text creation.

f Unity Basics Tutoria Ly G4 NR RdzOG2NE Gdzi2NAFfa KStLI yS¢ dzaSNa
workflow.
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1 YouTube Instructional VideoA stepby-step video guide is now available to support visual learffers.

1 Support for 3D Gaussian Splatting Modelkcluding compatibility with WebGPU, enabling advanced
rendering techniques.

1 Audio and Video Support in AnnotationsAnnotations can now include multimedia content, enhancing
interactivity and expressiveness.

XRCapsuke

Following the B2 validation phase, XRCapsseNelved into a more complete and uskiendly tool for creating
immersive XR experiences. Building on feedback from previous phases, this version focused on improving
usability, interactivity, visual quality, and integration with the rest of the XRecsystem.

1 Interactivity and Controls

New triggers and control systems were added, allowing users to create interdmthaviourswithin each

capsule. These include actions such as playing a video, displaying information, or moving objects when a user
clicks or enters a specific area. These features enable users to design interactive stories and experiences without
any coding knowldge.

1 User Interface and Workflow

The interface was redesigned to resemble professional 3D software. It now includes keyboard shortcuts, an
information bar, and flexible editing panels for managing and previewing scenes. These improvements make the
tool easier to learn, faster to use, aadaptable to different types of creators.

1 Integration and Sharing

Integration with Unity has been enhanced so that capsules can be imported, edited, and previewed directly
within Unity environments. Each capsule is defined by a structured JSON file, describing assets, transformations,
and triggers, making it easier toae, reuse, and extend projects across tools.

A QRcode system allows users to generate and scan codes to open XR scenes instantly on mobile or desktop
devices. Additionally, the XRPlayer now includes improved usability messages and the ability to-cedg@QR
directly, simplifying testing, collabdiian, and access to XR experiences.

9 Visual Quality and Optimisation
Support for HDR content and environmental lighting was added, providing more realistic illumination, reflections,
and immersive quality.

The XRCapsuke Decimation Servicevas introduced to automatically reduce the size of 3D models while
maintaining visual fidelity. The platform includes example workflows and guides to optimize scenes for different
devices, including web, mobile, and XR headsets.

20 https://www.youtube.com/watch?v=9m2LAKUIEEk&t=22s

* Xk
* *
* *

*
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Figure4l: The XRCapsules interface with an imported 3D model and a background

Looking ahead, Visyds preparing the final iteration of XRCapsules, scheduled for December 2025, which will
integrate the last round of usability refinements and deliver a stable, featiakerelease. This version will be
NEfSFASR a 2Ly a2d2NOS> NBFESOGAy3a - wSO2Qa O2YYAl
opening the codebasethe project invites the wider community of developers, researchers, and media
practitioners to extend, adapt, and evolve XRCapsules beyond the lifetime of the funded initiative

In this way, XRCapsules become more than a project demonstrator: they are positioned as a tool for XR authoring
and playback, aligned with 3D application practices, and powered by an interoperable JSON backbone. This open
I LILINE I OK Sy & dzNXifutidin £ thé XR andSredladeidsd@ge Wwifl remain relevant, extensible, and
impactfultowards the futue.

ZAUBARCMS
SeveraDKl y3Sa Kl @S 0SSy AYyaLANBR o0& GKS GSad NBadz

QX

Volumetric video avatars

Volumetric videoactors (e.g., historians, guides) were integratefiras-classassets: authors can now drop them

onto anchors, set facing/scale, and define dialogue steps. Playback includes fallback to prerendered sequences
F2N) O2yaUNIYAYSR O0IlYRGARGKD® ¢KAA FfAIYSR gAGK - wSO2¢
and leveraged ongoing work on volumetric compression and distribution.

G aAiEA S &idebXopbgtions

9y R dzaSNA Oly (F1S LK2G42&a IYyR @ARS2a 2F GKS !''w (213
device) and get them automatically saved in their camera roll.

Remote placement on a 3D map and onsite

Authors carreplace and adjust content remotelgnd onsite on a WebGL 3D map, previewing occlusion lines
and adjusting anchor radii. This eliminatedsite setup for most scenes and accelerated ratitly rollouts.

Templates for historical photos as AR portals
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*Neco

Portal templatesd K+ G GNF yaF2N)¥ Fil G KAald2Nk0e LBERAP AT RTE 20 Al
audio, depth parallax, vignetting, and lighting cues were added as a functionality. Curators can now swap source
images, seappropriatecolour grades, and publish with a single click.

3.4 TestingResultsAnalysis

This section contains summaryand analysief the following results

Platform results; A/B2 testingcomparison

Reconstruction results A/B2 testingcomparison
XRCapsuleauthoring Tool resultg A/B2 testingcomparison
Unity Authoring Tool results A/B2 testingcomparison
ZAUBARCMS Authoring Tool resultsA/B2 testingcomparison
External testers results A/B2 testingcomparison

=A =4 =4 =4 -8 =4

The tests have in common a SUS questionnaire with 10 different categories: acceptance, confidence, learning
requirement, support needed, learning curve, cumbersomeness, easesafcomplexity and consistency.
Depending on the key grodpnctionality, there are specific questions (bdtlkertscale based, yes/no based or
openended questions) tailored according to the needs of each tool.

There is also a gender comparison available, although in general the number of women testing the tool was
significantly lower as of men, and the results show how differences were naticigih We had no individuals
reportingto be non-binary.

For a fullrun-through of the testing questions and results of the Individual resfdtsB2 you may consult the
Annexes.

A common aspect of the tests is the presence of a SUS (System Usability Scale) questionnaire, givem that it
standardized tool used to measure the usability of a product, system, or seltvinsists of 10 statements
which participants rate on a-point Likert scale. 1 = Strongly Disagree and 5 = Strongly agree.

Acceptancel think that | would like to use this system frequently.

Complexity | found the system unnecessarily complex.

Ease of usd thought the system was easy to use.

Support Neededl think that | would need the support of a technical person to be able to use this system.
Integration: | found the various functions in this system were well integrated.

Inconsistency| thought there was too much inconsistency in this system.

Learning Curvel would imagine that most people would learn to use this system very quickly.
Cumbersomenesd:found the system very cumbersome to use.

Confidencel felt very confident using the system.

Learning Requirement: needed to learn a lot of things before | could get going with this system.

= =4 =4 =4 =4 =8 -4 -8 -8 4

As of the scoringgach item is scored froma@. Oddnumbered items (1, 3, 5, 7, 9) are positive statemgests
higher scores meabetter usability Evennumbered items (2, 4, 6, 8, 10) are negative statemestdhigher
scores meamworse usability To make sure that all items point in the same direction (so that higher = better
usability), we adjust the raw scores before summing th&or. oddnumbered items (positive statementg)e

* Xk
* *
* *

*
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subtract 1IF NB Y ( KS  dzér Svduinberst ifems/(megdative statementsyed dzo G NI Ol G KS dza ¢
from 5. The total of these adjusted scores is then multiplied by 2.5, yielding a final SUS score out of 100.

t 23A0A0S A-mOYF MHopadp B f dzSa Ay wnX mn8

bS3FGADS -AO8SNBOIMrop®p M D fdzSa Ay wnX mne
Eachresponseismappedtgal 6 { i NPy If & RA&IFIANBSIm X { ( WBsifi@itedns I I NS
FNBE GNIyaF2NY¥YSR da 60a02NB b wmThis felds peipe scyr&hiQliD wide A G SY

higher = better. We then average the available item scores for each participant and multiply by 10 to express the
SUS on a-Q00 scale.

As of the interpretation, anything between@ is poor, betweer64-71 is average, and anything above is
above averageY SSLJ AY YAYR A0Qa y20 I LISNOSydFr3asSy | ao02NB
measure, best interpreted through comparison to industry benchmarks.

3.4.1 Platform results

Individual results

The platform test evaluated all available features, with the exception of the reconstruction services and
authoring tools Specifically, it covered the following functionalities:

Asset upload

Asset search

Distinction between internal and external repositories

Search functionalities (including tag usage and the ability to find visually similar assets)
Asset preview

Content basket creation

Publishing assets to the marketplace

License selection

Purchase of both free and paid assets

= =f =4 =4 =4 =4 -4 -8

After a guided walkthrough, testers were asked to independently complete a series of tasitsas uploading
assets, searching for specific content, grouping assets into baskets, exploring tags, and selecting appropriate
licenses for defined use cases. Following each task, users were asked two main questions:

1 Whether they were able to complete the task successfully
1 How useful they found the feature in question

2! ltem Benchmarks for the System Usability Scalézges R. (Jim) Lewis, PhlBff Sauro, PhBublished in the Journal of Usability
Studies, Vol. 13, Issue 3, May 2018 pp.c1%3
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The responses have been integrated in the interpretation of the following comparisons: B1dB®/B2 The
reader may find the tests and further detail of their results in the annex.

B1/B2 testing

To evaluate the evolution of the XReco platform, System Usability Scale (SUS) questionnaires were administered
during both the B1 and B2 testing phases.

The following subsections present results along three perspectives: (i) gender comparison across phases, (ii)
overall SUS improvements, and (iii) fpaitegory analysi8eyond usability, the testing also generated valuable
insights into the licensing framewaork of the Marketplace, which will be presented after the SUS evaluation.

Gendercomparison in the XReco platform test

The following two figuredisplay the SUS questionnaire results from the B1 and B2 tests, showing mean scores
by gender(Figure 42and the change per question between phagegure43).

Orchestrator B1 - SUS Mean Scores by Gender

B Female
1 =3 Male

®

EN ~

Mean Score

~

—

&
&R

XReco Platform B2 - SUS Mean Scores by Gender

[ Female
3 Male

Mean Score
o

~

Figure42: XReco platform tegt SUS mean scores by gender in B1 phtagg énd B2 phasépttom).
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Orchestrator B1 » XReco Platform B2 - per-question % change by gender

‘ mm Male
Confidence 3 Female

Ease of Use § |
Learning Requirement -
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Integration
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Acceptance 4
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Figure43: XRecplatform testg Percentage change in SUS scores from B1 to B2 by gender.

For positively worded items (Q1, Q2, Q4, Q6; Righer = better usability), both groups improved, though in
different areas. Female participants recorded the strongest gains in Ease of Use (+~20%), Learning Curve (+~17%),
and Confidence (+~12%), whilesults for male participants improved most in Confidence (+~17%) and
Acceptance (+~13%). These results indicate that women experienced smoother workflows and easier learning,
while men expressed strongeonfidenceand willingness to use the platform regularly.

For negatively worded items (Q3, Q5, Q8; higher = worse usability), changes were limited. Females showed only
marginal increases in Support Need and Learning Requirement, with Inconsistency slightly reduced. Males
showed somewhat larger increases in Suppeed and Learning Requirement, suggesting that some adaptation
effort was perceived as necessary with the expanded feature set. Nonetheless, these drawbacks were moderate
and outweighed by the gains @nfidence andzase ofUse.

Overall, B2 refinements improved usability across genders, with women hingefnore in terms of learnability
and men in terms of trust and acceptance.

SUS test comparisooverall:

The distribution of SUS scoréi&gure44) shows a slight overall improvement from B1 to B2, with the mean
increasing by ~3.9%. At the same time, the standard deviation decreased by ~15.2%, indicating that responses
became more consistent across participants. The range also narroggt3%6), sugesting that outlier
perceptions of very low usability were reduced in B2.

XRecas aHorizon Europénnovation Project cdinanced by he EC under Grant Agreement ID1070250

The content of this document is © the author(Epr further informaiton, visitXRecceu. 14176




«Meco  XReco Project Grant ID101070250 D5.2 Demonstrators Report

SUS score distribution - Orchestrator B1 vs XReco Platform B2
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Figure44: XReco platform tegt SUS score distribution in B1 and B2 (boxpdpt, KDEbottom)

SUS test comparison per category

When examining peitem percentage change$igure %), the largest improvementvas seenin Confidence
(+~15%), showing that users felt more capable andregfintwhen usinghe platform.Other positively worded

items, such agase of Usand Acceptancealso showed smaller gains, indicating ovenalprovementsin
usability Integration (¢~3%) and Learning Curveaée of learningg~6%) slightly decreased, suggesting that
onboarding and coherence between functions became somewhat more demanding as new features were
introduced.

For negatively worded items, increases in Learning Requirement (+~9%), Support Need (+~8%), and Inconsistency
(+~3%) mean that users perceived these aspects as more challenging, a common outcome when systems expand
in functionality and complexity.

Overall, the results show that B2 improved usability and user confidence, even if the richer feature set required
additional learning and support.
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Orchestrator B1 -» XReco Platform B2 - per-item % change
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Comparison of SUS Categories between Orchestrator B1 and XReco Platform B2
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Figure45: XReco platform test Comparison of SUS categories in B1 and B2 (percentage change, top; bar chart; bottom)

Licensing conclusions

The B2 testing results provided valuable insights into the licensing framework of the XReco Marketplace (see
Annex | for full details). Straightforward cases, such as publishing content without restrictions (CCO) or applying
non-commercial, nederivativesterms (CC BMCND), were widely understood and correctly applied. More
complex conditions, particularly the CC Plus model that combines freemmmercial use with commercial
unlocking, proved more challenging, as several users selected alternativeelcerhis shows that while the
wizard is effective for simple scenarios, clearer guidance and legal explanations are needed to support users in
applying hybridicensing models.

Responses on baseline licensing principles revealed mixed levels of clarity. While 65% of participants understood
that all assets are free for nescommercial use, 35% did not, pointing to the need for better communication of
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default rules. A majority of creators (55%) were comfortable with freecammmercial reuse of their assets, but

a significant minority remained uncertain or uncomfortable, suggesting that adoption depends on stronger
safeguards. Views on CC Plus custotisisavere also divided: 35% requested more flexibility beyond pricing,
20% were satisfied, and 45% were undecided, highlighting both uncertainty and a need for additional guidance,
particularly for nonlegal users.

In terms of additional conditions that users would like to see implementezliimost prominent concern was the
prevention of Al training use, prioritised by 65% of participants, underscoring its importance in light of current
copyright debates. Beyond this, balanced demand-(48%) emerged for further options such as time limits,
sublicensing, derivative work restrictions, and exclusivity, reflecting the desire for more precise contractual
control in commercial contexts. In contrast, attribution (30%) dacitorial restrictions (25%) were less
emphasised, suggesting that economic and emerging digital risks are more pressing to users than traditional
crediting requirements.

Together, these findings show that the XReco licensing framework is broadly asabfé-for-purpose but
requires refinements to clarify defaultegarding free licesing of nhorcommercial usesexpand flexibilityon
commercial licensing termsnd address new challenges such as Al training.

3.4.2 Reconstruction results

Within the reconstruction test, 4 reconstruction methods were evaluated:

9 Strucure from Motion
1 NeRF in the Wild

1 Instant NGP

1 3D Gaussian Splatting

To measure satisfaction with each method, identical quality and usability statements were provided for each
method, to be rated using a Likert scal8trongly disagree, Somewhdisagree, Neutral, Somewhat agree,
{dNRBy3fe FANBS YR 52yQi (y2600e

Quality questions:

9 The visual detail of the 3D reconstruction produced by this method is accurate and realistic.

1 This method handles complex or intricate geometries, such as detailed surfaces or objects with high
variation in depth, effectively.

1 The 3D model generated by this method accurately represents thewaddl object or scene in terms of
geometry.

Usability questions:

1 This method offers sufficient control to custemi settings (e.g., resolution, quality) for the 3D
reconstruction.

I The method result integrates well with other software tools (e.g., for editing, véatialn, or further
analysis).

1 The processing time required for obtaining the 3D reconstruction is reasonable.
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1 How much do you agree that this method is suitable in terms of speed and output quality?
1 The instructions available for this method are helpful.

Additionally, to identify potential applications for each reconstruction method, testers were asked to share their
opinions on how they would use themdentifying potential use cases well as any potential problems that may
have arisa throughout the reconstruction.

Since all the reconstruction methods follow the same workflow, a gerd€rajuestionSUS questionnaire was
administered after the satisfaction section to gather user feedback on all methods collectively.

The analysis examines respongesf 19 participants who evaluated multiple 3D reconstruction services hosted
by XReco. The study achieved an 84.2% completionThgeevaluation reveals strong overall user satisfaction
with a System Usability Scale (SUS) score #f, Bidicatingan avera@ user experience. Among the four 3D
reconstruction methods used, SfM demonstrated the best performance with highest quality 72.25% and usability
scores 67%, while 3DGS showed the lowest error(rate of experimenting some problem during the operation

of the servicell6% Figure46). The platform shows particular strength in gaming applications (36.8% of use
cases) and Virtual Production (42.1% of the use cases).

Quality, Usability, and Error Rate by Method

mm Quality Score
B Usability Score
Error Rate

Score / Rate %

SfM NeRF-in-the-wild Instant-NGP 3DGS

Figure46: Quality, Usability, and Error Rate

Gender Percentage

Male

Gender distribution

1 Male participants: 79% Female
1 Female participants: 21% other
1 Other: 0%

0 10 20 30 40 50 60 70 80

Figure47: Gender Distribution Reconstruction Tests
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Technical background

The participant pool consisted of:

1 General users: 5%3%

9 3D reconstruction experts: 3%
1 3D modelling experts: 8%

9 IT professionals: 8%

The survey revealed diverse practical applications, with immersive technologies dominating user interest
(multiple answers were possible)

1 Video games: 36.8%

AR experiences: 31.5%

XR applications: 21%
Architecture: 10.5%

Virtual Production: 42.1%

XR journalism: 5.2%

Online shopping: 10.5%

= =4 =4 =4 =4 =4

Technical challenges and pain points

Overall, user testing surfaced a mix of reliability issues and onboarding gaps, alongside clear opportunities that
have already informed fixes to preview controls, service status messaging, and parameter guidance. The tone of
feedback points to two broadhemes:servicerobustness (jobs failing, empty or corrupted outputs, missing
assets) and usability of the 3D viewer and workflows (rotation/tilt, upsioen models, unclear parameters or
service names). These themes are common in esdge 3D and Adriven pipelines and align with best practices

for structuring findings into actionable improvements rather than treating them as isolated incidents.
wS3AFNRAY3I NBO2YyaldNHzOGA2Yy &ASNIAOS & dinitalsk W Bekcessfid S @S N.
completion messages followed by empty or corrupted downloads, and assets not appearing in the repository.
These symptoms are consistent with asynchronous job orchestration issues whererfidbsticcess states are

not gated on storage commitend where error propagation from workers to Ul is incomplete. In response,
success notifications have been tied to verified persistence, worker errors are uréacedd with clear retry
guidance, and repository indexing is rechecked before exposing state. This type of, gatingnsuring
completionreflects actual availabilitymapsto standard remediation during UX audits of complex pipelines.

On previews and interaction, users had difficulties witts tdndreported upsidedown models (which is a very
usual issue in 3D visualization due to different camera frame conventibmagcommodatefor robust viewer
settings would be to normalize model orientation on load when possible (i.e., on explicit defined abjects
texturedmeshe3orexpo§ | aNBaSli @GASgé O2yGNRE 2LIA2Y D

Servicesspecifically, live interactive previews where not feasible as rendering is very computationally intensive
and requiresperformingvolumetric rendering however the pipelines provided rendered videos as a practical
preview artifact. Given the feedbackffort should be allocated to integrate NeRF volumetric rendering with
web-based 3D viewerslespite the computdeavy procedure. Downscaling could help mitigate processing times
at the cost of rendering quality.
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A/B2 comparison

SUS test comparison improvement:

The distribution of SUS scorésdure48) reveals a substantial overall improvement from Global Reconstruction

A to Global Reconstruction B2. The mean SUS score increased by approximately 58.4%, indicating a clear
enhancement in perceived usability. Concurrently, the standard deviation decrbgissabut 15.5%, suggesting

that participant€Yesponses became more consistent, with less variability in their evaluations. Additionally, the
range contracted by roughly 48.3%, which implies that extreme negative perceptions of usability were notably
reduced in the B2 condition.

The boxplot(Figure48, top) visually highlights the upward shift in median and the reduced spread of scores for
Global Reconstruction B2, while the KDE plot further confirms this trend, showing a more compact and right
shifted distribution compared to version A. Overdlie B2 reconstruction achieved higher and more stable
usability ratings than the earlier version.

SUS score distribution - Global Reconstruction A vs GLobal Reconstruction B2
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Figure48: XReco platform tegt SUS score distribution in A and B2 (boxplot, top; KDE, bottom)

SUS test comparison per category:

The categonytevel comparison of SUS scorégg(re49) demonstrates consistent improvements from Global
Reconstruction A to Global Reconstruction B2 across nearly all usability dimensions. -fthengmrcentage
changes indicate that the most substantial gains occurred in Learning Curve (+~78%), Eage-6896F and
Confidence (+~63%), showing that users found the system significantly easier to learn, more intuitive to navigate,
and felt more confident in its operation.

Considerableémprovements were also observed in Cumbersomeness, Complexity, and Support Need, each
reducing by around55-60%, suggesting that while the platform became more powerful, users perceived
interactions as smoother and less cumbersome. Meanwhile, Acceptance, Learning Requirement, Inconsistency,
and Integration showed smaller but still positive changes (ranging fraddo~# ~50%), indicating broader,
consistent usability enhancements across all aspects of user interaction.

The bar chart comparison reinforces these findings, showing a clear upward shift in average SUS scores for every
category under B2. Overall, these results confirm that Global Reconstructiatel®2red broad usability
improvements across all assessed categories, with particularly strong gains in leaasegpf use and
confidence

Global Reconstruction A + GLobal Reconstruction B2 - per-item % change

Learning Curve

Ease of Use

Confidence

Cumbersomeness

Complexity

Support Need

Acceptance

Learning Requirement

Inconsistency

Integration

b T T T T T T T T
0 10 20 30 40 50 60 70 80
% improvement

Figure49: Changes in Results for 3D Reconstruction
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Comparison of SUS Categories between Global Reconstruction A and GLobal Reconstruction B2

I Global Reconstruction A
[ Global Reconstruction B2

Mean SUS Scores.

Figure50: XRecplatform test¢ Comparison of SUS categories in A and B2 (percentage change, top; bar chart; bottom)

3.4.3 Authoring tool resultg Unity Authoring Tool

The Authoring Tool provides a series of additions to the Unity Editor that enables easier and faster creation of
XReco use cases. It provides useful prefabs that encompass often needed functionality, usable scenes, interactive
tutorials as well as documeation. It also makes other XReco services easier to reach via direct integration in
the menu.

Result of user tests:

A user test was conducted to evaluate the usability, functionality, and user experience of the XReco Authoring
Tool the rew simplified version of the Unity Authoring To®larticipants appreciated the intuitive workflow,

Ot SINJ Gdzi2NAIf &aGNH2OGAZNBTZ FyR GKS (G22ftQa LRGESYGALl
highlighted areas for improvement, such as scene navigation, annotation complexity, and theoneetdr
integration with the XReco ecosystem.

Overall, the test was well received. Users appreciated the clarity of the interface and saw a lot of potential in the
tool. Many of the suggestions from the test have already been addressed through new features and
improvements (se8.3.3Improvements beyond B2making the experience smoother, more intuitive, and more
flexible for different use cases.
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A/B2 Comparison:

Unity A - Unity Authoring Tool B2 - per-item % change

Ease of Use

Support Need

Learning Requirement

Cumbersomeness

Learning Curve

Confidence

Complexity

Acceptance

Integration

Inconsistency

o] 20 40 60 80 100
% improvement

Figure51: Changes in Results for Unity Authoring TAd0)

The abovechartindicatesthe percentage improvement across various usability and functionality metrics when
transitioning from Unity A to Unity Authoring Tool B2. Tinprovements are as follows:

Tablel7: Improvements on XReco Authoring Tool (AT) calculated

METRIC %IMPROVEMENT

Ease of Use ~110%
Support Need ~90%
Learning Requirement ~80%
Cumbersomeness ~70%
Learning Curve ~60%
Confidence ~50%
Complexity ~40%
Acceptance ~30%
Integration ~20%
Inconsistency ~10%

Key Insights

1 Major Improvements Ease of UseSupport Needand Learning Requiremerghow the highest gains,
indicating that Tool B2 significantly enhances user experience and reduces onboarding effort.

1 Moderate Gains Metrics like Confidence Complexity and Acceptanceshow decent improvements,
suggesting better usability and user satisfaction.

1 Minor Improvements Integration and Inconsistencyshow relatively low gains, possibly indicating areas
where further refinement is needed.
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SUS Score Distribution (KDE)
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SUS score distribution - Unity A vs Unity Authoring Tool B2
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Figure52: SUS Score Distribution AT

Unity Authoring Tool B2 shows a much higher usability score compared to Unity A, wideradistribution
around 200, indicating better and more consistent user experience.

Tablel8: SUS Score Comparison Calculated

METRIC UNITY A DOOYBRUTHORING DIFFERENCH

Beae SUS ~100 ~200 +60.2%
Standard Concentrated Varied +8.4%
Deviation
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Range Wide Narrow -7.4%

Comparison of SUS Categories between Unity A and Unity Authoring Tool B2

[ Unity A
=3 Unity Authoring Tool B2

Mean 5US Scores

Figure53: SUS Categories Comparison (AT)

Overall Findings

1 Unity Authoring Tool BdutperformsUnity Ain most usability categories.
1 Both tools have similar performance in some areas, with slight variations.

Categorywise Insights

Higher for Unity Authoring Tool B2:

AcceptancelJsers are more willing to adopt B2.

Ease of UseB2 is perceived as easier to use.

Integration: B2 integrates better with workflows.

InconsistencyB2 shows significantly fewer inconsistencies.

Learning Curve & Confidenc8light advantage for B2.

Slight Advantage for Unity A:

1 Complexity:Unity A is perceived as slightly less complex.

1 Support NeedUsers feel they need less support with Unity A.

1 Cumbersomeness & Learning Requiremelfarginally better for Unity A.

= =4 =4 =4 =4

Key Takeaways
1 Strength of B2Better usability, acceptance, and integration make it more #gendly overall.
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9 Strength of Unity ASlightly simpler and requires less support, which may appeal to experienced users.

3.4.4 Authoring tool resultg XRCapsules

The XRCapsules is a new tool aimed towardstaonnical users. That is, users with no prior experience in 3D
composition, 3Dmodelling XR experience creation, etlts ambition was to provide aeasyto-use authoring
tool.

To compare A and B2, we first needed to clarify their definitions. A was defined as the advanced Unity program
that, in the absence aKRCapsulesisers would rely on to create the XR experiences providedRyapsules
Naturally, Unity is a more sophisticated tool thdRCapsuleslesigned primarily for expert users. Based on this,

we hypothesized that experienced users might not RICapsulgsarticularly useful as a standalone tool, since

our primary audience consists of nexperts. However, they could find it valuable when collaborating with less
experienced team memberssuch as journalists seeking to create an augmented reality experience
prototype to be later refined by an expert.

A/B2 test comparison:

Figure56 indicates a clear improvement in average user satisfaction, with SUS scores increasing by nearly 20%
on average. While the overall range of scores has widened, the lower end of the range in B2 is still higher than
the lower end in version A.

Ease of use stands out as the category with the most significant improvement, showing an increase of over 60%.
Across all categories that recorded improvements, the percentage increase exceeded the 20% KPI target.

However, three categories saw a decrease in satisfaction in B2: integration, acceptance, and inconsistency. The
drop in integration can be attributed t§RCapsuldseing part of a larger ecosystem. The decrease in acceptance
likely reflects that some users were already experienced Unity users or had prior knowledge in XR creation;
advanced users may prefer their familisxdvancedtools over integrating a simpler, new option into their
workflow. Finally, the decline in inconsistency is likely due to bugsewertered during testing, as B2 was still a

work in progress, and several issues were resolved following user feedbsok.some experienced users
reported they missed having common industry keys available, which were later introduced.
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SUS score distribution - Unity A vs XR Capsules B2
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Figure54: SUS Score Distribution XRC
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SUS category comparison:

Unity A + XR Capsules B2 - per-item % change

Ease of Use -

Learning Requirement -

Cumbersomeness 4

‘Complexity 1

Learning Curve -
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Figure55: Peritem change XRC

Comparison of SUS Categories between Unity A and XR Capsules B2

71 @ Unity A
[ XR Capsules B2

Mean SUS Scores

Figure56: SUS Categories Compared (XRC)
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3.4.5 Authoring tool resultg, ZAUBAREMS

In a comparative usability test, the ZAUBAR CMS Creator B2 demonstrated significantly higher user satisfaction
and efficiency than the Unitpased authoring workflow (Tool A). The average System Usability Scale (SUS) score
for Tool B2 was 24.3% higher thimm Unity A, indicating a substantial improvement in perceived usability. This
uplift was accompanied by a notable decrease in score variapilitg standard deviation of SUS scores fell by
18.7%, and the range of scores narrowed by 33.3%, implying r@ eunsistent user experience across
participants ¢ee Figure57 and Figure58 for score distributions.) Users across diverse technical backgrounds
completed tasks more easily with Tool B2, often praising its intuitive workflow and clear guidance. While a few
interface issues and learning curve concerns emerged, these were relatiiady and are being addressed.
Overall, the findings confirm that Tool B2 delivers a markedly improved authoring experience over the Unity
baseline, especially benefitting leechnical users, without alienating expert users. This report details the
methodology, quantitative results, qualitative insights, and a brief analysis of gdraded differences, followed

by recommendations for further refinement.

A/B2 comparison:

The results of this user testing analysis make a compelling case for the ZAUBAR CMS Creator B2 as a superior
authoring tool compared to the original Unibased workflow. Empirically, B2 delivered a markedly higher SUS
score (+24%) and smoother user expade, validating that the targeted usability improvements translated into
reakworld benefits. Qualitatively, users described B2 inglowingtertnd y G dzZA 6 A @S> ¢ G Sl ae ¢ «a
were recurring descriptorg and even those with minimal 3D exjence were able to complete the test with
confidence. This is a strong endorsement that B2 can democratize XR content creation, enabling a broader range
of storytellers and developers to engage with the XReco platform.

That said, the analysis also pinpointed a few refinement opportunities. Some Ul elements (like the anchor
markers and annotation widgets) can be visually simplified to reduce distraction. The integration with Unity could

be made more seamless, as a minpKif users were unsure where the Unity interface ended and the custom

tool began. Additionally, incorporating ussuggested features such as more scene templates and an asset
YFEN] SGLIX I OS AYOGSNFIFOS g2dzZ R Sy KI y GScale praductiofusd. Tasse LINE L
improvements are relatively straightforward and are either already in development or can be scheduled in the
product roadmap. Addressing them will further increase user satisfaction and eliminate the small pain points
identified.

Quantitative Findings

Overall Usability Score§:ool B2 achieved a substantially higher overall SUS score than Unity Tool A. On average,
SUS increased from the equivalent of ~65 (Unity) to ~81 (B2) out of 100, a +24.3% improvement in perceived
usability. This is a large gain in SUS terms, indicating ubers found B2 much more uskiendly. The

AYLINROSYSY(G Aa Qradatte SOHARSYyld Ay GKS O2YLI NI GAGS

Ay GSNIjdzt NIAE S NI FigBe57 A IKGSNI GKEyY | yAadleQa ¢
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SUS score distribution - Unity A vs Zaubar CMS Creator B2
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Figure57: SUS Score DistributigAUBARCMS (A vs B2box plot

The variance in scores was lower for@andard deviation dropped roughly 18.%meaning user ratings for

B2 were not only higher but also more consistent. The range of SUS scores across participants likewise contracted
by about onethird with B2 (froma widespread under Unity to a narrower, more concentrated range under B2),

as illustrated by the score distribution pldtigure58).
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Figure58: SUS Score DistributiddUBAREMS (KDE)
XRecas aHorizon Europénnovation Project cdinanced by he EC under Grant Agreement ID1070250 90/176

The content of this document is © the author(Epr further informaiton, visitXRecceu.




@eco XReco Projeat Grant ID101070250 D5.2 Demonstrators Report :

Comparison of SUS Categories between Unity A and Zaubar CMS Creator B2
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Figure59: SUS Categories ComparisonZ8iJBARCMS(A vs B2)
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Figure60: Peritem changeZAUBAREMS (A vs B2)

Perltem Improvements(seeFigure59 and Figure60): A detailed look at individual SUS items reveals that Tool

B2 outperformed Unity A on 8 out of 10 standard questions, often by a wide margin. Participants rated B2 as far
easier to useforinstance:d L G K2 dzZa3K4G GKS (22t ¢l a Srae (2 dzasSé 6{
7-point agreement scalg a 66% relative increase.

''aSNR faz2z FSt4 GKSe O2dAZ R fSINYy .H FlFLadSNY adaazaid L
higher agreement for B2. Likewise, integration of functions (Q5) was rated better (+25%), and users reported
greater confidence inusingBB @ > 2y aL FTStd OSNEB O2yFARSY(d dzaAy3d
addressed many of the usability painints of the Unity workflow, making the experience more straightforward

and assuring for users.
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Notably, B2 also reduced some negative aspects present in the Unity tool. For example, participants found the
Unity workflow relativelyinconsistentbut INSESR wmm: f Saa 6A0GK G¢KSNB ¢l a
when using B2. (Lower agreement with that negative statement implies B2 was perceived as more consistent
GKFY 'yAGeaodd LYy | TS | NBI ace.gutiiedperceiveiciplexi vidhg systems S NB
only improved by about 12% suggesting there is still some complexity toestmline. However, ho SUS item
showed a significant degradation with B2. Even the items that are negatively worded (complexity,
cumbersomeness, need for support, etc.) trended in the right direction or stayed roughly neutral. In summary,
every quantitativandicator of usabilitfavouredthe ZAUBAR Creator B2 tool, with especially large gains in ease
of-use, learnability, and user confidence

Task Completion and Efficiencil participants were able to complete the required creation tasks with both

tools, but they did so with fewer hurdles using B2. Bgtorted completion times ranged roughly from 20
YAYydziSa G2 pnb YAydziSaz RSLISyRA Y Bthep gkploied &traifgatRrasd A R dzl
¢ KSNB ¢ &y Qth-one timibd Spddisch yp&ween Unity and B2 (since users did different tasks
aSldzSyidAaltfteos odzi O2YYSyia &adz33Sail (esslexdperiensefdserd dzA R S
C2NJ AyaidlyOSsz 2yS dzaSNJ y2G4SR G(GKS& alLlSyid O2yaAiARSNI O
followed the steps more directly. The smoother learning curve with B2 likely contributed to more efficient task
execution, alhough experienced users could move quickly in either tool. We did observe that error rates were

low in both casesg only a few minor errors were reported (and those mostly under Unity, such as missing a step

or a Unityspecific configuration issue). Ovdralhe quantitative evidence paints a clear picture: Tool B2
dramatically improves usability metrics relative to the Unity authoring baseline, making XR content creation
more accessible and consistent.

Quialitative Insights

The qualitative feedback from participants reinforces the positive trends seen in the numbers, while also
highlighting specific strengths to build on and a few areas for improvement. Below we summarize key insights
from user comments, witllirect quotes to illustrate common sentiments

Positive Feedback; Intuitive Workflow & Clear Guidancetsers overwhelmingly appreciated the intuitive
RS&aA3IYy FyR StasS 2F dzaS 2F (GKS . H [ dzZiK2NAYy3a (i22fd a
NBLR2NOAY3I GKFEG 0KSe@ aRAR y20 KI @S I ye Aedgdedd$praisedO2 Y LI
F2NJ AGa OfFNRGed | FSYF S LI NIrktedAahd the (stepg pvérd BaBy tar ¢ K S
Ftft20d¢ | y2UKSNI dzaSNJ SOK2 SR (réaly helpfulTleitobl Ye§ujtes B bt & A y =
I £ SENYyAy3a OdzNBS odzi GKIGQa 21lF&@Heéd ¢KAA AYRAOIGS
involved, the guidance provided was effective in smoothing that process. Participants also liked certain smart
features & G KS 62N} Ft26T F2N) SEFYLE Sz 2yS G(SOKyAOlf dz
Fdzi2YFGAOFEte LXIFOSR Oft2aS G2 GKS Y2RSt¢ a | 02y @
sentiment was very positive several testers exgiA i f & O2YYSydSR (KFd GKS& afA
dislike anything" in B2, a strong endorsement of the design.

Reduced Frustration and Support Needmportantly, novice users felt empowered by B2. Unlike in the Unity

based test, none of the B2 users expressed that they needed outside help to complete the task. On the contrary,

a number of participants remarked on feeling sgifficient. For exampleafter using B2 one generaker tester
GNRPGSY G9@SNRBOKAY3I NIy avyzza4kKted L AYFIAYS AlG O2d |
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ISYSNIt d¢ {dOK TSSRol O]l adz33sada ( Kexperts. Rartidipdats®Boi & T dzt
had little to no Unity experience were still able to follow along with the B2 process with only minor confusion. In
cases where users encounggl uncertainty, the builin cues and tutorial steps were usually sufficient to get
GKSY 6Gdzyaiidz01¢ o6A0GK2dzi ySSRAy3a (2 O2yadzZ i SEGSNYI f
gAGK aL ¢62dzZ R ySSR (KS & dzLJdeBRJin se@ninary, qualfatvilyusetsifeft mdrdS NB& 2
confident and less frustrated using B2, even if they were beginners in XR authoring.
Pain Points and Interface Issud3espite the generally positive reception, the test surfaced a few usability issues

and design critiques for B2. A common theme was Ul clutter or distraction in the 3D scene interface. Multiple
participants mentioned that the visual markers in the scengld@de overwhelming. One powerser described,

G¢KS - w OdzoSa &aSNISNGE I SINE2 ORRASIQNINI I QUOKY2TNBEY YR TSt G
many visual elements (text, video, image icons) making it look complex. He suggested a simplified representation
¢SPaId aUGKS FFYyOK2N) f2yS g2dzZ R 0 Stiona Trs MdidatesSaynieed tog A (i K
AGNBFYEAYS (GKS Fyy2iGlGdA2y AyRAOIFIG2NRAR (2 NBRAzOS 0213
AYUSNFIOS FNRY GKS . H (22t Q& FdzyOQlAzylftAaGeod 1@ 2yS
YR 6KAOK gSNB W. wS02Qd¢ ¢KAa O2yFdzaAz2y AYLI ASA (K
added on top of the Unity editor, which could be addressed by clearer branding or integration (or by decoupling
from the Unity interface whergossible). Additionally, a few technical hiccups and control challenges were
reported. For instance, one neechnical user struggled with the 3D navigation controls in Unity, noting that she
GRAR y20i dzyRSNEUGFIYR K2g (2 dASONESEXRG {BARSEAL (@2 NR
forcing her to rely on mouse navigation. While this was an issue with the Unity viewport control scheme rather
than B2 itself, it affected her overall experience. Another user encountered a Unity versioning issgesdtup
6aGKS !'yAaGe AyadlrfttlriArazy LINROS&daa FyR FdGFrOKAYy3 (GKS
underscoring the underlying complexity of the Unity environment that B2 sits upon.

Finally, there were minor tutorial/content alignment issuesine tester pointed out that some instructional
AONBSyak2ia RARYQU LISNFSOGfe YIGOK (GKS adlrdS 2F (KE
relatively isolated, but addressing them will further polish the user experience. In partidacing orscreen

Of dziGSNE Of FNATeAy3ad (GKS (22t Q& ARSYGAGeE GAGKAY | YA
thrown off by small snags.

Feature Requests and Suggestiotsi NI A OA LJ yia LINPOGARSR | ¢gSIftdK 2F A
many of which align with making the tool more powerful and flexible forweald use casesCommon feature
requests included:

Additional Scene TemplatedJsers were excited about templates and asked for more variety. Suggestions

N} y3ISR FNBY | afA@BS AGNBFY @ARS2 gAGK INBSY aONBSy:é
templates like offices, classrooms, or mechanical work siteswitR&a 2 6 2SO0t a o0a2 GKIF G dzas
from scratch). Expanding the library of templates would help both novices (by providingsjamgxamples)

and advanced users (by speeding up prototyping for specific scenarios).

Multiple Object PlacementTesters expressed desire to place and manipulate multiple 3D models in the scene
O2yOdzNNBylGifted Ly (GKS OdNNByld ¢2N]J Ft26r GKS F20dza 4|
fA1S GKS G22f G2 KStLI Ay ol¥ HOAR Iy A6 0B5dd & DB S eYR2 RBA
objects or build a more complex scene. Enabling raltfect scenes and interactions was seen as a logical next
a0SLI F2NJ GKS (22t Qa S@2tdziazy o
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Integrated Asset MarketplaceSeveral participants, especially those with content creation experience, wanted
direct integration with asset libraries/marketplaces. They envisioned being able to search, import, or purchase
3D assets from within the authoring tool. One user explicitF &S & § SR G RANB OGf & Ay S3INI
&S NOKZ LIzNOKIFA&AS FyR LXIFOS FraaSia oRANBOGTEEBED | y2i
for oneclick importing. Such integration would streamline therisftow by removing the need to manually

import external assets.

Simplified Tutorial DeliveryA few participants commented on the format of the tutorial itself and offered ideas

G2 AYLINRGS Aldd LG 61 a LINRLRASR (2 GYAE GSEG FyR @A
instructional videos or GIFs could playliire with the stes instead of separately. There was also a suggestion

to allow the tutorial and the questionnaire to be separate, or at least not interwoven, to reduce cognitive
switching. Shorter video clips targeting each mistep were reommended to avoid any information overload.

These suggestions point toward a more integrated, ddendly onboarding experience within the tool.
Beyond these, participants also gave niche suggestions (e.g. implementing undo/redo, improving gizmo
explanations, offering an option to change background samieur, etc.), which are documented in the full
response log. None of the requested features contradict the core design; rather, they represent natural
SYyKIyOoSyYSyida (KIG 02 daaReduse©d$d ndpBmentingsamediite indstraquedtei NI |-
featuresg especially more templates and asset library integraovould likely further increase user satisfaction

and adoption.

Mixed Reality Multimedia Retrieval iOS Application

As an additional testhe Mixed Reality Multimedia Retrieval iOS Application, developed by UNIBAS, has been
further extended and integrated into the XReco technological framewatktheZAUBARpp.

Building on the earlier (MR)2 prototype, the current implementation supports-tiea, contextaware media
retrieval within physical environments. The application helps users to capture their surroundings, execute
multimodal queries, and retrieve semardity relevant digital assets to create the basis for direct reuse in
immersive authoring workflows.

¢tKSaS 2dzi02YSa RSY2yadNI (S GKS | LiL¥éexgorafios, digitgl asset OA f A
management, and XR content creation within the XReco ecosystem. Therefore, the smartphone is connected to
the NMR backend. Due to licensing seas for the different assets, the direct export of assets into the ZAUBAR
Editor is deactivated.

To illustrate the operational workflow and functionality of the system, a representative use case focusing on the
digital reconstruction of the Metropolitan Cathedral Timisoarawas developed. This scenario demonstrates
how the app supports multimodal retrieval and integration with XReco services within a reconstructed cultural
heritage environment. The available results can all be viewed in AR to see how they might lookilirnusage

with the ZAUBAR app.

User Story: Mixed Reality Retrieval at the Metropolitan Cathedrimisoara

During a simulated field scenarioTimisoaraa content creator can use the Mixed Reality Multimedia Retrieval
Smartphone Application to identify and retrieve media related to the Metropolitan Cathedral. The app uses
object detection to recognize the cathedrals and generate a bounding box ovettay thie live camera view.

XRecas aHorizon Europénnovation Project cdinanced by he EC under Grant Agreement ID1070250

The content of this document is © the author(Epr further informaiton, visitXRecceu. 94176




Deco XReco Projeq Grant 1D101070250 D5.2 Demonstrators Report :

The user starts a visual similarity query, which is sent td\lWkbackend, and returns a selection of historical
photographs, 3D models, and visual records associated with the query object. These results are presented in the
Mixed Reality interface as a scrollable gallery and can also be visualized as spatiallyoakglagd within the

live view.

A following textbased query for the term "Cathedral" produces a second set of results, including additional 3D
models and metadata retrieved from XReco's federated repositories, showcasing bofimtlsearaCathedral

and comparable structures. In future versions, selected assets may be exported to external authoring
environments, provided the user holds the appropriate usage rights. Once exported these assets can serve as
linkable resources for XR experieaazeated by the ZAUBAR UI.

This scenario demonstrates how the MR application integrates contextual scene understanding, multimodal
media retrieval, and immersive authoring within a unified workflow.

View in AR

TITLE
Timisoara Orthodox Cathedral Three
Holy Hierarchs

USER
dw_mvp_test_6

LICENSE
cc0

DESCRIPTION

Figure61: Screen captures depicting the user experience described above

Small User Evaluation

The Mixed Reality Multimedia Retrieval iOS Application was evaluated internally by UNIBAS and ZAUBAR as part
of the XReco system integration activities. The evaluation focused on usability, responsiveness, and integration
with backend search.

1 The functionality of the Mixed Reality Multimedia Retrieval iOS Application behaved as expected during
internal testing. Object detection performed as expected for smaller items. For buildings, the area of interest
was labelled manually without issues,ib&as not detected automatically.

1 Visual similarity queries returned relevant results from idRbackend, and texbased searches provided
semantically related assets using their metadata. The visualisation of results in Augmented Reality was
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stable and intuitive, offering a clear demonstration of how assets could later be used within the ZAUBAR
Authoring Tool.

1 Minor issues were observed regarding asset scaling and slight delays in loadingsbigition assets, but
overall system stability and usability were rated positively.

3.4.6 The external testers test

As had been outlined in the introductipfinding people who were interested, even eager to test the MVP of the
XReco platfornwas relatively easy; collecting their feedback, however provey cumbersomeOf the 65
registered MVP users all people who had followed invitations and activedguested account credentialg!
only 9 took the time to participate in our third Joint Business Ciinccanother 9 took théime to fill in ouruser
survey that had been shortened already to lower the hurdles.

Given the low turnout, the most insightful information coming from these testers is not in the metrics, but in
their qualitative questions responseisigure63 shows thatthe backgound of these respondents is diversk

general, they attestedhe platform as easy to use, with a professional and intuitive interface, and offers a strong
search engine and a good range of XR tools. However, some said that the missed 3D model descriptions in more
depth, including technical details like polygon coant characteristics. Useshiowed interest in collaboration,
andwould likefurther project organization and collaboration features, such as shared project pages and team
workspaceswhich is something that we had not contemplated in this stage of devedoprof the platform

While integration with workflows is generally positive, the tutorial is necessary to get started, and users suggest
clearer guidance for beginners, more advanced options for experts, and a clearer unique selling point compared
to competitors.

Most respondents also acknowledged that the platform suits their workflow némddifferent stages. Many of
them referred to prototyping, testingrior to production, andor collaborative creative work.

Lastly,when asked about the benefits of the use of the platform, testers valued the potential to access unique
3D models not found elsewhere, valuable 3D and volumetric video tools that support quigiqddprototyping,
time saving, improving protgpe quality, and the reconstruction services which could expand their asset base.

lam

9 responses

® Male
@ Female

Figure62: Gender Distribution MVP Tests
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What's your background?
9 responses

@ | have a technical background (e.g.,
developer, engineer, IT specialist)

@ | have a legal background (e.g., lawyer,
legal consultant)
| am a general user with no technical

expertise (familiar with digital tools but
not technically specialized)

@ | project manager in innovation projects
with a focus on user research. | am
knowledgeable about technology but...

Figure63: Background of MVP Testers

3.4.7 Global evaluation

A/B1 comparison

As a reminder, A/B1 compares the state of satisfaction of the tools available in September 2022 (state of art)
with the tools developed by XReiroJune 2024which coincides with the release of the first MVP of the product.

From A to Blthere was improvement acrossl SUSategories. Based ahe data, by B1 (June 20R4he 3.2
KP L YLINE @S - w LINPoRalz€aist R@®oyin tesnds Niluserf agcépiarasmeasuredn a Likert scale
via the delivered platfordr had alreadypeen achieved in the following aredsarning curve, cumbersomeness,
complexity, supportequired learningrequirements andalmost theeaseof-usecategory.

No significant differences in gender are shown.
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Global A - SUS Mean Scores by Gender
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Figure64: SUS Scores by Gender (Overall)
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¥RDNeco

Comparison of SUS Categories between Global A and Global B1

74 B Global A
[ Global B1

Mean SUS Scores

Global A » Global B1 - per-item % change

Learning Curve

Cumbersomeness

Complexity

Support Need

Learning Requirement

Ease of Use

Confidence

Inconsistency

Acceptance

Integration

0 5 10 15 20 25 30
% improvement

Figure65: SUS Score Comparison (Oveydil)
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A/B2 comparison

A/B2 compares the technology available at the beginning of the project with the technology developed by XReco
by June 2025, roughly the end of the project.

In comparing A with B2, we see an improvement across every category except for integragagcceptance
category improved in over 35%, surpassing the KPI goal by alwiostwhat was required

Global A - SUS Mean Scores by Gender
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1 3 Male
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Global B2 - SUS Mean Scores by Gender
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Figure66: SUS Scores by Gender (Ovér8P)
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Comparison of SUS Categories between Global A and Global B2
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Figure67: SUS Score Comparison (Overall A/B1)
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*Neco

B1/B2 comparison

B1/B2 compares the technology developed by XRetween June 2024 and June 2025rom the initial MVP
to a more mature and stable version a year later. Most categories show clear improvement, with the exception
of integration and learning curve.

¢CKS t26SNJI AYLNROSYSyYyd LISNOSydGrasS Aa t+FNBSte RdzS (2
Al LINPOARSA® Ly (GKAA O2YLI NRA2YS 6SQONB YSIAadNAy3 LI
Al Qa ¢2NIK y2 (thefilst MVR, Iwé acBiei&lyeanifgfulSabancements across nearly every

category.

Figure68: SUS Scores by Gender (OveraBB1
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