Touch-Sensing 3D Replica
for Augmented Virtuality

by Gianpaolo Palma and Paolo Cignoni (CNR-ISTI)

We introduce a system designed to enhance engagement
in VR experiences using sensorised replicas of real objects
created through 3D printing. This system lets users inter-
act with physical replicas within the virtual environment
while visualising the original object's appearance.
Additionally, it facilitates the creation of augmented expe-
riences to manipulate the virtual appearance of the physi-
cal replica using personalisation actions, such as painting
over the object’s surface or attaching additional virtual ob-
jects, taking advantage of its tactile feedback.

Virtual reality (VR) technologies have become increasingly
affordable and popular in recent years, thanks to advance-
ments in hardware and software. A critical challenge for these
technologies is establishing paradigms that enable user inter-
actions as similar as possible to the real world, thereby incor-
porating physicality into the experience.

To address this challenge, we explore integrating VR con-
sumer technologies with directly manipulating 3D-printed ob-
jects to create an interactive and tangible user interface within
the virtual environment. The primary objective is to develop a
VR system that provides users with a blended virtual/real ex-
perience perceived as more accurate and engaging. When in-
teracting with a low-cost physical 3D-printed replica, the
head-mounted display (HMD) enhances the user's visual expe-
rience despite its appearance differing from the original object.
The tactile feedback experienced when touching the replica,
combined with its interactivity and the high-quality visuals
provided by the HMD, significantly enhance immersion and
the user's emotional impact. Following the reality-virtuality
continuum taxonomy [1], we propose an augmented virtuality
experience centred on interactive and touch-sensitive 3D-
printed objects.

The proposed system meets three requirements. The first is to
enhance the visual appearance of a low-cost physical replica of
an artefact by using a VR device, specifically a HMD, to over-
lay the faithful appearance of the original object virtually onto
it. The second requirement aims to enhance the user's emo-
tional impact by enabling them to physically manipulate the
replica in the virtual environment, leveraging touch feedback.
The final requirement focuses on enhancing user immersion
and engagement by allowing the personalisation of the replica
through changes in its virtual appearance when touched, facil-
itated by a physical personalisation palette. To fulfil these re-
quirements, we have designed a system comprising custom
hardware components and a software library [2].

The proposed hardware setup integrates various devices. The
primary device is the HMD, which provides the visual VR ex-
perience and tracks the 3D-printed replica in the VR environ-
ment. We utilised the HTC Vive and its extension,
ViveTracker, for real object tracking. Additionally, we inte-
grated the HMD with LeapMotion to enable robust active hand
tracking. Subsequently, we developed a reusable 3D-printed
support to mount physical replicas of different objects onto the
ViveTracker, allowing their tracking within the HMD's work-
ing area. A physical palette equipped with customisable but-
tons is attached to the 3D-printed support, enabling users to se-
lect the desired type of personalisation to apply to the virtual
object's surface. Finally, an electronic controller with capaci-
tive touch sensing detects when the user touches the replica
and the personalisation palettes.

The software library, distributed on both the replica hardware
and the PC running the experience, collects all data the hard-
ware devices generate. It calculates the surface position when
the user touches the replica and visually presents this informa-
tion to the users. Developed within the game engine Unity, the
software employs a custom script to manage Wi-Fi communi-
cation with the capacitive touch-sensing controller.

Our system utilises a client-server architecture, with the server
operating on the controller and the client embedded within the
Unity application. Once the connection is established, the

Figure 1: (Left) Photos of the system hardware. (Centre) Example of an interactive session in the virtual environment. (Right) Photos of the user

during the interactive session showed in the centre.
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server sends messages whenever there is a change in the touch
status over the replica or the palette buttons. The actions asso-
ciated with each palette button are configurable within the
Unity application. For each touch event on the replica, the
script determines the surface position for changing the appear-
ance. This process involves a simple ray-casting procedure
against the 3D model of the replica. Each ray originates from
the position of the index fingertip detected by the Leap Motion
sensor.

We have identified three primary directions for casting these
rays based on common finger-movement patterns. The index
distal phalanx defines the first direction, which enhances the
detection of contact points when the user touches the surface
with the index finger close to the surface normal vector. The
second direction is determined by the line of view connecting
the index fingertip to the user's head, resulting in more robust
detection when the user touches the surface with the hand
palm in an orthogonal position with respect to the view direc-
tion. Lastly, the hand palm defines the third direction, which
enhances robustness when the user touches the replicas on the
silhouette. Through the designed personalisation palette, users
can virtually paint over the replica's surface using their index
finger as a brush or attach additional virtual objects onto the
surface. The palette buttons enable users to select paint
colours, choose objects to attach, or undo previous actions.
After selecting an action, when the user touches the replica,
the system applies the chosen colour to the virtual object's sur-
face or positions the selected object at the touched point using
the normal vector for coherent orientation.

Feedback from end-users indicates that the virtual experience
was exciting and engaging, thanks to the integration of tactile
feedback from the physical replica and visual feedback from
the virtual replica through personalisation actions. Users found
their interactions natural and fascinating, especially as they be-
came more accustomed to navigating the system. Expressly,
the tracking and visualisation of the user's hands in VR were
noted for enabling a level of interaction and accuracy during
personalisation actions that would have been otherwise diffi-
cult to achieve.
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VOXReality: Voice-driven
Interactions in XR Spaces

by Moonisa Ahsan, Irene Viola and Pablo Cesar (CWI)

VOXReality is an ambitious project funded by European
Commission, focusing on voice-driven interactions by com-
bining Artificial Intelligence (Al), Natural Language
Processing (NLP) and Computer Vision (CV) technologies in
the Extended Reality (XR) use cases of VR Conference, AR
Theater, and AR Training. We will develop innovative Al
models that will combine language as a core interaction
medium supported by visual understanding to deliver next-
generation XR applications that provide comprehension of
users’ goals, surrounding environment and context in men-
tioned use cases.

VOXReality [L1] is a European research and development
project focusing on developing voice-drive applications in XR.
It aims to facilitate the convergence of NLP and CV technolo-
gies in the XR field. Our first use case is VR Conference that
aims to support virtual assistance in navigation and real-time
translation facilitate networking and participant interactions.
The second use case is Augmented Theater that will combine
language translation, audiovisual user associations, and AR
VFX triggered by predetermined speech which will be driven
by VOXReality’s language and vision pretrained models. The
last use case is the Training Assistant with audiovisual spatio-
temporal contexts awareness allowing better training simula-
tions in AR environments.

Our goal is to conduct research and develop new Al models [1]
to drive future XR interactive experiences, and to deliver these
models to the wider European market. These new models will
address above mentioned three use cases: human-to-human
interaction in unidirectional (Augmented Theater) and bidirec-
tional (Virtual Conference) settings, as well as human-to-
machine interaction by building the next generation of per-
sonal assistants (Training Assistant). VOXReality will develop
large-scale self-supervised models that will be fine-tuned to
specific downstream tasks with minimal re-training.

Along with technical advancements, one of the crucial contri-
butions is understanding user needs and leveraging this knowl-
edge to develop innovative solutions that enhance the user
experience. This is where Centrum Wiskunde & Informatica
(CWI) comes with leading contributions in human-centric
design approaches and dialogue system development. The sci-
entific researchers from Distributed & Interactive Systems
(DIS) group at CWI are sharing their expertise in gathering
user requirements for the project shaping the user experience
and design and also contributing to developing large-language
models to support dialogue systems [2] within the applications
of the project. We actively engage with users, collecting feed-
back and insights to ensure that our XR interactions align with
their needs, preferences, and expectations resulting in high-
quality user requirements. This human-centric approach
ensures that our XR interactions are not only technologically
advanced but also user-friendly and intuitive.
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