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Figure 1: (a.) Interaction framework. Applications for (b.) 3D modeling, (c.) adaptive controller, (d.) reconfigurable tabletop.

ABSTRACT
We present a proof-of-concept system exploring multimodal inter-
action with AI-infused Shape-Changing Interfaces. Our prototype
integrates inFORCE, a 10x5 pin-based shape display, with AI tools
for 3D mesh generation and editing. Users can create and mod-
ify 3D shapes through speech, gesture, and tangible inputs. We
demonstrate potential applications including AI-assisted 3D mod-
eling, adaptive physical controllers, and dynamic furniture. Our
implementation, which translates text to point clouds for physical
rendering, reveals both the potential and challenges of combining
AI with shape-changing interfaces. This work explores how AI can
enhance tangible interaction with 3D information and opens up
new possibilities for multimodal shape-changing UIs.

CCS CONCEPTS
• Human-centered computing → Interaction devices.
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1 INTRODUCTION
Researchers have long envisioned dynamic physical materials that
can shape-shift and adapt according to users’ intent, expressed via
speech, tangible, and gestural interaction [8, 10]. Shape-Changing
Interfaces (SCIs) have been one of the primary areas of research
in designing such interaction by engineering actuated hardware
systems [1, 5, 20]. However, enhancing the hardware capability to
adapt to user intent dynamically requires software development in
multimodal interaction (to understand user intent richly) and 3D
shape generation (to render diverse shapes flexibly) [2, 3].

Recent advances in Generative Artificial Intelligence (Gen-AI)
have opened new avenues for content creation and editing, par-
ticularly in text, image, and 3D shape generation [12, 16, 17]. This
burgeoning field presents a vast opportunity for the SCIs to move
closer to realizing our long-standing visions (e.g. Radical Atoms [10]
or Claytronics [6]).

Towards this end, this paper introduces a proof-of-concept pro-
totype that integrates AI-based 3D content generation with SCIs.
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Our system explores multimodal interactions (speech, gesture, and
touch) [7, 21] to enable the intuitive creation and manipulation of
3D shapes, physically rendered with an SCI. This approach uniquely
combines Gen-AI with SCIs, opening up new possibilities of "AI-
infused Shape-Changing UIs" facilitated by multimodal interactions.

While we previously explored the use of large language mod-
els (LLMs) for SCIs based on code-generation capability [18], this
paper explores novel opportunities with AI-infused SCIs through
1. a proof-of-concept prototype fusing 3D shape generation AI
and shape display hardware [13], and 2. exploration of potential
applications.

2 IMPLEMENTATION AND INTERACTION
Our proof-of-concept system consists of a 10x5 pin-based shape
display, inFORCE [13], an OAK-D depth camera for gesture recogni-
tion, and a microphone for speech input. Our prototype included a
monitor as well for visual display of generated 3D models. Overall,
the software processes user multimodal inputs and generates 3D
meshes, displays them physically through the Shape display, and
allows users to manipulate them accordingly ([A] in our video).
For input processing, wit.ai [24] was used for speech inputs, Medi-
aPipe [11] with customized API from depth camera for 3D gesture
inputs, and inFORCE pin-displacement detection for tangible inputs.
These inputs are translated into system commands using a Key-
word Extraction Algorithm and Spacy [9] tomap them to predefined
command templates ([B] in our video).

We utilize OpenAI’s Point-E [15] for text-to-mesh generation and
a novel Mesh-to-Mesh retrieval algorithm based on CLIP [19] em-
beddings. Our 3D model dataset, combining COSEG [23], ShapeNet-
Core [4], and ShapeNetSem, totals 65,000models with pre-computed
latent embeddings for efficient retrieval. Mesh deformations are
managed through tangible interactions, while affine transforma-
tions are handled through gestural inputs, allowing users to manip-
ulate and modify the generated shapes directly. A virtual workspace
developed in Unity provides a digital representation of the setup. It
renders mesh results on the shape display and offers a GUI with vi-
sual feedback on speech recognition, AI mesh generation progress,
and physical-virtual alignment.

We designed three interaction modes (Figure 2): CREATE gen-
erates shapes via speech and gestures; EDIT enables tangible ma-
nipulation, gesture-based pulling [2], and AI-suggested modifica-
tions/approximation; INSPECT allows tactile examination and mul-
timodal position/orientation adjustments.

3 POTENTIAL APPLICATIONS
3D Modeling: Our system can enhance ideation, brainstorming,
and customization in 3D design processes (Figure 1b). With AI-
infused SCI, users can create 3D objects via speech commands and
hand gestures, inspect and manipulate them using gestures, and
edit them through tangible and gestural interactions. The AI ap-
proximation command can provide suggested 3D objects based on
modified meshes, aiding the ideation process in a highly tangible
manner. This setup may be useful in collaborative design scenarios,
as envisioned in the Claytronics project [6]. Multiple users can gen-
erate shapes, physically inspect them, and make micro-adjustments
collaboratively.

Figure 2: Interaction Design

Adaptive Controller: The system could allow users to create or
summon customizable physical controllers of various sizes and
shapes (Figure 1c.). Users can request specific controller layouts,
such as large round buttons for palm interaction or smaller controls
for single-hand operation. The system’s flexibility allows for on-
the-fly adjustments to suit changing needs during use. Musicians
or DJs could benefit from this by creating customizable musical
instrument interfaces on the shape display.
Adaptive Tabletop Furniture: Lastly, inspired by TRANSFORM
[22], AI-infused SCI could create and control tabletop surface shapes
through multimodal interaction (Figure 1d.). Users can request
specific shapes for various purposes, such as a phone stand for
hands-free calls or a wall divider to hide distractions [14]. The
system can also generate and adjust objects like pen holders based
on user needs.

4 CONCLUSION AND FUTUREWORK
This paper introduced a novel approach integrating Gen-AI with
SCIs facilitated by multimodal interaction. Our prototype demon-
strates the potential of this approach while revealing limitations
and opportunities for future research.

Current challenges include slow response times (~60 seconds), low-
resolution shape output, and limited interaction (e.g. only pre-defined
gestures). Critically, we also learned employing text-to-mesh gen-
eration [15] has a limitation in that it does not take into account
the hardware constraint (pin-display resolution and hardware ge-
ometry). Hence, we found the use of LLM for code-generation to
be more adaptable to generate shape, motion and interaction [18].

By addressing these challenges, AI-infused SCIs should bring us
closer to the vision of adaptive materials that can listen, transform,
and be manipulated tangibly, opening new possibilities for HCI.
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