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Abstract

We present Roomify, a spatially-grounded transformation system
that generates themed virtual environments anchored to users’
physical rooms while maintaining spatial structure and functional
semantics. Current VR approaches face a fundamental trade-off: full
immersion sacrifices spatial awareness, while passthrough solutions
break presence. Roomify addresses this through spatially-grounded
transformation—treating physical spaces as “spatial containers” that
preserve key functional and geometric properties of furniture while
enabling radical stylistic changes. Our pipeline combines in-situ 3D
scene understanding, Al-driven spatial reasoning, and style-aware
generation to create personalized virtual environments grounded
in physical reality. We introduce a cross-reality authoring tool
enabling fine-grained user control through MR editing and VR
preview workflows. Two user studies validate our approach: one
with 18 VR users demonstrates a 63% improvement in presence over
passthrough and 26% over fully virtual baselines while maintaining
spatial awareness; another with 8 design professionals confirms the
system’s creative expressiveness (scene quality: 5.95/7; creativity
support: 6.08/7) and professional workflow value across diverse
environments.
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1 Introduction

Virtual reality headsets are increasingly adopted in home envi-
ronments for immersive entertainment and creative professional
practices. However, this immersion comes at a fundamental cost:
VR systems typically isolate users from their physical surroundings,
creating spatial disorientation and safety risks [17, 40, 71]. Empirical
studies demonstrate that users frequently breach safety boundaries
even when visible warnings are present [68], while research reveals
that incorporating physical correspondence into VR experiences
significantly improves both user experience and task performance
[8, 13, 63]. For creative professionals, spatially-grounded immersive
environments enhance understanding of spatial qualities like size,
scale, and circulation [10, 66, 77], with designers benefiting from
MR-based on-site visualization and in-situ authoring tools [16, 44].

These phenomena highlight the significant role of spatial aware-
ness in VR experiences: users must continuously know where their
bodies and surrounding objects are while acting in a virtual scene.
Studies confirm that spatial awareness is influenced by geomet-
ric features, semantic information, and spatial layouts—and when
these sources are integrated, awareness is significantly enhanced
[2, 6, 19]. For home entertainment, maintaining spatial awareness
becomes inseparable from safety: virtual experiences must render
furniture and boundaries legible as part of the spatial experience
rather than as sporadic warnings [9].
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This room feels so
boring. Time for a
transformation!

(a) Initial State: User in their physical living room
contemplating transformation possibilities.

Incredible! I'm
living in Hogwarts!

(f) Immersive Experience: Experiencing the fully
transformed Hogwarts-themed room in VR.

(b) Room Scanning: Capturing spatial geometry
using Quest 3's built-in RGB cameras.

i Looking great! Just

(e) Real-time Generation: Monitoring Al-
generated content as it appears and auto-aligns
with physical furniture in MR.

Wang et al.

Let me adjust these
spatial boundaries.

(c) Spatial Understanding: Reviewing and refining
automatically generated spatial scaffolds in MR.

| want a magical
Harry Potter theme!

a few tweaks...

(d) Style Specification: Providing multimodal
input to define the desired Harry Potter theme.

Figure 1: The Roomify user journey from physical room to themed virtual environment. Users begin in their real space (a),
scan the room geometry (b), review spatial understanding results (c), specify their desired style through multimodal input (d),
observe and adjust real-time generation in MR (e), and finally immerse themselves in the transformed environment in VR
(f). The system preserves spatial layout and functional semantics of furniture while enabling radical stylistic transformation,
allowing users to inhabit fantastical worlds grounded in their familiar physical space.

Current approaches to bridging physical and virtual worlds
face a fundamental design dilemma: a trade-off between making
spatial structure continuously perceptible and preserving uninter-
rupted presence [9]. Traditional boundary systems like Guardian
provide only 2D perimeter warnings [78], failing to represent ac-
tual room geometry or furniture placement. Video passthrough
solutions enable spatial awareness [26, 73, 80] but break immersion
by constantly reminding users they are wearing a headset. Scene
proxy methods that represent physical objects with virtual counter-
parts [45, 63, 65, 82] maintain visual immersion but struggle with
flexibility—either transforming only walkable areas [12, 65], re-
trieving from limited asset libraries [39, 41, 63], or applying surface
stylization without geometric freedom [64, 82].

We present Roomify, a spatially-grounded transformation sys-
tem that addresses this trade-off by achieving balance across style
diversity and consistency, spatial alignment, functional con-
sistency, and user editability. Our approach generates themed
virtual environments anchored to users’ physical rooms while
maintaining spatial structure and functional semantics of furniture.
Rather than claiming to preserve full physical affordances, Roomify

maintains each object’s approximate volume, footprint, and ma-
jor contact surfaces while keeping its high-level role (e.g., seating,
storage, temperature regulation) consistent with the physical room.
This combination supports spatial awareness and gross locomotion
and body-support actions (e.g., walking around obstacles, sitting,
leaning).

The system implements an end-to-end pipeline integrating room
scanning [48], Al-driven spatial understanding [49], style-aware
prompt generation, and coordinated image/3D generation with
intelligent scene assembly. To address registration errors while pro-
viding fine-grained creative control, we developed a cross-reality
authoring tool leveraging complementary MR and VR modalities
[4, 71]. Users manipulate wireframe scaffolds and provide mul-
timodal style specifications in MR mode for spatially-grounded
refinement, then seamlessly transition to VR mode for immersive
preview. This dual-mode approach enables creators to maintain
both spatial constraints and creative vision throughout the author-
ing process.

Our evaluation through two user studies with 18 general VR
users and 8 design professionals validates the system across diverse



Roomify: Spatially-Grounded Style Transformation for Immersive Virtual Environments

contexts from themed entertainment (gaming, immersive movie
viewing) to creative prototyping (interior design exploration, client
visualization, media storyboarding). Roomify achieves 63% improve-
ment in presence over passthrough and 26% over fully virtual base-
lines, while maintaining signi cantly better spatial awareness than
fully virtual approaches. Design professionals rated scene quality at
5.95/7 compared to 4.50 for text-to-3D and 3.41 for Al re-texturing,
with creativity support scores of 6.08/7.

This work makes three primary contributions:

A spatially-grounded generation pipeline that balances
stylistic exibility with geometric preservation and func-
tional consistency, enabling personalized room transforma-
tion while maintaining spatial alignment through Al-driven
spatial understanding and style-aware 3D generation.

A cross-reality authoring tool combining MR's spatial
grounding with VR's immersive preview, providing intuitive
controls for iterative re nement of room-scale transforma-
tion work ows.

Comprehensive empirical validation through two user
studies examining immersion, spatial awareness, and cre-
ative expressiveness, demonstrating signi cantimprovements
in presence while maintaining spatial alignment compared
to existing approaches.

2 Related Work

2.1 Integrating Physical and Virtual
Environments

Virtual reality systems face a fundamental tension between achiev-
ing deep immersion and maintaining spatial awareness in physical
environments [L7, 71]. This challenge has driven researchers to
explore various integration strategies.

Boundary and Passthrough Systems. Commercial systems
like Oculus Guardian display grid overlays when users approach
play area limits [/§. However, users frequently breach bound-
aries during rapid movements, and these non-diegetic overlays
disrupt immersion P6 6§. Video passthrough solutions enable
spatial awareness and object manipulatiotv[23 26 51, 73 80
but fundamentally break immersion a dream collapsing e ect
[43. Selective approaches like RealityChe@g[and RealityLens
[73 blend physical objects into virtual scenes, but treat physical and
virtual elements as separate layers rather than uni ed experiences.

Roomify establishes the physical room as the spatial foundation
for transformation. Unlike boundary systems that interrupt immer-
sion or passthrough methods that fragment experiences, Roomify
integrates spatial structure directly into the generative process,
creating personalized transformations while preserving spatial and
semantic logic.

Substitutional and Proxy-Based Approaches. Scene proxy
methods represent physical objects with virtual counterparts to
maintain visual immersion]2 39 41,45 63 65 87. However, these
systems face exibility and personalization limitations: some trans-
form only walkable areas while ignoring furniturel2, 65, others
retrieve models from limited asset librarie8$ 41, 63, and still
others apply surface stylization without geometric transformation
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freedom B4, 87. Systems like GradualRealitys]] preserve tac-
tile feedback through physical proxies but struggle when physical
layouts don't correspond to virtual contexts.

Two systems warrant detailed comparison. Reality Skifg [
reconstructs rooms with depth sensing and optimizes placement
of pre-authored assets to maximize tactile alignment in designer-
authored worlds. In contrast, Roomify focuses on generative, theme-
driven transformation using LLM- and di usion-based generation
on 3D sca olds, targeting end-user authoring work ows rather than
constrained optimization over xed asset libraries. TransforMR]
performs real-time substitution of moving agents (e.g., pedestri-
ans) in outdoor handheld video-see-through MR, using monocular
RGB to segment and overlay preset virtual characters. Roomify
instead targets room-scale indoor VR/MR experiences, building
complete 3D semantic sca olds and applying scene-wide thematic
transformations to walls, furniture, and decor.

2.2 3D Scene Understanding and Generative
Stylization

Spatial Understanding. The evolution from point cloud process-

ing to scene semantic understanding has enabled VR/MR systems

to interpret physical environments as structured spac8§][ Mod-

ern pipelines establish hierarchical representations using datasets

like ScanNet 15 and structured graphs3, 79 encoding spatial

relationships and functional dependenciesd. Neural SLAM ad-

vances like SLAM3RAH and MASt3R-SLAMYZ enable real-time

reconstruction, while systems like SpatialLMJ and SceneScript

[5] generate structured scene descriptions through large language

models. However, traditional pipelines terminate at analysis rather

than enabling transformation.

Text-to-3D and Scene Generation. Text-to-3D methods like
DreamFusion$5 and Magic3D §§ enable content creation from
natural language, while room-scale systems like Text2Roagh [
generate entire environments. However, these struggle with spatial
consistency and constraint preservation. Constraint-aware systems
like ControlRoom3D $( improve layout control but o er limited
style customization.

Scene Stylization and Editing. Recent vision and graphics
work provides powerful building blocks for controllable stylization.
ControlNet [8§ adds spatial conditioning to di usion models for
structure-preserving image stylization. InstructNeRF2NeR4#, [
InstructGS2GSq9, and NeRF-Art T2 edit existing NeRF/3DGS
scenes using text instructions, iteratively updating representations
for text-guided appearance changes with cross-view consistency.
Styl3R [7§ predicts stylized 3D Gaussians from sparse views and
style images, while ArtiScenep] assembles artistic 3D scenes from
text via 2D layout intermediaries. Style transfer approaches like
StyleMesh P9 and DreamSpace3l] modify surface appearance
but without geometric transformation freedom. Gaussian/volume-
based stylization methods3[, 81] target scene-level style but can
degrade object-level a ordances.

Roomify does not introduce new 3D stylization algorithms; in-
stead, it orchestrates existing 2D/3D generative tools atop semantic
reconstruction of real home environments for theme-driven, room-
scale transformations aligned with physical layout and functional
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roles. Unlike conventional scene understanding systems that con- professional spatial or interaction designers who regularly employ
clude with static descriptions, our approach employs spatial models VR/MR in practice (e.g., product, exhibition, and experience design).

as dynamic containers enabling radical stylistic transformation
while preserving spatial logic.

2.3 Al-Assisted Spatial Authoring

The democratization of VR content creation has shifted toward
accessible, Al-assisted authoring syster@g[Recent systems en-
able non-expert creation through intuitive interactions: LLMR{
and LLMER 11] demonstrate natural language scene editing, while
VRCoPilot B introduces mixed-initiative authoring where users
provide layout sketches and Al generates arrangements within
constraints. MineVRA %§ extends this through context-aware
generation based on narrative contexts.

Critical challenges involve maintaining user agency while maxi-
mizing automation bene ts. EchoLaddeB]] decomposes Al modi-
cations into transparent suggestions, while research reveals user
expectations for context awareness, edit memory, and spatial rea-
soning in generative Al interfacesl]. DreamCrafter () combines
direct manipulation with generative backends; its MagicCamera
feature enables furniture-level style transfer and scene generation.
Roomify extends beyond furniture-level transformation to include
structural and contextual elements (walls, oors, skyboxes), and
grounds generation in actual physical room structure rather than
arbitrary virtual scenes.

Complementary developments in computational design provide
foundations for spatial transformation. Systems like Interactive
Interior Design Recommendatior8f] generate concepts from text
and images, while C2ldea8(] automates color scheme generation.
However, these typically operate in 2D or focus on isolated aspects
without ensuring holistic spatial coherence.

Unlike text-to-scene methods2B 85 that generate environ-
ments from scratch, Roomify uses spatial understanding results
as sca olds, employing the real room as canvas for virtual envi-
ronment creation. This provides enhanced automation eliminating
manual object creation, and reality grounding leveraging users' ac-
tual room structure for intuitive spatial navigation. Our cross-reality
work ow combines MR spatial grounding with VR immersive pre-
view, enabling users to maintain both spatial constraints and creativ
e vision throughout the authoring process.

3 Formative Study

To establish evidence-based design principles for spatially-grounded
virtual environment transformation, we conducted a formative
study combining interviews with experienced VR users and pro-

We conducted 90-minute semi-structured interviews organized
around three themes: (1) physical-virtual relationship conceptual-
ization, including preferences for object preservation versus trans-
formation; (2) control preferences regarding automation versus
manual control; and (3) style consistency and immersion factors,
including aesthetic coherence and spatial alignment.

3.2 Findings

Analysis revealed four consistent themes guiding system design:

Intent-Driven Style ConsistenBarticipants welcomed environ-
mental transformation but rejected arbitrary style variations dis-
rupting narrative coherence. P1 emphasized emotional resonance
between environment and activity, while P4 preferred real-yet-
beyond-real transformations preserving function while creatively
altering form. Design professionals stressed that narrative coher-
ence between transformed environments and physical sites is critical
mismatched styles undermine users' sense of place. This informed
Roomify's scene-level style conditioning guided by user intent and
context.

Functional Consistency Over Geometric FidBliticipants pri-
oritized maintaining object function and spatial navigation over
exact geometric appearance. P4 articulated this as preferring forms
that bend without breaking function, while P5 noted that meaning
arises from physical engagement rather than abstract calculation.
P6 emphasized that real-world scale serves as an essential refer-
ence frame for judging feasibility. These ndings guide Roomify's
approach of maintaining functional semantics and spatial relation-
ships while enabling radical aesthetic transformation.

Hierarchical Control Preferendearticipants expressed nuanced
preferences for Al-human collaboration. P3 proposed selective user
control where users lock key items while Al stylizes the rest,
while P8 desired maximum automation with ne-tuning capabilities.
Designers valued how this synergy ampli es inspiration while
allowing direct artistic expression, preferring to remain within the
headset for iterative testing while the system handles background
generation. This informed Roomify's three-tier control architecture:
global style speci cation, object-level semantic management, and

ne-grained attribute adjustments.

Context-Sensitive Spatial Requirem&pyatial preservation needs
vary by use context. Gaming applications prioritized immersive
transformation with navigational safety, while creative workspaces
emphasized functional object preservation. P6 highlighted that im-
mersive environments facilitate rapid iteration, while P5 envisioned
democratizing design by enabling stakeholders to intuitively evalu-

fessional designers engaged in VR-assisted spatial design. Thisate proposals within authentic spatial contexts. These requirements

early-stage research investigated needs, expectations, and work-

ows when integrating physical and virtual spaces.

3.1 Methodology

We recruited eight participants (Tab. 1) to capture perspectives on
both everyday VR use and professional design work ows. Four
were experienced VR users (P1 P4) with substantial VR experience
(M =50.6 hours), including active gamers familiar with titles such
asHalf-Life: AlyxandBeat SabeiThe remaining four (P5 P8) were

re ect two use families exploratory entertainment versus produc-
tive work each demanding di erent balances between transforma-
tion and spatial stability.

3.3 Design Requirements

Based on our analysis, we established four design principles guiding
Roomify's implementation:

Style Diversity and Consistency. Support coherent stylis-
tic transformation with localized customization based on
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Table 1: Participant Demographics and VR Experience in Formative Study.

ID Age Gender VR Exp. (hrs) HMDs Used User Group Desired Immersion Contexts

P1 25-34 Female 10-20 PS VR General User Gaming

p2 25-34 Female 20-50 Meta Quest, PICO series General User Immersive creative workspace

P3 25-34 Female 50-100 HTC Vive, PS VR General User Immersive spatial design showcase
P4 18-24 Male 20-50 PICO Series General User Gaming

P5 25-34 Female 50-100 PS VR Expert Designer Immersive creative workspace

P6 18-24 Female 100+ Meta Quest Expert Designer Immersive spatial design showcase
pP7 18-24 Female 20-50 PICO Series Expert Designer Gaming

P8 18-24 Female 20-50 PICO Series Expert Designer Gaming

user intent. Thematic transformations should reinforce rather
than distract from narratives staged in the physically grounded
space.

Spatial Alignment. Preserve essential geometric relation-
ships, navigation paths, and stable correspondence between
virtual elements and physical room geometry to maintain
user con dence and spatial logic.

Functional Consistency and Geometric Preservation.
Maintain each object's high-level function (e.g., seating, stor-
age, temperature regulation) while preserving its approxi-
mate bounding box, footprint, and major contact surfaces
throughout stylistic transformation, to facilitate key every-
day a ordances such as sit-ability, leaning, and obstacle
avoidance.

User Editability. Provide hierarchical control combining
Al automation with selective human oversight, available
directly within immersive MR/VR work ows for in-situ iter-
ation.

4 Spatially-Grounded Scene Generation
Pipeline
4.1 Pipeline Overview

Building on the design requirements from our formative study,
Roomify implements a four-stage transformation pipeline that con-
verts physical environments into personalized virtual spaces while
preserving spatial layouts and functional semantics (Fig. 2). The
system treats physical rooms as spatial containers, maintaining
spatial awareness during immersive transformation.

The pipeline accepts two inputs: a 30-60 second monocular RGB
video captured with Meta Quest 3, and multimodal user prompts

(text and/or reference images) specifying aesthetic preferences. Out-

put comprises a complete stylized virtual environment with struc-
tural elements (walls, oors), environmental context (skybox), and
transformed objects that maintain semantic roles while adopting
target aesthetics.

The four stages areScene Understandifgeometric reconstruc-
tion and spatial parsing)Style Extraction and Mappir{goherent
speci cations and transformation rulesi;ontent Generatiofstyl-
ized assets), anficene Compositi¢spatial registration into a co-

4.2 Spatial Scene Understanding

The understanding stage establishes geometric and spatial foun-
dations for structure-preserving transformation, addressing the
spatial alignmentaindfunctional consistenagquirements.

Geometric reconstruction uses SLAM3BJ[ to process monoc-
ular RGB video, generating dense point clouds with frame-wise
camera poses. Spatial alignment follows using U-ARE-9H o
estimate Manhattan axes and gravity direction, ensuring compati-
bility with structured indoor modeling systems [15].

The aligned point cloud undergoes spatial parsing by SpatialLM
[49, which identi es architectural elements (walls, doors, windows)
and furniture objects, outputting structured descriptions with ori-
ented bounding boxes encoding geometric properties and spatial
categories. These outputs are serialized into a global scene JSON
le. Each 3D bounding box functions as spatial sca old en-
coding geometric constraints and semantic information, providing
the structural foundation for stylization while ensuring generated
content maintains spatial relationships.

4.3 Style Extraction and Mapping

The style extraction and mapping work ow (Fig. 3) transforms user
intent into actionable generation speci cations, implementing the
style diversity and consisten@quirement by establishing global
aesthetic constraints for object-level transformations.

Style speci cation begins with multimodal intent processing us-
ing a language model agent (04-mini). The agent derives 4-8 struc-
tured style keywords encompassing style category, color palette,
material properties, and atmospheric qualities, providing uni ed
guidance for object-level generation and preventing style drift.

The extracted keywords and spatial scene representation are
processed by a mapping agent generatinyansformation spec-

i cation table organizing components into three categories: (1)
In-scene objectiurniture, doors, windows); (2Boundary elements
(walls, oors); (3)Environmental contexXskybox).

We operationalize design requirements into four objectives: (1)
Functional Consistency preserve object functional roles and task
substitutability (e.g., seating remains recognizable as seating); (2)
Style Coherence ensure objects align with global style keywords;
(3) Environmental Consistency maintain harmony across inter-

hesive environment). We extend JSON-based scene representationobject relations while preserving approximate correspondence with

approaches]]], treating each component as a spatial container that
preserves semantic logic while enabling aesthetic transformation.

real environment layout and scale; (4) Interaction Safety infer
potential collision risks for subsequent user adjustment.
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Figure 2: Spatially-grounded scene generation pipeline showing the four-stage transformation process from physical room
capture to stylized virtual environment.

Figure 3: Style extraction and mapping work ow showing transformation from user intent and spatial understanding results
to structured generation speci cations. The process extracts style keywords from multimodal input and creates object-level
mapping tables satisfying four criteria: function consistency, style coherence, environmental consistency, and interaction
safety.

For each object, the mapping agent analyzes spatial labels to infer assessment. Boundary mapping generategure_prompt speci-
object_function , proposes a semantically compatibieplica , cations for seamless, tileable materials, while skybox generation
and generateappearance_prompspeci cations pluscollision_risk receivesstyle_prompt andnegative_constraint speci cations.
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