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Abstract—With the rapid advancement of gener-
ative artificial intelligence and extended reality (XR)
technologies, integrating automatically generated 3D
content into immersive environments has become in-
creasingly promising yet technically challenging. In this
work, we present an end-to-end system for near real-
time generation and runtime visualization of generative
3D models in XR environments. The proposed system
combines passthrough-based user input on an XR head-
set, a server-side orchestration layer, and a ComfyUI-
based generative 3D pipeline to enable asynchronous,
user-driven content creation. A key contribution of the
system lies in its explicit runtime assembly strategy,
which decouples geometry and texture generation to
address material reconstruction and spatial consistency
issues under XR runtime constraints. To ensure stable
visualization and interaction, the system introduces
a turntable anchor mechanism and automatic spatial
normalization, enabling consistent presentation of gener-
ative assets with unpredictable internal structures. The
system is implemented and evaluated on a standalone
XR device, demonstrating reliable runtime visualization,
responsive interaction, and robust workflow coordina-
tion. The results show that the proposed approach
effectively bridges generative 3D pipelines and XR
runtime environments, providing a practical foundation
for immersive generative applications.

Index Terms—Extended Reality (XR), Generative
3D Models, Runtime Asset Assembly, Asynchronous
Communication, Passthrough Interaction, Near Real-
Time Visualization.

I. INTRODUCTION

A. Problem statement and motivation

Recent advances in generative artificial intelli-
gence have enabled the automatic creation of 3D
models from images, text, or multimodal inputs.
Such generative 3D content has shown significant
potential for immersive applications, including digital
twins, virtual assets, and extended reality (XR) expe-

riences. However, integrating automatically generated
3D models into XR systems remains a challenging
problem, especially when generation and visualization
are expected to occur in near real-time.

In practical XR applications, the generation and
visualization pipeline is inherently distributed. User
interactions are captured on XR head-mounted de-
vices, computationally intensive generative models
are executed on external servers, and the resulting
assets must be transmitted back to the XR runtime for
visualization. This multi-stage, multi-device commu-
nication process introduces non-trivial challenges in
system coordination, latency management, and state
synchronization. Existing XR pipelines are primarily
designed for locally available, pre-authored assets,
and thus provide limited support for asynchronous,
network-driven generation workflows.

In addition to communication challenges, gener-
ative 3D models often exhibit unpredictable structural
properties, including inconsistent coordinate origins,
irregular scales, and non-standard material represen-
tations. When combined with modern XR rendering
pipelines, which rely heavily on automated shader
compilation and runtime abstraction, these factors
frequently lead to unstable visualization behavior,
incorrect spatial alignment, or loss of material fidelity
during runtime asset loading. Naı̈vely importing gen-
erative assets into XR environments without explicit
runtime handling often results in brittle or inconsistent
user experiences.

These issues highlight that near real-time XR
integration of generative 3D content is not solely
a generation problem, but a system-level challenge
involving communication architecture, runtime asset
assembly, and spatial interaction design. Motivated



by this observation, this project aims to explore
how a coordinated communication and visualization
framework can effectively bridge XR devices, server-
side generative pipelines, and runtime rendering con-
straints, enabling stable and interactive visualization
of generative 3D models in XR environments.

B. Project objectives and questions

The primary objective of this project is to design
and implement an end-to-end system that supports
near real-time generation and stable runtime visu-
alization of generative 3D models within XR envi-
ronments. Rather than focusing solely on generative
model quality, the project emphasizes system coor-
dination across XR devices, server-side generation
pipelines, and runtime visualization components.

Specifically, the project pursues the following
objectives:

1) To design a distributed communication frame-
work enabling interaction between XR head-
mounted devices, a server-based control layer,
and a generative 3D pipeline.

2) To implement an asynchronous generation
workflow that supports user-initiated input,
server-side processing, and result delivery with
explicit state management.

3) To develop a runtime asset assembly strategy
that explicitly handles geometry, textures, spa-
tial placement, and scale for generative 3D
models arriving over network communication.

4) To integrate spatial interaction and visualiza-
tion mechanisms in XR environments, including
stable placement, rotation, floating motion, and
display mode switching.

5) To evaluate the robustness and responsiveness
of the system through real-device deployment
and interactive demonstrations on XR hardware.

Based on these objectives, the project seeks to answer
the following research questions:

• How can communication between XR de-
vices, server-side controllers, and generative 3D
pipelines be coordinated to support near real-
time user-driven content generation?

• What runtime design strategies are effective for
assembling and visualizing generative 3D assets
transmitted over asynchronous network chan-
nels?

• How does explicit system-level handling of com-
munication, runtime assembly, and spatial in-
teraction improve the stability and usability of
generative 3D visualization in XR environments?

II. SYSTEM DESIGN AND METHODOLOGY

A. Overall system architecture

Fig. 1 illustrates the overall architecture of the
proposed system. The system is composed of three
major components: an XR runtime environment de-
ployed on a head-mounted device, a server-side con-
trol layer, and a generative 3D pipeline based on
ComfyUI. User interactions are captured in the XR
environment and transmitted to the server through
a REST-based communication interface. The server
coordinates the generation workflow and manages
system states asynchronously. Generated geometry
and texture assets are then delivered back to the
XR runtime, where they are explicitly assembled and
visualized at runtime.

B. Passthrough ROI Capture

Passthrough ROI Capture serves as the primary
interface between the physical environment and the
generative 3D pipeline in the proposed system. Math-
ematically, the capture process extracts a well-defined
region of interest (ROI) from the two-dimensional
passthrough image stream, where the ROI is repre-
sented as a bounded subset of image pixels aligned
with the user’s viewing direction. In XR environ-
ments, this region is not arbitrarily defined in image
space, but is anchored through a virtual framing
interface that is aligned with the XR camera’s view
direction. The center of the framing window corre-
sponds to the camera’s forward axis, while the ROI
dimensions are determined by the mapping between
the virtual user interface and the camera intrinsics.

From the perspective of projection geometry, this
process can be viewed as a standard mapping from a
three-dimensional view frustum to a two-dimensional
image plane, expressed as

Π : (X,Y, Z) → (u, v),

where the ROI effectively corresponds to a sub-
frustum selected in the projection space. This formu-
lation ensures geometric consistency between what
the user observes in the XR environment and the



Fig. 1: Overall architecture of the proposed XR system. The system consists of an XR runtime environment, a server-side
orchestration layer, and a ComfyUI-based generative 3D pipeline. User input is captured on the XR headset, transmitted to
the server for workflow coordination, and processed by the generative pipeline. Generated geometry and texture assets are
then returned to the XR runtime for explicit assembly and visualization.

visual data processed by the generative model, sup-
porting deterministic and reproducible input selection.
The design directly leverages fundamental concepts of
camera projection and spatial mapping covered in this
course, demonstrating their practical applicability in
XR system development.

From an engineering perspective, ROI-based
capture functions as an explicit input constraint that
mitigates several practical challenges associated with
directly using full passthrough video frames. Raw
camera frames often contain excessive background
information, incur high network transmission costs
due to their resolution, and introduce input instability
caused by continuous viewpoint changes. By con-
straining user input to a focused visual region, the
system encodes spatial user intent into a compact and
transferable visual representation. This significantly
reduces communication overhead, shortens end-to-
end latency, and stabilizes the input distribution for
downstream generation.

Furthermore, ROI Capture integrates naturally
with system-level mechanisms such as input block-
ing, frame buffering and discarding strategies, and
asynchronous state-driven communication. This co-
ordination enables reliable generation triggering un-
der network latency and runtime uncertainty, without
introducing frame-level ambiguity or excessive com-
putational load. These properties make Passthrough
ROI Capture a foundational component that supports
robust, efficient, and user-intuitive generative interac-

Fig. 2: Asynchronous execution timeline of the proposed
system illustrated as a Gantt diagram. The diagram high-
lights the non-blocking interaction between the XR runtime,
the server controller, and the generative pipeline, where
geometry and texture generation proceed independently
while the XR runtime remains responsive through state-
driven polling.

tion in XR runtime environments.

C. Communication and Workflow Coordination

Fig. 2 presents the interaction sequence among
the XR runtime, server controller, and generative
3D pipeline. The XR device initiates the workflow
through user-driven capture and communicates with
the server using a non-blocking, asynchronous pro-
tocol. Generation tasks are executed independently
within the generative pipeline, while the XR runtime
periodically polls the server for status updates. Once
generation is completed, geometry and texture assets
are transmitted separately and explicitly assembled at
runtime, enabling stable visualization without inter-
rupting user interaction.

Fig. 3 illustrates the complete temporal sequence
of the proposed workflow. First, the user initiates
the capture process by pressing the trigger button
on the controller. During this stage, the XR headset
captures real-world imagery through its camera and



Fig. 3: Interaction sequence among the XR runtime, server
controller, and ComfyUI-based generative pipeline. The
sequence illustrates the asynchronous communication pat-
tern, including user-triggered capture, server-side workflow
orchestration, periodic status polling, asset retrieval, and
runtime assembly of generated geometry and textures.

crops video frames based on a predefined framing
region in the virtual scene. It should be noted that
at this point, subsequent user inputs are not blocked.

Once image processing is completed, the cap-
tured image is uploaded to the server via network
communication. Based on the upload result, the XR
headset determines whether to block subsequent cap-
ture and upload operations, while other interactions
remain unaffected. If the upload fails, no further
action is taken; if the upload succeeds, the XR runtime
enters a blocking state and begins polling the server
for processing status.

Upon receiving the image, the server immedi-
ately transitions into a processing state and triggers a
3D model generation workflow hosted on an external
service, namely ComfyUI, through an API call. Dur-
ing this stage, the server continuously monitors the
execution status of the ComfyUI workflow by tracking
task identifiers and generated output files.

After the ComfyUI workflow completes, the
generated geometry (GLB file) and texture assets
are saved to designated directories. The server then
detects the completion signal, retrieves the generated
assets, and updates the system state to ready.

The XR headset receives this state update
through subsequent status polling requests and, in the

Fig. 4: State transition diagram of the XR workflow con-
troller. The diagram shows how user input is gated through
explicit states to prevent duplicate requests caused by con-
troller jitter, while coordinating asynchronous upload, gen-
eration, asset retrieval, and visualization without blocking
overall XR interaction.

next retrieval phase, downloads the generated geom-
etry and texture assets from the server. These assets
are explicitly assembled at runtime for visualization.
Finally, the assembled model is spatially placed and
rendered in the XR environment, after which the
temporary blocking on user input is released.

There are several engineering details in the sys-
tem that warrant careful consideration. One important
aspect is the management of user input blocking in
the XR Workflow Controller. A key design question
concerns when user input should be blocked. If block-
ing is applied only after receiving a response from
the server, multiple image uploads may occur within
a short time window, since the user remains able
to trigger new captures before the previous request
completes. This behavior can cause the server to issue
excessive requests to the ComfyUI service, potentially
overloading its task queue.

In addition, hardware limitations of the controller
may introduce input jitter, where a single physical
button press inadvertently generates multiple input
events. This phenomenon can further result in redun-
dant generation tasks being submitted to the server,



Fig. 5: Input preprocessing and background removal stage
of the ComfyUI-based generative 3D workflow.

consuming unnecessary computational resources. To
mitigate these issues, the adopted solution is to
immediately block user input as soon as the first
video frame capture command is triggered, thereby
preventing jitter-induced duplicate requests.

User input blocking is released once the upload
process completes and a server response is obtained,
including cases of failure or timeout. Given the short
duration of this blocking interval, users typically
do not perceive any noticeable interruption under
normal conditions. When generation proceeds suc-
cessfully, the blocking state is maintained until the
entire workflow completes. Furthermore, an additional
frame buffering and discarding mechanism is imple-
mented to avoid incorrect decision-making caused by
network latency, ensuring robust interaction control
under asynchronous conditions.

D. ComfyUI-Based Generative 3D Model Generation

Workflow

The generative creation of 3D content in the
proposed system is implemented through a modular

workflow constructed in ComfyUI, with the Hun-
yuan3D family of models serving as the core gen-
erative backbone. The workflow begins by loading a
pre-trained image-conditioned 3D generation model
(Hunyuan3D-dit-v2.0) through a dedicated model
loader node. In parallel, the captured passthrough ROI
image is ingested and resized to a fixed square reso-
lution to ensure compatibility and stable conditioning
across subsequent inference stages. This preprocessed
image is then distributed to multiple downstream
branches in the workflow, enabling concurrent geom-
etry and appearance processing.

Geometry generation is performed in the Gen-
erateMesh stage, where the input image is trans-
formed into an intermediate latent representation from
which a detailed three-dimensional surface is de-
coded. Rather than exposing the internal architectural
details of the generative model, this process can be ab-
stracted as an image-conditioned mapping from visual
input to polygonal geometry. The resulting mesh is
subsequently refined through post-processing opera-
tions, including topology simplification and structural
cleanup, to produce a representation suitable for real-
time visualization and runtime loading in XR envi-
ronments.

In parallel with geometry synthesis, a back-
ground removal branch is executed to isolate the
image region corresponding to meaningful foreground
content. This process produces a binary mask that
identifies valid visual regions and filters out irrelevant
background information. The generated mask is later
reused in the appearance processing pipeline to en-
sure consistent treatment of foreground content across
multiple views.

To decouple material appearance from scene-
dependent lighting, the workflow incorporates
a dedicated de-lighting stage based on the
Hunyuan3D-delight-v2.0 model. Guided by the
previously generated mask, this stage removes
illumination effects from the input image to produce
an albedo-like representation suitable for texture
generation. This step is particularly important for XR
runtime visualization, where lighting conditions may
differ substantially from those present in the original
captured scene.

Following geometry and appearance preprocess-



Fig. 6: Geometry generation and mesh post-processing stage
in the ComfyUI-based workflow.

Fig. 7: Illumination removal (delighting) stage in the
ComfyUI-based generative workflow.

Fig. 8: Multi-view rendering stage for texture sampling in
the ComfyUI-based workflow.

Fig. 9: Multi-view texture sampling and UV texture baking
stage in the ComfyUI-based workflow.

ing, the workflow employs a multi-view rendering
stage to derive image-to-surface correspondences. Us-
ing predefined virtual camera parameters, the gen-
erated mesh is rendered from multiple viewpoints,
producing spatial mapping information that estab-
lishes consistent relationships between image pixels
and mesh surface coordinates. These multi-view pro-
jections serve as geometric constraints for subsequent
texture synthesis.

In the final TextureSampling stage, a texture
painting model (Hunyuan3D-paint-v2.0) integrates
the de-lighted appearance information with the multi-
view geometric mappings to perform consistent tex-
ture sampling across viewpoints. The synthesized
texture is then baked into a unified UV map associated
with the generated mesh. Importantly, the workflow
explicitly exports geometry and texture as separate

assets—a GLB file for mesh representation and a
standalone image file for texture data.

This explicit separation is a deliberate design
choice motivated by XR runtime constraints. In
practical XR rendering pipelines, materials gener-
ated through shader graphs cannot be reliably recon-
structed during dynamic loading, particularly when
assets are introduced at runtime. By decoupling ge-
ometry from texture representation at the generative
stage, the system preserves full control over mate-
rial binding and rendering behavior during runtime
assembly. As a result, the ComfyUI-based workflow
produces generation outputs that are directly com-
patible with the system’s explicit runtime assembly
strategy, providing a robust foundation for near real-
time visualization of generative 3D models in XR
environments.



Fig. 10: Final generated 3D model visualized after texture
baking in the ComfyUI environment.

E. Runtime Assembly of Generative Assets in XR

The outputs produced by the ComfyUI-based
generative pipeline are not directly visualized within
the XR environment. Instead, the proposed system
adopts an explicit runtime assembly strategy that
reconstructs generative assets under the constraints of
XR rendering pipelines. This design choice is moti-
vated by the observation that automatically generated
3D assets often lack reliable runtime semantics when
imported as monolithic objects, particularly when
advanced shader graph systems are involved.

Upon completion of the generative workflow,
geometry and appearance data are delivered to the
XR runtime as two independent artifacts: a polygonal
mesh encoded in a GLB file and a corresponding
texture image. Rather than relying on embedded mate-
rial definitions, the XR runtime explicitly instantiates
a native rendering material and binds the received
texture to the appropriate input channel. This ap-
proach bypasses implicit shader compilation mecha-
nisms, ensuring that appearance information remains
accessible and controllable at runtime. The separation
of geometry and texture thus provides a clear and
deterministic interface for asset reconstruction.

After loading the geometry and texture assets,

the XR runtime performs assembly under a con-
trolled spatial hierarchy. The generative model is
attached to a dedicated Turntable Anchor, as described
in the previous section, which serves as the sole
reference frame for visualization-related transforma-
tions. By design, the internal transform of the gen-
erative model remains unchanged, while all spatial
operations—including rotation, scaling, and anima-
tion—are applied at the anchor level. This ensures
that inconsistencies in pivot placement or model
coordinates do not propagate into the user-facing
visualization.

To accommodate the wide variability in scale
inherent to generative 3D models, the system further
applies an automatic normalization process during
runtime assembly. The spatial extent of the assembled
model is estimated using its bounding volume, and
a uniform scaling factor is computed such that the
model fits within a predefined perceptual size range.
This normalization step guarantees consistent visual
presentation across different generative outputs and
viewing contexts, without requiring manual asset ad-
justment or offline preprocessing.

Finally, the assembled asset is positioned relative
to a higher-level spatial root within the XR scene,
enabling predictable placement with respect to the
user’s viewpoint and interaction space. At this stage,
the generative model becomes a fully interactive XR
object, supporting stable rotation, floating animation,
and display mode switching. Because all assembly
steps occur dynamically at runtime, the system re-
mains flexible to variations in generative output while
preserving robust visualization behavior.

Through this explicit runtime assembly strategy,
the system establishes a clear separation between
generative content creation and XR presentation logic.
Geometry synthesis and texture generation are treated
as external processes, while spatial normalization, ma-
terial binding, and interaction semantics are handled
entirely within the XR runtime. This separation allows
the system to integrate generative 3D assets reli-
ably into immersive environments, providing a stable
foundation for near real-time visualization despite the
inherent unpredictability of generative pipelines.



F. Turntable Anchor for Stable Spatial Visualization

A key challenge in visualizing generative 3D
models within XR environments lies in achieving
perceptually stable and spatially consistent object
rotation and presentation. Unlike manually authored
assets, generative 3D models often exhibit unpre-
dictable pivot positions, irregular coordinate origins,
and heterogeneous internal structures. Directly rotat-
ing such models around their native object pivots
frequently leads to visually unstable behavior, such as
unintended orbital motion or apparent drifting, which
degrades the user experience.

To address this issue, the proposed system intro-
duces a Turntable Anchor abstraction that explicitly
decouples spatial presentation from the intrinsic co-
ordinate properties of generated models. Instead of
attempting to geometrically correct or re-center the
model’s internal pivot, a dedicated anchor object is
created within the XR runtime as a stable spatial
reference. The generative 3D model is attached as a
child of this anchor without modifying its original
local transform, while all presentation-related trans-
formations—such as rotation, floating motion, and
scaling—are applied exclusively to the anchor.

From a geometric perspective, this design estab-
lishes a clear separation between the model’s local
coordinate system and the visualization coordinate
system used for XR interaction. Let Tm denote the
local transform of the generative model and Ta denote
the transform of the Turntable Anchor. The final
world-space transformation of the rendered model is
given by the composition T = Ta ◦ Tm, where only
Ta is dynamically updated during interaction. By con-
straining rotational transformations to the anchor, the
rotation axis remains fixed and well-defined in world
space, independent of the model’s internal geometry.

This anchoring strategy offers several practical
advantages. First, it guarantees stable and predictable
rotation behavior, ensuring that models visually rotate
in place rather than exhibiting unintended transla-
tional artifacts. Second, it avoids reliance on geomet-
ric heuristics such as bounding-box-based pivot cor-
rection, which can be unreliable for complex or asym-
metrical generative models. Finally, the Turntable
Anchor integrates naturally with other spatial pre-
sentation mechanisms, including automatic scaling,

(a) (b)

Fig. 11: Runtime visualization of a generated 3D model
after texture binding in the XR environment.(a)front (b)back

floating animation, and passthrough or virtual scene
switching, all of which operate at the anchor level.

By introducing the Turntable Anchor as an ex-
plicit runtime abstraction, the system provides a ro-
bust and perceptually coherent solution for presenting
generative 3D models in XR environments. This ap-
proach prioritizes visual stability and user perception
over strict geometric manipulation of model data,
making it particularly well suited for real-time visual-
ization of automatically generated assets with limited
structural guarantees.

III. IMPLEMENTATION AND RESULTS

A. System Implementation Overview

The proposed system was implemented as a
distributed XR application consisting of three main
components: an XR runtime deployed on a stan-
dalone head-mounted display, a server-side orches-
tration module, and a ComfyUI-based generative 3D
pipeline. The XR application was developed using
Unity and executed on a Meta Quest headset, enabling
real-time passthrough capture, interaction control, and
runtime visualization. The server component was im-
plemented as a lightweight controller responsible for
workflow coordination, state management, and asset
routing, while all computationally intensive genera-
tive tasks were delegated to the ComfyUI backend.
Communication between the XR runtime and the
server was realized through a REST-based interface,
supporting asynchronous upload, status polling, and
asset retrieval. The system was designed to operate
entirely at runtime without requiring any offline pre-
processing or editor-based asset preparation, reflecting



(a) (b)

Fig. 12: User input acquisition and blocking states in the XR runtime.(a) Passthrough ROI capture with visual framing prior
to generation. (b) Visual indication of input blocking during active generation.

realistic deployment conditions for XR applications
that integrate generative content.

Fig. 11 presents a representative example of a
generated 3D model visualized in the XR environment
after runtime assembly. The model geometry and
texture were successfully reconstructed from assets
generated by the ComfyUI workflow, demonstrating
correct texture binding and stable spatial placement.
The explicit runtime assembly strategy ensured that
the generated model was rendered with consistent ap-
pearance despite being dynamically loaded at runtime.

In all tested cases, the Turntable Anchor mech-
anism enabled stable rotation of generated models
around a fixed spatial reference, avoiding unintended
orbital motion or visual drift. The rotation and floating
animations remained smooth and perceptually stable,
even when the internal coordinate structures of gen-
erative models varied across different runs.

B. Interaction and Workflow Behavior

The system’s interaction workflow was evalu-
ated by repeatedly triggering the generative pipeline
through user input on the XR controller. The input
blocking strategy implemented in the XR workflow
controller effectively prevented redundant uploads
caused by rapid or jittered trigger inputs. During ac-
tive generation phases, capture and upload operations
were temporarily gated, while other XR interactions
such as view manipulation remained responsive. The
asynchronous communication design ensured that the
XR runtime was not blocked while waiting for server-

Fig. 13: Runtime execution log of the ComfyUI-based
generative pipeline.

side processing. Status polling allowed the XR appli-
cation to remain interactive throughout the generation
process, with visual feedback provided to indicate
system state transitions. Upon generation completion,
geometry and texture assets were retrieved and as-
sembled without requiring user intervention, confirm-
ing the effectiveness of the state-driven coordination
mechanism.

C. Performance Characteristics and Practical Obser-

vations

In practical usage, the overall generation latency
from user-triggered capture to final visualization was
on the order of several ten seconds, depending on
the complexity of the generative pipeline and server-



side workload. While this latency does not meet strict
real-time constraints, it is consistent with the design
goal of near real-time interaction, where user engage-
ment is preserved through asynchronous execution
and visual feedback. The system demonstrated stable
behavior across multiple consecutive generations. No
persistent failures or unrecoverable error states were
observed during testing. In cases of upload failure or
generation timeout, the workflow controller correctly
released input blocking and returned the system to
an idle state, allowing subsequent attempts without
requiring application restart. Overall, the results indi-
cate that the proposed system successfully integrates
generative 3D pipelines into an XR runtime environ-
ment, achieving reliable visualization and interaction
under realistic constraints.

USE OF ARTIFICIAL INTELLIGENCE TOOLS

During the preparation of this paper, artificial
intelligence tools were used to assist with language
editing, structural refinement and layout guidance. No
AI-generated content was used to perform original
analysis, generate data, or determine conclusions. The
author retains full responsibility for the accuracy and
integrity of the work.
Note. All figures in this report are original creations
by the author. The referenced literature is utilized to
provide engineering insights and validation support,
and as such, is not explicitly cited within the main
text.
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