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Figure 1: PreviewAR generates scale-aware 3D assets that preserve real-world dimensions for in-situ AR preview (a), and uses
free-form sketches as spatial queries to discover and preview compatible products that fit user specified spaces (b)

Abstract
Current AR product-preview tools often lack two capabilities: pre-
viewing products without existing 3D assets and supporting space-
first product discovery, where users can find items that fit a given
spacewithout testing products one by one. Recent 3D asset-generation
systems address the first limitation by allowing users to create pre-
views for products with missing 3D assets, but they often fail to
preserve real-world scale. To address these limitations, we introduce
PreviewAR, an AR application that supports space-first product
discovery where users can sketch spatial preferences in their envi-
ronment, generate scale-aware 3D assets of compatible products,
and preview them in their environment.
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1 Introduction
AR product preview tools have become increasingly common in
online shopping, allowing users to place virtual furniture and other
products into their physical environments [2, 3, 13]. Applications
such as IKEA Place, Amazon’s View in Your Room, and Apple’s AR
Quick Look demonstrate the value of in-situ previewing: users can
inspect how a product might look at real-world scale and evaluate
whether it fits their home [2, 3, 13]. However, many products lack
readily available AR-ready 3D assets. In addition, these tools also
remain largely product-first, requiring users to inspect products
one by one before determining whether any fit a desired space.
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Figure 2: PreviewAR’s interaction pipeline turns free-form sketches into scale-aware 3D previews (top), while its asset-generation
pipeline produces scale-aware 3D assets (bottom).

To address the limitation of 3D-ready assets, prior work has
explored generating 3D assets for AR from images, language, scene
graphs, object selections, and product metadata [1, 4, 8, 10]. These
systems expand what can be previewed, however, they do not re-
liably preserve real-world scale. Similarly, sketch-based retrieval
systems show that sketches can support asset searches, but treat
sketches as shape queries rather than spatial constraints [5, 18].

We present PreviewAR, a space-first AR product exploration sys-
tem that lets users express spatial intent and preview scale-aware
3D assets for compatible products (Figure 1). Users sketch a desired
space in AR, PreviewAR then interprets the sketch as a spatial query,
estimates real-world dimensions, combines this constraint with a
user’s semantic preferences, webscrapes compatible products, gen-
erates scale-aware 3D assets, and allows for previews of candidates
in situ. PreviewAR has two contributions: (1) scale-aware 3D asset
generation for AR product previews and (2) a novel sketch-based
AR interaction technique for expressing spatial intent.

2 System Implementation
PreviewAR consists of two connected pipelines (Figure 2): (1) an
AR interaction pipeline that enables users to express spatial con-
straints, and (2) a 3D asset-generation pipeline that receives these
constraints, retrieves relevant product metadata, selects and prepro-
cesses the best product image for mesh generation and uniformly
scales each candidate to preserve its relative proportions while
closely matching the product’s real-world dimensions. The result-
ing assets are streamed to the AR interaction pipeline as candidates.
PreviewAR Interaction Pipeline. PreviewAR is built for iOS
using Unity 6000.0.58f2 and Niantic Spatial SDK (NSDK), a Unity
plugin for spatial mapping and rendering [11, 17]. NSDK constructs
a scene mesh, enabling generated assets to interact with and be
placed relative to surrounding surfaces. Users can then interact with
the environment by providing a free-form sketch that represents
their spatial preferences using Unity’s Line Renderer [16].

Using the free-form sketch drawn by the user, PreviewAR sam-
ples 3D points from the sketch and uses raycasting to ground those
points against detected surfaces to determine the desired center
and normal of the anchor for placement. The free-form sketch is
also used to estimate the bounding cuboid that best represents the
preferred bounding volume that assets should be within. Because
free-form sketches can be ambiguous, PreviewAR provides Gemini

3.5 Flash with a screenshot of the sketch in the user’s environment
to estimate the user’s intended spatial preference [6]. Users can
later adjust the dimensions of the bounding cuboid if necessary.

Once the desired placement center, placement normal, and bound-
ing cuboid are found, the system sends the user-specified object,
which is selected through a dropdown menu, and the spatial prefer-
ences of the user, represented by the bounding cuboid, to generate
and retrieve valid candidates from the 3D asset generation pipeline.
These valid candidates are then displayed to the user, and the user
can then place preferred candidates in their environment.
PreviewAR 3D Asset Generation Pipeline. PreviewAR uses
Qwen3-4B with the user-specified object, representing semantic
preference, and bounding-cuboid dimensions to filter webscraped
product pages [14]. Given product dimensions (𝑤𝑝 , 𝑑𝑝 , ℎ𝑝 ) and a
user’s preferred dimensions (𝑤𝑢 , 𝑑𝑢 , ℎ𝑢 ), products are filtered by:

Pfit =
{
𝑝 ∈ P | (𝑤𝑝 , 𝑑𝑝 , ℎ𝑝 ) ≤ (𝑤𝑢 , 𝑑𝑢 , ℎ𝑢 )

}
,

where P is the retrieved product set and Pfit its fitting subset.
For each valid candidate, PreviewAR uses GPT-5 to select the

best image with minimal occlusion, centering, and, if possible, full
product visibility [12]. Once the best image is retrieved, the pipeline
then identifies the target object’s labels and other object labels using
Gemini 3.5 Flash and then uses Grounded SAM 2 to determine the
segmentation of the target object, which is kept, and other segmen-
tations to remove [6, 9]. Because removing non-target regions may
remove parts of the target, Gemini 3.1 Flash in-paints the missing
areas to produce a 3D-generation-ready image [7].

In addition, the 3D-generation-ready image is tuned to provide
an image with minimal occlusion, centering, and, if possible, full
product visibility, and is then sent to Hunyuan3D-2 on a separate
GPU-equipped desktop. These clean inputs support more consistent
mesh generation and help preserve the product’s relative propor-
tions [19]. The generated mesh is then uploaded to Backblaze and
later streamed to an iOS device for previewing.

Because Hunyuan generates models with arbitrary units, Pre-
viewAR rescales each mesh using scraped product dimensions in
Unity. Given mesh dimensions (𝑤𝑚, 𝑑𝑚, ℎ𝑚) and product dimen-
sions (𝑤𝑝 , 𝑑𝑝 , ℎ𝑝 ), PreviewAR computes a uniform scale factor that
is used to scale the object by computing:

𝑠 = min
(
𝑤𝑝

𝑤𝑚
,
𝑑𝑝

𝑑𝑚
,
ℎ𝑝

ℎ𝑚

)
.
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The mesh is scaled by a factor of 𝑠 to preserve relative propor-
tions while matching the product’s real-world scale as closely as
possible. Across 150 generations spanning 10 product categories,
the pipeline required an average of 66.8 seconds per asset and
achieved an average dimensional error of 4.88% relative to the prod-
uct’s real-world dimensions using the relative root mean squared
error (RRMSE) computed over width, depth, and height.

3 Future Work
Although vision-language models can help interpret spatial intent
from sketches, prior work has shown limitations in their spatial
reasoning [15]. In PreviewAR, these limitations may affect dimen-
sion estimates derived from free-form sketches with ambiguous
intent. Future versions could incorporate additional scene context,
explicit user input, or lightweight editing controls.

PreviewAR currently focuses on furniture. Future work should
evaluate a broader set of objects to uncover limitations that current
furniture-focused evaluation may have overlooked. Future work
could compare free-form sketching with other methods such as
lasso selection or preset spatial templates to assess user preference.
Generation latency also remains a practical limitation, with genera-
tion runtime averaging 66.8 seconds per asset. Future systems could
implement caching, batch model requests, or parallelize pipeline
components to provide more reasonable runtimes.

In summary, PreviewAR enables space-first product discovery
through scale-aware 3D asset generation and free-form sketching
to express spatial intent for in-situ AR product previews. Together,
these components shift AR shopping from testing whether a prese-
lected object fits in a space to helping users discover products that
fit the constraints of a preferred space.
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