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Figure 1: We introduce a retrieval-augmented diffusion framework for text-to-multiview generation.
Given a text prompt, our method retrieves real-world images and adaptively leverages them together
with the text, enabling faithful generation of out-of-distribution and newly emerging objects.

ABSTRACT

Text-to-3D generation approaches have advanced significantly, producing high-
quality and 3D-consistent outputs. However, they often fail to produce out-of-
domain (OOD) or rare concepts, yielding inconsistent or inaccurate results. To
this end, we propose MV-RAG, a novel text-to-3D pipeline that first retrieves
relevant 2D images from a large in-the-wild 2D database and then conditions a
multiview diffusion model on these images to synthesize consistent and accurate
multiview outputs. Training such a retrieval-conditioned model is achieved via
a novel hybrid strategy bridging structured multiview data and diverse 2D image
collections. This involves training on multiview data using augmented conditioning
views that simulate retrieval variance for view-specific reconstruction, alongside
training on sets of retrieved real-world 2D images using a distinctive held-out
view prediction objective: the model predicts the held-out view from the other
views to infer 3D consistency from 2D data. We also introduce a prior-guided
fusion mechanism that dynamically balances retrieval signals with the model’s
prior. To facilitate a rigorous OOD evaluation, we introduce a new collection
of challenging OOD prompts. Experiments against state-of-the-art text-to-3D,
image-to-3D, and personalization baselines show that our approach significantly
improves 3D consistency, photorealism, and text adherence for OOD/rare concepts,
while maintaining competitive performance on standard benchmarks.

1 INTRODUCTION

The automated generation of 3D content from text is important for applications such as game
modeling, computer animation and virtual reality. Current approaches largely leverage pre-trained
2D text-to-image diffusion models|Song et al.| (2021); |Ho et al.|(2020) as visual and semantic priors,
either via optimization or to train generative models that produce consistent multiview images. These
methods yield high-quality outputs. However, they often struggle with out-of-domain (OOD) or
rare prompts, producing geometrically inconsistent results (e.g., poorly rendered unseen regions) or
failing to adhere to the text, hallucinating details or replacing rare concepts with common ones.

A common text-to-3D approach uses Score Distillation Sampling (SDS) [Poole et al (2023);
(2023); Liang et al.| (2024) to optimize a 3D representation such as NeRF |Mildenhall et al.| (2020)
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by distilling knowledge from 2D text-to-image models. While high-fidelity, SDS-based methods
often inherit the 2D prior’s limitations on OOD prompts, yielding flawed 3D assets. To address
this, recent work [Seo et al.| (2024)); |Chen et al.| (2024) explores retrieval augmentation, incorporating
existing 3D assets as geometric priors. This improves consistency for database concepts but remains
limited by scale and diversity. 3D personalization techniques, e.g., DreamBooth3D [Raj et al.| (2023),
adapt a pretrained 2D model to a specific subject using a few (3-6) images, followed by SDS. These
methods capture subject-specific details but require inference-time fine-tuning and still face geometry
inconsistencies inherent to SDS. Feed-forward multiview diffusion models|Shi et al.|(2023b); [Liu
et al.|(2023a); |Long et al.|(2024) synthesize consistent multiview images from text or images, often
fine-tuned on large 3D datasets like Objaverse |Deitke et al.|(2023b). This enhances 3D awareness
and improves geometric consistency over 2D-lifting approaches. Still, they struggle with OOD or
rare concepts due to limited coverage in both 2D priors and 3D fine-tuning data, producing outputs
with reduced photorealism, inconsistent views, or poorly inferred unobserved regions.

To this end, we propose MV-RAG, a multiview diffusion model that conditions generation on relevant
in-the-wild unposed 2D images retrieved from large-scale collections. By leveraging retrieval, MV-
RAG produces consistent multiview images even for rare or out-of-distribution (OOD) concepts.
To enable conditioning on varying, in-the-wild views, our training combines supervision from two
novel sources: (1). a reconstruction objective on structured multiview data, where we use augmented,
“retrieval-like” conditioning views to enforce robust geometric consistency; and (2). a hold-one-out
objective on 2D image-text data, where the model learns to infer 3D relationships by generating a
held-out image from a set of K related views. This hybrid scheme enables MV-RAG to learn 3D
coherence while generalizing with the diverse appearance knowledge from 2D priors. To balance
the influence of the base model’s prior with external retrieval signals, we further introduce a fusion
mechanism that dynamically adapts to the OODness of the prompt. We note that adapting RAG to
the multiview setting is non-trivial, posing two key challenges requiring 3D reasoning, which are not
required in the single-image RAG setting: (1) ensuring cross-view consistency when retrieved images
offer only partial views, and (2) coherently composing features from different retrieved images (e.g.,
a car’s grille from one, its wheels from another) into a single object. Our hybrid training scheme is
designed to address both (see further discussion in Appendix [A.3)).

To evaluate OOD scenarios, we curate a new benchmark of 196 challenging prompts paired with
retrieved images. On this benchmark, MV-RAG significantly outperforms text-to-3D, image-to-3D,
and personalization baselines in terms of 3D consistency, photorealism, and text alignment, while
remaining competitive on standard in-domain benchmarks. Ablation studies further validate our
design choices. An overview of our method is shown in Fig. [I]

Contributions. We make the following contributions: (1). The first framework to successfully apply
retrieval-augmented generation (RAG) to multiview 3D synthesis, achieving superior performance on
out-of-distribution (OOD) concepts. (2). A novel hybrid 2D-3D training scheme that bridges the gap
between structured 3D data and unposed 2D image collections. (3). A novel prior-guided attention
mechanism that dynamically balances the model’s internal prior with external retrieval signals. (4).
OOD-Eval, a new benchmark of challenging prompts to facilitate research on OOD 3D generation.

2 RELATED WORK

3D Generation Using 2D Diffusion Models Generating 3D content by leveraging strong priors
from 2D diffusion models/Ho et al.|(2020) is a dominant paradigm. One major approach optimizes 3D
representations, such as Neural Radiance Fields (NeRFs) [Mildenhall et al.|(2020) and more recently
3D Gaussian Splatting (3DGS) Kerbl et al.| (2023)), via Score Distillation Sampling (SDS) |Poole
et al.| (2023); [Lin et al|(2023)); |Tang et al.|(2024b), directly distilling knowledge from 2D priors.
However, SDS often struggles with geometric consistency and fidelity due to weak 3D awareness
in the priors|Hong et al.|(2023);Shi et al.|(2023b)). Feed-forward multi-view diffusion models Shi
et al.| (2023b); Huang et al.| (2024), often fine-tuning 2D diffusion priors with 3D dataset supervision,
enhance geometric stability by directly generating multiple consistent views |Shi et al.| (2023b).
However, these models struggle with out-of-domain (OOD) or rare concepts due to limitations in 2D
priors and insufficient 3D training data coverage, leading to reduced photorealism or inconsistent
geometry. Related image-to-multiview approaches [Liu et al.|(2023al); |Shi et al.[(2023a); Wang & Shi
(2023); |Liu et al.| (2023c)); \Long et al.[(2024), while effective with single clear inputs, are ill-suited
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Figure 2: Overview of our pipeline. Given a text prompt, we retrieve k relevant images from an
in-the-wild 2D image corpus. Local features are extracted from each image, projected through a
Resampler and integrated into retrieval-attention modules to guide the multi-view generation process.
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Figure 3: Overview of our training scheme. We adopt a hybrid training strategy that alternates
between two modes. 3D mode (LHS): A 3D object is rendered to produce ground-truth multi-view
images. Additional views are generated and subjected to augmentations to serve as retrievals. These
augmented views, along with the target camera parameters and the associated prompt, are provided as
input to the model. 2D mode (RHS): We retrieve K + 1 images from a 2D corpus, where K images
are used as retrievals and one held-out image serves as the target view. In this mode, the model
performs 2D self-attention rather than 3D attention, and no target camera parameters are provided.

for leveraging multiple, varied, unposed retrieved images. Our work builds on these advancements,
targets OOD generation by training a multiview diffusion model to incorporate retrieved 2D images.
Retrieval Augmented Generation (RAG) RAG improves generative models by incorporating
external information, aiding the handling of OOD/rare entities without retraining, a successful
paradigm in NLP|Lewis et al.|(2020); Borgeaud et al.|(2022). Notably, [Soudani et al.| (2024) show
that RAG is preferable to fine-tuning, especially for OOD/rare concepts. In 2D image synthesis,
RAG methods similarly use retrieved images or text pairs to enhance fidelity for uncommon concepts
or guide generation |Chen et al.| (2022); |Sheynin et al.| (2022); Blattmann et al.| (2022); |Shalev-
/Arkushin et al.|(2025). Recently, text-to-3D generation methods like RetDream [Seo et al.|(2024) and
Sculpt3D |Chen et al.|(2024) retrieve existing 3D assets for geometric priors to improve optimization
consistency. However, this is limited by the scarcity and diversity of 3D databases, especially for
OOD or rare concepts. Inspired by findings in NLP, our work performs RAG in multiview generation
via MV-RAG, leveraging abundant 2D image datasets to condition a multiview diffusion model,
offering a scalable way to ground OOD concept generation in real-world data.

Personalization.  Personalization methods adapt generative models to specific subjects from only
a few examples, either by optimizing embeddings or fine-tuning the model|Gal et al.[(2023)); [Ruiz
et al.[(2023)). These ideas have been extended to 3D: DreamBooth3D Raj et al.| (2023)) combines SDS
optimization with a subject-specific 2D prior, while multiview diffusion models such as MVDream|Shi
et al.| (2023b) can be fine-tuned in a DreamBooth-like fashion. Such approaches typically require per-
subject fine-tuning or inference-time optimization. By contrast, we integrate retrieved 2D image sets
representing general concepts directly into MV-RAG’s training. Furthermore, unlike personalization
which assumes all inputs depict the same instance, our method is designed to compose features from
multiple, potentially different instances of a category. This enables the model to handle diverse,
especially OOD, concepts without subject-specific adaptation at inference.

3 METHOD

Given an input text prompt p, we first retrieve relevant 2D images corresponding to p from a corpus
of 2D text-image pairs. Then, we use these images, along with p, to guide the generation process
of a multi-view diffusion model. An overview of our approach is provided in Fig. [2] We begin
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by describing the training process, which involves a data preprocessing stage to prepare distinct
conditioning and target data for 2D or 3D training modes, followed by the training process.

3.1 TRAINING DATA PREPROCESSING

Our model training leverages geometric grounding from 3D datasets and diversity from 2D datasets.
For both, we prepare 2D conditioning images related to a text p, simulating inference-time retrieval,
alongside target supervision data. Fig. [3]illustrates our separate 2D and 3D training modes.

2D Data Mode Supervision. Here, we utilize a large-scale 2D in-the-wild text-image dataset
(images are neither posed nor aligned). For a text prompt p;, we consider K + 1 relevant images,
from which we designate K as the conditioning retrieved views Z,o = {I; }fil, and the remaining
image, et Serves as the target image on which the diffusion loss is computed. This process yields
training samples of the form Dap = {p, Zrer, Jrarget }- No ground truth camera poses are assumed.
3D Data Mode Supervision. For 3D data, we assume a dataset comprising text prompts and
corresponding 3D object models. For each 3D object, we render a set of NV ground truth target views
Tiarger = {Ii}fil at N camera poses C. We follow MVDream and use 4 orthogonal camera poses. To
simulate the diverse nature of retrieved conditioning images, we render the object from K additional
random poses followed by a sequence of random augmentations. This yields conditioning views
Tiee = {I;} £ ,. We apply a combination of geometric and semantic augmentations designed to mimic
in-the-wild variability and enhance generalization. Crucially, these simulated retrievals are treated
as unposed, and no camera information is provided for them during training. This yields training
samples of the form D3p = {p, C, Zie, Itarge[}. See Appendix Sec for additional details. We note
that training by conditioning on real-world 2D retrievals was suboptimal, as the retrieved instances
often differed significantly from the ground-truth 3D object, creating a conflicting training signal.

3.2 RETRIEVED AND AUGMENTED IMAGE ENCODING

A key component of our approach is encoding the K conditioning images into sequences of condition-
ing tokens. We use a frozen CLIP ViT encoder Radford et al.|(2021) to extract patch-level features
F; = E(I;) from each image [I;, providing rich, spatially descriptive representations beyond a global
embedding. To condense this information efficiently, we apply a learnable Resampler © r, inspired
by the Perceiver Resampler[Jaegle et al.| (2021)) and IP-Adapter variants [Ye et al.|(2023). © zr maps F;
to a compact set of N; = 16 tokens, T; = O g(F;), using a small set of learnable queries attending
to F;. These token sequences are then used to condition the diffusion model via cross-attention,
balancing expressiveness with computational efficiency.

3.3 RETRIEVAL-CONDITIONED MULTIVIEW DIFFUSION

The encoded tokens are then fed into a multiview diffusion model, which extends a 2D text-to-image
U-Net architecture for multiview generation. Following MVDream [Shi et al.|(2023b)), we incorporate
camera pose embeddings for geometric guidance and modify the U-Net’s self-attention layers. These
layers are inflated to operate jointly over features from all generated views, forming a 3D-aware
self-attention mechanism that promotes multiview consistency.

While MVDream relies solely on text-based cross-attention, we replace this mechanism with a
decoupled cross-attention module that incorporates encoded tokens from both the text prompt and the
retrieved images. Specifically, the tokens from the conditioning images are processed by a dedicated,
trainable cross-attention branch, yielding retrieval-guided features denoted as fi.

For this cross-attention branch, we follow the design of IP-Adapter Ye et al.|(2023)), where the U-Net
query features ();, generated via a shared query projection ¢, attend separately to keys and values
from the retrieved tokens 7; and the text embedding. The retrieved tokens are processed through
learnable projections 0k, and 8y, to produce f., while the text embedding is processed through
frozen projections 0k, and 6y;_, inherited from a pretrained diffusion model, yielding fix.. We note
that the shared query projection 6 is also frozen.

This results in a decoupled cross-attention mechanism. During training, we integrate the text and
retrieval features as f = Afixx + fret, Where A is a hyperparameter. Empirically, we find that small
values of A ease the adaptation of the newly introduced retrieval branch. These text-conditioning
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modules are deliberately kept frozen to preserve the base model’s strong prior for in-domain concepts.
The dynamic trade-off between this prior and the external retrieval signal for OOD concepts is then
handled by our prior-guided attention mechanism during inference (see Sec. [3.3).

3.4 2D AND 3D TRAINING MODES

Our full architecture is trained jointly using the two data modes described below:

3D Data Mode: Multiview Reconstruction. ~When training with 3D samples, the model recon-
structs a set of predicted views given their camera poses C. The U-Net’s self-attention layers operate
across all N view latents, enforcing cross-view consistency. Each target view is conditioned on its
camera pose, and the text prompt p provides global guidance via its features f . The visual tokens
aggregated from all K augmented conditioning images Z are used to compute the retrieval attention
features fre, jointly guiding the generation of all N target views. A multiview reconstruction loss,
Ly (0,0,C, Liet, Tpred), is applied across all target views. Critically, the conditioning views Z
simulate in-the-wild retrieval scenarios where images may share geometry but have different textures
or vice versa. By reconstructing a canonical object from these varied simulated retrievals, the model
learns to disentangle and selectively utilize shared geometric and appearance features.

2D Data Mode: Held-out View Prediction. = When training with 2D samples, the objective is
to predict the single held-out image Iiygec based on the text prompt p and tokens from the K condi-
tioning retrieved images Z,. In this scenario, as only a single target view is generated, the U-Net’s
self-attention layers inherently function as standard 2D self-attention, operating within that single
view’s features. The text prompt p and the tokens from the retrieved images provide conditioning via
fuxe and fie respectively. Crucially, no explicit camera pose information is provided. This held-out
strategy forces the model to infer 3D relationships from unstructured 2D data. This data may often
depict shared geometry or textures from different perspectives, which are noisy or view-incomplete.

3.5 INFERENCE PROCESS

At inference time, given an input text prompt p, we first retrieve the top K relevant 2D images Z
from our diverse 2D database using the BM25-based text similarity approach.
1.0 v

To improve relevance, we com- —

pute prompt-caption similarity ﬂ;' \' -
and discard images below a -

threshold’ yielding K/ S K “Banana passionfruit,

passiflora supersect”

05
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(Base Model)

images. If no images pass the
threshold, we disable retrieval- ™S
attention and fall back to the ?
base model. These K images
are then encoded into visual to-
kens as detailed in Section
Our trained multiview diffusion
model then generates N consis-
tent views conditioned on the
text prompt p and the set of re-
trieved tokens, utilizing specified camera poses for the target views.

“Onagadori chicken”

Figure 4: Illustration of Prior-Guided Attention. The base
model’s activations are leveraged proportionally to its prior knowl-
edge of the object, controlled by the parameter «. The results
using prior-guided attention are marked with the green stroke.

Prior-guided attention. =~ We introduce an adaptive fusion coefficient « that dynamically balances
the influence of the model’s prior knowledge and the retrieved signals, based on how OOD a prompt
is. Diffusion models learn to approximate the score function V,, log p(z|y), the gradient of the log
data density which by definition points toward higher-probability regions of the data distribution
(2020). Thus, if a concept is in-domain, the base model’s score will guide denoising toward
an accurate reconstruction, whereas for OOD concepts the reconstruction will deviate.

To estimate « during inference, without ground-truth multiview, we first perform a short forward
pass using only the base model’s text-based attention fiy, (retrieval module disabled) for 10 DDIM
steps, generating an initial output. We then measure its similarity to retrieved images using DINOv2
similarity, which serves as a proxy for the base model’s confidence in capturing the concept: high
similarity indicates in-domain, so « favors fi; low similarity suggests OOD, shifting weight toward
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Table 1: Quantitative evaluation on OOD/rare concepts. The models’ performance is assessed on
four orthogonal views. See Sec. [ for further details.

4-Views Re-rendered (3D Reconstruction)

Method CLIP DINOv21 IR{ FID| ISt | CLIP{ DINOv2{ IR{ FID| IS?
Text-to-3D

MVDream 66.47 33.12  58.01 76.71 10.62 | 70.83 28.66 5898 96.29 11.39
MV-Adapter (TX) | 66.48 28.53 5842 8428 9.55 71.33 2430 56.14 106.66 11.23
SPAD 65.23 19.39  48.54 167.49 9.18 64.46 12.29  43.80 176.66 8.90
TRELLIS (TX) 67.96 21.11 51.01 160.93 6.90 67.16 16.87 51.82 154.43 8.09
Image-to-3D

ImageDream-P 69.20 45.01 65.64 68.40 12.11 70.44 32.77 60.17 103.24 12.84
ImageDream-L 67.55 3948 6393 84.69 9.45 70.16 29.60 58.66 120.37 10.42
MV-Adapter (IM) 69.74 49.14  71.05 7271 12.88 | 71.53 3525 60.36 107.95 12.64
Era3D 69.13 4241 6442 92.68 1526 | 71.00 35.65 60.81 93.97 14.45
TRELLIS (IM) 70.31 3524 59.32 167.61 11.38 67.86 2443  52.23 146.82 10.72

3D Personalization
MVDreamBooth ‘ 66.14 36.22 55.09 82.73 11.55‘ 68.38 2791 54.33 107.07 11.92

MYV-RAG (Ours) ‘ 71.77 50.19 67.41 54.79 13.20‘ 74.28 39.61 66.59 80.54 12.33

the retrieval-based attention f;. The two sources are fused adaptively as: f = a- fix + (N — @) - frets
for a hyperparameter )\, replacing the f calculation used in training. The model is then run with the
retrieval module enabled to generate final outputs. Fig. @] illustrates its effect.

4 EXPERIMENTS

We evaluate our approach to state-of-the-art baselines on both OOD/rare and in-domain concepts.

Benchmarks As current benchmarks lack OOD/rare concept coverage, we curated 196 examples
from Wikipedia Commons|Wikimedia Commons|(2025) (not used in training). Each example consists
of a text prompt and multiple 2D retrieved images of the same concept. Importantly, texts were chosen
to be far from any text (or concepts) seen during training. We call this evaluation set “OOD-Eval".
See Appendix Sec[A.9|for additional details and examples. We also consider in-distribution objects,
demonstrating that our success in OOD concepts is not compensated by worse in-domain results. To
this end we consider a curated set of 50 in-domain objects from Objaverse-XL Deitke et al.| (2023a)).
For retrieval, we consider 2D images from the LAION-400M datasetSchuhmann et al.| (2021)). For
each text, we retrieve four 2D images. Unlike for OOD-Eval, we also have corresponding ground
truth multiview images. We call this evaluation set “IND-Eval".

Baselines We compare MV-RAG against three categories of state-of-the-art methods. (1) Text-
to-multiview generation: MVDream [Shi et al.| (2023b), MV-Adapter |Huang et al.| (2024) (text-
conditioned), SPAD [Kant et al.| (2024), and TRELLIS Xiang et al.| (2025) (text-conditioned). (2)
Image-to-multiview generation applied to the retrieved views: ImageDream Wang & Shil (2023)),
MV-Adapter Huang et al.| (2024)) (image-conditioned), Era3D |Li et al.| (2024), and TRELLIS |Xiang
et al.| (2025)) (image-conditioned). (3) 3D personalization: we adopt MVDream’s optimization-based
personalization approach Shi et al.|(2023b)); |[Ruiz et al.[(2023])), applied to all k retrieved views. Unlike
prior work, MV-RAG leverages multiple (k = 4 in our experiments) retrieved in-the-wild images that
may differ significantly in pose, setting, and object identity. To the best of our knowledge, MV-RAG is
the first framework to effectively use such diverse multi-image inputs for object multiview generation.
To ensure a fair comparison, we adapt baselines accordingly: for image-to-multiview methods, we
prompt each model separately with every retrieved condition image and report the best-scoring output
across them. This setup provides baselines with access to the same retrieval set while respecting their
single-image conditioning design. Further details are provided in Appendix Sec[A.6.3]

4.1 QUANTITATIVE EVALUATION

Metrics We assess generation quality with Inception Score (IS) Barratt & Sharmal (2018)
and FID |Heusel et al| (2018) on the output poses. To assess alignment to the in-
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put text, a natural choice would be to consider the CLIP [Radford et al.| (2021) similar-
ity between the input text and the output multiview images produced by the model.

However, we found that CLIP (specifically in image-text sim-
ilarity) is unable to score rare/OOD concepts well, often as-
signing a low score for such text-image pairs. See Appendix
[AZ6.4] and Fig.[T2]for further discussion and illustration. This
is also demonstrated in[Zhu et all As such, we evaluate image-
image similarity between the generated views and held-out
ground truth retrieved examples from our evaluation benchmark.
Specifically, we compute the average similarity using CLIP and
DINOV2[Oquab et al.| (2023)). Additionally, we employ an In-

stance Retrieval (IR) model [Shao & Cui| (2022)) specifically

Table 2: User study. User
study depicting (Q1-Realism), (Q2-
Alignment) and (Q3-3D Consis-
tency) reporting MOS (1-low, 5-
high).

QlTQ21TQ37

MVDream 1.96 1.85 3.24
ImageDream-P 2.25 2.6 3.03
MV-RAG (Ours) 4.12 4.44 4.44

trained to embed images of the same object instance close
together in feature space, making it a more suitable choice for assessing entity-level visual alignment.

To evaluate 3D consistency, we  Table 3: Quantitative evaluation on in-domain concepts.

adopt the procedure of Wang & pjodel PSNR? SSIMT LPIPS| CLIP1 SigLIP}
[Shi| (2023)), measuring how well

a 3D reconstruction model aligns Text-to-3D

with our generated views. Specif- MVDream 1695 0.717 0363 64.25 3481
ically, we use 4 generated views ~ MV-Adapter (TX) 1537 0.632 0459 59.62 30.18
and train a feed-forward 3D recon-  SPAD 834 0.619 0468 61.32 29.12
struction model Tang et al] (2024a) ~ TRELLIS (TX) 1653 0.743 0.327 60.67 30.98
on these “training views”. We then  Image-to-3D

render and evaluate 18 novel views  ImageDream-P ~ 15.50 0.728 0.400 60.89 31.67
(Re-rendered in Tab.[T), whose fi-  ImageDream-L  15.64 0.732 0393 61.72 32.52
delity and alignment with the train-  MV-Adapter IM) 1524 0.646 0.448 61.46 32.00
ing views are assessed using the  Era3D 1244 0722 0.378 58.79 29.94
metrics described above. Incon-  TRELLIS (IM)  16.02 0.741 0378 5539 26.72
sistent multiview generations are —

expected to degrade reconstruction  SD Personalization

quality, leading to lower fidelity _MVDreamBooth 1631 0716 0381 61.68 32.14
and alignment scores. Since geo- MV-RAG (Ours) 16.63 0.730 0.362 64.48 35.34

metric inconsistency is a primary
failure mode for diffusion models on OOD concepts, this directly measures our method’s ability to
generate coherent 3D objects for rare prompts. Further details are in Appendix Sec[A8]

User study. We complement our quantitative metrics with a user study on OOD-Eval prompts.
Participants rated sets of four generated view from our model and baselines on a 1-5 scale for Realism
(Q1), Text Alignment (Q2), and 3D Consistency (Q3) See Appendix @ for full details.

Retrieved Images

Output Views

Multiview Images

Retrived Images Zoor

o ﬁ

Front View

Evaluation on OOD/rare
concepts As shown in
Tab[l] MV-RAG achieves
strong performance across
both evaluation modes. In
the 4-views setting, it out-
performs all baselines on
CLIP, DINO, and FID,
while ranking second on IR
(behind MV-Adapter (IM))
and IS (behind Era3D). In
the more challenging reren-
dered setting which also re-
flects 3D consistency, M V-
RAG leads on CLIP, DINO,
IR, and FID, with Era3D at-
taining a higher IS. Notably,
MVDream and ImageDream, which share similar architectures but lack retrieval, consistently under-
perform across metrics. The user study results in Tab[2| further corroborate MV-RAG’s advantage,

(b)

Figure 5: (a). Utility. On the LHS, we show retrieved views. The
middle columns are zoom ins, for aspects used in generation, and
the RHS shows back view (top), side view (middle), and front view
(bottom). (b). Diversity. For the prompt "Peugeot 202", the LHS
shows retrieved views, and the RHS shows a single view output (using
the same pose) for 4 different seeds.
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Figure 6: Qualitative evaluation. Text-to-3D models fail to generate unseen (OOD) concepts,
while image-to-3D models fail to reconstruct their correct 3D structure from a single view. Existing
personalization methods cannot effectively leverage the diversity of retrieved images.

showing clear gains in realism, text alignment, and 3D consistency. Our model’s superior 3D con-
sistency on OOD concepts, shown in the “Re-rendered” evaluation, is a direct result of our training.
Unlike baselines whose internal priors are insufficient for OOD prompts, MV-RAG is explicitly
taught in its 3D training mode to extract partial geometric cues from noisy, unposed views.

Evaluation on in-domain concepts We evaluate MV-RAG against all methods on the IND-Eval
benchmark, which contains objects from the Objaverse Deitke et al.| (2023a)) dataset that is used for
training in all baselines. Reconstruction quality is measured using PSNR, SSIM, and LPIPS with
respect to the ground-truth views in IND-Eval, while text-image alignment is assessed via CLIP and
SigLIP|Zhai et al.|(2023) similarity between the generated outputs and the input prompt. As shown
in Tab. [3] MV-RAG achieves results that are on par with, or slightly surpass those of the baselines.
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4.2 QUALITATIVE EVALUATION

Fig. [l compares MV-RAG to baselines (see Appendix Figs. [I8] [I9] for more). Text-only models
often fail on OOD objects, lacking visual priors and producing incorrect geometry. Single-reference
image-to-3D methods are constrained by their single viewpoint: although they achieve high similarity
to the input image, they cannot infer the true 3D structure for OOD objects, leading to smudging and
artifacts in unobserved regions. Even multi-reference approaches like MVDreamBooth struggle to
integrate diverse cues effectively, resulting in inconsistent colors, textures, and geometry. MV-RAG
overcomes these limitations by leveraging multiple unposed images from a large 2D corpus, providing
complementary viewpoints that enrich generation with relevant visual cues. Our framework isolates
view-invariant attributes such as object texture while disentangling nuisance factors like illumination,
occlusion, and background, producing diverse and accurate multiview outputs (Fig. [6).

oy Retrieved Images No 2D Mode No 3D Mode 2D + 3D No Aumentations 2D + 3D Modes (Ours)
and Utility.

Kﬁ adl

‘ b
1)

the same text by varying the i n @ I ﬁ g pi‘; ?

random seed, as illustrated —

in Fig. Eka); Moreover, Fijgure 7: Hybrid training ablations. Output of "Ratonero Bodeguero
Fig. B(b) highlights MV- Andaiuz dog" (top) and "Markhor goat" (bottom) when our model is

RAG_’S ability to leverage (rained with (RHS) or without our 2D/3D schemes/augmentations.
multiple retrieved views:

the model combines information from different source views to generate consistent target views.

Diversity
Unlike  image-prompted
methods, MV-RAG can
produce diverse outputs for

S "‘

4.3 ABLATION STUDIES

Hybrid training  Fig. [7] presents a qualitative ablation of our 2D mode, 3D mode, and
augmentations.  Without the 2D mode, the model struggles to separate the object from
its in-the-wild background, leading to artifacts (e.g., a floating leash on a dog, a goat
merged with a rock). Without the 3D mode, it fails to consistently distribute visual features
across views, producing inaccurate shapes (e.g., tail or horn) and background inconsistencies.
Removing augmentations still allows in-the-wild settings 5 s
through the 2D mode but reduces robustness to high
variance in retrievals, yielding incorrect 3D structures.
Number of Retrieved Images  Fig. [8|shows the effect of
the number of retrieved images on alignment and fidelity.
Using four views yields the best performance, as multiple s sl
exemplars provide complementary cues about geometry umererReeyedimsoes umererReeyedimsoes
and texture, helping the model capture 3D structure under Figure 8: Effect of the number of re-
varying conditions. Beyond four views, gains saturate, trieved images on alignment/fidelity.
suggesting redundancy rather than additional useful information.

Additional Ablations In Appendix we ablate the lexical retrieval method (BM25) and
compare it against semantic dense retrievers (CLIP, SigLIP) on a combined corpus of OOD-Eval and
MS-COCO. Appendix [A-2]provides further ablations assessing (a). Retrieved images with distinct
appearances, (b). Noisy retrievals (only n < k relevant images), and (c). Incorrect alpha scores in
attention weighting.
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5 CONCLUSION

We introduce a retrieval-augmented multiview diffusion model for text-to-3D generation. By condi-
tioning on relevant 2D images from a large database, our method produces consistent and accurate
multiview outputs, particularly for out-of-domain (OOD) or rare concepts where prior methods strug-
gle. A hybrid training scheme integrates structured multiview data with diverse 2D collections, using
augmented conditioning views and a held-out view prediction objective. To evaluate challenging
cases, we introduce a new OOD benchmark. Experiments show that our approach substantially
improves 3D consistency, photorealism, and text alignment for OOD concepts while maintaining
strong performance on standard benchmarks.



Under review as a conference paper at ICLR 2026

6 REPRODUCIBILITY STATEMENT.

To ensure reproducibility, we provide full implementation details in Appendix[A.6] including network
architectures, training procedures, and hyperparameters. The source code and the OOD-Eval bench-
mark are included in the supplementary material. Upon acceptance, all code, model weights, and the
benchmark will be made publicly available, enabling researchers to reproduce our experiments and
evaluate MV-RAG on both standard and out-of-domain scenarios.

REFERENCES

Jinze Bai, Shuai Bai, Shusheng Yang, Shijie Wang, Sinan Tan, Peng Wang, Junyang Lin, Chang Zhou,
and Jingren Zhou. Qwen-vl: A versatile vision-language model for understanding, localization,
text reading, and beyond, 2023. URL https://arxiv.org/abs/2308.12966,

Shane Barratt and Rishi Sharma. A note on the inception score. arXiv preprint arXiv:1801.01973,
2018.

Andreas Blattmann, Robin Rombach, Huan Ling, Tim Dockhorn, Seung Wook Kim, Sanja Fidler,
and Bjorn Ommer. Retrieval-augmented diffusion models. In Advances in Neural Information
Processing Systems (NeurIPS), 2022.

Sebastian Borgeaud, Arthur Mensch, Jordan Hoffmann, Trevor Cai, Eliza Rutherford, Katie Millican,
George van den Driessche, Jean-Baptiste Lespiau, Bogdan Damoc, Antoine Doucet, Mario Bértschi,
Angele Méray, Juliette Roffi, Amelia Glaese, Jack W. Noland, Allan Cassirer, Andrew Clark,
Laurent Guy, David Budden, Tom Hennigan, Simon Osindero, Laura Rimell, Michela Tsimpoukelli,
Karen Simonyan, Laurent Sifre, Sander Dieleman, and Nando De Freitas. Improving language
models by retrieving from trillions of tokens. In International Conference on Machine Learning
(ICML), pp. 2206-2240. PMLR, 2022.

Cheng Chen, Xiaofeng Yang, Fan Yang, Chengzeng Feng, Zhoujie Fu, Chuan-Sheng Foo, Guosheng
Lin, and Fayao Liu. Sculpt3d: Multi-view consistent text-to-3d generation with sparse 3d prior.
arXiv preprint arXiv:2403.09140, 2024.

Wenhu Chen, Hexiang Hu, Chitwan Saharia, and William W. Cohen. Re-Imagen: Retrieval-
Augmented Text-to-Image Generator. arXiv preprint arXiv:2209.14491, 2022.

Matt Deitke, Ruoshi Liu, Matthew Wallingford, Huong Ngo, Oscar Michel, Aditya Kusupati, Alan
Fan, Christian Laforte, Vikram Voleti, Samir Yitzhak Gadre, Eli VanderBilt, Aniruddha Kembhavi,
Carl Vondrick, Georgia Gkioxari, Kiana Ehsani, Ludwig Schmidt, and Ali Farhadi. Objaverse-xI:
A universe of 10m+ 3d objects, 2023a. URL https://arxiv.org/abs/2307.05663.

Matt Deitke, Dustin Schwenk, Jordi Salvador, Luca Weihs, Oscar Michel, Eli VanderBilt, Ludwig
Schmidt, Kiana Ehsani, Aniruddha Kembhavi, and Ali Farhadi. Objaverse: A universe of annotated

3d objects. In Proceedings of the IEEE/CVF conference on computer vision and pattern recognition,
pp- 13142-13153, 2023b.

Matthijs Douze, Alexandr Guzhva, Chengqi Deng, Jeff Johnson, Gergely Szilvasy, Pierre-Emmanuel
Mazaré, Maria Lomeli, Lucas Hosseini, and Hervé Jégou. The faiss library, 2025. URL https:
//arxiv.org/abs/2401.08281.

Rinon Gal, Yuval Alaluf, Yuval Atzmon, Or Patashnik, Amit H. Bermano, Gal Chechik, and Daniel
Cohen-Or. An image is worth one word: Personalizing text-to-image generation using textual
inversion. In International Conference on Learning Representations (ICLR), 2023.

Martin Heusel, Hubert Ramsauer, Thomas Unterthiner, Bernhard Nessler, and Sepp Hochreiter.
Gans trained by a two time-scale update rule converge to a local nash equilibrium, 2018. URL
https://arxiv.org/abs/1706.08500.

Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic models. In Advances in
Neural Information Processing Systems (NeurIPS), volume 33, pp. 6840-6851, 2020.

Susung Hong, Wooseok Jang, Inés Hyeonsu Kim, Ilhyun Kim, and Seungryong Kim. Variational
score distillation for text-to-3d generation. arXiv preprint arXiv:2312.09334, 2023.

10


https://arxiv.org/abs/2308.12966
https://arxiv.org/abs/2307.05663
https://arxiv.org/abs/2401.08281
https://arxiv.org/abs/2401.08281
https://arxiv.org/abs/1706.08500

Under review as a conference paper at ICLR 2026

Zehuan Huang, Yuan-Chen Guo, Haoran Wang, Ran Yi, Lizhuang Ma, Yan-Pei Cao, and
Lu Sheng. MV-Adapter: Multi-View Consistent Image Generation Made Easy. arXiv preprint
arXiv:2412.03632, 2024.

Andrew Jaegle, Felix Gimeno, Andrew Brock, Oriol Vinyals, Andrew Zisserman, and Joao Carreira.
Perceiver: General perception with iterative attention. In Proceedings of the 38th International
Conference on Machine Learning (ICML), volume 139, pp. 4651-4664. PMLR, 2021.

Yash Kant, Ziyi Wu, Michael Vasilkovsky, Guocheng Qian, Jian Ren, Riza Alp Guler, Bernard
Ghanem, Sergey Tulyakov, Igor Gilitschenski, and Aliaksandr Siarohin. Spad : Spatially aware
multiview diffusers, 2024.

Bernhard Kerbl, Georgios Kopanas, Thomas Leimkiihler, and George Drettakis. 3d gaussian splatting
for real-time radiance field rendering. In ACM SIGGRAPH 2023 Conference Proceedings, 2023.

Alexander Kirillov, Eric Mintun, Nikhila Ravi, Hanzi Mao, Chloe Rolland, Laura Gustafson, Tete
Xiao, Spencer Whitehead, Alexander C. Berg, Wan-Yen Lo, Piotr Dollar, and Ross Girshick.
Segment anything. arXiv:2304.02643, 2023.

Black Forest Labs, Stephen Batifol, Andreas Blattmann, Frederic Boesel, Saksham Consul, Cyril
Diagne, Tim Dockhorn, Jack English, Zion English, Patrick Esser, Sumith Kulal, Kyle Lacey, Yam
Levi, Cheng Li, Dominik Lorenz, Jonas Miiller, Dustin Podell, Robin Rombach, Harry Saini, Axel
Sauer, and Luke Smith. Flux.1 kontext: Flow matching for in-context image generation and editing
in latent space, 2025. URL https://arxiv.org/abs/2506.15742,

Patrick Lewis, Ethan Perez, Aleksandra Piktus, Fabio Petroni, Vladimir Karpukhin, Naman Goyal,
Heinrich Kiittler, Mike Lewis, Wen-tau Yih, Tim Rocktédschel, Sebastian Riedel, and Douwe
Kiela. Retrieval-augmented generation for knowledge-intensive NLP tasks. In Advances in Neural
Information Processing Systems (NeurIPS), volume 33, pp. 9459-9474, 2020.

Peng Li, Yuan Liu, Xiaoxiao Long, Feihu Zhang, Cheng Lin, Mengfei Li, Xingqun Qi, Shanghang
Zhang, Wenhan Luo, Ping Tan, et al. Era3d: High-resolution multiview diffusion using efficient
row-wise attention. arXiv preprint arXiv:2405.11616, 2024.

Yixun Liang, Xin Sun, Zongyu Lai, Zesong Zhang, Jifei Wang, and Jian Hu. LucidDreamer: Towards
high-fidelity text-to-3d generation via interval score matching. In Proceedings of the IEEE/CVF
Conference on Computer Vision and Pattern Recognition (CVPR), pp. 20795-20805, 2024.

Chen-Hsuan Lin, Jun Gao, Luming Tang, Towaki Takikawa, Xiaohui Zeng, Xun Huang, Karsten
Kreis, Sanja Fidler, Ming-Yu Liu, and Tsung-Yi Lin. Magic3D: High-resolution text-to-3d content
creation. In IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), pp.
300-309, 2023.

Jimmy Lin, Xueguang Ma, Sheng-Chieh Lin, Jheng-Hong Yang, Ronak Pradeep, and Rodrigo
Nogueira. Pyserini: A Python toolkit for reproducible information retrieval research with sparse
and dense representations. In Proceedings of the 44th Annual International ACM SIGIR Conference
on Research and Development in Information Retrieval (SIGIR 2021), pp. 2356-2362, 2021.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James Hays, Pietro Perona, Deva Ramanan, Piotr
Dollér, and C Lawrence Zitnick. Microsoft coco: Common objects in context. In Computer vision—
ECCV 2014: 13th European conference, zurich, Switzerland, September 6-12, 2014, proceedings,
partv 13, pp. 740-755. Springer, 2014.

Ruoshi Liu, Rundi Wu, Basile Van Hoorick, Pavel Tokmakov, Sergey Zakharov, and Carl Vondrick.
Zero-1-to-3: Zero-shot one image to 3d object. In International Conference on Computer Vision
(ICCV), pp. 9298-9309, 2023a.

Shilong Liu, Zhaoyang Zeng, Tianhe Ren, Feng Li, Hao Zhang, Jie Yang, Chunyuan Li, Jianwei
Yang, Hang Su, Jun Zhu, et al. Grounding dino: Marrying dino with grounded pre-training for
open-set object detection. arXiv preprint arXiv:2303.05499, 2023b.

Yuan Liu, Cheng Lin, Zijiao Zeng, Xiaoxiao Long, Lingjie Liu, Taku Komura, and Wenping Wang.
Syncdreamer: Generating multiview-consistent images from a single-view image. arXiv preprint
arXiv:2309.03453, 2023c.

11


https://arxiv.org/abs/2506.15742

Under review as a conference paper at ICLR 2026

Xiaoxiao Long, Yuan-Chen Guo, Cheng Lin, Yuan Liu, Zhiyang Dou, Lingjie Liu, Yuexin Ma, Song-
Hai Zhang, Marc Habermann, Christian Theobalt, and Wenping Wang. Wonder3D: Single image
to 3d using cross-domain diffusion. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR), pp. 21685-21696, 2024.

Ilya Loshchilov and Frank Hutter. Decoupled weight decay regularization, 2019. URL https:
//arxiv.org/abs/1711.05101.

Ben Mildenhall, Pratul P. Srinivasan, Matthew Tancik, Jonathan T. Barron, Ravi Ramamoorthi, and
Ren Ng. Nerf: Representing scenes as neural radiance fields for view synthesis, 2020. URL
https://arxiv.org/abs/2003.08934.

Maxime Oquab, Timothée Darcet, Theo Moutakanni, Huy V. Vo, Marc Szafraniec, Vasil Khalidov,
Pierre Fernandez, Daniel Haziza, Francisco Massa, Alaaeldin El-Nouby, Russell Howes, Po-Yao
Huang, Hu Xu, Vasu Sharma, Shang-Wen Li, Wojciech Galuba, Mike Rabbat, Mido Assran,
Nicolas Ballas, Gabriel Synnaeve, Ishan Misra, Herve Jegou, Julien Mairal, Patrick Labatut,
Armand Joulin, and Piotr Bojanowski. Dinov2: Learning robust visual features without supervision,
2023.

Ben Poole, Ajay Jain, Jonathan T. Barron, and Ben Mildenhall. DreamFusion: Text-to-3d using 2d
diffusion. In International Conference on Learning Representations (ICLR), 2023.

Lingteng Qiu, Guanying Chen, Xiaodong Gu, Qi Zuo, Mutian Xu, Yushuang Wu, Weihao Yuan,
Zilong Dong, Liefeng Bo, and Xiaoguang Han. Richdreamer: A generalizable normal-depth
diffusion model for detail richness in text-to-3d. In Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 9914-9925, 2024.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal,
Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, Gretchen Krueger, and Ilya Sutskever.
Learning transferable visual models from natural language supervision. In Proceedings of the
38th International Conference on Machine Learning (ICML), volume 139, pp. 8748-8763. PMLR,
2021.

Amit Raj, Srinivas Kaza, Ben Poole, Michael Niemeyer, Aaron Van Den Oord, Sanja Fidler, and Alek-
sander Holynski. Dreambooth3d: Subject-driven text-to-3d generation. In IEEE/CVF International
Conference on Computer Vision (ICCV), pp. 4342-4352, 2023.

Tianhe Ren, Shilong Liu, Ailing Zeng, Jing Lin, Kunchang Li, He Cao, Jiayu Chen, Xinyu Huang,
Yukang Chen, Feng Yan, Zhaoyang Zeng, Hao Zhang, Feng Li, Jie Yang, Hongyang Li, Qing Jiang,
and Lei Zhang. Grounded sam: Assembling open-world models for diverse visual tasks, 2024.

Tal Ridnik, Emanuel Ben-Baruch, Asaf Noy, and Lihi Zelnik-Manor. Imagenet-21k pretraining for
the masses. arXiv preprint arXiv:2104.10972, 2021.

Stephen E. Robertson, Steve Walker, Susan Jones, Micheline Hancock-Beaulieu, and Mike Gatford.
Okapi at trec-3. In Text Retrieval Conference, 1994. URL https://api.semanticscholar,
org/CorpusID:41563977.

Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjorn Ommer. High-
resolution image synthesis with latent diffusion models, 2022. URL https://arxiv.org/
abs/2112.10752,

Nataniel Ruiz, Yuanzhen Li, Varun Jampani, Yael Pritch, Michael Rubinstein, and Kfir Aber-
man. Dreambooth: Fine tuning text-to-image diffusion models for subject-driven generation.
In IEEE/CVF Conference on Computer Vision and Pattern Recognition (CVPR), pp. 22500-22510,
2023.

Christoph Schuhmann, Richard Vencu, Romain Beaumont, Robert Kaczmarczyk, Clayton Mullis,
Aarush Katta, Theo Coombes, Jenia Jitsev, and Aran Komatsuzaki. Laion-400m: Open dataset of
clip-filtered 400 million image-text pairs. arXiv preprint arXiv:2111.02114,2021.

Junyoung Seo, Susung Hong, Wooseok Jang, Inés Hyeonsu Kim, Minseop Kwak, Doyup Lee, and
Seungryong Kim. Retrieval-augmented score distillation for text-to-3d generation. In International
Conference on Machine Learning (ICML), 2024.

12


https://arxiv.org/abs/1711.05101
https://arxiv.org/abs/1711.05101
https://arxiv.org/abs/2003.08934
https://api.semanticscholar.org/CorpusID:41563977
https://api.semanticscholar.org/CorpusID:41563977
https://arxiv.org/abs/2112.10752
https://arxiv.org/abs/2112.10752

Under review as a conference paper at ICLR 2026

Rotem Shalev-Arkushin, Rinon Gal, Amit H. Bermano, and Ohad Fried. ImageRAG: Dynamic Image
Retrieval for Reference-Guided Image Generation. arXiv preprint arXiv:2502.09411, 2025.

Shihao Shao and Qinghua Cui. 1st place solution in google universal images embedding. arXiv
preprint arXiv:2210.08473, 2022.

Shelly Sheynin, Oron Ashual, Adam Polyak, Uriel Singer, Oran Gafni, Eliya Nachmani, and
Yaniv Taigman. kNN-Diffusion: Image Generation via Large-Scale Retrieval. arXiv preprint
arXiv:2204.02849, 2022.

Ruoxi Shi, Hansheng Chen, Zhuoyang Zhang, Minghua Liu, Chao Xu, Xinyue Wei, Linghao Chen,
Chong Zeng, and Hao Su. Zero123++: A single image to consistent multi-view diffusion base
model. arXiv preprint arXiv:2310.15110, 2023a.

Yichun Shi, Peng Wang, Xiaodong Cun, Rui Shao, and Chen Chen. Mvdream: Multi-view diffusion
for 3d generation. arXiv preprint arXiv:2308.16512, 2023b.

Yang Song and Stefano Ermon. Generative modeling by estimating gradients of the data distribution,
2020. URL https://arxiv.org/abs/1907.05600.

Yang Song, Jascha Sohl-Dickstein, Diederik P Kingma, Abhishek Kumar, Stefano Ermon, and Ben
Poole. Score-based generative modeling through stochastic differential equations. In International
Conference on Learning Representations (ICLR), 2021.

Heydar Soudani, Evangelos Kanoulas, and Faegheh Hasibi. Fine tuning vs. retrieval augmented
generation for less popular knowledge. In Proceedings of the 2024 Annual International ACM
SIGIR Conference on Research and Development in Information Retrieval in the Asia Pacific
Region, pp. 12-22, 2024.

Jiaxiang Tang, Zhaoxi Chen, Xiaokang Chen, Tengfei Wang, Gang Zeng, and Ziwei Liu. Lgm: Large
multi-view gaussian model for high-resolution 3d content creation. In European Conference on
Computer Vision, pp. 1-18. Springer, 2024a.

Jiaxiang Tang, Di Huang, Jiawei Zhang, Yiwen Liu, Lewei Wang, Guoxian Wang, Hujun Liu,
Hanming Wang, and Xin Chen. Dreamgaussian: Generative gaussian splatting for efficient 3d
content creation. In International Conference on Learning Representations (ICLR), 2024b.

Andrew Trotman, Antti Puurula, and Blake Burgess. Improvements to bm?25 and language models
examined. Proceedings of the 19th Australasian Document Computing Symposium, 2014. URL
https://api.semanticscholar.org/CorpusID:207220720.

Peng Wang and Yichun Shi. Imagedream: Image-prompt multi-view diffusion for 3d generation.
arXiv preprint arXiv:2312.02201, 2023.

Wikimedia Commons. Wikimedia commons. https://commons.wikimedia.org/wiki/
Main_Page, 2025. Accessed: 2025-05-13.

Jianfeng Xiang, Zelong Lv, Sicheng Xu, Yu Deng, Ruicheng Wang, Bowen Zhang, Dong Chen, Xin
Tong, and Jiaolong Yang. Structured 3d latents for scalable and versatile 3d generation, 2025. URL
https://arxiv.org/abs/2412.01506.

Hu Ye, Jun Zhang, Sibo Liu, Xiao Han, and Wei Yang. IP-Adapter: Text Compatible Image Prompt
Adapter for Text-to-Image Diffusion Models. arXiv preprint arXiv:2308.06721, 2023.

Xiaohua Zhai, Basil Mustafa, Alexander Kolesnikov, and Lucas Beyer. Sigmoid loss for language
image pre-training. In Proceedings of the IEEE/CVF international conference on computer vision,
pp- 11975-11986, 2023.

Longwen Zhang, Ziyu Wang, Qixuan Zhang, Qiwei Qiu, Anqi Pang, Haoran Jiang, Wei Yang, Lan
Xu, and Jingyi Yu. Clay: A controllable large-scale generative model for creating high-quality 3d
assets. ACM Transactions on Graphics (TOG), 43(4):1-20, 2024.

Shuhan Zhu, Yonggang Zhang, Xinmei Tian, and Xiaoyan Sun. Prompt reverse learning: Enhancing
visual language models for rare image recognition.

13


https://arxiv.org/abs/1907.05600
https://api.semanticscholar.org/CorpusID:207220720
https://commons.wikimedia.org/wiki/Main_Page
https://commons.wikimedia.org/wiki/Main_Page
https://arxiv.org/abs/2412.01506

Under review as a conference paper at ICLR 2026

A APPENDIX

A.1 ADDITIONAL QUALITATIVE EVALUATION

We provide further qualitative results to complement Fig. [6] from the main paper. Comparative
examples are shown in Fig.[18|and Fig. while additional outputs generated by our method are

presented in Fig.[T6and Fig.

A.2 ADDITIONAL EXPERIMENTS

Retrieved images with distinct appearances. We conducted a controlled experiment on OOD
entities to test the effect of retrieval variance. We compared three strategies: (a) low variance (highly
similar images), (b) moderate variance (our default top-k retrieval), and (c) high variance (deliber-
ately diverse images). We observed that low variance yields accurate but less diverse generations,
sometimes propagating instance-specific bias (see Sec.[A.10]and Fig.[I5))(a). Our default moderate
variance offers the best balance of quality and diversity. High variance can sometimes challenge the
model’s ability to recover a consistent 3D structure, though the results remain superior to baselines
given the same challenging inputs.

Noisy retrievals (n < k relevant images). Our method is robust to retrieval noise. As described in
Section [3.5] we employ a gating mechanism that filters out irrelevant images based on a similarity
threshold. Specifically, for each retrieved image, if its BM25 score was lower than a given threshold
(9.36), we do not consider it, and use the rest. Our performance in this case, therefore, translates to
only using K (=1,2,3, or 4) relevant retrieved images. This ablation is shown in Fig.[8] demonstrating
that as K increases, performance is improved.

Incorrect alpha scores in prior-guided attention. The adaptive score « is critical. If « is
underestimated for an OOD object, the model relies too heavily on its weak prior, and the output
resembles a degraded baseline generation. Conversely, if « is overestimated, the model may overly
trust the base model’s prior even when it is flawed, potentially inheriting 3D structural errors (e.g., a
floating tail), as discussed in Sec.[A.T0]and Fig. [T5]c)).

A.3 CHALLENGES OF MULTIVIEW RAG IN COMPARISON TO SINGLE-VIEW RAG

While our approach builds upon the general idea of RAG, adapting it to multi-view generation
introduces unique and substantial challenges that go beyond single-image RAG settings:

1. Cross-view consistency from partial retrievals. Single-image RAG only requires synthe-
sizing a single image from the retrieved content. In contrast, multi-view RAG must ensure
geometric consistency across several generated views. For example, if the model leverages
a retrieved image that reveals the bonnet of a car for the front view, it must synthesize a
side view that is consistent with that bonnet, even if the side view is not present or visible in
any of the retrieved images. This kind of spatial reasoning is not required in single-view
generation.

2. View-specific and consistent use of different retrieved images. Our method learns to
draw on different retrieved images for different generated views, depending on which object
components are visible. For instance, in Fig.[5(a), the model extracts the spare wheel, car
grille, and front wheel from separate retrieved images and integrates them into different
output views (back, front, and side). To do this effectively, the model must reason about 3D
structure and spatial layout, a requirement absent from single-image RAG.

How our method addresses (1) and (2)? To address these issues, we designed a framework that can
(1) selectively attend to relevant parts of the retrieved views for each target view and (ii) enforce
consistency across generated images through shared conditioning and a hybrid training scheme. This
is especially challenging because the retrieved views are in-the-wild and unposed, and no dataset
provides direct supervision for multi-view consistency across retrieved parts.
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Table 4: User study comparing the multiview outputs of MV-RAG against the CLAY (Rodin) demo.
Our method was rated significantly higher in realism, alignment, and 3D consistency.

Method Q1: Realism 7 Q2: Alignment T Q3: 3D Consistency 1
CLAY (Rodin) 2.20 2.40 3.95
MYV-RAG (Ours) 4.60 4.60 4.63

A.4 COMPARISON WITH CLAY (RODIN DEMO) = ﬁ @ J

We also performed a qualitative comparison with

CLAY [Zhang et al| (2024)), for which a public model k “ o u u‘

was not available at the time of our evaluation. We —  weeew

used their publicl.y.accelssible online demo, Rodilﬂ * %_ - ‘ﬁ

to generate multiview images for several prompts a % =

from our OOD-Eval set. We then conducted an ad- e smomne

ditional user study following the protocol described ’M\%?? :\ g ! I
above. Participants were shown randomly ordered = -
sets of multiview images from Rodin and our method Q ’

and were asked to rate them on a scale of 1-5 across VA . 3

three attributes. As summarized in Table[d] the out-

puts from MV-RAG were strongly preferred by users r— 4 & \ ’
across all criteria. See Figure. 0] for comparison visu- &
alization. e e

Figure 9: Qualitative Comparison against

CLAY.
A.5 LIMITATION OF SCALING MODELS
A natural question is whether out-of-distribution
(OOD) challenges can be resolved simply by using
a stronger model. To investigate this, we evaluate J—

a strong text-to-image model (FLUX.1 superbions boe
(2023)) on several OOD prompts from our OOD-

Eval benchmark (See Figure [I0). Despite its scale

and capacity, it frequently fails on these prompts, pro- s passont
ducing inaccurate structures, missing characteristic passiflora supersect
details, or hallucinating unrelated content.

This illustrates a fundamental property of OOD gener-
alization. We argue that it cannot be solved solely by gl
increasing model capacity or training data. OODness
arises from distributional gaps rather than a fixed set
of missing visual features understanding, and there
will always exist concepts that fall outside a model’s JHawaio
training distribution. Newly emergent or rare ob-
jects (e.g., a “Labubu doll”’) exemplify this challenge.
Retrieval-based approaches such as MV-RAG address
this limitation by conditioning generation on real vi- .
sual exemplars, providing adaptability and robustness ~ Figure 10: Large scale text-to-image model

that scaling alone cannot achieve. (FLUX.1) outputs on prompts from OOD-
Eval.

Prompt T21 Output Ground Truth

'"https://hyper3d.ai/
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Target Multiview Augmented Views

“A banana-shaped toy bird”

Figure 11: Illustration of the augmented views in 3D mode. Examples from the training set in 3D
mode. For each target multiview instance, retrievals are simulated using photometric augmentations
(crop, color jitter, perspective transform, etc.) and neural augmentations via an image-variation
model.

A.6 TRAINING, INFERENCE AND IMPLEMENTATION DETAILS
A.6.1 DATA PREPARATION

For 3D mode training, we utilize multi-view synthetic renderings from the public Objaverse dataset
Qiu et al| (2024); Deitke et al.| (2023b)) along with the associated camera parameters. We randomly
sampled a subset of 90K objects. For each object, we select four orthogonal views with elevation
angles in the range [—5°, 30°] for supervision. Additionally, we sample 2-3 random views to simulate
retrieval, as detailed below. Objaverse contains a wide variety of objects, including both high-fidelity,
photorealistic assets and low-textured, abstract ones. To improve the model’s robustness to real-world,
non-synthetic data, we apply an aesthetic-based filtering criterion. This criterion incorporates color
diversity, texture complexity, and multi-view consistency, which then results in about 65K objects.
Following the preprocessing protocol of MVDream, we resize all rendered images to 256 x 256
pixels and replace empty backgrounds with a random gray color. Camera poses are normalized onto
a unit sphere by removing translational components.

To simulate retrieval images, we apply a series of augmentations to the additional rendered views.
These include perspective distortion, random rotations, resized cropping, and color jitter. To further
enhance realism, we employ an image-variation model [Ye et al.| (2023)); [Rombach et al.| (2022) to
generate semantically and visually diverse variants of the same object. In total, we obtain four
simulated retrieval images per object. We present an illustration for the augmentations in Fig. [TT] For
2D mode training, we use the ImageNet21K datase(Ridnik et al.| (2021]), which comprises over 21K
semantic classes with multiple images per class. To improve the visual coherence within classes, we
use a large language model (GPT-40) to filter and retain only visually unified categories (e.g., carpet
shark, toilet bowl) and exclude abstract or overly broad classes (e.g., human, cycling). This results in
a curated subset of 516 visually consistent categories. For each selected class, we sample one target
image for supervision and four additional images from the same class to serve as retrieved images.

A.6.2 TRAINING

We fine-tune our model using the AdamW optimizerfLoshchilov & Hutter] (2019) with a learning
rate of 5 x 10~% and a batch size of 24 for approximately 11,000 steps. Training is performed in an
alternating scheme between 2D and 3D modes, allocating an equal number of steps to each mode. As
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in MVDream, we append ", 3d asset" to the text prompt during 3D mode to help the model distinguish
between the two training regimes. The model is initialized from the Stable Diffusion 2.1-based
MVDream checkpoint, which remains frozen throughout training. The adapter modules are initialized
from the ImageDream checkpoint. We fine-tune both the retrieval-attention modules and the Resam-
pler. For the image encoder, we use OpenCLIP ViT-H/14, which is kept frozen during training. The
training was done on a single NVIDIA A100 GPU, with a total training time of approximately 3 hours.

Austrian Pinscher dog

A.6.3 BASELINES

For all baselines we use the official implementations and
publicly available pretrained checkpoints provided by the
respective authors, with the exception of MVDreamBooth,
for which training code is not released. For each baseline,
we generate 4 views using fixed orthogonal camera an-
gles and elevations, employing the DDIM sampler with
50 steps and a classifier-free guidance (CFG) scale of 5.
For image-to-3D baselines, we preprocess the retrieved
reference images by segmenting out the background using
Grounded-SAM [Kirillov et al.| (2023); [Liu et al| (2023b);
(2024). Among the reference images, we se-
lect the one that yields the highest multi-view consistency
based on DINO score for evaluation. To ensure a fair
comparison in image-image similarity metrics, we com-
pare semantic features against the segmented ground-truth
object views.

Stout Scarab minivan

=

6278

7087

5927

Retrieved Image MVDream Ours

In figure. [T4 we provide additional qualitative comparisons
between MV-RAG and TRELLIS [Xiang et al.| (2025). For
TRELLIS, we use the MV-RAG front-view output as its
input. Even with a well-posed canonical view, the image-

Figure 12: Limitations of CLIP text-
image similarity for evaluating OOD

to-3D model fails to reconstruct the object when it is out-
of-distribution, whereas MV-RAG leverages multiple in-
the-wild retrieved images to handle such cases.

For the MVDreambooth baseline, we follow the method
described in (2023b), training a separate MV-
DreamBooth model for each instance in the OOD-Eval
set. Each model is optimized for 600 steps. To preserve
class identity, we apply a class-preservation loss using

objects. Each row shows an example
from our OOD-Eval benchmark: the
ground truth (GT) image, the output
from MVDream, and the output from
our model. Below each image is its CLIP
similarity score. MVDream receives a
higher score than both our model and the
GT image, despite producing less faith-
ful generations.

ImageNet class names (e.g., dog, car) when available,
and default to the prompt when no corresponding class is
derived.

A.6.4 METRICS

Figure [T2] highlights three representative failure cases of using CLIP text-image similarity as an
evaluation metric for out-of-distribution (OOD) objects. In each case, MVDream receives a higher
CLIP score than both our model and even the ground truth image, despite generating outputs that
are visually or semantically incorrect. We hypothesize that this stems from CLIP’s limited prior
knowledge of rare concepts and the fact that models like MVDream are optimized to align with
CLIP-based features, potentially leading to overfitting to incorrect semantic associations. Further,
as shown in Table[f] we find that for rare concepts, CLIP assigns nearly identical similarity scores
to both detailed object names and their coarse class labels. This suggests that CLIP does not
treat the additional semantic information in rare object names as meaningful, highlighting a lack of
conceptual grounding for these OOD categories. In contrast, for in-domain objects, CLIP shows much
stronger separation between specific and generic labels, reinforcing its limitations in recognizing and
evaluating uncommon or unseen concepts.
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These observations underscore the limitations of using CLIP for OOD evaluation and motivate our
decision to adopt image-image similarity metrics instead, which more reliably reflect visual fidelity.

To this end, we employ CLIP [Radford et al.|(2021)), DINOv2[Oquab et al.|(2023), and an Instance
Retrieval (IR) model|Shao & Cuil (2022) fine-tuned from CLIP to better align visual object instances.

IND-Eval 00D-Eval

IFme-:i0-
Wi - AN e
A< D>01
O . «—~—=b

Figure 13: Evaluation Benchmarks Overview. OOD-Eval: Our out-of-distribution benchmark
includes 2D images of both rare and well-known objects, featuring a diverse set of categories such as
animals, vehicles, insects, foods, and everyday items. IND-Eval: The in-domain benchmark focuses
on common, everyday objects that are representative of standard training distributions.

MV-RAG TRELLIS

RS &% §F e

BSA Rocket 3, Triumph Trident racing motorcycle

FAAN W IRY

Glen of Imaal Terrier dog

oo e @ = N =

Hanomag Kommissbrot 2/10 PS car 1925

Figure 14: Qualitative comparison against image-to-multiview with canonical-pose input image.
We present MV-RAG outputs against image-to-3D model over canonical pose image obtained from
MV-RAG output

A.6.5 RE-RENDERING

To more thoroughly assess the 3D consistency and fidelity of the baselines on the OOD-Eval
benchmark, we employ LGM [Tang et al. (2024a). Specifically, we reconstruct a 3D Gaussian
representation using four output views generated by each model. From this reconstruction, we render
18 additional novel views sampled along a circular trajectory. These re-rendered views are then
evaluated against the retrieved images using the image-image similarity metrics described earlier. We
utilize the publicly available LGM implementation with its default configuration settings.
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Model CLIP DINO IR FID IS

No 2D-mode  72.995 39.100 66.196 82.0468 13.0656
No 3D-mode 73.435 37.973 65.557 84.6144 12.3207
MV-RAG 74.278 39.608 66.588 80.5406 12.3259

Table 5: Quantitative ablation study.

Table 6: CLIP similarity between retrieved images and concept labels. We compute similarity to

the GT retrieved images with the object name against the class label (e.g., "dog", "car") and report
average, max, and their absolute difference. OOD examples show minimal semantic separation.

Domain | Text | Avg | Max
Bucovina Shepherd Dog 63.59 | 67.16
00D Dog 63.41 | 67.45
Abs. Diff 0.18 | 0.29
BMW 319 automobile car 66.33 | 71.11
Car 65.14 | 71.56
Abs. Diff 1.19 | 0.45
Airedale Terrier dog 89.54 | 96.58
In-Domain | Dog 64.23 | 69.99
Abs. Diff 25.31 | 26.59
American Hairless Terrier dog | 83.08 | 92.79
Dog 64.59 | 70.11
Abs. Diff 18.49 | 22.68

A.6.6 TRAINING ABLATION STUDY

Table. [I1] reports the re-rendered-view similarity scores
for the three training configurations: no 2D mode, no 3D
mode, and full MV-RAG. These metrics are computed
on novel views produced by the reconstruction-and-re-

Table 7: Comparison of retrieval ap-
proaches for out-of-domain retrieval.

rendering pipeline described above, and therefore capture =~ Method Precision@5 1

both image-level fidelity and multi-view consistency. CLIP (TX-IM) 0.5366
CLIP (TX-TX) 0.7306

A.7 RETRIEVAL PROCESS AND ABLATION SigLIP (TX-IM) 0.7889
BM25 (TX-TX) 0.8522

We evaluate multiple retrieval strategies based on both image-
text and text-text similarity.

For embedding-based retrieval with CLIP Radford et al.

(2021)) and SigLIP Zhai et al.| (2023)), we build an index

using the FAISS library Douze et al.| (2025)), which supports efficient approximate nearest-neighbor
search in high-dimensional spaces. We additionally employ Pyserini|Trotman et al.|(2014); Robert{
son et al.| (1994)); Lin et al.| (2021)) for text-based retrieval using the BM25 ranking function. This
approach is a highly optimized and scalable toolkit designed for large-scale retrieval tasks, capable of
indexing millions of documents while providing fast query responses. Its retrieval time is typically
sub-linear with respect to corpus size due to inverted index structures, enabling near real-time search
performance with minimal computational overhead, as demonstrated in large-scale search engine
systems. We report the average inference time against all baselines in Table.[8]

Ablation Study. To assess the impact of the retrieval method on downstream generation, we
compare BM25 with semantic dense retrievers: CLIP (|Radford et al.|(2021)) ) and SigL.IP (|Zhai
et al.[(2023))) on a combined corpus of OOD-Eval and MS-COCO [Lin et al.| (2014). Tablereports
the results. We evaluate retrieval performance using OOD-Eval text prompts, where the task is to
retrieve the correct image-text pair from the combined collection. Specifically, we consider CLIP
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with text-to-image (TX-IM) and text-to-text (TX-TX) similarity, Sigl.IP with TX-IM similarity, and
BM2S5 as a lexical baseline.

We find that dense semantic retrievers often underperform
in the OOD setting due to limited training exposure or weak

grounding. As illustrated in Fig.[T12]and Table[6] CLIP fre- Table 8: Average inference time for

. . c . each model.

quently assigns high similarity scores to incorrect or overly -

generic matches, failing to distinguish rare object names Model Time (seconds)

from broad categories. This weakness propagates to re- MVDream 1.081

trieval, where OOD queries often return irrelevant results.  ImageDream 1.470

In contrast, BM25, which relies purely on lexical overlap, ~ MV-Adapter 6.562

is more robust in these scenarios by directly matching rare ~ SPAD 10.250

keywords, without depending on learned semantic priors. Trellis 12.098
Era3D 12.640
MVDreambooth 170.411

A.8 USER STUDY MV-RAG 6.296

We provide additional details about the user study refer-

enced in Tab[2] The study involved 8 different objects, each

evaluated using 3 methods: MV-RAG, MVDream, and Im-

ageDream. For each object, participants were first shown a brief text description along with two
sample images of the object to establish context. They were then shown sets of four images cor-
responding to different views-generated by each method. The internal order of the methods was
randomized per object to mitigate ordering bias. Participants were asked to rate the following three
questions on a scale from 1 to 5: (Q1) “How well do the 4 images match object?, (Q2) “How
realistic do the 4 images look overall?*, and (Q3) “How well do the 4 images appear to be consistent
with each other, as if they show different views of the same 3D object?“. The study was conducted
using Google Forms, and participants viewed the images on a computer screen. The user population
consisted of 30 randomly selected individuals across diverse ages, ethnicities, and genders.

A.9 EVALUATION DATASET CONSTRUCTION

Construction of OOD-Eval. We construct an eval-
uation benchmark, OOD-Eval, consisting of 196 ob-
jects. To ensure diversity and out-of-distribution cov-
erage, we use a large language model (GPT-40) to
curate object names representing rare or unique con-
cepts, as well as familiar objects that are absent from
the training data. These include examples such as
extinct or rare animal species, uncommon vehicles,
and other atypical items. A visual preview of the
benchmark is provided in Fig.[I3]

For generating image captions, we leverage a vision-
language model, specifically Qwen-VL
(2023) which provides high-quality textual descrip-
tions of the images. These captions are used in the
retrieval process (see Sec[3.3).

¢ J“, | ©

Construction of IND-Eval. We constructed an in- Base Model Output Ours
domain evaluation set by selecting 50 well-known or
everyday objects from the widely used Objaverse- . . .. 4
XL }cllatzset.J For each object, \?,ve retrievé 4 ref- retr1§ved 1mages.(e.g.,‘repet1t1ve white ﬂOW_
erence images from the large-scale LAION-400M e?s) introduce artifacts in the generated multi-
dataset[Schuhmann et al] (2021) using BM25-based views. (b) The model struggles to reproduce
text retrieval (see Sec. [3.5] in main paper). The fine-grained textures, such as the hoverfly’s
retrieved images often exhibit significant visual or %orsal [;a.t tern. .(C) \gheﬁ.thlf b;se :podel (Ml:]t-
modality variation (e.g., artistic renderings or paint- ream) 1s assigned a fugh attention weig

. . : e , 3D structural inaccuracies from the base
ings of the object), as illustrated in Fig. [[3} fggdel (e.g., a floating tail) are inherited.

Figure 15: Limitations. (a) Visually biased
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A.10 LIMITATIONS

While effective, our method has several limitations. It relies heavily on both the quality of the
retrieved image corpus and the capabilities of the underlying generative model, MVDream. When the
base model lacks prior knowledge of the object and retrieval fails to provide informative or diverse
references, the generated multiviews can be inaccurate or implausible.

As shown in Fig.[T5] errors may arise when the retrieved images are visually biased-e.g., all showing
similar white flowers, leading to reduced diversity and visual artifacts. Furthermore, our training
objective promotes texture variation, which can make it difficult to reproduce fine-grained or specific
patterns, such as the hoverfly’s dorsal markings.

Our model also employs an adaptive mechanism that balances attention between the base model and
the retrieval adapters, based on a similarity score between the generated initial views and retrieved
images. When the base model demonstrates high similarity to the target object but exhibits 3D
structural errors (such as a floating dog tail), these artifacts may be inherited. This limitation could be
addressed by incorporating a more sophisticated and 3D-aware scoring function.

Further, while our current implementation generates four views, this is not a fundamental limitation
of our retrieval-augmented framework, which could be applied to backbones that produce a larger set
of views (e.g., Zero123++ Shi et al.|(2023a)).

Lastly, our method introduces a retrieval phase prior to generation. Although this adds computational
cost relative to standard text-to-image pipelines, the overhead is minimal. As shown in Section

A.11 ETHICS STATEMENT

Our work focuses on multiview image generation conditioned on text prompts and retrieved image
corpora, with applications in graphics, virtual reality, and content creation. This technology can
positively support immersive 3D visualizations and assist artists or designers in generating diverse
object views from limited data.

At the same time, enhanced generative capabilities could be misused to produce highly realistic
synthetic images, including disinformation or deepfakes. Biases present in the retrieval corpus or
base models may propagate undesirable stereotypes or inaccuracies in generated outputs. To mitigate
these risks, we recommend careful curation of datasets, transparency about generated content, and
controlled access to highly capable models. We acknowledge and adhere to the ICLR Code of Ethics
in the development and presentation of this work.

A.12 LLM USAGE STATEMENT

A large language model (LLM) was used solely as a general-purpose writing assistant to aid in
polishing and clarifying the text, including improving phrasing, grammar, and readability. The LLM
was not involved in research ideation, technical development, or interpretation of results. All scientific
content, analyses, and conclusions presented in this paper were independently verified and authored
by the human authors, who take full responsibility for the accuracy and integrity of the work.
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Figure 16: Additional Results.
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Figure 17: Additional Results.
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Text-to-3D

Image-to-3D

Personalization

RAG-to-3D

Reference

TRELLIS (IM) ImageDream Era3D MV-Adapter (IM) TRELLIS (TX) MV-Adapter (TX) SPAD MYVDream

MV Dreambooth

Ours

Images

? A

"Philippine eagle, Pithecophaga jefferyi" “London Duck Tours car”

Figure 18: Additional qualitative evaluation. Additional examples to those shown in Fig. [6]
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MVDream

Text-to-3D
SPAD

Image-to-3D
Era3D MV-Adapter (IM) TRELLIS (TX)  MV-Adapter (TX)
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Personalization
MV Dreambooth

RAG-to-3D
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Reference
Images

"Le Percheron tractor" "kakapo, Strigops habroptilus"

Figure 19: Additional qualitative evaluation. Additional examples to those shown in Fig. [f]
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