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ABSTRACT

Existing diffusion models excel at generating diverse content, but remain confined
to fixed image shapes and lack the ability to flexibly control spatial attributes such
as viewpoint, field-of-view (FOV), and resolution. To fill this gap, we propose
Arbitrary-Shaped Image Generation (ASIG), the first generative framework that
enables precise spatial attribute control while supporting high-quality synthesis
across diverse image shapes (e.g., perspective, panoramic, and fisheye). ASIG in-
troduces two key innovations: (1) a mesh-based spherical latent diffusion to gen-
erate a complete scene representation, with seam enforcement denoising strategy
to maintain semantic and spatial consistency across viewpoints; and (2) a spher-
ical neural field to sample arbitrary regions from the scene representation with
coordinate conditions, enabling distortion-free generation at flexible resolutions.
To this end, ASIG enables precise control over spatial attributes within a unified
framework, enabling high-quality generation across diverse image shapes. Exper-
iments demonstrate clear improvements over prior methods specifically designed
for individual shapes. Code is available at https://github.com/xjyjjy/ASIG.
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Figure 1: ASIG Overview. Our framework generates a complete spherical scene representation
via a mesh-based spherical latent diffusion and enables distortion-free sampling through a spherical
neural field. The proposed framework provides flexible control over FOV, viewpoint, and resolution,
supporting high-quality generation across diverse image shapes, such as perspective, panoramic, and
fisheye views. Generation at arbitrary aspect ratios naturally emerges from the joint control of FOV
and resolution. As extended cases, irregular images can also be generated by jointly controlling
FOV and resolution.

1 INTRODUCTION

Diffusion-based generative models have recently achieved remarkable success, powering a wide
range of applications in artistic creation, design, and beyond (Ruiz et al., 2023; Brooks et al., 2023;

*Corresponding Author


https://github.com/xjyjjy/ASIG

Published as a conference paper at ICLR 2026

Blattmann et al., 2023; Guan et al., 2025; Gao et al., 2024). Howeyver, a critical challenge lies in en-
abling precise and explicit control over the spatial attributes of the generated content. While Stable
Diffusion (SD) (Rombach et al., 2022) allows text-conditioned image generation and SDXL (Podell
et al., 2023) enables high-resolution generation, perspective image generation methods (Dhariwal &
Nichol, 2021; Saharia et al., 2022; Peebles & Xie, 2023; Ramesh et al., 2022) still lack explicit
control over viewpoint, field-of-view (FOV), and resolution. Recent arbitrary-resolution exten-
sions (Chen et al., 2024; Kim & Kim, 2024) enable flexible output resolutions but retain unchanged
FOV and viewpoint, producing merely upsampled detail rather than new scene content, which limits
their practical effectiveness.

In parallel, panoramic generation methods (Tang et al., 2023; Zhang et al., 2024; Sun et al., 2025;
Ni et al., 2025) can produce full-view imagery, but they remain tied to fixed-resolution panoramas at
a single central viewpoint. New perspectives must be obtained through projection, which inevitably
introduces distortion and fidelity loss. Thus, existing paradigms remain specialized to either per-
spective or panoramic generation and lack a unified framework that jointly controls viewpoint, FOV,
and resolution while ensuring high-quality generation across different image shapes.

To fill this gap, we present ASIG, the first framework that unifies controllable generation of view-
points, FOVs, and resolutions, while supporting diverse image shapes (e.g., perspective, panoramic,
and fisheye). ASIG introduces two key innovations: (1) a mesh-based spherical latent diffusion to
generate a complete scene representation built on a multi-level subdivided icosahedron, with seam
enforcement denoising strategy to maintain semantic and spatial consistency across viewpoints; and
(2) a spherical neural field that incorporates feature extraction modules aligned with spherical topol-
ogy, allowing arbitrary regions of the scene representation to be sampled under coordinate condi-
tions, thereby enabling distortion-free generation at flexible resolutions.

To this end, ASIG establishs a unified framework for flexible, high-fidelity, and geometry-aware
image generation. Beyond extending perspective generation with arbitrary FOVs and resolutions,
ASIG naturally generalizes to panoramic and fisheye images, surpassing the generation quality of
prior specialized generative methods.

Our main contributions are summarized as follows:

e We propose ASIG, the first unified diffusion-based framework that enables explicit control over
viewpoint, FOV, and resolution, supporting diverse image shapes generation.

e We propose a mesh-based spherical latent diffusion that generates complete scene spherical
representation with seam enforcement denoising to maintain semantic and spatial consistency
across viewpoints.

e We introduce a spherical neural field that enables coordinate-conditioned, distortion-free sampling
for arbitrary regions at flexible resolutions.

e Extensive experiments show that ASIG enables precise control over spatial attributes, generalizes
across diverse image shapes, and surpasses specialized methods significantly.

2 RELATED WORK

Perspective Image Generation Perspective image generation with diffusion models has been ex-
tensively explored. Dhariwal & Nichol (2021) first demonstrated that diffusion models could surpass
GANSs in producing high-fidelity images, establishing diffusion as a powerful paradigm for image
synthesis. Stable Diffusion (SD) and SDXL (Rombach et al., 2022; Podell et al., 2023) further ad-
vanced this direction by operating in latent space, incorporating text conditioning via cross-attention,
and scaling effectively to high resolutions. However, they provide only weak spatial control. Image-
GEN (Brooks et al., 2023) extends diffusion with instruction-driven editing capabilities, enabling
controllable modifications but remaining confined to fixed image grids. Diffusion Transformers
(DiT) (Peebles & Xie, 2023) replace convolutional UNets with pure Transformer backbones, achiev-
ing strong scalability and quality in perspective synthesis, yet they are still tied to fixed-resolution
training and lack explicit viewpoint or FOV control. Overall, these methods implicitly capture cor-
relations among resolution, content, FOV, and viewpoint from training data, without any explicit
design for spatial attribute control, which fundamentally limits their ability to offer precise control.
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Figure 2: Illustration of L-subdivided icosahedron. Starting from a regular icosahedron (12 vertices,
20 triangular faces, 10 diamond-shaped faces), each subdivision quadrisects every face and repro-
jects the new vertices onto the sphere. This structure provides a distortion-free representation of
the sphere, while the hierarchical subdivision naturally aligns with the multi-scale architecture of
diffusion UNet, making it well-suited for generative modeling.

Panoramic Image Generation Recent panoramic image generation methods mostly learning in
the equirectangular projection (ERP) domain, but the inherent non-uniform distortions in ERP hin-
der accurate generative modeling. Stitching-based methods (Tang et al., 2023; Tuli et al., 2025)
assemble perspective views into panoramas but suffer from limited FOV and cross-view inconsisten-
cies. ERP-based diffusion methods (Zhang et al., 2024; Ni et al., 2025) directly train on panoramas,
while cube- or sphere-aware variants (Kalischek et al., 2025; Sun et al., 2025) attempt to improve
continuity via overlapping faces or spherical convolutions. Despite these advances, these methods
remain tied to fixed rectangular grids, producing panoramas of fixed resolution from a single central
viewpoint. Novel perspectives require projection, causing distortion and blur, while the non-uniform
sampling of ERP further undermines semantic and spatial consistency.

Neural Fields for Image Generation Neural fields represent signals with coordinate-based net-
works and have shown strong results in low-level vision tasks (Chen et al., 2021; Xu et al., 2025;
Yao et al., 2024) and image generation. Prior methods (Chen et al., 2021; Lee et al., 2022; Yoon
et al., 2022) adapt neural fields for arbitrary-scale super-resolution or spherical image representa-
tion. In image generation, INFD (Chen et al., 2024) and Kim & Kim (2024) further propose to
generate perspective images at arbitrary scales, but remain limited to fixed aspect ratios, viewpoints,
and FOVs. In contrast, we couple a spherical neural field with a mesh-based spherical latent diffu-
sion, extending neural fields beyond arbitrary resolution to support arbitrary viewpoints and FOVs,
while generalizing image generation from perspective to panoramic, fisheye images.

3 METHOD

Overview ASIG integrates mesh-based spherical latent diffusion with a spherical neural field to
achieve precise control over spatial attributes. During spherical latent diffusion, the UNet takes a text
prompt together with an initial Gaussian noise tensor and progressively denoises it into the spherical
latent, represented in the patch-based format shown in Fig. 2. As shown in Fig. 3, Seam-Aware
Padding (SAP) enforces semantic consistency across neighboring patches, ensuring a complete spa-
tial representation. SAP is likewise applied in the pherical neural field, where spherical residual
blocks extract multi-scale features from the VAE decoder. Given coordinate conditions based on
resolution, viewpoint, and FOV, a convolutional latent sampler maps the features to RGB values at
the specified spatial attributes.

3.1 MESH-BASED SPHERICAL LATENT DIFFUSION

Mesh-based Spherical Latent We introduce a mesh-based spherical latent representation built
on an L—subdivided icosahedron. This representation aligns with the multi-scale hierarchy of the
UNet in diffusion and the VAE model. As illustrated in Fig. 2, at subdivision level L = 0, each pair
of adjacent triangular faces is merged into a diamond-shaped patch, resulting in 10 non-overlapping
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Figure 3: Illustration of the ASIG generation pipeline. Starting from Gaussian noise, a mesh-
based spherical denoising UNet with Seam-Aware Padding performs 7' denoising steps to produce
a complete scene spherical latent aligned with the text condition. The latent is decoded by a VAE
decoder to produce multi-scale features, which are processed by spherical residual (SR) blocks for
hierarchical refinement. Finally, a coordinate-conditioned convolutional latent sampler generates
high-quality images of diverse shapes.

patches that cover the entire sphere. For a general subdivision level L, each original face is further
divided into 4% triangular faces. Within each patch, we unfold the diamond into a rectangular grid
and map every triangular face to a unique pixel by sampling its barycenter, thus establishing a one-
to-one correspondence:

FP — M, € RHLxWexd o — 1. 10, (1)

where F7 is the set of triangular faces in patch p, and M, denotes its rectangular feature map. The
spatial resolution of each patch grows with the subdivision level L:

(Hp, W) = (2%, 25), ©)
so that L = 5 yields 64 x 64 feature map and L = 6 yields 128 x 128 feature maps. This con-
struction preserves spherical adjacency, maintaining feature integrity while enabling standard 2D

convolutions on unfolded patches. More importantly, it naturally aligns with the multi-scale UNet
of diffusion and VAE models, with subdivision levels corresponding to different feature resolutions.

Seam-Aware Padding However, each patch corresponds to a diamond-shaped region on the
sphere. When unfolded into a rectangular grid, only the diamond area is valid while the remain-
ing cells are zero-initialized. This leads to two issues: (i) convolutional kernels cannot access in-
formation across patch boundaries during inference, causing contextual discontinuities; and (i) the
zero-padded regions introduce artificial seams between adjacent patches.

N(pi) = {pi—2, pi-1, Pit1, Piy2 }, 3)
with indices taken modulo 10 to respect the cyclic ordering of patches. As shown in Fig. 3, we
explicitly annotate one example set of patch indices to illustrate how neighbors are arranged on
the unfolded layout, and how they are used for Seam-Aware Padding. The padded feature map

M,,, (u,v)is then defined as

. M,, (u,v), (u, v) € valid region of p;,

My, (u,v) = . “)
I, p,(M,, (u/,v")), (u,v) € padded region, p; € N(p;),

where I, ., denotes the geometric remapping along the mesh adjacency between p; and its neigh-

bor p;. In practice, we exploit the connectivity graph of the subdivided icosahedron to determine

adjacency relations and boundary correspondences.

By applying Seam-Aware Padding to all convolutional layers in both the diffusion UNet and the
VAE decoder, convolutional kernels perceive continuous features across patch boundaries while
respecting spherical geometry. This strategy effectively removes artificial seams, ensures consistent
semantics across the entire sphere, and allows the receptive field to extend smoothly over the mesh.
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Seam Enforcement Denoising To address discontinuities from independently processing un-
folded spherical patches, we apply SAP throughout denoising. At each timestep, the latent
z; ~ N(0,1) is augmented by copying boundary features from mesh-adjacent neighbors x; =
SeamPad(z;; L), allowing convolutions to perceive continuous spherical context. The padded la-
tent is passed to the UNet with timestep ¢ to predict noise, and the scheduler updates z;,_1; =
Step(z¢, €;,t). This process repeats until ¢ = 0, yielding the seam-consistent spherical latent z.
Notably, SeamPad(-; L) modifies only boundary cells while keeping interiors intact, ensuring both
efficiency and semantic continuity.

3.2 SPHERICAL NEURAL FIELD

While the Mesh-based Spherical Latent Diffusion yields a consistent spherical latent Z, direct de-
coding causes distortions and lacks explicit spatial control. To address this, we propose the Spherical
Neural Field (SNF), which samples specified regions from Z, under coordinate conditions. SNF re-
spects spherical topology and consists of two parts: spherical residual blocks, which remap receptive
fields to the mesh-based structure for multi-scale feature refinement, and a convolutional latent sam-
pler for coordinate-based decoding.

Spherical Residual Blocks Given the spherical latent Z,, we extract multi-scale decoder features
D (2,). Each feature map is refined by Spherical Residual Blocks, where receptive fields are
remapped to the icosahedron topology to reduce spherical distortions. D) (Z0) refined with spheri-
cal residual blocks (SphRes(+)), then upsampled to a common resolution (Upsample(-)), and finally
merged along the channel dimension (Concat(+)) to form the multi-scale representation. Formally,

F= Concatge{(w’g’g}(Upsample(Sthes(z) (D(é)(Zo))) ) (5)

Convolutional Latent Sampler After obtaining the multi-scale spherical features F and the
VAE-decoded RGB image D(Z), we concatenate them along the channel dimension and apply
coordinate-based sampling followed by a lightweight convolutional sampler to produce the final
RGB output. Given a target viewpoint (6, ¢) and FOV, we define a sampling region Q(6, ¢, FOV)
on the sphere. The projection function 7 (u, v; 8, ¢, FOV) maps each output pixel (u, v) to its cor-
responding coordinate on the spherical latent, based on the chosen projection type and the sampling
region (2. Using these coordinates, the rendered image is given by:

I(u,v) = fg(Sample([F, D(20)), w(u,v;&,gﬁ,FOV))), (u,v) € G. ©)

Here, Sample(-) performs interpolation on the concatenated feature map at the projected coordi-
nates, and fy is a lightweight network that maps the sampled features to RGB values. This for-
mulation enables flexible image generation under arbitrary resolution, viewpoint, FOV, and image

types.

3.3 TRAINING STRATEGY

Stage 1: Spherical Neural Field Construction We freeze the VAE encoder and jointly train the
spherical neural field in an end-to-end manner. Following Sec. 3.1, panoramas are converted into
mesh-based patch, and ground-truth RGB images at arbitrary resolutions are sampled for supervi-
sion. The model is optimized with a weighted combination of pixel-wise loss £, perceptual loss
Lipps, and adversarial loss Lgan, balanced by coefficients Aq, A, and A, respectively:

L =X L1+ X Lipes + Ag LGan. (7N

Stage 2: Mesh-based Spherical Latent Diffusion Finetuning In the second stage, we train the
UNet from Sec. 3.1 to model the reverse diffusion process, with the VAE encoder kept frozen.
Each panorama is encoded into the mesh-based latent, perturbed with Gaussian noise, and the UNet
is trained to predict the noise. To enforce cross-patch consistency, both the noisy latent z; and
ground-truth noise € are augmented by the Seam-Aware Padding operator SeamPad(-, L), yielding
the training objective:

Laite = ]Et’zO’E{ HSeamPad(e, L) — Fy(SeamPad(z¢, L), t, y)Hz }, (8)

where F) is the UNet denoiser and y the text condition. This seam enforcement aligns training with
inference and prevents boundary artifacts, ensuring semantic continuity across the sphere.



Published as a conference paper at ICLR 2026

Table 1: Quantitative comparison with state-of-the-art methods on perspective, panoramic, and fish-
eye images. Bold and underline indicate the best and second-best results, respectively. KID* values
are reported in units of 1072,
Perspective Panorama Fisheye
FID| KID*| Clip-FID| NIQE| PIQE| MUSIQt BRIS.|| FID| FAED| KID*| Clip-FID}|FID} KID*| Clip-FID}
INFD  [4324 1.65 1252 895 8638 31.64 61.87 | 8673 7.63 694 1539 |4639 327 1033
Kim eral. 4077 187 1186 846 8861 3098 6498 | 83.88 987 7.77 1796 |47.86 347  10.56
SDPano. |3696 156 959 653 67.82 4692 4828 |111.51 5106 9.50 2042 |4801 354 1045
SDXL Pano. [35.97 155 1100 557 6539 53.16 4136 | 82.13 7.53 490 1650 [4513 3.03  10.04
MVDiffusion [23.17 0.93 584 592 6929 47.53 4433 | 8224 5474 671 991 |3121 240 526
PanFusion |2133 099 544 804 8673 3286 6042 | 37.09 163 159 364 |17.16 087 278
LayerPano3D|53.22 3.09 1316  7.68 8212 39.81 5444 | 66.16 502 386 1247 (4834 312 10.79
PAR  [37.16 192 614 938 8991 2845 6552|3550 153 129 630 |2856 2.04  4.14
SMGD |23.11 106 602 853 8731 3181 6115|2892 158 102 310 |[17.81 100 276
Ours |14.68 059 358 418 4506 67.03 27.16 | 2549 147 097 294 [1029 051 199

Metric

4 EXPERIMENT
4.1 TRAINING AND INFERENCE SETUP

The UNet and VAE weights are initialized from SDXL (Podell et al., 2023). Training proceeds in
two stages. First, we freeze the VAE encoder and train the spherical neural field end-to-end for 100k
iterations with AdamW (Loshchilov & Hutter, 2017) (batch size 4, learning rate 1.8 x 10~°). Second,
we train the UNet (Ronneberger et al., 2015) for another 100k iterations with mixed precision on
8x A100 GPUs (batch size 80), using a cosine annealing learning rate schedule between 3 x 1075
and 1 x 10~ 7. Classifier-free guidance (Ho & Salimans, 2022) with 10% text dropout is applied. At
inference, we use e-prediction with DDIM (Song et al., 2020) sampling for 50 steps.

4.2 DATASETS

Following previous methods (Tang et al., 2023; Zhang et al., 2024; Sun et al., 2025), we use the
Matterport3D dataset (Chang et al., 2017), which contains 10,800 panoramas. Among them, 2,000
are reserved for testing, and the remaining are used for training. All text prompt are generated using
BLIP-2 (Li et al., 2023a). During training, each panorama is preprocessed into mesh patches and
converted into 10 patches for training.

4.3 EVALUATION

Metrics We evaluate our method across multiple image shapes. For perspective images, we report
FID (Heusel et al., 2017), CLIP-FID (Kynkiddnniemi et al., 2022), KID (Binkowski et al., 2018), and
NR-IQA metrics (NIQE (Mittal et al., 2012), PIQE (Venkatanath et al., 2015), MUSIQ (Ke et al.,
2021), BRISQUE (Mittal et al., 2011)). For panoramas and fisheye images, we report FID, CLIP-
FID, and KID, with FAED (Oh et al., 2022). Together, these metrics evaluate realism, perceptual
quality, and geometric consistency across image shapes.

Baseline Methods We benchmark ASIG against a diverse set of state-of-the-art image genera-
tion approaches. The comparison includes panorama generation models MVDiffusion (Tang et al.,
2023), PanFusion (Zhang et al., 2024), PAR (Wang et al., 2025), LayerPano3D (Yang et al., 2025)
and SMGD (Sun et al., 2025), as well as arbitrary-scale generation methods including INFD (Chen
etal., 2024) and Kim & Kim (2024). All models are trained on the same dataset to ensure fairness. In
addition, we include two baselines, SDXL-panorama (Podell et al., 2023) and SD-panorama (Rom-
bach et al., 2022), obtained by finetuning Stable Diffusion models with LoRA (Hu et al., 2022) on
panoramic images.

Quantitative Comparison As reported in Tab. 1, ASIG consistently achieves the best perfor-
mance across all metrics and image shapes. In particular, it yields substantial gains in FID, KID,
and CLIP-FID for both perspective and fisheye generation, while also surpassing prior methods on
panoramas. These results demonstrate that ASIG’s unified design, combining mesh-based spherical
latents with a spherical neural field, not only ensures semantic continuity across views but also en-
ables precise control over viewpoint, FOV, and resolution. Overall, ASIG establishes a versatile and
effective framework that outperforms all baselines.

6
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Figure 4: Qualitative results of ASIG on both in-domain (indoor) and out-of-domain (outdoor)
scenes. ASIG produces high-quality perspective images with arbitrary viewpoint, FOV, resolu-
tion, and aspect ratio, as well as geometry-consistent fisheye and panoramic generations. It further
demonstrates strong generalization to outdoor scenes beyond the training domain.

Qualitative Comparison In Fig. 4, we present qualitative results of ASIG across both in-domain
and out-of-domain scenarios. For perspective images, ASIG supports arbitrary viewpoints, resolu-
tions, aspect ratios, and FOVs, generating results that are not only geometrically consistent but also
rich in fine details, free from the blurring or distortions. For fisheye and panoramic images, ASIG
likewise enables arbitrary viewpoints and resolutions, while preserving seamless continuity across
patch boundaries and delivering coherent global layouts. Benefiting from the mesh-based spherical
latent, all projections are sampled from a unified representation, ensuring high fidelity, semantic
consistency, and strong cross-view coherence across diverse image shapes.

In Fig. 5, we present visual comparisons with baselines on both perspective and panoramic image
generation, including enlarged regions for closer inspection. ASIG consistently produces sharper
and more realistic textures across all settings, highlighting its superiority over competing methods.
Additional qualitative results, including extensive out-of-domain cases and further visual compar-
isons with baselines, are provided in the Appendix to more comprehensively demonstrate the ro-
bustness and generalization ability of our approach.
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Figure 5: Qualitative comparison with baseline methods on perspective and panoramic image gener-
ation. The zoomed-in regions highlight that ASIG consistently produces sharper textures and more
realistic details, while maintaining global consistency across viewpoints.

5 ABLATION

Ablation on spherical neural field To further validate the effectiveness of our spherical neu-
ral field, we enhance the baseline full-view generation model with LTEW (Lee et al., 2022). LTEW
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W/O SAP

Figure 6: Visual ablation of Seam-Aware Padding (SAP) for panorama generation. Without SAP,
seams and misalignment are clearly visible, whereas SAP effectively removes artifacts and ensures
spatial consistency.

Table 2: Comparison on panorama quality across resolutions (pFIDJ. / KID*|). * denotes LTEW-
enhanced variants (Lee et al., 2022). KID* values are reported in units of 102,

Resolution INFD KIM SDXL* MVDiffusion™  PANfusion™ SMGD™" Ours
1536 36.61/1.37 37.87/127 49.26/1.64 48.30/1.79 25.46/1.04 2731/1.02 16.31/0.74
1024 42.63/1.49 41.86/1.54 52.79/1.73 57.99/2.03 27.66/1.07 29.46/1.13 18.76 / 0.86
512 56.36/1.78 52.38/1.88 59.84/1.97 64.26/2.76 29.24/1.15 31.32/1.24  20.49/0.93

Table 3: Ablation on spherical residual blocks.  Table 4: Ablation on Seam-Aware Padding in

KID* values are reported in units of 1072, the spherical neural field. KID* values are re-
SR Reconstruction Generation ported in units of 102
Blocks PSNRT LPIPS| FID| KID*| CLIP-FID| SAP Reconstruction Generation
X 2865 02205 2793 099  3.03 PSNRT LPIPS| FID| KID"J CLIP-FID}
v 30.07 0.1680 2549 0.97 2.94 % 29.17 0.1991 27.69 1.04 3.06

v 3007 0.1680 2549 0.97 2.94

employs a super-resolution backbone to estimate local textures, which are then modulated by locally
varying Jacobian matrices of coordinate transformations to predict Fourier responses (Tancik et al.,
2020). This design improves the model’s ability to handle geometric transformations such as homog-
raphy and ERP-to-perspective projection. Across all tested resolutions, our spherical neural field
achieves consistently lower patchFID (Chai et al., 2022) (pFID) compared to the LTEW-based base-
line, demonstrating clear advantages in fidelity, scalability, and robustness for arbitrary-resolution
and perspective image generation.

Ablation on Spherical Residual Blocks We ablate the proposed spherical residual blocks on
panoramic reconstruction and generation. Tab. 3 shows that removing spherical residual blocks
lowers PSNR and raises LPIPS, indicating degraded fidelity, and also increases FID, KID, and Clip-
FID, reflecting poorer realism. This confirms that spherical residual blocks are critical for geometry-
aware feature extraction and maintaining consistency across resolutions.

Ablation on Seam-aware Padding We evaluate the contribution of Seam-Aware Padding (SAP)
by removing it separately in two components. Specifically, Tab. 4 reports results when removing
SAP from the spherical neural field, while keeping it in the diffusion UNet. This leads to clear
degradation in FID, KID, and CLIP-FID, confirming the necessity of SAP during spherical decoding.
In addition, Fig. 6 shows qualitative comparisons when removing SAP from the diffusion UNet.
Without SAP, visible seams and semantic misalignment appear at patch boundaries, whereas the full
design produces seamless and consistent panoramas.

6 CONCLUTION

We introduced ASIG, the first diffusion-based framework that unifies controllable generation of
viewpoint, FOV, and resolution across diverse image shapes. By combining mesh-based spherical
latent diffusion for scene representation with a spherical neural field for distortion-free sampling,
ASIG enables high-quality, geometry-consistent image synthesis across diverse shapes. Experi-
ments demonstrate that ASIG achieves superior results on perspective, panoramic, and fisheye im-
ages, surpassing specialized baselines. Moreover, ASIG generalizes well to out-of-domain scenes,
highlighting its robustness.



Published as a conference paper at ICLR 2026

ACKNOWLEDGEMENTS

This work was supported in part by the National Natural Science Foundation of China under
Grant 62131003, and the Fundamental Research Funds for the Central Universities under Grant
WK2100000059.

REFERENCES

Mikotaj Bifikowski, Danica J Sutherland, Michael Arbel, and Arthur Gretton. Demystifying mmd
gans. arXiv preprint arXiv:1801.01401, 2018.

Andreas Blattmann, Tim Dockhorn, Sumith Kulal, Daniel Mendelevitch, Maciej Kilian, Dominik
Lorenz, Yam Levi, Zion English, Vikram Voleti, Adam Letts, et al. Stable video diffusion: Scaling
latent video diffusion models to large datasets. arXiv preprint arXiv:2311.15127, 2023.

Tim Brooks, Aleksander Holynski, and Alexei A Efros. Instructpix2pix: Learning to follow image
editing instructions. In Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition, pp. 18392-18402, 2023.

Lucy Chai, Michael Gharbi, Eli Shechtman, Phillip Isola, and Richard Zhang. Any-resolution train-
ing for high-resolution image synthesis. In European conference on computer vision, pp. 170—188.
Springer, 2022.

Angel Chang, Angela Dai, Thomas Funkhouser, Maciej Halber, Matthias Niessner, Manolis Savva,
Shuran Song, Andy Zeng, and Yinda Zhang. Matterport3d: Learning from rgb-d data in indoor
environments. arXiv preprint arXiv:1709.06158, 2017.

Yinbo Chen, Sifei Liu, and Xiaolong Wang. Learning continuous image representation with local
implicit image function. In Proceedings of the IEEE/CVF conference on computer vision and
pattern recognition, pp. 8628-8638, 2021.

Yinbo Chen, Oliver Wang, Richard Zhang, Eli Shechtman, Xiaolong Wang, and Michael Gharbi.
Image neural field diffusion models. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 8007-8017, 2024.

Prafulla Dhariwal and Alexander Nichol. Diffusion models beat gans on image synthesis. Advances
in neural information processing systems, 34:8780-8794, 2021.

Patrick Esser, Sumith Kulal, Andreas Blattmann, Rahim Entezari, Jonas Miiller, Harry Saini, Yam
Levi, Dominik Lorenz, Axel Sauer, Frederic Boesel, et al. Scaling rectified flow transformers
for high-resolution image synthesis. In Forty-first international conference on machine learning,

2024.

Ruisheng Gao, Yutong Liu, Zeyu Xiao, and Zhiwei Xiong. Diffusion-based light field synthesis. In
European Conference on Computer Vision, pp. 1-19. Springer, 2024.

Yuanshen Guan, Ruikang Xu, Yinuo Liao, Mingde Yao, Lizhi Wang, and Zhiwei Xiong. Hdr image
generation via gain map decomposed diffusion. In Proceedings of the IEEE/CVF International
Conference on Computer Vision, pp. 17536-17545, 2025.

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. Advances in
neural information processing systems, 30, 2017.

Jonathan Ho and Tim Salimans. Classifier-free diffusion guidance. arXiv preprint
arXiv:2207.12598, 2022.

Edward J Hu, Yelong Shen, Phillip Wallis, Zeyuan Allen-Zhu, Yuanzhi Li, Shean Wang, Lu Wang,
Weizhu Chen, et al. Lora: Low-rank adaptation of large language models. ICLR, 1(2):3, 2022.

Nikolai Kalischek, Michael Oechsle, Fabian Manhardt, Philipp Henzler, Konrad Schindler, and Fed-
erico Tombari. Cubediff: Repurposing diffusion-based image models for panorama generation.
In The Thirteenth International Conference on Learning Representations, 2025.

10



Published as a conference paper at ICLR 2026

Junjie Ke, Qifei Wang, Yilin Wang, Peyman Milanfar, and Feng Yang. Musiq: Multi-scale im-
age quality transformer. In Proceedings of the IEEE/CVF international conference on computer
vision, pp. 5148-5157, 2021.

Jinseok Kim and Tae-Kyun Kim. Arbitrary-scale image generation and upsampling using latent
diffusion model and implicit neural decoder. In Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition, pp. 9202-9211, 2024.

Tuomas Kynkéédnniemi, Tero Karras, Miika Aittala, Timo Aila, and Jaakko Lehtinen. The role of
imagenet classes in fr\’echet inception distance. arXiv preprint arXiv:2203.06026, 2022.

Jaewon Lee, Kwang Pyo Choi, and Kyong Hwan Jin. Learning local implicit fourier representation
for image warping. In European Conference on Computer Vision, pp. 182-200. Springer, 2022.

Junnan Li, Dongxu Li, Silvio Savarese, and Steven Hoi. Blip-2: Bootstrapping language-image
pre-training with frozen image encoders and large language models. In International conference
on machine learning, pp. 19730-19742. PMLR, 2023a.

Yawei Li, Kai Zhang, Jingyun Liang, Jiezhang Cao, Ce Liu, Rui Gong, Yulun Zhang, Hao Tang, Yun
Liu, Denis Demandolx, et al. Lsdir: A large scale dataset for image restoration. In Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 1775-1787, 2023b.

Ilya Loshchilov and Frank Hutter. Decoupled weight decay regularization. arXiv preprint
arXiv:1711.05101, 2017.

Anish Mittal, Anush K Moorthy, and Alan C Bovik. Blind/referenceless image spatial quality eval-
vator. In 2011 conference record of the forty fifth asilomar conference on signals, systems and
computers (ASILOMAR), pp. 723-727. IEEE, 2011.

Anish Mittal, Rajiv Soundararajan, and Alan C Bovik. Making a “completely blind” image quality
analyzer. IEEE Signal processing letters, 20(3):209-212, 2012.

Jinhong Ni, Chang-Bin Zhang, Qiang Zhang, and Jing Zhang. What makes for text to 360-degree
panorama generation with stable diffusion? arXiv preprint arXiv:2505.22129, 2025.

Changgyoon Oh, Wonjune Cho, Yujeong Chae, Daehee Park, Lin Wang, and Kuk-Jin Yoon. Bips:
Bi-modal indoor panorama synthesis via residual depth-aided adversarial learning. In European
Conference on Computer Vision, pp. 352-371. Springer, 2022.

William Peebles and Saining Xie. Scalable diffusion models with transformers. In Proceedings of
the IEEE/CVF international conference on computer vision, pp. 4195-4205, 2023.

Dustin Podell, Zion English, Kyle Lacey, Andreas Blattmann, Tim Dockhorn, Jonas Miiller, Joe
Penna, and Robin Rombach. Sdxl: Improving latent diffusion models for high-resolution image
synthesis. arXiv preprint arXiv:2307.01952, 2023.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal,
Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, et al. Learning transferable visual
models from natural language supervision. In International conference on machine learning, pp.
8748-8763. PmLR, 2021.

Aditya Ramesh, Prafulla Dhariwal, Alex Nichol, Casey Chu, and Mark Chen. Hierarchical text-
conditional image generation with clip latents. arXiv preprint arXiv:2204.06125, 1(2):3, 2022.

Robin Rombach, Andreas Blattmann, Dominik Lorenz, Patrick Esser, and Bjorn Ommer. High-
resolution image synthesis with latent diffusion models. In Proceedings of the IEEE/CVF confer-
ence on computer vision and pattern recognition, pp. 10684—10695, 2022.

Olaf Ronneberger, Philipp Fischer, and Thomas Brox. U-net: Convolutional networks for biomedi-

cal image segmentation. In International Conference on Medical image computing and computer-
assisted intervention, pp. 234-241. Springer, 2015.

11



Published as a conference paper at ICLR 2026

Nataniel Ruiz, Yuanzhen Li, Varun Jampani, Yael Pritch, Michael Rubinstein, and Kfir Aberman.
Dreambooth: Fine tuning text-to-image diffusion models for subject-driven generation. In Pro-
ceedings of the IEEE/CVF conference on computer vision and pattern recognition, pp. 22500—
22510, 2023.

Chitwan Saharia, William Chan, Saurabh Saxena, Lala Li, Jay Whang, Emily L Denton, Kamyar
Ghasemipour, Raphael Gontijo Lopes, Burcu Karagol Ayan, Tim Salimans, et al. Photorealistic
text-to-image diffusion models with deep language understanding. Advances in neural informa-
tion processing systems, 35:36479-36494, 2022.

Jiaming Song, Chenlin Meng, and Stefano Ermon. Denoising diffusion implicit models. arXiv
preprint arXiv:2010.02502, 2020.

Xiancheng Sun, Mai Xu, Shengxi Li, Senmao Ma, Xin Deng, Lai Jiang, and Gang Shen. Spher-
ical manifold guided diffusion model for panoramic image generation. In Proceedings of the
Computer Vision and Pattern Recognition Conference, pp. 5824-5834, 2025.

Matthew Tancik, Pratul Srinivasan, Ben Mildenhall, Sara Fridovich-Keil, Nithin Raghavan, Utkarsh
Singhal, Ravi Ramamoorthi, Jonathan Barron, and Ren Ng. Fourier features let networks learn

high frequency functions in low dimensional domains. Advances in neural information processing
systems, 33:7537-7547, 2020.

Shitao Tang, Fuyang Zhang, Jiacheng Chen, Peng Wang, and Yasutaka Furukawa. Myvdiffusion:
Enabling holistic multi-view image generation with correspondence-aware diffusion. arXiv, 2023.

Mathieu Tuli, Kaveh Kamali, and David B Lindell. Generative panoramic image stitching. arXiv
preprint arXiv:2507.07133, 2025.

Narasimhan Venkatanath, D Praneeth, S Channappayya Sumohana, S Medasani Swarup, et al. Blind
image quality evaluation using perception based features. In 2015 twenty first national conference
on communications (NCC), pp. 1-6. IEEE, 2015.

Chaoyang Wang, Xiangtai Li, Lu Qi, Xiaofan Lin, Jinbin Bai, Qianyu Zhou, and Yunhai Tong.
Conditional panoramic image generation via masked autoregressive modeling. arXiv preprint
arXiv:2505.16862, 2025.

Haoning Wu, Zicheng Zhang, Weixia Zhang, Chaofeng Chen, Liang Liao, Chunyi Li, Yixuan Gao,
Annan Wang, Erli Zhang, Wenxiu Sun, et al. Q-align: Teaching Imms for visual scoring via
discrete text-defined levels. arXiv preprint arXiv:2312.17090, 2023.

Ruikang Xu, Mingde Yao, Chang Chen, Lizhi Wang, and Zhiwei Xiong. Continuous spatial-spectral
reconstruction via implicit neural representation. International Journal of Computer Vision, 133
(1):106-128, 2025.

Shuai Yang, Jing Tan, Mengchen Zhang, Tong Wu, Gordon Wetzstein, Ziwei Liu, and Dahua Lin.
Layerpano3d: Layered 3d panorama for hyper-immersive scene generation. In Proceedings of
the special interest group on computer graphics and interactive techniques conference conference
papers, pp- 1-10, 2025.

Mingde Yao, Ruikang Xu, Yuanshen Guan, Jie Huang, and Zhiwei Xiong. Neural degradation
representation learning for all-in-one image restoration. IEEE transactions on image processing,
33:5408-5423, 2024.

Youngho Yoon, Inchul Chung, Lin Wang, and Kuk-Jin Yoon. Spheresr: 360deg image super-
resolution with arbitrary projection via continuous spherical image representation. In Proceedings
of the IEEE/CVF conference on computer vision and pattern recognition, pp. 5677-5686, 2022.

Cheng Zhang, Qianyi Wu, Camilo Cruz Gambardella, Xiaoshui Huang, Dinh Phung, Wanli Ouyang,
and Jianfei Cai. Taming stable diffusion for text to 360 panorama image generation. In Proceed-
ings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 6347-6357,
2024.

Richard Zhang, Phillip Isola, Alexei A Efros, Eli Shechtman, and Oliver Wang. The unreasonable
effectiveness of deep features as a perceptual metric. In Proceedings of the IEEE conference on
computer vision and pattern recognition, pp. 586-595, 2018.

12



Published as a conference paper at ICLR 2026

APPENDIX

A  OUT-OF-DOMAIN GENERATION

We further generate 200 prompts for each Out-of-domain (OOD) scene type, covering a wide range
of scene types, and compare our model against both SOTA panoramic generation methods (Zhang
et al., 2024; Sun et al., 2025) and vanilla SDXL (Podell et al., 2023) on the CLIP-Score (CS) (Rad-
ford et al., 2021) metric. As shown in Tab. 5, our OOD CS metric remain close to vanilla SDXL
and outperform SOTA panoramic baselines. We also assess generation quality (Wu et al., 2023;
Mittal et al., 2012; 2011) across these scenes. As shown in Tab. 6, no performance gap under ID
and OOD prompts condition; in all scenes, our method surpasses competing panoramic methods.
Overall, these experiments confirm that our model retains strong open-domain generation capability
while enabling arbitrary shape generation.

In Figs. 7 and 8, we present additional OOD visual results, including both panoramas and perspective
views, which consistently demonstrate high quality and rich details. In Fig. 9, we provide additional
OOD visual results across diverse scene types, further illustrating that our method maintains high
visual quality even on OOD scenes.

B MESH-BASED SPHERICAL RECONSTRUCTION PERFORMANCE AND
COMPONENT OVERHEAD.

Our spherical representation has clear advantages over ERP and cubemap (Kalischek et al., 2025).
ERP suffers from severe polar distortion, while cubemap introduces discontinuities and uneven
sampling. In contrast, our mesh-based sphrical representation provides uniform sampling over the
sphere, enabling the spherical neural field to behave consistently across viewpoints. As a result, we
obtain more coherent geometry and better reconstruction quality. Tab. 7 shows higher PSNR and
lower LPIPS (Zhang et al., 2018) than both baselines.

Moreover, the Seam-Aware Padding (SAP) tailored for spherical representations introduces no addi-
tional FLOPs and only minimal latency, since it consists solely of lightweight indexing and copying.
As shown in the Tab. 8, our comparison between UNet with and without SAP indicates only a small
runtime difference during inference (measured on A100). Importantly, once the spherical latent rep-
resentation is generated, the spherical neural field (SNF) renders images at just 0.14s per image at
768%1024 resolution, while still supporting arbitrary viewpoints, FOVs, resolutions, and projection
types. This demonstrates that the overall system remains efficient even with SAP.

C FURTHER EXTENSIONS ON NEURAL FIELD TRAINING

We incorporated perspective images from the LSDIR (Li et al., 2023b) dataset into the training
of our spherical neural field. Each perspective image is randomly projected onto our mesh-based

Table 5: Comparison of CLIP-Score (Radford Table 6: Comparison of no-reference metrics on
et al., 2021) across various OOD scenes. ID and OOD scenes.

OOD Scene Nature Fantasy Weather City Complex Aveg. Method NIQE| BRISQUE| QAgquaiityT QAaestheticT

PanFusion 32.33 32.81 30.97 30.97 3001 31.14 ID OOD ID OOD ID OOD ID OOD
SMGD 2377 2630 2222 24.83 2846 2512 papFusion 4.74 4.92 38.13 38.06 3.99 3.87 3.51 3.71
SDXLvania 32.98 3343 3251 3139 31.05 3227  SMGD  4.12 4.23 33.27 3341 4.03 3.96 3.22 3.45
Ours 32.84 3323 3123 31.02 3071 31.81  Qurs 3.08 3.18 18.02 18.15 4.40 4.31 3.97 4.05

Table 7: Comparison of differ- Table 8: Runtime compari- Table 9: Comparison of performance
ent panoramic representations son of UNet with and without across both reconstruction and gen-

for reconstruction quality. SAP, and SNF rendering time. eration tasks.
Method ~ PSNRT LPIPS| Component Time (s) Train Data  Reconstruction  Generation
ERP 2907 0.1823 UNet w/o SAP 3.23 PSNRT /LPIPS| FID| / KID|
Cubemap 2942  0.1788 UNet w SAP 3.62 Matterport3D  30.07/0.1680 25.49/0.97
Ours 30.07  0.1680 SNF 0.14 +LSDIR  30.36/0.1655 25.22/0.94
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spherical representation, and the spherical neural field is trained to reconstruct these images. As
shown in Tab. 9, evaluations on both reconstruction and generation tasks show clear performance
improvements compared to training only on Matterport3D(Chang et al., 2017).

D MORE VISUAL COMPARISON WITH BASELINE METHODS

In Fig. 10, we show further visual comparisons with baselines. ASIG consistently outperforms them
on both perspective and panorama generation, delivering richer details, more realistic textures, and
uniform image quality.

E ADDITIONAL VISUAL RESULTS ON SD3/DIT BACKBONES

In Fig. 11, we present additional visual results produced by SD3/DiT-based (Esser et al., 2024)
models. These samples demonstrate excellent texture quality and color fidelity, further showing that
our method is transferable across different diffusion backbones.

F THE USE OF LARGE LANGUAGE MODELS

We employed Qwen-3 to refine sentence clarity and check spelling. No large language model was
employed for generating experimental results, figures, or core technical claims. All content was
reviewed, verified, and approved by the human authors.

G ETHICS STATEMENT

We confirm that this work adheres to the ICLR Code of Ethics. It does not involve human subjects,
sensitive data, or practices that raise ethical concerns.

H REPRODUCIBILITY STATEMENT

We detail the components of our method in Sec. 3 and the experimental settings in Sec. 4, and pro-
vide extensive visual results in Sec. 4 and the Appendix for verification. We will release the training
and testing code together with the processed datasets upon publication to ensure full reproducibility.
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Figure 7: Out-of-domain examples (panoramas and perspective views) generated by ASIG with the
text prompt: “A photo of a house by a tranquil lake, with calm water, bright daylight.”
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Figure 8: Out-of-domain examples (panoramas and perspective views) generated by ASIG with the
text prompt: “A photo of forest and skyscrapers, with a lake under sunny white clouds.”
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Natute Prompt: a photo of a panoramic mountain landscape ~ Natute Prompt. a photo of a desert panorama with sparse
at sunrise with misty valleys and tall trees. plants under a dramatic cloudy sky.

Fantasy Prompt: a photo of a fantasy forest panorama with  Fantasy Prompt. a photo of a fairytale village panorama with
glowing giant mushrooms and colorful lights. wooden cottages and warm sunlight.

Weather Prompt: a photo of a snow-covered panoramic field Weather Prompt. a photo of a forest panorama during a
under a calm overcast winter sky. thunderstorm with bright lightning and wet foliage.

City Prompt: a photo of a harbor city panorama at sunset with City Prompt: a photo of an urban waterfront panorama with
yachts, bridges, and golden reflections. skyscrapers rising above a busy marina.

Figure 9: Out-of-domain examples covering diverse outdoor scene types (nature, fantasy, weather,
and city). Although these scenes are far from the training domain (indoor Matterport3D), our method
produces high-quality and semantically coherent panoramic generations.
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Figure 10: Qualitative comparison with baseline methods on perspective and panorama generation.
ASIG produces richer details, more realistic textures, and more consistent image quality across
views.
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Figure 11: Visual results generated by the DiT-based model, showing high-quality textures, consis-
tent colors, and overall strong visual fidelity.
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