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How can we represent lighting in images? RETRIEVAL
OW C4d € represec tlg t g ages Cross-modality retrieval based on the cosine similarity between latents.

Encode different light modalities into a joint latent space, that can be used for retrieval, relighting and env. map generation.
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“outdoor, bright and direct sunlight
from the upper right, blue sky, natural”
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Text description

Downstream tasks A

indoor, natural
light from the left,
warm glow, two
table lamps with
warm yellow light...

Text - Env.map Image — Env. map

outdoor, diffused outdoor, soft outdoor, soft indoor, natural indoor, natural outdoor, bright sun
sunlight, diffused light, diffused light, light from tall light from large  from the upper right,
overcast sky, soft cool hue, cool muted hue, windows on the windows, soft warm golden hue,
lighting, muted overcast sky, overcast sky ... right, warm shadows ... direct illumination...
colors. muted colors... vellow hue...

Image — Text
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Environment ma P - - . . . Query Top 1 Top2 Top3 Worst1 ~ Worst2  Worst 3
RELIGHTING

Fine-tune an X—RGB model to receive original scene intrinsics (depth,
albedo and normals), and UniLight latents as conditioning for relighting.

UNILIGHT
Latent Space
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Irradiance Environment map generation

Relighting §

ALIGNED LIGHT MODALITIES ARCHITECTURE

Starting from an HDR env. map., we extract aligned image crops, Modality-specific encoders for env. maps, images, irradiance, and text are trained contrastively to align their
spherical harmonics, text description, intrinsics, and estimated env. map. representations, with an auxiliary spherical-harmonics prediction task reinforcing directional understanding. ENVIRONMENT MAP GENERATION

HDR Environment map Bright region \ | “Indoor, natural light from 4 " N ( : N ( : Fine-tune a diffusion model to receive UniLight latents as conditioning,

~ | Jatect 1 the large windows on the Different Light Modalities Encode and Fusion Loss Functions . . el e
!i | ( e elc ion A oo e v to generate env. map from either image, irradiance, or text descriptions.

Text description f : _ Contrastive loss L2 loss Metrics on the rendering — Method PSNR; RMSE, SI.RMSE, SSIM; MAE, LPIPS,
Qwen3-VL' _' = sl - _ DiffusionLight-Turbo 27.77  0.157 0062 0902 0.148  0.088
Hh _ q . [ Fusion UniLight 2885 0133 0060 0915 0124 0.079

| 5 Module Visualization of the env. map and rendering |
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Decompose iy A LDR/HDR Environment map

- Similar for image and irradiance
_ “Ti hZ primary natumé, l}ighé SOMII;CG

: : vy s gl IS tne sun, positioned hign in tne Fusion

DiffusionLight . ‘ sky to the right... ' . _’ Module UNILIGHT

Turbo?
Text description wen3> Latent Space : PP
Image crops Estimated environment map P 2 > DiffusionLight-Turbo? Ground truth
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Spherical harmonics
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