
“outdoor, bright and direct sunlight 
from the upper right, blue sky, natural”

Image Irradiance Environment  map generation

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

DINOv24

HDR Environment map

Spherical harmonics

Image crops

DiffusionLight-
Turbo3

“Natural light from the large windows on the right side of the room
 provides bright, neutral white illumination, enhancing the overall

 brightness of the space. A recessed strip light on the ceiling, 
positioned centrally, emits a soft, neutral white light, contributing 
to the ambient lighting. The scene has a neutral color tone, with

natural and artificial light creating a well-lit environment.”

“Indoor, natural light from a large window on the left side of the
scene is the dominant light source, providing bright, neutral

white illumination. Additional recessed strip lights on the ceiling
contribute soft, warm yellow light, enhancing the overall brightness
and warmth of the room. The scene has a neutral white color tone,

with the natural light creating a bright and airy atmosphere.”

“Indoor, natural light from 
the large windows on the 
left side of the room...”

Bright region 
detection

Qwen3-VL1

Intrinsics (incl. irradiance)

Estimated environment map

Decompose2

Text description

TL;DR

Encode different light modalities into a joint latent space, that can be used for retrieval, relighting and env. map generation.

ALIGNED LIGHT MODALITIES ARCHITECTURE

“The primary natural light source 
is the sun, positioned high in the 

sky to the right...

LDR/HDR Environment map

…

Similar for image and irradiance

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

warm yellow light...

outdoor, diffused 
sunlight, 

overcast sky, soft 
lighting, muted 

colors.

outdoor, soft 
diffused light, 

cool hue, 
overcast sky, 

muted colors…

outdoor, soft 
diffused light, 

cool muted hue, 
overcast sky…

indoor, natural 
light from tall 

windows on the 
right, warm 
yellow hue…

indoor, natural 
light from large 
windows, soft 

shadows…

outdoor, bright sun 
from the upper right, 

warm golden hue, 
direct illumination…
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Query Top 1 Top 2 Top 3 Worst 1 Worst 2 Worst 3

0.996 0.996 0.960 -0.562 -0.535 -0.511

0.991 0.976 0.972 -0.584 -0.543 -0.541

0.998 0.997 0.993 -0.589 -0.513 -0.512

Environment map Relighting

UNILIGHT
Latent Space

Downstream tasks

ENVIRONMENT MAP GENERATION

RELIGHTING

RETRIEVAL
Cross-modality retrieval based on the cosine similarity between latents.
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Fine-tune an X→RGB model to receive original scene intrinsics (depth, 
albedo and normals), and UniLight latents as conditioning for relighting.

Fine-tune a diffusion model to receive UniLight latents as conditioning,
to generate env. map from either image, irradiance, or text descriptions.

Input image Ours DiffusionLight-Turbo3 Ground truth

Metrics on the rendering →

Visualization of the env. map and rendering ↓
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How can we represent lighting in images?


