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Goal: object compositing with lighting control

Diffusion rendering methods Light control methods

Evaluation on 3D object compositing

We start with the ZeroComp  benchmark (real backgrounds & 3D inserted objects).

• We estimate the background geometry to obtain shadow catchers.
• We obtain the guiding shadows from a point light source.
• Our benchmark consists 210 different scenes, with 9 light configurations each.

Applications
Light control with hand drawings

TLDR: Precise lighting control can be achieved simply by drawing shadows, without training

× Not realistic

✓ Controllable

✓ Realistic

× Not controllable

e.g. ZeroComp 1, RGB X 2 e.g. Neural Gaffer 3, DiLightNet 4

Background

Virtual object

Injecting lighting in diffusion renderers

Rendered image

3D light position, direction, size, intensity, etc.
2D intrinsic maps

Obtained by compositing the 
foreground and background intrinsics

Reference -based scenario
The light is placed at the ground truth dominant light source’s position (1 st and 3 rd row).

✓ Visible shading effects on the object

SpotLight: Shadow-Guided Object Relighting via Diffusion

1 − 𝛽𝐦shw,↓ ⊙ 𝐳𝐭 + 𝛽𝐦shw,↓ ⊙ noise ℰ 𝐠 , 𝑡

Shadow blending

Guiding shadow
𝐦shw

Rough composite
𝐠

Enhancing light control on the object

SpotLight  enables shadow -guided light control

Controllable composites from SpotLight

✓ Realistic

✓ Controllable

✓ Training -free

Input guiding shadows

Obtainable from

Shadow mapping, 
hand drawing, or a 
neural network.

෥𝒛𝑡

Local guidance

1 − 𝐦obj,↓ ⊙ 𝐯𝑡,pos + 𝐦obj,↓ ⊙ (𝐯𝑡,neg + 𝛾(𝐯𝑡,pos − 𝐯𝑡,neg))

DDIM sampler

VAE decoder

v𝑡 

User -controlled scenario
The light is placed at 8 different lighting directions around the object  (2nd and 4 th row).

Guiding 
shadow

IC -Light 5 DiLightNet 4 Neural 
Gaffer 3

ZeroComp 1

+SDEdit
Ours Ground truth

Shadow blending

v𝑡,pos 

v𝑡,neg 

Predicted image

Shadow blending

Negative shadow

Positive shadow Object mask ( 𝐦𝐨𝐛𝐣)

DDIM sampler

VAE decoder

Object’s shading is 
now consistent 
with the shadow

✓  

✓ Accurate matching of the guiding shadow

Quantitative results

Diverse objects

Noisy latents
𝐳𝑡

Diffusion renderer
(e.g. ZeroComp )

Diffusion renderer
(e.g. ZeroComp )

2D object relighting

Input 
object

Relit composites (input shadows
generated by Tasar et al. 6)

Method PSNR SSIM LPIPS Realism
(user study)

Control
(user study)

Light -conditioned methods

DiLightNet 4 24.67 0.948 0.042 N/A N/A

Neural Gaffer 3 28.44 0.963 0.038 - 0.28 N/A

Shadow -conditioned methods

IC -Light 5 26.87 0.959 0.040 - 0.84 N/A

ZeroComp 1+SDEdit 26.00 0.938 0.079 0.47 - 2.42

SpotLight 30.68 0.974 0.030 0.65 2.42

Our method outperforms baselines on standard metrics and is preferred by users 
in our user studies on realism (N=35) and controllability (N=8).

Shadow latent weight (default: 𝛽 = 0.05)

Guidance scale 
(default: 𝛾 = 3)

Effect of varying the local guidance scale
𝛾 controls the intensity of the 
guidance on the object .

• Low 𝛾 values result in minimal 
variation in shading .

• High 𝛾 values overamplify the 
variations in shading .

• Ours ( 𝛾 = 3) empirically 
provides the best balance 
between realism and control.

No guidance 
𝛾 = 1 

Default (ours)
𝛾 = 3 

High
𝛾 = 7 
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Metallic object relighting

When using a ZeroComp  backbone trained on 
InteriorVerse 7, SpotLight  generates reflections on 
specular objects.

𝐢normals 𝐢albedo 𝐢depth 𝐢shading

Background relighting Outdoor scenes

We can relight the background based on the 
shading and the shadow of the object.
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