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Unified Geometry and Illumination 
Diffusion for Controllable Video Generation



•  Previous video relighting approaches:
   (1) Explicitly omit geometric guidance, leading to the loss of lighting fidelity and temporal coherence 
         when the scene’s geometry changes.
   (2) Haven’t presented a comprehensive video dataset with illumination and 3D geometry cues.

• Our Method:
   (1) Unifies illumination and geometry guidance for high-quality video relighting. It supports 
       text-conditioned and background-conditioned relighting for videos.
   (2) Introduces a high-quality video dataset comprising 20,170 video pairs to support video relighting 
        and serves as a valuable resource for broader controllable video generation tasks.  
   (3) Has been demonstrated effectiveness against state-of-the-art methods on the video relighting task.

Motivation



“..., cool-blue spotlights, …”

“A glowing, translucent sphere, …, crisp radiant overhead, …”

“..., soft frosted beams, dark room, …”

Overview
“..., warm-gleaming Fresnel lamps, …”

“A woman with short dark hair, …, focused pure white beam, inky black void”

“a contemplative man in a dark beanie, …, Soft violet and cyan spotlights”



Object Segmenter:  Grounded SAM-2 [42]                                                                   Video Matting Model:     MatAnyone [43]
Video Captioner:    CogVLM2-Video-LLaMA3-Chat [46]                                           Video Augmenter:       Light-A-Video [1]
Video Inpainter:     DiffEraser [44]                                                                                Geometry Tracker:      SpatialTracker [45]  

Method (IllumiPipe)
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Method (IllumiCraft Framework)



Training objective:

 

Training setup:

              Data source: Pexels
              DiT backbone: Wan2.1 1.3B

              Dropping rate: HDR feature (50%), 3D tracking video (30%), reference image (10%)

              Training strategy: 4 A6000 GPUs, 3000 iterations, Adam optimizer, 4e-5 learning rate, batch size of 2

              Training time: ~ 90 hours 

𝑧!: noisy latent at diffusion step 𝑡               𝑧": geometry latent       
𝑧#: control latent                                                 : final prompt embedding 

Training Details



“A brown rabbit nestled in greenery, …, soft lighting”
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“A hooded man in dark, shadowy light”

Experiments

Visual results under the text-conditioned setting
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“A Woman applies pink lipstick under backlighting, …”“Sunlit blue sea, hazy green coast”Experiments

Visual results under the background-conditioned setting



Experiments

Benchmarking text-conditioned video relighting:

∗ denotes results evaluated with the first 16 frames, 
 49 frames are adopted by default.

Benchmarking background-conditioned video relighting:



Experiments (Ablation Studies)

Impact of using illumination and geometry guidance during training:

Effect of dropping 𝑋!"#	(text-only): Effect of dropping 𝑋!"#	(background):

I: illumination guidance        G: geometry guidance

𝑋!"#	: the feature of HDR maps



Experiments (Ablation Studies)

Impact of dropping 3D tracking videos (text-only)

Impact of dropping the reference image (background)

Impact of dropping 3D tracking videos (background)

Impact of dropping the reference image (text-only)



“A serene, mystical forest shrouded in fog, …, narrow white spotlight, intimate vibe”

“A young woman in a light green sweater, …, soft frosted beams, a dark room”

“..., soft frosted beams, dark room, …”

Additional Results

“..., luminous beam, thick smoke, …”

“A majestic waterfall, …, cool-blue spotlights, …” “..., soft-edged white beams, …”



“..., milky spotlights, grey haze, …”

“..., luminous beam, thick smoke, …”“A young man with a serious expression, …, sharp shafts of light, urban spotlight”

“..., white beams of daylight, …”

“A small, attentive rabbit, warm-gleaming Fresnel lamps, red velvet curtains”

“Two young individuals, dressed in outdoor attire, …, warm amber spotlights”

Additional Results



“A young woman with long brown hair, …, twilight gradient washes, …”

“..., pastel-blue and lilac LED, …”

“..., Warm golden crepuscular rays, …”“A single purple iris flower, …, focused pure white beam, inky black void, …”

“..., crisp ice-white beams, …”

Additional Results

“A hooded man in hard-edged luminous spotlight over a dark floor, suspenseful stage mood”



“a dense forest of coniferous trees dusted with snow, crisp ice-white beams, … ”

“..., warm amber spotlights, …”

“..., vivid chartreuse spotlight, …”“A young black woman, …, cool white beam, dramatic noir-style atmosphere”

“..., white fluorescent diffused light, …”

Additional Results

“yellow flowers in full bloom, diffused daylight, a calm, minimalist feel”



“Snow-covered pine trees, …, towering LED floodlight, stark white illumination”

“..., warm gold spotlight, …”“A dark car buried in deep snow, …, warm-white wall sconces, …”

“..., teal-tinted light, …”“A stationary airplane wing, …, crisp bright spotlights, …”

“..., diffused daylight, …”

Additional Results



“branch of an apple tree in full bloom, …, towering LED floodlight, stark snowy illumination”

“An ancient stone castle on an island, …, bright chalky spotlight in misty blue haze”

Failure Cases



Thank You !!!


