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Background

Task: Object Removal vs. Inpainting

• Inpainting: only fills the masked region.

• Object Removal: removes a specific object in the masked region and also preserves outside-
mask consistency (no new objects, no lighting or edge mismatches).
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Observation

Direct paired supervision blurs what to remove vs. what to preserve.
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Motivation

Causal view: object geometry (cause) → outside-mask artifact fields (effect: 
shadows, reflections, contacts).

Visual effect (Images) Geometry (depth maps)
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Motivation

Method. We recast object removal as a causal two-stage pipeline: (1) geometry removal—

modify scene geometry (e.g., depth) to excise the object; (2) appearance rendering—re-

synthesize the image from the updated geometry so shadows/reflections disappear.

Benefits. The geometry stage supports strictly mask-aligned, well-posed supervision (no 
unintended outside-mask edits), and the rendering stage naturally removes object-induced 

artifacts while preserving nearby content, learned from paired data that links objects to their 

effects.
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Method

The training framework of Stage 1: Geometry Removal. 
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Method

Effect of direct preference optimization (DPO) in Stage 1. Stage 2: Appearance rendering.
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Experiments
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Experiments
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Experiments
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Experiments
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Failure Cases
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Datasets
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Conclusion

We propose a geometry-aware, two-stage framework that rethinks object removal as a causal 

process: first remove the object in geometry space (depth) under strictly mask-aligned 

supervision; then render the appearance from the updated geometry, so shadows/reflections 

are naturally cleared while preserving outside-mask content. A DPO-style preference loss stabilizes 

depth editing and suppresses spurious structure insertions.

Our contributions are three-fold:

•Decoupled pipeline: a scalable two-stage design—geometry removal → appearance 

rendering—that separates structure reasoning from pixel synthesis.

•Controllable geometry editing: strictly mask-aligned training with a preference-guided 

(DPO-style) loss to avoid unwanted insertions and ensure well-posed supervision.

•Causal artifact removal & SOTA results: geometry-conditioned rendering 

(with bidirectional training) that removes outside-mask causal artifacts and achieves state-
of-the-art performance on RemovalBench/RORD-Val and higher IoU on CausRem.
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Thank You !
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