
ReasonX: MLLM-Guided Intrinsic Image Decomposition
Alara Dirik1*   ·   Tuanfeng Wang2   ·   Duygu Ceylan2   ·   Stefanos Zafeiriou1   ·   Anna Frühstück2

1Imperial College London   ·   2Adobe Research


*Work done during internship at Adobe.



The Problem

Intrinsic decomposition needs 
paired data with GT intrinsics.

SOTA models fail on in-the-wild 
images.

Real image intrinsic labels are 
prohibitively expensive to collect.

Intrinsic decomposition  separates RGB into isolated components: 
albedo, normals, depth, irradiance, and more...



Key Idea

MLLMs are unreliable at absolute estimation
“How far is this point from the camera?”

but excel at relative comparisons.
“Which point is closer?”
“Do these points share the same base color?”
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Stage A — Train the MLLM Judge

We fine-tune InternVL2.5-4B on synthetic RGB + point pairs. Ground truth derived analytically from GT intrinsics.



Judge Performance
Tested on held-out synthetic test set

Reliable enough to drive a reward signal without GT intrinsics on real images.

Failure modes: mirrors, intricate textures, dim lighting, point pairs too close in value.



Stage B — Intrinsic-GRPO
Fine-tune the base model on real images without GT intrinsics.



Quantitative Highlights
PRISM → PRISM-X, Marigold → Marigold-X, no GT intrinsics during fine-tuning

Zero-shot relative depth estimationWHDR error of albedo estimates



Qualitative — Depth & Normals
Zero-shot on NYUv2, DIODE, ETH3D — never seen during training



Out-of-Domain Generalization — PRISM / PRISM-X
ReasonX significantly improves generalization on challenging scenes.



Out-of-Domain Generalization — Marigold / Marigold-X
ReasonX significantly improves generalization on challenging scenes.



Decomposition Consistency

Tested on MIT Multi-Illumination scenes. 

Can predictions for the same scene stay stable under different lighting?



Takeaways

1 Relative MLLM judgments are a scalable, GT-free supervision signal for 
intrinsic decomposition.

2 Intrinsic-GRPO fine-tunes intrinsic predictors on real images with no paired 
labels.

3 Consistent gains across 4 modalities and 2 base models → bridges synthetic-
to-real gap.
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