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Motivation

⋅ The reasoning reliability of MLLMs has not significantly improved, and false positive examples are common.

 ⋅ For real-world applications of MLLMs—such as photo-based question solving, route planning, and visual 

puzzle solving—not only the final result matters, but also the precise reasoning process.

⋅ Reinforcement learning based solely on outcome supervision neglects the importance of process learning.

! Examples where the answer is correct but the 

reasoning process is flawed or incoherent.



Question & Solution on Applying PRM

• On what?
Models with good reasoning 
diversity.

• How to?
Simultaneously focus on Monte 
Carlo estimates based on logical 
correctness and consistency with 
visual-textual information.

• When to?
Test-time expansion and online 
reinforcement learning.



Data Curation

• Answer-only: Invoke an external model for Chain-of-
Thought (CoT) expansion

• Analysis: Rewriting and organization CoT-formatted: 
Unified format

• CoT-formatted: Unified format for symbolic reasoning 
paradigm



Data Curation - Outcome

• High-quality reasoning data directly optimizes reasoning diversity.

• A high Pass@N metric ensures the value introduced by process-supervised models.



Process Labeling Data Scaling

• Monte Carlo estimation provides a relative advantage in guiding steps toward the correct path.

• Hallucination injection offers an absolute advantage in aligning visual and textual information within multimodal 
scenarios.



PRM-integrated Online RL

Two augmented baselines:

Rewarding length bias
Reward hacking



Short CoT Pattern

The model tends to learn “perception, describe and short

reasoning” thinking pattern.



Process-to-outcome Rewarding

• Traditional process reward design can lead to reward hacking or reward 
length bias, inducing "passive" reasoning.

• The "Drop-moment" of process rewards is transformed into outcome reward 
penalties that outperform naive GRPO.



Q-value Ranking Approximation

PS-GRPO is a proxy 
implementation of Q-Value 

Ranking Rule



Empirical Results

• URSA-8B-PS-GRPO outperforms GPT-4o on six reasoning benchmarks with a 7B model

• PS-GRPO surpasses vanilla GRPO



Leaderboard Comparison

• With nearly 1.9M training data points, it outperforms InternVL3-9B among models of comparable size on the 
OpenCompass public reasoning benchmark.

• It also surpasses larger models such as GPT-4o, Kimi-VL-16B-A3-MOE, and InternVL2.5-38B on MathVision.



Open-sourcing Contribution

• As visual stem RL data for Seed-1.5VL, this paragraph is cited separately.
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