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Highlight: PR1 serves as the first pure MLLM to surpass 30AP on COCO 2017 with only 3B size ! 

Part 1: Motivation

• What can RL bring to MLLM?
• Perception is a crucial prerequisite for visual reasoning.

Part 2: Initial Observation

Key Properties of visual perception

• Visual perception is embodied in the objective physical world.
• Visual perception, e.g., visual grounding and OCR, are mostly "single-step" direct predictions.
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Part 3: Perception-R1

Key Design
• Reward  Modeling  including  format  reward  and 

answer  reward  where answer reward is mainly
anchored in visual discrimination, e.g., point, bbox.

• Reward Matching for multi-subject reward. We
use  hungarian  algorithm for bipartite graph
matching that guarantees the optimal pairing by
maximizing the overall reward.

• Reward Function. For different visual perception
tasks, we tailor distinct discriminative rewards,
e.g., IoU for grounding, Euclidean distance for
counting.
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Part 3: Perception-R1

Configuration

Data Recipe
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Part 4: Performance Landscape



Highlight Work

Perception-R1: Pioneering Perception Policy with Reinforcement Learning

7

Part 5: Bitter but valuable lesson

• Reward matching enhances the explorability of multi-subject visual perception.

• Explicit thinking processes prove non-essential for contemporary visual perception.

• Perceptual perplexity dictates RL’s advantage over SFT.
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Part 6: Property of PR1

• Scalability of PR1: Increasing 
rollout count enhances 
reward optimization and 
final performance. 

• Reward design plays a 
critical role in perception 
policy learning. 
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Part 7: Demo cases

Visual Counting :
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Part 7: Demo cases

Visual Grounding :
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Part 7: Demo cases

Object detection :
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Part 7: Demo cases

OCR :
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Part 8: Some thoughts

• Existing visual perception tasks, e.g., counting and detection, are overly simplistic, which limits 
the exploration space for RL. We need some meta tasks to unlock internal visual logic.

• How to construct effective thinking process for visual perception and reasoning, maybe think 
with image or agent RL?
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