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Large multimodal models (LMMs) have made rapid progress in image 

understanding, yet their pixel-level comprehension remains limited. Existing 

approaches typically introduce special segmentation tokens or rely on large-

scale supervised fine-tuning with dense annotations, which breaks architectural 

simplicity and restricts scalability. 

Key Contributions

• We propose Seg-R1, a simple yet effective RL-based framework for pixel-

level comprehension in LMM;

• We introduce the FCoT, comprising 1,500 manually annotated mask 

prompts, which provides a valuable resource for prompt-guided 

segmentation;

• Through comprehensive experiments, we demonstrate that pure RL training 

equips LMM with strong segmentation capabilities while preserving their 

original visual comprehension ability, outperforming SFT in terms of 

generalization and efficiency.

Introduction

Method

GRPO for Segmentation

We introduce Seg-R1, a new RL-driven paradigm that equips large 

multimodal models with pixel-level segmentation capabilities. we adopt a two-

stage RL training strategy using GRPO, guiding the model to output explicit 

reasoning steps and mask prompts, while a reward function combining format 

constraints, IoU, and S-Measure ensures both global accuracy and fine-

grained structural fidelity.

TL;DR: In this paper, we explore how to endow large language models (LLMs) 
with open-world segmentation capabilities using purely reinforcement learning, 
relying solely on foreground segmentation data without any textual labels.

FCoT

To compare RL with supervised fine-tuning (SFT), we construct the 

Foreground Chain-of-Thought (FCoT) dataset as a cold-start resource for 

SFT. FCoT contains 1,500 re-annotated image–mask pairs, each fitted using 

SAM2 with standardized mask prompts and step-by-step thinking process. 

Experiment

In-domain Tasks

Out-of-domain Tasks

Single object referring segmentation in the wild

Multiple objects referring segmentation in the wild

• Comparison on General VLM 

Benchmarks

• The training curve of 

segmentation reward.
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