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Background: VLMs in region-level understanding
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• Region-level understanding focuses on fine-grained parsing and 

understanding of semantics, attributes, and relationships in 

specific regions of images or videos.

• Example:



Background: VLMs in region-level understanding
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• Paradigms:



Background: textual method - Elysium

< 5 >Elysium: Exploring Object-level Perception in Videos via MLLM, Han Wang, et al., ECCV 2024

• Encode 2-D bounding-box coordinates as natural-language strings.

• Simple but lack visual semantics.



Background: VPE method - VP-MLLM

< 6 >Draw-and-Understand: Leveraging Visual Prompts to Enable MLLMs to Comprehend What You Want, Weifeng Lin, et al., ICLR 2025

• Embed regional image features and positional features.

• Lack simultaneous object masks.



Background: RoI-based method - DAM 

< 7 >Describe Anything: Detailed Localized Image and Video Captioning, Long Lian, et al., arXiv 2025

• Mask is obtained by a segmentation model, e.g., SAM or SAM 2.

• Segmentation model and vision encoder and separated.

Obtained by segmentation model, e.g., SAM



Background: SAM

< 8 >Segment Anything, Alexander Kirillov, et al., ICCV 2023

• A heavy encoder and a 

lightweight decoder.

• Bidirectional cross-attention.



Background: SAM 2

< 9 >SAM 2: Segment Anything in Images and Videos, Nikhila Ravi, et al., arXiv 2024

• memory bank to store previous 

frame and prompt information.

• Object pointer to store high-

level semantics.

• Occlusion prediction.



Background: SoM

< 10 >Set-of-Mark Prompting Unleashes Extraordinary Visual Grounding in GPT-4V, Nikhila Ravi, et al., arXiv 2023

• Segment and mark the regions in images.

• VLMs like GPT-4V can better ground the regions given these marks.



Method: Overview
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• Obtain object masks and region-level semantics simultaneously.

• Integrate the segmentation model and vision encoder.



Method: Overview
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• Semantic Perceiver as a bridge between SAM 2 features and LLM.

• LLM as a semantic decoder to provide visual semantic content.

• Parallel design for mask and semantic decoders.



Method: Semantic Perceiver
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• Copy the architecture of SAM 2 mask decoder.

• Add semantic tokens to perceive general visual information better.



Method: Projector
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• Pixel shuffle for efficiency

• 2x2 for images and prompt frames in videos.

• 4x4 for remaining frames in videos.

• For streaming video processing

• Additional 2x2 pixel shuffle is applied to the last frame of each clip, and 

processed together with next clip.

• Incorporate the previous textual description to augment contextual history.



Method: Training
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• Stage 1: Image Pretraining and Alignment.

• Align visual/semantic tokens with LLM’s embedding space.

• Semantic perceiver and projector are trainable.

• Stage 1.5: Video-Enhanced Pretraining and Alignment.

• Extend to videos.

• Semantic perceiver and projector are trainable.

• Stage 2: Multimodal Fine-Tuning.

• SFT on diverse tasks with proposed dataset.

• Semantic perceiver, projector and LLM are trainable.



Method: Data Construction - Image
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• SoM to identify RoI

• GPT-4o for conceptual explanations and 

contextual functionalities

• Qwen2.5-VL-72B for detailed descriptions

• Rule-based and manual cleaning



Method: Data Construction - Video
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• Storyboard-driven caption 

expansion

• Trace-Uni to segment 

events



Experiments: Image Regional Recognition
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• Semantic Similarity measures the similarity of predicted/GT labels in a semantics space.

• Semantic IoU reflects the overlap of words.



Experiments: Image Regional Caption
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• METEOR, ROUGE-L, CIDEr measure caption quality.

• Ferret/MDVP Bench uses GPT-4o for fine-grained quality assessment (Referring 

Description here).



Experiments: Video Regional Caption
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• Subject Consistency (SC)​​ ensures descriptions strictly match the target object.

• Appearance Description (AD)​​ scores the accuracy of visual attributes in descriptions.

• Temporal Description (TD)​​ assesses the correctness of dynamic object states over time.

• Hallucination Detection (HD)​​ identifies fabricated or wrong details in descriptions.



Experiments: Streaming Video Regional Caption
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• GPT-4o-evaluated Spatio Temporal Description Continuity Score (G-STDC) 

assesses the continuity and entity consistency of descriptions for sequential events.



Experiments: Efficiency
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Image Video



Experiments: Qualitative Results
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Experiments: Qualitative Results
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Experiments: Qualitative Results
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Experiments: Failure Cases
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• Expected to be mitigated by broader data coverage and reinforcement training.



Conclusion - Contributions
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• Efficiently extending SAM 2 with a Semantic Perceiver allows direct bridging of its 

rich visual features to an LLM for semantic understanding.

• A parallel decoding design for mask and semantic generation enhances 

computational efficiency.

• The development of a high-quality, multi-granularity dataset, including pioneering 

region-level streaming video captions.



Conclusion - Limitations
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• Limited capability for general understanding tasks, e.g., VQA.

• Its real-time streaming video region captioning capability is still hindered by the 

excessive number of visual tokens.

• Trade-off between efficiency and granularity when processing long videos.



STRUCT Group Seminar
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Thanks for listening!
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Experiments: Ablation
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• Number of semantic tokens.

• Training stages.

• Features from SAM 2.
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