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1. Referring

Input image + text instruction + Region

Model is required to understand the referred regions and respond to the instruction.

Question: Can you describe the pillow 
that the dog is resting on in <region5>?

Answer: The pillow in region5 is a blue 
cushion or pillow that is part of the 
chair…

Question: Can you describe the 
pillow that the dog is resting on in 
[0,300,500,510]?

Answer: The pillow is a blue 
cushion or pillow that is part of the 
chair…

Text prompt Fine-grained visual prompt

Task Definitions 

• Fine-grained Spatial Understanding can be reflected in two types of tasks:



• Fine-grained Spatial Understanding can be reflected in two types of tasks:

2. Grounding

Output: text response + Region

Model is required to localize the objects in image when mentioning them in response.

Answer: Sure, the 
segmentation result is 
[SEG]. 

Question: Who was the president of the US in 
this image? Please output segmentation mask.

Text output Fine-grained visual output

Question: Who was the president of the 
US in this image? Please output its box.

Answer: The president of the US is 
[600,150,800,500]. 

Task Definitions 

SAM 3: Segment Anything With Concepts, Meta.



Osprey: Pixel Understanding with Visual Instruction Tuning, in CVPR 2024. 2023.9-2023.11

Osprey

Out-of-domain Scene

• Integrate images, target regions (masks), and textural data;

• Enable fine-grained semantic description of arbitrary regions 

or objects within images;

• Strong robustness and generalization.

General scene

Fine-grained Image-level Region Understanding



• 720K region-text pairs.

• Six types of  object region-text data.• Pixel-level region feature extraction  
- Mask-Aware visual extractor (multi-level)

• Support high-resolution image
- ConvNeXt (512x512@training, 800x800@inference)

Open-source: https://huggingface.co/sunshine-lwt

Fine-grained Image-level Region Understanding

Osprey: Pixel Understanding with Visual Instruction Tuning, in CVPR 2024.

https://huggingface.co/sunshine-lwt
https://huggingface.co/sunshine-lwt
https://huggingface.co/sunshine-lwt


Online Demo

Video Visualization

Fine-grained Image-level Region Understanding



• Spatial RGPT

SpatialRGPT: Grounded Spatial Reasoning in Vision-Language Models, in NeurIPS2024. UCSD&NVIDA

• Relative Relation

• Metric Measurement

• Spatial Reasoning

Accurate Spatial Understanding & 
Reasoning on Objects in Image.

Fine-grained Region Understanding for Spatial Cognition



SpatialRGPT: Grounded Spatial Reasoning in Vision-Language Models, in NeurIPS2024. UCSD&NVIDA

• Framework

Fine-grained Region Understanding for Spatial Cognition



Fine-grained Spatiotemporal Understanding

Video object 
Referring



Video Object Referring

A man with a cocked hat 
and green robes, riding a 
horse, slowly riding from 
the left to the right.

Video Objects Relationship

The knife <object1> 
moves the spring 
onions from the 
chopping board 
<object2> to the pan.

Future Reasoning
Q: What will <object1> 
probably do next?

A: <object1> will probably 
have to shoot or pass the 
ball to a teammate.

Video Object Retrieval
Input image

The man was Trump, 
who stood in the 
crowd waving and 
waving his fist to the 
left and right.

VideoRefer Suite: Advancing spatial-temporal object understanding with video LLM, in CVPR 2025. 2024.6-2024.11

Fine-grained Spatiotemporal Understanding



• Spatiotemporal Region-level understanding Architecture;

• Constructing Large-scale Video Region Dataset;

• Evaluation Benchmarks for Video-based Object Understanding.

VideoRefer-700K—Multi-agent Data Engine

VideoRefer-Bench

VideoRefer Suite

VideoRefer Suite: Advancing spatial-temporal object understanding with video LLM, in CVPR 2025. 2024.6-2024.11

VideoRefer Model

Fine-grained Spatiotemporal Understanding



VideoRefer Model

A plug-and-play Spatial-Temporal Object Encoder:

• Spatial Token Extractor (Single-frame)

• Temporal Token Merge Module (Multi-frame)

• Free-from input region (Mask)

VideoRefer Suite: Advancing spatial-temporal object understanding with video LLM, in CVPR 2025. 2024.6-2024.11

Optimization Loss:

Fine-grained Spatiotemporal Understanding



Multi-agent Data Engine

VideoRefer Suite: Advancing spatial-temporal object understanding with video LLM, in CVPR 2025. 2024.6-2024.11

VideoRefer-700K

Three types:
     - Object-level Detailed Caption
     - Object-level Short Capton
     - Object-level QA

Step1- Analyzer: Qwen2-Instruct-7B

Step2-Annotator: InternVL2-26B

Step3-Segmentor:Grounding DINO&SAM 2

Step4-Reviewer: Osprey&Qwen2-Instruct-7B 

Step5-Refiner:GPT-4o

Fine-grained Spatiotemporal Understanding



VideoRefer-BenchD  (Descripion Generation)
    GPT assign scores from 0 to 5 across:
• Subject Correspondence 
• Appearance Description
• Temporal Description
• Hallucination Detection

VideoRefer-BenchQ (Multi-choice QA)
• Basic Questions
• Sequential Questions
• Relationship Questions
• Reasoning Questions
• Future Predictions

VideoRefer-Bench

VideoRefer Suite: Advancing spatial-temporal object understanding with video LLM, in CVPR 2025. 2024.6-2024.11

Fine-grained Spatiotemporal Understanding



Adopting VideoRefer-Bench & Osprey Evaluation.

Describe Anything: Detailed Localized Image and Video Captioning, in ICCV 2025. NVIDIA&UC Berkely

Typical two regional frameworks

Describe Anything Model（DAM）

Fine-grained Spatiotemporal Understanding



Describe Anything: Detailed localized image and video captioning [C], in ICCV 2025.

• Focal Prompt

    Full image and a zoomed-in region with corresponding mask 

• Localized Vision Backbone

   Inject global features into the encoding of local regions using 

Gated Cross-Attention Adaptor

NVIDIA&UC Berkely

DAM

Fine-grained Spatiotemporal Understanding



Perceive Anything: Recognize, Explain, Caption, and Segment Anything in Images and Videos, NeurIPS 2025.
CUHK & HK PloyU

• Extends SAM 2 by extracting its  intermediate visual features 
and transforming them into LLM-compatible tokens.

• Enables segmentation mask decoding and semantic content 
decoding simultaneously.

Perceive Anything Model（PAM）

Fine-grained Spatiotemporal Understanding



Segment and Caption Anything, in CVPR2024.

SCA Model

Fine-grained Spatiotemporal Understanding



Fine-grained Spatiotemporal Understanding

PixelRefer

• Answer tokens prioritize object tokens
• The attention between answer and image 

tokens are sparse
• Early fusion of object and image tokens

Construct robust region representation

Vision-Object Framework

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)



Fine-grained Spatiotemporal Understanding
PixelRefer

Token similarity

Accurate understanding of 
extremely small objects.

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)



Fine-grained Spatiotemporal Understanding

PixelRefer

Vision-Object Framework Object-Only Framework
Object-Centric Infusion Module

(a) Within  LLM (inside LLM: vision and object tokens are fused）

(b) Before LLM (token fusion before feeding into LLM）

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)



Fine-grained Spatiotemporal Understanding

PixelRefer

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)



PixelRefer-Lite: Only 32 object tokens for each object without image tokens

Fine-grained Spatiotemporal Understanding

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)



PixelRefer-Lite: Only 32 object tokens for each object without image tokens

Fine-grained Spatiotemporal Understanding

PixelRefer: A Unified Framework for Spatio-Temporal Referring with Arbitrary Granularity. (Coming soon)

FLOPs and memory consumption Inference time and memory usage



Fine-grained spatial reasoning 

3D Aware Region Prompted Vision Language Model, arXiv: 2509.13317. UCSD&NVIDA



3D Aware Region Prompted Vision Language Model, arXiv: 2509.13317. UCSD&NVIDA

Architecture

Results on VSI-Bench

Fine-grained spatial reasoning 



RynnEC: Bringing MLLMs into Embodied World

Model

• Based on VideoLLaMA3

• Mask Encoder for object-text alignment

• Mask Decoder for grounding and segmentation (SAM2)

Mask 
Decoder

Memory 
Encoder

Memory 
Bank

Memory 
Attention

RynnEC: Bringing MLLMs into Embodied World, Technical Report, 2025. DAMO Academy



Fine-grained Spatiotemporal Understanding in Embodied Recognition 

RynnEC: Bringing MLLMs into Embodied World, Technical Report, 2025. DAMO Academy



Fine-grained Spatiotemporal Understanding in Dynamic Embodied World? 

EOC-Bench: Can MLLMs Identify, Recall, and Forecast Objects in an Egocentric World?  NeurIPS2025 Accept (DB Track)

• Temporal dimensions：Past，Present and Future



Fine-grained Spatiotemporal Understanding in Dynamic Embodied World? 

EOC-Bench: Can MLLMs Identify, Recall, and Forecast Objects in an Egocentric World?  NeurIPS2025 Accept (DB Track)



Fine-grained Spatiotemporal Understanding in Dynamic Embodied World? 

EOC-Bench: Can MLLMs Identify, Recall, and Forecast Objects in an Egocentric World?  NeurIPS2025 Accept (DB Track)
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