
Motivation

Limited Data Diversity: indoor scenes, autonomous driving, and ”sim-to-real” gaps. 
Lack of Physical Scale: Limited metric-scale geometry and detailed semantic captions. 
Scalability Issues: Multiple sensor-based methods are not scalable.

Contribution

DynamicGen: automated data engine, which generates physically-aware multi-modal 4D data
DynamicVerse: a large-scale 4D dataset featuring diverse dynamic scenes accompanied by 
rich multi-modal annotations including metric-scale point maps, camera parameters, object 
masks with corresponding categories, and detailed descriptive captions.
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Object Category: Running Lady
Camera Caption: The camera moves forward, following the running lady from behind, resulting in slightly unsteady motion with 

shaking. As the video concludes, the camera stops tracking, tilts up, and pans left to reveal the scene ahead.

Object Caption: An elderly lady with short white hair, wearing a vibrant multicolored blouse and black pants, walks with a 
steady, rhythmic gait. Their arms are slightly bent, holding a small object. Maintaining an upright posture with 
head tilted forward, they move at a consistent pace, suggesting focus, purpose, or familiarity with their path.

Scene Caption: A lively scene inside a spacious, well-lit restaurant, characterized by wooden floors, large windows with natural 
light, and a mix of modern and rustic decor including exposed brick walls and furniture. An elderly lady walks 
purposefully through the warm, inviting space, her stride steady, bustling with diverse patrons seated enjoying 
meals or conversations at many tables set with cutlery and glasses. The ambiance is cozy yet sophisticated.

Figure 1. The overview of physically-aware multi-modal 4D world modeling framework DynamicVerse.

Performance: Metric-scale 4D Reconstruction
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Figure 2. Visual comparisons of 4D reconstruction on in-the-wild data between baselines and DynamicGen.

Pipeline: DynamicGen
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Stage 2 : Generating Fine-grained Captions For Moving Objects, Cameras and Dynamic Scenes
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Moving Object Caption
Prompt: Given the <raw video>  , <moving instance mask>  and
<instance label>  . Provide a description of the moving instance. 

Focus on its action and attributes (e.g., color, shape, material).

Response (object-level)
<think> Alright, let's break down the attributes step by 
step: First, observe the boy’s action: stand, crouch, … . 
Then, see the boy's attire: light green shirt, … . Next, 
note the shape and movement: agile, … . Then, consider 
the material of the clothing: lightweight, … . Finally,
take into account the setting and the boy's engagement:
indoor trampoline park, … . </think>. <answer> {...} </answer>
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Stage 1 : Generating Metric-scale Camera, Video Depth, Object Category, Object Mask and Size

Raw Data Collection Powerful Foundation Models Data Filter Strategy Dynamic Bundle Adjustment

SegAnyMo

VGGT

Epipolar Errors Language Models

Proximal Depth Verification 

Dynamic Object Coverage 

Focal-Length Stability

Moving Object Recovery

VLM Judgement

VLM-based object recognition 

Semantic-based Segmentation 

Physical-aware Size Extraction

<answer> {
A young boy in a vibrant green vest with red

trim and dark pants performs a dynamic sequence. 
Beginning in profile, they turn, extending arms and 
balancing on ready legs. Fluidly shifting from
standing to a focused crouch, their movements
display agility and control. The energetic sequence
concludes with them seated, relaxed yet purposeful, 
embodying athleticism and grace throughout the
transitions.
} </answer>

Camera Motion Caption
Prompt: Given the <raw video>  ,
<instance label>  , <moving instance 
caption>  , and <dynamic scene 
caption>  . Provide a description of 
the camera motion.

Response
<answer> {

The camera smoothly 
pans right, tracking the 
subject from the side with 
minimal shaking.
}</answer>

LLM-aligned
<answer> {

The camera smoothly pans 
right, tracking the young boy 
in the indoor trampoline
park with minimal shaking.
}</answer>

<answer> {
Inside a vibrant indoor trampoline park, a young boy in a

turquoise shirt dynamically jumps, spins, and flips. Brightly lit, 
the park features multiple trampolines with blue padding and
colorful play structures like orange and red climbing frames. 
Other children in white and pink shirts enjoy the lively,
energetic atmosphere as the boy's joyful acrobatics highlight 
the scene's playful activity and vibrant setting.
} </answer>

Dynamic Scene Caption
Prompt: Given the <raw video>  , <moving instance masks>  , <instance label> 
and <moving instance caption>  . Provide a description of the dynamic scene. 
Focus on the scene type, instance-scene interaction, instance’s motion pattern, etc.

Response (scene-level)
<think> Alright, let's break down the attributes step by step: 
First, identify the scene type: an indoor trampoline park, … . 
Then, note the primary interactive entities: a young boy, … . 
Next, observe the instance’s motion patterns: jumps, spins, …. 
Then consider the static background components: Padded
Walls, … . Finally, take into account the spatial relationships and 
interactions among different moving instances and the scene : the 
boy actively interacts on the trampoline by jumping and
performing various acrobatic actions. </think>. <answer> {...} </answer>
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Figure 3. The physically-aware multi-modal 4D data generation pipeline DynamicGen.

Performance: Moving Object Segmentation
Video SegAnyMo GPT+DEVA DynamicGen

Figure 4. Visual comparisons of moving object segmentation between baselines and DynamicGen.

Dataset: DynamicVerse

Table 1. Comparison of DynamicVerse with large-scale 2D video datasets and existing 4D scene datasets.
DynamicVerse expands the data scale and annotation richness compared to prior works.
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(a) Moving objects type.

(c) Object actions type.

(b) Camera motion type.

(d) Dynamic Scene (environments) type. (e) Data source of DynamicVerse.

Figure 5. The statistics and data source of DynamicVerse.
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