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Panoptic Scene Graph Generation (PSG) extends
the scope of scene graph toward comprehensive
scene understanding with accurate groundings.

Input: a video sequence

Frame 0000 0008 0027 0066 0087
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(a) An example video from the PVSG dataset. The PVSG dataset carefully selects 400 first/third-person long videos (avg. 1 min) with clear storyline.

Output: a frame-level panoptic segmentation & video-level scene graph
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(b) The mask annotation of the example video. The PVSG dataset has dense (5 fps) and accurate video panoptic segmentation annotation.
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(c) The frame-level scene graph representation of the example video. Nodes represent object category and its status. Edges represent relations.

Status (Open Vocabulary)

adult-1 roll up pants
adult-2 smiling

Relations (80 Predicate Classes)

adult-1 standing on/in ground bottle towards adult-2  aduit-1 towards adult-2
It-2 standing on/in water adult-2 walking on/in water adult-2 standing on/in water
ult-4 h e

& (Static Relations) water hanging from rock; rock enclosing water; rock in front of tree

(d) The video-level status and relation annotation, which contains interchangeable information of frame-level scene graph in (c).

Panoptic Video Scene Graph Generation (PVSG)
represents videos using dynamic scene graph with
accurate groundings on both pixels and time axis.

(a) Visual Input from the 4D Dynamic World
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Jingkang Yang, Jun Cen, Wenxuan Peng, Shuai Liu,
Fangzhou Hong, Xiangtai Li, Kaiyang Zhou, Qifeng Chen, Ziwei Liu
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(¢) Reasoning & Planning
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PSG4D

[keep sending scene graph...]
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[h wait, seems a man fell from his
bike, we should go help him pick up[  ttM )
his bike. Where is the bike?
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PSG4D

lying on the ground.

bike is 2.4m ahead. }

Lood, go forward 2.4m to the
bike, straighten the bike, and
check whether the man injured.
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Reasoning

PSG-4D parses RGB-D or Point Cloud Video Sequence into a
dynamic scene graph for later

Application: Video Gaming AI, AR/VR Assistants, Robots
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New Dataset: The PSG-4D Datasets
The PSG-4D Dataset covers GTA and HOI data with ~1M RGB-D video frames.

0000-0017:

person-3 walking on stair
0037-0079:

person-3 holding handbag-1
0066-0084:

person-1 talking to person-2
0125-0176:

person-2 talking to person-1
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(a) PSG4D-GTA (Synthetic, Third-Person View)

0006-0012:

hand-1 reach out for bin-1
0085-0089:

hand-1 grasp bin-1
0045-0048:

hand-1 open bin-1
0090-0095:

hand-1 putdown bin-1
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(b) PSG4D-HOI (Real-World, Egocentric)
Another Real-World Egocentric PSG-4D Dataset (PSG4D-ADT) from Aria Digital Twins is coming soon!

TECHNOLOGICAL ‘
UNIVERSITY

SINGAPORE

NI

p

Option 1: RGB-D Input
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Option 2: Point Cloud Input
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(a) Frame-Level Panoptic Segmentation
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(b)

Tracking

4D Scene Graph
0 #354 - #583
Relatlon hand-1 reach out for bottle-1
Model #584 - #892

hand-1 grasp bottle-1

)
N\ O (

9] w 1"‘ GC-’ Relatio t
2z [ c Grasp ,
G 5 {, 3
q) —
2 g 1h » o
% £ > mih ) ~ L
B9 ,' . and-1 grasp bottle-1
= 2 i’ ) adl —> [584, 892]

©

= =

bottle-1 hand-1

o

=

[ predicted mask tubes with feature

Train

Feature
Association

P

/| sround truth mask tubes

GT confidence s

core of “Grasp”

ground truth relations (e.g., hand grasp bottle)J

(c) Inference (1) and Training (1) of Relation Model

Performance

Input Method PSG4D-GTA PSG4D-HOI
L R/mR@20 R/mR@50 R/mR@I100 | R/mR@20 R/mR@50 R/mR@100
Point #1 3DSGG [18] 1.48/0.73 2.16/0.79 292/0.85 | 3.46/2.19 3.15/2.47 4.96/2.84
Cloud #2 PSG4DFormer’®  2.25/1.03 267/1.72 3.14/2.05 | 3.26/2.04 3.16/2.35 4.18/2.64
Sequence  #3 PSG4DFormer 4.33/2.10 483/293 5.22/3.13 | 5.36/3.10 5.61/3.95 6.76/ 4.17
#4 3DSGG [18] 2297092 246/1.01 381/145 | 423/2.19 4.47/2.3] 4.86/2.41
RGB-D  #5PSG4DFormer/* 4.43/1.34 4.89/242 526/2.83 | 444/237 4.83/2.43 5.21/2.84
Sequence  #6 PSG4DFormer/? 4.40/1.42 491/193 5.49/227 | 549/3.42 5.97/3.92 6.43/4.21
#7 PSG4DFormer 6.68/3.31 7.17/385 7.22/4.02 | 5.62/3.65 6.16/4.16 6.28/4.97

- Variants: PSG4DFormer with/without temporal encoder
(/t) and depth branch (/d) compared to 3DSGG baseline.
- Input Comparison: RGB-D outperforms point cloud,

especially on PSG4D-GTA dataset.

- Depth Importance: Depth branch removal reduces
performance, emphasizing its necessity.
- Temporal Attention: Essential for optimal 4D scene

graph generation, as shown by variants without it.




