93 NANYANG
Jp"v2 TECHNOLOGICAL | S-LAB
w319 UNIVERSITY FOR ADVANCED
4 INTELLIGENCE

Toward World Models:
From 3D to 4D City
Generation

Haozhe Xie (i5f;&535) gi"mmnfflrw :i; : ,.m,‘

Research Fellow at MMLab@NTU

haozhe xie@ntu.edu.sg



mailto:haozhe.xie@ntu.edu.sg

Ll

Haozhe Xie @)

= Research Fellow at MMLab@NTU
= #3D Vision #AIGC #Robotics

Work Experience

-

Representative Works

Tencent A
Al Lab H 'ﬁ

sensetime

GaussianCity: Generative Gaussian Splatting
for Unbounded 3D City Generation

C) stars

| CVPR 2025 161

CityDreamer: Compositional Generative
Model of Unbounded 3D Cities

CVPR 2024 ) stars 637

. B

N

S-LAB

FOR ADVANCED
INTELLIGENCE

TIEE NANYANG

TECHNOLOGICAL

%) UNIVERSITY \
” SINGAPORE

Q @hzxie
- hzxie

GRNet: Gridding Residual Network for
Dense Point Cloud Completion

ECCV 2020 C€)stars 316

Pix2Vox: Context-aware 3D Reconstruction
.. from Single and Multi-view Images

ICCV 2019 ) stars 503



https://mmlab-ntu.com/
https://www.sensetime.com/
https://ailab.tencent.com/
https://mmlab-ntu.com/
https://github.com/hzxie
mailto:z@jhzxhz
https://huggingface.co/hzxie
https://haozhexie.com/about
https://github.com/hzxie/CityDreamer
https://github.com/hzxie/Pix2Vox
https://github.com/hzxie/GRNet
https://github.com/hzxie/GaussianCity

Outline

» What is a World Model?
The Ultimate Goal of 3D/4D City Generation

» CityDreamer
Learning 3D Unbounded Cities from Google Earth

» GaussianCity
60x Faster 3D City Generation!
* DynamicCity
4D Occupancy Generation for Self-Driving

» CityDreamer4D
The First True 4D Unbouded City!

World Model CityDreamer GaussianCity CityDreamer4D
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What is a World Model?

The Ultimate Goal of 3D/4D City Generation
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World Model Definition

1«

( .
L environment J‘

) World Model ﬁ
action

P Our car is in the center.

' > State: our position and velocity, an image of our surroundings The Next Step
v Towards Artificial

Intelligence
Yann LeCun

y
<
=
Tl

=

World
Z model

observation J :
4 N C inputs @ predictions

Y

world model MDN-RNN (M) >
LN S h
. . Yann LeCun {3
S — action | (=
. . . Lots of confusion about what a world model is. Here is my definition:
David Ha and Jirgen Schmidhuber. World Models. NeurIPS 2018.

Given:

- an observation x(t)

- a previous estimate of the state of the world s{t)
- an action proposal a(t)

- a latent variable proposal z(t)

A world model computes:
- representation: h(t) = Enc(x(t))
- prediction: s(t+1) = Pred( h(t), s(t), z(t), a(t) )

O 0O 4,668 - 210 Comments
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https://youtu.be/U2mhZ9E8Fk8
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NANYANG

TECHNoLosicaAL | S-LAB
%57 UNIVERSITY | For apvancep
" SINGAPORE INTELLIGENCE

Existing World Models e

7

World Model R e PCG-based [3]
Internal Representations . ;a Future Predictions e ' r
of the External World \ of the External World
Decision- World Video Embody
Making Knowledge Generation : Environment
Section 3.1 Section 3.2 Section 4.1 Section 4.2
S e W | e
’:«5‘_,,Q rd ; / o
World Models — JEPA — perception World Knowledge ’
mental model [58] and reasoning [98] in LLM [57] SO [ e T
2018 2022 2023.10 2024.2 2024.7
| I N I l
| N | —- e
2022.12 2023.8 2024.5 .
DayDreamer [199] Smallville [132] Vista [49] Video-based [4] —— N Neural 3D-based [5]
Reamens Moy tumer . i

Applications 88 = ] T ‘I‘
(i —

I:'l -— ‘ Sjidiﬂi_- -__-

Robots .Social Autor?o.mous
Simulacra Driving
Section 5.2 Section 5.3 Section 5.1

[1] Understanding World or Predicting Future? A Comprehensive Survey of World Models. arXiv 2411.14499.
[2] Wonderjourney: Going from Anywhere to Everywhere. CVPR 2024.

[3] CityX: Controllable Procedural Content Generation for Unbounded 3D Cities. arXiv 2407.17572.

[4] MagicDrive: Street View Generation with Diverse 3D Geometry Control. ICLR 2024.

[5] CityDreamer4D: Compositional Generative Model of Unbounded 4D Cities. arXiv 2501.08983.
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CityDreamer O hzxie/CityDreamer

Learning 3D Unbounded Cities from Google Earth ¥ hzxie/city-dreamer

CityDreamer: Compositional Generative Model of Unbounded 3D Cities. CVPR 2024.
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https://github.com/hzxie/CityDreamer
https://huggingface.co/hzxie/city-dreamer
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Challenges L

» Creating cities is more complex compared to generating natural scen

€S

SceneDreamer [TPAMI'23] InfiniCity [ICCV'23]
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Challenges

» Objects are similar in natural scenes = Synthetic nature images are realistic

P s I A
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CityDreamer Overview

NS 27 o Y e

= SN

(a) Google Earth Dataset: Real-world City Appearance

- - Rl NN T R
(b) OSM Dataset: Real-world City Layout (c) Unbounded City Layout Generation (d) CityDreamer Generated 3D Cities
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Comparison to SOTA Methods R o oobe

PersistentNature :

.

InfiniCity
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GaUSSia nCity O hzxie/GaussianCity

60x Faster 3D City Generation! ¥, hzxie/gaussian-city

Generative Gaussian Splatting for Unbounded 3D City Generation. CVPR 2025.
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https://github.com/hzxie/GaussianCity
https://huggingface.co/hzxie/gaussian-city

Challenges

NeRF is Time-inefficient

Output
Color + Density

o=

Volume
Rendering

5D Input
Position + Direction
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SceneDreamer (1.61 FPS)
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GaussianCity
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Rendering
Loss

||l gtll

BUT! 3D-GS is Storage-inefficient

#Points: 20M
Area: ~1.5 km?

25 ¢ 3D-GS
4 Gaussian City
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CityDreamer4D
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GaussianCity Framework
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Comparison to SOTA Methods g0 & e Sun

InfiniCity (Unknown) ‘ : SceneDreamer (1.61 FPS)
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Better Consistency o I
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DynamicCity
4D Occupancy Generation for Self-Driving () 3DTopia/DynamicCity

DynamicCity: Large-Scale 4D Occupancy Generation from Dynamic Scenes. ICLR 2025.
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https://github.com/3DTopia/DynamicCity
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= |[nefficient VAEs for 4D data (low compression, poor reconstruction)
= Suboptimal generation quality

» Limited control over the generation process

OccSora

Go Straight Turning Motionless

OccSora: 4D Occupancy Generation Models as World Simulators for Autonomous Driving. arXiv 2405.20337.
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DynamicCity Framework e
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Unconditional 4D Generation

Occ3D-Waymo

(5%

CarlaSC
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CityDreamer4D

The First True 4D Unbounded City! () hzie/Citybreamerap

CityDreamer4D: Compositional Generative Model of Unbounded 4D Cities. arXiv 2501.08983.
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https://github.com/hzxie/CityDreamer4D
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Challenges o L

DimensionX

WonderJourney : ' = CityDreamer4D

[1] Wonderjourney: Going from Anywhere to Everywhere. CVPR 2024.
[2] CityX: Controllable Procedural Content Generation for Unbounded 3D Cities. arXiv 2407.17572.
[3] DimensionX: DimensionX: Create Any 3D and 4D Scenes from a Single Image with Controllable Video Diffusion. arXiv 2411.04928.
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Video-based PCG-based

Multi-view Inconsistency Limited Diversity

Lack Global Scene Context No Available Annotated 4D Data

Image-based Neural 3D-based

World Model CityDreamer GaussianCity DynamicCity CityDreamer4D
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Comparison to SOTA Methods & Sl | LS
v : | SceneDreamer

PersistentNature R - CityDreamer4D
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Thank You

Haozhe Xie

Research Fellow at MMLab@NTU
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