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Frontier Trends and Top Ten Advances in 3D Vision in 2025

Yebin Liu', Yao Mu’, Qi Ye’, Lin Gao*, Xiaoguang Han’, Anpei Chen°’, Yueqi Duan', Sida
Peng’, Tianjia Shao’, Hongwen Zhang’, Li Zhang®, Yiyi Liao’, Lan Xu’, Xihui Liu'’, Yao

Yao'', Ruizhen Hu"*, Li Yi', Yuan Guo", Zhouhui Lian", Ziwei Liu", Baoquan Chen"

Abstract: As an interdisciplinary field spanning computer vision, graphics, artificial intelligence, and optical imaging,
3D vision serves as the core cornerstone for constructing Embodied General Intelligence (EGI) and the Metaverse. As the
"Scaling Law" paradigm, upon which Al development relies, faces significantly diminishing marginal returns and encoun-
ters bottlenecks, the focus of both academia and industry is pivoting ever more clearly toward foundational subjects closely
related to 3D vision, such as "World Models, " "Spatial Intelligence, " and "Embodied Intelligence, " granting 3D vision
unprecedented strategic attention and developmental opportunities. In 2025, the primary frontier trends in the field of 3D
vision can be summarized as follows: 1) Feed-forward 3D reconstruction that supports spatiotemporal multi-image inputs:
with breakthroughs in feed-forward 3D reconstruction technologies such as VGGT, obtaining scene structure and motion

information through spatiotemporal multi-image feed-forward methods has become increasingly simple, bringing two pro-
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found impacts: firstly, it provides a solid foundation for 3D scene understanding for spatial intelligence, allowing many tra-
ditional 2D vision problems to be solved more fundamentally in 3D space; secondly, combined with efficient rendering
technologies such as 3D Gaussian Splatting (3DGS), the threshold for high-quality 3D content production has been signifi-
cantly lowered, paving the way for large-scale applications such as digital twins and the Metaverse. 2) The gradual fusion
of 3D generation and 3D reconstruction: 3D AIGC technologies such as SAM3D support compositional and instance-level
object generation under single-image input, with generation quality gradually reaching industrial-grade scanning standards,
while simultaneously integrating with feed-forward reconstruction methods to gradually achieve the generation of authentic
3D structures and textures consistent with the input images ; this will support feed-forward multi-instance reconstruction of
dynamic complex scenes, significantly improving real-time, multimodal perception and understanding capabilities in com-
plex scenarios. 3) The integration from video generation and world models to embodied intelligence : video generation tech-
nology is rapidly incorporating explicit or implicit 3D representations and evolving toward multi-view consistency, long
sequences, and physical plausibility, directly driving the development of integrated "Perception-Generation-Interaction"
world model technologies. These types of world models, combined with feed-forward 3D reconstruction technology, will
form a complete "Multimodal Perception—3D Modeling—4D Generation—Real-time Interaction" 4D world model. At the
same time, world model methods have begun to serve embodied intelligence, and a unified framework of "understanding-
generation-execution" has begun to emerge. World models are widely regarded by the academic community as the key path
to achieving generalizable embodied intelligence and ultimately leading to AGI. 4) Human behavior and video data becom-
ing the core fuel driving breakthroughs: human operational spaces and interaction videos constitute a "data goldmine" for
training embodied intelligence. The vast amount of human behavior videos on the internet, as well as first-person perspec-
tive data collected through simple devices, contain physical common sense, causal reasoning, and interaction preferences
that serve as the natural fuel to break through the current data bottlenecks of embodied intelligence. By performing explicit
3D perceptual reconstruction or latent-space action alignment and learning on these data, a "data pyramid" base can be
constructed to drive the scaling of embodied intelligence. 5) The evolution of the embodied training paradigm from imita-
tion learning to interaction-driven reinforcement learning: the technical evolution of embodied intelligence VLA models is
leaping from a supervised fine-tuning paradigm relying on expert demonstrations to a composite training architecture inte-
grating online reinforcement learning. This shift effectively breaks the dependence on scarce high-quality data, enabling
policies driven by sparse rewards to obtain generalization and exploration capabilities surpassing those of imitation learn-
ing, solving the challenges of exploration and stable updates in continuous action spaces. Simultaneously, the development
of high-performance training systems and action-conditioned world models provides the infrastructure support for large-scale
interaction data generation and efficient policy evolution, marking a new "post-training" stage for embodied intelligence
centered on "interaction-driven" approaches. The selected top ten research advancements of the year in the field of 3D
vision include: 1) Feed-forward 3D reconstruction constructing the foundation models for 3D vision (spatial intelligence) ;
2) The convergence of reconstruction and generation technical routes (video generation/3D generation) , moving from
mutual assistance to preliminary integration; 3) 3DGS/4DGS continuously improving representation efficiency, sparking a
surge in scene modeling and volumetric video applications; 4) 3D generation: a leap from single-object visual realism to
structuralized components/scenes and physical interactivity; 5) From video generation to world models: oriented toward
spatiotemporal consistency, physical plausibility, and interactivity; 6) Unified multimodal large models for understanding
and generation serving spatial intelligent perception; 7) Frontier shifts in digital humans: from appearance modeling to
multimodal interaction; 8) Human data becoming the essential fuel to break through the Scaling Law of embodied intelli-
gence; 9) Embodied intelligence foundation models evolving toward unified models of integrated "understanding-
imagination-execution"; 10) The "post-training" moment of embodied intelligence : the paradigm shift of VLA models from
imitation learning to online RL. Collectively, these breakthroughs have established the prototype of an integrated intelli-
gent architecture characterized by “Multimodal perception - 3D modeling - 4D Generation - Real-time interaction”, provid-
ing critical technical support for the substantive advancement of spatial and embodied intelligence. To promote academic
discourse, this paper extensively analyzes frontier trends in 3D vision and curates the top ten annual research advances,

offering valuable reference perspectives for both academia and industry.
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Fig. 1 Framework of major advances in 3D vision in 2025
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Fig. 2 Representative works of feed-forward 3D reconstruction in 2025
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51 RGB 5 i = BMR USRI 5t dh 8 S n Rk
Lyra (Bahmani 5§, 2025) W 3 — A 75 Q043 A= pli s 7l
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.
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Caussian-Enhanced Surfel

(=

P4 s 3D AT EAEROR 2025 ARAUERNE T AR

Fig. 4 Representative works on static 3D Gaussian reconstruction in 2025
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SEXF 12 Sl I AT I D0 ALK M s I B 4 )
—HW s AREE SR H AU SCEE T 2D 3D
BRSNS S E H; SplineGS (Park 45, 2025) )
FHRIH 032 3l F 18 AR AT sh A8 sh s, 3L
Mo N 2 i B H U S S . H, XA
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B e H AR I RRGY T A M R
Y st A 2% A8 A B0 3R sl (0 Bz P X, o
PR R AT Al P A (2 WA SCHS 1 Ik
J&) . Hf, BTimer (Liang 2%, 2024 )% F - 5iLAs} [A]

AR, BA A LT SO {E B 0 H AR 25
SERE G, AT 150 R0 RIa] DA BA. WA 5E i 3h 745
Y5t 3D S B A MoVieS (Lin %5, 2025a) i /]
QR ZXT S5 T AR T i 37 0 i X B e AR iz gy, A
H—MEBR NG — T AN L i sh g, —Fb
W 5E AL 4D 8 Y A B S RE S s Al T RE B P
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Loca

(a) FreeTimeGS, CVPR 2025 (b) BTimer, NeurlPS 2025

e L B L L R PR R LY ]
— Scene Representatlon

Canonical . Motion
i Im . 3D Gaussians SE(3) Motion Bases (v, fficient

(c) 4DGT, NeurlPS 2025 (d) Shape-of-Motion, ICCV 2025

K5 s 3D T AR EOR 2025 AFEAUERNE T AR

Fig. 5 Representative works on dynamic 3D Gaussian reconstruction in 2025
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(c) X-Part (d) SAM3D
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e e —
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it . Wit & et Lt
Pty

(e) CAD-MLLM (f) BrickGPT

Bl 6 =4k 2025 AR TAE

Fig. 6 Representative works on 3D generation in 2025
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Fig. 14 Evolution of VLA and world-model integration for embodied intelligence
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