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Task: 3D Scene Understanding
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Current Paradigm: 3D U-Nets
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Current Paradigm: 3D U-Nets
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Everyone Else: Transformers
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Computer Vision Natural Lang. Proc.

TranslationSpeech

Reinf. Learning

Slide is taken by “Transformer Tutorial” of Lucas Beyer

Transformer image is taken by "Attention Is All You Need" paper



Everyone Else: Transformers
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Slide is taken by “Transformer Tutorial” of Lucas Beyer

Transformer image is taken by "Attention Is All You Need" paper
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Downsides of 3D-Specific Architectures

• Inductive biases can be limiting

• Convolutions and hand-designed local attention layers are 

useful at small scale

• But they can limit the model’s ability to learn complex 

patterns or long-range dependencies

• Isolates 3D research

• Most research is on Transformers (Muon Optimizer, SSL 

techniques: MAE, DINO, MoE, QKNorm)

• Hardware/software are focused on the Transformer 

workloads (H100, GB200, FlashAttention4)
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Bridging the Gap: Volume Transformer (Volt)
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Patchified Input Point Cloud 
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Bridging the Gap: Volume Transformer (Volt)

June 3, 2026 Volume Transformer (Volt) 10

Patchified Input Point Cloud 

In
p
u
t 

P
a
tc

h
e
s

Transformer Encoder 

Linear Tokenizer



Bridging the Gap: Volume Transformer (Volt)
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Bridging the Gap: Volume Transformer (Volt)

June 3, 2026 Volume Transformer (Volt) 12

Patchified Input Point Cloud 

In
p
u
t 

P
a
tc

h
e
s

Transposed Convolution

Transformer Encoder 

Linear Tokenizer

Volt

P
a
tc

h
 

F
e
a

tu
re

s



Bridging the Gap: Volume Transformer (Volt)
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Isn’t Global Attention Expensive?
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Naive Training of Volt
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Naive Training of Volt

June 3, 2026 Volume Transformer (Volt) 16

28
29
30
31
32
33
34
35
36
37
38

Scannet200 (50%) Scannet200 (100%) Scannet200 +
ArkitScenes +

ScanNet++

m
Io

U
 (%

)
Scaling Behaviour of 3D Backbones

PTv3-B (124.8M)

PTv3-S (46.1M)

Naive Volt-S (23.7M)

MinkUNet (39.2M)

Hope!



Training Recipe

20

25

30

35

40

Volt PTv3

m
Io

U
 (

%
)

Baseline on ScanNet200

Baseline

June 3, 2026 Volume Transformer (Volt) 17

31.0

35.2

PTv3 config with Volt



Training Recipe
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Mix3D, Random crop, Rotate, shift and scale objects



Training Recipe
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Training Recipe
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36.2 (+2.1) 35.8 (+0.3)

Use segmentation predictions of a pre-trained MinkUNet as auxiliary targets



Training Recipe
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Not a typical distillation setup. MinkUNet “Teacher” is worse than 

student.



Training Recipe
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38.1 (+1.9)
36.7 (+0.9)

ScanNet200 → ScanNet200 + ArkitScenes + ScanNet++



Training Recipe
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Volt Scales Better with Data
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5x params



Volt Achieves New Best Scores
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Instance Segmentation (SPFormer)
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Volt as Backbone for Instance Segmentation
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Instance Segmentation Results
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SceneFUN3D Challenge
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Image taken from SceneFUN3D paper



SceneFUN3D Results
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ViT moment for 3D Scene Understanding

• New ViT-style backbone for 3D scenes

• Fast and memory efficient even with global attention

• Use the training recipe for training from scratch

• Better scaling with more data

• Better scaling with new hardware/software

• Enables transfer of research from the general scientific community

Volt Project Page
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