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Motivation

We perceive the world through modalities:

of the same physical reality

Combined, they allow us to
better understand our world

Enables cross-modal learning

Each provides a distinct view

as a form of (self) supervision

*grounded” models

Goal: Training an any-to-any vision foundation

model

e Scaled in terms of number and format of
modalities and tasks, model & dataset size
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Helps with developing more
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Overview of modalities

Text modalities

Caption

T5-XXL
embeddings

Web text

Getting ready for
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International
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Capital Region,
s0008000 Northeastern ...
Metadata modalities
Semantic Geometric Image
metadata, metadata metadata
# Humans: 7 Geometric Orig. res.: 512x512

# Instances: 12

Objectness: 40%

Walkability: 40%

Clutter score: 75%

25%

complexity: 55%
Occlusion score:

Colorfulness: 35%
Contrast: 45%
Brightness: 60%
Saturation: 40%
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... and many more!

Model

4M multimodal masked pre-training

Randomly sample a fixed
number of target tokens
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Randomly sample a fixed
number of input tokens

1. Pseudo labeling
2. Modality-specific tokenization

3. Masked pre-training

Tokenization

Spatial discrete VAE: Segmentation, CLIP, DINOv&, ImageBind, SAM inst.

Spatial discrete VAE with diffusion decoder: RGB, normal, depth, edges

Caption

<person> showing
mountains as well
as a family

Bounding
boxes
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walkability: 0.06
9. complexity: 0.03
clutter score: 44

| |entrance of the seq|

the view from the
top of <person>
lookout

the view from the
pier at the

the view from the
top of the hill

the view from the
top of the
mountain

the view from the
top of the lake
wanaka lookout

the road to the
mountains

the streets of
lisbon, portugal

the view from the
top of the
mountain

the art of the
last of us part 2

the blue lagoon

the turquoise
lakes of the
canadian rockies

the view from the
summit of
mount rundle

the hotel at
loch lomond

the three hills of

the ancient city
of te anau,
new zealand

Fine-grained multimodal conditioning control

Human pose
input:

i

Caption input:
two football
players warming
up on the pitch

Caption input:
a minimalist
sketch of two stick

Caption input:
a picture of two
astronauts
lush jungle
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Caption input:
a painting of two
greek philosophers

walking on an old

Caption input:
a sketch of business
people walking in the

Caption input:
an oil painting of
two shepherds on
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office building meadow
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Probing with grounded generation

Polygon input

Caption
input

a bowl! of
soup on a
wooden
table

e Fine-grained & controllable multimodal generation & retrieval
e Strong out-of-the-box (zero-shot) performance

RGB generation

SAM edges
input

Caption
input

a winter
ride with
family

riding a
blue car at
sunset

a historical
photo of a
classic car

Caption input:

a painting of two
clowns walking on
the street with
skyscrapers

Caption input:

a colorful painting
of bride and
groom walking
down the aisle

RGB generation

Improved text understanding capabilities

Caption input: a metallic blue sphere to the left of a yellow box made of felt
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walkability: 0.08
9. complexity: 0.04
clutter score: 69

walkability: 0.16
g. complexity: 0.15
clutter score: 45

walkability: 0.18
g. complexity: 0.17
clutter score: 74

walkability: 0.00
9. complexity: 0.17,
clutter score: 32

walkability: 0.14
g. complexity: 0.04
clutter score: 55

walkability: 0.26
9. complexity: 0.11
clutter score: 74

walkability: 0.18
g. complexity: 0.04
clutter score: 65

walkability: 0.12
g. complexity: 0.43
clutter score: 71

walkability: 0.32
g. complexity: 0.01
clutter score: 75

walkability: 0.48
g. complexity: 0.01
clutter score: 56

walkability: 0.10
g. complexity: 0.06
clutter score: 75

walkability: 0.06
g. complexity: 0.11
clutter score: 69

walkability: 0.16
g. complexity: 0.18
clutter score: 69

walkability: 0.04
g. complexity: 0.11
clutter score: 36
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MLP discrete VAE: Human poses, DINOvR & ImageBind global tokens
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Mask tokens (for images) &

left-shifted tokens (for sequences)

+
» Reconstruction loss <

Sequence tokenizer: Text, bounding boxes, metadata, color palette

In bamboo thickets,
A red panda's gentle

In bamboo thickets,
A red panda's gentle
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e Unifies representation space for scalable training
e Different modalities require different strategies
Out-of-the-box capabilities

Pseudo Label Predictions Pseudo Label Predictions Pseudo Label
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Multimodal generation & retrieval capabilities

Any-to-any retrieval

Caption input: a blue semi-truck and its trailer jumping over a row of motorcycles
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4M-7 (from caption)

Caption input: a black background with a large yellow circle and a small red square

4M-7 (from caption)

Steerable multimodal data generation from metadata

Metadata
input:

Caption
input:

a picture of
a Swiss
mountain
scene

I # SAM Occlusion Original
Walkability # humans sy i Sl Contrast
10% ~10% 64x64 15%
25% 256x256 60%

4M-21 (from caption)

4M-21 (from caption)
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4M-21 (from T5-XXL emb.) 4M-7 (from caption) 4M-21 (from caption) 4M-21 (from T5-XXL emb.)

Caption input: a green pepper to the left of a red pepper
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4M-7 (from caption)

4M-21 (from caption) 4M-21 (from T5-XXL emb.)

4M-21 (from T5-XXL emb.)

2048x2048

85% 90%

a bird’s

of sunset shores
beach hotel

eye view

Any-to-RGB retrieval

Top-3
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Retrievals

Top-3 Retrievals

Multimodal retrieval
Query
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Top-3 Retrievals

ski season is coming

details of the

neuschwanstein

castle

a fancy mansion

brightness: 30/255

a fancy mansion

brightness: 200/255

a fancy mansion

brightness: 200/255
walkability: 75%

e Transfer well to downstream tasks (unimodal, multimodal
e Maintains the performance of 4M-7 while solving 3x more tasks
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