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10Joëlle Hanna - Artificial Intelligence & Machine Learning

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

Foundation 

Model

From Foundation to Lightweight Specialization

7
0
0
M

 P
a
ra

m
e
te

r
s



From Foundation to Lightweight Specialization

11Joëlle Hanna - Artificial Intelligence & Machine Learning

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

Mixture-of-Modality 

Experts model

7
0
0
M

 P
a
ra

m
e
te

r
s



From Foundation to Lightweight Specialization

12Joëlle Hanna - Artificial Intelligence & Machine Learning

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

Mixture-of-Modality 

Experts model

7
0
0
M

 P
a
ra

m
e
te

r
s

Fine-tuning
Specialized Model 𝟏

SAR

1
0

0
M

 P
a
ra

m
e
te

rs



From Foundation to Lightweight Specialization

13Joëlle Hanna - Artificial Intelligence & Machine Learning

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

Mixture-of-Modality 

Experts model

7
0
0
M

 P
a
ra

m
e
te

r
s

Fine-tuning

2
0

0
M

 P
a
ra

m
e
te

rs

Specialized Model 𝟐

Fine-tuning
Specialized Model 𝟏

SAR

RGB

SWIR

1
0

0
M

 P
a
ra

m
e
te

rs



From Foundation to Lightweight Specialization

14Joëlle Hanna - Artificial Intelligence & Machine Learning

Fine-tuning

2
0

0
M

 P
a
ra

m
e
te

rs

Specialized Model 𝟐

Fine-tuning
Specialized Model 𝟏

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

SAR

RGB

SWIR

Mixture-of-Modality 

Experts model

1
0

0
M

 P
a
ra

m
e
te

rs

7
0
0
M

 P
a
ra

m
e
te

r
s



MAPEX

From Foundation to Lightweight Specialization

15Joëlle Hanna - Artificial Intelligence & Machine Learning

Fine-tuning

2
0

0
M

 P
a
ra

m
e
te

rs

Specialized Model 𝟐

Fine-tuning

Pretraining

RGB SAR Red Edge

SWIR ELE NIR

SAR

RGB

SWIR

Mixture-of-Modality 

Experts model

1
0

0
M

 P
a
ra

m
e
te

rs

7
0
0
M

 P
a
ra

m
e
te

r
s

Specialized Model 𝟏



MAPEX - Architecture

16Joëlle Hanna - Artificial Intelligence & Machine Learning

Masked multi-modal 
data



MAPEX - Architecture

17Joëlle Hanna - Artificial Intelligence & Machine Learning

Masked multi-modal 
data



MAPEX - Architecture

18Joëlle Hanna - Artificial Intelligence & Machine Learning

Masked multi-modal 
data

Positional Embedding 



MAPEX - Architecture

19Joëlle Hanna - Artificial Intelligence & Machine Learning

Modality Embedding 

Masked multi-modal 
data



MAPEX - Architecture

20Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

𝐿𝑒 ×

Masked multi-modal 
data

Modality Embedding 



MAPEX - Mixture of Modality Experts

21Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Masked multi-modal 
data

FF
N

R
e
L
U

 

FF
N

Expert

Modality Embedding 

𝐿𝑒 ×



MAPEX - Mixture of Modality Experts

22Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Masked multi-modal 
data

FF
N

R
e
L
U

 

FF
N

Expert

Modality Embedding 

𝐿𝑒 ×



MAPEX - Modality-based Routing

23Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



24Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Modality Embedding 

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

MAPEX - Modality-based Routing



MAPEX - Modality-based Routing

25Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Modality Embedding 

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



MAPEX - Modality-based Routing

26Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Modality Embedding 

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



MAPEX - Modality-based Routing

27Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

Modality Embedding 

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



MAPEX - Modality-based Routing

28Joëlle Hanna - Artificial Intelligence & Machine Learning

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

Modality Embedding 

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



MAPEX - Mixture of Modality Experts

29Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Masked multi-modal 
data

FF
N

R
e
L
U

 

FF
N

Expert

Modality Embedding 

𝐿𝑒 ×



MAPEX - Mixture of Modality Experts

30Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

Masked multi-modal 
data

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

. FF
N

R
e
L
U

 

FF
N

Expert

Modality Embedding 

𝐿𝑒 ×



MAPEX - Architecture

31Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

Masked multi-modal 
data

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

. FF
N

R
e
L
U

 

FF
N

Expert

Decoder

S
e
lf-A

tte
n
tio

n

F
FN

𝐿𝑑 ×

Reconstruction

Modality Embedding 

𝐿𝑒 ×



MAPEX - Modality Dropout

32Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

Masked multi-modal 
data

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

. FF
N

R
e
L
U

 

FF
N

Expert

Decoder

S
e
lf-A

tte
n
tio

n

F
FN

Modality Embedding 

Reconstruction

𝐿𝑑 ×𝐿𝑒 ×



MAPEX - Modality Aware Pruning

33Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

𝐿𝑒 ×

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

𝐿𝑒 ×

R
o
u
te

r

Expert

Expert

Expert

Expert

Expert

Expert 

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.



MAPEX - Modality Aware Pruning

34Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r

Expert

Expert

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r Expert

Expert

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

𝐿𝑒 × 𝐿𝑒 ×



MAPEX - Modality Aware Pruning

35Joëlle Hanna - Artificial Intelligence & Machine Learning

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r

Expert

Expert

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

Encoder

P
atch

 E
m

b
e
d

S
e
lf-A

tte
n
tio

n

M
ix

tu
re

-o
f-M

o
d
ality 

E
x
p
e
rts

R
o
u
te

r Expert

Expert

A
d
d
 +

 N
o
rm

.

A
d
d
 +

 N
o
rm

.

T
ask

 h
e
ad

Flood Detection
T
ask

 h
e
ad

Willdfire Detection
𝐿𝑒 × 𝐿𝑒 ×



Results – Land cover classification

36Joëlle Hanna - Artificial Intelligence & Machine Learning

7
0
0

M
P
a
ra
m
e
te
rs

Pretraining

Pruned

Land cover classification



Results – Land cover classification

37Joëlle Hanna - Artificial Intelligence & Machine Learning

7
0
0

M
P
a
ra
m
e
te
rs

Pretraining

Pruned

Land cover classification



Results – Land cover classification

38Joëlle Hanna - Artificial Intelligence & Machine Learning

Land cover classification

The proposed pretraining approach consistently improves performance - by 5% to 13% depending on the modality - across all specialized models.
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Land cover classification

For some modalities, Scale-MAE performs better than our method, but it is 2.5 times larger. Our smaller models achieve performance close to that 

of much bigger models.
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Land cover classification

For other modalities that are different from those seen by Scale-MAE or SatMAE during pretraining, our method consistently outperforms them. 

This highlights the problem of modality mismatch. With our approach, we can include new modalities during pretraining and still end up with smaller 

models that perform well on downstream tasks.
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Takeaways 
From Foundation to Lightweight Specialization

MAPEX:

• combines the best of both worlds:

– Multi-modal pretraining 

– Task-specific specialization

• leads to smaller and (out-)performant models

• enables flexible use of different input modalities
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Thank you!
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