A generalizable and accessible approach to
machine learning with global satellite imagery
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Combining satellite imagery and machine learning (SIML) has
the potential help monitor our world across multiple domains:

Wildlife Deforestation

Duporge et al 2020 de Bem et al 2020

Photos: https://blog.maxar.com/earth-intelligence/2021/deep-learning-detects-elephants-
iIn-maxar-satellite-imagery-on-par-with-human-accuracy

https://www.mdpi.com/2072-4292/12/6/901
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Currently, transforming satellite imagery into relevant statistics is:
e costly (computation and expertise) t('\\

e.g. ResNet-18

e domain-specific p



Currently, transforming satellite imagery into relevant statistics is:
* costly (computation and expertise)

e domain-specific

However, in SIML problems, the same images summarize multiple outcomes:

tree cover : 10%

__—" population : 264 people

\ avg. income : $67,000

road length : 2.7km




MOSAIKS:

Multi-task Observation with SAtellite Imagery and random Kitchen Sinks
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MOSAIKS:

Multi-task Observation with SAtellite Imagery and random Kitchen Sinks

forest
[ X, _ ] X,B predicted actual

AT (1) merge  (2) solve linear (3) linear predictions in new
labels regression locations
Accessibility The prediction step should be simple to use

and computationally efficient for users.
Generalizability

Simplicity



MOSAIKS:

Multi-task Observation with SAtellite Imagery and random Kitchen Sinks
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Accessibility
Generalizability The same system should be useful for many

prediction tasks using a common source of
Simplicity satellite imagery



MOSAIKS:

Multi-task Observation with SAtellite Imagery and random Kitchen Sinks
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Accessibility

Generalizability The algorithms behind the prediction system

Simplicity should be as simple as possible.



MOSAIKS compared to fine-tuned ResNet-18 (within US)

B MOSAIKS B ResNet-18

Training times:

MOSAIKS: 2 minutes Fully trained ResNet-18: 7.9 hours
(Laptop) (AWS EC2 p3.xlarge, Tesla V100 GPU)



Fast retraining of MOSAIKS —. simplifies context-aware
sensitivity analyses.

Example: as degree of spatial extrapolation (&) increases, how does
performance degrades differently across task domains”?
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Fast retraining of MOSAIKS —. simplifies context-aware

sensitivity analyses.

Example: as degree of spatial extrapolation (&) increases, how does
performance degrades differently across task domains”?

Method: change

conditions, retrain
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Now available! A public APl where users can query
for features and run their own scientific analyses:

C @&| siml.berkeley.edu

MULTI-TASK
OBSERVATION L AR T G i
USING S iy R
SATELLITE Gl e R T e
IMAGERY & Foo, T EEELE .

ENTER USERNAME

ENTER PASSWORD

NIECHEN B 7 O%e T AR

} . s Ry - f : 1 2 LN s . Forgot your password?

Don't have an account yet?

Please sign in or register to e . S S Pl G4 2 X A% R e :

access features e AT B, . o T S Syl a . Sy REGISTER
Rolf et al. “A generalizable and accessible : ' e :

approach to machine learning with global

satellite imagery.” Nature Communications
(2021) download

Need help? See our resource guide here

siml .berkeley.edu

Our team: Tamma Carleton, Trinetta Chong, Hannah Druckenmiller, Eugenio Noda, Jonathan
Proctor, Esther Rolf and Solomon Hsiang


http://siml.berkeley.edu

Now available! A pu
for features and run t
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MosAlks CEDY

Map QQuery File Query My Files Resources

=1 Identify coordinates

california_population.csv

Lon Lat Population

Type NUMERIC NUMERIC NUMERIC

1 -117.095 32.595 9.25743103!
2 -116.995 32.595 86.1885910!
3 -116.695 32.595 0.17026083:
4 -116.595 32.595 0.39001014¢
5 -116.495 32.595 3.39810228
6 -114.795 32.595 0.41147568¢
7 -114.695 32.595 0.65670961
8 -114.595 32.595 79.9315490
9 -117.195 32.695 63.858860C
10 -117.095 32.695 4852.96533

N. Records: 3116

nlic AP

Nelir ow

Contact Us

Select Coordinates Columns

Latitude lat v Selection is valid
Longitude lon v Selection is valid
Submit

When you are satisfied with the selection, you can submit your
query.

where users can query

Please specify the columns for Latitude and Longitude.

N scientific analyses:

M Y % O (E I:Update

SIGN OUT

Create Feature File

siml .berkeley.edu



http://siml.berkeley.edu

Now available! A public APl where users can query

for features and run their own scientific analyses:

MOSAIKS &k Precomputed Files Map Query File Qugry My Files SIGN OUT

7  california_treecover.zip File 2022-07- Completed 2022- 242.3MiB
19 07-19
15:49:19 15:51:12

8 california_population_2.zip File  2022-07- Completed 2022-  104.3MiB
18 07-18
18:45:16 18:46:06

9 20220718.184341.zip Map  2022-07- Completed 2022-  336.6MiB
18 07-18
18:43:41 18:46:47

10 california_population.zip File 2022-07- Completed 2022- 104.3MiB
18 07-18
01:50:06 01:50:58

siml .berkeley.edu
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