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What is Planet Fusion??

And why are we incorporating SAR?

Planet Fusion Surface Reflectance (PF-SR) is a daily, 3m, gap-free, ARD product in four spectral bands, RGB-NIR.

Uses rigorous methodology to enhance, harmonize, Analysis Ready

inter-calibrate, and fuse optical data from: Planetscope( - 2 planetscop mene FSI
e PlanetScope g N

e Landsat-8/9

e Sentinel-2

e MODIS

o VIIRS

An integral part of Planet Fusion is gap-filling:

e Uses FORCE (Landsat-8/9 and Sentinel-2) SR.
e | everages spatial and temporal information of surrounding clear pixels.

We are incorporating Sentinel-1 SAR data into the Planet Fusion gap-filling process

in order to better capture change during extended periods of cloud cover.
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DISCLAIMER

ral o SAR and optical are two VERY
i, different data sources.

. BUT, there are patternsthat we can
| ‘\"‘_q- exploit by utilizing
o | multi-modal data layers with
machine learning.
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Summary Flowchart

Harmonized* PlanetScope (30 m)
<@ e \

* A Cubesat enabled Spatio-Temporal Enhancement
Method (CESTEM) utilizing Planet, Landsat and MODIS data
Houborg & McCabe (2018)

Sentinel-1 Surface Reflectance (30 m)

- 3 - y e

Harmonize

CatBoost Regressor via CESTEM*

-> >
Planetary Variables (1 km) Planet
' Fusion

-]

Passive microwave derived
(SMAP/AMSR?)

SAR
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Planet Fusion
|

P Planet Fusion with S1-SR
(PS/FORCE blackout)

Planet Fusion
(PS/FORCE blackout)
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CatBoost to Predict S1-SR : CatBoost

e ML algorithm that uses gradient boosting on decision trees

e Multi-RMSE objective evaluates the model’s performance based on the root mean
sqguared error across all output targets (one model trained for all 4 bands)

e Near-coincident (1 day) stacks of harmonized PlanetScope (HLSREF), Sentinel-1, PV data
e Use random search over several model parameters, 3-fold CV with selected parameters

e Reserved test set to confirm model performance
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Feature Data for CatBoost

Sentinel-1 Planetary Variables

e \V (dB) LST AM (LST-AMSR2_V1.0_1000)
e VH (dB) LST PM (LST-AMSR2_V1.0_1000)
e \VV-VH (dB) VOD (VOD-SMAP-L_V4.0_1000)

SWC (SWC-SMAP-L_V5.0_1000)

Train/Test:

e Compute statistics per segment for each
source of feature data.

Predict:;
Land Surface Temperature (AM)_ 5q, o9
e Compute statistics per segment for each -
source of feature data EXCEPT mean. g

o Leave mean as 30 m pixel values.

288.25
288.00
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Land Surface Temperature (PM)

Segment Statistics
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I Input Data Time Series

Ground Truth Data
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Input Data Time Series - Processed

Ground Truth Data
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I Areas of Interest

. Sentinel-1 Training Training # Unique Sentinel-1 CatBoost 4-band
el H e FUEE Coverage Start End Training Dates ELEEEL: PECE Test MAPE
Nebraska
14N/28E-189N A A 15 2020 t

A1 A1 ugust 15, ® o
ascending 2018-01-01 @ 2024-01-01 56 December 15, 2020 6.93 %
Nebraska
ARSI 1A April 15,2022 t
_01- _O1- pril 15, 0 )
ascending 2018-01-01 | 2024-01-01 59 August 15 2022 7.48 %
Brazil
22S/18E-335N A 5 er 1. 2018
A1 A1 ecember, o
descending 2018-01-01 @ 2024-01-01 151 to April 1, 2019 11.53 %
Spain/France
30N/26E-201N 1A/1B*/1C _
ascending  2020-01-01  2025-05-15 352 April 15, 2024 to 12.27 %

descending

July 15, 2024
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I Nebraska: 14N/28E-189N

CESTEM Harmonization of S1-SR

Original S1-SR Harmonized S1-SR FORCE
2021-04-29 2021-04-29 2021-04-29
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I CESTEM Harmonization of SI-SR-T

Harmonized S1-SR
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== S1-SR data increases observation percentage by 7.6%
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CESTEM Harmonization of S1-SR

Original S1-SR Harmonized S1-SR FORCE
2022-07-14 2022-07-14 - 2022-07-14
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I CESTEM Harmonization of SI-SR-T

S1-SR

Green Band

Blue Band

Harmonized S1-SR
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== S1-SR data increases observation percentage by 10.4%
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+
Planet Fusion Gap-filling Using S1-SR

Removing PlanetScope/FORCE data to simulate extended periods of cloud

—— Planet Fusion —— Planet Fusion with S1-SR (PS/FORCE blackout)
—— Planet Fusion (PS/FORCE blackout) + 0% gap-filled
_ 1.0

S 0o ; No optical HLSREF data was used
208 for training/testing S1-SR ML model
S 0.7 <
06 No optical PS/FORCE data used in
Py Planet Fusion (PS/FORCE blackout)
So3 versions

0.2

0.1

0.0

;0 Y( r‘s ‘ (\ > . . ."(— ‘-\ 1(.; ' \0 “\ “s ' (‘ > ' I “"v l% ’(J - ‘O r'& r( ' (\ 3 ' . .‘(- r-\ ‘(.4
XGRS G Y PR S S & ¥ WY PRSP S W W% Y P RE S F
v

v v

e Planet Fusion

o Run Planet Fusion with all available optical data
e Planet Fusion (PS/FORCE blackout)

o Run Planet Fusion, excluding PlanetScope/FORCE data
e Planet Fusion with S1-SR (PS/FORCE blackout)

o Run Planet Fusion using S1-SR, excluding PlanetScope/FORCE data

*Goal: Show that we can capture critical phenological transitions in a timely manner with Planet
Fusion gap-filling using S1-SR data during extended periods of simulated cloud cover (blackout).
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I Planet Fusion gap-filling using S1-SR
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I Planet Fusion gap-filling using S1-SR
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I Planet Fusion gap-filling using S1-SR
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Planet Fusion gap-filling using S1-SR , -

Planet Fusion Planet Fusion Planet Fusion with S1-SR
(PS/FORCE blackout) (PS/FORCE blackout)
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Summary

e SAR and optical are two very different data sources, but
there are patterns we can exploit using multi-modal
data layers and ML.

e CatBoost multi-output S1-SR regressor achieves an
average 4-band test MAPE of 6.93% (Sentinel-1A ascend
or descend) to 12.27% (Sentinel-1A/-1B/-1C ascend and

descend).

e Sentinel-1surface reflectance (S1-SR) can help improve
Planet Fusion gap-filling during extended periods of
cloud.

e CESTEM algorithm is key, as it radiometrically
harmonizes the predicted S1-SR, allowing it to fuse Y | o T o RCEP
seamlessly into the gap-filling process. SRR Copernicus Sentinel-1VV, VH

-
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Fusion Backfill Beta Program

Call for Participants

Begins fall 2025 and runs through spring 2026
Test Planet Fusion over selected regions
Provide feedback via survey

Message karla.king@planet.com
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Thank You

n

Julie Nut

Senior Scientist

@planet.com
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Principal Software Engineer

rasmus.houborg@planet.com
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