I\
RHER

ENGINEERING THE WORLD WITH YOU

ONBOARD ARTIFICIAL INTELLIGENCE (Al) TECHNOLOGIES
FOR EARTH OBSERVATION

Dr Emma Jones
Business Unit Director

April 2021

E.Jones @ RHEAgroup.com

© 2021 RHEA Group



CONTENT I\
RHERA

G R

ONBOARD ARTIFICIAL INTELLIGENCE (Al) TECHNOLOGIES FOR EARTH OBSERVATION

1. Artificial Intelligence and Machine Learning
2. Applications
3. Technologies

4. Conclusions

© 2021 RHEA Group



ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING ?/H'I:\FI\

G R O U P

All implementations of Al to date have utilised ML algorithms

K Means Clustering Unsupervised Categorising unlabelled data

Artificial Neural Networks Reinforcement Deep Learning

Support Vector Machine Supervised Filtering data into categories

Linear Regression Supervised Understanding data relationships

Logistic Regression Supervised Estimating statistical outcomes

Naive Bayes Classifier Supervised Feature led predictive classification
Decision Trees Supervised Outcomes classification

Random Forests Supervised Regressive based classification

Nearest Neighbours Supervised Data grouping
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ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Al Development Sequence

Step 1
Identify

Step 2 Step 3 Step 4 Step 5

Prepare the Select the Train the Operate the

deli data Algorithm model model

sources
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Step 6

Monitor &
Refine
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Deep Learning —image processing
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Deep Learning — signal processing
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There are four places for Al applications in the standard space supply chain:
1. Upstream Satellites Al Onboard
2. Downstream Satellite control centres o= il Al suite
3. Downstream Mission control centres o= il Al suite
4. Downstream platform applications o=vfll Al suite
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Al Development Sequence for Onboard operation

On-Board
Operation

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6 Step 7

Identify Prepare the Select the Train the Instantiate Operate the Monitor &
data sources data Algorithm model the model model Refine
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There are many use cases for Onboard Al application:

1. Compression (object detection, object rejection) ... objects, clouds, ...
2. Enhancement (scaling, denoising, stitching,...) ... super-resolution, noise reduction, ...

3. Prediction (scheduling, location, range, monitoring) ... safety on board, anomaly detection, ...

ONBOARD ARTIFICIAL INTELLIGENCE (Al) TECHNOLOGIES FOR EARTH OBSERVATION 9
© 2021 RHEA Group



APPLICATIONS N

RHER
Al Onboard - Cloud-free mosaicking — onboard downlink compression
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Al Onboard — Object detection — onboard downlink compression
P !-Y—'. & X ,\;, ]
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RHEA GENI Deep Learning for ESA RACE Programme — ORCS — RHEA Al team



APPLICATIONS I\

Al Onboard — Enhancement - Colour Imagery from SAR
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APPLICATIONS

Al Onboard — Enhancement - colour imagery super resolution
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Al Onboard — Prediction - Anomaly detection

Tolerance band
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Delta between measured and predicted values.
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TECHNOLOGIES

Al-at-the-Edge, Al-at-the-Endpoint: CPUs, GPUs, FPGAs

FPGA vs GPU with Resnet18
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Al at the Edge, Al at the Endpoint: CPUs, GPUs, FPGAs

o Chip Plirwnir « Cualasn/ Y0 Bap 1\ prest AL et « it
P Bt W Took Wk Help

At A x| Codnate g Mokt 00 - WA ®|  Colr Lagerdd

b (T
® Fmpe Db il o L]
i [ PR S
i [T PR T TRy T—

a i L e

Ny v e e

T i [ty P i

L LT T eerrp—"—

) Wy | Mg U

¥ o Ok Eeparw v
:

o il o
L i B
iy

a6

Fiter B ed i

= EF@ Eln F 2
e -

ONBOARD ARTIFICIAL INTELLIGENCE (Al) TECHNOLOGIES FOR EARTH OBSERVATION

Built with Intel Quartus © 2021 RHEA Group

Pl e latin

[
L

32-bit Al

Soft Processor

with Al accelerators
on FPGA

I 1

i
i

16



TECHNOLOGIES N
RHEHA

G R O U P

Analyst Workbench

Fle Edit View Run Kemmel Tabs Settings Help

—
po
= =+ & Launcher X% tme.sares forecasingmymt < [ .,
B + X O 0O » = C » Code ~ Python 3 O
FRer fies by name (=% =
Forecast
© -/ / X /
= - Last Moddied 15]0 ron_t ~ model_t series[..., np.newaxis], window_size)
= S S SN S— = - ran_forecast = ran_forecast[split_time - window_size:-1, -1, 0]
3 temperature_building_day.csv 13 minutes 3go
» Visualize results
17]: # print forecasts and validotion data
plt.figure(figsize=(10, 6))
plot_series(time_valid, x_valid)
plot_series(time_valid, rnn_forecast)
»
2
s
0
B
o
500 550 €00 €0 0
Time
Evaluation metrics
(18]: print('Mesn Absolute Error :°, tf.keras.metrics.sean_sbsolute error(x_valid, ran_forecast).nuspy())
print('Mean Squared Error :°, tf.keras.metrics.mean_squared_error(x_valid, rnn_forecast).nuspy())
Mean Absolute Error : 1.0167227
Mean Squared Error : 2.8063531
-~
Simple CI0 o Bl 1 @ python 3| Idle Saving completed Mode: Command @  Ln2 Col 88 time_series_forecasting.ipynb
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Opportunities for new aerospace architectures

Al Onboard allows for better monitoring of onboard systems, anomaly detection, systems
monitoring and preventative maintenance

Al Onboard compression reduces communication link rate requirements

Al Onboard enhancement supports direct to user platforms, or more accurate feature
processing in support of data compression and reduced link rates

Al Onboard supports hybrid Radar and Earth Observation satellites, or constellations, allowing
imagery to be downlinked independent of weather

Al Onboard supports any onboard scenario: vehicles, drones, aircraft, spacecraft
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