
Æ THE ESA EARTH OBSERVATION Φ-W EEK
EO Open Science and Future EO
12-16 November 2018 | ESA-ESRIN | Fra sca ti (Rome), Ita ly

DEEP LEARNING FOR ENHANCED ON-BOARD AUTONOMY:
EARTH OBSERVATION APPLICATIONS
L. Feruglio, L. Franchi, M. Varile, AIKO
C. Novara, O. Toutian, Politecnico di Torino
Supported by L. Massotti, ESA affiliate



aut o no mY

ESA Phi-W eek, Frascati (Rome), Italy - 14 November 2018

Deep Learning for Enhanced On-Board Autonomy
2



spacecraft could ta ke decis ions in rea l time
instead of relying on time-consuming loops on the ground

mega -conste lla tions could self-ma na ge
instead of planning manoeuvres on ground

W ha t if
ESA Phi-W eek, Fra sca ti (Rome), Ita ly - 14 November 2018

Deep Lea rning for Enha nced On-Boa rd Autonomy

dow nlinked da ta  could be fully re leva nt
selecting and prioritizing data on-board
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Today
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Future thanks to a utoma tion
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Ar t if ic ia l in t e l l ig e n c e
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A tool to a chieve a utonomy
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Detection
ESA Phi-W eek, Fra sca ti (Rome), Ita ly - 14 November 2018

Deep Lea rning for Enha nced On-Boa rd Autonomy
9

Autonomy ena bling technology

Rea soningDetection

spa cecra ft
te lemetry

pa yloa d
da ta

spa cecra ft
comma nds

Pla nning

decis ion-
ma king support



Deep l ea r n ing
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Classification
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Classification
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◇ Is the da ta  being a quired useful for the  miss ion?
￭ Ba sic unders ta nding of the da ta  a cquired during the miss ion
￭ Va rious types of a rchitectures ca n be used

◇ Cla ss ifica tion is enough to increa se a utonomy
￭ Perform da ta  selection / prioritiza tion before dow nlink
￭ Trigger enha nced a cquis ition modes



Object Detection
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◇ W hy is the da ta  useful? W ha t is ins ide it?
￭ Deeper unders ta nding of the da ta  a cquired
￭ CNN netw orks  a re predomina nt here

◇ Object Detection ena bles a dva nced a utonomy fea tures
￭ Ima ge crop only to releva nt portions before dow nlink
￭ Tra cking of ground fea tures



Complex es tima tions
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◇ Ca n w e provide ins ights  on the a cquired da ta ?
￭ Extra cting high level informa tion from a n ima ge
￭ Customiza tion of the a rchitecture increa ses in importa nce

◇ The sa tellites provide improved services
￭ From w a ke fea tures  to speed informa tion
￭ Estima tion of ship speed for security a pplica tions



Architecture design and selection
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Architecture design and selection

◇ W ha t is the bes t a rchitecture?
￭ Problem-specific
￭ Pla tform-specific

◇ W ha t performa nces  requirements?
￭ Sta te of the a rt netw orks  tha t tra ditiona lly

w in ima ge competitions a re not compa tible
for on-boa rd processors

￭ Ma nda tory to move tow a rds sma ller
a rchitectures

◇ Execution times a re  promis ing
￭ < 1s  inference time for OD on a  ARM9 

processor for cloud detection
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Conclusions

◇ Toda y technology is rea dy for enha nced a utonomy
￭ COTS processors  a re a lrea dy meeting requirements  for

Deep Lea rning a lgorithms to be run on-boa rd

◇ Enha nced a utonomy w ill be a  key driver in:
￭ Reducing opera tions  cos ts
￭ Achieving more complex miss ions

ESA Phi-W eek, Fra sca ti (Rome), Ita ly - 14 November 2018

Deep Lea rning for Enha nced On-Boa rd Autonomy
17



Contacts

AIKO S.r.l.
Corso Ca ste lfida rdo 30/A,
Torino, Ita ly

w eb: w w w .a ikospa ce.com
ma il: info@a ikospa ce.com
mob: +39 3290918239

ESA Phi-W eek, Fra sca ti (Rome), Ita ly - 14 November 2018

Deep Lea rning for Enha nced On-Boa rd Autonomy
18


