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Seeds of disruptive innovation?

Dario 1zzo



S @C@SAaA  1nnovation and Space

Bizzarrini: 1966 Ferrari: 2008


http://www.google.com/imgres?imgurl=http://files.conceptcarz.com/img/bizzarrini/1966_bizzarrini_5300_gt_strada_01.jpg&imgrefurl=http://allaricercadime.blogattivo.com/&usg=__gYcDRr8KWuofzrIOOU7Ws2qz-cA=&h=768&w=1024&sz=149&hl=it&start=187&tbnid=7cX8RkuNfAAnDM:&tbnh=135&tbnw=207&prev=/images%3Fq%3Dcar%2B1968%26um%3D1%26hl%3Dit%26client%3Dfirefox-a%26rls%3Dorg.mozilla:it:official%26biw%3D1280%26bih%3D888%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=982&vpy=476&dur=2239&hovh=194&hovw=259&tx=115&ty=85&ei=oo1iTJKaHYXw0wSclIjiDA&oei=SI1iTKjVOJeg4QaJtK3dCQ&esq=13&page=7&ndsp=25&ved=1t:429,r:4,s:187
http://www.veraclasse.it/fotogallery/motori/auto/ferrari-california/237/4/

esa Innovation and Space

Boeing: 1970 Airbus: 2010
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S @C@SAaA  1nnovation and Space

60s 2010


http://www.google.com/imgres?imgurl=http://www.rcarc.org/images/AO-51/sputnik.gif&imgrefurl=http://www.rcarc.org/images/AO-51/AO51_sputnik.htm&usg=__yBYvMvlxozF2qbkQHNmdiQSnv4Y=&h=480&w=640&sz=19&hl=it&start=0&tbnid=BsaHtTu_q5QQWM:&tbnh=132&tbnw=175&prev=/images%3Fq%3Dsputnik%26um%3D1%26hl%3Dit%26client%3Dfirefox-a%26sa%3DN%26rls%3Dorg.mozilla:it:official%26biw%3D1280%26bih%3D888%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=359&vpy=243&dur=419&hovh=193&hovw=258&tx=130&ty=111&ei=LJBiTLOpE4OR4gayvojeCQ&oei=LJBiTLOpE4OR4gayvojeCQ&esq=1&page=1&ndsp=35&ved=1t:429,r:16,s:0
http://www.google.com/imgres?imgurl=http://it.emcelettronica.com/files/node_images/goce.jpg&imgrefurl=http://it.emcelettronica.com/goce-ha-permesso-sviluppo-di-nuova-mappa-della-gravit%25C3%25A0-terrestre&usg=__Xhxi3pjiyWJCg53Px7RTZYF_ITI=&h=566&w=800&sz=131&hl=it&start=0&tbnid=da8bQjxRMKNjHM:&tbnh=137&tbnw=190&prev=/images%3Fq%3Dgoce%2B2010%26um%3D1%26hl%3Dit%26client%3Dfirefox-a%26sa%3DN%26rls%3Dorg.mozilla:it:official%26biw%3D1280%26bih%3D888%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=130&vpy=81&dur=1779&hovh=189&hovw=267&tx=129&ty=119&ei=b5BiTMJpzPvgBpmPvM4K&oei=b5BiTMJpzPvgBpmPvM4K&esq=1&page=1&ndsp=31&ved=1t:429,r:0,s:0

d=esa o

— The Advanced Concepts Team

— Consolidated results
a. Global optimization methods for trajectory design
b. Asteroid deflection

c. Swarm intelligence for distributed control of space systems
(missing)
— Recent projects
d. Neural analysis of image saliency
e. Neuromorphic approach to planetary landing

f. PaGMO: A swarm of algorithms for massively parallel engineering
optimization



monitor, perform and foster research on advanced space systems,
innovative concepts and working methods


http://atlas.estec.esa.int/ACTwiki/index.php/File:Duncan.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Frazer.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Sreeja.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Loretta.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Francesco-biscani.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Cynthia-maan.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Pacome-Delva.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Chit-hong-yam.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Dario.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Ed-martin-moraud.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:FNa.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Joris-olympio.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Leopold.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Juxi.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Andrei.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Friederike-sontag.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Nina-ridder.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Nikolaos-Smyrlakis.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Christos-Ampatzis.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Lukas-schimmer.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:David-di-lorenzo.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:Tobias-Seidl.jpg
http://atlas.estec.esa.int/ACTwiki/index.php/File:%3F.jpg

scientific domains with weak links to too immature for regular ESA
space programmes or projects

techniques developed in basic scientific topics on which ESA is expected to
research have a position


http://www.esa.int/gsp/ACT/ai/op/swarm.htm
http://www.esa.int/gsp/ACT/ai/pp/clouds.htm
http://www.esa.int/gsp/ACT/bng/op/BMI.htm
http://www.esa.int/gsp/ACT/bio/op/Neuromorphic.htm
http://www.esa.int/gsp/ACT/bio/op/SwarmRoots.htm
http://www.esa.int/gsp/ACT/nan/op/nanotransport.htm
http://www.esa.int/gsp/ACT/bio/pp/DryAdhesion.htm
http://www.esa.int/gsp/ACT/inf/op/act-dc_digmo.htm
http://www.esa.int/gsp/ACT/bng/pp/HypometabolicStasis.htm

a. Global optimization methods for trajectory design



esa Global Optimisation for Interpléﬁhetary Trajectory

Design

Minimise:  J(x) .
Subject to: f(x) <0 ' —

v

How difficult can it be?




Global Optimisation for Interpléﬁhetary Trajectory

Design

Minimise:  J(x) vy \ .
Subject to: f(x) <0 ' —
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The GTOC competition

The winner sets the rules for the next edition



o

esa GTOC1: Impact ... impact ...impéct

Team name

. |Jet Propulsion Laboratory

Deimos Space

. ' GMV Aerospace and Defence

Moscow Aviation Institute and Khrunichev
State Research

Politecnico di Torino
CNES/CS

Glasgow University
Moscow University
Alcatel

DLR

Tsinghua University

Value

1,850,000
1,820,000
1,455,000

1,364,000

1,290,000
1,194,000
385,000
351,152
330,385
330,000
89,000



o

Team name

Politecnico di Torino

Moscow Aviation Institute and Khrunichev
State Research

. 'Advanced Concepts Team

Centre National d’Etudes Spatiales

GMV Aerospace and Defence
German Aerospace Center (DLR)
Politecnico di Milano

Alcatel Alenia Space

Moscow State University
Tsinghua University

Carnegie Mellon University

Value

98.64

87.93

87.05

85.43

85.28
84.48
82.48
76.37
75.08
56.87

27.94



GTOC3: with fly-bys

Departure
Oet. 20, 2025

Flyby #2 Flyby #3
May9. 2028  Oet.2. 2030

Aug. 30, 2032
Qct. 29, 2032

Arrival

o 20, 2034 Team name Value

Dislance from the sun, AU
(=]

Flyby #4 \
Jul. 4, 2034

09[ P8 Gazsame | K | 1. |Centre National d’Etudes Spatiales 1733
O.En W/N TIN ANAN 1440 1RO 11::n.7=2;31.|2‘1]:ﬂ‘n 2740 /AN WAN 2. Jet Pro ulSlOn Laborator 1730
. / p Yy
partue .
g, 38, 2005 3. Georgia Tech 1721
i. (] III.
Polla g Deimos Space 1717
E 10
E o
R The Aerospace Corporation 1647
3 05 (Mar. 24, M0 5'.“ P b“ll.. Sap. 1, H034
T W v Thales Alenia Space 1647
Deu M0 TI0 1080 440 1800 2160 2530 ZB20 340 3800 F060 ) ) ) )
et e - Moscow Aviation Institute and Khrunichev State 1658
12
- ooy Research
- I[ Pl #: b 18 21!]3
Tl Ilﬂ'll}“'ll"““’ I| 20 GMV Aerospace and Defence 1649
g N AL 'i | { . .
[ '“UV\JW SIS Moscow State University 1633
E R'-JI l.' :,- Flyby#2
'5‘ ."n' b - 2Ge H -
£ us S 7. 2038 \‘ L Glasgow University et al. 1606
Dac 8, 2020 i-J e
DEU 0 TI0 108D 440 1800 2|;“2§:|;|2.:;EE 3240 3000 3D TSinghua UniverSity 1565

Rghl ascensicn, deg



. CSaA 10w Muttiple fly-bys tour

Team name Value
1. IMoscow State University 44, 553.46
2. The Aerospace Corporation 44, 516.83
3. 'Advanced Concepts Team 42
Deimos Space 39, 605.44
GMV Aerospace and Defence 39, 516.30
Jet Propulsion Laboratory 38
University of Texas at Austin 36
University of Glasgow & University of 32
Strathclyde
Thales Alenia Space 29
University of Trento 27

University of Bremen, Politecnico Milano 26




TandEM Messenger Cassini

MGA MGA-DSM

Derivative free optimization of interplanetary trajectories
More than 50 blackbox problems provided
Code provided in: C++, MATLAB

Records from: University of Florence, Max-Planck-Institut fuer
Astronomie, University of Birmingham, Advanced Concepts Team,
University of Catania, University of Glasgow



esa Global Optimisation for Interpléﬁhetary Trajectory

Design

A common framework: the impulsive transcription

Taxonomy: MGA, MGA-DSM, MR-DSM, MGA-LT, MR-LT, TBP

— B N _/
——— ——
Box-constrained Non linear constrained
DE, PSO, GA, SA, MBH MS, MBH, hybrids

Pruning is necessary in difficult problems: GASP for MGA, cluster pruning for
MGA-DSM



esa MGA-DSM: cluster pruning

:Full Bounds
<—> 1st Pruning
#= 2nd Pruning Developed as part of the
1500 | I S Pruing ' work for the joint
1000t JPL/ESA Outer Planets
5001 5ot Mission Analysis Working
' Group (2007-2008)
O 1
0 0.2 1
1500
1000 |
500
0 . :
0 500 1000 1500 2000 2500

T, (Days)



@S A  MGA-DSM: The TandEM case

Spacecraft — Full automated design, no initial
Daparture mass 2085.44 kg guess needed
Arrival mass 1476.03 kg
Isp 312s — Record holder in GTOP database
Departure — Also found independently by
Epoch 15/11/2021 Stephen Kemble of the outer
Vo 3.34 km/s .. . .
Decliviation 3.1 deg planet mission analysis working
Cruise group
Vanus fiyby 30042022 — Same algorithm found the best
Earth fly-by 04/04/2023 Messenger (full) record
DSM Epoch 13/01/2025
DSM AV 167 m/s
Earth fly-by 25/06/2026
Arrival
Epoch 03/07/2031
Vs 0.676 km/s

Total flight time  9.63 years




MGA-LT: the JIMO case

Earth launch
Earth flyby

Jupiter rendezvous

Jupiter
Rendezvous |

4 2 0 2
X, AU

— It is possible to perform global optimization directly on low-thrust models!!!
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Asteroid selection from the MPCORB database
~50.000 GO problems solved in 3 hours!!
MGA-DSM model

Obama’s vision



eSa MR-DSM: Human Mission to Asieroids in 3 hoursl!
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— ~50.000 GO problems solved in 3 hours!! * A
— MGA-DSM model -

Obama’s vision



esa MR-DSM: Human Mission to As_t.eroids in 3 hoursl!
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b. Asteroid deflection



(i

\

= esa Asteroid deflection: What the d.i'hosaurs did not

know!
A\
— Impacts happen!!! A ; _! How Toas RATS o
— From mass extinctions to regional to local THE ToRINo SCALET
damage o
— We know of —500,000 asteroids in the solar
system

— —~—800 are potentially hazardous

Tunguska 1908 (icy comet? Small Winslow, Arizona (—49.000 years ago)
asteroid?)


http://www.google.it/imgres?imgurl=http://lh5.google.com/fisherwy/R2wCB2e9t8I/AAAAAAAAMTs/bUcbvwhWYMw/picture%2520of%2520Meteor%2520Crater%2520in%2520Arizona%255B2%255D&imgrefurl=http://fisherwy.blogspot.com/2007/12/mars-asteroid-to-hit-red-planet.html&usg=__S5sbzwX3JnkPVIIJuophfqF8FlM=&h=259&w=424&sz=46&hl=it&start=0&tbnid=GexcQ20vqViA2M:&tbnh=133&tbnw=186&prev=/images%3Fq%3Dasteroid%2Barizona%2Bcrater%26um%3D1%26hl%3Dit%26biw%3D1280%26bih%3D888%26tbs%3Disch:1&um=1&itbs=1&iact=hc&vpx=127&vpy=123&dur=125&hovh=175&hovw=287&tx=107&ty=104&ei=KbBiTPf-LcKA4Qby2NzdCQ&oei=KbBiTPf-LcKA4Qby2NzdCQ&esq=1&page=1&ndsp=30&ved=1t:429,r:0,s:0

Past impacts

e

Map of confirmed (red), perspective for verification (magenta) and proposed for further study (blue)
impact structures on the Earth. Size of circles is proportional to the crater diameter.

Source: Institute of Computational Mathematics and Mathematical Geophysics. Novosibirsk, RUSSIA




s,
\&% esa ESA’s Don Quijote Mission

— 2003: 6 industrial studies on the topic of
NEOs characterization and hazard mitigation

— 2004: DQ is recommended as highest priority
for near-term implementation of NEO
missions (NEOMAP): “Don Quijote has the
potential to teach us a great deal, not only
about the internal structure of a NEO, but also
about how to mechanically interact with it”

— First time that the deflection of a celestial
body may be proved and studied

Sancho Observing the impact

The orbital mechanics of moving asteroids
needed to be studied in more details
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Valid for all non destructive deflection

strategies!!
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2007 %184 (encounter in 2044)

1000 kin

5000 km i
3000 krm
1000 km 4
1 1 1 | 1 | 1 1
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esa The case of 2004 MN4

In late December 2004 impact monitoring
robots found that NEA 2004 MN4 would have
an extremely close approach with the Earth on

the 13th of April 2029, with a probability of ((ra) |+ -+ mtxomecomers
hitting our planet that rose up to 2.6% on the e
27th of December. 8t #,‘..T.\H
In that date some previous observation data ’ ®

were mined from the Spacewatch archives and
resulted in dropping significantly the impact
risk.

Further observation from Arecibo, the 27th,
29th and 30th of January 2005 served to
exclude the impact risk.

Apophis may teach us a lot on how to plan a real deflection mission

E(ro)



Globally optimal trajectories

2 “ Powered e Departure Tmpact |U] Deflection
15 gy B, eroanor) km/sec  A(, km
n N 2 16/4/2011  12/6/2012  7.93 7.8
ol 7 e 25/4/2012  4/5/2013 814 63
' (04/12/2015) 25/9/2013  27/3/2014 8.29 43.5
Apophis (12/07/2019) or 3/6/2014 26,/2/2015 10.9 18
- € _os 16/4/2018  12/7/2019  7.32 57.58
L 17/4/2019  31/5/2020  8.02 43.37
, 20/12/2020  9/3/2021  7.15 474
Earth (16/04/2018) A | Exh 8/9/2021  25/3/2022  9.01 17.23
' - (e 2/3/2026  2/3/2027  7.00 10.05
25 1/4/2027  2/12/2027 7 3.96
. . 5/2/2028  18/11/2028 5 0.45
-2 -1 4] 1 2 a

2006: Pre-keyhole deflection

Don Quijote spacecraft as
designed by the Concurrent
Design Facility at ESA (2004)

of Apophis is possible with DQ!!



d. Neural analysis of image saliency
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&\\%{s esa Neural analysis of image saliency

To capture movements or patterns



esa Neural analysis of image saliency

To capture the footprint of scientific interest



: eSa Neural analysis of image saliency

Can we substitute the “interrogation” or
the “push a button” techniques by
accessing directly the same information
from a biometric footprint?

Candidates are event related potentials
(ERP) and in particular P300 brain wave

Possible advantages: speed, escape
conscious filtering

ERP = Electrical Potentials associated with specific
sensory, perceptual, cognitive, or motor events

P300 = a positive voltage reading that occurs
about 300 ms after the onset of the target/rare
(oddball) stimulus

" VOLTAGE

(a/d u)

20

100

TIME



The experiments

!
¥

ESTEC rocks ENVISAT - Meris

Radiators

#1 — Reliability vs speed #2 — Three classes #3 - Curiosity



esa The “hardware”

— Dublin City University (DCU) - “cheap” 4-
node EEG device

— Ecole publique Ecole Polytechnique
Fédéerale de Lausanne (EPFL) 32-nodes
“complex” device

— subjects: students + 1 expert for
experiment #1 and #2

— ESTEC Demo for experiment #3



: esa The “software”

filters | — | fft

/ .

single trial features
, > . + | support vector
extraction extraction
o

filters | —* |wavelets

— CCviewer (sourceforge)
— Interfaces to EEGs

— Machine learning



Results experiment #1
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Precision, Recall
curves)



esa Results experiment #3

ROC Curwes Tor F3A Meano

Trim Fozilive Ralse

1 1 1 5:"’"“” 5I
B Bl a.z B.3 a,d [: . § .6 B.7 a.g a.a i
False Positive Rate

Training phase

Final image rank for the best subject



e. Neuromorphic approach to planetary landing



Neuromorphic computation and use of the optic

flow during planetary landing
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Chlorophanus beetle In a nutshell...
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Output signal is used directly at a behavioural level,
Original Reichard scheme for not ‘just’ a velocity sensor

motion detection



. Sa Elementary Motion Detectors
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The bio-inspired landing guidance

2.8r
2,61 . . . .
2.4r

2.2r

«VI2r L '
| % WE ¥ .
1.4} ' - ..

i

The EMD is very robust to lighting conditions and able to function in a space
scenario



eSa The bio-inspired landing guidance

land09 land09
» 140 a . . 120 p -
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Srinivasan 2000: bees land by keeping the ventral OF constant and
horizontal and vertical velocities proportional



esa From the Maximum Principle

Table 1. Summary of the optimal pitch laws.

Case Optimal Pitch Law my [kg] ¢y [
minimum time tan 3" = a + bt 8798.77 44.88 High-gate low-gate
maximim mass tan3* = a + bt 8869.44 54.07 Apollo like landing
minimum time (OF=const) cos 3% = m‘?’; 8789.01 45.54
maximum mass (OF=const) cos 3% = % 8824.74 52.91
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On the optimality of mother-nature
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-‘ esa The bio-inspired guidance
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f. PaGMO: A swarm of algorithms for massively parallel
engineering optimization



Ask different people to design a table, as individuals ...
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or put them together ....
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what if they are many?



esa A swarm of algorithms for massively parallel

engineering optimization

No free lunch in global optimisation,

same paradigm applies: algorithm = South Park character

[
%,
“ |
_\x_l/

Questions:

— How often information should be exchanged?

— How much information should be exchanged
each time?

— Who should exchange information with
who?

— What is the problem we are solving?



eSa The generalized migration operator

— First DIGMO, then SeGMO, then PaGMO
— Open source on sourceforge

— Engineers worry only to define its problem, efficient parallelization
and problem solution demanded to PaGMO

— Archieplago, island, population, migration topology

— Algorithm:

— Coded in PaGMO: adaptive neighbourhood simulated annealing,
improved harmony search, compass search, monotonic basin
hopping, multistart, monte-Carlo, ant-colony, bee-colony, genetic,
differential evolution, nsga-ll, firefly, cross-entropy

— Interfaced to PaGMO: gsl library (nelder mead, bfgs, ...), nlopt
library (bobyga, cobyla, ...), IPOPT library, SNOPT library, scipy
optimization algorithms

— Problem:

— Standard tests: Paraboloid, Ackley, Rastrigin, Rosenbrock, Branin,
Schwefel, Griewank, Lennard-Jones, Levy5, HimmelBlau, Luksan-
Vicek, Golomb Ruler, Knapsack Problem, Travelling salesman, SCH,
FON

- Engineering optimization: MGA, MGA-DSM, MGA-LT
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PaGMO use in the ACT

Full parameter study of multilayer coating
for thermal applications

Distributed Computing for lonospheric
Data Processing

Interplanetary trajectory optimisation

Parallel artificial evolution



http://www.esa.int/gsp/ACT/nan/op/bigrun_problem.htm
http://www.esa.int/gsp/ACT/inf/pp/dc-iono.htm
http://www.esa.int/gsp/ACT/ai/op/roboticislands.html

Google endorsing the project

PaGMO was selected for the Google
summer of code 2010

SUMMER OF CODE // 2010
code.go fe

ogle.com/fsoc C‘O\jgle'


http://socghop.appspot.com/

The GSoC adds-on

MGA, MGA-DSM and
MGA-LT visualization
iInterfaced to PyGMO

Time: 4. 88E+02 d
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http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Traj3d_screenshot2.png

: esa The GSoC adds-on

Study of the generalized migration operator for
bio-inspired optimisation algorithms


http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Ant.jpg
http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Fish.jpg
http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Bee.jpg
http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Monkey.jpg
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http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:Picture_1.png
http://sourceforge.net/apps/mediawiki/pagmo/index.php?title=File:AlifeGUI.png
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