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The GTOC series, a brief history of an unexpected journey.
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Portal visits during gtoc11

Portal unique visits during Sept-Dec 2021 (i.e. before 
during and after gtoc11) with long permanence (>1min)
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2004 … all very unclear … (to me)
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Closed ...

Trajectory Optimization felt like a closed door!

● Difficult to reproduce results
● Lack of common benchmarks
● Absence of a common validated code base
● Extreme repetitions by different groups
● Most code in Fortran and Matlab shared via 

mails / websites.
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a) make them compete on a well defined trajectory problem

b) have the winner define a next problem (brilliant … from Franco Ongaro)

c) open it to the widest possible audience, including non space experts

“... it will likely be a one time exercise between Dario and few of his friends in academia, cannot harm”
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2005:
“Don Quijote is currently under study by ESA’s Advanced Concepts 
Team (ACT). Two target asteroids (2002 AT4 and 1989 ML) have been 
selected.
The current scenario envisages two spacecraft in separate interplanetary 
trajectories. One spacecraft (Hidalgo) will impact an asteroid; the other 
(Sancho) will arrive earlier at the target asteroid, rendezvous and orbit 
the asteroid for several months, observing it before and after the impact 
to detect any changes in its orbit.”

… alea iacta est

2021:
“The European Hera mission will follow NASA's DART asteroid-deflecting 
spacecraft to the binary space rock Didymos and detail the aftermath of 
DART's collision with the smaller of the two asteroids, Dimorphos. It will 
even attempt to peek inside the asteroid duo in a scientific first. 

According to the European Space Agency's (ESA) original plans, Hera 
would have witnessed DART's suicidal encounter with Didymos' moon 
Dimorphos in 2022 firsthand. But initial hesitation among ESA's member 
states led to funding delays. As a result, this investigator spacecraft will 
only arrive at the scene more than two years after the cataclysmic 
impact”

https://www.space.com/dart-asteroid-mission
https://www.space.com/didymos-asteroid-facts
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Exploration-exploitation
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“To organise the first international competition to find the global optimal 
of an interplanetary trajectory was a risky idea. We saw it, a bit 
romantically perhaps, as a sort of “sailing challenge”, with our galaxy as 
the racing waters and mathematical tools as the competing boats. In 
keeping with this idea, we hoped each successive winner would become 
the host (and referee) for the next event. The competition was opened 
to the widest international community including industry, academia and 
research groups. Still it was far from certain that any of these specialists 
and researchers would be willing to devote their (usually scarce) free 
time to such a contest. As it turned out, luck was indeed on the side of 
those who dare” 

The GTOC series is born

Now we “only” had to participate and learn
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MGA and MGA-1DSM
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with no initial guess

MGA, MGA1DSM and MGA-LT
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GASP (MGA)

Lesson learned:

● Most of the search space is infeasible
● Precompute trajectory legs, then patch
● N dimensional problem -> N times 2D problems 

(incremental approach)
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GASP (MGA-1DSM)

Lesson learned:

● Failed optimization runs contain useful information.
● Smart restarts are essential for evolutionary success.
● Up to <10 flybys, resonances being tricky.
● Parallelization via island model.
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MBH (MGA-LT)

Lesson learned:

● MBH strategy works with LT legs and non linear constraints.
● < 5 fly-bys .
● Up to <10 flybys, resonances being tricky.
● Computationally intensive
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The TSP approach (towards GTOC9)
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tree searches, and ants
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Lazy Race Tree Search (LRTS), Beam P-ACO

● Beam Search emerged as the approach of choice in 
early GTOC competitions.

● In many GTOCs, 1st or 2nd place always went to a 
team that used some variant of Beam Search.

● The multiobjective nature of the search problematic 
-> greedy heuristics an issue.

● LRTS (GTOC6) -> dealing 
intrinsically with DV, DT.

● Beam P-ACO (GTOC9) -> 
improving the basic beam 
search

● MCTS -> special mention
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what heuristic?
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Orbital indicator.

Example from GTOC5

We are loosing many good 
jump occasions!



   40

Learning the heuristic

ML: SEP - 40000 
asteroids at ~ 1AU

ML: GTOC7 jumps
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ML: GTOC11 
spirals
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ML

Generic methodology. 

Database creation.

No need for problem knowledge

Analytical

Better when possible.

Often relies on (unrealistic) hypothesis.

Use of problem knowledge

ML vs. analytical

… or a combination of the two!
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1.

Forward generation of optimal examples

The only difference here is the gradient of the value function
2.

3.

n

… requires solving n times a two points boundary value problem



   44

Backward generation of optimal examples

Start here and go backwards 
from random values of the 
value function gradient

Izzo, Dario, and Ekin Öztürk. "Real-Time Guidance for Low-Thrust Transfers 
Using Deep Neural Networks." Journal of Guidance, Control, and Dynamics 
44.2 (2021): 315-327.

… requires propagating n times the EOMs!
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Backward generation of optimal samples

2 orders of magnitude speed up w.r.t single shooting



   46

● 3 special issues in peer-reviewed journals (plus one 
upcoming for GTOC11).

● > 100 scientific papers fully on GTOC problems
… many more mentioning such problems.

● A similar event in China modelled after GTOC: the CTOC 
(btw … going to the gym works!).

● > 500 scientists ~30 different countries.

GTOC badges
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Thank YOU!
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