
Acta Futura 8 (2014) 7-8
DOI: 10.2420/AF08.2014.7

Acta
Futura

Foreword to the special issue on the GTOC5 competition
Dario Izzo *, Luís F. Simões

The Global Trajectory Optimization Competition
(GTOC) is an event taking place every one or two years,
over roughly a one month period, during which some of
the best aerospace engineers andmathematicians world-
wide challenge themselves to solve a “nearly-impossible”
problem of interplanetary trajectory design. The prob-
lem is released by the winning team of the previous
edition and needs to be related to interplanetary tra-
jectory design and its complexity high enough to en-
sure a clear competition winner. Over time, the various
problem statements and solutions returned will form a
formidable database of experiences, solutions and chal-
lenges for the scientific community.
The fifth edition of GTOC was organised by Ilia S.

Grigoriev andMaxim P. Zapletin from the Lomonosov
Moscow State University, Faculty of Mechanics and
Mathematics, in 2010. The problem statement was re-
leased to the community on the 4th of October 2010.
The whole competition (GTOC5) was dedicated to the
80th anniversary of Vladimir Vasilievich Beletskij, a So-
viet and Russian scientist, corresponding member of
the Russian Academy of Sciences, professor at Moscow
State University, and a prominent expert in celestial me-
chanics and spaceflight theory. The “nearly-impossible”
problem the 38 teams who registered for the event had
to solve was that of delivering a scientific payload to a
group of asteroids, via multiple rendezvous, with each
rendezvous being followed at some later stage by a fly-
by of the same asteroid to deploy a penetrator [1] ¹. The
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objective function rewarded the numbers of visits and
penetrators deployed, with extra points being awarded
for visits to the Beletskij asteroid. A secondary perfor-
mance index, the total time of flight, was used as a tie
breaker. The competition was won by the team from the
Jet Propulsion Laboratory [2].
This special issue of Acta Futura includes only papers

written by the competition organizers and participants,
and received contributions from the top four ranked
teams [2, 3, 4, 5], as well as the 13th ranked [6]. They
describe the methods used to solve this complex inter-
planetary trajectory optimization problem. The very na-
ture of the special issue encouraged us to accept pa-
pers with different style and logic than that commonly
adopted in peer-reviewed journals.
Research into the GTOC5 problem was, however,

not confined to the competition itself. In the interven-
ing years, a growing body of work has revisited the chal-
lenges it put forth, and helped carry its legacy into the
future. We present here a sample, in purely chronolog-
ical order, of papers which either addressed the same
problem, outside the scope of the competition, extended
work carried out during the competition, or simply took
elements of the GTOC5 problem as a basis for research
into different problems. In [7], Shen et al. present
a full solution to the GTOC5 problem, which in the
official competition would have ranked 9th place. In
[8], Gao et al. report on the preliminary design of an
extended mission for Chang’e 2, China’s second lunar
probe. The GTOC5 dataset of 7075 asteroids’ Keple-
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rian orbital elements was used to identify possible aster-
oid encounters. Such results were however discarded, in
favor of the more accurate asteroid approach predictions
from the International Astronomical Union. Chang’e 2
would eventually fly-by the asteroid 4179 Toutatis on
December 13 2012, making China’s CNSA the fourth
space agency to directly explore an asteroid. In [9],
Gustafson et al. present what can be seen as a com-
plement, or follow-up, to [2], the description of JPL’s
winning solution to GTOC5. Specifically, [9] presents
four clustering algorithms for the automatic grouping of
celestial body orbits in terms of their navigation proxim-
ity. The GTOC5 asteroids dataset features prominently
throughout the paper, as the main application test case.
More recently, in [10], Gatto and Casalino also made
use of the GTOC5 asteroids dataset, as well as space-
craft specification, to evaluate a proposed method that
quickly computes quasi-optimal transfers between low-
eccentricity orbits with small changes of orbital ele-
ments.
The months following the end of GTOC5 also saw

the publication of two PhD theses, bymembers of teams
not otherwise featured in this issue. In [11], Lantoine,
from the Georgia Institute of Technology (5th place in
the competition), uses the GTOC5 problem as a test
case for evaluating the developed optimization frame-
work. In [12], Gad, from the Michigan Technologi-
cal University (not ranked in the competition), applies a
“hidden genes genetic algorithm” to generate an initial
impulsive trajectory for the GTOC5 problem.
With the publication of this special issue we would

like to help the GTOCs to achieve a greater impact on
the scientific literature than they already have. We in
fact feel that all the efforts put into solving these hard
problems result in a great treasure trove for the scientific
community in general, and are thus worth to be pre-
served and transmitted to future generations.
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