Solving the Space Optimization Competition 4 Challenge 2 of the European Space Agency
— Thomas Weise?, Sina Abdipoor?, Zhize Wu?, and Mingxuan Li* —

'Hefei University, China and “Sunway University, Malaysia

® The Space Optimization Competition (SpOC) is organized by the European Space
Agency (ESA) at the Genetic and Evolutionary Computation Conference (GECCO).

S . ) Graph Theory
@ It poses optimization problems and challenges from space exploration and travel. SpOC 4: Keplerian Tomato Traveling
Salesperson / Large
® We are the ScholORs_HFUU+Sunway team, a cooperation between researchers
from Hefei University (&-AE A 2¢), China and Sunway University, Malaysia. povared = ot
Graph Theory Sitaph Thoory
o . . - 5 i Publication Date oD Score
® Early on in the challenge, we had good results ... now we rank quite far behind. SpOC 4: KeplerlanTq  SPOC 4= Replerian Ton  maeras i
Salesperson / Medium Desoription 1,995,797
Salesperson / Sma" A mildly oversized amount of tomatoes ScholORs_HFUU
Learn more
Identifiers
Intermediate == 1 obj challenge: spoc-4-keplerian-tomato-traveling-salesperson
Beginner = 1 proble'm: large
Publication Date Ev:tlt:)l:v‘l,:;ii:::;fz/;esa.inv’media"‘problems!spoc—4—keplerian—
Publication Dat 23 March 2026 tomato-traveling-salesperson-large-1775056320972.py
e Description
c h l I De20 Matr'Ch 2026 A very average amount of tomatoes Leaderboard
' h Scription Learn more
e a enge Sma” number of toma‘[oes Identifiers USERNAME SCORE SUBMISSION DATE
Learn more challenge: spoc-4-keplerian-tomato-traveling ScholORs_HFUU+Sunway 1,995.797 Apr 16, 2026, 5:47 AM
. . og e . . . Identifiers problem: medium Team HRI 2,072.845 Apr 14, 2026, 4:04 PM
® Given are n objects orbiting our moon with their orbital data. L e Evaluationcode <> .
problem: small https://api.optimize.esa.int/media/problems/spoc-4-keplerian-
® There are three instances small, medium, and large, with n=49, 181, and 1051. Evaluation code </> o o i i
https://api.optimize.esa.int/media/problen
. . . . . = tomato-traveling-salesperson-small-1775 Leaderboard
® The goalis to visit each of the objects exactly once as fast as possible, starting at USERNAME scoRE SONSON BATE
an ObjeCt Of ChOiCE. Leaderboard ScholORs_HFUU+Sunway 463.611 Apr 8, 2026, 4:10 PM
USERNAME
® For each transfer, our spacecraft may apply a specific change AV of velocity. ScholORs_HFUU-+Sunway 138.753 ApI 7, 2026, 7:49 AM
® AVislimitedby AV, ., but5 times we are allowed to do a larger velocity
change AV <AV oot
® Limits for the shortest transfer and maximum total time are also given. Permutation Encodmg
® We use an encoding based on permutations x of the first n natural numbers.
® A permutation x is decoded to a solution vector y with the actual travel times using a
three-stage decoding function y.
Computmg Transfers ® First, y(x) processes x from beginning to end and divides it into fragments 7 using the

. . , _ transfer matrix T.
® We begin by developing a tool opt AV that finds the earliest transfer from one object to

another one within a given time window [ts,td ], given a A V-limit AVnTmft ® A fragment 7 is a sub-sequence of x such that normal AV can be used to travel from one

. . object to the next.
® If no such transfer exists, the function returns and error.

® Frag ts that can be stitched together b e-pendi d endi ithout violati

® We approach this as numerical minimization problem with objective function y: r"flgmen.‘s. ehagiiptehiparthertos aauaalug ikl ook Hbota iin by otbibitnebntinl b
this condition are merged.

AV if AV>AVI™

. ® Fragments that can be inserted into each other without violating the condition are merged.
—1/t,  otherwise

(/j:
® This is repeated with the relaxed requirement to allow excess velocity changes.
® |If the transfer at times {t,,t, ] is infeasible the positive AV value is returned and can
girther be minkmized until AV<AV s reached ® Finally, all remaining fragments are stitched together regardless, yielding a new
permutation x .
® Once we found such transfer, —1/t, minimizes the arrival time t,.
® We use the transfer matrix T to count the expected constraint violations in x".
We use a variety of algorithms, including Nelder&Mead, BFGS, and CMA-ES.
® If constraint violations are expected, the decoding stops — this is very fast, no physics

@ If a feasible transfer with end time t ' is found, we search again in [t,,t") until the search computation needed at all.

fails, retaining and returning the best result.
® Otherwise, we process the permutation x' from beginning to end computing transfers

using the actual physics computation opt AV.

® We make sure that each solution uses all 5 permitted excess velocity changes (even if it
does not need them), because then we can make travel faster.
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0 We iTlst assemble a tmnsfer matrlx T for each instance, telling us\whéther can travel
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