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So, we assumed 1t 1s 1.1 AU.
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MULTI-TARGETS FLYBY SEQUENCE OPTIMIZATION
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Dynamic model

The dynamic model considered in the problem is as follow:
(&= v

e — Ly
! s

<lkm

The Mother Ship should meet the following conditions , when flying over an asteroid
rmother t
< 2km/s

- raSt (t
t _Vast (t
In the J2000 heliocentric ecliptic coordinate , the position error can be ignored, so, it
can be treated as a two body Lambert problem with relative velocity difference.

V mother
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Strongly nonlinear, NP-hard.

Genetic algorithm based on the greedy principle

i=i+1 Yes

Yes

Mother _| Search for the R

Ship i " best asteroid » Update dataset
A A

Set task Filtered

duration asteroid dataset
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MULTI-TARGETS FLYBY SEQUENCE OPTIMIZATION
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Initialize population
: Y Optimization variables:
According to the fitness value, | .
divided into n populations Aster_o_ld nu_mber N
Waiting time t,
Y v Y Transfer time t;
Pop 1 Pop 2 Popn
| ' ‘ Parameters:
Fitness Fitness Fitness Transfer Iteration number :1500
calculation calculation calculation optimal Binary encoding
individual . .
v v ] Encoding bit length:100

Selection Operator 1

Selection Operator 2

Selection Operator n

Crossover Crossover Crossover
Mutation Mutation Mutation
h eet terminatio ¥
No

|
Yes
Output

Population number: 100
Community number: 6
Crossover probability: 0.9
Mutation probability: 0.5

Selection operators :
Roulette
Tournament
Random sampling
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Design of Fitness Function

it = 50+dv; +dv, 2+w tf+tw+w3 m
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Fitness function is designed into these three types, which may have the

independent variables, such as velocity increment, time and asteroid mass. After

adjustment and comparison, the fitness is fixed.




MULTI-TARGETS FLYBY SEQUENCE OPTIMIZATION

Result of the first problem

Number of Asteroids Impulses Total
MEHEESHE Impulse(kms)

1 21.244
2 20 28 20.743
3 24 29 29.964
4 24 27 29.325
S 21 23 26.941
6 22 29 22.514
7 20 25 24.634
8 22 29 23.582
9 19 22 21.713
10 21 33 30.234
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Impulse Re-optimization

In the previous results, the relative velocity is fixed to be 2 km/s for reduce the

optimization variables. A new series of optimization variables, [dv, tw, tf], are adopted for

twl Rt S tfl
Lo’ Astl
o
Astl

the GA, when the sequence is fixed.
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CONTINUOUS-THRUST TIME-OPTIMAL TRAJECTORY OPTIMIZATION

p=a(l-e’)  h=tan(i/2)cosQ Indirect method

f =ecos(w+Q) k=tan(i/2)sinQ
g=esin(w+Q) L=Q+w+V

Costate A —(f M T @j
equation 5’( OX OX




CONTINUOUS-THRUST TIME-OPTIMAL TRAJECTORY OPTIMIZATION

p=a(l-e’)  h=tan(i/2)cosQ Indirect method

f =ecos(w+Q) k=tan(i/2)sinQ
g=esin(w+Q) L=Q+w+V

X =Ma+D

Costate BT = —(ZT
equation




CONTINUOUS-THRUST TIME-OPTIMAL TRAJECTORY OPTIMIZATION
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Determine

1.Asteroid is sent to which station Traj ecto ry mme Otation2

2. The start and end time of station Data base _’_

constructions

== Station 12

-

the time constraint:

g F90 St (days) “ Sort the database with arrival time

~

J

\_

Max (M;,)

4 Maximize the minimum mass of stations:

“ Make the station mass average

~N

J
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PROGRAMMING ALGORITHM BASED ON GREEDY PRINCIPLE
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PROGRAMMING ALGORITHM BASED ON GREEDY PRINCIPLE

k=k+1

Set a intial even
mass M

Station number Return to the
i=1 initial datatbase

Read to the line k

The threshold value of stations mass M :

Make the mass distribution average

= Greedy principle:

Caculate the mass
of every stations

Choose the
maximum mass
MO

Update the
database

Algorithm flowchart

Building the station whose

mass reaches M fastest.
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RESULTS

ASTL-NUAA

Nov 07, 2021
12:08 AM UTC

MNov 07, 2021
12:08 AM UTC

1.03068e+15,

213

3735.160200

Station start (JD) ending (JD) M (kg) Building
1 101321. 02537 | 101669. 47069 | 1. 0514e+15 9
2 100712. 15409 | 101223. 56348 | 1. 0454e+15 8
3 99893. 87524 100168. 61019 | 1. 0384e+15 6
4 99141. 47788 99438. 90271 | 1.0501e+15 4
5 100279. 44797 | 100605. 42114 | 1. 0510e+15 D
6 102703. 48538 | 103013. 11937 | 1. 0381e+15 12
7 99569. 02925 99790. 23103 | 1.0590e+15 7
8 97891. 22694 98482. 11152 | 1.0415e+15 2
9 97695. 61553 97788. 00911 | 1.0303e+15 1
10 102179. 20612 | 102477. 51018 | 1. 0357e+15 11
11 101797.09119 | 102086. 49942 | 1. 0502e+15 10
12 98734. 20003 98898. 33828 | 1.0635e+15 3
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TO BE IMPROVED
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 Global optimization

* The orbit is fixed with a=1.1 AU, and the inclination
IS an average value of all the candidate asteroids.

 Phases of stations need optimization.

A four impulse transfer maybe save the velocity
Increment.
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