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Physical Model
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Optimization and
Global Search
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Minimize f(x)

Subject to:
Xip <X < Xyp
c(x) <0
Ax <0

where:
X1p, Xyp are lower and upper bounds on the decision variables
c(x) is a vector of nonlinear constraints
Ax is a vector of linear constraints

= We use the Sparse Nonlinear OPTimizer (SNOPT)
= Analytical expressions are provided for every element of the Jacobian
= But all NLP problem solvers require an initial guess...
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ConOps and
Problem Structure

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN



Measurement Times by Tracker

DSS17 | (—— L] L] C____ ] L] L]
DSS25 | L] L] L] L ] L ] —
DSS534 A . ] . ] . ] A L 2
Deployment Caflbrat ion DM1 DM2 TCM
D3535 1 ! ! I 1 !
28 Sun 29 Mon 30 Tue 1 Wed 2 Thu 3Fn
Jun 2020 Time (UTCG)

NAVIGATION & MISSION DESIGN BRANCH, CODE 595
NASA GSFC 1L #



Detumble and Calibration
checkout burn

Tracking pass 1 DM1 Tracking pass 2

DM2

Switch to Moon-
centered frame

Coast to Moon Coast to

SOl entry perllune
®-o-0-0-0-0-80-0-0-0-0-0-0-0- -0

10 hours 2 hours

2 hours 12-36 hours >12 hours free length free length free length :
1
(coast) (thrust) (coast) (thrust) (coast) (thrust) (coast) (coast) |
i
1
. Free point free length Coast to Moon
(Cartesian coordinates) (coast) SOl exit
O Point on Moon's SOI i
1
(spherical coordinates) _ :
. Periapse point Thrust to target orbit Thrust to low-energy i
(spherical coordinates) P Moon SOl entry
.Target orbit . o Wy O g ) O
(classical orbit elements) . I I
-=% Coast arc target orbit free length free length
Thrust arc (optimizer places thrust | (optimizer places thrust I
n Match point arcs as appropriate) | arcs as appropriate) |
. |
= —Reference frame switch Switch to Moon- Switch to Earth-

centered frame

centered frame

NAVIGATION & MISSION DESIGN BRANCH, CODE 595
NASA GSFC

12 &



Examples
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Delivered mass vs arrival date for September 1.5 €6

29th, 2021 launch
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= Multi-point direct shooting and monotonic basin hopping are promising
candidates for the design of Lunar IceCube and similar missions.

= This was an experiment — the techniques used here were developed for
Interplanetary missions and this is our first attempt at using them for a
cislunar design.

= The methods presented here allow us to quickly and flexibly re-design
Lunar IceCube in response to changes in mission requirements and
deployment conditions.

= This capability will be very important during operations as we re-plan as
we fly to take into account error from orbit determination and maneuver
execution.
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EMTG Is available open-source at
https://github.com/nasa/emtq/

NAVIGATION & MISSION DESIGN BRANCH, CODE 595
NASA GSFEC 18 %


https://sourceforge.net/projects/emtg/
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