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Support Mission:
First pressurized
module delivered

Artemis
s Support Mission:
Artemis 2: First humans First high power Human Lander

to orbit the Moon in the A
; Solar Electric System delivered to Gateway and
21st century Propulsion (SEP) o Gateway to Gateway

20 Global positioning system
4 -> (alactic positioning system

Artemis LY
Support Mission(s): Artemis. 3:
Crewed mission

technology payloads

- First robotic landing on even return and ISRU site
- First ground truth of polar crater volatiles
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—— 2-year mission

NICER data
Radio data
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Length of data set, t (yr)
* GNSS

J. S. Deneva, et al APJ, 874, 160,

* Nav & comm infrastructure (lunar surface, Gateway, orbital) Taylor, proceedings of the IEEE, 79, 2019
Ground-based tracking 1054. 1991
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March and April 1981

NATIOMAL AERONAUTICS AND SPACE ADMINISTRATION

Technical Report 32-1594

Interplanetary Navigation Using
Pulsating Radio Sources
Navigation Using X-Ray Pulsars

T. J. Chester and S, A. Butman
Communications Systems Research Section

6. 5. Dowas
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Navigation using X-ray pulsars is a practical method that
yields three-dimensional positions accurate to ~150 km with

L Uy O (Lald. F 18 DE DTG LICA] L LI L 5L

distant spacecraft, requiring only a small X.ray detector on
board the spacecraft coupled with an Earth-orbiting satellite
that provides the arrival of X-ray pulses at Earth. (In the last
decade, there has been an average of several such satellites in
JET PrOrULSION LARORATOT orbit at any given time.)

FABADEMA, CALIFORMIA |

: October 1, 1974
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Summary: the authors of this study believe that the complexity involved f
at the spacecraft is rather involved. Although pulsar positioning has been shoy

sible, issues of complexitv and latency

1n obtainin
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capable of fast autonomous positioning. Rather, such a positioning system appe
spacecraft or Tor hub stations proviaing telecommunication and location servic
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Pulsar Timing Information
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Recent advances with space navigation technologies developed by NASA in space-
based atomic clocks and pulsar X-ray navigation, combined with past successes in
autonomous navigation using optical imaging, brings to the forefront the need to
compare space navigation using optical, radiometric, and pulsar-based measure-
ments using a common set of assumptions and techniques. This review article exam-
ines these navigation data types in two different ways. First, a simplified deep space
orbit determination problem is posed that captures key features of the dynamics and
geometry, and then each data type is characterized for its ability to solve for the
orbit. The data types are compared and contrasted using a semi-analytical approach
with geometric dilution of precision techniques. The results provide useful paramet-
ric insights into the strengths of each data type. In the second part of the paper, a
high-fidelity, Monte Carlo simulation of a Mars cruise, approach, and entry navi-
gation problem is studied. The results found complement the semi-analytic results
in the first part, and illustrate specific issues such as each data type’s quantitative
impact on solution accuracy and their ability to support autonomous delivery to a
planet.

Keywords Space navigation - Orbit determination - Radiometric tracking - Optical
navigation - Pulsar time-of-arrival
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Bk POLAR (R¥F7) XPNAV-1 (FBE) | NICER (NASA) BR (R
ALIRER 2016.9 2016.11 2017.4 2017.6

XET 2 gEX 50 ~ 500 keV 0.5~ 10 keV 0.2~ 12 keV 1-250 keV

: 2
1008cm? @4.5 keV LE:300cm? @1keV

BRERNER 2.4 cm’@1.5 keV ) ME:500cm’@10keV
1793 cm” @1.5 keV HE:3100cm2@30keV

Fik e 22 SO0 55 450 15 (BOPENZEHBREBR 15 A2 ABEDIORE 3TBKHE

<16 km RSS 0.5 X

<4.82 km RSS 4 X <10km (3c)

13.1km (30) 38.4km (rms)

J. Astron. Telesc. Instrum.
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Keith Gendreau (PI of NICER): “We think

it’s a big deal. It’s a great way to apply some

of our astrophysics to exploration goals that

include going into the outer Solar System and
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Aspects of Pulsar Navigation for Deep Space
Mission Applications” Po-Ting Chen,
2020JAnSc..67..704C
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: Initial Condition: There is a series of recorded photon events, {t,}%¥ . initial position and

-
o

velocity of satellite at ¢y, 7ss5(ty) and vssp(to).
: Step 1: Obtain r55p(t;) and vgsp(t;) by propagating the orbit dynamics model of satellite.
: Step 2: Perform () to every element in {t;}Y, using 7ssp(t;) and ©ssp(t;). and obtain the

o

Error of estimated velocity [m/s]

corrected photon events, {;}V,. 8
: Step 3: Divide {£;}, into 6 parts. Time [hour]
: Step 4: Calulate the pulse arrival times (ToAs) at the initial time of each part.

: Step 5: Fit the new timing model using the 6 ToAs and obtain 7, and .
: Step 6: Update the 6 ToAs using estimated ., 5. Wang, YD 'L'%I *rj I:I:I
: Step 7: Update rssp(ty) and vs5p(fg) when the updated 6 ToAs are employed and when the
batch orbit determination method is employed.
. Step 8: If r55p(tg) and v5sp(fy) converge, this algorithm ends. Elsewise, go back to the Step
1
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" “NICER is roughly the size of a

washing-machine” Jason Mitchell
(SEXTANT Project Manager)
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X-ray Imaging Spectrometer (XIS) Terrain Camera
X-band Radio

: Miniature X-ray /7 s i | . Reaction Wheels
Optics (MiXO) Jiryy

Propulsion
System

Focal plane of CMIOS & SDD Star Tracker Thruster

« ~6U CubeSat X-ray Telescope: 5.8 kg with 8.6W (S/C: ~40U)

. 2023-2027)
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Miniature X-ray Optics (MiXO)

Mounting
points to
spacecraft

NiCo shells
Spider Fixture

! )
W{.=-IWHH

Surface for

Housin
g heater mount

D=105 L=8B0 N=34 1S

D=130 L=110 N=24

Vinay L. Kashyap, 2020, applied optics
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