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1. Conventional Navigation
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Achievable Accuracy

~4 km per AU

Example Max. Distance from Earth | Position Error
(AU) (km)

Mars

Jupiter

Saturn
Uranus
Neptun
Pluto
Voyager 1




Disadvantages

1. Errors grow with distance

2. Not autonomous



2. Pulsar-Based Navigation



Three Steps

Step 1
Measuring pulse profiles

Step 2
Comparing with reference profiles

Step 3
Position determination




Step 1: Measuring Profiles

Vela Pulsar

Credit: NASA/DOE/Fermi LAT Collabor.

Crab Pulsar -
L

Credit: N. A. Sharp/NOAO/AURA/NSF g i







Step 2: Comparing Profiles

Spacecraft

Reference point




Step 3: Position Determination

Range difference along
the line of sight:




Step 3: Position Determination

Example:
Crab Pulsar

P =33.085ms
AX=cC-P-(A¢g+n)

~ 4000 +n-10000

AX
km
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3. First Results



Pulsar Combinations

The best 30 (of 32 509 possible) pulsar 3-combinations:
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Pulsar Combinations

& mgb@ds03: fhome/mgb/Doktorarbeit/Mavigator/Analysis/outp

Ansicht Lesezeichen Hilfe

Sitzung Bearbeiten

Einstellungen

MeanPosDiff [km] Stddev [km]

B1937+21
Blo937+21
BlE821-24
B1937+21
Bl1821-24
B1o937+21
B1937+21
Blo937+21
Bl821-24
J1023+0038
B1o937+21
Bl1821-24
B1937+21
Ble2l-24
Blo937+21
JO03C+0451
Ble21-24
Bl1821-24
B1o937+21
JO03+-0451
Blo937+21
J1023+0038
B1937+21
B1o937+21
J1023+0038
JO03+0451
JO03+-0451
Blo937+21
B1937+21
B1937+21
J10234+0038
JO03C+0451

Ble2l-24

Bl1821-24
JO03C+0451
J1023+0038
J10234+0038
JO03C+0451

Ble21-24
J0218+4232
J0218+4232
JO218+4232
JO03+-0451
JO03H+0451
J0218+4232
J1023+0038
JO03H+0451
J0218+4232
JO03+-0451
J0218+4232

B1821-24
J0437- 4715
J10234+0038
J0437- 4715
J1023+0038

Ble2l-24
J0218+4232
J1023+0038
J1023+0038
J0437- 4715
JO03C+0451
JO03+-0451
Jo024-7204R
J00z24-7204R

JO03+-0451
J10234+0038
J0437-4715
JO218+4232
J0437- 4715
J0218+4232
JR437- 4715
J0437- 4715
J0437-4715
JR437- 4715
J0024-7204R
JO024-7204R
J0024-7204R
JO024-7204R
J0437-4715
J0437-4715
JO218+4232
JO024-7204R
J0218+4232
BOS31+21
BOS31+21
BOS31+21
Jo024-7204R
J0024-7204R
J0024-7204R
J0437-4715
JO024-7204R
BOS31+21
BOS31+21
J0024-72040
BOS31+21
BOS31+21
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LO7101e+00
634342400
L 92953e+00
. 21990e+00
313622400
. 53275e+00
. 20938e+00
. 38551 e+00
. 43556e+00
LE1217e+00
LE9171e+00
LOE724e4+01
05962e+01
05944e+01
LO7818e+01
L08T722e+01
. 0930Be+01
E74T7e+01
. 19588e+01
. 26058e+01
289701 e+01
28931 e+01
. 30345e+01
. 30478e+01
L 33226e+01
. 36770e+01
. 38463e+01
CA1025e+01
4121 5e+01
CAET0Ze+01
CAT203e+01
. 49450e+01

792240400
279662400
. 66642e+00
11743e+00
. 73148e400
. 64334e+00
5387 7e+00
LOETT1e+00
LA45795e+00
LB7142e+00
L3737 7e+00
LE63441 2400
. B2608e+00
. 34685e+00
LE61917e4+00
. 50808e+00
LAE622e4+00
LET7ATTe+00
491 24e+00
 91423e+00
L 337348400
196232400
(61471 e+00
 74584e4+00
787120400
. 59315e+00
 B0075e+00
430508400
L02117e+01
04301 e4+01
L BE4452400
L 22247e+00

o=l HHFOM@=]=]00=]0D0nO0omaom=JLh=lO0m oo oo Pod o)




First results published in:

Bernhardt, M. G., Prinz, T., Becker, W., Walter, U.,
2010, "Timing X-ray Pulsars with Application to
Spacecraft Navigation”, in proceedings of "High
Time Resolution Astrophysics IV" PoS(HTRA-
IV)050



4. Next steps



Next Steps

1. Higher-order terms:

. Relativistic effects
. Geometrical effects

2. Whatis the achievable arruracy?

3. Technical issues:

. Detector types

. Effective detector area, sensitivity, temporal
resolution, etc.



Thank you!
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