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1. Conventional Navigation



Radio Tracking

Credit: NASA

Deep Space Network (NASA)

Goldstone Madrid

Canberra



Achievable Accuracy

~ 4 km per AU

Example Max. Distance from Earth
(AU)

Position Error
(km)

Mars 3 12
Jupiter 7 28
Saturn 11 44
Uranus 21 84
Neptun 31 124 
Pluto 50 200
Voyager 1 115 460



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

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






Step 2: Comparing Profiles

Reference point

Spacecraft

φ∆



Step 3: Position Determination

Range difference along
the line of  sight:

φ∆

)( nPcx +∆⋅⋅=∆ φ

Pulse period

Phase shift

n = 0, ±1, ±2, …
(multiple solutions)



Step 3: Position Determination

Example:
Crab Pulsar
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3. First Results



Pulsar Combinations

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



Pulsar Combinations



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. What is the achievable arruracy?

3. Technical issues:
• Detector types
• Effective detector area, sensitivity, temporal 

resolution, etc.



Thank you!
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