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Factors Considered in Spacecraft Clock Correlation Determination
	Mission
	Spacecraft
	Downlink
	Ground
	Correlation


Not correctly accounted

	 scientists are aware that range delay must be considered
	AGRT = DSN's GRT - Ground Delay - Rate Delay
	AGRT = DSN's GRT - Ground Delay - Rate Delay

	Aquarius
	
	
	
	

	Cassini
	
	One-way light time
	Tracking station location (dynamic)
	


DSN time delays

	· sync pulse delay
	

	CloudSat
	
	
	
	

	Con. X
	
	
	
	

	Dawn
	· Largest uncertainty: short-term and/or long-term instability of onboard oscillator - shifts in oscillator frequency due to voltage variations, temperature variations, radiation, and aging

· Uncertainties in onboard creation of time correlation packets
	
	Uncertainties in earth receipt time of time correlation packets
	

	Gaia
	· On-board clock stability

· Signal delay/jitters

· Time Code quantization in telemetry
	· One way ranging errors,

· Propagation delay/error (Position uncertainty, Troposphere, Ionosphere, etc),
	Ground Station Time Stamping Errors (delays, jitters, clock performance
	

	GFO
	
	
	
	

	GLAST
	Use GPS receiver to determine frequency of on board oscillator & keep one second count delimiters in step with GPS atomic standard. Relativistic correction made in GPS clocks will automatically cause GLAST clock to reduce ticks per second by one tick every several hours so GLAST one second interval will appear to agree with UTC one second interval. This will allow simple calculation to convert the GLAST MET to UTC.
	
	
	

	GPM
	Core and Constellation, spacecraft clock correlation/calibration functions will be performed by on-board GPS receivers. Based on experience with other missions flying GPS technologies, failures are essentially non-credible given the presence of redundant antennas/receivers, as is planned for GPM. 
	
	
	Ground operations would only perform this activity routinely only if on-board GPS capability is lost.

	Herschel Space Observatory
	· Ageing

· Onboard master-clock drifts

· onboard time-distribution delays

· local onboard time delays
	Errors in downlinking time information to ground
	· Errors in ground-infrastructure

· Errors in decentralized users

· Time delays
	

	IMAGE1
	
	
	
	Clock-Corr maintained by syncing onboard MET with Ground Receipt time applied to VCDU’s by DSN, and adding R/F transit time between IMAGE located (using predicted orbit) and DSN antenna.

	INTEGRAL
	On-board delay
	· Ground – S/C delay

· Antenna delay
	
	

	Juno
	
	
	
	

	LISA
	
	
	
	Routine time-of-day synchronization

	LRO
	
	
	Stations required to meet 1 msec accuracy/precision for command time stamp
	

	Mars Phoenix
	
	
	
	

	Mars Rovers
	clock drift
	
	
	

	MESSENGER
	· Environmental effects (temperature, radiation, relativity, oscillator voltage and loading) on the oscillator and also oscillator aging

· Instrument timing uncertainties

· Uncertainty in distribution of time to instruments

· Delays through the spacecraft
	One-way-light-time delay
	Accuracy of DSN station telemetry frame time tags
	

	MMS
	Because all four spacecraft contain GPS receivers, TAI is maintained on-board all four spacecraft. Therefore, no ground correlation is required under normal conditions
	
	
	

	Planck
	· Ageing

· Onboard master-clock drifts

· Onboard time-distribution delays

· Local onboard time delays
	Errors in downlinking time information to ground
	· Errors in ground-infrastructure

· Errors in decentralized users

· Time delays
	

	Pluto New Horizons
	· Environmental effects (temperature, radiation, relativity, oscillator voltage and loading) on the oscillator and also oscillator aging

· Instrument timing uncertainties

· Uncertainty in distribution of time to instruments

· Delays through the spacecraft
	One-way-light-time delay
	Accuracy of DSN station telemetry frame time tags, 
	

	Rosetta
	On-board delays (TM bit rate dependant) in generating time reference
	
	On-board delays (TM bit rate dependant) in generating time reference
	

	RXTE
	Use TT on board
	
	
	

	STEREO
	· Environmental effects (temperature, radiation, relativity, oscillator voltage and loading) on the oscillator and also oscillator aging

· Instrument timing uncertainties

· Uncertainty in distribution of time to instruments

· Delays through the spacecraft
	One-way-light-time delay
	Accuracy of DSN station telemetry frame time tags
	

	Swift
	
	
	
	

	Terra
	
	
	
	

	THEMIS
	
	Range is major factor in clock update process
	
	

	Ulysses
	Spacecraft clock imbedded in engineering data
	Factored with one way light time
	
	Compared to predicted ERT

	Voyager -1, -2
	
	
	
	

	WISE
	S/C delays
	· RTLT

· TDRSS delays
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