Guideline of Uncertainty Calculation Document ID 212_1

Service category 2.1.2

Basic information

· Quantity



Frequency

· Instrument or Artifact


Remote frequency standard

· Instrument Type or Method

GPS common view(single channel)
· Measurand Level or Range

5 MHz

· Measurement Conditions

· Sampling number


8
· Averaging time


86400 s
· Amplitude



> 0.4 Vrms
· Distance between 2 sites

1000 km
Instruments

· RF Distribution amplifier

HPDA-15RM-B (SDI)
· Pulse Distribution amplifier

PD10-RM-B (SpectraDynamics, Inc.)
· Cable




FSJ1-50A (Andrew)
· GPS receiver



NCR-37 (Japan Radio Co., Ltd.)
Measurement configuration
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List of uncertainties

1. Pseudorange Uncertainty

2. Ephemeris error

3. Antenna Coordinate Error

4. multipath

5. Delay error of Ionosphere

6. Delay error of Atmosphere
7. GPS receiver uncertainty
8. UTC uncertainty

9. UTC-UTC(NMI) Link Uncertainty

10. UTC(NMI) Uncertainty

11. Interpolation Uncertainty

12. Distribution amplifier Uncertainty

13. Cable Uncertainty

Detail of Uncertainty calculations

1. Pseudorange Uncertainty

· Receiver noise and Resolution


8.0 ns
· Sampling number




8
· Averaging time




86400 s
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· Comments

· Receiver noise and resolution is calculated from one month average of standard deviation of one day data measured by a GPS receiver.

· The multiplicative factor SQRT(2) is applied because we have to consider the uncertainty on remote and local site.
· In this measurement frequency is calculated from two time difference measurement (start and stop points), each measurement contain 8 data.

· If DUT is a rubidium clock, it is better to use all data included in a measurement period.
2. Ephemeris error

· Ephemeris error




+/- 2.5 m
· Averaging time




86400 s
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· Comments

· This error is caused by a difference between the expected and actual orbital position of a GPS satellite.
· Typical value is used as the error.
The multiplicative factor SQRT(2) is applied because we have to consider the uncertainty on remote and local site.
3. Antenna Coordinate Error

· Antenna Coordinate Error


+/- 1 m
· Averaging time




86400 s
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· Comments
· The multiplicative factor SQRT(2) is applied because we have to consider the uncertainty on remote and local site.

4. multipath

· multipath





+/- 1.25 m
· Averaging time




86400 s
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· Comments

· This error is evaluated form the antenna height from ground.
· The multiplicative factor SQRT(2) is applied because we have to consider the uncertainty on remote and local site.
5. Delay error of Ionosphere

· Distance





1000 km
· Difference between 2 sites


22.50 ns
· Averaging time




86400 s
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· Comments
· Use calculated value for mid-latitude area and maximum solar activity.
· Victor S. Zhang, “Time and Frequency Transfer Using GPS,” 30th NIST Time and Frequency Metrology Seminar, June 2005.

6. Delay error of Atmosphere

· Distance





1000 km
· Difference between 2 sites


3.00 ns
· Averaging time




86400 s
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· Comments
· Use calculated value for mid-latitude area and maximum solar activity.
· Victor S. Zhang, “Time and Frequency Transfer Using GPS,” 30th NIST Time and Frequency Metrology Seminar, June 2005.

7. GPS receiver uncertainty
NCR-37 (Japan Radio Co., Ltd.)
· Error of reciver delay



1.91 ns
8. UTC uncertainty

same as document ID 211_1 (“Local frequency standard”).
9. UTC-UTC(NMI) Link Uncertainty

same as document ID 211_1 (“Local frequency standard”).
10. UTC(NMI) Uncertainty

same as document ID 211_1 (“Local frequency standard”).
11. Interpolation uncertainty
same as document ID 211_1 (“Local frequency standard”).
12. Distribution amplifier Uncertainty

same as document ID 211_1 (“Local frequency standard”).
13. Cable Uncertainty

same as document ID 211_1 (“Local frequency standard”).
Uncertainty Budget table

	
	Source of Uncertainty
	Uncertainty (Hz/Hz)
	Type
	Distribution
	Conversion factor
	Standard Uncertainty (Hz/Hz)

	1
	Pseudorange Uncertainty
	3.3E-14
	A
	Normal
	1
	4.7E-14

	2
	Ephemeris error
	1.4E-13
	B
	Rectangular
	
[image: image7.emf]√

3


	8.1E-14

	3
	Antenna Coordinate Error
	5.5E-14
	B
	Rectangular
	
[image: image8.emf]√

3


	3.2E-14

	4
	multipath
	6.8E-14
	B
	Rectangular
	
[image: image9.emf]√

3


	3.9E-14

	5
	Delay error of Ionosphere
	2.6E-13
	B
	Rectangular
	
[image: image10.emf]√

3


	1.5E-13

	6
	Delay error of Atmosphere
	3.5E-14
	B
	Rectangular
	
[image: image11.emf]√

3


	2.0E-14

	7
	GPS receiver uncertainty
	
	
	
	
	

	8
	UTC uncertainty
	4.6E-15
	B
	Normal
	1
	4.6E-15

	9
	UTC-UTC(NMI) Link Uncertainty
	1.0E-15
	A
	Normal
	1
	1.0E-15

	10
	UTC(NMI) Uncertainty
	6.0E-15
	A
	Normal
	1
	6.0E-15

	11
	Interpolation uncertainty
	1.0E-15
	A
	Normal
	1
	1.0E-15

	12
	Distribution amplifier Uncertainty
	4.0E-15
	B
	Normal
	1
	4.0E-15

	13
	Cable Uncertainty
	2.5E-16
	B
	Rectangular
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3


	1.5E-16

	Combined Uncertainty
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	Expanded Uncertainty (k=2)
	3.7E-13


History
· 2011-12-xx first version.
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