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Summary:
· CALR values are computed for all the European-American TW links;

· The CALR values are listed in Table 4. In Table 4a, the CALR values are computed vs. ESDVAR=0; Table 4b, the CALR values are computed vs. ESDVAR≠0 supplied by the related laboratories;
· The total calibration uncertainties are listed in Table 4c and Table 5;
· Guidelines for implementing and evaluating the CALR values at a laboratory;
· The implementation date is suggested to be MJD 54677 at 0h UTC
Updating history:
· 29/30 June 2008: Table 4a CalR vs. ESDVAR=0; Table 4b CalR vs. ESDVAR≠0 for USNO and NIST
· 3 July 2008: Section 6: Implementation and evaluation of the CALR values; NA ESDVAR=99999.999
· 11 July 2008: Table 4c: CALR CI and uncertainty of the calibrated links
Introduction
Organising and maintaining the metrological calibration of the time transfer facilities in laboratories contributing to UTC is among the responsibilities of the BIPM. 
TWSTFT (Two Way Satellite Time and Frequency Transfer, TW here after) is, together with GPS, the primary time transfer technique used for UTC generation. All the TW links used in the calculation of UTC have been calibrated. The calibration value is listed in the column CALRof the ITU data file. Sometimes a modification of the calibration value is made and the corresponding correction is listed in the column ESDVAR. During the BIPM link computation, both values of CALR and ESDVAR are to be used. However, there are a number of TW observations that are not used in the generation of UTC, some of them providing redundant links, which cannot be used for accurate time transfer since they are not already calibrated. A reason for aiming at calibrating these non UTC un-calibrated TW links is that laboratories could make use of them for time transfer. 
On the other hand, as a part of the pilot study of the GPS PPP links [4], the BIPM computes and since April 2008 publishes on its ftp site the link comparison results between GPS PPP and TW. These results are important for the uncertainty studies of both the uA (measurement uncertainty) and the uB (calibration uncertainty) of the two techniques, especially for their long-term variations. Because the TW and GPS time transfer on the same baseline provide redundant links that are independently measured, the comparison between TW and GPS PPP is helpful to study their short and long terms stabilities. Obviously, only calibrated links are useful for monitoring the calibration of the two techniques, and this is a motivation to carry out the calibration of non UTC TW links. 
The calibration values listed in Table 4 have been applied to TW links for the calculation of 0804 TW links and GPS PPP experimental links; the link comparison results are published on the BIPM ftp site: ftp://tai.bipm.org/TimeLink/LkC/0804/. Example of the excellent agreement of the traditional calibration for the non UTC TW and GPS PPP links is SP-NIST, for which the mean value of the differences between the two techniques is 0.013 ns with a standard deviation 0.127 ns. Results are available at ftp://tai.bipm.org/TimeLink/LkC/0804/SPNIST/Dlk/SPNIST.TGT35.Gif
The uncertainty of the traditional TW link calibration is uB=1 ns. TW calibration has been made until now in a process that is man-labour, time and money costing and limited by the availability of staff and equipment for calibration. Hence, a more flexible method could allow to easily calibrating all the non UTC links. We propose a method that uses the available redundant TW links. The calibration uncertainty obtained with this method is better than 2 ns (see section 5). 
This report presents the method and the results obtained; CALR values are proposed for all the non-UTC TW links. The CALR-ESDVAR values are listed in Table 4a and 4b with all the ESDVAR values set to zero. We propose the laboratories to use these values to update their ITU data files. In the case of non-UTC links with hardware calibration, the results given here can be used as a reference. In fact, the discrepancies between the three calibrations and the triangle closure calibrations are 1.1 ns on average in the given examples (cf. Table 7). 
For the newly calibrated TW links, values 99999.999 or 9999999999 that indicate non-availability (NA) in the columns CALR and ESDVAR in the ITU data files should be replaced by the values of CALR and ESDVAR proposed in Table 4. These NA umbers bring problems in the link computation since they are not both compliant with the ITU format. A consequence is the huge CALR or ESDVAR value in the ITU data file. Only the European and American TW laboratories are included in this report. 
1. Principle of the TW Calibration
We introduce briefly the TW calibration by the triangle closure method.

[image: image1]
The principle is very simple: it is possible two calibrate the TW link between two laboratories (LABi and LABj in Fig. 1) if their respective links with the pivot laboratory (PTB in the present context) are calibrated, since they are both UTC links. The calibration is made by making use of the supposing that all TW links with the PTB (that is, UTC links) are calibrated, any non UTC link between two non-pivot laboratories can be calibrated with the so called triangle closure condition: any triangle closure should be equal to zero. 
Taken the example of Fig. 1, we intend to calibrate the non UTC link between LABi and LABj. After the calibration, the triangle closure is expected to be zero: 
[UTC(LABi)-UTC(PTB)] - [UTC(LABj)-UTC(PTB)]

+ [UTC(LABj)-UTC(LABi)] = Closure → 0



(1)
The non-zero closure should be nothing but the measurement uncertainty. Because the UTC links are calibrated, we have the non-zero-closure = CALR+/-Std, if we set ESDVAR==0. If the ESDVAR values should be kept, for a link with the two end laboratories Lab1 and Lab2, we have, CALR1= - CALR2 = Closure + (ESDVAR2 - ESDVAR1)/2. The final calibration value is the average for a period: typically a UTC month (12 measurements per day over 35 days or 420 measurements for a complete UTC month). To have observations at common dates, values are interpolated at the nearest common TW scheduled epochs and then the closures are calculated. The uncertainty of the calibration can be estimated by the following equation: 
u(CloseCalib)=√{ui² + uj²+S²}  





(2)
Here:

ui=u[UTC(LABi)-UTC(PTB)]
uj=u[UTC(LABj)-UTC(PTB)]

S=Std√N where Std is Standard deviation of the triangle closures and N= number of triangles
Values of Std are listed in Table 4. They are used to estimate the calibration uncertainty by using the equation (2). The value S is very small with an order of uA/√N. uA is about 0.5 ns and N is 420 for a UTC monthly data set. The S is then about 0.02 ns. Introducing these values and taking into account of the standard value of uB=1 ns [5,9] and by using equation (2), the uncertainty of this triangle calibration is about 1.4 ns in total, not too much bigger than that of the traditional UTC calibrated links. 
2. The Data Set
The TAI 0804 (Apr. 2008, Mjd 54554-54584) TW data are used. There are 10 TW laboratories involved. The following figures and tables display the data distribution and availability.
Table 2.1 Laboratories in the UTC time link network of TAI 0804


[image: image2]
Fig. 2.1 The UTC time links (blue lines) and the redundant links (black lines)
AOS is available since 0804 and not shown in this figure
Table 2.2 Total independent baselines (Lab2-Lab1)

- Measured = 44, Theory{N(N-1)/2}=45

Table 2.3 Total independent Triangles (Lab1-Lab2-Lab3)

Measured=35; Theory {(N2-3N+2)/2}=36

* Measurements were not available in this calculation

3. The Results of the Triangle Closure Analysis
Total and detailed analysis results can be found on the BIPM ftp site:

ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804
Table 3 is an example of the first 20 triangle closures in the triangle PTB-NIST-OP in the file PTB-NIST-OP.Tf2 ( ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804/PTB-NIST-OP.Tf2 ). In the header of the file, we find the details of the statistic results: the number of total measured closures =367, over them all the 3 TW link measurements are available. The standard deviation of the closures is 0.3 ns with the mean value of 7399.7ns. The individual sigma of the 3 links are 0.24ns for NIST-PTB; 0.42ns for OP-PTB and 0.39ns for OP-NIST. Here sigma stands for the estimated uncertainty of each point given by the statistics during the link computation.
Table 3. Example of the triangle closure PTB-NIST-OP0804 (first 20 closures)

Other analysis results can be found at:

The statistics of the triangle closures: ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804/Clos0804.Tf2
Histograms and statistics of the triangle closures:

ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804/Hist0804.Tf2
4. The Results of the TW Calibration: CARL and ESDVAR
We propose that starting from TAI0808 (Aug. 2008) TW links which are not used for the computation of UTC provide ITU data files (TwLaboMJ.DDD) where we set initially all the ESDVAR = 0 and the CALR values are those listed in table 4a. In Table 4a and Table 4b, the column No. shows the number of the closure triangle used for the respective CALR computation; column StDev gives the respective standard deviation. Std_N=StDev/√N. N is the triangle number used. The calibration uncertainty is given in next section in Table 5. In the future, only the measured CALR value can replace the value proposed in this table. However, any laboratory can modify the ESDVAR value whenever necessary. For those laboratories, who want to keep their ESDVAR value in this calibration, the related CALR values are listed in Table 4b. The BIPM calibrtation identify code CI and the related uncertainty are listed in Table 4c.
Table 4a Calibrated CALR Values for non UTC links (ESDVAR=NA)
(unit in ns, Version 29 June 2008)

Table 4a Calibrated CALR Values for non UTC links (ESDVAR=NA) (continue)
(unit in ns, Version 25 may 2008)


* Remark: according to the ITU format convention, the number 9…9 represents a non-measured value. We set ESDVAR=99999.999 and the related uncertainty ESIG=9.999. 
Table 4b The Calibrated CALR Values for non UTC links (ESDVAR≠NA)
(unit in ns, Version 30 June 2008)


* Remark: according to the ITU format convention, the number 9…9 represents a non-measured value. We set ESDVAR=99999.999 and the related uncertainty ESIG=9.999. For the measured ESDVAR, fill in the measured value and the estimated ESIG.
Table 4c CALR CI and uncertainty of the Calibrated Links in Table 4a and 4b

	CALR

CI
	LOC-REM
	S
	CALR local
/ns
	CALR remote
/ns
	TYPE
	Uncert.
/ns
	Used since
	Remark

	301
	AOS/CH
	1
	21,039
	-21,039
	T.C.*
	6.0
	30 July 2008
	TM151

	302
	AOS/IT
	1
	132,777
	-132,777
	T.C.
	6.0
	30 July 2008
	TM151

	303
	AOS/OP
	1
	7133,267
	-7133,267
	T.C.
	6.0
	30 July 2008
	TM151

	304
	AOS/ROA
	1
	105,365
	-105,365
	T.C.
	6.0
	30 July 2008
	TM151

	305
	AOS/SP
	1
	4,478
	-4,478
	T.C.
	6.0
	30 July 2008
	TM151

	306
	AOS/VSL
	1
	117,862
	-117,862
	T.C.
	6.0
	30 July 2008
	TM151

	307
	CH/IT
	1
	110,859
	-110,859
	T.C.
	2.0
	30 July 2008
	TM151

	308
	CH/OP
	1
	7112,132
	-7112,132
	T.C.
	2.0
	30 July 2008
	TM151

	309
	CH/ROA
	1
	83,825
	-83,825
	T.C.
	6.0
	30 July 2008
	TM151

	310
	CH/SP
	1
	-16,414
	16,414
	T.C.
	2.0
	30 July 2008
	TM151

	311
	CH/VSL
	1
	96,498
	-96,498
	T.C.
	2.0
	30 July 2008
	TM151

	312
	IT/OP
	1
	7000,408
	-7000,408
	T.C.
	2.0
	30 July 2008
	TM151

	313
	IT/ROA
	1
	-27,984
	27,984
	T.C.
	6.0
	30 July 2008
	TM151

	314
	IT/SP
	1
	-128,372
	128,372
	T.C.
	2.0
	30 July 2008
	TM151

	315
	IT/VSL
	1
	-14,696
	14,696
	T.C.
	2.0
	30 July 2008
	TM151

	316
	OP/ROA
	1
	-7028,065
	7028,065
	T.C.
	6.0
	30 July 2008
	TM151

	317
	OP/SP
	1
	-7128,663
	7128,663
	T.C.
	2.0
	30 July 2008
	TM151

	318
	OP/VSL
	1
	-7015,433
	7015,433
	T.C.
	2.0
	30 July 2008
	TM151

	319
	ROA/SP
	1
	-100,440
	100,440
	T.C.
	6.0
	30 July 2008
	TM151

	320
	ROA/VSL
	1
	12,746
	-12,746
	T.C.
	6.0
	30 July 2008
	TM151

	321
	SP/VSL
	1
	113,117
	-113,117
	T.C.
	2.0
	30 July 2008
	TM151

	322
	NIST/AOS
	1
	154,480
	-154,480
	T.C.
	6.0
	30 July 2008
	TM151

	323
	USNO/AOS
	1
	403,432
	-403,432
	T.C.
	6.0
	30 July 2008
	TM151

	324
	NIST/CH
	1
	176,060
	-176,060
	T.C.
	6.0
	30 July 2008
	TM151

	325
	USNO/CH
	1
	425,057
	-425,057
	T.C.
	2.0
	30 July 2008
	TM151

	326
	NIST/IT
	1
	285,833
	-285,833
	T.C.
	6.0
	30 July 2008
	TM151

	327
	USNO/IT
	1
	534,735
	-534,750
	T.C.
	2.0
	30 July 2008
	TM151

	328
	NIST/OP
	1
	7287,687
	-7287,687
	T.C.
	6.0
	30 July 2008
	TM151

	329
	NIST/ROA
	1
	258,436
	-258,436
	T.C.
	6.0
	30 July 2008
	TM151

	330
	NIST/SP
	1
	159,322
	-159,322
	T.C.
	6.0
	30 July 2008
	TM151

	331
	NIST/VSL
	1
	273,323
	-273,323
	T.C.
	6.0
	30 July 2008
	TM151

	332
	OP/USNO
	1
	7536,583
	-7536,583
	T.C.
	2.0
	30 July 2008
	TM151

	333
	USNO/ROA
	1
	507,564
	-507,564
	T.C.
	6.0
	30 July 2008
	TM151

	334
	USNO/SP
	1
	408,247
	-408,247
	T.C.
	2.0
	30 July 2008
	TM151

	335
	USNO/VSL
	1
	522,444
	-522,444
	T.C.
	2.0
	30 July 2008
	TM151


* T.C.=Triangle Closure 

5. Estimation of the calibration uncertainty

We present hereafter only a general description of the uncertainty estimation listed in Table 4c. A more detailed discussion will be given in a separate paper.
From Section 6 of BIPM Circular T 244 [5] and [9], the traditional calibration uncertainty uB is 1ns for TW links and 5ns for GPS links. In table 4, the maximum Std is 1.6 and the minimum N is 169. In the worst case, the S equals 0.12ns. Introducing them to equation (2), we have:
for TW-GPS mixed triangles: uB1 = √{5² + 1²+ 0.12²} = 5.1 ns  < 6ns
for TW triangles: uB2 = √{1² + 1²+ 0.12²} = 1.4 ns < 2ns
We have thus set the calibration uncertainties to:
Table 5 Uncertainty estimated (uB/ns)
	Labs/Links
	uB

	AOS, NIST, ROA concerned links (with PTB, USNO, OP, IT, VSL, CH and SP)
	6

	all the other links in Table 4a and 4b
	2


6. Implementation and evaluation of the CALR values
The implementation date is suggested to be MJD 54677 at 0h UTC.  TW labs are suggested to make available the data as often as possible so that all the labs and BIPM can make parallel evaluations. Data exchanges can be done through the usual BIPM UTC ftp uploading site (see bellow).
6.1 Implementation of the CALR value into the ITU data file

Some details when implementing the CalR value in the ITU files:
· For those use the Table 4a, the ESDVAR should be 99999.999 and related ESIG=9.999;

· For those use the Table 4b, set the real value for ESDVAR and ESIG;

· Inserted the following line in the header of the ITU file:
CALR CI TYPE: TRIANGLE CLOSURE MJD: 54554-54584 EST. UNCERT.: x.x ns
Here the CI is the BIPM calibration identifier series number and x.x is the uncertainty of the calibration given in Table 4c (2 or 6 ns).
To easy data exchanges between the labs for the mutual evaluations, it is suggested to regularly upload and download the ITU data files through the BIPM ftp site:

URL address
: tai.bipm.org

IP address
: 62.161.69.131

FTP:

Port

: 21

User

: labotai

Password
: dataTAI

A specific directory for data of each laboratory was created. You can put your data in the remote directory "/data/Lab/links/TWSTFT/" where "Lab" is the BIPM acronym of your laboratory.

6.2 Evaluation of the CALR value for a particular laboratory

The aim of the evaluation is to find the unexpected errors in the CALR values in Table 4. A laboratory can use the following steps to evaluate its CALR values for a non-UTC link with the help of a BIPM Circular T:
1. Use a recent Circular T and the TW data after MJD 54584 so that the raw data are independent from that used for the calibration in Table 4 of this TM; this will provide a means of  checking Table 4;
2. Implement the CALR values in Table 4a or 4b into the ITU TW data file. Carefully respect the ITU format convention. For reference, you find your ESDVAR and CALR values (TAI0804) in ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804/T314.OUT.@;
3. Use the Circular T to compute the indirect links. For example for NIST and IT, the indirect link via PTB is NIST-IT=-(IT-NIST)=(NIST-PTB)-(IT-PTB)={(UTC-UTC(IT)-[UTC-UTC(NIST)]}. Here the pivot lab PTB is cancelled; 
4. Compute the direct link NIST-IT using the ITU data;

5. Interpolate the direct link values onto the standard UTC MJDs;
6. Compute the difference between the indirect link (3) and the direct link (4,5);
7. Re-do 3-5 but in the opposite order, you should have IT-NIST=-(NIST-IT);
8. Above is the evaluation over the standard MJDs with the help of Circular T. One can also compute the closures for the triangles on all the measurement time epochs (12 points per day). It is expected that the closure≈0.  However the above steps 1-7 should be enough for the evaluation. In fact, BIPM has made a global closure analysis for the data set TAI0804: ftp://tai.bipm.org/TFG/JIANG/NetWork/TW_Calib0804/ ;
9. Analyse the differences or the closures which should be smaller or equal to the tolerance: √[uA1²+ uA2²+ uA3²+S²] (1-σ).
Here uA1, uA2 and uA3 are the link uncertainties of the three links concerned. Approximately, we can use the uA listed in the Section 6 of the Circular T, uA=0.5ns. S is the precision of CALR, see equation (2), which is very small. Therefore the tolerance of the differences is about 0.9 ns (1-σ).
Therefore, if a difference is bigger than 1 ns, further investigation should be made to know what to identify the causes.  It can be due to:
1. Data missing: there are gaps in the raw data; 

2. Diurnals, especially for the Europe-America links. The amplitude may be up to 1 ns or bigger; 

3. Outliers; 
4. Different calibration used for Circular T and the Tab. 4; 

5. Clock noises and interpolation errors: if differences are within 2 ns but there is not a systematic bias (do not keep the same sign), it is acceptable;
6. If a bias bigger than 2 ns is present, then verify all the old calibrations. If no clear reason is found, it is suggested to accept the Table 4 values that agree with the official UTC link calibration;
7. the uB proposed for the CALR is 2 ns or 6 ns depending on the original calibration (Tab 4c). 

7. Comparison to the calibrated non UTC links
As a support to the change of satellite for the TW observations in February 2008, the BIPM computed the GPS carrier phase bridges [6,7,8] for the UTC and non UTC links. Among them there are three OP concerned non-UTC links which had been classically calibrated and the calibration values are not applied in the Lab1(OP) ITU data files. They can be used to check the quality of our triangle closure calibrations in Table 4. As an effect of the bridge calibration, the uncertainty should slightly increase to about 1.5ns. We have then compared the traditional calibration and our triangle closure calibration. The results are in Table 7:
Table 7 Differences between traditional calibration and the triangle closure calibration (ns)
	Link
	Bridge
	CALR (Tab.4)
	Difference
	Comments

	SP-OP
	7127.8
	7128.7
	-1.1
	

	VSL-OP
	2014.5
	2015.4
	-0.9
	CALR-5000

	IT-OP
	-1.0
	0.4
	-1.4
	CALR-7000


The differences are well below the total uncertainty: √{1.5² + 2²} = 2.5 ns. This agrees well with the proposed CALR values given in Table 4 and the uncertainty estimation of 2ns. However, if we take a closer look at the differences: they are all negative round about the averaged value -1.1 ns. This implies, the discrepancies here come from rather the systematic bias of the traditional calibrations or the bridges than from this triangle closure calibration. The latter is dominated by measurement uncertainty uA which obeys the white noise ruler.

8. Future calibration and re-calibration
Four different cases should be considered:

· Change of satellites as happened in February 2008: because all the TW laboratories are backed up by GPS PPP (except for AOS), it is suggested to use the GPS PPP solutions to bridge the UTC links and then use the UTC links to calibrate the non UTC links like what we do in this report; 
· In case of having some TW links re-calibrated, the same method should be applied to re-calibrate the non UTC links;
· Asian Laboratories;

· New TW laboratories: TUG, IPQ etc.
Because the real uncertainties of the traditional and the triangle closure calibrations are not very different and both are sufficient for usual clock comparisons, it is suggested to perform the non UTC link calibration only when and where necessary.

BIPM is actively contributing to the organization and maintenance of the metrological calibration of the UTC time transfer facilities and has established a procedure in Tsoft to perform these calibrations (cf. Annexe). 
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Annexe

This section is only for the BIPM time section staff:

We use the Tsoft/F2/F3162 to calculate the calibration following the steps below:

1. run1: Y4   - UTC links with PTB with the options ON: CALR  EDSVAR

2. run2: Y4   - Non UTC links (No PTB) with the options OFF: -CALR  -EDSVAR

3. run3: F2    - CalR by triangle method, better with the option ON:  LKTY4i (Lab1==PTB)

4. run4: Y20 - Set CalR calculated/ESDVAR==0 into TwYYMM.lk (using this file)

5. run5: Y4   - UTC+Non UTC links with the option ON:  CALR  EDSVAR

6. run6: F2    - Verify if all the triangle closures -- >0

The calibration results are in Table 4 TW Calibrations of CALR and ESDVAR. Certainly, if any of the non-UTC links are hardware calibrated, the values here can be used as a check (cf. section 6).

(Job for F2: 0804 LKTY4i -LKGY3i -ALIGN -ALIGN.G2T -ALIGN.T2G -Out888 OutStep=1 HistScale=1000 HistIntv=250 MjdCol01_09 LinkCol18_30)
If a laboratory wants to keep its ESDVAR value, this value should be subtracted from the originally determined CalR values (X:\TaN\0804\Adj\CalR0804.Tf2) which is computed by F2 supposing EsdVar==0. The new CalR value with EsdVar-removed can be computed by:

CalR1(new)= -CalR2(new)={CalR1(old) + ( [EsdVar2-EsdVar1]/2 ) }

Use Y20 option: RmEsdVar ON to make an iteration to remove EsdVar from the original file X:\TaN\0804\Adj\CalR0804.Tf2 and then re-establish the big TW file for TAI computation:
1. run1: Type in Link_LAB1_Non-Zero_EsdVar value in X:\TaN\0804\Adj\CalR0804.Tf2 (note here for a link in CalR0804.Tf2 type in the Lab1 value. For example: 

          Calib. USNO01   CH01: S=1 CALR=   425.057 +/- 0.426, ESDVAR=  -387.250  375 0.022   14
2. run2: Y20 with Calib & RmEsdVar ON. This will read the above copied file in which the ESdVar(sb) should be removed from the listed CalR values: Output new files is X:\TaN\0804\Adj\CalR0804.Tf2.Y20
3. run3: Copy the NewCalR file: X:\TaN\0804\Adj\CalR0804.Tf2.Y20 (present only the non-zero-EsdVar labs) into the old: X:\TaN\0804\Adj\CalR0804.Tf2
4. run4: Re-do Y20 with Calib ON and RmEsdVar OFF
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 Labi Labj   S  CARL                StDev  ESDVAR*             N  Std_N 


   IT   OP: S=1 CALR=  7000.408 +/- 0.185, ESDVAR= 99999.999  343 0.010  


   OP   IT: S=1 CALR= -7000.408 +/- 0.185, ESDVAR= 99999.999  343 0.010  


   IT  ROA: S=1 CALR=   -27.984 +/- 0.246, ESDVAR= 99999.999  292 0.014  


  ROA   IT: S=1 CALR=    27.984 +/- 0.246, ESDVAR= 99999.999  292 0.014  


   IT   SP: S=1 CALR=  -128.372 +/- 0.232, ESDVAR= 99999.999  359 0.012  


   SP   IT: S=1 CALR=   128.372 +/- 0.232, ESDVAR= 99999.999  359 0.012  


   IT  VSL: S=1 CALR=   -14.696 +/- 0.998, ESDVAR= 99999.999  236 0.065  


  VSL   IT: S=1 CALR=    14.696 +/- 0.998, ESDVAR= 99999.999  236 0.065  


   OP  ROA: S=1 CALR= -7028.065 +/- 0.271, ESDVAR= 99999.999  297 0.016  


  ROA   OP: S=1 CALR=  7028.065 +/- 0.271, ESDVAR= 99999.999  297 0.016  


   OP   SP: S=1 CALR= -7128.663 +/- 0.245, ESDVAR= 99999.999  365 0.013  


   SP   OP: S=1 CALR=  7128.663 +/- 0.245, ESDVAR= 99999.999  365 0.013  


   OP  VSL: S=1 CALR= -7015.433 +/- 1.245, ESDVAR= 99999.999  232 0.082  


  VSL   OP: S=1 CALR=  7015.433 +/- 1.245, ESDVAR= 99999.999  232 0.082  


  ROA   SP: S=1 CALR=  -100.440 +/- 0.307, ESDVAR= 99999.999  314 0.017  


   SP  ROA: S=1 CALR=   100.440 +/- 0.307, ESDVAR= 99999.999  314 0.017  


  ROA  VSL: S=1 CALR=    12.746 +/- 1.305, ESDVAR= 99999.999  217 0.089  


  VSL  ROA: S=1 CALR=   -12.746 +/- 1.305, ESDVAR= 99999.999  217 0.089  


   SP  VSL: S=1 CALR=   113.117 +/- 1.361, ESDVAR= 99999.999  245 0.087  


  VSL   SP: S=1 CALR=  -113.117 +/- 1.361, ESDVAR= 99999.999  245 0.087  


END --- F3162: CALR by triangle differential calibration
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Tsoft/F3162/F3120: CALR differential calibrationby the Triangle closure method*/ 


Remove ESDVARs from CALR: CalR1=-CalR2=CalR1+[EsdVar2-EsdVar1]/2





Labi Labj   S  CARL                StDev  ESDVAR*              N Std_N  


NIST  AOS: S=1 CALR=   154.480 +/- 0.335, ESDVAR=   224.040  326 0.019    


 AOS NIST: S=1 CALR=  -154.480 +/- 0.335, ESDVAR= 99999.999  326 0.019 


USNO  AOS: S=1 CALR=   403.432 +/- 0.286, ESDVAR=  -387.250  277 0.017    


 AOS USNO: S=1 CALR=  -403.432 +/- 0.286, ESDVAR= 99999.999  277 0.017 


NIST   CH: S=1 CALR=   176.060 +/- 0.420, ESDVAR=   224.040  384 0.021   


  CH NIST: S=1 CALR=  -176.060 +/- 0.420, ESDVAR= 99999.999  384 0.021 


USNO   CH: S=1 CALR=   425.057 +/- 0.426, ESDVAR=  -387.250  375 0.022   


  CH USNO: S=1 CALR=  -425.057 +/- 0.426, ESDVAR= 99999.999  375 0.022 


NIST   IT: S=1 CALR=   285.833 +/- 0.398, ESDVAR=   224.040  360 0.021   


  IT NIST: S=1 CALR=  -285.833 +/- 0.398, ESDVAR= 99999.999  360 0.021 


USNO   IT: S=1 CALR=   534.735 +/- 0.336, ESDVAR=  -387.250  351 0.018   


  IT USNO: S=1 CALR=  -534.735 +/- 0.336, ESDVAR= 99999.999  351 0.018 


NIST   OP: S=1 CALR=  7287.687 +/- 0.292, ESDVAR=   224.040  367 0.015   


  OP NIST: S=1 CALR= -7287.687 +/- 0.292, ESDVAR= 99999.999  367 0.015 


NIST  ROA: S=1 CALR=   258.436 +/- 0.437, ESDVAR=   224.040  316 0.025   


 ROA NIST: S=1 CALR=  -258.436 +/- 0.437, ESDVAR= 99999.999  316 0.025 


NIST   SP: S=1 CALR=   159.322 +/- 0.495, ESDVAR=   224.040  384 0.025   


  SP NIST: S=1 CALR=  -159.322 +/- 0.495, ESDVAR= 99999.999  384 0.025 


NIST  VSL: S=1 CALR=   273.323 +/- 1.569, ESDVAR=   224.040  246 0.100   


 VSL NIST: S=1 CALR=  -273.323 +/- 1.569, ESDVAR= 99999.999  246 0.100 


USNO   OP: S=1 CALR=  7536.583 +/- 0.311, ESDVAR=  -387.250  358 0.016   


  OP USNO: S=1 CALR= -7536.583 +/- 0.311, ESDVAR= 99999.999  358 0.016 


USNO  ROA: S=1 CALR=   507.564 +/- 0.440, ESDVAR=  -387.250  306 0.025   


 ROA USNO: S=1 CALR=  -507.564 +/- 0.440, ESDVAR= 99999.999  306 0.025 


USNO   SP: S=1 CALR=   408.247 +/- 0.515, ESDVAR=  -387.250  374 0.027   


  SP USNO: S=1 CALR=  -408.247 +/- 0.515, ESDVAR= 99999.999  374 0.027 


USNO  VSL: S=1 CALR=   522.444 +/- 1.547, ESDVAR=  -387.250  235 0.101   


 VSL USNO: S=1 CALR=  -522.444 +/- 1.547, ESDVAR= 99999.999  235 0.101 


END --- F3120: Remove EsdVar from CalR. Re-Run Y20 after coping the above table into X:\TaN\0804\Adj\CalR0804.Tf2
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Fig. 1 Non UTC TW link calibration by triangle closures


CALR(LABj-LABi)=[UTC(LABi)-UTC(PTB)]-[UTC(LABj)-UTC(PTB)]+[UTC(LABj)-UTC(LABi)]
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PTB-NIST-OP0804.Tf2


Tai0804 Closure: T PTB NIST OP(21+13+32)/02_05 05_08 08_02/


N,Min,Max,Mean,RMS,Std: 367 7398.9 7400.6 7399.7 7399.7 0.3 


Sigma of the three concerned links: +- 0.24 0.42 0.39


        MJD       Closure    Link1   Link2     Link3


   1 54554.033   7399.684 = 34.075 -16.691 +7382.300


   2 54554.116   7399.468 = 34.008 -16.836 +7382.296


   3 54554.199   7399.372 = 33.894 -17.733 +7383.211


   4 54554.283   7399.765 = 33.922 -17.552 +7383.395


   5 54554.366   7399.507 = 34.191 -16.781 +7382.097


   6 54554.449   7399.623 = 34.101 -16.467 +7381.989


   7 54554.533   7399.059 = 33.846 -17.009 +7382.222


   8 54554.616   7399.265 = 34.130 -17.325 +7382.460


   9 54554.699   7399.781 = 34.411 -17.103 +7382.473


  10 54554.783   7400.049 = 34.434 -17.390 +7383.005


  11 54554.866   7399.901 = 34.366 -16.819 +7382.354


  12 54554.949   7399.642 = 34.364 -16.990 +7382.268


  13 54555.033   7399.294 = 34.148 -16.821 +7381.967


  14 54555.116   7399.106 = 34.157 -17.496 +7382.445


  15 54555.199   7399.362 = 34.232 -18.012 +7383.142


  16 54555.283   7399.446 = 34.317 -18.234 +7383.363


  17 54555.366   7399.911 = 35.115 -18.659 +7383.455


  18 54555.449   7399.675 = 34.956 -18.321 +7383.040


  19 54555.533   7399.342 = 34.238 -18.145 +7383.249


  20 54555.616   7399.189 = 34.315 -18.988 +7383.862


… …





Tsoft/F2/F3162: CALR differential calibration by the Triangle closure method*





 Labi Labj   S  CARL                StDev  ESDVAR*              N Std_N 


  AOS   CH: S=1 CALR=    21.039 +/- 0.227, ESDVAR= 99999.999  288 0.013 


   CH  AOS: S=1 CALR=   -21.039 +/- 0.227, ESDVAR= 99999.999  288 0.013 


  AOS   IT: S=1 CALR=   132.777 +/- 0.313, ESDVAR= 99999.999  344 0.017 


   IT  AOS: S=1 CALR=  -132.777 +/- 0.313, ESDVAR= 99999.999  344 0.017 


  AOS   OP: S=1 CALR=  7133.267 +/- 0.320, ESDVAR= 99999.999  329 0.018 


   OP  AOS: S=1 CALR= -7133.267 +/- 0.320, ESDVAR= 99999.999  329 0.018 


  AOS  ROA: S=1 CALR=   105.365 +/- 0.400, ESDVAR= 99999.999  241 0.026 


  ROA  AOS: S=1 CALR=  -105.365 +/- 0.400, ESDVAR= 99999.999  241 0.026 


  AOS   SP: S=1 CALR=     4.478 +/- 0.533, ESDVAR= 99999.999  348 0.029 


   SP  AOS: S=1 CALR=    -4.478 +/- 0.533, ESDVAR= 99999.999  348 0.029 


  AOS  VSL: S=1 CALR=   117.862 +/- 0.478, ESDVAR= 99999.999  231 0.031 


  VSL  AOS: S=1 CALR=  -117.862 +/- 0.478, ESDVAR= 99999.999  231 0.031 


   CH   IT: S=1 CALR=   110.859 +/- 0.484, ESDVAR= 99999.999  357 0.026 


   IT   CH: S=1 CALR=  -110.859 +/- 0.484, ESDVAR= 99999.999  357 0.026 


   CH   OP: S=1 CALR=  7112.132 +/- 0.513, ESDVAR= 99999.999  367 0.027 


   OP   CH: S=1 CALR= -7112.132 +/- 0.513, ESDVAR= 99999.999  367 0.027 


   CH  ROA: S=1 CALR=    83.825 +/- 0.585, ESDVAR= 99999.999  172 0.045 


  ROA   CH: S=1 CALR=   -83.825 +/- 0.585, ESDVAR= 99999.999  172 0.045 


   CH   SP: S=1 CALR=   -16.414 +/- 0.625, ESDVAR= 99999.999  377 0.032 


   SP   CH: S=1 CALR=    16.414 +/- 0.625, ESDVAR= 99999.999  377 0.032 


   CH  VSL: S=1 CALR=    96.498 +/- 1.130, ESDVAR= 99999.999  245 0.072 


  VSL   CH: S=1 CALR=   -96.498 +/- 1.130, ESDVAR= 99999.999  245 0.072 
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