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Restoration the TWSTFT link calibration using

GPS bridging after the satellite switch from
IS-3R to T-11N in July/August 2009
( around MJD 55043 )
Z. Jiang, W. Lewandowski and D. Piester

Method: We first use the GPS PPP bridge to restore the CALR of the UTC links (LABs-PTB, Table 1 and 3a) then use the Triangle Closure condition (TCC) to compute CALRs of the non-UTC links (LABs-LABs) and then estimate the uncertainty.

For UTC links, the ESDVAR values are kept as they are and for the non-UTC links, there are two cases: for Europe labs: ESDVAR==999999999 (Table 3b) and for NIST and USNO keep their ESDVAR values (Table 3c). 
We finally implemented the new CALR values in the TW0909 data (up to 55095) and verified them (Table 4). [3,4] made the independent verifications. There are N(N-1)/2 links, N=9. With the data available, totally 33 new CALR-ESDVAR are computed and listed in Table 3a, 3b, 3c. A brief discussion is given below but for all the details of the method used, c.f. [1,2].
Implementation schedule:

· 55096-55102 (22-28 Sept): The TW LABs check their own CALR and the related ESDVAR in Table 3a, 3b, 3c
· 55102 (28 Sept): The BIPM issues the final version of this TM with the CALR/ESDVAR values and the CI codes

· 55102-55108 (28 Sept - 4 Oct): The TW labs implement the new CALR/ESDVAR and the CI codes in their ITU files (c.f. examples of Header and Recordings below) then upload (re-upload) the corrected ITU files (back up to the satellite switch moment) to the BIPM ftp site for UTC computation. The first MJD of Circular T 262 is 55109.
No data: USNO-ROA, NIST-ROA, USNO-VSL, NPL-LABs, AOS-LABs (a new computation will be made when all the data available)
Data gap ≥ 5 days: IT, OP, SP (c.f. Annex III). This implies the bridge quality might be affected by possible biases in GPS.
References:

[1] TM 151
[2] Jiang, Lewandowski and Piester Proc. PTTI 2008

[3] Report of NIST by Zhang
[4] Report of OP by Rovera and Achkar
Table 1: TW UTC link jumps due to the satellite changes using GPS bridge* (MC/P3/PPP)

(version of 26/8/2009 for the UTC links** with data available on BIPM ftp on 13/8/2009)

	Link
	Bridge link
	Common Points 

in period1/period2
	D1±StDev
	D2±StDev
	Bridge=D1-D2

± ε ***
	Remark

	
	
	
	
	
	
	

	
	Xband
	61/56
	-3.911±0.403
	-214.916±0.855
	+211.0±0.1
	

	USNO-PTB 
	P3
	61/67
	-3.396±0.656
	-214.792±0.933
	+211.4±0.1
	Esdvar= -379.910

	 
	PPP
	61/67
	-2.614±0.372
	-214.149±0.906
	+211.5±0.1
	

	
	
	
	
	
	
	

	NIST-PTB
	MC
	62/61
	-0.625±1.212
	197.639±1.163
	-198.3±0.2
	Rep. Zhang

	 
	PPP
	62/61
	-1.451±0.147
	195.790±0.230
	-197.2±0.1
	EsdVar=-0.724ns

	
	
	
	
	
	
	

	CH-PTB
	P3
	39/101
	-5.142±0.566
	204.581±0.696
	-209.7±0.2
	

	 
	PPP
	39/101
	-4.352±0.168
	205.094±0.408
	-209.5±0.1
	

	
	
	
	
	
	
	

	IT-PTB
	P3
	35/64
	-27.626±0.539
	452.311±0.717
	-479.9±0.2
	

	 
	PPP
	35/64
	-29.915±0.407
	450.212±0.575
	-480.1±0.1
	

	
	
	
	
	
	
	

	OP-PTB
	P3
	51/9
	1.964±0.618
	7301.804±0.647
	-7299.9±0.3
	cf. also Rep. Rovera-

	 
	PPP
	51/9
	1.907±0.192
	7301.623±0.161
	-7299.9±0.1
	Achkar 21/9/09

	
	
	
	
	
	
	

	ROA-PTB
	P3
	69/68
	-1.480±1.297
	162.057±1.564
	-298.3±0.2
	EsdVar changed

	 
	PPP
	69/68
	-3.614±0.339
	159.746±0.972
	-298.1±0.1
	-27.6 to 242.0

	
	
	
	
	
	
	

	SP-PTB
	P3
	61/92
	-2.039±0.907
	192.406±1.533
	-194.4±0.2
	

	 
	PPP
	61/92
	-220.489±0.147
	-26.135±0.749
	-194.4±0.1
	Tw gap 55047-55054

	
	
	
	
	
	
	

	VSL-PTB
	P3
	36/98
	-3.131±2.442
	582.696±0.693
	-585.8±0.4
	

	 
	PPP
	36/98
	-75.481±2.490
	510.378±0.550
	-585.9±0.4
	Esdvar= -228.850

	
	
	
	
	
	
	

	NPL-PTB
	P3
	61/0
	1.216±0.691
	No TW
	NA
	 

	 
	PPP
	61/0
	1.344±0.225
	No TW
	NA
	 

	
	
	
	
	
	
	

	AOS-PTB
	MC
	228/0
	2.597±0.916
	No TW
	NA
	 


*    Both TW and GPS links should be driven by same clock

**  Only UTC links. BIPM supply the calibration CI and non-UTC TW calibration. BIPM thanks to all the TW colleagues for their full cooperation

*** here ε =±√[(StDev1²+StDev2²)/n]. n is the smaller number of the common points in the period 1 and period 2. ε stands for the statistic uncertainty of the computation. Please note that the possible biases in the GPS links are not taken into account

Period 1 ≈  55039 ~ 55043 (even hours) cf. Annex 1
Period 2 ≈  55043 ~ 55054 (odd hours) cf. Annex 2
D1= link difference: TW(Period 1)-GPS / ns
D2= link difference: TW(Period 2)-GPS / ns
The Bridge=D1-D2 / ns
CALR and estimated uncertainty of the UTC time links
CALRs in Table 2 are taken from bold written bridging results in Table 1.

Uncertainty determination:

new est. uncert. = sqrt [(uncert. before sat. switch)^2+(0.5*combined ESDVAR uncert.)^2+(bridging uncert.)^2]

combined ESDVAR uncert. = sqrt [(ESDVAR uncert. Lab i)^2+(ESDVAR uncert. Lab j)^2]

New CALRs should be reported starting from MJD 55043.
If the ESDVAR should be set to “0” or “999999999” it has to be included in the CALR value.

Table 2:
	Lab i – lab j
	CALR

(ns)
	CI
	S
	Uncert. Before satellite switch (ns)
	ESDVAR uncertainty (ns)

Lab i, lab j
	Bridging uncertainty (ns)
	Uncertainty to be reported in ITU-file header (ns)

	
	
	
	
	
	
	
	

	USNO-PTB
	+211.5
	
	1
	1.1
	0
	0.1
	0.1
	1.1

	NIST-PTB
	-197.2
	
	1
	5.0
	0
	0.1
	0.1
	5.0

	CH-PTB
	-209.5
	
	1
	1.0
	0
	0
	0.1
	1.0

	IT-PTB
	-480.1
	
	1
	1.2
	0
	0
	0.1
	1.2

	OP-PTB
	-7299.9
	
	1
	1.1
	0
	0
	0.1
	1.1

	ROA-PTB
	-298.1
	
	1
	5.0
	0
	0.1
	0.1
	5.0

	SP-PTB
	-194.4
	
	1
	1.0
	0.5
	0.1
	0.2
	1.1

	VSL-PTB
	-585.9
	
	1
	1.0
	0.5
	0.1
	0.4
	1.2

	AOS-PTB
	-
	
	1
	5.0
	0
	0.1
	-
	

	NPL-PTB
	-
	
	1
	1.2
	0
	0
	-
	


Table 3a CALR/ESDVAR for UTC links



Table 3b CALR for Non-UTC links




Table 3c CALR/ESDVAR for Non-UTC links



Table 4 Verification of the new CALR values with the Triangle closures data of TW0909 (Mjd 55079-55094)

“TW”-file header entries
Here are listed examples to be implemented into the “TW” file header. Because the UTC-links are bridged links the header entry should be “CAL 125 BRIDGED” (see CH01 – PTB01), the non-UTC links are recalibrated by the TCC and thus the header entry should be “TRIANGLE CLOSURE”(see CH01 - IT01).
European “TW”-files:

* LINK   12 SAT: TELSTAR 11N         NLO: E 322 30 00.000  XPNDR: 999999999 ns

*           SAT-NTX: 11004.7200 MHz  SAT-NRX: 14304.7200 MHz  BW:   2.5 MHz
* LINK   13 SAT: TELSTAR 11N         NLO: E 322 30 00.000  XPNDR: 999999999 ns

*           SAT-NTX: 11485.5500 MHz  SAT-NRX: 14026.5500 MHz  BW:   2.5 MHz
US “TW”-files:
* LINK   13 SAT: TELSTAR 11N         NLO: E 322 30 00.000  XPNDR: 999999999 ns

*           SAT-NTX: 11726.5500 MHz  SAT-NRX: 14285.5500 MHz  BW:   2.5 MHz
Examples for the additional header entries:
CH01 – PTB01:
* CAL   139 TYPE: CAL 125 BRIDGED    MJD: 55043  EST. UNCERT.:    1.000 ns
USNO01 – PTB01:
* CAL   140 TYPE: CAL 114 BRIDGED    MJD: 55043  EST. UNCERT.:    1.100 ns
NIST01 – PTB01:
* CAL   141 TYPE: CAL 113 BRIDGED    MJD: 55043  EST. UNCERT.:    5.000 ns
IT01 – PTB01:
* CAL   142 TYPE: CAL 113 BRIDGED    MJD: 55043  EST. UNCERT.:    1.200 ns
OP01 – PTB01:
* CAL   143 TYPE: CAL 134 BRIDGED    MJD: 55043  EST. UNCERT.:    1.100 ns
ROA01 – PTB01:
* CAL   144 TYPE: CAL 118 BRIDGED    MJD: 55043  EST. UNCERT.:    5.000 ns
SP01 – PTB01:
* CAL   145 TYPE: CAL 119 BRIDGED    MJD: 55043  EST. UNCERT.:    1.100 ns
VSL01 – PTB01:
* CAL   146 TYPE: CAL 120 BRIDGED    MJD: 55043  EST. UNCERT.:    1.200 ns
CH01 – IT01:
* CAL   147 TYPE: TRIANGLE CLOSURE   MJD: 55043  EST. UNCERT.:    2.000 ns
Examples for ITU-format data recordings

Examples for the data lines are listed in the following. Changes to be applied are in bold and red numbers.
* EARTH-STAT  LI  MJD  STTIME NTL        TW        DRMS SMP ATL     REFDELAY     RSIG  CI S    CALR     ESDVAR   ESIG TMP HUM PRES

* LOC    REM           hhmmss  s         s          ns       s         s          ns            ns        ns      ns degC  %  mbar

currently:

  CH01  PTB01 12 55097 013700 119  0.265074502392 1.237 119 118  0.000000753388 0.600 999 9 999999999 999999999 99999 999 999 9999

 PTB01   CH01 12 55097 013700 119  0.265074616809 2.097 120 119  0.000000489403 0.010 999 9 999999999 999999999 99999  12  96 1011

recalibrated:

  CH01  PTB01 12 55097 013700 119  0.265074502392 1.237 119 118  0.000000753388 0.600 139 1  -209.500 999999999 99999 999 999 9999

 PTB01   CH01 12 55097 013700 119  0.265074616809 2.097 120 119  0.000000489403 0.010 139 1   209.500 999999999 99999  12  96 1011

currently:

USNO01  PTB01 04 55097 014600 119  0.262380586649 0.570 119 118  0.000000859104 99999 114 1   218.800  -379.910 99999 433 100 1019

 PTB01 USNO01 13 55097 014600 119  0.262381400965 0.231 120 119  0.000000489323 0.009 999 9 999999999 999999999 99999  13  93 1012
recalibrated:

USNO01  PTB01 13 55097 014600 119  0.262380586649 0.570 119 118  0.000000859104 99999 140 1   211.500  -379.910 99999 433 100 1019

 PTB01 USNO01 13 55097 014600 119  0.262381400965 0.231 120 119  0.000000489323 0.009 140 1  -211.500 999999999 99999  13  93 1012
currently:

NIST01  PTB04 11 55042 024900 119 +0.268973263627 0.228 120 119 +0.000000858900 99999 113 1   -30.100 -00000.720 0.500  13  92  840

 PTB04 NIST01 11 55042 004900 119  0.268949641927 0.217 120 119  0.000000511955 0.012 113 1    30.100    -0.180 0.100  18  71 1000

recalibrated:

NIST01  PTB01 13 55042 024900 119 +0.268973263627 0.228 120 119 +0.000000858900 99999 141 1  -197.200    -0.720 0.500  13  92  840

 PTB01 NIST01 13 55042 004900 119  0.268949641927 0.217 120 119  0.000000511955 0.012 141 1   197.200 999999999 99999  18  71 1000

currently:

IT02  PTB01 12 55097 011300 119 +0.264679735451 1.707 119 119 +0.000044060184 0.500 999 9 999999999 999999999 99999  16 062 0999
 PTB01   IT02 12 55097 011300 119  0.264765946380 0.870 119 119  0.000000489431 0.012 999 9 999999999 999999999 99999  13  91 1012

recalibrated:

IT02  PTB01 12 55097 011300 119 +0.264679735451 1.707 119 119 +0.000044060184 0.500 142 1  -480.100 999999999 99999  16 062 0999
 PTB01   IT02 12 55097 011300 119  0.264765946380 0.870 119 119  0.000000489431 0.012 142 1   480.100 999999999 99999  13  91 1012

currently:

  OP01  PTB04 12 55097 011900 119  0.264560877946 1.226 120 119  0.000017420050 0.050 999 9 99999.999 99999.999 9.999 +17  69 1020  
 PTB01   OP01 12 55097 011900 119  0.264580122406 1.166 120 119  0.000000489427 0.012 999 9 999999999 999999999 99999  13  95 1012

recalibrated:

  OP01  PTB01 12 55097 011900 119  0.264560877946 1.226 120 119  0.000017420050 0.050 143 1 -7299.900 999999999 99999 +17  69 1020  
 PTB01   OP01 12 55097 011900 119  0.264580122406 1.166 120 119  0.000000489427 0.012 143 1  7299.900 999999999 99999  13  95 1012
currently:

 ROA01  PTB01 12 55097 011600 119 +0.260354631483 1.524 117 117 +0.000000802861 0.050 118 1  -288.400  +242.000 99999 +20  53 1014
 PTB01  ROA02 12 55097 011600 119  0.260354966824 0.539 120 119  0.000000489473 0.011 999 9 999999999 999999999 99999  13  95 1012

recalibrated:
 ROA01  PTB01 12 55097 011600 119 +0.260354631483 1.524 117 117 +0.000000802861 0.050 144 1  -298.100  +242.000 99999 +20  53 1014
 PTB01  ROA02 12 55097 011600 119  0.260354966824 0.539 120 119  0.000000489473 0.011 144 1   298.100 999999999 99999  13  95 1012

currently:
  SP01  PTB01 12 55096 012800 119 +0.268275209693 2.238 117 119 +0.000000823017 0.050 999 9 99999.999 99999.999 9.999 999 999 9999
 PTB01   SP01 12 55096 012800 119  0.268275490476 0.988 120 119  0.000000490972 0.017 999 9 999999999 999999999 99999  10  98 1014

recalibrated:
  SP01  PTB01 12 55096 012800 119 +0.268275209693 2.238 117 119 +0.000000823017 0.050 145 1  -194.400 999999999 99999 999 999 9999
 PTB01   SP01 12 55096 012800 119  0.268275490476 0.988 120 119  0.000000490972 0.017 145 1   194.400 999999999 99999  10  98 1014
currently:

 VSL01  PTB04 12 55097 092500 119 +0.265572936428 0.753 114 119 +0.000000709411 0.050 999 0 +9999.999  +228.850 0.500 +17  82 1021
 PTB01  VSL01 12 55097 092500 119  0.265572470636 1.473 120 119  0.000000488028 0.010 999 9 999999999 999999999 99999  16  88 1013

recalibrated:
 VSL01  PTB04 12 55097 092500 119 +0.265572936428 0.753 114 119 +0.000000709411 0.050 146 1  -585.900  +228.850 0.500 +17  82 1021
 PTB01  VSL01 12 55097 092500 119  0.265572470636 1.473 120 119  0.000000488028 0.010 146 1   585.900 999999999 99999  16  88 1013

currently:

  CH01   IT02 12 55097 014300 119  0.263105317768 0.505 120 119  0.000000753332 0.600 999 9 999999999 999999999 99999 999 999 9999

  IT02   CH01 12 55097 014300 119 +0.263019218006 2.618 119 119 +0.000044060184 0.500 999 9 999999999 999999999 99999  16 062 0999

recalibrated:
  CH01   IT02 12 55097 014300 119  0.263105317768 0.505 120 119  0.000000753332 0.600 147 1   268.499 999999999 99999 999 999 9999

  IT02   CH01 12 55097 014300 119 +0.263019218006 2.618 119 119 +0.000044060184 0.500 147 1  -268.499 999999999 99999  16 062 0999

Annex I
Time link differences of period 1
(even hours before 55043)
TW-GPS
TW-GPS MC (LAB2-LAB1.TGTM5)

TW-GPS P3 (LAB2-LAB1.TGTA5)

TW-GPS PPP (LAB2-LAB1.TGT35)
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Annex II
Time link differences of period 2
(odd hours after 55043)
TW-GPS
TW-GPS MC (LAB2-LAB1.TGTM5)

TW-GPS P3 (LAB2-LAB1.TGTA5)

TW-GPS PPP (LAB2-LAB1.TGT35)
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Annex III

UTC TW Time links using the new CALR/ESDVAR values in Table 3a
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Max smoothing residual : 1.719_Linear
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55040.0 55045.0 55050.0 55055.0 55060.0 55065.0 55070.0 55075.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

, Sigma= 0.414ns12/31_09/23/09

58.9

40.8

30.8

11.9

5.4

3.6

3.5

*

* d/8 d/4 d/2 day ddd wk

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0

-15.0

-14.8

-14.6

-14.4

-14.2

-14.0

-13.8

-13.6

-13.4

-13.2

-13.0

Mod.AllanDev. Tau0=10317s, Scale D-15

3.5

4.9

7.3

5.7

5.1

6.8

13.3

*

* d/8 d/4 d/2 day ddd wk

3.8 4.0 4.2 4.4 4.6 4.8 5.0 5.2 5.4 5.6 5.8 6.0

-10.0

-9.8

-9.6

-9.4

-9.2

-9.0

-8.8

-8.6

-8.4

-8.2

-8.0

Time Dev., Scale D-10 seconds



[image: image44.emf]-27.8


-32.5


-33.3


-32.9


-36.0


-35.6


-31.9


55040.0


55045.0


55050.0


55055.0


55060.0


55065.0


55070.0


55075.0


-80.0


-70.0


-60.0


-50.0


-40.0


-30.0


-20.0


-10.0


0.0


Link(ns): Tw/Tai0908__USNO-PTB/07-05#_ , Total: 421/1L2Uu_


Max smoothing residual : 2.133_Linear
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Link(ns): Tw/Tai0908__VSL-PTB/24-05#_ , Total: 401/1L2Uu_


Max smoothing residual : 2.420_Linear
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Max smoothing residual : 2.420_Linear
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 CI   S   LABi LABj   CALR/ns  U/ns   ESDVAR/ns


139   1   PTB   CH    209.500   1.0   999999999


      1    CH  PTB   -209.500   1.0   999999999


140   1   PTB USNO   -211.500   1.1   999999999


      1  USNO  PTB    211.500   1.1    -379.910


141   1   PTB NIST    197.200   5.0   999999999


      1  NIST  PTB   -197.200   5.0      -0.724


142   1   PTB   IT    480.100   1.2   999999999


      1    IT  PTB   -480.100   1.2   999999999


143   1   PTB   OP   7299.900   1.1   999999999


      1    OP  PTB  -7299.900   1.1   999999999


144   1   PTB  ROA    298.100   5.0   999999999


      1   ROA  PTB   -298.100   5.0     242.000


145   1   PTB   SP    194.400   1.1   999999999


      1    SP  PTB   -194.400   1.1   999999999


146   1   PTB  VSL    585.900   1.2   999999999


      1   VSL  PTB   -585.900   1.2     228.850


TYPE: G.B. (GPS bridge)


Used Since: 30 Sept. 2009


Remark: TM166





 CI   S  LABi LABj    CALR/ns  U/ns   ESDVAR/ns 


162   1  USNO   CH    422.290   2.0    -379.910


      1    CH USNO   -422.290   2.0   999999999


163   1  USNO   IT    687.732   2.0    -379.910


      1    IT USNO   -687.732   2.0   999999999


164   1  USNO   OP   7512.354   2.0    -379.910


      1    OP USNO  -7512.354   2.0   999999999


165   1  USNO   SP    406.671   2.0    -379.910


      1    SP USNO   -406.671   2.0   999999999


166   1  NIST   CH     11.859   6.0      -0.724


      1    CH NIST    -11.859   6.0   999999999


167   1  NIST   IT    280.069   6.0      -0.724


      1    IT NIST   -280.069   6.0   999999999


168   1  NIST   OP   7102.736   6.0      -0.724


      1    OP NIST  -7102.736   6.0   999999999


169   1  NIST   SP     -3.680   6.0      -0.724


      1    SP NIST      3.680   6.0   999999999


170   1  NIST  VSL    273.418   6.0      -0.724


      1   VSL NIST   -273.418   6.0   999999999





TYPE: T.C. (triangle closure)


Used Since: 30 Sept. 2009


Remark: TM166 





 CI  S   LABi LABj    CALR/ns  U/ns  ESDVAR/ns


147  1     CH   IT    268.499   2.0  999999999


     1     IT   CH   -268.499   2.0  999999999


148  1     CH   OP   7091.614   2.0  999999999


     1     OP   CH  -7091.614   2.0  999999999


149  1     CH  ROA    -30.460   6.0  999999999


     1    ROA   CH     30.460   6.0  999999999


150  1     CH   SP    -14.027   2.0  999999999


     1     SP   CH     14.027   2.0  999999999


151  1     CH  VSL    262.637   2.0  999999999


     1    VSL   CH   -262.637   2.0  999999999


152  1     IT   OP   6820.466   2.0  999999999


     1     OP   IT  -6820.466   2.0  999999999


153  1     IT  ROA   -302.867   6.0  999999999


     1    ROA   IT    302.867   6.0  999999999


154  1     IT   SP   -284.760   2.0  999999999


     1     SP   IT    284.760   2.0  999999999


155  1     IT  VSL     -8.265   2.0  999999999


     1    VSL   IT      8.265   2.0  999999999


156  1     OP  ROA  -7121.489   6.0  999999999


     1    ROA   OP   7121.489   6.0  999999999


157  1     OP   SP  -7105.712   2.0  999999999


     1     SP   OP   7105.712   2.0  999999999


158  1     OP  VSL  -6828.525   2.0  999999999


     1    VSL   OP   6828.525   2.0  999999999


159  1    ROA   SP     16.066   6.0  999999999


     1     SP  ROA    -16.066   6.0  999999999


160  1    ROA  VSL    293.982   6.0  999999999


     1    VSL  ROA   -293.982   6.0  999999999


161  1     SP  VSL    276.616   2.0  999999999


     1    VSL   SP   -276.616   2.0  999999999


TYPE: T.C. (triangle closure)


Used Since: 30 Sept. 2009


Remark: TM166 





Labi Labj        CARL+/-StDev     N  ESIG  


  CH   IT     -0.092 +/- 0.405,  194 0.029 


  IT   CH      0.092 +/- 0.405,  194 0.029 


  CH NIST     -0.413 +/- 0.256,  169 0.020 


NIST   CH      0.413 +/- 0.256,  169 0.020 


  CH   OP     -0.216 +/- 0.543,  167 0.042 


  OP   CH      0.216 +/- 0.543,  167 0.042 


  CH  ROA      NaN   +/-NaN  ,     0-NaN   


 ROA   CH      NaN   +/-NaN  ,     0-NaN   


  CH   SP     -0.150 +/- 0.553,  168 0.043 


  SP   CH      0.150 +/- 0.553,  168 0.043 


  CH USNO      0.113 +/- 0.353,  163 0.028 


USNO   CH     -0.113 +/- 0.353,  163 0.028 


  CH  VSL     -0.337 +/- 1.122,  122 0.102 


 VSL   CH      0.337 +/- 1.122,  122 0.102 


  IT NIST     -0.188 +/- 0.479,  173 0.036 


NIST   IT      0.188 +/- 0.479,  173 0.036 


  IT   OP     -0.267 +/- 0.466,  166 0.036 


  OP   IT      0.267 +/- 0.466,  166 0.036 


  IT  ROA      NaN   +/-NaN  ,     0-NaN   


 ROA   IT      NaN   +/-NaN  ,     0-NaN   


  IT   SP     -0.087 +/- 0.412,  167 0.032 


  SP   IT      0.087 +/- 0.412,  167 0.032 


  IT USNO     -0.611 +/- 0.810,  171 0.062 


USNO   IT      0.611 +/- 0.810,  171 0.062 


  IT  VSL     -0.371 +/- 0.519,  128 0.046 


 VSL   IT      0.371 +/- 0.519,  128 0.046 


NIST   OP      0.262 +/- 0.453,  170 0.035 


  OP NIST     -0.262 +/- 0.453,  170 0.035 


NIST   SP      0.402 +/- 0.468,  171 0.036 


  SP NIST     -0.402 +/- 0.468,  171 0.036 


NIST  VSL      0.081 +/- 0.880,  141 0.074 


 VSL NIST     -0.081 +/- 0.880,  141 0.074 


  OP  ROA      NaN   +/-NaN  ,     0-NaN   


 ROA   OP      NaN   +/-NaN  ,     0-NaN   


  OP   SP      0.139 +/- 0.365,  171 0.028 


  SP   OP     -0.139 +/- 0.365,  171 0.028 


  OP USNO      0.209 +/- 0.454,  167 0.035 


USNO   OP     -0.209 +/- 0.454,  167 0.035 


  OP  VSL      0.012 +/- 0.602,  128 0.053 


 VSL   OP     -0.012 +/- 0.602,  128 0.053 


 ROA   SP      NaN   +/-NaN  ,     0-NaN   


  SP  ROA      NaN   +/-NaN  ,     0-NaN   


 ROA  VSL      NaN   +/-NaN  ,     0-NaN   


 VSL  ROA      NaN   +/-NaN  ,     0-NaN   


  SP USNO      0.251 +/- 0.503,  166 0.039 


USNO   SP     -0.251 +/- 0.503,  166 0.039 


  SP  VSL      0.005 +/- 0.573,  128 0.051 


 VSL   SP     -0.005 +/- 0.573,  128 0.051 
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