GPS calibrations for UTC

BIPM Time Department

CCTF WG on TAI

7/ June 2017
21st CCTF Meeting
8-9 June 2017

Bureau
International des
T Poids et

{ Mesures



Outline

¢ The BIPM scheme for GNSS calibrations
¢ Status of GPS G1 and G2 calibrations

¢ Improving the dissemination of results:
— Changes in the BIPM Circular T
— Calibrations web page
— Time department database

¢ Recent and future actions
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The GNSS calibration scheme of the BIPM

¢ Cooperation with RMOs has been established, and Calibration
guidelines written during 2014.

¢ New scheme in place in 2015 for GPS P1/P2 (P3)

— BIPM calibrates the systems in laboratories G1

— RMOs are responsible for calibrations of laboratories G2 in the regions, and
for submitting reports to the BIPM.
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Status of G1 and G2 calibrations

¢ Group 1(2016) under way (9 visits total, 8 completed)
— APMP-EURAMET results published 01/2017; SIM results soon

¢ Group 2: 21 Cal_Id (trips) attributed.
— 11 Cal_Id (trips), with 20 G2 labs, completed.

The thard table 1% a remunder of past completed calbmabons

Cal_Td [ 1 mbaella Ripeaiible FRunae] ot wvadved labevisin Ty Limks 1o dodwiments i smimenils
BIFRA
11033006 | EIFA BIPRA G, Pt 08/ 2016 MPAISS |31 BIFFA) G5 PLIP2 Completed GO [Pl D EUNE]
A&PMP
10852016 ik MikdY K. Lisng 6 1016 Mt G1], BIRRA PS5 L1 Completad
COOMET
|
EURAMET
1008-2006 | Huraene oA M. EReban 0208/ 2016 ROA[G L), BIN, UBAE, Bohd G el Completed
[FYROHA ) DBADIAAL IRARIH, INEIM
10822006 [Ei ierelt PTH & Bauh B4-07/ 2016 PEE|G1], R, BEY, METAS, WS4 e T Cranipletad
100315 [ Le HiiG DRG], FIE{GL), INRIN, &P oS PLIPE Coanpleted Uingder Galden THF
1005316 PTE FTES A, Bavch 112016 PTH{G1], ESTEC s PLIPZ Commpleted
11583015 PTE PTH{ A Bk ESiC {28 PTE) S P Comnpleted Golden (A closune]
11022045 PTB PTR A. Bauch MIKES [at PTE] [T Completed Golden [ne closure)
11002046 o oF CNES {at 0P 5 PLIP2 Completed Golden [ne chosure)
S
1007-2016 s NIST/ 5. Rémisch 05-08/ 2016 WEST|G1], NRC G5 PLP2 Completed
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Implementation for Circular T

¢ January 2016: New form of Circular T with additional information

¢ Ucn(t) = (Ugao? + Upg? [+ up )2
— Typically ug, o is 1.5 ns for G1, 2.5 ns (default) for G2 trips (closure), 4 ns (default) for “golden
system” (no closure).
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l_j - Time links used for the computation of TAI, calibrations information and corresponding uncertainties.

Link

AOQS /PTB
APL /PTB
AUS /PTB
BEV /PTB
BIM /PTB
BIRM/PTE
BOM /PTB
BY /FTB
CAO /PTB
CNES/PTB
CNM /PTB
CNMP/PTB
DFNT/PTB
DLR /PTB

Type
GPSPPP
GPSPPP
GPSPPP
GPSPPP
GPS P3
GPSPPP
GPSPPP
GPS MC
GPS MC
GPSPPP
GPS MC
GPSPPP
GPS P3
GPS P3

Equipment

AOQ 4/PTO2
AP /PTO2
AUO1 /PTO2
BE1 /PTO2
BM37 /PT10
BIRM /PT02

MABM /PT10

BY46 /PT10
CA__ /PT10
CS22 /PT02

CNOO /PT10
MP1_/PTO02
DN__ /PT02
DLOS /PT02

Cal ID1  /Cal ID2
1101-2013 /1001-2016
NA_ Al [ 1001-2016

1002-2010 / 1001-2016
1012-2016 / 1001-2016
1011-2016 / 1001-2016

NC /1001-2016
1011-2016 / 1001-2016
NA /1001-2016
NC /1001-2016
1101-2016 / 1001-2016
NA_Al /1001-2016
NA_Al /1001-2016
NC_Al /1001-2016

1012-2016 / 1001-2016

Ush/NS Ucgl/NS Uag/ns Alns YYMM

0.3
0.3
0.3
0.3
0.7
0.4
0.3
1.5
8.0
0.3
2.5
0.5
0.7
0.7

3.2
11.2
3.8
2.5
2.5
20.0
2.5
9.2
20.0
4.0
11.2
7.1
20.0
2.5

2
10 243
3

1511

[

10 -27.3 0804
1 417 1607

10,3 1507
0



Calibrations web page

http://www.bipm.org/jsp/en/TimeCalibrations.jsp
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BIPM calibrations of time transfer equipment

Intended to host all
reports of UTC calibrations
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WARNING: ftp contents have been moved from ftp://tai.bipm.org/TFG/.. to
ftp://ftp2.bipm.org/pub/tai/.. on 24/03/2016.
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http://www.bipm.org/jsp/en/TimeCalibrations.jsp
ftp://tai.bipm.org/
ftp://ftp2.bipm.org/pub/tai/
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BIPM calibrations of time transfer equipment through the Time Dpt data baSE.
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Time Dpt database: http://webtai.bipm.org/database/html/

http://webtai.bipm.org/database/index.html  Example of the Calibrations tab

BLP VMM EN EPariiERtA aLai d5E!

| General Participation guidelines Interactive plots GNSS equipment Calibration Clocks
|
| CALIBRATION REPORT information :

' |CALID | RECEIVER NAME |Station | DATE CALIB | AUTHOR | TYPE CALIB | UCALO | DUCAL |USIG | CALIB REPORT

| 1001-1993 | scL_ \ 199305 [BIPM  [cAGPS 100 [00 |00 [1001-1993 CA 199305 pdf
| [1001-2003 [ NR1c w3 [2003-11  [BPM  |P3GPS 50 |00 |00 [1001-2003 P3 NRCpdf
I | 1001-2004 | TL1M \ |2004-10 BIPM |caGps |50 [00 |00 [1001-2004 CA 200802.pdf
| 1001-2004 | NTS_ \ |2004-08 BIPM |cAGPS |50 [00 |0.0 [1001-2004 CA 200802.pdf
10012004 | HKO_ \ |2004-09 BIPM  |CAGPS 's0  [0o0 |00 [1001-2004 CA 200802 pdf
| 1001-2004 | AUO2 \ |2004-11 BIPM  |CAGPS 50 [o0 |00 [1001-2004 CA 200802.pdf
| 1001-2009 | P01 spor  [2009-02 BIPM | P3GPS 50 [00 |00 [1001-2009 P3 SP.pdf
| 1001-2010 | SGBK sobk  [201003  [BrPM |3 GPs 50 |00 [00 [1001-2010 P3 SG.pdf
I 10012010 | sG2p sg2p  [2010-03 BIPM |3 Gps |50 [00 |00 [1001-2010 P3 SG.pdf
- |1001-2011 | Tt cont  [2011-01 BIPM |P3.GPs |50  [00 |00 [1001-2011 P3 TCCpdf
| [1001-2012 | or1Z brux 201210 BIPM | P3GPS |50 [00 [o0 [1001-2012 p3 ORB.pdf
| 1001-2014 | OPM7 opm7  [2015-05 BIPM 3 GPs |17 [oo0 (00 [1001-2014 GPSP3 Intial-Group1-trip-Final-Draft.pdf
| 1001-2014 | TL12 twf  [2013-11 BIPM  |P3GPS |17 |04 [00 [1001-2014 GPSP3 Initial-Groupi-trip-Final-Draft.odf
| 1001-2014 [ su19 | 201512 [eem [p3Gps |17 |00  [00 [1001-2014 GPSP3 Initial-Groupi-trip-Final-Draft.odf
| 1001-2014 | M03 imeu [201406  [BPM  [P3GPS |17 |00 [00 [1001-2014 GPSP3 Initial-Groupi-trip-Final-Draft.odf
| 1001-2014 | US06 usn6  |201503 BIPM 3 Gps |17 |00 [00 [1001-2014 GPSP3 Initial-Groupi-trip-Final-Drat.pdf
| 1001-2014 | OPO2 opmt |201505 BIPM |p3.GPs |17 |00 |00 |1001-2014 GPSP3 Initial-Groupi-trip-Final-Draft.pdf
[ 1001-2014 | USO7 usn7 [2015-03 BIPM | P3 GPS l 1.7 0.0 0.0 [ 1001-2014 GPSP3 Initial-Group1-trip-Final-Draft.pdf
[ 1001-2014 | NIDO nist [2015-01 BIPM | P3 GPS ’ 1.7 0.0 0.0 [ 1001-2014 GPSP3 Initial-Group1-trip-Final-Draft. pdf
WW [1001-2014 IM05 bjnm [2014-06 BIPM |P3 GPS ’1,? 0.0 0.0 [1001-2014 GPSP3 Initial-Group1-trip-Final-Draft. pdf
- [ 1nNi1-7014 | NoM2 |nnrn? [7“1 3-N4d | RIDM I D3 GDS — [ 17 |ﬂ n [ﬂ n [ 1NN1-2014 GPED? Tnitial-Ground -trin-Final-Nraft ndf



http://webtai.bipm.org/database/html/
http://webtai.bipm.org/database/index.html

BIPM Guidelines: latest features

¢ « BIPM Guidelines for GNSS calibrations » Update v3.2 in February 2016

¢ Covers evolution of a calibrated system between two calibration exercises
— Change in set-up (affecting only REFDLY)
— or change in some elements (antenna cable?)
— or replacement of a full system

— Oor...

¢ What should be done?

— If change affects only REFDLY AND if calibration results are expressed as INTDLY or
SYSDLY, just measure and report the new REFDLY value. No change in Calibration
Identifier (Cal_Id) norin uc,, -

— In all other cases, the laboratory should perform and report a “transfer of calibration”
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Transfer of calibration / Alignement

¢ Transfer of calibration (TC)
— Typically done by simultaneous operation of two systems in common-clock;

+ Either the new receiver in parallel to the old one
+ Or using a backup receiver to bridge between the new system/set-up and the old one

— Short report to be transmitted to the BIPM;

— Cal_Id (znnn-YYYY) will be expanded to reflect the TC
+ Same system as was initially calibrated: New Cal_Id = znnn-YYYY-TC1
+ New system: New Cal_Id = znnn-YYYY-SSSS-TC1 where SSSS is the originally calibrated system
+ TC counter can be incremented (TC2, TC3 ...), each time with a report
+ BIPM will slightly expand uc,, (e.g. by 0.5 ns in quadrature).

¢ Alignment (AL)
— Done by the BIPM when no other solution
+ BIPM will slightly expand uc,, (e.g. by 0.5/ 1 ns in quadrature).

¢+ We are trying to implement such report of info in Circular T ...
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Calex file

¢ One single file to Sample Calex file: BIPM 2016712 clx
gather all calibration  cwihene: catex. vesszon

FREBEEAFHRE LR RRHHL LA EFFHERREH AR R LSS SRR 444244 COMMENT

history Similar to IGS CGGTTS header = provides all information needed for the COMMENT
V4 header of the CGGTTS format (INT DLY, CAB DLY, REF DLY) COMMENT
SYSDLY = INTDLY + CABDLY may be used in CGGTTS V2IE COMMENT
Antex TOTDLY = SYSDLY + REFDLY may be used in CGGTTS V2E COMMENT
TOTDLY can be directly removed from the PPP solutions COMMENT
Other CARLEX TYPEs to be defined COMMENT

H H FHREFEEAFHFRFFEREFFEHLAFAHEAAH SR EF RS SR SE SRS A4 4444 COMMENT
¢ To be maintained by S —

START OF STATION CAL

the BIPM oP OPMT OP02 LABO / RINEX / BIPM
02942 ASHTECH Z-¥II3T REC # / TYPE
00019 35-02-TSADM NONE ANT # / TYPE
. GPS 1001-2014 GNSS / CAL_ID
\ 4 ShOUId be ||nkEd to 2015 04 01 VALID FROM
REF = UTC (OPF) LAB REFERENCE
P2 = 321.6 # / DLY / TYPE=VAL

the BIPM database, * amony | 1s6. BLY / VAL / comENT

REFDLY 100. DLY / VAL / COMMENT

under development... "o T DLE / VAL / CoMMENT

END OF STATION CAL
START OF STATION CAL

=

PTB PTBB PT02 LABO / RINEX / BIPM
RT820013901 ASHTECH Z-XII3T REC # / TYPE
CR15930 ASHT00936E SNOW ANT # / TYPE
GPS 1001-2014 GNSs / CAL_ID

2015 04 01 VALID FROM

REF = UTC (PTB) LAB REFERENCE

2 INTDLY Pl = 303.9 P2 = 319.3 # / DLY / TYPE=VAL

CARDLY 301.7 DLY / VAT / COMMENT
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Future actions

G1 2016 trip to be finished and findings to be published

More G2 trips.
— More/different G1 labs needed?

GPS L1C and other codes

Complete the information on calibrations in BIPM publications
— Transfer of calibration / Alignments

Link to the new method for computation of uncertainties in [UTC-
UTC(k)]
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THANK YOU

Thanks to all Group 1 and other
participating laboratories!
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