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Circular T
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GNSS signal structure

GNSS receiver operation, set up and calibration Part 1 BIPM-SIM UTC Summer School 2025-May-08 3 / 51



Circular T

uB uncertainty in Circular T is related to the calibration of the GNSS receiver.

uB incresases with time since last calibration! Calibration of GNSS stations for UTC
(link)

until 10 years: max[0.4
√
months − 1, 0]

10 years: u = 20ns
After 10 years: 20 ns per year
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https://iopscience.iop.org/article/10.1088/1681-7575/acbd52
https://iopscience.iop.org/article/10.1088/1681-7575/acbd52


Definition of delays in a receiver station

The internal delay, INTDLY, depends on the frequency and observable (C1, P1, P2, etc) of the
GNSS constellation.
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Explanation of X0

Ref Point

5/10 MHz

XP: the delay from the reference 
point to the 1 PPS-in of the receiver

XO: the delay from the receiver 
1PPS-in  to latch point 

XR: receiver hardware delay

1 PPS

XC: antenna cable delay

XS: antenna delay antenna

GNSS Receiver

Latch point

Delays of A Typical GNSS Station

CABDLY = XC;
INTDLY = XS + XR

REFDLY = XO + XP

SYSDLY = CABDLY+INTDLY

Total delay (TOTDLY):
the total electronic delay between the phase center of the 
antenna and the time reference point
= CABDLY + INTDLY – REFDLY = SYSDLY - REFDLY

9

* Slide from Calvin S.Y. Lin, Telecommunication Laboratories, Taiwan
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Definition of delays in a receiver station

INTdly The sum XR + XS represents the “INT DLY” field in the CGGTTS header: XR

represents the receiver hardware delay, between a reference point whose definition depends on
the receiver type and the internal time reference of the measurements. XS represents the
antenna delay, between the phase center and the antenna cable connector at the antenna
body. We distinguish the two quantities for the two GPS frequencies, L1 and L2.
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Definition of delays in a receiver station

CABdly The sum XC + XD represents the “CAB DLY” field in the CGGTTS header. XC

corresponds to the delay of the long cable from the antenna to the input connector at either
the antenna splitter or the receiver body directly. If a splitter is installed, XD corresponds to
the delay of the splitter and the small cable up to the receiver body. For a simple set-up with
just an antenna cable, XD = 0.
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Definition of delays in a receiver station

Other definitions may appear in the literature:

TOTdly = INTdly + CABdly -REFdly

SYSdly = CABdly+INTdly
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Absolute calibration (not covered here)

Zhu, F., Zhang, H., Huang, L., Li, X., & Feng, P. (2020). Research on Absolute Calibration of
GNSS Receiver Delay through Clock-Steering Characterization. Sensors, 20(21), 6063.
https://doi.org/10.3390/s20216063
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Common-clock, zero baseline measurement

RAWDIF (P1)A−B = ∆CABDLYA−B +∆INTDLYA−B −∆REFDLYA−B (1)
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International organization of calibrations: Absolute, G1, G2, third parties

The selected G1 labs are calibrated by the BIPM every 2 years.

Others are Group 2 labs. Calibration trips for G2 labs are performed under responsibility
of each RMO.

Each calibration report will be identified by a unique Cal Id to be used as a reference for
the calibration info.

The calibration uncertainties uCAL for UTC links are set by the BIPM.
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International organization of calibrations: Absolute, G1, G2, third parties

References:
Guidelines for GNSS equipment calibration (link)
BIPM guidelines for GNSS calibration (link)
How-to-get-calibration-March2024.pdf (link)
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https://webtai.bipm.org/ftp/pub/tai/publication/gnss-calibration/guidelines/
 https://webtai.bipm.org/ftp/pub/tai/publication/gnss-calibration/guidelines/bipmcalibration_guidelines_v40.pdf
https://webtai.bipm.org/ftp/pub/tai/publication/gnss-calibration/guidelines/How-to-get-calibration-March2024.pdf


Calibration procedure for G2 Labs

1 Calibration trip with closure (CC): the G1 calibrates a GNSS traveling station G1-TS
(GNSS receiver, cable and antenna) against its BIPM-calibrated reference, sends it to the
G2, where G1-TS is installed, connected to UTC(k), and collects data for at least 4 days.
Then the G1-TS is sent back to the G1 where closure measurements are performed
against the G1 reference. u ∼ 2,5 ns.

2 Direct calibration (DC) The G2 sends its complete equipment (GNSS receiver, cable
and antenna) to the G1. The G2 station is installed at G1 premises and collects data for
at least 4 days, to be calibrated against the G1 reference. u ∼ 4 ns.

3 Authorized third party (A3P), which can be a G2 laboratory, a manufacturer of GNSS
receivers, or another entity e.g. a laboratory with absolute calibration (AC) facility. The
A3P must have their calibration procedure first validated by the BIPM. In the A3P case,
all procedures (CC, DC and AC) can be considered. The uncertainty for this A3P
calibration will be validated by the BIPM, and will generally be between 5.0 and 7.0 ns.
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Description of a Calibration trip with closure (CC)



How to request calibration
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Hardware composing a travelling station (TS)

For a case of a Calibration trip with closure (CC), you will receive the following:

GNSS Receiver

Antenna

Time interval counter

Antenna cable

Laptop computer

Pelikan case + miscellaneous cables
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Hardware composing a travelling station (TS)
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Measurement of antenna and cable delays

a) b)
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Measurement of antenna and cable delays

Some points to keep in mind

When measuring with the TIC, use the same trigger level as in the receivers (Usually, 1 V)

Lock the timebase of your counter to your UTC(k).

Adapt the impedance to 50Ω

An oscilloscope is useful for this. Keep in mind that a 1 GHz bandwidth oscilloscope is
needed to see the usual PPS pulses.

The cable connected to the STOP channel of the counter, shold be longer that the other.

Usually, around 100 measurements are taken for the computation of mean and std. dev.

The delay introduced by the connector is usually estimated as 0,1 ns

GNSS receiver operation, set up and calibration Part 1 BIPM-SIM UTC Summer School 2025-May-08 20 / 51



Measurement of antenna and cable delays. TR Method

Rovera et. al., Techniques of antenna cable delay measurement for GPS time transfer, 2015
iFCS-EFTF
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Measurement of antenna and cable delays

If the antenna cable cannot be unmounted, use the reflection technique:

Rovera, D., et. al. (2015, April). Techniques of antenna cable delay measurement for
GPS time transfer. In 2015 Joint Conference of the IEEE International Frequency Control
Symposium & the European Frequency and Time Forum (pp. 239-244). IEEE.

An oscilloscope is useful for this. Keep in mind that a 1 GHz bandwidth
oscilloscope is needed to see the usual PPS pulses.

Do not forget to disconnect the antenna for this measurement!
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Antenna cable delay
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REFdly: X0 + Xp

Measurement of the delay from reference point to the receiver latch point, REFdly = XP +XO

XP (delay from REF point to the 1 PPS-in of receiver): Measure the 1 PPS reference cable
delay

XO (From 1 PPS−in to the latch point):

Case 1: The latch point synced with input 1 PPS (Septentrio PolaRx5TR (set the auto
compensation on), Piktime TTS−3, TTS−5, MESIT GTR-51/GTR/55), XO = 0, no
need to measure.

Case 2: The latch point synced with the input frequency and 1 PPS, (PolaRx2, PolaRx3,
PolaRx4, PolaRx5 (auto compensation off), Novatel OEM, OEM4, OEM5...), need to
measure the REFDLY case by case, see the BIPM GNSS calibration Annex−1 for detail.
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X0 output
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REFDLY: X0 + Xp (Case 2)

GNSS receiver operation, set up and calibration Part 1 BIPM-SIM UTC Summer School 2025-May-08 26 / 51



Preliminary Measurements: REFDLY (X0 + Xp)

Some receiver offer the option to compensate for X0. In these cases, REFDLY = XPGNSS receiver operation, set up and calibration Part 1 BIPM-SIM UTC Summer School 2025-May-08 27 / 51



Placement of the antenna

Figure: Position of SIMr antenna with respect to the GTR antenna.
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Placement of the antenna
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Zero baseline Measurements

RAWDIFA−B = ∆CABDLYA−B +∆INTDLYA−B −∆REFDLYA−B (2)

RAWDIF measurements are for C1, P1, P2, etc. observables.
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Report

Once the measurements are done, you have to share the rawdifference (RINEX) data with
the G1 laboratory.

The measurement files for a single day can take up around 40 MB, depending on the
configuration of the receiver.

You will be asked to provide some information (Annex A)

The G1 Laboratory will issue a report of the measurements and share it with you. READ
IT CAREFULLY!
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Annex A
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Annex A

GNSS receiver operation, set up and calibration Part 1 BIPM-SIM UTC Summer School 2025-May-08 33 / 51



G1 laboratory report (example)
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BIPM calibration report
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BIPM calibration report
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Aplication of new calibration values

The BIPM will inform you by email when to apply the new values.
Example: Circular T 417 and 418:
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Aplication of new calibration values

There should be no big step:
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Circular T, section 5
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Example of CGGTTS header
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Description of a Calibration from Authorized third
party (A3P)



Description of an A3P calibration

Mainly two cases:

You acquired a calibrated receiver.

You acquired a receiver and want to perform an internal calibration
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A3P calibration

RAWDIFA−B = ∆CABDLYA−B +∆INTDLYA−B −∆REFDLYA−B (3)

Start with a measurement of the cable delays of the DUT and a zero baseline measurement,
like in a G2 calibration.
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Processing of the RINEX files: DCLRINEX software

Will be covered in detail in Part 2

You will need to download the Navigation files. Go to:
https://cddis.nasa.gov/archive/gnss/data/daily/2024/brdc/

Example: BRDC00IGS R 20241220000 01D MN.rnx.gz

Some tools that may be needed:

If files are Hatanaka compressed, use the codes in
https://terras.gsi.go.jp/ja/crx2rnx.html to pre-process.

If data intervals are not the same (1 s or 30 s), use the codes in
https://gnss.gfz-potsdam.de/services/gfzrnx to adjust time intervals.

If files do not have the duration (hourly vs daily), use also gfzrnx codes).
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Excel sheet to calculate
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Uncertainties
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Calibration Report (example)
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Calibration Report (example)
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Calibration Report (example)
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Application of the new calibration values

Send the calibration report to the BIPM Time Department.

Apply the changes when indicated.
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That’s all

Thank you!
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