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Thelnter-Laboratories<Comparison

(ILC) Activities

A The goal is for attendees to be familiar with
I Understanding of the GPS calibration for UTC(k)
I Use and circulation of the travelling system
I Process of the receiver data
I Report of the calibration results

A Besides, TL applied to the GNSS working grot

of TC

F, for reqgistering an BIPM calibration

activity during the ILC
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Understanding of the GPS calibration
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Time Interval by counter
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How to compare two distant clocks’

UTC(K) UTC(j)
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Time Interval

GPSime transfer

< 5 - GPS SV
UTC(K) / \ UTC())
o Mo
4) GPST GPST 4»

Counter

UTC(kg GPST
Reading: 15 ns
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Commonview:
[UTC(k¢ UTC())] =18§10=5ns
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Calibration need for time transfer
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GPS Receiv+r -1 GPS Receiveier
UTC(kg GPST UTC(j GPST
Reading: 15 ns Readingl10 ns

[UTC(kq UTC())] = 5 nsinternal delay¢ internal delay

The calibration is to determine the value of the internal delays
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The

Antenna | i |Antenna
Internal Delay, X

Receiver ¢

Internal DelayX; /,<_ - |-
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Here the receiver starts. __

the measurement

UTC(K)
PPS
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Internal delay

GPS

Internal delay (INTDLY) is defined Ry X

GPS Receiver

UTC(K)
5, 10MHz

Usingremote calibration, thdNTDLY
can be determined without poweoff
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GPST{-

PPS in
the

GPS time transfer,.. ...

GPS Signal in the
- onboard circuit

the cables
receiver

GPS Signal on the air

GPS signal in the cabl
and the receiver
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The recelver looks like a counter

Start of the counter Stop of the counter
when UTC(K) arrives when GPS signal arrives

|

i
| | i
We want; | |
UTC(K) GPST : Carrection!!
|

GPST'
UTC(k)
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Corrections for time transfer

k-th GPS SV

GPST|-——-——-——- @ . @
\We want this: @ /
UTCH}— e GPST té-th SV,Q
Reference GPST /
Geometry delay—
/

delay,Q
lonosphere,O

TroposphereY

GPS Receiver

Internal (antenna),Q

Antenna cableQ

Internal (receiver)Q
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Corrections for time transfer

T Q s O Y Q o
. pseudorangereadings of GPS receivers

A toerepdime difference

A dx: delay from GPST to transmission antenna, or total delay of
the kth GPSSV

I In duaHrequency case, group delay differentialnsluded

A d: delay from reception antenna to REF (e.g. UTC(K)), namely
total delay of thereceiver

A 7 k: geometry distance; speed oflight
I Sagnaeffect and the effectlue to relativityare included

A ¥ T« lonosphere / tropospheréelay

A Theseare used in the BIPM calibratisoftware
§m§%{§ TETE Kefresh



Correctiondor time transfer

A For precise applications, several items should be
taken into consideration:
I Precise orbit and clock for GPS SV
I Phase center variation in the antennas

I Phase wineup effect due to relative rotation between SV
and the antenna

I Solid earth tides, ocean loading, earth rotation variation,
etc.

A These arerot used for BIPM calibration
I below the noise level giseudorange
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Some models of the corrections

A lonosphere
I dualrequencycombination
I Klobuchamodel
I Global ionospheric map (single layer model, SLM)
| eftc.
A Troposphere
I empirical model (height, elevation)
I Vienna mapping function
| etc.
{ DEWE
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Common view

A0 and somecorrections in the CGGTTS data
A Data are generated by the BIPM softwaPeggtts
I modified by NMIA to have modeled ionosphere delays

A Fortime transfer, receivers are connected to
different clocks

A For calibration, two receivers are connected to the
same clock

I common clock
I differential calibration
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Common view for calibration
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More on commonrview

A In geodeticreceivers carrier phases give more
precise measurements

A Suppose that
I corrections for the two receivere identical
I common clock
I antenna positionsand hardwaredelaysare stationary

A BIPM released the softwa@CLRINEX calibrate
without using CGGTTS

A The internal delays of G1 labs are determined by
DCLRINBEK the report 10012016
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More on commonview

GPS Sk

<%
/
I

0
lo  ¥o .
T 7 O Y Q o0
3 S'/' 3 ,
=>1 + o Yo| |lo | Q p base\\ﬂe
— Yo
whereQ iy KQ Q Local Traveling
A<_ A< <
(e
4>‘
(e/’feé/?

iy nzaEFRFTE A UTC(K)



DCLRINEX software

Aloll Vo ® o K’

Anen el _
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DCLRINEX software

A Fourunknowns(YahYahYoRQ 1, ) and many
eguations

A The unknowns are estimated in the least
squares sense
I baseline
I Internal delay
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Target of the GPS calibration

A Check the connections and the components
I PPS/10MHz may be-linctional
| Cables/antenna may baroken

A Renew the coordinates for the antenna

A Update the internal delayith respect to a
BIPM reference (cod®POR at preseht

i follow the BIPM guideline
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Preparation for the ILC activity
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GPS recelvers in TL

AshtechZ12T

(Reference, coderlLT) NMIA Topcondavadeurc80

(Traveling, codeT RV

Use time interval counters to link
et the UTC(kand the time base inside
Cal ID100%2016 the receiver
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Specs of TRVL

A NMIA TopconJavadEurc80

A Antenna: Hemisphere A45

A Support C/A, P1 and R?de RINEX and CGGTTS
A Stable in a long term

A Repeatable calibration values during power cycles
A User instruction provided by NMIA

A An LMR400 cable of 30 m for antenna cabling
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Longterm stabilities

A According to the BIPM guidelines, the receivel
must demonstrate sufficient stability over a
time period comparable with the campaign

MJD C1INTDLY /ns

5300C 42 .3

53092 42 .3

. 5319t 43.€

Reference receiver AUO1 — .
Data provided by NMIA 5328 44.2
533472 42.7

53524 43 .4

5353¢ 43.5

5363( 43.7

5399t 43.€

& Coiaih 5500¢ 44.€

i
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For the equipment outbound

A Threadp k yLZEfor the antenna mount
I Do you have a pole to mountzs
A Length from rooftop to the lab
I Antenna cable of 30 m is sufficient®@s
A Additional requirements
I Lownoise amplifierNo
I Tripod?No
A Appearance and weight of the box

I Take photos!
I Measure the weight (~ 30kd)
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Installation

PPS Cable

Antenna Cable I

Your Own Cable

I
I Equipment List
I

1.  GPReceivetll
® 3.  Antenna Cabl&)1
Power Cord PWR ANTENNAL1PPS IN REF IN l 4. PPS Cabl@l
:D NMIA TopconJavadEuro80 o 5. CaseaJl

UTC(K)  UTC(K)

AC 116120V, 22240V 10MHz 1PPS

Start measuremerntt

1. Check the items in the confirmation sheet

2. Carefully mount the antenna with its thread lubricated
3. Connect cables as shown above

4. Power on

5. Make sure if the data appear in the PC

Complete measurement

Power off

Disconnect

Complete sign andsendthe confirmationsheet to TL by email
Pack equipment as the original

”Ill.

MEFE -

TrwN R



Installation

A Mount the antenna at a location that has
clear view of thesky

A Connect a dedicated PPS cable to the UTC(K)
possible
I To minimize the effect of various cables on the
reference delay

A A photo is required to show that, tHeaseline
between the traveling and visited stations Is
short enough
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Check the short baseline
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Evaluation for the TRVL

A To see if the GPS system can reflect clock variations
A GPS time transfer.s time interval counter (TIC)

GPS time transfer

|

uTCc(TL) H1PPS 1PP$— HP5071A

J TIC (SR620)

Trig. Lvl: 0.5V; Term.: DC; ImpedancéiiZ
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Evaluation fothe TRVL
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The ILC activity
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BIPM Calibration 1003017

A BIPM separated UTC labs into two groups, the
G1 and G2.

AUTC(G1) is calibrated by BIPM directly
AUTC(G2) is calibrated by G1 labs
ATL registered an ID 102917

A Advisedby NMIA(Australia), TL is in charge of
the activity among NIMT(Thailand),
NMIM(Malaysia) and VMI(Viétam).
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Schedule

A Two weeksare expectedor shipmentand measurement
I Measurement at TL: 2 w
I Taiwan to Thailand: 2 w
I Measurement at NIMT3 w
I Thailand to Malaysiat w
I Measurement at NMIM: 2 w
I Malaysia to Vietham: 2 w
I Measurement at VMI: 2 w
I Vietnam to Taiwan: 2 w
I Measurement at TL: 2 w

A ExpectedL8 weeks for a roundy Actual21weeks

‘? efresh
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Equipment arrival / departure

A Unpack and check if anything failed / broken
A Sign and submit the confirmation sheet
A Mount / unload the GPS antenna

A Take a photo to confirm the baseline between GPS
antennasis shortenough

A StartrecordingGPS data
A Pack everything into box

A For avoiding any trouble during shipment, colleagues
are asked to take a photo and measure the weight
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Data Processing
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Raw (common clock) difference

A TherawvaluesT (traveling receiver) ant (local receiver) are
computed from CGGTTS data

T(or) = REFSYMDIO + MDTR + INT DLY + CAR REYOLY

A TcL: raw difference (RAWDIF) or common clock difference
(CCD)

A Compute RAWDIF for each time, each code, and each satelli

A Find themedian of RAWDI&ver satellites and times for each
code

A The physical meaning @f, LandTc¢ L:
(1D (¢ By o o
Kefresh W W
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CalibrationTrip
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415.0 ns

UTC(TL)

_ *Results for C1l code on/y
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MTTO

INT DL

UTC(NIMT)

VM12

O onl)
INT DLY

UTC(VMI)

LS2P

@ INT DLYD

UTC(NMLS)



Calibration Trip

TLT1ITRVL

415.0 ns )

INT DLY

UTC(TL)

 *Results for C1 code on{y
j EDE@ =] ‘: : :: _::: “_: ‘/‘66,

MTTO

INT DL

UTC(NIMT)

VM12

O onl)
INT DLY

UTC(VMI)

LS2P

@ INT DLYD

UTC(NMLS)



Check the common clock
A A

TLT1 TRVL
SDI HPDA15RM SDI HPDA15RM
20 MHZT—L_ _T—l 10 MHz
SDI FS040 SDI FS020
I T UTC(TL)
SDI PD16RM
SDI HPDA15RM [
Tﬂ* AOG-110 + 1PPS

I
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CGGTTS GENERIC DATA FORMAT VERSION = 2E
REV DATE = 2017 - 01- 01

RCVR = Ashtech Z12T

CH=12

IMS = 99999

LAB =TL

X = -2994425.48 m

Y = +4951311.89 m

Z=+2674498.36 m

FRAME = ITRF

COMMENTS = NO COMMENTS

INT DLY = 414.9 ns (GPS C1), 415.1 ns (GPS P1), 424.5 ns (GPS P2) CAL_ID = 1001 - 2016
CABDLY= 0.0ns

REFDLY= 0.0ns

REF = UTC(TL)

CKSUM = FF

SAT CL MJD STTIME TRKL ELV AZTH REFSV SRSV REFSYS SRSYS DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG FR HC FRC
hhmmss s .1dg.ldg .lns .lps/s .lns .lps/s.lns .1ns.lps/s.lns.lps/s.1ns.lps/s.1ns

GO02 FF 57758 000600 780 622 208 -4990458 +66 -12 +3 7 30 90 -2 55 -1 52 -12 8 0 OLICFF
GO02 FF 57758 000600 780 622 208 -4990472 +69 -26 +5 4 30 90 -2 55 -1 52 -12 8 0 OL1IPFF
GO02 FF 57758 000600 780 622 208 -4990475 +62 -28 -2 530 90 -2 91 -2 85 -20 14 0 OL2P FF
GO02 FF 57758 000600 780 622 208 -4990469 +79 -23 +15 11 30 90 -2 52 -12 52 -12 8 0 OL3P

CGGTTS GENERIC DATA FORMAT VERSION = 2E
REV DATE =2017 -01-01

RCVR = NMIA Topcon/ Javad Euro - 80

CH=12

IMS = 99999

LAB =TL

X'= -2994435.39 m

Y = +4951304.83 m

Z =+2674493.13 m

FRAME = ITRF

COMMENTS = NO COMMENTS

INT DLY = 176.7 ns (GPS C1), 174.0 ns (GPS P1), 186.0 ns (GPS P2) CAL_ID = xxxx - 2017
CABDLY = 0.0ns

REFDLY = 0.0ns

REF = UTC(TL)

CKSUM = FF

SAT CL MJD STTIME TRKL ELV AZTH REFSV SRSV REFSYS SRSYS DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG FR HC FRC
hhmmss s .1dg.1dg .lns .lps/s .lns .lps/s.lns .1ns.lps/s.lns.lps/s.1ns.lps/s.1ns

GO02 FF 57758 000600 780 622 208 -4990464 +133 -17 +70 16 30 90 -2 55 -1 65 -14 17 0 OL1CFF
GO02 FF 57758 000600 780 622 208 -4990476 +103 -29 439 12 30 90 -2 55 -1 65 -14 17 0 OL1IP FF
GO02 FF 57758 000600 780 622 208 -4990470 +95 -23 +31 11 30 90 -2 91 -2 106 -23 28 0 0L2P FF
GO02 FF 57758 000600 780 622 208 -4990485 +116 -39 +52 26 30 90 -2 65 -14 65 -14 17 0 OL3P FF

= hEgEFEFEe
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Calibration Using CGGTTS

A Compute RAWbr each station, each PRN, and each tstamp,
RAW = REFSV + MDIO + MDTR + INTDLY + CRBEBDYY

T Use INT, CAB, REF values in CGGTTS data
i For Cl, RAW;,=-499045.8 + 5.5 + 9.0 + 414.9.6¢0.0=-498616.4
I For C1, RAW,,=-499046.4 + 5.5 + 9.016.7+0.0¢ 0.0=-498855.2

A Compute
A Apply new reference delay to TRWew REFDLY: 0.0
A Compute

n{ . {m&diw= RAWDHg it REFDLY, ¢ REFDLgY,=-238.3

A Applynew cable delay to TRVllew CABDLY: 0.0
A Compute
nLb&&Eul  n{ arlubrk CABDLY,,+ CABDLY,=-238.3
A Since
nLb ¢&udim= INTDL¥yC INTDLY 1
A We have

INTDLYa I N L Be@r5r INTDLY7,=-238.3+415.0=176.7
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RAWDIF / ns

RAWDIF In TL, closure

T T T T T 1
» C1, median = -238.22 ns
« P1, median = -241.03 ns
-236 - P2, median = -238.48 ns
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Calibration Trip

TLTITRVL ‘*

TRVIMTTO

D
INT DL\\_)

176.7 ns

LS2P

é
C
—
0
-
<
-

D
D

415.0 ns
176.7 ns

VM12

O o)
INT DLY

UTC(TL) UTC(NMLS)

INT DLYD

(9 uTC(VMI)
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Check the short baseline




Check the common clock

Topcon
Euro 80
1PPS1.77ns
...... »  Universal Counter TRVL
7'y 4 1
10 MHz 1 PPS 7.07 ns 1 PPS
UTC(NIMT) 10 MHz

--------------------- RF distribution Wbk

Amplifier 1 PPS

A

1 PPS 88.1 ns

HROG

A A

5 MHz 1 PPS 8.4ns
Cs 5071A001

10 MHz

RF distribution
Amplifier 10 MHz

F N

10 MHz

BIPM code 1351511
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GGTTS GPS DATA FORMAT VERSION =01

REV DATE =1997 -11-04

RCVR = NML Australia Topcon Euro -80L1/L2
CH=12

IMS =NML Euro -80L1/L2 Pseudorange differences
LAB = NIMT (system #2)

X= -1150489.200 m

Y =6080853.999 m

Z =1537597.843 m

FRAME = ITRF2000 @ 2005/08/26

COMMENTS = None

INT DLY =429 ns \

CABDLY = 165.4 ns To be u pdated
REF DLY =7.07 ns

REF = UTC(NIMT)

CKSUM =67

PRN CL MJD STTIME TRKL ELV AZTH REFSV SRSV REFGPS SRGPS DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG CK
hhmmss s .1dg.ldg .lns .lps/s .lns .lps/s.lns .1lns.lps/s.lns.lps/s.1ns.lps/s.1ns
24 FF 57816 001400 780590 903 +311162 -36 -2241 -41 14040 96 +0 57 +0 8 +74 10EB

CGGTTS GENERIC DATA FORMAT VERSION = 2E
REV DATE = 2017 -01-01

RCVR = NMIA Topcon/ Javad Euro - 80

CH=12

IMS = 99999

LAB = NIMT

X = -1150492.48 m

Y = +6080851.08 m

Z =+1537604.33 m

FRAME = ITRF

COMMENTS = NO COMMENTS

INT DLY = 176.7 ns (GPS C1), 174.0 ns (GPS P1), 186.0 ns (GPSP2) CAL_ID = xxxx - 2017
CABDLY= 0.0ns

REFDLY = 0.0ns

REF = UTC(NIMT)

CKSUM = FF

SATCL MJD STTIME TRKL ELV AZTH REFSV SRSV REFSYS SRSYS DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG FR HC FRC
hhmmss s .1dg.ldg .lns .lps/s .lns .lps/s.lns .1lns.lps/s.lns.lps/s.1ns.lps/s.1lns

G24 FF 57816 001400 780590 910 +311258 -11 -2144 -17 11 40 96 +0 57 0 99 29 15 0 OL1ICFF
G24 FF 57816 001400 780590 910 +311286 +2 - 2116 -4 940 96 +0 57 0 99 29 15 0 OLIPFF
G24 FF 57816 001400 780590 910 +311313 +21 -2089 +15 7 40 96 +0 93 0 162 48 24 0 OL2P FF
G24 FF 57816 001400 780590 910 +311244 -27 - 2158 -32 22 40 96 +0 99 29 99 29 15 0 OL3PFF

i1
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Calibration Using CGGTTSNarTO

Compute RAWbr each station, each PRN, and each tstaamp,
RAW = REFSV + MDIO + MDTR + INTDLY + CRBBDLY

T Use INT, CAB, REF values in CGGTTS data
i For Cl, RAWo= 31116.2 + 5.7 + 9.642.9+165.4- 7.07= 31332.73
i For Cl, RAW,,=31125.8 +5.7 + 9.6 + 176.7 +0® = 31317.8

Compute

RAWDIE, u1ro= Median(RAW: ¢ RAW,0)=-12.86

Apply new reference delay to MTT®ew REFDLY: 7.1

Compute

n{ ., {w&udirro= RAWDI&Rywrrot REFDIY, ¢ REFDL¥=-19.9

Compute

, b {

no{ . {uerdrr7n {
Applynew cable daayTo-MﬁmteIE/ CABDLY: 165.4

Compute

{+8udirro= (-238.3)¢ (-19.9)=-218.4

Consider the same as befor

nLb Godrr=n { . {werdrurC CABDLY 1o+ CABDLY,=-383.8

We have
INTDLY 710

= INTDLY, 4

D

N L h¢s5-4=415.0 +-883.8) =31.2

e



RAWDIF in NIMT

-16 E l.-.

RAWDIF / ns

-18

20 |-

-22

« C1, median =-12.86 ns;

-24

57792 57797 57802 57807 57812 57817 57822

MJD

1.0E-08

1.0E-09

Time Deviation / s

0.1ns

1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06

—o—C1

N\

Averaging Time / s

Visitedreceiver: NMIATopconfJavadeura80 (code: MTTO)

The stability cannot reach 0.1 ns due to the saitipepper noise
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Calibration Trip

TRVIMTTO
)

D

176.7 ns

—
_|
H
é 31.2 ns

UTC(NIMT) Q >
_ = -
c o) Z
o =
LO
= VM12 G,
UTC(NMLS)
UTC(TL)

O—— )
INT DLY

UTC(VMI)

- *Results for C1 code on



Check the short baseline
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