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Abstract

Following a suggestion at the 4th meeting of the CCDS Working Group on Two-Way
Satellite Time Transfer (TWSTT), the BIPM decided to conduct a series of differential
calibrations of GPS equipment located in European time laboratories equipped with
two-way stations. Repeated calibrations of this kind should provide valuable
information about the stability of GPS time equipment and serve as provisional
differential calibrations for two-way equipment. This report concerns the second such
exercise. It took place from 1 October 1997 to 12 January 1998 and involved the
circulation of a portable GPS time receiver among ten laboratories in Europe.

Resumé

Suivant une suggestion exprimée lors de la 4e réunion du Groupe de travail du CCDS
sur les comparaisons d’horloges par aller et retour sur satellite, le BIPM a décidé de
conduire une série d’étalonnages différentiels des équipements de réception du temps
du GPS, situés dans des laboratoires de temps européens équipés de stations
bidirectionnelles. Des étalonnages répétés de ce type devraient fournir de précieuses
informations sur la stabilité des équipements GPS et servir d’étalonnages différentiels
provisoires aux équipements bidirectionnels. Ce rapport concerne la seconde de ces
campagnes. Elle a eu lieu entre le 1 octobre 1997 et le 12 janvier 1998 et a consisté a
transporter un récepteur du temps du GPS d’un site a I’autre selon une boucle fermée
qui a impliqué dix laboratoires en Europe.



INTRODUCTION

Following a suggestion at the 4th meeting of the CCDS Working Group on Two-Way
Satellite Time Transfer [1], the BIPM conducted a series of differential calibrations of
GPS equipment located in seven European time laboratories equipped with two-way
stations [2, 3]: the National Physical Laboratory (NPL), Teddington, United Kingdom,
the NMi Van Swinden Laboratorium (VSL), Delft, the Netherlands, the Deutsche
Telekom AG (DTAG), Darmstadt, Germany, the Physikalisch-Technische
Bundesanstalt (PTB), Braunschweig, Germany, the Technical University of Graz
(TUG), Graz, Austria, the Istituto Elettrotechnico Nazionale Galileo Ferraris (IEN),
Turin, Italy, and the Observatoire de la Cote d’Azur (OCA), Grasse, France. A
consortium of Swiss laboratories (CH) based in Bern also participated in this exercise
as did the Swedish National Testing and Research Institute (SP), Boras, Sweden.
These laboratories are not equipped with two-way stations, but their GPS time
equipment has to be calibrated.

The GPS time equipment located at the Observatoire de Paris (OP), Paris, France, was
chosen as reference. To check the reproducibility of the measurements, the exercises
were organized as round trips beginning and ending at the OP. Although the OP is not
equipped with a two-way station, it serves as pivot laboratory for the GPS links used
for TAI computation. The OP receiver also serves as reference for many international
comparisons of GPS time equipment. It has been compared ten times in the last twelve
years with the NIST ‘on line’, absolutely-calibrated GPS time receiver. The differences
between these two receivers have never exceeded a few nanoseconds.

Repeated determinations of the differential time corrections between GPS time
equipment located in the laboratories visited should:

e improve the accuracy of involved GPS time links,
e provide valuable information about the stability of GPS time equipment,
e serve as provisional differential calibrations of the two-way equipment.

This report details the second such exercise. It took place from 1 October 1997 to 12

January 1998. Succeeding visits are scheduled to take place at four to five month
intervals.

EQUIPMENT



All the receivers involved in this comparison are single-channel, C/A code, 0.5 V
trigger level, NBS type receivers. Their principal characteristics are:

OP: Maker: Allen Osborne Associates,
Type: NBS/TTRS,
Receiver Ser. No: 051,
Internal delay: 54 ns.

CH: Maker:  Allen Osborne Associates,
Type: NBS/TTRSA,
Receiver Ser. No: 275.

SP: Maker: Allen Osborne Associates,
Type: NBS/TTRS,
Receiver Ser. No: 425.

VSL: Maker:  VSL,
Type: NBS/TTRS,
Receiver Ser. No: 01.

DTAG: Maker: VSL,
Type: NBS,
Receiver Ser. No: 19.

PTB: Maker:  Rockwell Collins,
Type: NBS/TTRS.

NPL: Maker:  Allen Osborne Associates,
Type: NBS/TTRSA,
Receiver Ser. No: 276.

TUG: Maker: NBS,
Type: NBS,
Receiver Ser. No: 03.

IEN: Maker: Allen Osborne Associates,
Type: NBS/TTRS,
Receiver Ser. No: 031.

OCA: Maker:  Allen Osborne Associates,
Type: NBS/TTRS,
Receiver Ser. No: 053.



Portable receiver: Maker: Allen Osborne Associates,
BIPM3 Type: NBS/TTRS,
Receiver Ser. No: 277.

As these receivers use identical software of NBS type, any imperfections in the
software cancel during a zero-baseline comparison. The main source of errors is thus
variations in hardware.

The portable BIPM3 receiver was equipped with four cables:

o portable IF (Intermediate Frequency) antenna cable C1: 235.5 ns, uncertainty of
0.40 ns (1 o).

e portable LO (Local Oscillator) antenna cable C2.

e portable IF (Intermediate Frequency) spare antenna cable C3: 232.1 ns, uncertainty
0of 0.40 ns (1 o).

o portable IF local UTC cable C4: 170.0 ns, uncertainty of 0.40 ns (1 o).

Delays in the cables C1, C3 and C4 were measured at the BIPM using the pulse
method with a time intervallometer steered by an external frequency source, an HP
5071A clock. We measured at the very beginning of the linear part of the rising pulse
at each end of the cable using a 0.5 V trigger level [4].

Delays in cables C1 and C4 were also measured at the laboratories visited. Results are
reported in Appendix I. Different methods of measurement were employed. We
observe that group delay measurements using the MITREX modem at 70 MHz [4]
differ from those given by the pulse method by about 2 ns for the C1 cable and may
reveal the ultimate accuracy of the pulse method. However, any imperfection in the
measurement delay of portable equipment, if constant throughout the trip, cancels in
the determination of differential time corrections between the laboratories involved.

Detailed information on the equipment at each location is provided in Appendix II.
CONDITIONS OF COMPARISON

For the present comparison, the portable equipment took the form of the receiver, its
antenna and a calibrated antenna cable. The laboratories visited supplied a) a 5 MHz
reference signal, b) a series of 1 s pulses from the local reference, UTC(k), via a cable
of known delay. In each laboratory the portable receiver was connected to the same
clock as the local receiver and the antenna of the portable receiver was placed close to
the local antenna. The differential coordinates of the antenna phase centres were



known at each site with uncertainties of a few centimetres. During the comparisons the
receivers were programmed with the BIPM Common-View International Schedule No
29 for Europe.

RESULTS

The processing of the comparison data obtained in laboratory k consists first of
computing, for each track i, the time differences:

dty ~[UTC(K)-GPS timelgipnms i-LUTC(K)-GPS time]y ; .

The noise exhibited by the time series dfj is then analysed, for each of the laboratories
visited, by use of the modified Allan variance. In each case, this exhibits white phase
noise up to an averaging interval of about one day. We illustrate this in Figure 1 which
shows the computation for the OP over about twenty days period following the trip.
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Figure 1. Square root of the modified Allan variance of the time series diqgp for the
period: 22 December 1997 — 12 January 1998.



One-day averages are reported in Figure 2 and Appendix III. The level of noise for a
one-day period is reported in Table 1.
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Figure 2. Daily averages of df ; for each laboratory.

The one-day averages exhibit systematic effects which we characterized by the
dispersion of the daily mean also listed in Table 1. These systematic effects are caused
by hardware instability, often linked to the sensitivity of GPS time equipment to
environmental conditions [5,6,7].

Next, we computed mean offsets for the full duration of comparison at each location,
and the corresponding standard deviations of individual common views (Table 1).



Table 1. Mean offsets for the full duration of comparison at each location.

Lab Period Total Mean Standard Level of | Dispersion

1997 number of| offset | deviation of noise of daily

common | /ns individual | for 1 day mean
views common view /ns /ns

/ns

OP 1-7 Oct 315 0.6 2.6 0.3 0.4
CH 16-20 Oct 119 1.5 1.6 0.3 0.4
SP 23-27 Oct 108 -43.2 3.6 0.6 1.1
VSL 31 Oct-4 Nov 64 -23.6 2.2 0.6 0.6
DTAG 5-10 Nov 162 5.0 2.6 0.3 0.9
PTB 11-17 Nov 261 3.7 2.6 0.3 0.6
NPL 21-23 Nov 79 -2.3 3.0 0.6 0.5
TUG | 27 Nov-1 Dec 178 -5.1 2.0 0.3 0.2
IEN 4-7 Dec 147 -15.3 1.4 0.2 0.2
OCA 12-16 Dec 91 7.0 2.5 0.6 0.9
OoP 22 Dec-12 Jan 291 -1.7 2.7 0.4 0.5

The repeated measurements at the OP give an indication of the reproducibility of the
comparisons. At the beginning and at the end of this exercise they show offsets of
0.6 ns and -1.7 ns (Table 1 and Figure 2). In between (76 days), the portable receiver
was packed and unpacked, with associated vibrations and temperature changes.
Changes of a few nanoseconds in differential delays between local and portable
receivers were observed during calibration in several of the laboratories visited (Figure
2). The possibility that changes also occurred in the delay of the OP receiver is not
excluded. It is now well documented, and generally admitted, that GPS time equipment
is sensitive to external temperature [5, 6, 7].

From the preceding table, after averaging the two measurements at the OP, we derived
differential time corrections which should be added to the values derived during the
GPS comparisons of the time scales kept by the laboratories visited. They are reported
in Table 2. In the same table we report calibration results from the 1st trip [8].
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Table 2. Differential time correction 4 to be added to[ UTC(k1)-UTC(kp)] and
estimated 1 ¢ uncertainty u(d) for the period of comparison.

1st trip 2nd trip
[UTC(k1)-UTC (k)]
d/ns u(d)/ns dns u(d)/ns

[UTC(VSL)-UTC(OP)] -2 3 -23 2
[UTC(DTAG)-UTC(OP)] +3 3 +6 2
[UTC(PTB)-UTC(OP)] +2 3 +4 2
[UTC(NPL)-UTC(OP)] -4 «3 -2 2
[UTC(TUG)-UTC(OP)] -10 3 -5 2
[UTCUIEN)-UTC(OP)] -17 3 -15 2
[UTC(OCA)-UTC(0OP)] +4 3 +8 2
[UTC(CH)-UTC(OP)] +2 2
[UTC(SP)-UTC(OP)] -43 2

The uncertainties given in this table are conservative. They are mainly influenced by the
uncertainty due to the ‘round-trip’ reproducibility at the OP, but some other elements
are significant, particularly the effect of changing the portable antenna cable during the
Ist trip, and the level of noise in individual receivers.

DISCUSSION

The results of the second series of BIPM differential calibrations of GPS time
equipment in European time laboratories equipped with two-way stations mostly
confirm the results of the first trip to within the uncertainties involved.

For all laboratories but VSL, we observe that between the first and the second trip
there were changes in delays, all in the same direction, of 2 ns to 5 ns. This can be
accident but, alternatively, it could indicate that the delay of the reference receiver at
the OP or, more probably, the delay of the portable receiver, changed by a few
nanoseconds. The sign and value of ‘closure’ at the OP supports this conclusion. The
probability that all the other receivers changed their delays in the same sense is very
small.

The large discrepancy observed between the two results at the VSL seems to result
from a fault during set-up of the portable receiver BIPM3 during the second trip [9].
The results of the first trip for VSL are also confirmed by independent calibration using
a portable ROVER GPS+GLONASS receiver which was in operation at the VSL at
the same time as BIPM3 during the second trip [10].
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To clarify the matter of changes in the GPS time equipment delays we await the results
of the next calibration rounds.
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Appendix I

Measurement of portable cables at the visited laboratories

Laboratory BIPM C1 cable | BIPM C4 cable | Measurement method
/ns /ns

BIPM 2355+ 04 (1o)] 170.0 £ 0.4 (10) | Pulse method

OP (before trip)

CH 235.95 170.3 Pseudo-reflectometry

SP 235.8 170.0 Pulse method (0.5V)

VSL 234.5 Mitrex

VSL 236.8 170.7 Pulse method (0.5V)

PTB 234.7 Mitrex

PTB 235.3 Pulse method

NPL

TUG 234.8 Mitrex

IEN 234.7 169.7 Mitrex

IEN 236.0 170.4 Pulse method (0.5V)

OCA 236.7 Pulse method (0.5V)

OP (after trip) 236.5+0.3 (10)| 170.5 £ 0.3 (10) | Dual weighing method
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Appendix II

Set-ups of local and portable equipment at each location
(forms filled at laboratories)
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BIPM GPS calibration information sheet

Laboratory: LPTF
Date and hour of the beginning of measurements: | 05-03-97  07h52 UT
Date and hour of the end of measurements: 10-10-97  23h34 UT

Plot of portable receiver set-up:

[

CLOCK
Césium __10MHz AmPLL | UTC(OP) |
HP 5071A | i |
i S MHz MPLI  |—— ‘ BIPM3
' 5MHz | | il —)UTC(OP) REF |
1
Microphase | |5MHz 1 PPS
STEPIF:ER | IMHz] ampLe AMPLI L]
I I MHz | I PPS b
Rise time of the local UTC pulse: 5 ns

-

Receiver information

Local: Portable: BIPM3
e Maker: Allen Osborne Associates Allen Osborne Associates
e Type: TTRS TTR6
e Serial number: SN 051 SN 277
e Receiver internal delay : 54 ns 57 ns
© IF Antenna cable identification: |n°505 ¢l
Corresponding cable delay : 168 ns 236 ns i
| ® UTC cable identification: n°503 n°49%
| Corresponding cabledelay: __|37ns _____  ___ [48n»s
Delay to local UTC: |- 304 ns 315 ns
e Receiver trigger level: 05V 05V
o Coordinates referenco frame: |ITRES8 =~~~ [ITRE88 e

e e e e e ———— i —— — — —

e e, —_—————_—

124.58 m

124.51 m

hydrogen maser.

The process is repeated twice.

Description of the local method of cable delay measurement:

Dual weighing method using a time interval counter HP 5370 triggered by 1 PPS from BNM-LPTF
The time base of the time interval counter is steered by 10 MHz maser.

Final result is the mean value of both evaluations of the cable delay.

Cable delay control

Cable identification

delay measured by BIPM | dela

y measured by local method

BIPM portable IF antenna cable C1

235.5ns

236 ns

BIPM portable UTC cable C4

170.0 ns
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BIPM GPS calibration information sheet

Laboratory: CENET Watbern (CH) ‘
Date and hour of the beginning of measurements: |1J) 50 ¥3% , 16,10,3% ; 14hTy 0¢ (uT) |
Date and hour of the end of measurements: MIps0 i1, 20.1094% ; 0t hs0 0p/(UT) ;

lot of portable receiver set-up: |
5T, Dighy E . Lo P | [ |

“T;Lﬁ

2po T ~PPST=—3ns ; PPST S Time refot OFp
Rise time of the local UTC pulse: 2] t hs (10 - 3072‘, 5UP in 5-011)

(D
~l

Receiver information

Local: Portable: BIPM3
o Maker- Alien Osborne Hssociates |Allen Osborne Associates
e Type: TTRS5A TTR6
e Serial number: 0215 SN 277
e Receiver internal delay : .0 57 ns
o IF Antenna cable identification: | I F If Cc1
| Corresponding cabie delay : | 429(heqeler) mepsured 4354 | 436
|* UTC cable identification: | | Utc cx _____
[ Comesponding cableddlay [0 [figp ]
Delay to local UTC : O (Relplane PPS OF11) 166, ¢
e Receiver trigger level: ~1V 05V
| » Coordinates reference frame: | |
[Laiwder __[igess J5ig6ist [ 4et 65 76 apsst |
Lomgitde o0F° I7 63,99 ioeF’ 7 §3,70997 ]
Height: |+ 609,56 IE 609,56

Description of the local method of cable delay measurement:
B T Camver | ~Swl Tseudo-reflecloine by
. SgRs- sRczoA. ‘1,_ Stop The TT counter ¢ f{rs Fealf brated

1— @
LA 2.6m T (,(,/lUlUb(,+ (u-{ Hu’u ﬁlge(gnd
WaSLcr€M4€M+ (5 dCV]C wltl’l

25m , Cable under fest  (Cut) ‘Cut* tigar level - 0,1V
~ (/(Vl(?r!‘ﬂth)/ /esh@ '+ 1ns

Cable delay control

Cable identification delay measured by BIPM | delay measured by local method
BIPM portable IF antenna cable C1 235.5ns 235,395 ns
BIPM portable UTC cable C4 " 170.0 ns TH, 3 ns

2040 9% [T
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BIPM GPS calibration information sheet

Laboratory:

SP, Swedem

Date and hour of the beginning of measurements:

Mo S04 193

0ck. 23 5 10 32w TC

Date and hour of the end of measurements:

M0 So1g; n%we.t{; C8 . CEn

wiC

Plot of portable receiver set-up:

Oukpuh A

Rise time of the local UTC pulse:c4ns (stated)

SP
\E TG \ops
6o Oukpuk Y

SV ™k SO JU

tpps [_MT(.L:»P)]

Receiver information

Local:

Portable: BIPM3

fm o —— e — — —— — — — — — — — — o}

Corresponding cable delay :

¢ Maker: Allem Osborne Associehes Allen Osbome Associates
e Type: TTRE TTR6

e Serial number: SN 1S SN 277

* Receiver internal delay : SOony (Aefoudt) 57 ns

o IF Antenna cable identification: A

512.0 ns (S12 ns emkered i (ec.)

e UTC cable identification:

o o e o  — ——————— . 2 s ]

$P WC (aMsle

e e e e e S o S — ————— — ————— et et S

| _Corresponding cable delay : | .4 s (F ny emkered in rec) [30.0ms (130ms anberealin ]
Delay to local UTC : Foows 1}Y0,0ws
e Receiver trigger level: 0.5V 0.5V
| » Coordinates reference frame: | TR¥Y3 | L
| Latiude: | S UL §3.8160" N [SFUL'SIL W6 N |
| Longitude: | 19°_S3' 98.84%0" E  |\9° §3 2¥.1eey E |
Heightt: £219.98 F299.87

Buc

St

“
i

Stoe
Cunder resl

" bhiee - oot

‘ Cabie .‘,L\"Qc‘k

0,5 v M'D‘)e( leceA
o sShvt ccad \\—C‘(D

v
Mpak

S1é Acadarg M

~

Cable delay control

Cable identification

delay measured by BIPM

delay measured by local method

BIPM portable IF antenna cable C1
BIPM portable UTC cable C4

235.5 ns P
170.0 ns »

{(30.3 a5 — 0.4 ((J...-qlm.'hmdﬂ)'—'/?c_o
%A1 Ay —0.5 = 935,8 «a>

8¢ / ; l[/

22 At 7977
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BIPM GPS calibration information sheet

Laboratory: VSL
Date and hour of the beginning of measurements: | §7 - /o 3 / 13:30 UTC
Date and hour of the end of measurements: 9)- (/- 04 £:ov U7 C

ux@d

Plot of portable receiver set-upﬂ:

Chre

Rise time of the local UTC pulse:

Receiver information

x,y‘%—

éb»:S(,Ly /étf/éf")._s_l/ sCart TI—L

Pk(x

SRR

TIC ]},en
Folé}ﬁﬂ’i/o; e o T T

Description of the local method ot cable delay measurement:

: btal®) e .
Tl Hutras {,_d._o]‘
71/1/7’75( .

Local: Portable: BIPM3

o Maker: US(_ Allen Osborne Associates
e Type: WBS - {4 pe TTR6
o Serial number: vsio) SN 277
 Receiver internal delay : 639 L 57 ns
« IF Antenna cable identification: Cable & Coble 9
| Corresponding cable delay : | 651.4 s | 6013 as —(Z;Z&L;Z@)
e UTC cable identification: Usi. ATA
| Corresponding cable delay : |  — | =]
| Delay tolocal UTC: | ¢ 45 4s | 3.8 4s
e Receiver trigger level: 0.c V 0.5V wctl exteres/ SON
St ke G R T Xt WP | TEk&s ]
__Iia_tiiu_d_e:___________ﬁ__________z 37 ¥y T z BT EE PR e

Longitude: T S
| Heightt | e L s 18 Mo

P alle wnda Tl

&9 A/c' (oA d”ﬂr Z‘erzk

Cable delay control |
Cable identification delay measured by BIPM | delay measured by local method
BIPM portable IF antenna cable 235.5 ns 2345 hs (Hteex
Cl 234 8 s (pteBosV)
BIPM portable UTC cable C4 170.0 ns 1790.3 4s (pudec @ o. fV/)
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BIPM GPS calibration information sheet

Laboratory:

DTAG

Date and hour of the beginning of measurements: | Nov. 06, 1997 08:00 UTC

Date and hour of the end of measurements: Nov. 10, 1997 08:30 UTC

Plot of portable receiver set-up:

> | 5MHz LO 7
DTAG SR BIPM-3 #24
Master Clock " % IF i .
> 1PPS-delay = 129 ns cable delay = 486 ns
UTCh1ac

Rise time of the local UTC pulse: _11 ns

DTAGF 320mm ! §70mm
L North E%IPM-S

Receiver information

Local: Portable: BIPM3

e Maker: Van Swinden Laboratory Allen Osborne Associates

e Type: NBS TTR6

e Serial number: 19 SN 277

e Receiver internal delay : 61,1 ns 57 ns

o IF Antenna cable identification: |# 21 #22

| Corresponding cable delay :  |486ns | 48ns |
e UTC cable identification: #28

| Corresponding cable delay : | |
| Delaytolocal UTC: |- ~643ns | 129n0s |
e Receiver trigger level: 0,5V 05V

e Coordinates reference frame: WGS 84

B Y2 7 A I
7 | Booss7 s ]
| Height: |- +204,16m |

Description of the local method of cable delay measurement:

Spl
TIC  Start —l— \\J i IE ?\ #22 +#24 =905,5ns
500hm/05V g N i LO ) #22+#23=9015ns
UV #24+#23=8352ns
#23
Master > t
Clock # 81 POP Tl(: o TIC reading: 45,7 ns
i X-cable = 833 ns stat_ 0 9" 70 =129
uTC DTAG ' 1PPS-delay = 129 ns
Cable delay control
Cable identification delay measured by BIPM | delay measured by local method
BIPM portable IF antenna cable C1 235.5 ns -
BIPM portable UTC cable C4 170.0 ns -
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BIPM GPS calibration information sheet

Laboratory: Pr B
Date and hour of the beginning of measurements: | 50 263 97 -/41~A41  09: 50 UTC |
Date and hour of the end of measurements: 0769 YF 41 -4F OF: 52 UTC

i

Plot of portable receiver set-up:
: SMH=2 Pulse Starlj — ;
(52 _/_ I—)’D%mb Siof ¢ ‘QF’
frmpl t‘*g L—
T (p7B)
he | SMH2 | Digtan ] slrzb. WTC(PTB)H0ns uT(PTB)—fo—nffT-
S0MA /} m PL " B [P M3 . Rod(u/. (oum_(1
; IF
LC
Rise time of the local UTC pulse: 517,5 \;F /C’]
Receiver information
Local: PTR04 Portable: BIPM3
e Maker: Rockwell Collins Allen Osborne Associates
* Type: NBS - type TTR6
e Sernal number: — SN 277
e Receiver internal delay F# ng 57 ns
|« IF Antenna cable identification: | ATOG/IF | 4 o]
Corresponding cable delay 6C26ns (é?é ns) | 235 ng
|« UTC cable identification: | | - I PIe______ |
W TRl L T . - ORI St
Delay to local UTC : - 50ns ( On S) #0ns
« Receiver trigger level: 0,5V 05V
 Coordinates reference frame: | ITRES8 | ZTRF88
| Latiwde [ | W52 A7 it 4§ | Va2 A 46,080
| Longiude: | E 10727 39,728 | E A0 27" 348957
Height: 456 6’7 m //30’,254’)

Pulse method
E (e(fvan 1 C
GCLJLES

cable
under test

Description of the local method of cable delay measurement:

MITREX methed

76’7/!2_
Stavt
j HITREX 7
Step }
cable wnder frst Ly Hly)

Cable delay control

Cable identification delay measured by BIPM | delay measured by local method
BIPM portable IF antenna cable C1 235.5ns 235,3ns5 (pulse me £hod)
BIPM portable ¥ cablefzs (1 TR

234, Fns ( MITREX method)
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BIPM GPS calibration information sheet

Laboratory: N L
Date and hour of the beginning of measurements: So77) 14.5Q
Date and hour of the end of measurements: La?276 11:38

K[?i?m'&
¢

RiPmM

K

VPP

(3t
[= XIS —)_‘3 S‘ 5 ns
h%

Viko

Plot of portable receiver set-up:

{U’."L (Nf?g,) - )PFS (P“- 1'_2-)_5 Fe.w‘i}: 19 -5Sn

Pm (P8 puuv

| 7]

Receiver information

Local: Portable: BIPM3
» Maker: PLie~  658weti assna e | Allen Osborne Associates
' « Type: TY R s~ _ TTR6
% e Serial number: SN 277
2 « Receiver internal delay : Q'S ny 57 ns
3 « [F Antenna cable identification:
J Corresponding cable delay : b 2 LS ns 2RSS~
o » UTC cable identification: -— —
Corresponding cable delay : B
¥~ - Delay to local UTC : | Tns 19-Sns
* Receiver trigger level: Doe~vy  WKwuw 05V
» Coordinates reference frame: X Dow'T  Yomeow Dew T 1wt ,
Latitude: Si©2s! j5.336&" iS° 195 1S3 Do
Longitude: 259° 34¢ Lo- 33 [359° 39’ 02933’
Height: 66 AS~ €e-23 .,

Description of the local method of cable delay measurement:

Cable delay control

Cable identification delay measured by BIPM | delay measured by local method
BIPM portable IF antenna cable 235.5.ns L Nrers gy e >
Cl1
BIPM portable UTC cable C4 170.0 ns NUT VIO
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BIPM GPS calibration information sheet

Laboratory: TUG
Date and hour of the beginning of measurements: | 41943 - A41-2F  40!30
Date and hour of the end of measurements: 19931 - 142-01__ 08:50
Plot of portable receiver set-up:
10MHz | FREQ. DISTR. | SMHz,|  CLOCK il
AMPLIFIER UTC(TUG)
¥ IPPS ‘
C1
HPS071A PULSEDISTR. | |pps
SNO107 AMPLIFIER
BF1 GPS RECEIVER
IMHz | FREQ. DISTR.
sSMHz AMPLIFIER
Rise time of the local UTC pulse: 5 ns

Receiver information

Local:

Portable: BIPM3

» Maker: NBS Allen Osborne Associates

* Type: NBS TTR6

o Serial number: 12 SN 277

» Receiver internal delay 55,6 wns 57 ns

o IF Antenna cable identification: | 2424 &4
| Comesponding cable deiay | 222 ws | 286ws
|« UTC cable identificaion: | A4___ | 11
| _Cormresponding cabledelay: | 84,3 vs | 40, Fwvs__ |

Delay to local UTC : 234,83 nG 108,0 ns
» Receiver trigger level: 05V
« Coordinates reference frame: ITRF 88 ITRF 8¢

e e e e — ———— - ————— . ————————— ——— i S — . ‘.t S S

| Longiude: | E_A45° 29’ 36,6340 |E 15° 29 56,6H10 |
Height: 540.%4 , 540,31 m

o — . e - - —— v ——— —— ————— " ——— s ] T Tt o s . o S s, o

e C N-BNE

Description of the local method of cable delay measurement:

)\”““ﬁ*ﬂex s [sTReT | T, 08V, 560
s Ra{\ Mihex ZR§20
4 e WR|——plSTee [T, 8.4V, 05T
e ¢ ‘ 2/ Treau .

Cable delay control

Cable identification

| delay measured bv BIPM

delay measured by local method

BIPM portable IF antenna cable C1

I 235.5 ns

234,48 ns

BIPM portable UTC cabie C4

_

[ 170.0 ns
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BIPM GPS calibration information sheet

Laboratory:

TEN

Date and hour of the beginning of measurements:

50386 : 93-42-¢9 : 40:40 UTC

Date and hour of the end of measurements:

50184 ; 81-42-¢8:1:26 UTC

S Nz

|Cs
SOHA

Distrib. |
Awrﬂ&

Plot of portable receiver set-up:

S5HHz

SHHe

Rise time of the local UTC pulse:

45 ns

irps| Pulse NS 0~ --
Distrib.| ety St
PrS(TEN)

» UTC (IEN )

Receiver information

| Local: Portable: BIPM3
e Maker: NBS Allen Osborne Associates
e Type: N85 [6PS Time Transfer |TTRG
e Serial number: 034 SN 277
= Receiver internal delay : 253 ng (%) 57 ns
| ¢ IF Antenna cable identification: IF Cd
Correspo_nH;]_g_c;l;lg aeﬁz;y—:_ B —(v: o h_u_u_a—l B —v—a—l ;(; _ ) —Zt‘b~0~ ;\;_ﬂ~ —2-3—6— —n—s_ ~~~~~~~~~~~
P_-_g'l_’(; cable identification: TEN JTEN
| _Corresponding cable delay - __[not available  __ [uct available |
Delay to local UTC : 12, O wns 44,2 wns
* Receiver trigger level: 0SSV 0.5V
* Coordinates reference frame: | ITRF88 I ITRF88 |
DL LR 45° 0o' 54,049 N 145°00'53, 881" N _ |
| Longitude: | = ©38 20308" E | 1° 38'20686" E_|
Height: 306, 64 wm 306, 64 v

(%) We caunot sopply separatel
cable delag C':u_é r ferual greceiuer delaq
folse metliod Hidrex Hejf&Qa
SRé620
o5v S &
0,5V E‘é x.
A:~3+de[a% )

Description of the local method of cable délay measuremeg‘g:
e coutribotiou of o eoVautesus

__cable vuder fest

b=

Cable delay control

Cable identification delay measured by BIPM Pviigay measured by local method
BIPM portable IF antenna cable C]1 235.5 ns umm"“.-"“é:ZE‘zm” il O_
BIPM portable UTC cable C4 170.0 ns folse method: 479,94 ns |
Hiteex wethod. 463 3 us
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BIPM GPS calibration information sheet

Laboratory: . _OCA. cemreA
Date and hour of the beginning of measurements: | A%%) - 42.42 . SO784 A3 .33 T
Date and hour of the end of measyrements: AP9F - 4246 - SOI38  F: 3e or

Plot of portable receiver set-up:

AN

!

Lo

’ . Svd | She
CS 6o thfg_ i : 7
oCcA N b o
STE
— e h
Aﬂ-}ﬁ 3&0&. ﬂmp? (Q%) !
Agps

Rise time of the local UTC pulse:

ey Goney)

Receiver information

Local: NASCc? Portable: BIPM3

« Maker: Ao Onyooume Assoctos Allen Osborne Associates

* Type: TRS TTRG6

¢ Serial number: SIN oS3 SN 277

¢ Receiver internal delay : \ A mny  Recouei Tonlbnne |57 DS

o IF Antenna cable identficaion: | | (Gewedlag) 1 CA
Corresponding cable delay : 236 A

o UTC cable identification: | ocA 4 ]

| _Corresponding cabledelay: | . _ I -
DelaytolocalUT\, SS. A m B2 ma

e Receiver trigger level: OSv S S

|« Coordinates reference frame: | .~ | |
Latitude ‘i'éf__iv_g.__f‘j 333N | 43° 4S7 A3 37137 V]

| Longide: [ Oe® S5 A6, 8228° E | 06" ¢/ A6, 86¢1"E

| Height: A322.50 4322.S0

G u

Semay S,
e oS, i Anvioll
i SR 6%
G—}]Cs5v
o, (.

Cable delay control

delay measured by local method

Cable identification delay measured bv BIPM
BIPM portable IF antenna cable C1 235.5 ns 236, F m
BIPM portable UTC cable C4 170.0 ns NTT  uSED

J———————
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BIPM GPS calibration information sheet

Laboratory: LPTF
Date and hour of the beginning of measurements: 12-22-97 17h14 UT
Date and hour of the end of measurements: 01-14-98 09h00 UT

Plot of portable receiver set-up:

CLOCK

Césium I0MHz | ampL1 [ UTC(OP)

HP 5071A il
5 MH = - BIPM3

5 MHz L ?}:4]:;1 - 'amg(om REF

Microphase | 5 MHz 1 PPS
1 MHz — |

STEPPER —— e | il ]

Rise time of the local UTC pulse: 5ns

Receiver information

Local:

Portable: BIPM3

e Maker:; Allen Osborne Associates Allen Osborne Associates

e Type: TTRS5 TTR6

e Serial number: SN 051 SN 277

» Receiver internal delay : 54 ns 57 ns

¢ IF Antenna cable identification: n°® 505 R [
i _C_o_n;:;p_ogair;g_églg .(_jgl;y_: —————— 168ns 236 ns

e UTC cable identification: n°® 503 n° 494 B
et [ —— dw T
| Delay tolocal UTC: |- 304ns | 3150

® Receiver trigger level: 0.5V 05V

¢ Coordinates reference frame: ITRF 88 ITRF 88

| Longitude: [ 02°20°05°.8730 |/ 02°20°057°.7389 _______|
Height 124,51 m 124.58 m

hydrogen maser.

The process 1s repeated twice.
Final result is the mean value of both

Description of the local method of cable delay measurement:

Dual weighing method using a time interval counter HP 5370 triggered by 1 PPS from BNM-LPTF

The time base of the time interval counter is steered by 10 MHz maser.

evaluations of the cable delay.

Cable delay control

Cable identification delay measured by BIPM delay measured by local method
BIPM portable IF antenna cable C1 235.5ns 236.453 ns + 300 ps
BIPM portable UTC cable C4 170.0 ns 170.475 ns + 300 ps
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Appendix II1

Daily results of the comparisons

Lab Date Number Mean Standard Standard
1997 of individual offset deviation deviation
common views of individual of

common view  the mean

/ns /ns /ns

(0] Oct 1 46 1.29 2.75 041
Oct 2 43 0.88 2.75 0.42

Oct 3 43 0.76 2.02 0.31

Oct 4 45 0.33 2.64 0.39

Oct 5 45 0.51 2.50 0.37

Oct 6 45 0.54 2.41 0.36

Oct 7 48 0.00 2.72 0.39

CH Oct 16 13 1.62 2.61 0.72
Oct 17 33 0.91 1.56 0.27

Oct 18 31 1.58 1.24 0.22

Oct 19 32 2.07 1.28 0.23

Oct 20 10 1.57 1.11 0.35

SP Oct 23 18 -41.32 3.10 0.73
Oct 24 27 -43.23 3.94 0.76

Oct 25 29 -43.67 3.49 0.65

Oct 26 26 -43.67 3.37 0.66

Oct 27 8 -44 35 3.38 1.20

VSL Oct 31 10 -23.80 2.78 0.88
Nov 1 18 -23.74 1.56 0.37

Nov 2 17 -22.93 2.61 0.63

Nov 3 17 -24.15 1.99 0.48

Nov 4 2 -22.90 0.85 0.60
DTAG Nov 5 8 3.44 4.09 1.44
Nov 6 34 492 2.09 0.36

Nov 7 39 534 2.39 0.38

Nov 8 37 5.25 2.18 0.36

Nov 9 39 5.12 2.99 0.48

Nov 10 5 3.58 3.24 1.45
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Lab Date Number Mean
1997 of individual offset
common views

/ns
PTB Nov 11 20 4.74
Nov 12 45 3.70
Nov 13 47 3.80
Nov 14 47 4.01
Nov 15 47 3.43
Nov 16 46 3.11
Nov 17 9 291
NPL Nov 21 20 -2.70
Nov 22 28 -2.53
Nov 23 31 -1.81
TUG Nov 27 23 -5.01
Nov 28 46 -5.33
Nov 29 45 -5.01
Nov 30 45 -4.83
Dec 1 19 -5.28
IEN Dec 4 18 -15.09
Dec 5 44 -15.55
Dec 6 42 -15.18
Dec 7 43 -15.09
OCA Dec 12 8 5.72
Dec 13 30 6.25
Dec 14 28 7.79
Dec 15 19 7.22
Dec 16 6 7.65
0]y Dec 22 12 -1.91
Dec 23 47 -2.45
Dec 24 46 -2.25
Dec 25 44 -2.49
Dec 26 47 -1.84
Dec 27 45 -1.78
Dec 28 46 -1.06
Dec 29 44 -2.01

Dec 30 47 -1.74

Standard
deviation

of individual
common view

/ns

2.46
2.08
2.73
2.48
2.89
2.96
2.14

2.84
2.32
351

2.32
1.96
1.78
1.63
2.78

1.20
1.83
1.22
1.19

2.39
2.94
2.16
2.18
1.97

3.15
3.27
2.73
2.89
3.03
253
2.90
2.79
3.01

Standard

deviation
of

the mean
/ns

0.55
0.31
0.40
0.36
0.42
0.44
0.71

0.63
0.44
0.63

0.48
0.29
0.27
0.24
0.64

0.28
0.28
0.19
0.18

0.84
0.54
0.41
0.50
0.81

0.91
0.48
0.40
0.44
0.44
0.38
0.43
0.42
0.44
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Lab Date Number Mean Standard Standard

1997 of individual offset deviation deviation
common views of individual of

common view  the mean

/ns /ns /ns
0] Dec 31 46 -1.58 2.34 0.34
Jan 1 44 -2.32 2.29 0.35
Jan 2 46 -1.16 2.36 0.35
Jan 3 46 -1.48 2.70 0.40
Jan 4 44 -2.27 2.97 0.45
Jan 5 44 -1.65 2.50 0.38
Jan 6 47 -0.88 2.63 0.38
Jan 7 47 -1.67 2.25 0.33
Jan 8 46 -1.24 2.58 0.38
Jan 9 46 -1.40 2.35 0.35
Jan 10 40 -1.29 2.74 0.43

Jan 12 43 -1.49 2.64 0.40






