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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. 

Resume 

Suivant une suggestion exprimee lors de la 4e reunion du Groupe de travail du CCDS 
sur les comparaisons d'horloges par aller et retour sur satellite, le BIPM a decide de 
conduire une serie d' etalonnages differentiels des equipements de reception du temps 
du GPS, situes dans des laboratoires de temps europeens equipes de stations 
bidirectionnelles. Des etalonnages repetes de ce type devraient fournir de precieuses 
informations sur la stabilite des equipements GPS et servir d'etalonnages differentiels 
provisoires aux equipements 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 consiste a 
transporter un recepteur du temps du GPS d'un site a l'autre selon une boucle fermee 
qui a implique dix laboratoires en Europe. 
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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 TAl 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: 

• improve the accuracy of involved GPS time links, 

• provide valuable information about the stability of GPS time equipment, 
• 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 
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All the receivers involved in this comparison are single-channel, Cl A code, 0.5 V 
trigger level, NBS type receivers. Their principal characteristics are: 

OP: 

CH: 

SP: 

VSL: 

DTAG: 

PTB: 

NPL: 

TUG: 

IEN: 

OCA: 

Maker: Alien Osborne Associates, 
Type: NBSITTR5, 
Receiver Ser. No: 051, 
Internal delay: 54 ns. 

Maker: 
Type: 

Alien Osborne Associates, 

.NBS/TTR5A, 
Receiver Ser. No: 275. 

Maker: 
Type: 

Alien Osborne Associates, 
NBSITTR6, 

Receiver Ser. No: 425 . 

Maker: 
Type: 

VSL, 
NBS/TTR5, 

Receiver Ser. No: 01. 

Maker: 
Type: 

VSL, 
NBS, 

Receiver Ser. No: 19. 

Maker: 
Type: 

Maker: 
Type: 

Rockwell Collins, 
NBSITTR5. 

Alien Osborne Associates, 
NBS/TTR5A, 

Receiver Ser. No: 276. 

Maker: 
Type: 

NBS, 
NBS, 

Receiver Ser. No: 03 . 

Maker: 
Type: 

Alien Osborne Associates, 
NBS/TTR5, 

Receiver Ser. No: 031. 

Maker: Alien Osborne Associates, 
Type: NBS/TTR5, 
Receiver Ser. No: 053. 



Portable receiver: 
BIPM3 

Maker: 
Type: 
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AlIen Osborne Associates, 
NBS/TTR6, 

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 : 

• portable IF (Intennediate Frequency) antenna cable Cl: 235.5 ns, uncertainty of 
0.40 ns (1 a). 

• portable LO (Local Oscillator) antenna cable C2. 

• portable IF (lntennediate Frequency) spare antenna cable C3: 232.1 ns, uncertainty 
of 0.40 ns (1 a). 

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

Delays in the cables Cl, 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 Cl 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 Cl 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 infonnation on the equipment at each location is provided in Appendix 11. 

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 
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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: 

dtk,i=[ UTC(k)-GPS time ]BIPM3,i-[ UTC(k)-GPS time ]k,i . 

The noise exhibited by the time series dtk 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 dtOP for the 
period: 22 December 1997 - 12 January 1998. 
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One-day averages are reported in Figure 2 and Appendix Ill. The level of noise for a 
one-day period is reported in Table 1. 
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Figure 2. Daily averages of dtk,i for each laboratory. 
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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). 
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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 nOlse of daily 

common Ins individual for 1 day mean 
VIews common view Ins Ins 

Ins 

OP 1-70ct 31S 0.6 2.6 0.3 0.4 

CH 16-200ct 119 1.S 1.6 0.3 0.4 

SP 23-270ct 108 -43.2 3.6 0.6 1.1 
VSL 31 Oct-4 Nov 64 -23.6 2.2 0.6 0.6 

DTAG S-lONov 162 -S:O 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 O.S 

TUG 27 Nov-l Dec 178 -S.1 2.0 0.3 0.2 

IEN 4-7 Dec 147 -IS.3 1.4 0.2 0.2 

OCA 12-16 Dec 91 7.0 2.S 0.6 0.9 

OP 22 Dec-12 Jan 291 -1.7 2.7 0.4 O.S 

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 [S, 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 d to be added tor UTC(kl)-UTC(k2)] and 
estimated 1 a uncertainty u(d) for the period of comparison. 

1st trip 2nd trip 
[UTC(kl)-UTC(k2)] 

dins u(d)/ns dins 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 
[ UTC(IEN)-UTC(OP)] -17 3 -15 2 
[UTC(OCA)-UTC(OP) ] +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 
1 st 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 
confinn 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 Cl cable BIPM C4 cable Measurement method 
Ins Ins 

BIPM 235.5 ± 0.4 (l a) 170.0 ± 0.4 (1 a) 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 (la) 170.5 ± 0.3 (la) Dual weighing method 
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Appendix 11 

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

Laboratory: LPTF 
Date and hour of the beginning of measurements: 05-01-97 07h52 UT 
Date and hour of the end of measurements: 10-10-97 23h34 UT 

Plot of portable receiver set-up: r---------· -'--
I CLOCK 

- i I UTC(OP) 

~----~ .- I i ~------~ 
IOMHz 

5 MHz ,-------, _-=lJ 

~ .. ~ ~ MHz ~----~ 
BIPM3 ~UTC(OP) REF 

Microphase 
STEPPER ,,---~---"-

Rise time of the local UTC ulse: 5 os 

Receiver information 
Local: 

• Maker: AlIen Osbome Associates 

• Type: TTR5 

• Serial number: SN051 

• Receiver internal delay : 54ns 

• IF Antenna cable identification: nO 505 
~--------------------- -----------------------

Corresponding cable delay: 168 ns 

• UTC cable identification: nO 503 
---------------------- ~----------------------

Corresponding cable delay: 37 ns ---------------------- ~----------------------
Delay to local UTC : 304ns 

• Receiver trigger level: O.SV 

• Coordinates reference frame: ITRF 88 
---------------------- ~----------------------

Latitude: 48°S0'09".2369 
~--------------------- ~----------------------

Longitude: 02°20'05" .8730 
~--------------------- ~----------------------

Height: 124.51 m 

I 5 ~HZ I PPS 

I,. ---.~ ___ ._. __ _ -.1 

Portable: BIPM3 
Allen Osbome Associates 

TTR6 

SN277 

57 ns 

Cl 
-------------------
236 ns 

n° 494 
-------------------
48 ns -------------------
315 ns 

0.5 V 

ITRF 88 
-------------------
48°50'09" .0999 -------------------
02°20'05" .7389 -------------------
124.58 m 

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 
hydrogen maser. 
The time base of the time interval counter is steered by 10 MHz maser. 
The process is repeated twice. 
Final result is the mean value of both evaluations of the cable delay. 

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable Cl 235.5 ns 236 ns 
BIPM Q,ortable UTC cable C4 170.0 ns 
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BIPM GPS calibration information sheet 

Laboratory: er /1f T Wa.UI- III (C H) 
Date and hour of the beginning of measurements: nJb 50 '7- 3'1- I 1b:(0 j+; 1Yh1~ 0 0 ((-IT) 

Date and hour of the end of measurements: If1J D50 '1-"1 I )0.1(} .g 1-' o~ h So 00 /. u T) 

,~--- 571Hz ~ 0 
Plot of portable receiver set-up: ~ 

,--1Q_m-,--,~ =Cr Fen Js~ I 

Rise time of the local UTC pulse: ;12 t 2 hs C -10 - ~ 0 %; 5 Vp in §'D 11 

Receiver information 
Local: Portable: BIPM3 

• Maker: Ill/Ph Os bot-vu: IJ ss OC i ales AlIen Osbome Associates 

• Type: TTR SA TTR6 

• Serial number: 021-5 SN277 

• Receiver internal delay : 11,0 57 ns 

• IF Antenna cable identification: i F Ir C1 
r --------- --------- --- r----- ------------ -----r ------- - - ------- - -

Corresponding cable delay : l. 2 I} fheod..fr ) nua.SUre d. < 1 35) 2.36 
• UTC cable identification: UTC (4-
~---- ----------------- rO- - ---------------- - - -r- - ----- - - ---- - - - --

Corresponding cable delay : 11-0,0 --- ----------- ---- - --- r - - -.- ~ r ------------) ---r---- - ------ - - - ----
Delay to local UTC : o (Re plal1t 'PPS OFt? // 6 b{ 6 

• Receiver trigger level: f\./1V 0.5 V 

• Coordinates reference frame: r- - ------ ---- - ---- - --- ~------- --T- --------- - - ~- ---------- ------ -
Latitude: 4&" 55 1 

~5 9513" 4~o 55! JG 8~5S'1 
r----- - ----- ------ ----

_ ____ ___ _ L ______ _ _____ 
----------~------- -

Longitude: -4 C()1-° 27-1 53/foCj Cj 1/ -1001-° ;l'P 53//-0 ~9 " r- - ----------- ---- - --- ------------ ------------ - ----------------
Height: t 609156 fYYJ ., &09,56 

l,sm lQble IA.vloIer teSt 

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable Cl 235 .5 ns 'l. 35"/35 ns 
BIPM portable UTC cable C4 ' 170.0ns 1''f0{ 3 ns 
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BIPM GPS calibration information sheet 

Laboratory: SP Swe.)e"..... 
Date and hour of the beginning of measurements: 1t1.:1o ~o)-'1'1 ; '~'l ~ od-_ 2..1 . ID h 1'2. ...... lAT<... 

Date and hour of the end of measurements: MJO S-01"1l? ; .~ ~1- a:k . £;~. cS \..., S"~M '-\.«. 

Plot of portable receiver set-up: 

[ 
C\ 

I F 

Lo 

Ipr::.lL\r(.l~)J 
oJ-pw'- ~ 

Rise time of the local UTC ulse:' ,-\", ~ ( ... \-"W) ... s" \V-.-~ ')o-'L 

Receiver information 
Local: Portable: BIPM3 

• Maker: A\\e,...... O~'oc>r .. e. A~~o (..~J.e~ Alien Os borne Associates 

• Type: ntGb TTR6 

• Serial number: ~tJ '12..';- SN277 

• Receiver internal delay : S-O "'~ (Je~o..wlt-) 57 ns 

• IF Antenna cable identification: ~i~_~o~~~~~~l!J~ ________ 1<:: ,.." ,. -1 

r - - ------------------ - --- ----- ------ -----
Corresponding cable delay : S"1<i..o.)!' (~I2. r'\'" ~y~ ,'" re.:. .·) ~iS5 "'~ (2..36 "', -*ukl", (~ 

• UTC cable identification: 'Sf> i.AA<... ~le.. lATL c.. ~ 
r--- - ----------- - ----- ---------- ----- -------- ~----------------- -

Corresponding cable delay : r----------- - - ------- - :t~~ __ ('t~~~0_~~:.~J_ 110.0 "'> Ll to '''~ (I....krc.,,(. '" <'t.o:.. D 
~ - --- ------------- -

Delay to local UTC : 1-. I V\~ I~.O"",:> 

• Receiver trigger level: 0 . 5 V 0.5V 

• Coordinates reference frame: ITtGF'13 ITil-F ,~ 
r -------------------- - r-- ---- ----------------~------------------

Latitude: ~y '12.' ~L~'1bO~ IV S1-c Lt 2. I $"'1. -"to (; ~ • tJ 
r--- - ----------------- r-------- - -------------~------------------

Longitude: l<l° ~3' tt-S_g'1~o" E 120 S-~' <i.1-,'i.'2..0~" E 
r ------------ -------- - ~------------------ --- -~----------- ------ -

Height: t-V9.98 ~"" t-2.2.'1.'6¥ ." 

Description of the local method of cable delay measurement: 
~"""'~ cA ...... ,'''''''-tt .... 0#1."., l 

00 )'11' 1'r.~')e...- le0"eA I IL(PU--ti(.c/P\t,Uh ('('~ i 

J~~ 
1 0-"' <, I?-v't:" c_~ .., ~ P 

D~:1z-\ 
~tv? 

I Pil ::' l'1 ... ~ + ')V M-z, '>OA/ 

, ~ b lA -l;~ ClOl/~ .: ~ -' I ~ (.."" le... L r. I!<: 

/ I~c... • - :\0\ ......k 

B~L 
( -~ ~h;r . f 
, ~l.: ... ~e -.. \r 

I',<-'IV) "r( ~ .. ~ru - co ~Lkvr' ")/'i.. 

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable Cl 235.5 ns l' I TO.> ":> - o. ~ (0.-.--'.' ~ ,l, ~.~~)-= I ?C. C' r 
BIPM portable UTC cable C4 170.0 ns 

. ~ t)('_1 o"\~ -0,;" -= Z~S,~ n::> 
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BIPM GPS calibration information sheet 

Laboratory : IISL 
Date and hour of the beginning of measurements : f7 -/0- 3 / 13: .5 cJ uTC 
Date and hour of the end of measurements: ~1- (/- o'i t .- (T1) lAlC..: 

Plot of portable receiver set-up:~:S:=;::;s=::::;::?;L-

) 
~ ~O 

LJ if fs L ---+"...1--

I pps 
TI C 

Rise time of the local UTC ulse: 

Receiver information 
Local: Portable: BIPM3 

• Maker: USL Alien Osborne Associates 

• Type: Jl135 - C, pe. TTR6 

• Serial number: 115L 01 v SN 277 

• Receiver internai delay : b J . :; ~ s 57 ns 

IP IF AnteIlila cable idEntification: L J. tie !} (tJ b/~ 3 
~--- ---- --- ------ --------------------- - --- ---~--- ---- - - --------

Corresponding cable delay : 6 5" [ . 6 h S 6' ( /. J ,,> (h .... tJ i,·v<..v.i -7 
• UTC cable identification: II)L 1/5L 
---------------- - - --- -r--------- ------------ ---------- - --------

Corresponding cable delay : - -
----------------- - --- -r---- ------------- -------------------- - ---

Delay to local UTC : s: y 5" h 5 3 't. J t, 5 

• Receiver trigger level: o. \" V 0.5 V o.v l tL ex UI- .... / S"V./l.. 

• Coordinates reference frame : I E lS I £ R. 5 
r-------------- ------- - ----------------------r-----------------

Latitude: , .'7 "',' _._.. , ."" ,_. ..;'. ~ .,' . ,~.,: ',-,[. ,",_IF.'? r -------- - ------- - --- - I- -----~~ . ', .. , ~.. ,-".\ ~:'; :~.' ".' .'; -,. - ---- -

Longitude: .. ~~ ~: ::.>::::: c == ~:,~:~~ :,": 
- -Hcight~ --------- ------ 1------- ~,~~ c,:~·.; ~' :""'; ' < ' 

.~';;=~~=:. :::: .;7(0(,<=5 ::: c:,.c".,.;. ------' 

-- ----

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable 235.5 ns 2 3 'I . ~ t.> (Jr,·t"e) 
Cl 2 ] I. !! ... s (I'.j« @a.)'/I) 

BIPM portable UTC cable C4 170.0 ns / ra .] It > (pt. k:: 0! eJ. <)v 1 
/ 
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BIPM GPS calibration information sheet 

Laboratory: DTAG 
Date and hour of the beginning of measurements: Nov. 06, 199708:00 UTC 
Date and hour of the end of measurements: Nov. 10, 199708:30 UTC 

Plot of portable receiver set-up: 

DTAG 320 mm : t 70 mm 

1 ~ INOrth ills IPM-3 

> -- I ~ 1 

DTAG 
5 MHz LO 

1 BIPM-3 #24 
Master Clock 1 PPS IF 

> #81 f #22 i 
> f-e 1 PPS-delay = 129 ns cable delay = 486 ns 

UTC
OTAG 

Rise time of the local UTC pulse: 11 os 

Receiver information 
Local: Portable: BIPM3 

• Maker: Van Swinden Laboratory AlIen Osborne Associates 

• Type: NBS TTR6 

• Serial number: 19 SN277 

• Receiver internal delay : 61,1 ns 57 ns 

• IF Antenna cable identification: # 21 #22 
~--------------------- -------------------- - ---------------------

Corresponding cable delay : 486 ns 486 ns 

• UTC cable identification: #28 
~--------------------- ------- ----------------------- ------------

Corresponding cable delay : --------------- - - ------~------------------r---------------------
Delay to local UTC : - 64,3 ns 129 ns 

• Receiver trigger level: 0,5 V 0.5 V 

• Coordinates reference frame: WGS84 
r--------------------- ~----------------------~------------------

Latitude: N 490 52' 5 624" r --------------------- ~-------~--------------~------------------
Longitude: E 0080 37' 29762" r --------------------- ~--------~-------------~------------------
Height: + 204,16 m 

Description of the local method of cable delay measurement: 

I TIC Sta~~ # 22 IF '" # 22 + # 24 = 90S,S ns 
50 Ohm I 0,5 V Stop __ ~ # 24 LO <,) \ # 22 + # 23 = 901,5 ns 

__ ---;;-=--_____ -'"' ~I #24 + #23 = 835,2 ns 

Mas1!R- > 
Clock 

#23 

1-----#-;;-a=1- ----fStop TIC 

> ~*_---=-~-==--_1~s~ta~rt __ 5O_0_h_m_l_o,5_V~ 
L...-----I UTC OTAG X-cable = 83,3 ns -

TIC reading: 45,7 ns 

1 PPS-delay = 129 ns 

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable Cl 235 .5 ns -
BIPM portable UTC cable C4 170.0 ns -
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BIPM GPS calibration information sheet 

Laborato : 
Date and hour of the be innin of measurements: 
Date and hour of the end of measurements : 

Plot of portable receiver set-up: . 

rMlh -1%"--1 ~"tll S14'E TIC r 6 C52 /' 1 Dl,;)t\fl b. 5tDP' 
r-r-. /t\ll1 pt. en ~ 

I ') I _~ \~ /lJ re (P'/8 

HP S'MH2, Vislrih . __ ~rirW'8JnO"S LiI(PTB)-'O. LD 
~r;071A / It Wl pi. ~ t p M3 ~ RoJ;#(o[{ill.> 

JF 
I 

, 
Sns. 

Le 
Rise time of the local UTC pulse: \;:F /C1 

Receiver information 
Local: PTB01 Portable: BIPM3 

• Maker: Roc.kwell et) {lIonS Alien Osborne Associates 

• Type: NBs - type TTR6 

• Serial number: - I I 

SN277 

• Receiver internal delay : 7"lI1S 57 ns 

• IF Antenna cable identification: ----~~~~{f---(6~G~~)-- Cl! - --------------------- r-----------------
Corresponding cable delay : 235 VIS 

• UTC cable identification: PTB PTB ---------------------- -----------------------r-----------------
Corresponding cable delay : - ----------------------- ---------------r---;l--r--------------- --
Delay to local UTC : - 50 ~1 ~ 0 nS fOns 

• Receiver trigger level: O,5V 0.5 V 

• Coordinates reference frame: r ---~-~~~-~~---,r---- ;:TR F f?g r---------------------
r-N~2°~4jJ4Lt080~-Latitude: N 52'-' I/J} Ifif ifF1 ---------------------- --E-; o-c-2~ T -3 9'-1-Z-{Jr ----r~AOo-27r-3tgifv-Longitude: 

--------------- ------- ---- ---------~---------r-----------~----- -
Height: 1/56}61 m 1130 2 h1 

Description of the local method of cable delay measurement: 
PulSe methocL MITR EX r-nethJcL 7cf1ltz. 

S tCJ..vL ~.'l I . -f Lectv-O;'l ,. c t-o u/:)V - TIC ~v HITRtX -()~ 
GeL ifS X ~t(Jr TIC 

l--v - - - - - 1---1 u,511 
)f-o. f-o-

Step I 
X' +-Ji'L '--- cubit,. , c4bit ul1drv h:sY . _0_0 - Std~ 

ul'ldn te'S t 

Cable delay control 
Cable identification delay measured by BIPM delay measured by local method 

BIPM portable IF antenna cable Cl 235.5 ns 235}3115 (pulse? h7eChoJ) 
BIPM portable *iffitlJ cable~C 1 ~;j!G G m 2.34- ins (/1ITR£lt'hdh(JcL . 

/ 



') 

:.. W L ~ 
- ? ,.. 

...\> 
J 

oJl 
c;L 

V) 

et 
..JI 

~ 
u> 
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BIPM GPS calibration information sheet 

Laboratory: Np1-

Date and hour of the beginning of measurements: S (Jl, } '(' " S~ 
Date and hour of the end of measurements : ~CJ71 ~ 1 ) : ~ 8 

Plot of portable receiver set-up: 

(}::> '3 <-{ 

jo hoOp')! -2.,"1 ~,s ;, .') 

Receiver information 
Local: Portable: BIPM3 

• Maker: AL.U, ·-.J" t :, B.·~'('J ~ f"'~~ 1)<.1 pTH Allen Osborne Associates 

• Type: ITR6 

• Serial number: SN277 

• Receiver internal delay : 57 ns 

• IF Antenna cable identification: ------------------------------- --------------------------------- -------------------------
Corresponding cable delay : , 2. 4. . S n ~ '2. S ~ . $" n..) 

• UTC cable identification: 

t--C_oIT_es..:.p_o_nd_in....::::..g _ca_b_le_de_l-:w:ay:..-: -+---~....;; --:-
'f- Delay to local UTC : 7 n :> 

• Receiver trigger level: 

• Coordinates reference frame: 

Latitude: 

--~~~g~~~~~-------------------­
Height: 

bONT 

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,.,- rv..." Y'> l 'Jr<- ~ n_ 

Cl 

BIPM portable UTC cable C4 170.0 ns N VI "~tc· O 
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BIPM GPS calibration information sheet 

Laboratory: TUG 
Date and hour of the beginning of measurements: 1 ~ Cl 1- - -11 - 2 =1- 10: 30 
Date and hour of the end of measurements: "1 q q"f- - 12. -61 08:50 

Plot of portable receiver set-up: 

IOMHz FREQ. DISTR. 5MHz CLOCK 
(\ 

AMPLIFIER UTC(TUG) I I 
~ IPPS 

Cl 
HP507lA PULSE DISTR. IPPS 
SNOlO7 AMPLIFIER 

O.IMHz 
BFI GPS RECEIVER 

I 
I BIPM-3 5MHz 

IMHz FREQ. DISTR. 

5MHz AMPLIFIER 

Rise time of the local UTe pulse: .; nS 

Receiver information 
Local: Portable: BIPM3 

• Maker: t-JB5 Alien Osbome Associates 

• Type: I NB$ TTR6 

• Serial number: 12- SN277 

• Receiver internal delay : 55,b \l\.S 57 ns· 

• IF Antenna cable identification: 1 iJ"12A C1 
~--------------------- ----------------------~------------------

Corresponding cable deiay : I 22-2 ~ 236 \1\$ 

:_~~~~~~~n~~~~~ ____ 11l1 ___________________ :BF1 -------------------
Corresponding cable delay : 3ll~3 VIS Lt() 11- VIS 

~--------------------- r----------------------~------------------
Delay to local me : 3 LI..3 "(\ S 10B ,0 l'lS 

• Receiver trigger level: 0.5 V 

• Coordinates reference frame: \TI2F 138 ITRf 8~ 
r-----------------~--- rN--Lj~o-o-Lfr1~6-l22----~------------------Latitude: AJ 410 ()L,I 0-1, 63ct.s r--------------------- ~----------------------~------------------Longitude: E -15u 2q' 36.61-.-10 ~ -15(j ~q J :5 6 6 -=1-10 
r--------------------- ~----------------------~-----------~------

Height: 540 . .3-1 ~ 540, ~1 .Wt, 

Description of the local method of cable delay measurement: 
C"'t N-~NC 

~e . (ji. . w---~ 5rPtRT t \ OJs V \ st>SL 

l-\~~ ~~'2() 

/ ____ ~ '\"~ ~t----~,£TCf '1:., ~\.av, t;OfL.-

~NC ,.., 

Cable delay control 
Cable identification I delay measured bv BIPM delay measured by local method 

BIPM portable IF antenna cable Cl I 235.5 ns Z '3 ~ ,--;f nS 
BIPM portable UTe cable C4 I 170.0 ns I 
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BIPM GPS calibration information sheet 
Laboratory: TEN 
Date and hour of the beginning of measurements: 50'f-86 9"t--1.2.-<p4 . 1.0: Io UTC. 
Date and hour of the end of measurements: SO-l9~' ' 91- :1Z-_~9' l:2.6 vTc. 

c~ 
~l-iA 

Pulse 
Di sf-rib. 

, 

TF 

Rise time of the local UTC pulse: 15 V1 S 1------. UTC (rE N ) 

Receiver information 
Local: Portable: BIPM3 

• Maker: NBS Alien Osborne Associates 

• Type: 1-\6:> I G-PS Ti ~e. Trd.Vlsfer TTR6 

• Serial number 03::1. SN277 

e Receiver internal delay : 253 \'\05 (*) 57 ns 

• IF Antenna cable identification: IF C:1. 
~-- ------------------- ------------- ------- ~-~--------------- ---

Corresponding cable delay : (v\oMI ual value: 2.:'0 \l\s) 236 n5 

• UTC cable identification: TeN .rEI'{ 
~--------------------- ----------------------~------------------

Corresponding cable delay: \,\0+ a.v~ i \.3 b le. lAof- dV8; (a. b le.. 
~--------------------- -----------------------~------------------

Delay to local UTC : il 0 VIS .14 12. v\.!::. 

• Receiver trigger level: 05V 0.5 V 

• Coordinates reference frame: IT R..-Fcas TTRF88 
~----- --- ------------ - ----- - ---- - ------------~-----------------

Latitude: i\So 00' S4 04<6 t/ N 45° 00' 53 98l" N. 
~----- ---------------- -----------~--------------------~--- -----

Longitude: 
~ -- ------ -------------

:l0 ~gl 20 lOg4 € --- -------4----------- +0 38' 20 68b (I E 
- --------~--------

Height : 306 64 VV1 '306 64 vY\ 

Cable identification dela 
BIPM ortable IF antenna cable Cl 

BIPM ortable UTC cable C4 170,0 ns 
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BIPM GPS calibration information sheet 

Laboratory: 0(.1.\ - CC'f( 6Y\ 
Date and hour of the beginning of measurements: A~~l ~ "CL ,CL ' ~ SO 'T~4 .A t : ~ g u .. 
Date and hour of the end of measurements: A 0) q ... _ ,1l. _ ,-1 () - SI!), t~8 1-.: 3c u f' 

Plot of portable receiver set-up: 

cs 60.\ Sttll1 Sllf{~ 

OCAflc... 
I ~~~~f. ., 

J Le 
YStPfI. '> 

Af'r-\ ~l4r'l. A!IO(lc? 
(~~) I rf- , C,. 

A ?'.~ 

Rise time of the loCal UTe pulse: 

Receiver information 
Local: ND>,:>o)' Portable: BIPM3 

• Maker: AfIa- DI)b{y1/~ A)SOC{(~rv.l AlIen Osbome Associates 

• Type: I TI~S TIR6 

• Serial number: SIN 0$3 SN277 

• Receiver internal delay : 1\ /i~4 ~ ~"JJ~~tV~ 57 os· 

f-.-l!-~'!'~~~.!J!eJ~~n~~.?~!::-t)--------0~~j~g~)..--- C,{ -------------------
Corresponding cable delay : <":)6 ~ . 

• mc cable identification: CCIl ' . (X'.4 . 
f---------------------- --------------------------.~--------------

Corresponding cable delay: 
~--------------------- -~-~=----------------------~--------------

Delay to local UTe : 8S,.-f /IV) ~2.. ~ 

• Receiver trigger level: o,~ ..... 0 S'v 

• Coordinates reference frame: 
r~--~-~------~------------------~-------------------------------

Latitude: ~ 3 0 4 $ " A 1- ) 1- 1-~ I, N ·. 4~G 4<;' At.~Tt~" tJ 
f---------------------- ~---------~--~----------------------------

Longitude: . 'OG co <,; <;; / A 6 i 8 2.l~' lJ E 06c SS" . ..A.6 .. 86 td" (; 
f---------------------- -----., ._------..... -----------..,----'------------

Height: ..-132.:2-.$0 ..-1 ') ~ 2.. <';0 

Description of the local method of cable delay measurement: 

'0,':)" Cj 6c.C) 

!X.~ ,;'1z 

Si't\~. Q., 

t · G-- O:"V 

___ ., . ~_I .-----1-

Cai£. (h~ f<r. 

Cable delay_ control 
Cable identification delay measured bv BIPM delay measured by local method 

BIPM ponable IF antenna cable Cl 235.5 ns L36.=tM;, 

BIPM portable UTC cable C4 170,0 ns Ne. v:".::-I') 
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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 09hOO UT 

Plot of portable receiver set-u 

Microphase 
STEPPER 

10 MHz 

5 MHz 

1 MHz 

CLOCK 
UTC(OP) 

Rise time of the local UTC pulse: 5 os 

Receiver information 
Local: 

• Maker: Alien Osborne Associates 

• Type: TIR5 

• Serial number: SN051 

• Receiver internal delay : 54 ns 

8 IF Antenna cable identification: nO 505 
r----- ---------------- ~---------- -- -- ----- - --

COITesponding cable delay : 168 ns 

• UTC cable identification: n° 503 
r ------------- -------- ~----------------------

COITesponding cable delay : 37 ns 
~--------------------- ~---------- ------------

Delay to local UTC : 304 ns 

• Receiver trigger level: 0.5 V 

• Coordinates reference fi·ame: ITRF 88 
---------------------- ~--------- ---------- ---

Latitude: 48°50'09" .2369 
---------------------- -----------------------

Longitude: 02°20'05" .8730 
--------------- ------- -----------------------

Height: 124.51 m 

BIPM3 

5MHz 1 PPS 

Portable: BIPM3 

Alien Osborne Associates 

ITR6 

SN277 

57 ns 

C'l 
r------------------
236 ns 

n° 494 
r-- ----------------
48 ns 
~---- -- ------------
315 ns 

0.5 V 

ITRF 88 
------------------

48°50'09" .0999 
------------------
02°20'05" .7389 
------------------
124.58 m 

Description of the local method of cable delay measurement: 

Dual weighing method using a time interval counter HP 5370 triggered by I PPS from BNM-LPTF 
hydrogen maser. 
The time base of the time interval counter is steered by 10 MHz maser. 
The process is repeated twice. 
Final result is the mean value of both evaluations of the cable delay. 

Cable delay control 
Cable identification .delay measured by BIPM 

BlPM portable IF antenna cable Cl 235.5 ns 
BIPM pOJ1able UTC cable C4 170.0 ns 

delay meac:;ured by local method 
236.453 ns ± 300 ps 
170.475 ns ± 300 p_s 





29 

Appendix III 

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 

Ins Ins Ins 

QP Qct 1 46 1.29 2.75 0.41 
Qct 2 43 0.88 2.75 0.42 
Qct 3 43 0.76 2.02 0.31 
Qct 4 45 0.33 2.64 0.39 
Qct 5 45 0.51 2.50 0.37 
Qct 6 45 0.54 2.41 0.36 
Qct 7 48 0.00 2.72 0.39 

CH Qct 16 13 1.62 2.61 0.72 
Qct 17 33 0.91 1.56 0.27 
Qct 18 31 1.58 1.24 0.22 
Qct 19 32 2.07 1.28 0.23 
Qct 20 10 1.57 1.11 0.35 

SP Qct 23 18 -41.32 3.10 0.73 
Qct 24 27 -43 .23 3.94 0.76 
Qct 25 29 -43.67 3.49 0.65 
Qct 26 26 -43 .67 3.37 0.66 
Qct 27 8 -44.35 3.38 1.20 

VSL Qct 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 

DTAGNov 5 8 3.44 4.09 1.44 
Nov 6 34 4.92 2.09 0.36 
Nov 7 39 5.34 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 Standard Standard 

1997 of individual offset deviation deviation 

eommon views of individual of 
eommon Vlew the mean 

Ins Ins Ins 

PTB Nov 11 20 4.74 2.46 0.55 

Nov 12 45 3.70 2.08 0.31 

Nov 13 47 3.80 2.73 0.40 

Nov 14 47 4.01 2.48 0.36 
Nov 15 47 3.43 2.89 0.42 
Nov 16 46 3.11 2.96 0.44 
Nov 17 9 2.91 2.14 0.71 

NPL Nov 21 20 -2.70 2.84 0.63 
Nov 22 28 -2.53 2.32 0.44 

Nov 23 31 -1.81 3.51 0.63 

TUG Nov 27 23 -5.01 2.32 0.48 

Nov 28 46 -5.33 1.96 0.29 
Nov 29 45 -5 .01 1.78 0.27 

Nov 30 45 -4.83 1.63 0.24 

Dee 1 19 -5 .28 2.78 0.64 

IEN Dee 4 18 -15.09 1.20 0.28 

Dee 5 44 -15.55 1.83 0.28 

Dee 6 42 -15.18 1.22 0.19 

Dee 7 43 -15.09 1.19 0.18 

OCA Dee 12 8 5.72 2.39 0.84 
Dee 13 30 6.25 2.94 0.54 

Dee 14 28 7.79 2.16 0.41 

Dee 15 19 7.22 2.18 0.50 

Dee 16 6 7.65 1.97 0.81 

OP Dee 22 12 -1.91 3.15 0.91 

Dee 23 47 -2.45 3.27 0.48 

Dee 24 46 -2.25 2.73 0.40 

Dee 25 44 -2.49 2.89 0.44 
Dee 26 47 -1.84 3.03 0.44 
Dee 27 45 -1.78 2.53 0.38 

Dee 28 46 -1.06 2.90 0.43 
Dee 29 44 -2.01 2.79 0.42 
Dee 30 47 -1.74 3.01 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 

Ins Ins Ins 

OP Dec 31 46 -l.58 2.34 0.34 
Jan 1 44 -2.32 2.29 0.35 
Jan 2 46 -l.16 2.36 0.35 
Jan 3 46 -l.48 2.70 0.40 
Jan 4 44 -2.27 2.97 0.45 
Jan 5 44 -l.65 2.50 0.38 
Jan 6 47 -0.88 2.63 0.38 
Jan 7 47 -l.67 2.25 0.33 
Jan 8 46 -l.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 




