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TIMETECH

Objectives —///—

« Verify readiness of calibration station (TIM02)
 Remain at TIM: what can be done without travel?
« Performance of TIMO1 (fixed) and TIMO2 (mobile)
* Verify QA measures (start & end of a visit)
 Verify the calibration status on stand-alone mode
« Station interfaces: signals & data

* (Near) realtime data processing

« Check configuration control

* Qualify TimeTech (TIMO1) as start & end points of a
calibration trip
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TIMETECH

Verification setup —h—

NN

TiMo1 TIM02 TWSTFT TWSTFT TWSTFT
Fixed Fixed Fixed
Tvl\:/iigg-r Mobile Station Station Station
Stati Station UTC(k) LAB UTC(k) LAB UTC(k) LAB
ation
TIM: Common
AOS: AHM METAS: AHM PTB: AHM

Clock (Cs)

Ku-Band: 2-way Bi-directional Link
Pseudo-Noise 1 MChip/s
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Calibration Station Concept

TIMETECH

UTC(k) Labs

Data
FTP

Multimode fiber of length 500m
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TIMETECH

TIMO1 and TIMO2 Frequency Assignments —h—

Mobile Station (T1MO02) Settings

Description Assignment
Station Name TIMO2
Clean Carrier Freq offset -70 kHz

PN Code 31

PN Frequency offset -31.304 kHz

TIM Fixed station (TIMO01) settings

Description Assignment
Station Name TIMO1
Clean Carrier Freq offset -30 kHz

PN Code 14

PN Frequency offset -13.416 kHz

BIPM, Sévres, Sept 6-7t, 2012 Validation of TimeTech‘s Mobile Calibration Station 6



TIMETECH

Station Identifier Assignments —H/—
Station Station ID Description
PTB PTBO1 PTB Even Hour 2min
PTB11 PTB Odd Hour 2min Session
PTB21 PTB Odd Hour 4min Session
CH CHO1 CH Even Hour 2min
CH11 CH Odd Hour 2min Session
CH21 CH Odd Hour 4min Session
AOS AOSO1 AOS Even Hour 2min
AOS11 AOS Odd Hour 2min Session
AOS21 AOS Odd Hour 4min Session
TIM TIMO1 TIM Fixed Station Even Hour 2min
TIM11 TIM Fixed Station Odd Hour 2min Session
TIM21 TIM Fixed Station Odd Hour 4min Session
TIM TIM Mobile Station Even Hour 2min
TIM TIM Mobile Station Odd Hour 2min Session
| TIM TIM Mobile Station Odd Hour 4min Session
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Participating Stations & Schedule

TIMETECH

Start End Length CHO1 AOSO01 TIMO1 TIMO02
file char n q t v
Tx code 9 11 14 31
00:04:00|00:06:59 120 Ranging
00:09:00]00:11:59 120 TIM02 CHO1
00:15:00]00:17:59 120 TIM02 AOSO01
00:18:00]00:20:59 120 TIM02 TIMO1
00:33:00]00:35:59 120 TIM02
01:16:00]01:18:59 120 PTB11 TIM11 CH11
01:19:00101:21:59 120 TIM12 TIM11 AOS11 CH11
01:22:00101:24:59 120 CH11 TIM12 AOS11
01:25:00]01:27:59 120 AOS11 TIM12 TIM11
01:28:00|01:30:59 120 TIM11 AOS11 CH11 Ranging
01:31:00]01:35:59 240 TIM22 TIM21 CH21
01:36:00]01:40:59 240 TIM22 TIM21 AOS21 CH21
01:41:00]01:45:59 240 CH21 TIM22 AOS21
01:46:00]01:50:59 240 AOS21 TIM22 TIM21
01:51:0001:55:59 240 TIM21 AOS21 | CH21 Ranging
v'The purpose of even and odd hour sessions is to compare the hourly
effects on the TW measurements.
v'The 4 min sessions are to compare the effect of increased sample points
on the precision of the measurements.
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TIMETECH

Common Clock Test with (PTB, ACS, CH) —H[—

v Test period — 3 days

v Data Types used
1. Real Time — SATRE solution
2. Inputs from ITU-format files exchanged by ftp server
3. Inputs from 1s files exchanged by ftp server

. TW (Labi — Labj), namely %z [TW (Labi) — TW (Labj)]
. TW (Labi) refers to the output in ITU output, “TW” column
. The TW result time-tag formula Time tagged as
Floor ((Stop time — Start time +1s) / 2) + Correct factor

(The Correct Factor for the SATRE modem is -0.5s)
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TIMETECH

OFF-ON Sequence Test —h—
v Verify the stability after “transportation” of Mobile Station
v Operations:

» Operate for > 5 days

» Switch OFF Master Oplink and Complete Mobile Station 6 hrs

» Switch ON
» Operate the station for 5 days and compare the TW results

* Repeat the switch OFF and ON and verify the TW results
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Tools — System M&C

TIMETECH

M Two way measurements via SATRES00 Modem ¥2.6 [_[Tx]
Operation  Wiew Functions Display Help
B System Status |L-__,| H2Urit Statusl ( SEttingsl O, Addromsl & Fitering of raw datal 16l Receive stat\slicsl B Station Statisticsl 2 Operations & Eventsl
[ SATRE TWSTFT Modem 500 Date & Time:
Moduls Rl ——— R R T (Dale 2012/09/02 MID 56172 UTC 20:37:40 (SATRE] |
Contfig || SPO ~ |||l sPm = |{[[ Tmo M ||| T < || [Erirenment . U
T ture [Outdoor|[37 3°C] Temperature
PN Code. ([TMChip PN 3 [ ]| |[1MChiz P 3 [ ]|{[1bChip P 14 ]| [1MCHip PR T [+ Erp e ) Ve (Rt
1ppz ref. OK. Tirme ref. OK.
Frequency [Hz] (|70133348.093 70133349.032 <empty> 12/ %
= e : e I ;| Frequency ref. OK GPS Receiver OK
- - < > A
P T | | | | | ey | | [ Transceiver ComTech Statu SATSIM
C/MNa [dBHZ] ([505 ]| |57 |[[fcematy> || 01 Modem Control Uplik Freq 14260.0MHz  Upink AU 18dB | |\ Co e ooy
i 1343 1,458 <empiy> ¢ o
e | I [cemely | o wnused Drlnk Freq 10960.0MHz Driink At 15.0d8 ¢
Lock Status |Cude&Camer | |CUde&Camer | |idle | & unlocked [SAT Ranging]
— [¥ RF Status ON FF Power 31dBm
Status . . O @ lncke
Sempls e} 29 0 & format errar Telnet Gitart Stop
—Scheduler
Start Time |Sys. Action Rx1 Measurement [ns] Rx2 Measurement [ns] Rx3 Measurement [ns]
Action Round Trip Clock Diff Clock Drift Action Round Trip Clock Diff Clock Drift Action Round Trip Clock Diff Clock Drift

20:35:05 RA[IDLE]

AnEAAE Loevracaa

RIDLE]

Lorvinsand

. Monitor & Control of
v 1x SATRE Modem
v" 1x Transceiver

* Real-time Outputs

ComTech, AnaCom, CrossTech...
v" 1 set SATSIM ODU/IDU

v" TimeTech H2Unit

BIPM, Sevres, @plink Master & Slave...

v' ITU Files
v Raw Data
v' Log, Statistics, User-Defined Files...
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Tools — System M&C (contd.)

TIMETECH

—J /_

M Two way measurements via SATRES00 Modem v2.6 [_ T[]
Operation ¥iew Functions Display Help
8] System Status | B Hatnit Status | " Settings | 2y Addons | 55 Fitering of raw data Wl Receive statistios | B Station Statistios | % Operations & Events |
[ Analysis Setup St Poeudo Rl
v — o — ‘;u (-. (-. Updale Imultaneous Feewdo-nanqing
Start [Fza082012 =] End [ 01092012 7] Fixl R Fi3 | "
HID Time PTEOL |PTELL |PTEZL |OCAQL |NISTOLITOL TUGO0L |CHOL CHLL CHZ1 IPQol IAUSOI IAOSIL IADSZ.'L ITIHOl ITIHll ITIHZI ITIHUZ ITIHlZ ITIHZZ ISAT*ZASAT*3JSAT*SJSAT’GJSAT"I
Seled 23 107 108 104 106 101
seizo| o |SEEN {12000 5200 120 120 120 azo 120
56170 1| 120 zan 170 zan 10s 10  1os 105 106
seizo| = i8N {12000 5200 120 120 1zo 1o 120
56170 3 | 120 zan 170 zan 107 10 105 106 105
seizo| 4 580N [EEN 250 120 120 120 azo 120
56170 = | 120 zan 170 zan 108 108 1os 105 106
seizo| & |EEB0 {12000 5200 120 1z0 120 120
izi:g ; I----- Len ™ Two way measurements via SATRES00 Modem v2.6 [_[D]x]
6170 s | -- Operation  Wew Functions Display Help
seizo| 10 |EEBN [11s ] LZ 1] 5 stem Stalusl ) y2nit Slatusl v Setlingsl Add-onsl 4% Filtering of raw datal B Feceive statistics B Station Statistics |'k") Operations & Evenlsl
serzo| 11 | lzo zan =
se17o| 1z [EENNEZEN 120 AL TS ] [m] O O [m] [m] [m]
VSLOT PTE2! TUGO! ] TIMOT TIM1Z SAT5a
6170, 13 sin [Frsc 2z =] e[ 0103 20127 _IUDdata 1 sPo1 [ ncam [ cHOt [ 40501 Ol M [ TiMz22 [ SaT-6a
561701 14 [iz 28 120 l—L[ ETET CINISTOT I CH11 I A0511 O TIM21 []s4T-2a [154T-7a
sei7a| 1g 120 zan # Rl © Ré2 { Rs3 | Average factar [none CFTBTT o [ cHz21 O A0521 [ Timo2 []5AT3a
sei7o| 16 [1200 120 120 Owervies
56170 17 I -- = "
sei7o | 1o [Heall HE8 E2e 120 7 Canier Frequency | # Power | - C/No | BBl Range | € Jiter € Clock Dif | = Satelite (LOJ |
se170| 13 | 120 zan 1595
seizo| 2o |HEBN {12000 5200 120 - ns -
ceizo| 21 | 120 zan FTBO1 vs. TIM Clock Diff
seizo| 2z |HEBNN {12000 5200 120 Start Time 2012 08 28 00 04
seio] 23 | lzo zan End Time 2012.09.01 10:.04
sei7i| o [2E@ll R -
eiri] 1| 120 zan " Span: 4 days 10 hours
56171 = |tea 28280 120 o Sample Interval 7200 5
seizi| @ | lzo zme & Min: -1905.940 ns
seama| 4 |5E80 [EE S0 102 )
seL7l el 120 ze0 | E Tl -1886.910 ns
EETCTM [z iza 120 @ -1900ns Mean G071 240 ns
seima| 7 | 1z0 zan u PE: 9.030ns
seama| o |52 [EEN 250 120 =
(=] DRMS: 1188 ng
56171 2 I --
= lizn RET 5 Std Dev: 2368 ns
. 8 Drift/ Second:  -1.914E-14
Scale: 5 nefdiv
= ¢ )
= : Mormalized by none
g -1008ns S
> ! ! ' '
- | | : :
Q ! ! ' '
o ! ! : :
= ! ! ' :
o | | : :
-1910ns ; ; - -
0828 0329 0330 03531 09.01 0902
Date & Time

Session lock details (left) and real time observation of the clock difference
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TIMETECH

Tools — TW Analyser —/—

W TWanalyser 1.0 [_ O]
Configurations  Operation  Help

TIMETECH TC CET Date ™ Update Files via FTP Update Files via FTP

I// : l:l::l_:::::lzl :EH::]_H::E 23.08.2012 Triangle Closures éstation-tu-statinn Auto {5 min)

uses UTC Time) MNorminal Operation
v REFDLY ESYAR Troposphere
CALR Sagnac Ionosphere

‘Analysis Setup (Note : Date & Time
’7|7 Start IIEI.EIB.ZEIIZ IUU:UU ¥ End IIB.UB.ZUIZ |1U:UU Pivot station: [TIMO1 ~

TIMD2 vs TIMOL | PTBO1 vs TIMOZ | CHOL vs TIMOL |

20.5ns

0sf1 08M3  08M5  08MT  08MO
Date & Time

g 22ns
E > TIMO2 vs TIMO1 Total Delay
5 g StatTime:  2012/08/10 0819
Uﬁ ; End Time: 2012/08/18 0819
= & | Span & days 0 hours
g e 0 (NS YU S G | SR S C S Sarmple Interval: 7200 5
: & ' 1 Min 20649 500 ps
s A M@ 217684.000 ps
‘é’ = Mean 71258 891 ps
& E PP 1134.500 ps
I DRMS: 240 561 ps
s 2 21ns Std Dev: 342033 ps
£ F Drift / Second: -2 320E-16
5 @ Scale 500 paidiv
é o Mormalized by, none
-
B F
=

Tauls) |4DEV | Mas [ bin. |Phase Ins] | DrittInsés] | Samples | -
7.20E4+003  4.54E-014 4.54E-014 4.54E-014 2A3E+001  B.31E-007 8.40E+001
2. 16E+004 Z.25E-D14 2.25E-014 2.25E-014 ZJ02E+001  -4.72E-007  Z,70E+001
7.20E+004  S.46E-D1S S.46E-015 S.46E-019 2.12E+001 1.44E-007 9.00E+000
2. 16E+005  7.94E-D16 7.94E-016 7M4E-D16 2. 11E+001  -2.78E-007  3.00E+000 -

. Download of 1s Files or ITU Files over FTP with auto-update feature

. Computation and Analysis of raw clock difference, i.e. Y2 [TW (Lab;) - TW (Labj)]
. Computation of differential RefDly, i.e. REFDELAY (Lab,) - REFDELAY (Labj)
. Computation and Analysis of Sagnac Effect with/without TLE

. Computation and Analysis of Troposphere Effect with/without TLE

. Computation and Analysis of Total Delay with selectable corrective parameters

. Computation and Analysis of 3-Corner-Hat Closure (TCC)
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TIMETECH

Common Clock Test with (PTB, ACS, CH) —H[—

Objective - Validation
. Participating labs PTB, AOS, CH, TIM (Fixed & Mobile)

. Performance comparison odd and even hours
in TW (Labi — Labj) without REFDLY

. Performance comparison 120s vs 240s
in TW (Labi — Labj) without REFDLY

. Performance of IIOTIC reporting REFDLY

Performance of Optical Link
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Performance Comparison Hour Effect and NTL T/“/T
Effect in TW (Labi — Labj) without REFDLY 7

TW (Labi — Labj) = 72 [TW (Labi) — TW (Labj)] ( Data from ITU )

Link ID Even Hour Odd Hour

NPL (s) 120 120 240

Statistics Peak to Peak [ns]|Std. Dev [ns] Peak to Peak |[Std. Dev Peak to Peak Std. Dev

TW (TIMO1, TIM02) 1,9435 0,441213 1,237 0,291386 1,0555 0,238218

TW (TIMO1, PTB01) 24,158 7,046 24,365 7,229 24,627 7,263

TW (TIM01, CHOT) 24,793 7,334 24,514 7,266 24,41 7,026

TW (TIM02, PTB01) 24,254 7,119 23,792 7,17 24,337 7,204

TW (TIM02, CHO1) 24,939 7,008 23,925 7,191 24,422 7,018

Link ID HOUR (Even vs Odd) Normal Track length (2min vs 4min)

Common ltem NTL (2 min, each) ODD Hour

Statistics Peak to Peak [ns] [Std. Dev [ns] Peak to Peak [ns] |Std. Dev [ns]

TW(TIMO1, TIM02) 1,57 1,51 1,17 1,22

TW(TIMO1, PTBO1) 0,99 0,97 0,99 1,00

TW(TIMO1, CHO1) 1,01 1,01 1,00 1,03

TW(TIMO2, PTBO1) 1,02 0,99 0,98 1,00

TW(TIM02, CHO1) 1,04 0,97 0,98 1,02

AVG 1,02 0,99 0,99 1,01

e Performance in ODD VS EVEN hours (CCD) e Performance in ODD VS EVEN hours (TW)
1.5 times better in Peak-to-Peak & Std.Dev Equivalent in Peak-to-Peak & Std.Dev
e Performance with 240s VS 120s (CCD) e Performance with 240s VS 120s (TW)

1.2 times better in Peak-to-Peak & Std.Dev Equivalent in Peak-to-Peak & Std.Dev
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Performance of IIOTIC Reporting REFDLY T,"/T
Performance of Oplink 7

REFDLY (Labi) = UTC(Labi) — 1PPSIN + Avg<1PPSIN — 1PPSTX> (From IIOTIC)

Link ID Even Hour Odd Hour

NPL (s) 120 120 240

Statistics Peak to Peak [ns]|Std. Dev [ns] Peak to Peak [Std. Dev Peak to Peak Std. Dev

TIMO1 (REFDLY) 0,088 0,02 0,085 0,02 0,085 0,02
TIM02 (REFDLY) 0,063 0,013 0,058 0,011 0,058 0,011

OPLINK (Labi) = Master Delay (From Ext.TIC) + Oplink Delay (From Slave) + CALR

16.15ns "

Phase vs. Time Phase vs. Time
2012/07/20 00:00 - 07/22 15:00 2012/07/20 00:00 - 07/22 15:59
Instrument: Mabile_Oplink-ht Instrument: Mobile_Oplink-h1
Source refgend_TIC1@Far3 Source refgens_OPLK@Par2
Remarks no comment Remarks: no comment
Mo Averaging MNo Averaging

-E Averaged Samples: None Aweraged Samples: MNone

s 16.1ns | Sample Interval 15 Sample Interval 1sg

2 hin Walue 16018.095 ps : ! Min Value -23 440 ps

g hWane Value 16135.224 ps hax Value 7.800 ps

E Awerage 1B067.015 ps Average 0.531 ps

= Std Dev 10773 ps Std.Dev 0.692 ps

& Data Length 226800 s Opsf """""" o Data Length: 230399 5

E Peak-To-Peak 117.129 ps : : Peak-To-Peak 231240 ps

= 2-Sigma: 21.547 ps ; H 2-Sigma 1.385 ps

P Residuals(RMS):  10.563 ps Residuals(RMS):  0.692 ps

.E 16.05ns Scale 50 psfdiv Scale 10 psfdiv

= Data Gaps 220 : H Data Gaps 235

0pPS frommmmem e e Feeeeea 1
16ns+ T y 0ps : :
07-20 07-21 07-22 07-20 07-21 07-22

Time Time

TimeTech DatadAnatyzer v2.4 @ TimeTech Gmbi 2012 wadnalyzer 2.4 @ TimeTech GrbH 2012

Peak to Peak 117ps, StdDev10ps Peak to Peak 31ps, Std.Dev 0.7ps

BIPM, Sévres, Sept 6-7t, 2012 Validation of TimeTech‘s Mobile Calibration Station 16



CCD and Three-Corner-Hat Round-Trip

Closure (TCC)

TIMETECH

CCD =TW (Labi - Labj) + REFDLY (Labi) — REFDLY(Labj)

Link ID Even Hour Odd Hour

NPL (s) 120 120 240

Statistics Peak to Peak [ns]|Std. Dev [ns] Peak to Peak |Std. Dev Peak to Peak Std. Dev

CCD 1,955 0,442 1,099 0,265 0,841 0,203
Closure analysis (stability): [TW(1) — TW(2)] + [TW(2) — TW(3)] + [TW(3) - TW(1)] =0

Link ID Even Hour Odd Hour

NPL (s) 120 120 240

Statistics Mean [ns] Std. Dev [ns] Mean Std. Dev Mean Std. Dev
[TIMO1-TIM02-PTBO1] -0,477 0,734 0,352 0,374 0,261 0,407
[TIMO1-TIM02-CHO01] 0,621 0,425 -0,666 0,24 -0,677 0,266

BIPM, Sévres, Sept 6-7th, 2012
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TIMETECH

OFF-ON Sequence Test —h—
. Objective — Verifying repeatability of performance

. Participating labs PTB, AOS, CH, TIM (Fixed & Mobile)
. Performance of IIOTIC reporting REFDLY

. Performance of Optical Link

. CCD Validation
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TIMETECH

OFF-ON Sequence Test — REFDLY (Fixed & Mobile) —#/—

6o4ns TIMOZ REFDLY{LOC)
Start Time: 2012/08/09 08:18
End Time 2012/08/14 10:18
Span 5 days 2 hours
N . P PR Sample Interval: 7200 ¢
/ Wlin 687.528 ns
L A S S e Max 532490 ns
1 fWlean 631976 ns
PP 4.862ns
DRMS! 0.995 ns
Std Dev 1410ns
Drift / Second: 6 288E-15
1o 0] = e s Scale 2 ns/div
] MNormalized by, nong

TIMO2 REFDLY(LOC), Raw Phase

658ns

686%58109 Q 0811 o toziy_lz__ 0813 0814 0815
~ ate ime < ~
£4.9n3 TIMO1 REFDLY(REM)

Start Time 2012/08/09 0819
End Time 201200814 10:19
Span: 5 days 2 hours
Sample Interval: 7200 s

@ Mir: 684773.000 ps

i Mla 634899.000 ps

z 584.85ns Mean 684839870 ps

E PP 126.000 ps

= DRMS 26627 ps

E Std Dev 29340 ps

I Crift/ Second:. -1.086E-16

Z—' Scale: 50 psfdiv

E Mormalized by none

]

@  f848ns

1=y

=

F

634 75ns : i : ; ;
08/09 0810 0811 08/12 08/13 08/14 0815

Date & Time

BIPM, Sévres, Sept 6-7th, 2012
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Time Deviation

OFF-ON Sequence Test — OPLINK

TIMETECH

OFF- ON Sequence (Mast

045 ; 60.00°C
0.2 :
[d\ = <
T S 4000° §
8 | | T
0 Os ]
]
. E
[ c
: g
=
9
z 0.2 2
£ ]
T 20.00°C §
[}

er/Slave Oplink + SATRE)

16.15ns {1 {1 .
: : : : Phase vs. Time
2012/0%/09 08:00 - 0815 07.59

ol .‘\_,mlhmhu.‘,mWImMJ ol

16ns

08-10 0811 08-12 0813 0814 0815

Time

TimeTech Datadnatyzer v2.4 © TimeTech GmbH 2012

o log0
12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00
Time
TimeTech Datadnalyzer v2.4 @ TimeTech GmbH 2012
1y
K Time Deviation vs. Tau
\_ 2012/08/0% 08:00 - 0815 07:59
‘a Instrument Mobile_Opink-w
N Sowce.  refgend_TIC1@Pard
Raemarks:  no commant
‘n\ No Avaraging
. B Moise White FM
LY / B GETE-T2
N g 5 74E-12
LY b 333812
1ps
100ts
1s 10s 1005 10ks 1000ks

Average Time, Tau, Seconds

v iy Batanaiy soc v2.8 8 Time Tech Genber 212

BIPM, Sévres, Sept 6-7th, 2012

Instrument habile_Oplink-hd
Source refgend_TIC1@Par3
Remarks: no comment

No Averaging

T Averaged Samples. None

E 16.1ns Sample Interval 1s

y ' M|‘ Min Value 16002 456 ps
H hex Walle: 16136.204 ps
E Average 16060 582 ps
=z Std Dev 12.285 ps

F) Data Length 518399 5

£ Peak-To-Peak 133.748 ps
= 2-Sigma: 24570 ps

e Residuals(RMS). 32128 ps

g 16.05ns Scale 50 pa/div

i Data Gaps 334

Oplink Not used in CCD computation
Even and Odd hours data combined together

TDEV: 2ps @ 1day -> As required!

Validation of TimeTech‘s Mobile Calibration Station
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TIMETECH

OFF-ON Sequence Test - CCD —H/—

2ns TIMOZ va TIMO1 Differential REFDLY
Stan Tuns 20120609 08 19
End Time. 2012006018 14.19
Rt R et gty Span T days & hours
| | Sampla keerval 7200 5
! Mirt T 56 ng
] 1 M -2555 s
£ ! Fizan EA3ins
= ! PP S011ms
3 cans s ST S O I DRMS: 14790
= || Std D 2407 s
E Duift S Second T EETE-15
i \ Scale 2 e
= oz by none
2 i
S 1
£ | |
E 1
= B | |
8 \ |
g
| |
\ !
J T N Y
Diff '
0&MS 00 0&11  OR12  OBM3 0G4 ORMS 086 0BMT  0BMB  0A19 I e r e n t I a TW
Date & Time
uns T T T T T TIMOZ vs TIMOT Clock Difference
: : : : : Stan Time 20120808 0819
B 'rig . . r B End Time: 201 20EME 1419
PN WVl o = CCD (TIMO1, TIMO2
- PN N H H H Sample Mterval 7200 5 y
[} : : : : | : by 2337ns
FT . O S O SO SRR HUUP T SRR SO SUS Mlen 20 334 ns
F H : : Tolean. FEREEN
[ PE EOlins
g ORMS 157705
= S Dev 2493ns
H] Corifi / Secord  -8.033E-15
£ Scale 2 ngddv
o 36m Mommalized by _nons
E
Q
5 :
z H
2 1 A !
a8 24 . ]v_ [ - f*‘t\ -
g P A AT
F B
22 -
0209 08D 08M3 0BM4 OBMS 0BG 0317 0aME 0819

e & Time
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OFF-ON Sequence Test - CCD

TIMETECH

-20.45ns

-21ns 4

-21.5ns |

TIMO1 vs TIMO2 Total Delay, Raw Phase

TIMO1 vs TIMO2 Total Delay
Start Time: 2012/08/03 08:19
End Time: 2012/08/18 14:19
Span: 9 days B hours
Sample Interval 7200 s

Ilin: -21860.000 ps
lax -20849 500 ps
kean 21255226 ps
PP 1210500 ps
DRMS: 250423 ps

Std Dew 248724 ps

Drift / Second: 1 456E-16

Scale: S00 pefdiv
Mormalized by none

2ns
08/09 08

v

08111

08i12

08113

08/14
Date & Timn

0815  08M6 0817  08M8 0810

Note : 5ns PPS instability compensated with TW

BIPM, Sévres, Sept 6-7th, 2012
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OFF-ON Sequence Test — (CCD, TCC) Vaildation

TIMETECH

CCD =TW (Labi - Labj) + REFDLY (Labi) — REFDLY(Labj)

Link ID Even Hour Odd Hour

NPL (s) 120 120 240

Statistics Peak to Peak [ns]|Std. Dev [ns] Peak to Peak [Std. Dev Peak to Peak Std. Dev

CCD (Totoal) 0,924 0,221 0,819 0,185 0,688 0,178

CCD(Start) SD[CCD(Start)] |CCD(End) SD[CCD(End)] ||CCD(Start - End)| CSD

Even Hour 120 23,854 0,219 23,87 0,166 0,016 0,385

Odd Hour 120 23,661 0,127 23,656 0,188 0,005 0,315
240 23,708 0,04 23,869 0,126 0,161 0,166

Closure analysis (stability): [TW(1) - TW(2)] + [TW(2) - TW(3)] + [TW(3) - TW(1)] =0

Link ID Even Hour Odd Hour
NPL (s) 120 120 240
Statistics Mean [ns] Std. Dev [ns] Mean Std. Dev Mean Std. Dev
[TIMO1-TIM02-PTBO1] -0,394 0,681 0,3 0,381 0,399 0,472
[TIMO1-TIM02-CHO1] -0,152 0,44 -0,475 0,191 -0,154 0,222
Results from former campaign S—
No. Year Participating institutes
C&1J11p&ljgl] C‘:D| SD‘ C‘:D] SD‘: |CCD| — CCD:| CSD El 1997 TUG. DTAG. PTB
El 4146 0.148 4304 0261 0.158 0.300 Ti 2002 USNO. PTB
E2 —278.024 0.196 —277.547 0335 0477 0.388 T2 2003 USNO, PTB
E2 694683 0034 604135 0.624 0548 0.623 E2 2003 INRM, PTB
E3 7400 0183 7011 0282 0.389 0.336 B ood pTh. Vel OF NPL
E4 41025 0306 41116 0597 0091 0.671 B e Dot
ES —20.102 0.157  —20.103 0.111 0.001 0.192 T5 2005 USNO. PTB
E4 2005 PTB, SP, VSL, NPL, OP, INRIM
. . . T6 2006 USNO. PTB
Excellent match with earlier campaigns!! ES 2006 TUG, PTB, METAS
T7 2007 USNO.PTB
T8 2007 USNO.PTB

BIPM, Sévres, Sept 6-7t, 2012
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TIMETECH

SATSIM Test (Stationloop of TIMO1, fixed) —h—

TIMO1 Stationloop, Raw Phase

Overlap Allan Deviation

17ns

16ns

15ns

T4ns

TIMO1 Stationloop
Start Time: 2012 0620 01:00
End Time: 2012 .09.04 23:00
| : : | | | | : : | Span: 76 days 22 hours
: 3 : Sarnple Interval: 7200 s
""""""""""""""""""""""""""""""""""""""""""""""""""""" Ilin: 13347 ns
: ' Ilax 16638 ns
- ‘ Fean 14 968 ns
| 3 PP 3191 ns
||||| H 1 | | ‘ ‘. ” “ } Il ‘I\ fly ,m DRMS 0474ns
sl {” 'l\l ‘” ‘|u. ni 'u llll‘ i " i b nI'\I !ﬂl' Il i 'i‘“ﬂ'w |\” Dt/ Second. 148617
iI th” hl‘ : w 1" 3 ‘ ll ‘ ‘T!“ ||‘ | | l || l‘ Ill "II‘ \ : "Hl ‘I‘ || Scale: . 1 nsidiv
l u { | | l‘l | ” ||\ : i Normalized by, none
------- ;“"""":L""“" TR ""-?"- R -“---“-;L"""“"E""“"" _

Peak-to-Peak 3ns, Std.Dev 0.476ns

13ns

12

0620 0697 0704 0741 0718 0725 0801 0808 0815 0872 0829 0905

Date & Time

10

-16

BIPM,

Qverlap Allan Deviation vs. Tau
Start Time:2012.06.20 01:00
End Time: 2012.09.04 23:00
Span 76 days 22 hours
MNaise Yihite P

72005 9. T2E-14

21600s  3.63E-14

720005 1.16E-14

216000 3.83E-15

7200005 1.18E-15

Not used in CCD computation

Even and Odd hours data combined together

No correction on Temperature Effect

10005 10ks 100ks 1000ks 10Ms

Average Time, Tau, Seconds
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SATSIM Test (Stationloop of TIM 02, mobile)

TIMETECH

TIMO2 Stationloop, Raw Phase

12ns

11ns

10ns

9ns

ans
o7

18 07.19

Date & Time

TIMO2 Stationloop
Start Time: 201207 18 13:00

End Time: 2012.07 .19 23:00
Span: 1 days 10 hours
Sample Interval: 7200 s

telin: 8872 ns

Mla 11667 ns
Wlean: 10.058 ns

FP: 2735ns
DRMS: 0533ns

Std Dew: 0875ns

Drift/ Second: 2 233E-14
Scale: 1 nsidiv

MNormalized by, none

07.20 _
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TIMETECH

Signal Flow Chart & Complete Calibration Formula —I//—
1PPS 1PPS SATRE
UTC(TIM)  tpopiink  H2oplink 1SF’>AF‘>TSF;<Eef el
Mzzster Slgve
Fix Station L
Chain Master Dela{ Two-way lCallbratlon{ RefDly [ ES Delay[ Sagnac
(Oplink Par2)|  Delay | (IOTIC-22)| (SATSIM) Delay

" Transponder
q
TeleStr N11 Delay

Mobile Station RefDly ES Delay Sagnac
Chain (PS) | Cable De'ayl (IIOTIOZZ)[ (SATSIM) Delay
SATRE SATRE 1PPSTx
UTC(TM)  ippspef  1PPSTX

AVAR= [OPLINKVAR(2, 1) + ESVAR(2, 1)]
CCD(i, PS) = 0.5*(TW(i) -TW(PS)) + REFDELAY (i) - REFDELAY(PS)

[UTC(1) — UTC(2)]uink = 0.5*(TW(i) -TW(PS@2)) + CCD(1, PS) + SCD(2) — SCD(1) - AVAR

OPLINK(i) = Master Delay(From Ext.TIC) + Oplink Delay (From Slave) + CALR

CALu(12) =[UTC(1) - UTC@m- 06" TW(H-TW)



TIMETECH

Leasons Learnt —///—

CCD can be improved by having odd hour sessions with long track
period TW

Adaptation of the AOS data format where the %22 message (REFDLY)
is concacnated with the Rx output messages

Inputs for analysis from all labs need to based on equivalent TW
algorthim i.e. The quadratic fit algorithm without filtering

Calibration Method proposed is LINK + SITE

Temperature inside mobile station requires better stabilization
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TIMETECH

Further work —///—
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TIMETECH
Commercial information _,//_

Station ready by Oct. 1st

Cost €6000 / participant

1 formal order from METAS (thanks!)
Document ,Site preparation” available

Calibration includes:

— Pre-test verification (on-site), 4 hrs max

— Installation & setup, 4 hrs max

— 3 days measurements, automatic operation

— Real-time data quality assessment

— Post test verification (on site), 4 hrs max

— Dismounting / packing (on site), 4 hrs max

— All test data in text format

— Calibration Protocol (on-site), signed by Lab and TIM

Calibration Report (after the trip)

« Support by 1 person of the lab is required
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TIMETECH

Summary & Conclusions —/—

The Mobile Calibration Station successfully achieved test
objectives

Common clock test results compatible with earlier results
Appropriate analysis tools are available

A dedicated calibration schedule has been established

3 day calibration duration has been found optimum
Configuration control implemented

Station ready for starting campaign in Europe
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