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Examples of spatially distributed timing systems

 The Large Hadron Collider (LHC) is the world's largest and highest-
energy particle collider and the largest machine in the world.

« Satellite Laser Ranging (SLR) stations around the world organized
under International Laser Ranging Service (ILRS) and providing the
precise data for geodetic and geophysical research activities by mean
of satellite and Lunar ranging

« Satellite constellation is a group of artificial satellites working together
as a system (navigation, communication, observation etc.)
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Examples of spatially distributed timing systems

Satellite Laser Ranging stations around the world organized under International Laser Ranging
Service providing the precise data for geodetic and geophysical research activities by mean of

satellite and Lunar ranging
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Two synchronization approaches

Special devices providing the precise time

White Rabbit approach (CERN) and frequency transfer via Ethernet
10125 MHz
GPS/cesium 1PPS | WR master backup
fSiolongs CloCk utc tirr!ec:Dde; :mnfm?idfsfmgiEHMarl and mm::hcﬁ

downlink ports

multiple uplink paths

uplink ports for timing redudnancy
WR switch WR switch WR switch
downlink ports f
uplink ports ‘
WR switch WR switch WR node

data-only routes outside

WR node the tree topology, managed WR node
by the Spanning Tree protocol

<4 timing and data routes <P data-only routes
Figure from: Tomasz Wtostowski. Precise time and frequency transfer in a White Rabbit network. Master of Science
thesis. Warsaw University of Technology. 2011, 98 p
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GPS/Atomic or

Event Timing based approach —

Two synchronization approaches

synchronization of Networked Timing System

using their own functionality
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Event Timing Based Synchronization

Master Timing System

UTC code

10 MHz || 1 PPS User interfaces

|
| Master 0 Timing System

y
PLL i} Ethernet
ARM CPU >

Evgnt_s for AO40-ET or SBC
timing '

FIFO

Repository

Pulse Former and Reader
A

,;,To Slaves or other Masters
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Event Timing Based Synchronization

Slave Timing system

User interfaces

77
To Master | py|se Reader |  Slave Timing System
€ = ¥ and Reflector
PLL
f ARM CPU
Eventsfor | mrET / TET or SBC
timing

> FIFO w

L
Ethernet

ERAF projekts Nr. Nr.1.1.1.1/16/A/174 . Informativais seminars, 2020. g. 27. februaris

INSTITUTE OF
ELECTRONICS AND J.Buls - Projekta ietvaros izstradata aparatlira, laboratorijas eksperimentu rezultati # 8/21

COMPUTER SCIENCE



Event Timing Based Synchronization

Time Offset calculation
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Slave time
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Precise Event Timer AO40-ET with synchronization functionality

Block diagram of the AO40-ET
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Precise Event Timer AO40-ET with synchronization functionality

Precision in temperature
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temperature
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Precise Event Timer AO40-ET with synchronization functionality

Time scale offset in temperature = 2 ps/°C
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Multifunctional True Event Timer for wide applications

Block diagram of the MTET
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Multifunctional True Event Timer for wide applications

Precision in temperature

RMS error deviation in Internal Temperature change HW3 || 0 x| 0#| 6945
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Multifunctional True Event Timer for wide applications

Time scale offset in temperature = 73 ps/°C
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True Event Timer not requiring the maintenance

Block diagram of the TET
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True Event Timer not requiring the maintenance

Precision in Temperature
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True Event Timer not requiring the maintenance

Time scale offset in temperature = 1.1 ps/°C
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Implementation and main components of the ETBS
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Connection cable impact estimation

Laboratory experiments with cables A
AFG3251 AO33-ET GPS-12R
Input A
nputB 10 MHz ke MHZ 110 MHz
1PPS E 1PPS 1PPS
Temperature |
) chamber 1
|
|
_____________ J
Cable Lengt Conductor Diameter, Atten., RMS, ps Delay, ps Temperature
h, m (mm) mm db/m drift, ps/°C
RG58C-U 3 19x0.18 4.95 0.65 2.7 50715 4.5
PK50-2-16 10 7x0.24 3.2 0.8 18.7 193778 8.7
PK50-7-21 30 7x0.83 8.9 0.32 6.5 163221 0.4

||
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Connection cable impact estimation

Laboratory experiments with cables
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Estimation of Time and Frequency Standards

Laboratory experiments with Time and Frequency Standards

A
Time and Frequency Standard AO33ET
e GPS-12R 10 MHz Ref 10 MHz
e Trimble
e FTS500 1PPS >(lnput A InputB
e GMR1000

Own 1 PPS accuracy 1 PPS pulse period precision (RMS)
GPS-12R 26 ps 5.0 ps

Trimble 24 ps 3.3 ps
FTS500 22 ps 3.3 ps
GMR1000 252 ps 78 ps
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Estimation of Time and Frequency Standards

Laboratory experiments with Time and Frequency Standards
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Estimation of Time and Frequency Standards

Laboratory experiments with Time and Frequency Standards
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Estimation of Time and Frequency Standards

Laboratory experiments with Time and Frequency Standards
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Estimation of Time and Frequency Standards

Laboratory experiments with Time and Frequency Standards
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Estimation of the synchronization output of the AO40-ET

Using of AO40-ET output AUX for time scales synchronization
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Estimation of the synchronization output of the AO40-ET

Using of AO40-ET output AUX for time scales synchronization
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Estimation of the synchronization output of the AO40-ET

Using of AO40-ET output AUX for time scales synchronization
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Estimation of the synchronization output of the AO40-ET

Using of AO40-ET output AUX for time scales synchronization

5168.50000-,

5168.00000 s =t =+

; o 4
| SPpa B bR R
b lota o RUNNEBVENEN ANpERAlEA 4 L
ARt SRR P SR EFA SO SR PRRE PR PN PR SEDY
516750000 e eses e Jo ot (ot Sl T+t T L
N DD DD GENDED N B b W B BRI b WG B 4 e - . s e -+ -+ -
= Mg s b g Y AR A B S A A R W B RS B
PP OOARR A R P MR AR AR
Radha R Lo g S R i s S S
5167.00000 B A P B
: Ranad
; ] AEBBE
. PR
5166.50000 s REPEFRARAYY
=5 . te e B e
+ Radan.d
-
<« 5165.50000
[e]
-
5164.50000- ===or
ARy
i
ool -
5164.00000- +» <= =
- . o e MR HE -
PRPERI G Rumiunwnpiont -
ARRARE BNy A s Al bond ~n
A So GrlEy bl el g ———
5163.50000- T o T LT L RuAfn 3
- - - - >+ L ad Eand LR LR R R S R Rt a R R S s o d g R aadhdi gl L L R s d
91 BB AR A b P B D T b g D e 10 e e & s = -
R AN A ey b AR RN O Al e A daubhEnneanhpsd AR g N kg g s
: - + PR M R SR AR B ASUAAEA SuiuhE EX A AR AMNR: B VRSN oA S o 6084 S s o e i
5163.00000- .. . FEFRE| -— .- e e e se oo M b b A S B
: - .. . - - - - .o Ex . e o cwe W - - - stb e 45 some wde
YR AN

5162.50000- L AEEN 1 . AR .

51 6220000'! ' 1 | 1 1 1 ' ' | | ' | P ]
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 27434

Time (s)

Averaging of the AUX signal position on 10 values

ERAF projekts Nr. Nr.1.1.1.1/16/A/174 . Informativais seminars, 2020. g. 27. februaris

INSTITUTE OF

ELECTRONICS AND J.Buls - Projekta ietvaros izstradata aparatira, laboratorijas eksperimentu rezultati # 30/21
COMPUTER SCIENCE




Estimation of the synchronization output of the AO40-ET

Stability of the A040-ET synchronization output AUX
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Estimation of the accuracy and precision of the ETBS

Estimations of the accuracy and precision of the time-scale synchronization

Timing system Accuracy, ps Precision, ps
synchronization based on:

AO40-ET 28.6 6.2
TET 77.4 10.6
MTET 760 11.6
MTET with T-correction =100 =6
495 36
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