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ITSF Last year :- shens

= Presented “Improved” 5071A

= Added GNSS Steering

— Ultra-long Time-constant
— Maximum possible noise

filtering
Ay Caesium or — GNSS monitoring with
- iu .
better could be auto switch to holdover.

used.
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Real system results (60 days*™)

Microsemi TimeMonitor Analyzer
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* Last 60 days only to avoid space weather event in live data
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Real system results (600 days)

= Estimated output

alyzer

ripping Somples: Fo=1.000 Hr: Fa=555 5
Channel 3: Samples: 27903; Stop: 2790
605" *~CH1-GPS 1PPS* =

uHz: 2017/11/03; 07:27:25
3

Coesium*

Phase ot Cagsium out*

CH4-Caesium 1PPS® *~rate-5* "o

chem

TECHNOLOGY

= (GPSDATAhas
spikes and non = =
availability .
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Confidence ke

= Butis it working?

= The only way to find out is by comparison with
a trusted known source of UTC

— If that is working?

= Or multiple comparison with similar systems.
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Timing Quality Measurements

Intra-node Measurements — Inter-node (PTPv2) Measurements —]




Best Clock Selection

Inter-node (PTPv2) Measurements

Open/Shut
VLAN ‘Gates’

Best Clock
Selection PPS also
available.
Selection direct
from Caesiums

possible

External PTP

D TR e AW )

JE——




PTP As comparison

Noisy
— Timescales allow sufficient averaging to mitigate

Allows considerable distance between systems
with no compensation required with in LAN

Could be operated over WAN’s
Could be extended to more than three clocks



Example

A—-BTie B-CTie C - ATie

FEMTO-RAD node A to B tie plot FEMTO-#AD node B to C tie plot FEMTO-AAD node C to A tie plot
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04-10-2017 15:26:24 BST

A — B Sees positi
B —C Flat
C — A Sees negative hump

Measurement direction means that the C— A
hump is inverted
Therefore Node A has had an excursion



- . m
External timer counter comparison chewnn

[Phase deviation versus time
o #1 (bluel: 01131; A: 5071A - DMAZ; B- 50714 - DMAT; QuTC Cs 1pps; 12/09/2017 13.55:49
( 2 (1ed): 01132 A: 5071A - BTSG; B: 5071A - DMA1: QuTC Cs 1pps; 12/09/2017 13.55:49
S I S re e re n C e #3 (violet) 01133; A: QuTC [H43]: B: 5071A - DMA1; QuTC GPS 1pps; 12/09/2017 13:55:49

Shows that the other
Caesiums have moved
around +30ns

Also shows that the GPS
reference also moved a 0,
similar amount

In reality it is CS 1 that has
moved as detected on the
previous slide.

CS 2 & 3 are in close
agreement
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Self analysis comparison

Caesium control variation Subtractive TIE results
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Self analysis comparison

= Flattest line is the noisiest

fjourci adn/d S_hO;Jlg be Subtractive TIE results
emoted/rejecte .
= Slope of that line is the offset .
between the two best "
sources .
=  From the MTIE of each of 0 4
these We Can |nfer the _%0.9.17 22.9.17 24591)/26.9.17 289.17 _309.12.2.10.17 4.10%[_6010.17 8.10.17
quietest of the last two 0
— The 10000 second point is a 15

good decision point

= Noise scaling with time.

— Raise cosine edge
— Filters odd PTP effects.

-20

—_—1-2 13 2-3
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Self analysis comparison

= Able to select

“Best” Caesium

= Confidence of

03/1

results ~10ns

1/2017

Subtractive TIE results
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Dashboard

03/11/2uxs

Temperature & humidity

Femto-ARD Relative Humidity
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Node A—B TIE Plot

FENTO-ARD node R to B tie plot
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Node B (DMA2 6210-000258)
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FENTO-AAD MTIE plot
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Node C—A TIE Plot

FENTO-ARD node € to A tie plot
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Temperature & pressure

Femto-ARD Atmospehrics
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Node B—C TIE Plot

FENTO-AAD node B to C tie plot
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Dashboard shuann;

FEMTO-AAD Dashboard

Node TIE and MTIE
Caesium-v-GPS on 6210-000258

DMAZ TIE plot DMAZ2 MTIE plot

QUTC 6210-000258 Caesium-v-GPS tie plot FEMTO-AAD MTIE plot (7 Days)
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Comparison of UTC(k’s) vhewnns

NPL - London
USNO - Washington
NIST - Boulder

PL - Warsaw

OP — Paris

1 point every 5 days

Data from BIPM
Circular T




: : : 1]
Selection criteria whinng

Source/GNSS good? (Holdover or Lock) Reported Caesium Health

General health (System values in range) Caesium visibility
Monitoring Caesium corrections Direct comparison
Time since last state change Data Age

Age of device (New better than old?)

Manufactures performance data
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Conclusions

= Can achieve ~ 10ns to UTC,
= Uncertainty can be determined

= Multiple sources can be used
— Do not have to be GNSS

= All fits in a single rack or can be
distributed

" Low cost (relatively)
= Managed

= Allows/Simplifies
maintenance/downtime (per clock)..—~
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http://www.chronos.co.uk/
tony.flavin@chronos.co.uk
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