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EPIC Project Objectives

O The objective of the EPIC project was to design, develop and implement an
enclosed solution for the new ePRTC (enhanced Primary Reference Time
Clock) standard, implementing additional features to enhance the robustness
and quality of the solution, considering the most advanced techniques
available in the timing community.

O The ITU-T ePRTC standard defines a synchronization source, which provides
the necessary precision, robustness and reliability required by todays and
next-generation telecom, banking, data centres and energy distribution
networks. The ePRTC system generates its own independent time scale that is
aligned to UTC and reduces its dependency on GNSS by means of an atomic
clock. With ePRTC, a maximum time error of 30 ns w.r.t. to UTC in nominal
working mode and a maximum time error of 100 ns w.r.t. to UTC after 14
days of holdover (without GNSS input) is guaranteed.
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EPIC Phases and Schedule

|D |Task Mame Duration  [Szart Finish |qu3. 2020 atr 1, 2021 atr 3, 2021 O 1, 2022 o 3, 2022
Mar | May W | sep | MNew Jan Mar May Ju Sep Mow Jan | Mar May ul Sep

1 |KOM Odays  Mon 04/05/20 Mon04/05/20 | KOM g 04/05

2 | WP-1000 - Project Management 528 days Mon 04/05/20 Wed 11/05/22

3 | WP-2000 - Design 89 days Mon 04/05/20 Fri 04/03/20 WP-2000 - Design

4 WP-2100 - W Design 29 days Mon 04/05/20 Thu 03/09/20

5 WP-2200 - HW Design 89days Mon 04/05/20 Thu 03/09/20 1

[ DR Odays  Fri04/05/20  Fri04/03/20 DR ﬁ 04/09

7 | WP-3000 - Development 182 days Fri 040920 Mon 17/05/21 I g WP-3000 - Development

8 WP-3100 - 5W Production & Unit Test 182 days Fri 04/03/20  Mon 17/05/21 i

g WP-3200 - HW Production & Unit Test182 days Fri 04/03/20  Mon 17/05/21 1

10 IR Ddays  Mon 17/05/21 Mon 17/05/21 IRK & 17/05

11 | WP-4000 - Integration 118 days Tue 18/05/21 Thu 28/10/21 [ ] WP-4000 - Integration

12 WP-4100 - 5W Integration 45 days  Tue 18/05/21 Mon 19/07/21 i

13 WP-4200 - HW Integration 45 days  Tue 18/05/21 Mon 19/07/21 1

14 WP-4300 - In-Factory Validation 73 days Tue 20/07/21 Thu 28/10/21 l

18 PRE Odays  Thu 28/10/21 Thu 25/10/21 PRE ﬂ 28/10

16 | WP-5000 - Validation 138 days Fri 29/10/21 Tue 10/05/22 T WP-5000 - Validation
17 WP-5100 - Validation at GMVY 138 days Fri29/10/21 Tue 10/05/22 i

18 FR Ddays  Tue 10/05/22 Tue 10/05/22 FR ¢ 10/05
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EPIC HW Architecture -
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following HW elements: AU — S —
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EPIC SW Architecture

O The EPIC processing chain s
Composed by 3 main elements: ‘ Command/ContreliCarfiguration |

™ Access to UTC Via Raw Data - Authentication flag Database, e
UTCO+CGGTTS combination. f

Real time monitoring
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f———"————>»  AlarmSystem

= Computation of clock model T

SBF (UDP)

and steering from  the ' lﬁ

_y| CGOTTSFils CeGTTS
NAV RINEX N Module Pr ing Module
UTCO+CGGTTS d ata. PoieTR ‘ COGTTS & UTCO Files

v Combination Module
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u Alarms monito ri ng the ToD Generation Module
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|——\ MullFCGGTTS
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NTP Client B Real-Time data
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EPIC GNSS Calibration

Calibrated Antenna

! EPIC Antenna

1PPS

PHM

Y Y

10MHz

Calibrated Receiver

Y Y

>

EPIC Receiver

EPICCIK-UTC(PTB)

59450 59452 59454

GMV 2022

59456

59458 59460

Calibrated Relative Diff. | EPICA TOTAL Uncertainty*
Recelver Delay [ns] delay [ns] [ns]

'L1P'

'L1P'

15 45
14.94
17.67
17.05

EPICA TOTAL

dela
17.52

14.94
19.85
17.23

EPICA TOTAL
dela
17.52

14.94
19.85
17.23

2.06
0
2.18
0.18

1.06

-1.56

0.37

Relative Diff.
ns

-1.00

1.69

-0.72

0.42

17.52
14.94
19.85
17.23

15.91
16.00
18.29
17.60

EPICC TOTAL
[« [F]

16.52
16.63
19.13
17.65

1.5

1.5

Relative Diff. | EPICB TOTAL
(1 EEVALS ns

-1.61

ns

1.5

*The 1.5ns uncertainty is the typical uncertainty assumed by the
BIPM when performing this type of calibration.
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New UTCO RINEX

O The proposed UTCO RINEX format
provides detailed information related to

RINEX VERSION / TYPE

F VER ON 1 FORMN
PRNs WN Te Selecte 0_¢
i Tor WNt cooputed UTIO Flag
alid data se:

id data set

UTCO and leap seconds, which allows ’m"“
easily analysing, process and detecting mecoade
any anomaly that affects any system i ooty
using GNSS as a timing reference. o i

O The "u" extension is not taken in the
existing RINEX convention, we could use
it for our new RINEX UTCO files. For
example, for the following file sample,
the file name will be EPIC0110.22u

GMV 2022 Pég. 8 9TV NSL



EPIC Timing Integrity — Data Ahomalies

O NAGU 2020021 - 14th of December 2020 - Degradation of service on all Galileo satellites

Detected Alarms for GNSST_E1 from 2020-12-13 to 2020-12-15
250000 A

Detected Alarms for GNSST_ES from 2020-12-13 te 2020-12-15

Detected Alarms for GNSST_L3E from 2020-12-13 to 2020-12-15

—— GNSST — 1o q 250000
250000 — [10 — GNSST w [0
— Alarms o Aarms
200000 4 — Alarms
[oe 200000 L os 200000 - | os
P —
= 150000 2 g
s 1 F = pt 4
E o6& = 150000 Los g 150000 fos
5 . ]
5 £ ] w g
E 3 : £
@ =4 £
— 100000 L H e s |
z 0.4 Y 100000 Loa™ 7 100000 Loa
I . 2
g 2 z
r4 9
9
50000 1 Fo.2 50000 4 Foz
50000 4 Loz
0 0.0 0 0.0
; T y T T T - - . 0 Fo.0 . : - - - - r r T
6.00 625 650 6.75 7.00 725 750 7.75 8.00 T T T T T T T T T 6.00 625 650 675 700 725 750 775 8.00
MD +5.9190000000e4 600 625 650 675 700 725 750 775 8.0 MD +5.9180000000e4
MD +5.9190000000e4
Detected Alarms for GNSST_L3P from 2020-12-01 to 2020-12-30 Detected Alarms for GNSST_L1 from 2020-12-01 to 2020-12-30
—— GNSST —— GNssT
8
54
— Alarms [ 0.04 — Alarms r0.04
6
= L P L
7 0.02 ] 0.02
RS c
S ] u
E ; 3 s looo §
S 24 Fooo ] u .00 ¢
o = o <
= =
5 01 b —0.02 5 10 r-o.02
—24
t-0.04 _15 4 F—0.04
4]
T : T T - - T T T T T T
59185 59190 59195 59200 59205 59210 59185 59190 59195 59200 59205 59210
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GNSST evolution (ns)

EPIC Timing Integrity— Data Anhomalies

O Induced ionospheric errors

Detected Alarms for GNSST_E1 from 2021-03-20 to 2021-03-23

Detected Alarms for GNSST_E5 from 2021-03-20 to 2021-03-23

—— GNSST
- u\_,———“—lu% I

rlo

r 0.8

r 0.6

r0.4

roz

ro.o

ol — GNSSTM’_LN t1o ol
— Alarms 4
r08
—100 4
—200 4
w
=
Fo0.6 5
—200 2 5
= S —400 4
%
= %
ro4 I
-300 g
5}
—600 4
Fo2
—400 A
L oo —800 1
T T T T T T T T
3.0 35 4.0 4.5 5.0 5.5 6.0 3.0 3.5
MDD +5.9290000000e4
Detected Alarms for GNSST_L1 from 2021-03-20 to 2021-03-23
04 — GNSST rLo
—— Alarms
-500 ro.s
w
£
5 —1000 roe
5
3
E
3
s L
4 —1500 0.4
=4
[G]
Fo.2
—2000 4
Fo.0
T T T T T T T
3.0 35 4.0 45 5.0 55 6.0
MD +5.9290000000e4
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5.0

GNSST evolution (ns)

T T
5.5 6.0

+5.9290000000e4

Alarms

GNSST evolution (ns)

Detected Alarms for GNSST_L3E from 2021-01-01 to 2021-05-01

—— GNSST
a4 ally L
— Alarms F0.04
34
F0.02
2
N v
oo
=
0
ey t—0.02
2
t—0.04
3
59220 59240 59260 59280 59320 59340
MD

Detected Alarms for GNSST_L3P from 2021-01-01 to 2021-05-01

—— GNSST

1
— Alarms

-2 4

r 0.04

[ 0.02

 0.00

F-0.02

r-0.04

T
59220

T
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T
59280
MD

T
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T
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T
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gMVNSL



EPIC Timing Integrity — Data Continuity

O The first alarm from 2020-10-16 00:00:00 to 2020-10-16 05:00:00
O The second alarm from 2020-11-22 to 2020-11-25

Detected Alarms for GNSST continuity_L3E from 2020-09-22 to 2020-12-01

GMV 2022

GNSST continuity evolution (ns)

24

—— GNSST continuity

— Alarms

1o

0.8

0.6
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r 0.4

F 0.2

r 0.0

T T T
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!
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MD
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Detected Alarms for UTCO continuity_GAL from 2020-09-22 to 2021-07-01

UTCO continuity evolution (ns)
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Detected Alarms for GNSST continuity L3P from 2020-09-22 to 2020-12-01

GNSST continuity evolution (ns)

10 4
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PHM

1PPS 100MHz

||E

steering-command

1PPS A >
Distributor '—3—”

1PPS
Stepper

1PPS
1PPS

TIC

>
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QO Zero steering
O 10 days recording
Q Slop of 0.96ps/day

PHM Frequency Steering - Os/day x 10days

146.30 -
—— PHM-Steeper via TIC
—— Linear fit - Slope = 0.96ps/day
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=
]
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EPIC Micro-stepper

GMV 2022

PHM-Steeper (ns)

PHM Frequency Steering - 10ps/day x 10days

146.50

146.45 4

146.40

146.35 4

—— PHM-Steeper via TIC
146.55 1 —— Linear fit - Slope = 9.82ps/day

T T T T T T
0 2 4 6 8 10

PHM Frequency Steering - 100ps/day x 10days

149.0 4

148.8 4

148.6 1

148.4 4

PHM-Steeper (ns)
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148.0 4

—— PHM-Steeper via TIC
Linear fit - Slope = 101.47ps/day

Time (days)
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O 10ps/day steering
O 10 days recording
Q slope of 9.82ps/day

O 100ps/day steering
O 10 days recording
O Slope of 101.47ps/day
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EPIC UTC Time Scale

Q Comparison of the UTC(EPIC)-UTC(GPS) vs Circular-t UTC-UTC(USNO)_GPS data from

GMV 2022

18/03/2022 to 31/03/2022 (14 days).

EPIC Traceability
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EPIC PHM Holdover vs ePRTC requirements

O Holdover from the 1st of April 2022 at 12pm to the 27t" of April 2022 at 12pm (27

days).
EPIC holdover
T
100 1 —— UTC(EPIC)-UTC(GPS_L3P) - Max TIE: 32.12ns
—— UTC(EPIC)-UTC(GAL L3E) - Max TIE: 27.61ns
751 — epRTC upper limit
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£ 504
e
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U -25
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O —50 1
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—100
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Time (M)D)
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Project Outcome - WANtime station - HW

The product generated during the EPIC project is now being offered by GMV, under the
name of WANtime station. WANtime is now a registered trademark at European and UK
level (https://trademarks.ipo.gov.uk/ipo-tmcase/page/Results/1/UK00918074643).

Passive Hydrogen Maser VCH-1008

—

i =
A P R R
‘i_{-‘:‘;ﬁ'?&ﬁ-
mf ;g@:;/"&‘i,:r =

GMV 2022 Pag. 16


https://trademarks.ipo.gov.uk/ipo-tmcase/page/Results/1/UK00918074643

Project Outcome - WANtime station - GUI

aqnwv e

Alarms
B Status
I Graphs Status
© Traceability oxss
PConfiguration Interference m
— cnotevel (O3

UTC status m
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Traceability

Global UTCEPIA

UTCEPIA -
GPST

UTCEPIA -
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UTCEPIA -
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UTCEPIA -
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g WHOVATING SOLUTIONS
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&2 Graphs

@ Traceability
BConfiguration

- Logs

09:43:56

uTc

5.33 ns

3.52ns

4.13 ns

4.43 ns

Welcome admin! Logout.

Current steering W Status
& Graphs
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SConfiguration
Phase -1.378E-15
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20
Z
F
£
T 0
©
1}
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EPIALIP; 26,857 s
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Graphs

From 200320

UTClab - UTC(GNSS pred) [as]

to| 20052022 UTCEPIA - UTC(GNSS Pred)
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EPIA Steering

Welcome admin! Logout

UTCEPIA - GNSSE
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Project Outcome - WANtime station

g INNOVATING SOLUTIONS

i Status

I Graphs

Q Traceability
QConfiguration

W Logs

M Status

2 Graphs

© Traceability
SConfiguration

a8 Logs
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Configuration - Receiver

GNSS Constellations O GpPs O Galileo  ® GPS + Galileo
Qutc O a@psT ® GST
Time base
1PPS delay [ns]  0.00
O Free ® Fixed
Antenna position
X [m] 3970564.3¢ Y [m] -90929.408 Z[m]

Welcome admin! Logout

! ’ ' h/ ’ Configuration - Alarms
INNOUATING SOLUTIONS

B Status

2 Graphs

© Traceability

QConfiguration

Al Logs

4974181.47

Welcome admin! Logout

Configuration - Calibration

EEET

RCVR | SEPT CH 20
Lab name  EPIA Ref UTC(EPIA)
X 3970564.3810 Y -90929.4080 Z 4974181.4710

Comments  NO COMMENTS

Antena cable delay 385.89 Clock cable delay 10

GALE1 19.85 GALES 17.85000038147
GALESa  17.8500003814; GALESH  17.85
GPSC1 17.52 GPSP1 17.52
GPSP2 14.94 GPSPS  17.23
GPSC2 14.94

B Status

Configuration - NTP

Name
12 Graphs

© Traceability
$Configuration

0f Logs
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- Configuration

UTC warning [ns]
UTC error [ns]

UTC critical error [ns ]
Continuity limit [min]

Quadratic clock model limit
[ns/ns~2]

Linear clock model limit [ns/ns]

Constant clock model limit [ns]

Save
1 Port NTS
hora.roa.es 123 =]

ntpil.npl.co.uk 123 (m]

30
100

60

0.2

10

NTS Port

Welcome admin! Logout

Welcome admin! Logout
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Conclusions

OThe EPIC project has designed, developed and implemented an enclosed solution for the
new ITU ePRTC (enhanced Primary Reference Time Clock) standard.

OThe product generated during the EPIC project is now being offered by GMV, under the
name of WANtime station. WANtime is now a registered trademark at European and
UK level (https://trademarks.ipo.gov.uk/ipo-tmcase/page/Results/1/UK00918074643).

OThe WANtime station generates its own independent time scale that is aligned to UTC
and reduces its dependency on GNSS by means of an atomic clock. A maximum time error
of £5ns w.r.t. to UTC in nominal working mode (i.e., when using GNSS signals in nhominal
conditions) and a maximum time error of £15ns w.r.t. to UTC after 14 days of holdover
(i.e., after a total loss of GNSS signals) is guaranteed.

OThe WANtime station provides a synchronization source, which provides the necessary

precision, robustness and reliability required by todays and next-generation telecom,
banking, data centres and energy distribution networks.
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