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Background

® This work was initiated for the validation of Time
Communication Network using IEEE1588-2008 of
ITER. So, some documents of ITER were referenced
and the drivers for IEEE1588 boards were used for
the test.

® However, it is at an early stage and much progress

has not achieved, yet.

® Outlines -
* Introduction of IEEE1588 Precision Time Protocol
* Application in fusion devices
 Comparison with other protocols
* Conclusions
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®

What is Precision Time Protocol 2
® IEEE1588 Standard

» |EEE1588 : Precision Time Protocol (PTP)

* Itis a standard for a Precision Clock Synchronization Protocol for
networked measurements and control systems using Ethernet
communication network

* Two versions released : iaster: £
- version 1 : IEEE1588-2002 Faes @
- version 1 : IEEE1588-2008 Clt
* Itis possible to synchronize distributed clocks ftwork

with an accuracy of less than 1 psec /

* Ituses UDP packet communication based on <" _ | l \ :
TCP/IP protocol stack @ Clocks @ @

It works inside LAN (PTP Domain)
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O,

What is Precision Time Protocol 2
® IEEE1588 Standard - Features

* Master-Slave Hierarchy
* Best Master Clock Selection Algorithm
* Fault tolerance
* Hardware time-stamping
* Low cost to implement
* Limitation in v.1 vs. Improvement inv.2 :
- Slow Sync message rate : 2sec
= Higher Sync message rate : less than 100ms
-Traffic congestion : non-optimized message size
= ‘Shorter Sync Message’
- Non-linear effect on jitter : cascaded boundary clock
= introducing ‘Transparency Clock’
- No correction for asymmetry error : network asymmetry
= Introducing ‘Correction Mechanism’
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®

What is Precision Time Protocol 7

® Basic Synchronization - Message-based Two Way Transfer

* Version1 * Version 2
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if T 5= Tys = Tsm, Symmetric link)
* Step 2 : Offset measurement
Tos= Ts2 - Tma-To
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O,

What is Precision Time Protocol ?f

® Best Master Clock Selection Algorithm

» State Decision Algorithm : to produce a recommended state by
comparing all relevant data sets
* Data Set Comparison Algorithm : to select clock from better

® Transparent Clock

Cascaded boundary clocks Cascaded Transparent clocks
Synchronize Synchronize  Synchronize Synchronize Synehronize
@_\Cg/_\m GM : Grandmaster L- L‘ GM : Grandmaster
BC : Boundary Clock TC : Transparent Clock
GM BC > BC > BC oc OC : Ordinary Clock GM TC TC T oc OC : Ordinary Clock
Error K Error]\
. ’ _ —_— e ated
s /\\Lcumuld(ed Error E— f \Au umulated Error
7

* Correction Field in TC
- Original Timestamp : 48bits in sec + 32bits in ns
- Correction Field : 48bits in ns + 16bits in scaled fractional ns
. Sub-ns accuracy
. Transparent correction + asymmetry correction
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Application for Tokamak Operatid:;%

® Use case in ITER

* ITER is the biggest project in the world to construct a
superconducting experimental reactor in cooperation with 7 states
* ITER control system, CODAC, aims at standardization by using the
latest, but performance-proven technologies
* They decided IEEE 1588-2008 as a standard for TCN to synchronize
time
* Also, they performed evaluation test using several COTS products
* And, they got results as follows :
- Confirm basic functions
- Time jitter less than 50ns,rms
* Acronyms:
- ITER : International Thermonuclear Experimental Reactor
- CODAC : Control, Data Access, and Communication
- TCN : Time Communication Network
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Application for Tokamak Operation

® Use case in ITER

Antenna at Roof of 519 Antenna at Roof of HQ
\/ . - —_———_{7___1______ —_— \4/

GPS Satelite
f/— CODAC Equipments in Building 519 \ S CODAC Equipments in ITER HQ —\.\
I
S;‘lm::;:in;rrn J Symmetricom Xli -
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clock and GPS
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Time :
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Application for Tokamak Operation

® Use case in ITER Test Results
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Figure 3. Oscilloscope output of the IEEE 1588-2008 compatibility testing where
Channel 1 (yellow) represents the 1PPS signal output from the Grandmaster, Channel 2 1

T T D28 Measienee A8 T
(magenta) represents the 1PPS output of the 1* PPT slave, and Channel 4 (green) ek Ve ok, 205 T e Popditon T30 = &
-"}D.d Mirimum: -135.0840 nsec Mean. -5.636410 psec |
represents the 2™ PTP slave. Mogmune 145 17T e olendend Dewition 30531 e

Histogram of Phase Deviation
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Application for Tokamak OPeratid‘%

® Evaluation Test in KSTAR

* To verify the basic functions of IEEE 1588 (PTPv2) :
- Time synchronization
- Time Accuracy and lJitter

e Setup : a Grandmaster + 3 Slaves

Grand Master Clock
(MEINBERG LanTime M600)
(GPS Simulation Mode)

TCN Switch (CISCO IE 3000 )

NI PCI1588
PTPv2 Card

‘ # NIPCI1588
' PTPv2 Card

Central Controller Fuel Controller
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® Evaluation Test in KSTAR

Confirm time synchronization using PTPv2

nisync-ptpv2d at Central Controller

[=[=]x]

get_time at Central Controller

[BEIE

n

root@ccontroller: ~ x |ruut@ccantm\ler:~nest x }rout@ccuntm\lerr—.’test x }ruut@ccuntmller Jopt... x root@localhost: ~ x |rout@ccontm\ler:~;‘t... x root@opil6:~ x

(nitimekeeper) a_rReferenceTime: + S: 1317792893 N: 839517410 Z Current time is: Wed Oct 05 2011 :34:41.636673056, 1317792881 |*|

(nitimekeeper) a_rLocalTime: + S: 1317792893 839517408 Current time is: Wed Oct 05 2011 2.638680896, 1317792882

(nitimekeeper) 1_offsetFromTimeRef: - S: ] 2 Current time is: Wed Oct 085 2011 3.640692144, 1317792883

(nitimekeeper) 1_timeElapsed: + S: 0 N: 999782728 Current time is: Wed Oct 085 2011 14.642709360, 1317792884

(nitimekeeper) gain: 0.011363423 Current time is: Wed Oct 05 2011 5.644690752, 1317792885

(nitimekeeper) slope: 0.000000802 Current time is: Wed Oct 085 2011 6.646715344, 1317792886

(nitimekeeper) getMax0ffsetDelta: 0.000000085 Current time is: Wed Oct 085 2011 :47.648698400, 1317792887

(nitimekeeper) 1 projected0ffset: 0.000000031 Current time is: Wed Oct 85 2011 8.650719184, 1317792888

(nitimekeeper) m_frequencyAdjustmentCount: @ Current time is: Wed Oct 85 2811 :49.652715264, 1317792889

(nitimekeeper) m_currentClockFrequency: 1000000583.873201847 Current time is: Wed Oct @5 2011 0.654734496, 1317792890

(nitimekeeper) m_lastTimestamp: + S5: 1317792893 N: 8395174160 Current time is: Wed Oct 05 2011 14:34:51.656755040, 1317792891

(nitimekeeper) m_lastOffsetFromTimeRef: - 5: 0 N: 12 (|| Current time is: Wed Oct 85 2811 14:34:52.658840224, 1317792892 ||

(nitimekeeper) =|||lcurrent time is: Wed Oct 85 2011 14:34:53.660738928, 1317792893 E
—~—0 0 = G

isync-ptpv2d at Fuel Controller  |ue:- FEE)

T _ =T

root@fuel: ~ x |root@fuel:~ftest x Iruat@fue\:~nest x Iruat@\acalhust — x

state: slv, owd: 0. 84, ofm: 0. 37, drift: @ (nitimekeeper) [~

(nitimekeeper) a_rReferenceTime: + S: 1317792893 N: 839517410

(nitimekeeper) a rlocalTime: + S5: 1317792893 N: 839517470

(nitimekeeper) 1_offsetFromTimeRef: + 5: O N: 60

(nitimekeeper) 1_timeElapse + 5: 0 N: 999702720 - gedit

(nitimekeeper) gain: 0.818461731

(nitimekeeper) slope: 0.800000002

(nitimekeeper) getMax0ffsetDelt, 0.000000129

(nitimekeeper) 1 projected0ffse 0.000000105 1

(nitimekeeper) m_frequencyAdjustmentCoun ¢] Eile Edit View Termi PUIse generatlon

fn%t%mekeapar) micurrentCLuckaequanc 1000001619.320753813 Time 1 sec -9646452227 nsec

(nitimekeeper) m lastTimestamp: + S: 1317792893 N: 838517410 || ,;t@gevces bin]# genpulse 500 1000000608 508000000 1317792260

(nitimekeeper) m_lastOffsetFromTimeRef: + S: O N: 37 root@ccs's password:

(nitimekeeper)

state: slv,

owd: 0. 84,

ofm: O.

, drift: @

Pulses: 500, period: 10800000808, width: 500000000.

Time 1317792252 sec 346369040 nsec

n

isync-ptpv2d at PSH

reot@dako-pshl:~

future 1317792260s @ns

period 1s @ns
Time 1317792252 sec 378276557 nsec

state:

root@dako-pshl:~

(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
(nitimekeeper)
slv,

owd: 0.

x |ruut@daku-psh1 ~ftest

x |[root@dake-pshl: ~ftest

Time @ sec 31907517 nsec
Password:

a_rReferenceTime:
a_rlLocalTime:
1_offsetFromTimeRef:
1_timeElapsed:

gain:

slope:
getMax0ffsetDelta:

1 projected0ffset:
m_frequencyAdjustmentCount:
m_currentClockFrequency:
m lastTimestamp:
m_lastOffsetFromTimeRef:

+ 5: 1317792893 N: 839517410
+ 5: 1317792893 N: 839517437
+ 5: 0 N: 27
+ 5: 0 N: 999702720
0.018519667

0.000000802

0.000000134

0.008000853

<]

1000000790.489510775
+ 5: 1317792893 N: 839517410
+ 5: 0 N: 2

97, ofm: O.

27, drift: 0

Pulses: 500, period: 10000000808, width: 500000000.
Time 1317792253 sec 143580880 nsec
future 13177922605 @ns
period 1s @ns
Time 1317792253 sec 187152607 nsec
Time @ sec 43571727 nsec
Password:
Pulses: 500, period: 1000000008, width: 500000000.
Time 1317792254 sec 9522864 nsec
Tuture 13177922605 @ns
period 1s @ns
Time 1317792254 sec 44695821 nsec
Time @ sec 35173757 nsec

[root@devccs bin]# |:|

@) Applications  Places System &8

NFRIFsE07S
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®

® Evaluation Test in KSTAR

* Measure 1PPS of a Grandmaster and 3 Slave boards
 Measure time differences between slave cards
(5 Pulses, Period 1us, Width 100ns (repeat 5 times)

% Agilent Technologies \WED OCT 05 1254:27 2011

Application for Tokamak Operation

niulnlulls

e L
Central Controller

R

Fuel Controller

- 8 Uy U RS Y

Agilent Technologies MON OCT 10 15:19:32 2011

el WEP ) oAE Jee | W f T
Trial @ e e

1 = -90ns -10ns

2 -100ns -10ns

3 -80ns -10ns

4 - -5ns -90ns

5 -5ns -10ns
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G%omparison with Other Timing Systéms

* Providing ‘Synchronized Time’ and ‘Synchronized Events’
e Using home-made timing protocol
Master time reference to GPS time
* Dedicated optical timing network using Star-topology

NFERIZH82a72

GPS
Antenna

Central Timing System

CTU v.1

EIRT575GHz

IRIG-B DCLS

| | ——cc B
GPS Receiver

® Customized Protocol - e.g. KSTAR Timing Protocol

=9 Synchronization

 mnid i3
. F

!“.ZGb s
7
B
.‘
Ly

L

4——Calibration

LTU v.1

Y ReFIv

|
!
)
J

I0MHz (I1x10*1/month)

X CTU : Central Timing Unit
LTU : Local Timing Unit

Optical SW

\

@

~

LTU v.2

<«—» F/0: 850nm, Multi-mode
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G%omparison with Other Timing Systems

® Customized Protocol - e. g KSTAR Timing Protocol

1V/div (repetltlvely generated at ésec for 13hr) e
5ns/div El
RIN=1MQ +
——Rising time - - y ; '
{
{
| |
5 I 500mV/div
H 500ps/div  «
i Rn=1MQ

e Mult-Triggering
Timing accuracy max. 5ns (1 tick) 100ms/div
Timing Jitter <100ps,max Rin=1MW !
Output clock 1Hz ~ 100MHz
Trigger/Clock output 8, configurable
Multi triggering sections 8, configurable Trigger [ e N
Optical communication speed 2 Gbps H
FPGA Spartan-6 (150K logic cells)
IRIG-B GPS time decoding 0
PMC Form-factor, PCI/PCl-x 32/64-bit, 33/66MHz Clock p= & sectl s cdnfigdred)
EPICS device driverin Vxworks, Linux 2.4x/2.6x
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omparison with Other Timing Systé?ms
® WHITERABBIT

* To provide precise timing and events distribution for high-end
real-time system
- Sun-nanosecond timing accuracy
(using compensation of signal propagation delay)
- Packet loss : 1012
(forward error correction and introduction of QoS)
* WR timing network : a deterministic field bus based on
synchronous giga-bit Ethernet and Precision Time Protocol
* It operates with completely open license on hardware and
software
* Itis a growing future protocol and currently working prototype is
released
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Conclusions

® Pros and Cons

Generally Spoken Advantages

* Easier and Cheaper implementation
Suitable for widely distributed facilities
Non-time critical applications
Commonly proven technology
Guaranteed long time

Weaknesses for Tokamak Operation
* Lack of event synchronization
- Need extra cost to provide synchronized events
- Synchronized sampling clock signals are also necessary for
data acquisition
* Somewhat, insufficient timing accuracy
- to support high-speed DAQ systems
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