IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588:2009(E) |EEE Std. 1588(E):2008

& IEEE IEC 61588

Edition 2.0 2009-02

INTERNATIONAL IEEE 1588™
STANDARD

(oX
Precision clock synchronizatioh protdcol for nw measurement and

control systems




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2008 IEEE

All rights reserved. IEEE is a registered trademark in the U.S. Patent & Trademark Office, owned by the Institute of
Electrical and Electronics Engineers, Inc.

Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from the IEC Central Office.

Any questions about IEEE copyright should be addressed to the IEEE. Enquiries about obtaining additional rights
to this publication and other information requests should be addressed to the IEC or your local IEC member National
Committee.

IEC Central Office The Institute of Electrical and Electronics Engineers, Inc
3, rue de Varembé 3 Park Avenue

CH-1211 Geneva 20 US-New York, NY10016-5997

Switzerland USA

Email: inmail@iec.ch Email: stds-info@ieee.org

Web: www.iec.ch Web: www.ieee.org /\ %

N

About the IEC

The International Electrotechnical Commission (IEC) is the leading glob
International Standards for all electrical, electronic and related technologies:

About IEC publications

The technical content of IEC publications is kept under consta
latest edition, a corrigenda or an amendment might have been(publi

= Catalogue of IEC publications: www.iec.ch/sea{m
The IEC on-line Catalogue enables you to search a
It also gives information on projects, withdrawn and replac

" |EC Just Published: www.iec.ch/online_news/jugtpub
Stay up to date on all new IEC publications. Just
on-line and also by email.

" Electropedia: www.electropedia.
The world's leading online di
in English and French, with
Vocabulary online.

s containing more than 20 000 terms and definitions
ages. Also known as the International Electrotechnical

® Customer Service £ e: www.iec
If you wish to give us\yodr
Centre FAQ or contact us;

Email: csc@iec.ch
Tel.: +41 22 919 02 1



mailto:inmail@iec.ch
mailto:stds-info@ieee.org
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch

IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588

Edition 2.0 2009-02

INTERNATIONAL IEEE 1588™
STANDARD

Precision clock synchronization\protosol for networked measurement and
control systems

O

INTERNATIONAL
ELECTROTECHNICAL

COMMISSION PRICE CODE X H

ICS 25.040.40; 35.110; 35.240.50 ISBN 978-2-88910-546-5

Warning! Make sure that you obtained this publication from an authorized distributor.




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

—i- IEC 61588:2009(E)
IEEE 1588-2008(E)

CONTENTS

FOT@WOTA. ...ttt h ettt e h et e et e et s et et e s bt e st e et e es e e beeme e bt emeesaeemeeaesneentanneans xi

TEEE INErOGUCTION. ...ttt ettt ettt b sttt et e st e bt e bt sbe et et e s et e s eneeneeneeseebesaeseennan Xiv

L. OVETVIBW ..ttt ettt eh et ettt h e s bt bt e h e bt e st e st et et e bt e bt e bt e bt eb b e st et e b e st e e b e sbeebe et ennentens 1
B BT o T ST PSPPI 1
LL2 PUIPOSE ettt ettt ettt et e st e s et e et e e sat e s ab e e s ab e e sabee s et e e eabeesa bt e sabeensbeesabeenabeesabeenaes 2
1.3 Layout of the dOCUMENL .......cuiitiriiiriiieieieenet ettt ettt st ebe et enens 2

2. NOTMALIVE TEIETEICES. ... vvevietieneieieeieetteste et eteeetesttestte st eseenteseeesstaseenseenseessessaenseenseensesnsesnnesseenseenseenseans 3

3. Definitions, acronyms, and abDIEVIAtIONS ..........cceereerieriiiiierierieeie et etce sttt eeeestee st ae e seeseeeeeeneeeee
O B B ) 1015 0] 1RSSR
3.2 Acronyms and abbreVIations .........ccecceereeeieriesieeieeieetese e

4. CONVENLIONS ...ttt etieteeiieteteete sttt etteseestestestesbeebeeseeneensessensessesueeneeneensensensessegfAkeeneeneensensDgereessesseeneeneenes
4.1 Descriptive lexical form SYNtaX ..........coceverererieneneeieneeieieneeseseseseo e seeree (oD Nee st e s\ ereemeeneeneens
4.2 WOTd USAZE ....evieeveevieiieiieeieeie e sieesieesseeseessesssessnesseesseessesssessnesseesseCornesNes Do eesssDgeersDgeesseerseeseesses
4.3 Behavioral specification NOtAtION ............eeeveecveriereenieeneeeeseeseesmore oD ereeNeessNereesssNeers o NG Zaernernnes

5. Data types and on-the-wire formats in a PTP system
5.1 GeNETal ..ot e N
5.2 Primitive data type specifications
5.3 Derived data type SPeCifiCationS..........ccvevveerueereeeeie fomiiene DN geeesneeseesNerseosrersesnessnesseesseensesssenns
5.4 On-the-wire formats

7.3 PTP com

A D 1034 F: 311 V- S N N N N N SRRSO
7.2 PTP tile

9. PTP for ordinary and boundary ClOCKS .........c.occuirieriieiiieiiciesieie ettt seae e nees 76
9.1 General protocol requirements for PTP ordinary and boundary clocks..........c.ccecevverieiiniencncncnnenn 76
0.2 StALE PIOLOCOL....cuiteiitiriteiietet ettt ettt ettt ettt b e sttt et et et b e et be et eee et 76
9.3 Best master clock al@OTIthim .........couieiiiiiiiiiiii ettt 83
9.4 Grandmaster CIOCKS ......c..coiriririiiiieterteet sttt ettt ettt et a e sae bbbt et et e ee 92
9.5 MesSage ProCESSING SCIMANTICS ....c.eerveeeeeuieeuiertiesteeteeneeeseesteenteeseeneesneesseesseenseesesseesseanseeseensenseanseans 93
9.6 Changes in the 10Cal CLOCK .........eiiiiiiii e 107

10. PTP for transparent CLOCKS. .........oiiiiiiiiee ettt sttt s 107
10.1 General requirements for both end-to-end and peer-to-peer transparent clocks.............ccoeeveenneeee. 107
10.2 End-to-end transparent clock reqUIremMENtS ..........ccveeveiieiierieeriiereeeeete et ere s eeee e e e sae e eeis 108

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588:2009(E) —ii -
IEEE 1588-2008(E)

10.3 Peer-to-peer transparent Clock reqUITEMENTS. ..........coueriiriiiiriiieeieeieee e 108
11. Clock offset, path delay, residence time, and asymmetry COrTeCtions ...........cecueveeeruereereenieseesereeeeenes 108
11.1 General SPECITICALIONS. .....c.eecuierieiieiieiiesteeteete et eteebeeeeeseee st esseesseessesseesseessesssesssesseesseessesseesses 108
11.2 Computation of clock offset in ordinary and boundary clocks ...........ccoeevvirciirienieniieieiieseene, 109
11.3 Delay request-reSponse MEChANISIN.........c..ccviiieiieriieriieie ettt eeee e esbeebeesseseaesaeesaeesseesaeens 110
11.4 Peer delay MEChANISI .........coouieriieiieieeieeeesieee ettt et et esae e teesbeessesssessaesseeseensessnenns 112
11.5 Transparent clock residence time correction for PTP version 2 events ........c..cccceceeeeieieneenennenne. 117
11.6 Asymmetry correction for PTP version 2 event MeSSagEs.......cccvevieverrerierieeiieereneesieessessesnenens 120
12. Synchronization and syntonization 0f ClOCKS ...........ccerieririnieniriinieieieeseene et 122
12,1 SYNEOMIZALION ...ttt sttt sttt ettt ettt be s bt ettt ebe et et et sbeebesaeeaeeneeneen 122
12.2 SYNCRIOMIZATION ...ttt ettt sttt et ettt ettt sbeebeeaeeaeeneensen 123
13. PTP MESSAZE TOTTNALS .. .eeeiitieiiieiiietieet et ettt ettt ettt et et es e bt e b e e be e tesseesbeeseeesaeeeeeneeene

L B € 1< 1 1< v | LSRR SRR SRR
13.2 General message format requirements
13.3 HEAGCT ..ottt e 5N et e s e e eneeneeneen
134 SUFTIX 1ottt st AN o1 oo g er o0 Dgeeneenean
13.5 ANNOUNCE MESSAZE ..eevvveervreeereerireenireeniieenireesireenieessreeesseessseessseessseesssSrree e NeeeerssNeree N ereeNeeess
13.6 Sync and Delay Req MeSSages......ccvevvieieeierieniieieeienieseeneene e oo e e N oo Do e o e DL e
13.7 FOlIOW _UDP MESSAZE ..eevvvevvieereeereeiieiieieeieeveeeesieesseesesnesnesnesNorseernsreNer e Neeers s\ reepteesnessnenes
13.8 Delay ReSp MESSAZE ...vveiveevierieiieieeieeeieieeieeie e e e st Ne e oo See e Neeeere e onsneennesnnennns
13.9 Pdelay Req MESSAZE ....veeuveeeieeieiieiieieeieeieeieeie e see e SO\ e\ e oo ey v eeneeensesmnesnnesnns
13.10 Pdelay Resp MESSAZE .....eevvvervieiieiieieeeieniieieeieee s Zannne Do Dagee oo eeees N oo veenre e sneenesneesees
13.11 Pdelay_Resp Follow_Up message
13.12 Signaling meSSage .......ccevevueerueevereeneeneeanesy
13.13 Management message

14. TLV entity specifications ..........c.ccoee Ngeeeee e
14.1 General requirements...........c.oceeeeeeeNeereeesNee o
14.2 Experimental TLVS .....cccooveeieeee o)

15. Management..............oeeeeeeoloneee NG Dgeree o)
LT € 1 1 | O N IS T Do

15.3 Processing 0
15.4 ManaQ@ )
15.5 Managenyé

17.4 Alternate Master (OPtIONAL) ......c.eecvieierierieieete et ettt et e st et e e e seee st esseensesssessaesseenseensessnenes 172
17.5 Unicast diSCOVETY (OPHIONAL) .......cueruierieiieieeiestiereeieeteete e steese et e sseesse e teesseessessaessaensesnsessnennes 173
17.6 Acceptable master table (OPtIONAL) .......coeeeeieiiriiiiiriinicrceeree ettt 175
18. Compatibility TEQUITEIMENLS ....c..eetietiriieitieitierte ettt sttt ettt et et e e ee e s bt e sbeenbeemtesseesbeeneeenaeeeeeneeene 177
18.1 Compatibility between version 2 and fUture VErSIONS. .........ccerererereeieieriee e 177
18.2 Compatibility between version 1 and VEISION 2..........c.ccvecvieieeienieenieerieieseesieeseenesneseeesseesseens 177
18.3 Message formats and data tyPES .....ceeceerveeiieieiieiieie ettt ettt sre e ees 178
18.4 NAMING CRANZES ....eeveiiiieiiieiiiieieeie ettt eteeae st esae e teesbeessesseesseesseesseessesssesssesseesseessesseesses 183
18.5 Restrictions on mixed version 1 and Version 2 SYStEIMS.........c.eevverreerieeereeiereenieneeseeseessesnesnennes 183

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

—jii IEC 61588:2009(E)
IEEE 1588-2008(E)

1. CONTOIMIANCE ... eeeieiieeiieiiete ettt ettt et e et e st e st esaeeneeeaeeesee st enseenteenseesseaseesseenseensesneesneanseenseenseans 184
19.1 CoNfOrmance ODJECTIVE ......ecueeiieeieiieieeiiestete et eteeteestte st eteetesaeesseenseenseeneesseesseenseensesnseensesneennes 184
19.2 PTP conformance reqUITCIMENLS ........eeueetereerueertieteeteeeeseeeseeesteeneeeneeeseesseenseenseeneesseesneenseennesneesns 184
1.3 PTP PIOTIIES .ottt ettt ettt sa e s et et et e st e e ae e bt et e e aeenseemeesneenaes 185

Annex A (informative) USING PTP.......cooiiiiie et 187

Annex B (informative) Timescales and epochs in PTP..........cccoooieiieiiiiiiienieececeeeeeee e 197

Annex C (informative) Examples of residence and asymmetry COIrections...........ccveeeerveeveseerreecueeeennens 200

Annex D (normative) Transport of PTP over User Datagram Protocol over Internet Protocol Version 4. 219
Annex E (normative) Transport of PTP over User Datagram Protocol over Internet Protocol Version 6.. 221

Annex F (normative) Transport of PTP over IEEE 802.3 /Ethernet

Annex G (normative) Transport of PTP over DeViceNET .........ccccovvvivievienieieeeee e e
Annex H (normative) Transport of PTP over ControlNET .........coccorieiiiiininceee s N e S
Annex I (normative) Transport of PTP over IEC 61158 Type 10
Annex J (normative) Default PTP profiles ........ccoocovieiieiieiiiiiieeieeee e OGN e Do Nereereennens
Annex K (informative) Security protocol (experimental) .............. /- Neeerxgee oo MereNereee e e
Annex L (informative) Transport of cumulative frequency sca

Annex M (informative) Bibliography...........cccceevrveniennen,

Annex N (informative) List of partcipants

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588:2009(E) —iv—
IEEE 1588-2008(E)

TABLES

Table 1 ~ —Primitive PTP data tyPes ...ccvecueeriiiiiiiiiieceeit ettt ss e s st ssaeaeesaeeens 12
Table 2 ——dOMAININUIMDET ........ootiiiiiiiiiitietiet ettt sttt ettt ea et et sa e bbb ebe et enee 41
Table 3 ~ —networkProtocol @NUMETALION .........ceueriiriiriiriiitieieeiieiet ettt 46
Table4  —Non-EUI-64 addressTechnology enumeration ..............c.eevecveeienienieesieesienieseeseesaeeaessne e 51
Table 5  —CloCKClass SPECITICALIONS.......ccuievirieiieiieiteeieete ettt et ete et e et e eteesbe e b e essesssesseessaesseensesnnenens 55
Table 6  —ClOCKACCUIACY ENUMETALION .....eevieneieeiieeieeiiesiieie et eete et et et enteeteeeaesseesseenseesesneesneesneenseenes 56
Table 7  —timeSOUrCe ENUMETALION ........c.eerveereeeireeeeeiieeeeerieeeeeneeeeeeseee e eneeeneesenenness

Table 8  —PTP state enuUMETation.........cccceeeeruieienienienienenteneeieeeeteeeee ey

Table9  —Delay mechanism enumMEration ..........c..cceeeeerieecveeeereeneenreeee oo

Table 10 —PTP portState definition ...........ccvevveeciercienieriene e e N e oo o)

Table 11 —Event applicability in boundary clocks

Table 12 —Information sources for data set comparison algorithiay ....-NQu.. o N\ ereereeDeerererreerseeruesnnenes
Table 13 —Updates for state decision code M1 and M2

Table 14

Table 15

Table 16

Table 17

Table 18 —Common

Table 19

Table 20

Table 21

Table 22

Table 23

Table 24

Tablé25
Table 26
Table 27
Table 28
Table 29
Table 30
Table 31
Table 32
Table 33

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

Table 34
Table 35
Table 36
Table 37
Table 38
Table 39
Table 40
Table 41
Table 42
Table 43
Table 44
Table 45
Table 46
Table 47
Table 48
Table 49
Table 50
Table 51
Table 52
Table 53
Table 54
Table 55
Table 56
Table 57
Table 58
Table 59
Tablé
Table 61
Table 62
Table 63
Table 64
Table 65
Table 66
Table 67
Table 68

—v- IEC 61588:2009(E)
IEEE 1588-2008(E)

A IVTYPE VALUES ..ottt ettt ettt ettt e s e e e et e st eeneeeneeeeenneens 134
—Organization specific TLV flelds ........cccevieviiiiiniinininiccccccreese e 135
—Acceptance of ManagemMENt MESSAZES ......c.eerueeeieerriertierteeieeteeseesreesseeseseeseesseesseensesneenns 136
—Management MesSSAZE fIClAS.......eevvieriiiiiriirieieie e 137
—Values of the actionField.........cccoiviiiiiiiiiiiii e 138
—Management TLV fIelds........cceoiiiiiiiiiieiee ettt ens 139
—manageMENtId VALUECS .......cc.eviiiiiiiieiieti et st ne 140
—CLOCK_ DESCRIPTION management TLV data field...........cccccoeminininenicniniicicienne. 141
——ClockType SPECIfICAtION. ......eeveeeeeieeiieie ettt
—USER_DESCRIPTION management TLV data field

—INITIALIZE management TLV data field ..........ccooceveninnenc 2N
—INITIALIZATION _KEY enumeration ...........ccccceeeererre oD ereNeresNoee D
—7Fault log severityCode enumeration.............c..ecueeeeeogereeNererenenen
—FAULT LOG management TLV data field
—TIME management TLV data field

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588:2009(E) —vi-
IEEE 1588-2008(E)

Table 69 —PRIMARY DOMAIN management TLV data field...........ccccoevininininininnninncicicnene. 156
Table 70 —TRANSPARENT CLOCK PORT DATA SET management TLV data field................. 157
Table 71 —MANAGEMENT ERROR STATUS TLV format........cccoceveerineinenieinieeeneieeseees 157
Table 72 —managementErrorld enUMETation ..............cvecierierieriieieetesieseere e ere st ese e esaenseens 158
Table 73 —REQUEST_UNICAST TRANSMISSION TLV format........c.cccccevenevninemninreeneienennes 160
Table 74 —GRANT_UNICAST TRANSMISSION TLV format .........cccccovevveireceninreerireeseceenenes 161
Table 75 —CANCEL_UNICAST_TRANSMISSION TLV format .........ccccoceveirecveineneinneencienennes 161
Table 76 —ACKNOWLEDGE_CANCEL_UNICAST TRANSMISSION TLV format ..................... 162
Table 77 —UNICAST NEGOTIATION ENABLE management TLV data field . . ...c.ccoceoenennenne. 162

Table 78 —PATH _TRACE TLV format.........ccccceevvvrieniieiieieeieseeieeve e deeeremrmenreNerreenreennens 164
Table 79 —PATH_TRACE_LIST management TLV data field ............... 2NN ve oo e Neee e Nereees Nereenns 164
Table 80 —PATH TRACE ENABLE management TLV data field.. ...\ N Neeere e N 164
Table 81
Table 82
Table 83
Table 84
Table 85
Table 86
Table 87
Table 88
Table 89
Table 90
Table 91
Table 92
Table 93
Table 94

Table 96
Table 97
Table 98
Table 99
Table 100
Table 101
Table 102
Table 103 —Version 1 control field and version 2 messageType field mappings .........ccccccveeveeeennenne 180

Table 104 —Translation of flagField from version 1 to VErsion 2 ..........cceccevieveeneeneeieesieseieneeeeenns 181

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

— Vi - IEC 61588:2009(E)
IEEE 1588-2008(E)

Table 105 —Translation of flagField from version 2 to Version 1 ..........ccccccovevevienierieevesieseenieenenns 181
Table 106 —Version 2 fields with no version 1 COUNtEIPATt........c.cccvevvereerieeeieiierierieereeeeeereseeeieens 182
Table 107 —Version 1 fields with no Version 2 COUNtEIPATt........c.cccvereereerieriereerierieereeseesreseeeseeens 183
Table 108 —INAME COTTESPONACIICE. ... ecvvieeiiiieeeietietieteeereetteeteeeteebeesbeebeesaesaeesteesseesseessesssesseesseensanns 183
Table 109 —MiXed SYStEM TESTIICTIONS ..veevvieirieeiieeieetieteeeteeeteeereetee e eteeteesreseeesreesseesseesseesseessesssessaens 184
Table B.1—Relationships between timeSCALES..........cccciervieriieiiiieieeieete ettt sreeae e ereesreeseens 199
Table C.1—Interpretation of Figure C.1 Key VAIUES .......cccoieviiiiiiiiiciieceeieeieeee et 202
Table C.2—Interpretation of Figure C.2 K€y VAIUES .......ccccvieviiiviieiiciiecieicereeee st 203
Table C.3—Interpretation of Figure C.3 Key VAlUES .......cccovieviiiiiiiiieiieceeieeieee et 205

Table C.4—Interpretation of Figure C.4 key values .........ccccceveeviiiiiiiniinieieeene 1 SRR U 207
Table C.5—Interpretation of Figure C.5 key values .........cccovirniiiiiiinienic D

Table C.6—Interpretation of Figure C.6 Key values .........ccceevieviiiiiiienimeees SeeeseNene

Table C.7—Interpretation of Figure C.7 Key values ........cccocvevreriirieniecNereeeer eSO N oo

Table C.8—Interpretation of Figure C.8 Key values ........ccoovevii e inri DN e N e reeee Noerreerseensesnnesneeans
Table C.9—Interpretation of Figure C.9 Key ValUues ........... i iocc. DN e Nereeorersnesseenseessessneseenns
Table C.10—Interpretation of Figure C.10 key values

Table C.11—Interpretation of Figure C.1 Vkgy valye

Table D.1—IPv4 multicast addresses....... ... ..

Table D.2—transportSpecific field values/”............. ..

Table K.3—algorithmld VAIUES ........cc.oeiiiieiieiiecee ettt et 261
Table K.4—ICV and pad Iength........ccccoiriiiiiiiiiii ettt 261
Table K.5—AUTHENTICATION CHALLENGE TLV ....cccciiiiiiininininininieieeetetenene e 262

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

@o

IEC 61588:2009(E) — viii -
IEEE 1588-2008(E)

Table K.6—challengeTyPe VAIUES .......cceeoiirieiieiiieiiee ettt ettt ettt e eeeneeeneenneens 262
Table K.7—SECURITY ASSOCIATION UPDATE TLV .....ccccciiiiininininiiineetcieecenese e 263
Table K.8—addresSTYPE VAIUES ......cccuieiieieieieeiieiiete ettt ettt ettt e s ee st e saeeseeneeeneesseenneens 263
Table L.1—CUM_FREQ _SCALE FACTOR_OFFSET TLV format ..........cccecovecerinveinenreineneeneennes 266

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

—ix— IEC 61588:2009(E)
IEEE 1588-2008(E)

FIGURES

Figure 1 —Mealy state transition diQZIam .........ccceeeveevveiiieiierieeieeie e etee ettt eereeereeeeesreesbeebeeseesaeseeeseas 10
Figure 2 —Model of an ordinary ClOCK ...........couiiviiiiiiiiniieiiieiieteeeeseete et saaesae e ens 19
Figure 3 ~—Model of @ boundary CloCK..........occuiiiiiiiiiiiiiciece et 21
Figure 4 —Model of an end-to-end transparent ClOCK ............cccevieriieriieiieiicieeee e 22
Figure 5 —End-to-end residence time correction model............cooeiieieiiiiiiiiniiieie e 23
Figure 6 —Combined ordinary and end-to-end transparent clock............cccooerireiinenininieeeee 25
Figure 7 —Model of a peer-to-peer transparent Clock...........ocoiiviiiiiiiiiieeeee e 27
Figure 8 —Peer-to-peer residence time and link delay correction model............ . foeoceecc. N vererieeiennnne 28
Figure 9 —Combined ordinary and peer-to-peer transparent clock. ...........,aN

Figure 10 —Simple master—slave clock hierarchy .............cccoooeiiiince e\

Figure 11 —Pruned mesh toPOlOZY «...eovveeiiiiieieieeeeee e N e SN et

Figure 12 —Basic synchronization message exchange

Figure 13 —Link delay measurement. ...........coocveveerieo it NG NN e e e s Npeeeemseneeeneeeneeeneesneenseenneas
Figure 14 —Timestamp generation model

Figure 15 —Hierarchical topology .
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24

Figure 26
Figure 27
Figure 28
Figure 29
Figure 30 —Receipt of SyNc MesSaZe LOZIC ...oouveruiiruieiiiiiieie e 98
Figure 31 —Receipt of Follow _Up message 10ZIC ........ovviriiiiiiiieiieieeeieeee e 100
Figure 32 —Receipt of Delay Req message LoZiC .....o.evuvieiiriienieiieieeeieseeee e 101
Figure 33 —Receipt of Delay Resp mesSage I0ZIC.......ovvirieriieriieiieieiieiiesiee et 103
Figure 34 —Delay request-response path length measurement .............cccceeevererenenieeeieieieeenes 110

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

IEC 61588:2009(E) —x—
IEEE 1588-2008(E)

Figure 35 —Peer delay link MEASUIEMENL .........cocueiiiiiiiiiieieeeee et 113
Figure 36 —Permitted mixed system configuration .............ccocceeeerierieniere e 183
Figure 37 —Profile Print fOrM .........ccoiiiei e 186
Figure C.1—Master, end-to-end, and slave one-step clocks; no asymmetry correction .............ceceevennenne 201
Figure C.2—Master, end-to-end, and slave one-step clocks; with asymmetry correction ...............c......... 202

Figure C.3—Master two-step and end-to-end transparent and slave one-step clocks; with asymmetry
COTTEOLION ...ttt ettt ettt et et ettt ea et e et et ettt sb e bt sb e e bt e et et e st et et e nb e e bt e bt eueeatemteabemt et e besaeebeeueeneennennen 204

Figure C.4—Master and end-to-end transparent, two-step, and one-step, slave clocks; with asymmetry
correction

Figure K. 1—P® S
Figure K.2—Challepge

Figure K.3—Se¢

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |




IEC 61588 Ed. 2.0 - Preview only Copy via ILNAS e-Shop

—xi - IEC 61588:2009(E)
IEEE 1588-2008(E)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRECISION CLOCK SYNCHRONIZATION PROTOCOL
FOR NETWORKED MEASUREMENT AND CONTROL SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes/International Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical 4 itffess;

2) The formal decisions or agreements of IEC on technical mat & as N as possible, an
international consensus of opinion on the relevant subjetts si 3 i committee has
representation from all interested IEC National Committees.

8 accepted by IEC National
Committees in that sense. While all reasonable efforts are e at the technical content of IEC
Publications is accurate, IEC cannot be held respons in0 which they are used or for any
misinterpretation by any end user.

transparently to the maximum extent possi i ati regional publications. Any divergence
between any IEC Publication and the ¢ ational or regional publication shall be clearly

International
Industrial netwo
control and au

The text is based on the following documents:

“\AEEE Std FDIS Report on voting
1588 (2008) 65C/510/FDIS 65C/517/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The committee has decided that the contents of this publication will remain unchanged
until 2013.

|Pub|ished by IEC under licence from IEEE. © 2008 IEEE. All rights reserved. |
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards
through a consensus development process, approved by the American National Standards Institute, which
brings together volunteers representing varied viewpoints and interests to achieve the final product. Volunteers
are not necessarily members of the Institute and serve without compensation. While the IEEE administers the
process and establishes rules to promote fairness in the consensus development process, the IEEE does not
independently evaluate, test, or verify the accuracy of any of the information contained in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim liability for
any personal injury, property or other damage, of any nature whatsoever, whether special, indirect,
consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance upon
this, or any other IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the matgrial contained herein, and
expressly disclaim any express or implied warranty, including any implied warrant
for a specific purpose, or that the use of the material contained herein is infringement.
IEC/IEEE Dual Logo International Standards documents are supplied “AS IS”.

EE Standards represent a consensus of concerned
has also received the concurrence of a balance of
g of 1ts societies and Standards Coordinating Committees are
not able to provi bation requests except in those cases where the matter has

previously rece

g IEC or IEEE. Suggestions for changes in documents should be in
ther with appropriate supporting comments. Comments on standards

Institute © h :
Clearance Ce . To arrange for payment of Ilcensmg fee, please contact Copyright Clearance Center,
portions of any individual standard for educational classroom use can also be obtained through the Copyright
Clearance Center.

NOTE - Attention is called to the possibility that implementation of this standard may require use of subject
matter covered by patent rights. By publication of this standard, no position is taken with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.

[ Published by IEC under licence from IEEE. © 2008 IEEE. Al rights reserved. |
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