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Clock synchronization method in ring network
based on PZP transparent clock

YAN Si-zhe, GONG Long-qing, LIU lu, XV Dan-ni

(Xian Microelectronics Technology Institute, Xian 710054, China)

Abstract: Due to the particularity of the asymmetric network structure, there are difficulties in using the protocol for
clock synchronization. This article analyzes the reason why the protocol is difficult to be compatible with asymmetric
network. It focuses on the defects of using 1588v2 in the asymmetric ring network and gives simulations of original
algorithm based on the protocol. Thus, a set of P2P transparent clock-based clock synchronization algorithms for
asymmetric ring network is designed on the basis of avoiding the use of delayAsymmetry correction values.
Experimental results show that the algorithm improves the synchronization accuracy and makes the 1588v2 protocol
better applicable to ring networks.

Key words: clock synchronization; IEEE1588v2; delayAsymmetry; ring network

i 22 » 1) P2 i 2 )80 B DRSS e ] o 5 il ] 3= I
1] 2.
[F] 24T SO H K 2Bk A 3t i 7 FE A s T Bk

1 3§
C R 5 478 1] 28 G0 VE B 4 [R) 25 P DS0b T )

(Precision clock synchronization protocol for net-
systems-!,
PTPv2) IEEE 1588v2 & #ji T 2008 41, H KL A J5
PR = (F W4, Master) DA (MBS 4f1, Slave) B}
PROLEE, TP 2 () 52 B RDEAR AL D R (R B
14 5 3 FNZ TR R] o 50 e — 2R A R 5 IR

AT IR RGER W 45 B PR T 32 DA ]

worked measurement and control

WisBEE. 2019—11—26; {€E HEF. 2019—12—27

LR AT AEIR X IEIR 53 Ry IR 5) - EBE I T A5 %
R 7= A ) e 6 A0 i 8 3 v [R5 8 B 7 A 11 B A B
FF. 3K T E i 2 BRI ] 2D K B2 1588v2 Zefilk T I
TR HE RS [, A NA R T R o A S (R 1
R R KT, I LA e 1 24 =X [R] 25 oG B o
. PSR FH B4R SCRR A PTP 230, 43 A m A . S
] SC CGH S i 55 AOKS B B 38, AL 45 Sync, Delay _



70 P T2 SR

2020 4F

Req.Pdelay Req #ll Pdelay Resp) #1318 iz 3¢ O~
FAIn 3545 #a Bk . 245 Announce, Follow Up. De-
lay_Resp.Management, Signaling ).

ARSCHIT GRS o SC MR R T H . R
SR S A7 DO RE RN W) 26 D) RE. 3815 e SCRI R] 25 4 SC
SITEM L = AR phae , R RO SO [l 28458 1 4%
A (] o 9T 1v) S8 1) HE BA L S5 R 0 A 2 AN R A 3
AR SOK BIHFE Y I [ AN ] AT H Y 9 25 523k
SRR 0 25, X Al o A 0 4%, 1588v2 A fift bl Ty vk 2 5
MMEIEAA delay Asymmetry™. {H IF f& i T4 SCTE
2o ] iR A8 B 2 7 A HE BA L i 5% A AN AT S A Ak
B FEER S RAE Y delay Asymmetry {HERA
[F). PRI AAEAS [ 5, S e AR i, 78 TR SE PR
HELLAE I

SR bR ) 8, A SCETE T — AN T A
delay Asymmetry {H iR AEXTFR W £ bif 4 [ 2 B
W IFHEAT T SEBIAIE X 1588v2 MM T —
.

2 1588v2 TRYAERTFRERM Bl 45 & ik B HERFH

2.1 P2PiEHARISRS P2P B HLE

1588v2 & 4 T 35 BH it 4h ( Transparent Clock,
TO) AR, 175 Wb FH 000 2 i S A%y 3 B3 s i)
IF5 A SC Bl = R B e S (Follow _Up) A 1E 5
L RSP 2 T TR R P s AR AR g 3] i a7 ] s
B (E2E TO) Fxt & Wil (P2P TCO,

P2P TC 84> s 1 HRA — A Ms e, 7R
e A v 5 R b e — R 2 A g 11 2 [ ] 1Y) i
FEAERF . SRR ST S Z A T ENZ . TR
BER R XA RYT B 1 BT R, X B LA [ Master-
TC-Slave JZ5H) B4 21 1588v2 1) P2P [F] 2 i -

(1)Master [n] Slave A& 3% Sync g 3C (7 . F 3CHT
A7 B B 20 R R RSO AR IR A A BB ), f SCF
19 T e in N2 BNITE TC T T e o I Z i TC, Slave
TE To B ZI 3] Syne 4 3C.

(2) TC AUt ®| Syne 305 - T Ty W Z10] Mas-
ter &% Pdelay Req $k 3C, Master T T, Bsf ZI| 205
2| R . Bl )5 Master [n] TC [ & Pdelay Resp #
SCL RS R & BRI E] 3002 T Te.

(3) Slave fEY #] Sync e /5, T T B Z n]
TC k& i Pdelay _Req 42 3C, %4k 3C T I %) ) 35
TC. W)5, TC F T, Bt Z[n Slave A5 Pdelay Resp
3 ST To B ZIF)5k Slave.

BEE ISP 22N Tore » BERE I TH] g Tas, TC

ENF MB

p2p T,
BB ==~

B 1 P2PREFHHLH

5 Master, Slave 2 [] i95E i SE B 535108 T F1 T
ﬁ H
Ty = Tsyncﬁom - Tsyncﬁin
iz U Master 2| TC 283 (5ER S5 N TC
[] 5] Master HYHERE—5. £ -
Tw=(To—T,+Tu—Ty/2 @b)
[ #FEARIsE Slave 2] TC 1#ERS TC ) Slave (1)
Te=((Ty—Tuyu+Ts—Ty)/2 (2)
Toter = To— Too — Tow — Ty (3
XFERAR B T IS PP 25 Tofreer » Slave HR i
AR TEAS IS [8] L 558 B T 1] aster (4 [R] 25
2.2 AXFRIEEE delayAsymmetry {EIE{E
1588v2 [a] 5 J& A H 1 I 2% 19 X Bk e P B0
T FEAR ] I 28 B A 1 ) R e, 32 B B 2 AR Y
1 SCFT DA B o 28] S S Ao 1) i SO 388 Ao [] — ) 4% i
BTSRRI 4%, BB A T B IE{A dela-
yAsymmetry, i 2 7R, to 38 #i S Master |
Slave JHFE Y B[] , £, 78 R SC M Slave & [B] Master
THAERYITE]. meanPathDelay 2718 P& HY S Bl <<
meanPathDelay™>= (¢, + tu)/2.

| B DIV o |

| I Btk 4 |

2 AR



108

T RT 4 5T P2P 37 W I 1 BRI 190 4% B e A 7 1k 71

T Master 3] Slave FIE#E 5 M Slave 1 7]
Master i E&AE A8 — 0, {H I FE 17 B ] A — 2
[, delay Asymmetry 5 f & € [l B 0] 2 22, @ X
LU

tms = meanPathDelay 4+ delayAsymmetry

teqn = meanPathDelay — delayAsymmetry

N delayAsymmetry = (fps — fan) /2 €Y
2.3 ML

I 246 B 45 8 45 1 R 8 RS TR
4 VAT PRIE 2%, & DA I [B] AN AR ] 7 i 2 B i
£ 5 Master, H431% %54 Slave, Master i [8] A 75,
B4 Slave fE1E A Brinf a4, 5] Master [A]25.

ESO Esl
(Master) (Slavel)
ES3 ES2
(Slave3) (Slave2)

B3 MK

2.4 1588v2 THYAEXTFRIA W [E] 25 Bk b

S 1588v2 T A [F] A0 e , ik HL DA 3
7R 9 ERIE I 48 SR f51] L B Slave3 43-#r.

W R A SC M Master HY & ), Master 7 3l i}
(B4 tm » B)3K Slave3 WIHF 218 1o B 5 Slave3 [a]
Master [815 [A] 25 4 S, i SCHY H % B3k B 21 43 )
H to tme. B Slave3 5 Master Z [A] 1 I 4 22 4
Toffset 9ﬁ:

Lo =t = Lo T Tottser stur — Lo = Lan— Lo X
AR 15,

Toite. = delayAsymmetry + (¢,, — t,0 + to —
L) /2 (5)

PRI s ZE R Tore » BETF 2L TR delay Asym-
metry {H. {H 1588v2 PSR » X 12 (A 14 P 4 A8 7
P RIS L S U B (B A e, T T AV MRS 4
07 [} [ 25 R 6 64 53

i UM\ Master 3| Slave3 FriEFERIET ] £, 7] 53
R =AY

(1) TEL P& AL TE] T

(2) v [H) 58 48 7 J JIT S 6 1) BT ] kA B e
BFE] T, i ik B8 — A 4 fff AT i SC P 2% L 1B O
SCEE N5 B AR TR S AT R R T FE IR ] 7 3%
T2 B E 0, & — D EE . BT Master fll
Slave3 Z [a] 4 W /> H 0] 15 45 ES1 Al ES2, # K
TtFSlm s %ﬂ TtFSZm s s

(3) MR PR A A B A KR AE S MR SCHE
e R Z AT T AR R IE I R R SRR ] T A
P08 245 v ] A 77 [) 205 1 SCOFITIE 75 41 SC PRl S0 2%
PR RS HEBNAFE 7 L T 0, DR AR B 1Y
T AR E M BAE R Topsim s A1 Topsom <

tms = Tam—s + Tigsims T Tesoms + Tuksim— +
Ty esoms

[ FH, M Slave3 2] Master AR}E] 24, 9+

tas = Tasm + Tiesicm T Tiestem + Tobsism +

TWESZ s—m

A TR B A2 — B0 W Tun s = Too s fRAS
DA

delayAsymmetry = (Tgsims + Teoms —
Tastsm — Tesesm)/2 + (Topsims T Twpsoms —
Tuestism — Twessm) /2,

HRAE 13X, delayAsymmetry {5 RAA AT LIS Ky
PB4y R Il B3 A i Ta) 2 22 5 48 R ] 2 22, 3¢
CL PR ) L 5 2 ik ) ] LSS 25 55 s 1] 52 v i) 4%
P YR ARAT S5 A RS SR I R B, Tk
Tl XA (5) Y Tome ASRTTFEE, DA 5 M
) AL L 28 S )4 Y 52

3 MUHEE
R PE I [ A SO T —Fh AT dela-

yAsymmetry {f KI5 X FRER R [R]85, AR R
Ev

B4 BATREE
LGN 5 BB
(1) B B4 Ak [a] 0] 2
Master MAF— ¥ 1 % H Sync 4 3. 44 TC M
g WA ST 00 e B s ) e 0 A s ]
BRSBTS FRREAR SO 55— % % 2.
(2)B% I FE B 43 Bl i



72 T T AL

2020 4F

AT 1Y) 32 AR R A B ) o i — B — B
TR I B B G B N i B A B LR D R
44 Syne HgSCF K L0 & TC B4 A I E
Sync 2 SCHY I H & 4 Pdelay_Req 3¢, 5 LiFi
%22 H. Pdelay_Req #il Pdelay Resp $& 3¢, 43 Be il &
HE BESERT, Master #14% TC 7Y E| Pdelay Req 4z 3¢
Ji « RARAT R SCH 28 A B % &, TC A Slave FEIL
#| Pdelay_Resp 4t 305, W R M SCN 2 A H
R

FIE 0 45 v — FRe B A A2 2R 0 7 i g A 0 B
SCESTERR M it e — 8] B 2R B IR A 215 1k
TP ER 5% (1) D 2 ol ™ A A5 B st T  1H 2534
I SCEE E AT EE B B RO HEBN SRR LA £ BEAR
[RIAE RS BE. A fdi Pdelay_Req 4 SCF1 Pdelay_Resp
SCRNHATZ AR5 A A G T — AT DL kE 50 35 1)
RWAD BRI L0 OB A A ) PTP
HRICHT  AEAR SR AY flag BE — 4> step i, WIH
W0 RS2 — A B ZAERN 1. QRS TN
RSO ek S A, 4n i /& Pdelay_Req 8§
Pdelay_Resp #f¢ 3, TG I H: step {&, 42R K 0. 43
W SO 2 i e A BT 4 SO 25 S T4 B A
F A0 2D R 5 A SR step ARy O, AR SCZE T T 5%
K CATE M T He— BRI T I AT RO 2 45
BT A B 0 4 S XA L RE SR T Pde-
lay_Req il Pdelay_Resp ¢ SCI ¥ P e & 1 J80KG B2
TR ] L

(3) 5 & AT I 2200

P b1 OO B B e N AT T A B A A3 B
VR SIE I 15 235 SR A A7 TE T BOBE B 0 2 R b o
—Bt (Master & TCD f174E TCL 1, 58 B figf7
16 TC2 v, B & i 5 — B A7 7E Slave . A5 1Y
H YA A 6 73 B S o S0 45 B SR (R A 1,
ik Slave,

Ny SN B AE I AR S5 A — o g A4S
FiA Delay_Sync. R T 584 R SCIX 20 FF, 78 1% 4]
SCHYHR Sk messageType 38 HIH A (A 0x04 (B
Hr, 0x00 F] 0x03 AR BLA BY F 14 30, 0x04 %]
0x07 WED. LN Sync e SCEEA — L, X5
TE T : Syne g BRI b 7t 1 2 2% B A 1 3 B I
], 1 Delay_Sync $¢ SCHE IEI R 75 it A7 25 B A
THEAT () ik B AT

AT TRR -

Master M % 1 Delay Sync $i8 3, &% &
TEFECEN G & Se Rl i S message Type, Q1ARAH

k02X 04, WPKE 7 SC H 9 B 4% 4E B 5 AR b i 77 119 22
B LA« Q2R AN [R] DD S r iy 92 Ao 52 i 28]
A H SE B Y, SR 5 B AT A A B S A RS B
42 SC P A TEAE S 5 G0 25 79 2 A [ DUA i fes ke
S DT — i 1 4 SO 0 25 A SRS i S
7 B AU I PR T 1 A S0 R O B SE B — A2 A s AN
T 38 X — 9 — 2 2 75 2 B AT Slave #BRE
138 [ 55 Master [A] (1) GURE FE AE T

MR E L Z RWLE Y Delay_Sync H1 ()
FE S — 30 6B I 7 I 45 48 ) 5 U B% I 48 B 1) 52
s WA £ ST B RAT A5 R (4).

4 Master iEZE R BRI A Delay_Sync 2
SCH A RE BB — 350, 156 B B8 1% P BT A I A B 2 8 L
B IE I AT, Master {58 1| & % PTP # 3¢

(4) B b 22305

w1 Fos . K ro B A TC oty HIE
TC B8 FASE e D200 Toawn RS { BUEERS
FEWS s T Am A5 n A5 W A 38 B I TE] 5 T A
i i 2. Slave 4f I A8 TE A< ML BFH] , 58 B ) Master
OICIEIZ

(5 AR5

HFZargead 7o m FL SR, & 0 A et
H &5 Master Z [A] 15 % 4E B A7 AR A L, LA
T B H P TR IR, HFF Master Ak &% —IK
Syne ] 3C, I 55 77 s A]. Slave Y8 )5 15 2 B 45
R B B R R] FEC A A R AF 0 B E B, 55 mT LA
FORTHE TR 25T S8 B R 5

4 SKIRIEIE

4.1 delayAsymmetry {BH A5 E L6 UE

NEAIE delayAsymmetry i 89 AN B E 1 . K5
M AR b 1 R 35 A SO T I (] fiph 2 1) 2% FfifE
delayAsymmetry (B[R] 25 B 5 (40 2. 3.2, 4 9507
O FEAT 05 ELEGAIE. 12N R] fid S (90 28 L 42 15 5[]
A DL 91 A LA o N A T B 0 A A P ] 25, A
SCH] Verilog W F TR 51% 58 T2k A .
LI 1 ms NE#iE =4 Slave 5 Master #4765,
AT S 4 A9 U B8 M5 1 D g JF 38 2 ge k-
B AT FLAIE.

(D B

B E A CPUInteli3, AGRAM. {5 ELER 5 Ry
Linux V& T B8R A "7 B8 VCS. A SCiit
¥R IFIR] T, 2N 220 ns, S RFITH] T, JoREBCE . () H
WG N OCHE RIS EAR R A ) T, 2 0. 4 5 i



108

FERRAT S BT P2P 75 B B ) PR I 45 i 4o ) 25 73

FA#) , 1% % ESO & Master, H. 4% 3 %45~ Slave. B
ES3 A4, deit AT = A5 E R,
x4l HEEH

Ta T, Tw rh ) A8 R AT e RAT 55
0 220ns  ANHHE A E
(O E%

B F A = IR

|| 1342167835 s =] S| @] | ¥
i3] L laQaealaa@
709.5 ‘

EREmE-O-@-DMm.

wame  Jvawe [000 T ieeeme, TR0, THAITRD, L, TR0

©-vin_peri_com_i  St0->St1

©-win_peri_com_| st

(DE 1 RFE
[ E R

EERRE-0-a-20n-

LE B X R M I K
2o Gaqaalacal I
|c1879996.4m1 1

= Tvawe || P, L, s, P, |

=
o-win_peri_con._

i
o-wn_per_con_| _ S0->SN

(W& 2% HE

wsasiess ks | S @@ &R @ x| F=lal 0 fEA
26 laaeaalesa@
121352151095 2135

tame vave [[,, ., p3saisibe, eSS0, SISz, 32

(OFE3SRHGE
5 FE&RE

ST ESE RN 5. FEBCH b A H B 2
BT SRS 1] f5 253 2. Sy 5 UL i {5 =
FEA MBS Bh A O B 20 g iR T T — 2 98 B A AR
5 AR P A R ] A E S B L AR S
T RIAS B Bh O B 2] a5, PR A T
B 22 Bl )& Master #11 Slave3 B [6) 21 2=.

ESO 1t 3 Master, ES3 1t 3 Slave3, B & I 1B
A (21 R 2 Ab ) 22 25 AR A b A g
2&. o8 YR . op ) g EST A ES2 17 47
WA RIEATS5 » AR SO 43t e i« PRt vk
R T A 0. = WA i 22 43 51 & 500. 787 ns,
17. 029 ns#ll 35. 241 ns.

4.2 HOHERRIE

EUESE 3 iR O S B AT AT X g
FT S gL, Bk AR I T Bk R 5 S ik 35
S LA, W2 24 R 20 (5 Thag BRI 558
{5 AR TR J ST Ok [R] 34E4 7. AR S50 0 T I 258 1)
[ A5 e,

(D5

WITHRAE- & & 6 fos . hiba 4 S
2 i 11 RS IR A 5 %71 R B4 L 4 3 P e
ifie. FEZ MR TR BCESO 2 Master,
Pl vesshy Slave, Hit Slave3 HFFEXT G, [ 20 538
{HE A 1 ms, MRS A 2 min.

@ @
Master Slavel

B6 WIEFA

(2) SLu 2%
i 7R P24 Master Fil Slave3 (8 8055 i
T2, 45 R sl 7.

B7 JkiEmE

PRI () kg 7 e UL A o Pof A i 18 34 14
PR fE e, BT ARRAH I Bl 0 1 21 5.

FEIHZE 1 2k Master BPBRIUIRAAE 5. 4k 2y Slave3
IHEIAE S Hrp 2k b IR Master 1 0 B 2 6. 7]
VIER, &t Z IR [F 2 5 Master 1) 0 B ZI 848,
Slave3 9 0 B} % 5.5 Master )l 22 G ZARFRAE—A>
TN B K 22 Y IRAEZR a b, 2E5H K 20. 9 ns.

SR A5 R W AR XS R IR W iz A SCH2
() [ A4  [R) A0 A BE Ry 20. 9 s, IS BTG (AP
LT
4.3 KIGLL

*2 TIOEUERTEER

7 P TE R PR 55 05 ) 40 fi 22

[UGriE=R7N
[P PNCIEZUES

BIWMGE  E2ME IR

500. 787 ns 17. 029 ns 35. 241 ns 20.9 ns




& P T2 SR

2020 4F

% 2 N delay Asymmetry {H R [F] 20551275
FLIIESS R 5 MO B 0 SE Y SR A R, s 2
WA ELBT, ) i es B B RIEAT S, B & W)
BRI, T R 0, HAR 2 IR EA T AR 0.

510 155 1 R 555 3 WA E I R A0 A B 34
NGNS 2 YA B 310 B R SCAE T 1R A8 1 A I
P22 delay Asymmetry (B 3 T FEARC ] 2005

G50 2. 55 1 IRDTE 555 3 IRAO7 B [R5 LA
W2 MIAFTE R 22 5 X B SCHE Hh ) i 48 v 1 4
R E R A E R, I delayAsymmetry {EAS [ 5E.

510 3 MU LRI LAE BE O 20. 9 ns, A 1
YO ELRNER 3 YR A L 17 ] 205 40 B 55 3K it B AR
SCHE G SR AT AT L O AT DASR i R 2P RS 2

5 HERIE

AR T —E T delayAsymmetry {8 Y
AEXFFRER P [A] 20 A, ey 1 TRl ARG B s 4ty 1 —
JeBf %55 Pdelay_Req it SCHT Pdelay_Resp # 3C 1)
T3 2 LA P I Tty e iR A5 R AE 3R L 3R 3 4 5 [
ARG EE ) H Y s 5| A—Figi B4R 3C Delay_Sync R0
HERRIEIT , LA R 0302 58 iU . AR ] LUK AR B4
J& B Z2 AR X FR 0 28 S5 v, 2 e B N k.

ARICHHT T 158802 BRSO H T X ik 1) 45 It
R s NSl v = N7 O i1 N
delayAsymmetry B F3E % FR 3R W [6] 25 B 5 AN 52
il T2 AH IR T T S g Sk, SCaR A5 R R W] L et
A B[R 20K B e T IR AR, AT AR (R 2D R B i
PMSAEIRIE 48 N 38 PRS2 T 42 7.

SE k-

[1] LIS X. Research and implementation of 2-layer ether-
net swith bashed on IEEE 1588v2[D]. WEI H. Shan-

dong University, 2014,

[2] LIUSP. Research on the application of IEEE 1588 in
high-availability seamless redundancy [ D]. Tianjin:
Tianjin University,2013.

[3] TIEEE 1588-2002. IEEE Standard for a precision clock
synchronization protocol for networked measurement
and control systems[ S],2002.

[4] AQSIQ,SAC. GB/T25931-2010. Precision clock syn-
chronization protocol for networked measurement and
control systems[ S]. Beijing: Standards Press of Chi-
na.2011.

[5] CUIQS, BAI XM, HUANG BY, et al. Test meth-
od for the resident time error of P2P transparent clock
and its implementation on the clock tester[ ] ]. Power
System technology,2017,41(1) :322-327.

[6] CHEN S, ZHAO S. Analysis on IEEE1588v2 time
synchronization principles and application [ J]. High
Speed Railway Technology,2015,6(3) :80-85.

[7] GUOMF, LINSM, LIN B, etal. MINS/GPS tight-
ly-coupled integerated navigation system[ ] ]. Journal
of Chinese Inertial Technology,2011,19(2):214-219.

[8] ZHANG H W. Feature comparison among commonly
used topological strutures in Industrial ethernet[ ] ]. In-

ner Mongolia Electric Power,2006(24) :93-96.

fEEE

ERE B, 0995, WA, BRI kit AU R S
E-mail: 15129933391@163. com.

EREK 55,0962 8585 WA W, BT 7 1] Ry A5 )

TR AR,
x| B A, (1986-) M. m g T AR, BFE 5 ) Sk STAT L
KA.

BAHE L, (1989°) L TR BFIE7 1 St A K I
iR



