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An improved IEEE 1588 synchronization scheme on the clock offset estimation applied in
distribution network

MEI Jun', XU Xun', QIAN Chao', YU Jie', WANG Yong?, JT Wenlu?, ZHU Hong®
(1. School of Electrical Engineering, Southeast University, Nanjing 210096, China;
2. Nanjing Power Supply Company, Nanjing 210019, China)

Abstract: IEEE 1588 is used for clock synchronization in a networked measurement and control system of the
distribution grid. It plays an important role in the packet-based network synchronization mechanism. However, the
performance of the conventional IEEE 1588 synchronization algorithm is affected by the asymmetric link and random
delay problems. This paper proposes an improved IEEE 1588 based synchronization scheme involves two different
random delay models: the Gaussian random delay model and the exponential random delay model. And the time offset
and the maximum likelihood estimators of the two random delay models are derived. The results show that the clock
offset estimation performance depends on the ratio of the random delay of the model and the size of the data packet
transmitted. As is shown in the simulation results, the solution to the asymmetric links and random delay issue compared
with the traditional IEEE 1588 clock synchronization method and burst transmission scheme obtains better performance.

Key words: IEEE 1588; distribution network; time offset; asymmetric link; random delay; MLE; CRLBs

0 33

BEE 000 20 I 28 AT b i — Pk ke, FERC
HL WSS B 2 T T2 N, 2 TR
X FH P 2R B i i £ 7 kU2 SRR e M
T, ARG A6 M 4% (Synchronous Optical
Network, SONET) LA & [A] 2 %4 # #4& % (Synchronous
Digital Hierarchy, SDH)#5: 2 n] LA [7] 25 73 B AL HY
AREA, gbAk, BAR GPS AT LUt R] S (I o ) 25

HEEMB: T34 & Ha3E) 2015 5 —3dEH K FFEAR)
I B (ZBXM-FW201502004)

K, (B THYLET GPS (554555, M&iag
T IEAE 3R> M 2 GPS (4 %P

IEEE 1588 & v FH -T-c H W o 4 2 1) S B IS
6] [ 25 (R p ARV . TEEE 1588 3k I [a) k45 B AT
ook sz BN IRHpfRT LI B B0, R, S Ak
21 TEEE 1588 SAMIAID M Re M 28 1= B W
Ao 5, LS8N IEEE 1588 S0 RIS FAT AR AT
VLR ALV Z A5 OL N IHAVIERR, X3 T A Bh
AL SR I AR FR T . B4k, 148K TEEE
1588 A5 [& B} 8l HEBASE 32 A HAth 75 /1 1 S IR it
JSC A BEALIT ZE P50, 5 HE I R 2 ™ F R i )
BRSO



_84- CE R R R EEL

AR T FAE A FRBE RS AT I 2
Ml v ), ST P LA ME SR £
7= 5 W FERI O3 K IEEE 1588 Il 77 %, itk
ANET T NI S B R, HE T H B
R RAARAG T MLE, 59041 T v Jr e SR AR AL A
Fe BN LAE IR B ) Cramer-Rao R AP, £, iF
1 T 9% 77 ZZ I REAEAS [RI B AL ZE (35T AL 4L
RN NN NI AU

1 |EEE 1588 B & /518

IEEE 1588 7F ISl A ISHeh (3R Se s B i
wE 1 s,

BRIl NDECE
Tmo Ts0=TmotOffset
Thi——f=so—————————————— A~
isz,
L__ SYNC - T
FOLLOW UP ~ "~ ==L - {T,..}
- —-Ts
Daom "f
To2-=
DELAY RESP ~ ™~ —— (Ty.}

1 IEEE 1588 £ FH$hF1 BT 4P XX B id 72
Fig. 1 Message exchange process between master

clock and slave clock

BV E I Bl T 55 AN T 2 (81 I Tl B
A2 (D).
LL=T,+¢ (1)
b, @ o AIHBI R I TR i B o 3 I ol 3o e ik
SYNC i 3¢ A A s b [ 2D i A, e R i S
(R IEIE] Toyo 76 MR B A2 b A 1% 5K
) SYNC ]3¢, FHARH M B B i it )i s~ Lk
BIPIZ] Teyo 2R, MBI RIE—4 FOLLOW_UP
WICIEEE TR RE Toy o M BR R IE— A
DELAY_REQ R 3CIfid sk N H AR IL I A8 Tsso
IR il B SO, BB R T A
DELAY_RESP #3C, H 7 T DELAY_REQ #
SCHIEBIIS ] oo FHNI RS N AT AR50 AT
(BB IR R AR ZE IR ) Doy LA S EAT AL AN
JE (NI 21 F2 I Ak (R AR SE IR ) Doy 12X (2) 1K (3)
Fi7R o
Dy =T, -1, —¢ (2)
D,,=T,,-T, +¢ (3)

s2m
R A EATAT AT I EAHAE, D ey A

VHEE IR N AE - Dy, RIS 8] fi 22 ¢ 7T LA S350 E =X
QUENOE P

=Dm25+D52m (TSI_Tm»l)Jr(TmZ_TSZ)

D _ 27ha)

)

SR 5 MR Bt o A2 ¢ LSS 3 I 1]
Ao BRI, AXSFREEARIEIR UL BELIEIR X [ 25
BORBATHEKRII 0 .

HEARTEARRE IR ] LA DA [ 52 SR A B LAE IR (1)
S FIREAT A [ € IR EEON TR, Tl %
A B 1 K T AR Y, O HAEAEXTRR RS
AT AT I E SR SEANKIRRA o WERATER A 5K
(S)BEAT IS T S @ IRIVHEL, AZAKFRIEA R ST
MR, I HAZRZERR A R L
THIEE K. sesh, hFRHLRZE S MR E AR H.
ARAEFIIN o DRI, R i P eeadt (R 5 VR AR XS
PREEBRSE IR ABEHLAEIL % FEAE A o

2 ERBMAITAR

BEACEEH T —Fh et ) IEEE 1588 I [a) [ 20
%, 54E851 IEEE 1588 0] [A) 25 )7 AR 2 1%
T F BT T Iz 1) B AR/ R AN [ g S
(o I THIBR 300 ] S0 IR = AR, T A2 0
5 BEES IO R s . DAL, AT VB ] a2 4
RN B A RN g T AL AE AR 30
MR 0T A R AL o A A T A G SR AL
HEIR FEE N AR IR 1 e, A —
AN IR 25 2% M/M/1 BAB) A DAERf AR R ZE IR,
HCHE AT T DU BCR FR BOMBEN LA 7. 546,
BN ULEIR & K BT I BN FER G, DUAR R
ot R B AT DL A — AN s AL AR . A
s EATF AT B 2 2R IR AN P E A —AME
SET LG PRI BATLAE 15 4 A5 Ay vy it A LA 2R
HHRHBEN U

AR I Gk TEEE 1588 I8 [A]5 5 %
WK 2 froRe LERTRPEEAT S RIHER A0 I R
I RIEF A SYNCI 4R A& SYNC2 i3 3]
MR DU, 43 0 5% X AN R SC ) Ak i
6] Ty AT o ISP 230 id s T X PN R SCIE BT
INfTa) T, M T o F, — DR A B 5
T b2 (A3 T. DELAY REQI1 f#3CF1 DELAY
REQ2 & SCHE M B (1) K 3 W (0] 49 3 Ky T, A
Ty, o MHAR LR RS0 Ty AT, o
2, EmPh &% T — DELAY_RESP 3|0 %



%, %

I T H D 4 B m S A v (1) TIEEE 1588 ciidt iy & -85 -

Wb, R T T, T AT, PUANE

Bl B DIEAESS @ NI BIFEZD R, FATRT LI

KNS AT SERNE U U] 5 BURA EATI
TEMME Ve Vo HI(O6)~K (O FT7R.

U=T,-T,=d+¢+ X, ©6)

U=, -T, =a-d+¢+ X/ (7)

V=T, ~T,=1-¢+, (8)

V=T, -T,=a-l-¢+Y/ )

X d e NATREE SR, 12 PATRDEIER; o
B AR I RN A T2 AR SR B
(a>1); @ Jg ISl 55 3 s Aob 22 ) 1) N ) AR 5 T
Xiv X!\ Yo Y 53 BN PUAALSS FE I BEALLE IR .
K IZPUA I B, o S Ak 00 [ e e g 7,

BRI @ KA e AT XAE, JET m B LA 5k
e BB LA o] LUHE S I T A% 1) MLE %>
MrILAHRY [ CRLB.

EI A NIDEZ
Tmo T =TmotOffset

DELAY RESP === __

2 ACHEHAY IEEE 1588 FEIS AR
Fig. 2 Proposed IEEE 1588-based clock

synchronization scheme

2.1 CTHSHTRZE MR

(1) [ IR AT dE ] m E IR AR, AR
B LATR R ATRENLAE IR HREAG I Ay w5 22 o I
F oA SR REACH NI Bl R R,
(6)U3 25 (7T LIS 21 d s K ABUARAL T2

; 1
d=N(a 1)Z(U U,) (10)
AR, TR 2 1R AR A 7
) 1
1=N(a 1)Z(V ) (11)

(2) I s (R i KB N TH: RTARR G | u

7 dy EERNMREEUEET(U) L (U))
Y A ARG, % ST WL AT

L(¢)=(2n0%) " Z[N (U —d—¢—u) +

i=1

iU a-d-¢-pu) + ﬁ(,.—l+¢—u)2+

Z( -'—05'1+¢—H) I}
7 (12)
FE T BABUSR e EIEA T T 0 459 2«
olnL(g) _ 46— (U +U —V. V'
5¢ —_?;[ ¢_( U =V= i)+ (13)

(1+a)d - (1+a)l]
R, FRATTAT CAHENT H @ 1 5 K ARLSR A VB ]
AT R VA

. 1 & ’ ’
¢=argmfx[lnL(¢)]=m;[(Ui+Ui—Vi_Vi)_
(I+a)d +(1+a)l]
(14)
BRXA0F A DA K14
~ 1 a = 1 —, a = 1 =
¢:E[a—lUi_oc—lUi_oc—lI/iJroc—lI/i] (13

Ao Ui‘ Ui" 171“ I7i' ﬁj\EUﬁj{Ul}il N {Ui’}ijil A
WL AV DA B A M
(3) CRLB: HaX(3) ik 0, X HIKET ¢

AT b2, 1521]5K(16).
O*InL(¢) 4N

S (16)
o¢ o
[A 3t MLE ff) CRLB 1] LA <R
enL(g)] o
V&I‘(¢)Z—E|:—6¢2 } =N (17)

2.2 ERIEHEIRER R MR G T
(1) B HER At v e HIREEIR B, JeAb R
B EATRT FATREN U R Rk 2 oAt
H(7)(0)
U/-U,=(a-1)d+(X/-X,) (18)
KT ZHdy 2 SRR ECH

L(d,l)=[%j exp{ Z[U ~U, -
(19)

Uy, 2d+4.U] >a-d+¢]

)



-86- CE R R R EEL

A 1) RECY —MERREG Un MU, 53500
(U U M R ME . W S/ A5
2 d BB TR @ = {(d,¢):d > 0,
—0< ¢ <+, <U, —d,p<U, —a-d} I KL
PSEE

i=Yo=Y (20)
a-—1
KA, i1 B I KR AL AT LA 2
~ V=V
| = @ (O] (21)
a-—1
{r, VM {)ﬁj\EleJ{I/i}il\ {K’}LRJWWEE‘JB%/J\

fi,
(2) PR RRS (08K LA R . % T2 g A,
do 1 SEROUREHRET (U} . (U)

i=1

Y v AR 0, R T DA T

L(g)=2"*" exp{—l[Z(U,. —d—¢)+
Z —a-d-¢) ;(Vi—l+¢)+ @2
ﬁ Vi—a-l+¢)ix1[Uy 2d +¢],
Up2a-d+,V,21-¢,V2a-1-¢
KA, BATHT LR (U} Ry} S

PG SROUIEEIE
3= (Un Vi +1-d) (23)
K320y (23), WF

~ 1 o 1 , o 1 ,
¢=5[a—1U(1)_a—1U(l)_a—lV(l)-’-a—lV(l)j

(24)
(3) CRLB: #20(6)~ (9N (24) -
1 ' 1 '
b=¢+- [ IX(I) a—lX(”_aOiIY(”-’-a—lY(”j
(25)

b, Xops X~ YoM Yg ABIRET (X))
XL (0 A BB M X X~ Yoy
ﬁm%ﬁA¥ﬂﬁﬁ—m&M“ﬁ 1 7%

Y(U W) Z R Z" 75 A

Z=X, -

ZHv=0. MRS Kb = N (R e Ao AL,

Y

s Z'=X|

M

WP RN E K

A 1/ «a 1 ,
¢=¢+5[ﬁz‘ﬁzj 20

SR BB A R O PR A A
ﬁﬁ%w:ﬂ}—z__jzjmgﬁ\ﬁ@ﬁﬁ

a-1 o—
PAREAT IR 27
ol ) sl o) ]

+

R

F(v)-
o) ) o-2)e2)
4(1+$} 2 4(1_5)
i
(]
(27)
ef, c=ﬁo 5 QN AT, I
w=g— X wiHTEAN, VENKT ¢ ISP (IR
8 AT
[\ﬁ—ﬂJ \ﬁ—ﬂJ
A aexp| —— | exp|———
1i(6:9)= 2e(a®-1)  2¢(a® 1) -

omn £, (4:9)
El——v 7
o9
JAFE, Bk CRLB JFAETES

2.3 WHIRESH
TR 25), RAS)ATLKE N

# 0, CRLB [FJ 1F )42

N 1({ a = 1 = a = 1 =

= — X - X' - Y Y'l (29
¢ ¢+2(a—1 a-1" a-1 '+a—1 'j @9
KXrf, X X LAY R X L xS
{Y;}i}il *ﬂ{Y;’}i}il R T Xy X('l) Yoy MYy ()



%, %

I T H R T i ES A v 1) TEEE 1588 oitidt iy & - 87 -

N HAST BN LER , W4 Jri AR ] LR R R
N ot a ) 1Y
i (9)= 2025 +(55 )
[ a I{ 1 jz]z(azﬂ)oz
a-1 a-1 2N(a-1)
FIFER, TEFaBBENIE IR A, AR
N A7 a Y 1Y
th4¢)=4N2{a—ij+(a—lj+

e e
+ =
o-1 o-1 ZNZ(a—l)z
TEFE 3 R 4 43 500k vy W AT e 38 A1 i 2B AL
FEIR REE T I il £% 320 77 1 2 IRACUSR AL T 47 B 5K
Mo UG, AR I B A T 0 P RE AR T 4t
IRIREEIZREY, DRI BE ALY [ aE B B

10!

(30)

1)

—+— MLE of clock offset(Exponential)

jaussian)
mL***++*+++++++++++++++%+F

B
E‘
;é 107
B XX
X%
, XX % XXX .
10~ XXX
107 ‘ ‘
5 10 15 20 25 30
R A5 A

3 FESHTPEHIERINE T AME KA ITHY
HHIRE(0=1, 0=2)
Fig. 3 MSEs of both MLEs in a Gaussian random delay

environment (=1, a=2)

——— MLE of clock offset(Gaussian)
— © = MLE of clock offset(Exponential)

T
~
107! i SR i
2 O
# -
oK S} o
R Gg
& IS

107

5 10 15 20 25 30
PUMIDER e

4 FESREPEH T IRINE T M K I (Y
HWHIRE (=1, 0=2)
Fig. 4 MSEs of both MLEs in a exponential random delay

environment (=1, a=2)

RGO G ) ATE, A S KAURAL T b K

FIPERES 4 o 1 %M SEAR AR K/NEK . IEEE
1 588 ST ALHan (1) d5e /N FH e K AR ST /NG )k 64
FH 1518 F75. (5% IEEE 1 588 ] LLAR S K/
K64 FATHHTRIE, W) o>1, H oma=1518/64~23.7.

EE S, RASHFRQAE N=10. a M 2 F
23.7 ARAEAE LT T A BEATL A IR R E o A BE AL
AR 7Rz ik b . L, B
LEAHOR, S ARG T DR s . 4R,
53 e P A B3O8 B RIS Ay e KA e /ML PR IR
%, W32l D P RE

10°

—— MLE of clock offset(Gaussian)
O - MLE of clock offset(Exponential)

L -\\\‘*—"’"‘—*‘—1——1——-——‘—,—‘—_—_,_4—

P

BT

o
o
000000000000000000d

10°

8 10 12 14 16 18 20 22 24

C/IX PN N S

5 AME KUAMITHI A IREREES

KINEEE o I ME(0=1, =1, N=10)

Fig. 5 MSEs of both MLEs of clock offset as a function

of the packet size ratio a (6=1, =1, N=10)
3 [HEEITH

LA B AT T A S s O LR PP AR [ 2 HE A
PERE . [RID HERG R PEAL J2 B AR B EE A M S
PRI 72 A1 £ 73 AE e W BE A LRE IR PR sl 5 4t
PUEBFE NS, WlEl 6 FIE 7 Pros. i
FEAE SN O LS I e A% A M B2 ) 22
AL E TR RE A PEAL AR TR AR 2%
RN, BAEIEEL N=10 LU N=100 #§Ffi oo ik
ITUT XS e o WE mBEALE IR 35 R - =100
us, 0=20pus. MEAk, BB IR BBEHLER 5 T =100
uso HIRAOA R 0=23.7, FIHP2 8] E e
HEIR d=1 ms. HUASNFREG R (IR0 R 3= - 8h 7 )
(10 % T 5 32 I A 1) DR 77 1) 944 9 A T g L
FON 2 F 16,

GEVH RN, PR R 5 S I TR 25 RE
EARFRIE R TR . H TR B IR X FRA BB A
DISEbr, ALGETT G DR 7 BEAE AN PR EE A (R 1
UNIIF: PN il R4 U 21D N o 57 i
LAS D> AR R EE AR 52, R el 107 590 ARt Bl
PUEBRHBAEN, B R 224 2 B AR FR EL 2 1)
BEANTUHE K o B 6 D TR UL R AEAN [7] (1 AN XS

2 4 6



_88 - CE R R R EEL

PRECHTT IS E 1R 72, £ N=10 [0,
B R 2L 3 4.7 ps, {E N=100 [5G, i %
ZEIEH] 1.5 ps. W 7 4RI A A AN
XK EL AN Bl ) R 22, 72 N=10 (B0,
B R 225 3] 7.4 ps, {E N=100 [5G, (iR
ZEIEH) 0.74 ps. HHAHLL, L5007 S0 B k=1L
KT 1 ms, 1M 5Bk A s S 1R i LR 22 N 30 s
B 90 us AN, HAZPIE ¥ B R 22 BIBEASATFR EL
SR PNITE: PN

10° T

10*

—O— Proposed Scheme(short term)
O Proposed Scheme(long term)

)
e
=
o 3
_& 10 —— Conventional Scheme
E — A — Block Burst Transmission
2 e
& A/A<A4A,A-Aféxfé:—AAAfé:—AfA—L
= k™
é 1
10
lO(iOOOOOQOQOOOOO
2 4 6 8 10 12 14 16

AR LA
6 SHRENERER T ARARMMREETARERSH R
BT AS R B IR Z (u=100 us, 0=20 ps, a=23.7)
Fig. 6 Bias errors of the slave clock for different synchronization
schemes as a function of asymmetric ratio in a Gaussian

random delay model (=100 ps, =20 ps, 0=23.7)

10°

10}

—E— Proposed Scheme(short term)
O Proposed Scheme(long term)

—— Conventional Scheme

— A — Block Burst Transmission

2
107+ N N RV LRV RV
-

10°

10"k

< ©

MNIRF ) Al 9% 22 /s

10°5. 00000 0 0 00 0 00 0 4q

2 4 6 8 10 12 14 16
AX R Lo
7 IEHBENEREER T AR AMR X T RARER S H E
METhAY IR B IR ZE(A=100 ps, a=23.7)
Fig. 7 Bias errors of the slave clock for different synchronization
schemes as a function of asymmetric ratio in a exponential

random delay model (A=100 ps, a=23.7)
4 Hig
ARSCHEH T —FhEE T IEEE 1588 (¥ £ [R5 U5
% MM B RSO N RIAS AR T IR A

PREE AR LE IR [ ASSCHY K B PR AN R ) Bt
PUEIRAEA, 3 3l I AN = o A AR Ko Ao 23031

BE— 2D HES HZ 5 8PP PRI [ SE AR AR F I

BB ARG THE, F7X) Cramer-Rao T 5t 47 T

XFECI M. GERIEW], It m AL AL v 11 e T

BEALAE B AL AN I 3k B B B RN L 22

FLAE R, %07 IR P T X R 1 B

HUSEIR IR, 55458 TEEE 1588 I [a] 2577 ik

PSR BBk bt a7 SEAH B AT SE A PR RE . 207

Y25 AT LASE o I T T AR ) i 1) AN R ) i A

BT, e W e IR AR T s A A A

oA, %SGR TT FAESEBR N O TR 2 2= 1

Il 20 A AROR -

Sk

(1] T3, &, 4T, 5. HT RT-LAB RMEE

PElC B WS O 0], B R R I
2015, 43(19): 125-130.
YU Yanan, JIN Yangxin, JIANG Quanyuan, et al.
RT-LAB based modeling and simulation analysis of
flexible DC distribution network[J]. Power System
Protection and Control, 2015, 43(19): 125-130.

(2] HELLSF, R, M, 5 AR A0 H

ARGH MM A T[], ) RGO R,
2015, 43(10): 91-97.
CUI Hongfen, WANG Chun, YE lJilei, et al. Research of
interaction of distributed PV system with multiple access
points and distribution network[J]. Power System
Protection and Control, 2015, 43(10): 91-97.

(3] JRFE, wiom, VEVE, 55 HUAE R0 9 L I ] ) 20

Wi A — a7 MERF ST D). R R, 2015, 39(1):
294-298.
TENG Ling, GAO Qiang, WANG Yang, et al. Feasibility
research on integration of power frequency synchronization
network with time synchronization network[J]. Power
System Technology, 2015, 39(1): 294-298.

(4] 550, skE R, i, 55 5T IEC 61850 ML M SiE

TFRRE RN RG], B RGE R 0,
2015, 43(6): 109-114.
QI Xin, ZHANG Yuchen, TANG Xi, et al. Development
of distribution network switchgear condition monitoring
system based on IEC61850[J]. Power System Protection
and Control, 2015, 43(6): 109-114.

(5] B, M7, SRORIG, 5. ShIAs B SN A 5 R ]
HRFEIN B B [J]. WL R G H Bk, 2014, 38(6):
106-111.

ZHU Chao, MEI Jun, HUANG Xiaoyi, et al. Design of



%, %

I FH T T A 1) B RS A 11 ) TEEE 1588 ity &

-89 -

(6]

(7]

(8]

[9]

synchronous sampling clock in rea-l time synchronous
acquisition of substation area information[J]. Automation
of Electric Power Systems, 2014, 38(6): 106-111.

B, RN, K2, 45 IR S IEEE 1588 5
PEWRARITE[I]. HLHR, 2012, 36(6): 89-94.
HUANG Shu, CUI Quansheng, SONG Xiaohui, et al.
Study of IEEE 1588 conformance testing in electric power
system[J]. Power System Technology, 2012, 36(6): 89-94.
WRBEYWE, dady, JEse, & — R T R Gyl 1]
A Il USRI [T]. R 5 AR, 2013, 50(7):
96-100, 122.

CHEN Banxian, HUANG Qi, JING Shi,

Development of a clock synchronization controlled tester

et al

for electric power system[J]. Electrical Measurement &
Instrumentation, 2013, 50(7): 96-100, 122.

BRIF, Phatse, TR, 5%, 2T IEEE 1588 M) uZkft
AR I B A D ). R LR T HR,
2014, 36(3): 564-574.

CHEN Wu, SUN Jianhua, YU Zhenxing, et al. Clock
synchronous method for wireless sensor networks based
on IEEE 1588[J]. Systems Engineering and Electronics,
2014, 36(3): 564-574.

M5, 5%, [, 55 JET ZigBee MIJCEARILE

NEAREY KRG K [1]. ISR, 2013, 50(1):

89-93.

(10]

(11]

XIAO Yong, CAI Yuehong, YAN Xiao, et al. Design of
wireless centralized electric meter reading terminal
system based on ZigBee[J]. Electrical Measurement&
Instrumentation, 2013, 50(1): 89-93.

KRNI, sE T, BIE. —FhiE 2 D B IR B
WriE ik 28 10— BHEZSRR (D). B BhiL2AIR, 2015, 41(1):
122-135.

ZHANG Yonggang, HUANG Yulong, ZHAO Lin. A
general framework solution to Gaussian filter with
multiple-step randomly-delayed measurements[J]. ACTA
AUTOMATICA SINICA, 2015, 41(1): 122-135.

s, A& TR 2 EIRRER S B KN
AP BRED]. THEBUN AL, 2013, 33(3): 625- 627.
ZHANG Yanping, JI Lei. Variable step-size constant
modulus algorithm based on exponential multi-delay error

signal autocorrelation[J]. Journal of Computer Applications,
2013, 33(3): 625-627.

g5 HEA: 2015-06-30;

& HHF: 2015-08-04

1EEEN:

M F 19710, F, WL, sk, MEAFIF, A

K764 8 H T, % 4L d 5 E-mail: mei_jun@seu.edu.cn

e B 1991-), F, MEERARA, IR OAF LN
b A (1990-), 5, MEMRAL, R FEOAFLH.

(%m4% 2/ m)



