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A transmission line differential protection method based on 5G and optical fiber integrated channels
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Abstract: Existing transmission line differential protection is designed based on an optical fiber channel. It has high
channel requirements which limit the popularization and application of dual channel and three route. In addition, the
existing differential protection does not have the ability to identify inconsistent channel routing delays, resulting in the
risk of differential protection misoperation. This paper studies transmission line differential protection with reduced
channel requirements from the aspects of data format, sampling synchronization, synchronous monitoring and network
security. It puts forward a line differential protection method based on 5G and an optical fiber integrated channel. The
focus is on a synchronization method based on the improvement of the reliability of the data channel and on the external
synchronization clock, and the real-time synchronization monitoring strategy of multi-mode data to realize the
synchronization. Through the simulation test, the method realizes routable differential data processing, reduces the
requirements of differential protection for the channel, monitors the sampling synchronization status in real time,
improves the reliability of differential protection, and is conducive to the popularization and application of dual channel
and three route.

This work is supported by the Science and Technology Project of State Grid Corporation of China (No.
SGHDO0000DKJS2000106).

Key words: differential protection; 5G (5th generation mobile networks); optical fiber; integrated channels; synchronize

PR A e s 2 B R S B OB AT IE

0 5IF P, A R,
WL DRI LA 1) SRR N 5, R

I S dan B, M TR E IR S -Sunte Y. B, s A TRCE
SR % B R PRSOR % PR RE I — 2. (HIXFh 7
HETIH: BEG M AMAE K8 (SGHD000DKIS  NAFAEPA )8 a) AT HCE SR IE S A B b4t
2000106) TR DhREA — €0 TRF, 0], W] RE tH IRCE AN




HLF 5G MDELT£3 A MIE I i L 2 22 B PR 9y 12 - 159 -

SRR, SFEESREANE DL b) RIS E
R HEE 2, #AEEwR& TR, AR
R 4% FHAE AN — BT B2 S AR Y R B S Dl

2) SCREREIE R TG BR . BROGEF HE M IE A,
WA 2Ry K e I 2 H L B AL i) SDH
WA RIS, fHJE, SDH A5 WAL 4 25 R % 1
FPR, R o s A rEL ) H 2 48 0 1) 22 REAL RS
Ko JEEF 72 B PR Ar 6T T E 1 ELR PR T XA SDH
W2 TR sad, 12T R RS A sh il s kg
AR o

3) DA SDH A5 M 2% th Y 589k, el ie Xt
AbT- SDH JE {75 W 243 Sk (VBT REDR) 3t R 67 gy i, 3%
BT H,  FEUCIE S A R RUE I —
T (1 et B s O,

SCHR[12-1514EH T A 5G MZAE b Z= sh i
[EIE . AR H TSR ST T R W 2ZE S AR
R U, R K I AR, A%
FE AT I AN ] HE ] (1) 25 Bh AP i ok 7 6

AR T R T 5G MOGLT 454l (1) %
FHL 2R B 22 S AR 7V . 1T VR RIS F A T AR
PR HOR 8% A AN — SO, IS i
KFEER R, $m T 28 R4 I e A e R AT SE 4
h R 7 AT A s AN SCAE T8 A I AN A
WA AT EE MR 2 A PR ARG Y A A 5 25 ) o 2l
5 M Z——5G JBAF ML, FXF LT T I0AE . B0E
GERRW], ASCHEH M ZE SR R T RIS T
i SDH 15 WTE N IR 25 Pl 2R A5 M 2% LU S BT —
RICLBAF LS, FRAK T 22 sh P36t T8 I 1) 2K,
el T RGP SDH 4% s (i A A2 1) 1) 3L, A5 )
T RCETE = 4% h 4 N
1 EFFRIPEIT HE

FHLIL 22 Bl (R R B0 1 BER 2 5 IE 57 10 A4 e
AR R RRE IR 22 [R50, I S S R
[ FITAE -

1.1 EFRIEBENRTHZE

B C LB N I 7 R Y N (3 e e AN i
PRYR, ATEEVEIR . A R T AR T R AL N
RE—S ARl b, (A0 g SR sz i T R N G — 3
FRRE .

FEIE I UR D R 21, b7 ¢, I Z1 1) A
S R A% MR SC, RS U R IE SR T ()
Ay MRy A S5 GBI ¢ 1) 3 b R 0% R R
3, RS MSELERF R 25 TSR] R SR
SCHIBTZIN ¢ o

YT WO A BTN SEAR RISy, A VA H T S
(R
tr—t;—tm (1)

N e Y A N A BB =BT A
W RERT 2, IR LRAE I 2 L B 5 2 v
—H, W HE BN AL SEANE], 2l ) A &
TR BRI AE S T, 5 A3 ) 32 35k A3 R A A N SE 2y
Ty, s WD) VI Bl TE AL 2y
T, +T,
dl—; d2 (2)

WA e 300 T SIZ [ A i s S AR B i B 1) v 22
HAT, » BIPRI0RAE I 20 0 22 o

T, -T
Aaﬁﬂzﬂﬁ (3)

LR E R ISATI, PRI E SRR R A
A e A . BEAS L, PN ZE Bl AN N
Ep TS Al T I RE AN — B s AR ZE B FLR T
@R,

T;‘:

T;]:

=) ()
A [N E SRR F AR o N
M.

PR T A, M i g R T N A A e 250k
BB HI, HRYEEE IS, R ZE AL 25 )
HET TR &, ZaRP izl LLZES)
AT THE 800 A(—¥kAH) ELRiHIZh R % 0.6 A,
MMELBEWE R KT 777 A(—RE) H
| Ty, — Ty, [> 6.89 ms I, M4 2 (4)TH 522 i 2 22
HFMET M, AFAERBI A .

1.2 EFINERIF R MRS A%

FEF AN 25 I 22 A6 215 5 I [R5
TEANSZWCR B TE B SEA— 250, X PR [R2D 7
AT AN I B, [0 5 52 AN I [ D 2
5 .

(BB IR LI B O 22 0 AT > DU ORRACE I

ZUWZE AT, o HTFZCHIE W ISATIN, T I B 22
SRS 1, WXG)FTR.
AT @
—%—) %)
PR AT, 2 57 R o e 2 T8 31—
i, FRPEEES), RN ZE R e Z 38 E T Tk
R4 tE, ZahRir &Rl LLEZhSET T
800 A(—XkAfH). L GIZN R %L 0.6 I, HiiLssk
B HRRT 777 AC—IK{E) H AT, >3.45 ms I,

pps

I, =21 sin(

I, =21, sin(



- 160 - ® N EREFEEH

MR Y5 ()T 22 s /2 = shah Ve T I, A7 (ER3)
N
1.3 ZRIBEENRINEE

ARIEZE BN R4 D BT 5E 0, ASCHe 7 —
Tl 5G FIGLT oA I8 1) 22 sh R 2 A X R 20 7 vk
TSR A MBS S . BEE AR 2 Mesd
TEFN 1 AN 5G 103, ARSI 08 18 AR BN

I E AN AR FH R T, R B s e 2k
NEEWE 1 R,

PPSIN £ it s |
JECR. | 100 Mbit/s

PREEAEI V(S et

A 4 SO T

T JeFmEA|

' %&]‘—’ Kk | 2 Mbitss

B L | JeZliiEB

PR iRIS S I

] i 11

| GEBEENFRIPREBETEER

Fig. 1 Communication diagram of differential protection

device of integrated channels
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Fig. 2 5G differential synchronization method

based on data channel
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Fig. 3 Use external synchronization clock to monitor the

synchronization status of sample on both sides
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Fig. 4 5G differential synchronization method based on

external synchronization clock
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Fig. 5 n-shaped equivalent model of transmission line
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Fig. 6 Synchronization method of integrated channel line

differential protection device
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Table 1 Line parameters of the test system
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Fig. 8 Test system
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Table 2 5G channel information when fiber channel is normal
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Table 3 5G channel information when the fiber channel is

abnormal and the Beidou time source is normal
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Table 4 5G channel information when the fiber channel is

abnormal and the Beidou time source is abnormal
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