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(54) Title: BROKEN FIBER DETECTION METHOD, DEVICE AND SYSTEM FOR DISTRIBUTED RAMAN OPTICAL AMP-
LIFIER
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101 Monitoring the power value of the monitoring
optical signal and the power value of the output
aptical signal

102 Calculating the actual gain value of an
amplifier according to the power value of the
monitoring optical signal

103 Comparing the actual gain value of the
amplifier with a preset gain value of the amplifier,
and utilizing the gain locking function to control
the actual gain value of the amplifier to be equal
1o the preset gain value of the amplifier

104 Determining whether the power value of the
output optical signal is less than the preset power
value of the output optical signal

105 Determining that the fiber is broken
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(57) Abstract: Provided are a broken fiber detection method, device and system for a distributed Raman optical amplitier. When a
fiber is broken, the power of an input signal light at the fiber breaking point instantly decreases; when the tiber breaking point is far
away from an amplifier, the decrease in the input signal light causes decrease in the consumption of the pump light by the input sig-
nal light in the remaining optical fiber; increase in the power of the remaining pump light in the optical fiber causes increase in the
actual gain value of the amplifier; the gain locking function of the amplifier takes effect to decrease the pump power of the pump
light and maintain the gain of the amplifier substantially unchanged; the output optical power of the amplitier is quickly decreased
along with decrease in the input optical power; when the power of the output optical signal is decreased below the preset power of
the output optical signal, then determining that the fiber is broken; when the fiber breaking point is near the optical pump, the pump
light cannot effectively amplify the input optical signal, and the power of the output optical signal quickly decreases because of the
broken fiber; and when the output optical power is less than the preset power, then determining that the fiber is broken.
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WA RABER ARG LR, BB EHERF, »>HXIEE (Raman) %
HRRKBAFLBI . RFK FETE T AR &3 F 4 S RHHENRME
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BT REFING R NES, AEMNEREAETHSHEMA,;, AENEH
b AT 5 04 o F A

B AT fe 8y F A A

) W5 W AT T ey S B et b RAT T A BAE, Ml g S
o b R PR 89 AE 5, AT TR e 69 AT T R IR AT B Tk s ) 8 s
ERES, NERRAGRERETNERFRERETOHRM; K
B RS T ol B TR B RE S, WEH TR E AR 54



10

15

20

25

WO 2015/100635 PCT/CN2013/091161
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XEFEZWRIP A, TR T LR AR B 01F T8 B fdd L
BHe R0 EkT X, BT VCRA S fbeglim sk, XEZRF——FE,

IR 102: ARIEFTIE W dx RAZ 589 ) BAE T AR B 6g £ TR A4

P g M 45 AT 5 A AT 5 F IR AT 2 69 b 55045 5 W 5o KK
3 AT AR S RAE T AR AN RIE T, RS RAETFRINK
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WA AR NG — AN AR T
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B, Wi RAE T T ASE 5 KB AL MELRM X R, RIFMWEUE
549 ASE 69 h RAABP T it FAAK B L IRG B, EETREAF, TV
FR b S HAT 5 H I ksE RAE T P4y ASE, Felk 4042 5% F oM Kok
3% HAEF F 49 ASE, ¥ #EE — AP XA 69 2h BAEH FAA K B0 E R A
&, RA ASE,Fo ASE, AN XA F 89 B L RAEE N HAE T ey R4t
By R B LA,

AN (1) E2R(2) A AR F 155 4 542055 155 F 49 ASE,
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Gain, = A, x ASE, +F, (1)

Gain, = A, x ASE, +F, (2)

HF, Gain B G RAZFIRIEF R T ERIE A, ASE AL S K
E5HWIME BT T G FMA, A F AERETH TN ERE G A
G A dt; Gain b & 045 5 Kok sk KA e £ IR A A, ASE b 4 kA
TR R BB AT T DR, A B AERESTH TR E %
A3

HEF, RRKBEALEAH A, Ay, F. LRA TRFHE#HTHL:

1) BHAKRBGRBESDE, HRKEWNIE B A Gainy (i=1,2; j=1,2...)
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B, RAFFie Touat W12 8 69350 % ASE);, ASE,;

2) TATH ) (FAkjm 1), REFLS S H Gain, (i=1,2; j=1,2,...),
ARt Lty M Ax 458 & ASEy, ASE,, A2 Gainy BETHKRKELEF
TAE 69 P A R K3 438 S E;

3) AR

Gain,; = A,; x ASE,, + F,

Gain,; = A,; x ASE,, + F,

x EE e AT B LA EER AT IS, TRFAI AL A, FL By,
AT ETAEA RN ZRERLC LA FF L.

sHidid B & B RRA G RAE AT IS, TRFAK A, F (i=1,2,...),
W B TR R RN 2R E R LAt B T ik

AR (3)ER(4)H ARk FHA15 58 5842 3% 15 5 F 49 ASEL
Fodb & AT 5 TN KK SH BAE 5 P 49 ASE2  H A K 549 52 FRIE B A 44
Bk

Gain, = A, x ASE, + B, x ASE, +F, (3)

Gain, = A, x ASE, + B, x ASE, + F, (4)

o, Gaim W & kA2 54 kok kAT ST R IR HE, ASE AL S E
125 % oMa ks RAE S5 09 sh 15, A, B,. Fi. AEXRESH T8 0%
ke R Agk; Gaim s b 5 AT 5 Koksh KR S ey LR am, ASEh
SRAZZTH AN RB BB THAHRIA, Ay By R AEXETFEINE
EATES RS

Ad, RKBEALESLZ A, As. By, Bo. Fi. B RA FTRF FHIHATH
S

1) #FHAKRBORBHE, HAKEWGHE A Gainy (i=1,2; j=1,2...)
B, $RAFFFIe T bt M43 69 % ASE;, ASE,;

2) TAHH ) (FAjm 1), RFLS S 4 Gainy (i=1,2; j=1,2,...),
ARt Lty M Ax 458 & ASEy, ASE,, A2 Gainy BETHKRKELEF
TAE 69 P A R K3 438 S E;
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3) A
Gain,; = A, xASE,; + B, x ASE,, + F;

Gain,; = A,; xASE,, + B,; x ASE,,, + F,

st il FE B RRAIEE j 95 & Lt ae, THRFAI AL
As. By By i Bo i iR T4 A b R B T4ty 205 77 k.

Ak % KA F T A —AAFIT AT T, Tk 54T F oG AE
WAFILHAT T 9 h R, Bl REST FARRAE T RM, ITH
A K 286 5K RIG s A.

EHBERRBGERG BN, HTFEDNEEHGERE R, T
FIR K (5) AN (6) RFBAAEBIEREFTHHRAAREH L L
FE5HRMA T EREAAE. BB E T REA T L EREHE
B AR Z —, T VARG Hn 52 R IG5 (H 4Gk R L.

Gain, = A, x ASE, + B, x ASE, + C, xOUT +F, (5)

Gain, = A, x ASE, + B, x ASE, + C, xOUT +F, (6)

HF, Gain, A b G FAZF T 42 Boom AT T KRG B A, ASE Ak F Kk
155 W LN R AT T 69 48, OUT himd RAT T 6920 14, A,. B,.
Ci. Fy AEREFTHEIMERE AR AE, Gain, H L 5045 5 K ks ok
1256 2 TR3G B8, ASE: h a5 kAT 5 ST Rksh RAZ T o9 45, A,
B,. Co. Fo HERAZ 5 500N % 69 2 54K

Ad, RRKRBEEAL%AH AL A, B, By, C. G0 Fi. ERATRF
R AT A

1) BHIAKRBORAESHE, HAKENGHEH D Gain; (i=1,2; j=1,2...)
Bf, FRAFHIT TR M58 695 % ASE);, ASEy;

2) EAFHN) (&K 1), RFLS S Gainy (i=1,2; j=1,2,...),
VAB L B 6y M Ax 458 2 & ASEy;, ASE,, #H 2| Gaing BEZ T AKEEF
T AR &G PR RA KR53 M4
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3) AnX
Gain,, = A, x ASE,, + B, x ASE,, + C,,; x OUT + F,

Gain,; = A, x ASE,, + B, x ASE,, +C,, x OUT + F,,

shif g E @ FRRF O RIBEAL | 97 & AT A, TREZK AL
As. By, By Cpv Cov Fiv Fy, G THEA R D R ER M 488
BF Tk,

I 103: AR AT A K B 49 EIRIE A E 5 A K B 69 TR 3 A48 69 K
Ay, FIRIE R AUE RS TR A K B0 E IR BA SRR B HGTRIG &
AR .

F JF) 3 3 40T B BE AR ) PR A K 3369 SR IR A B A K 38 69 Tk 38 B4
FF T E 0

BT KRBGFREHBAKRTARAKRB G FRIEHZAN, RHBERL
FERBIERET, BRRERR S RE LG E;

BT KRB FIRE B D TARRKB G FRIEHZAN, RHBERL
FIEREEME T, I8 TR IR e A LG &,

EABAR, AL BART T LS ER R TH, ZHAEEHERRE
EBREE, dFHMALE TR, FEE AL TN T R FR
B AR, BARLA TR AR B L R I, HAA KB GG KRG B
M, BMRENEZNIZ SRR AT L ER R L AMER, BREEB LY
FBHE, EHAKBOEAAARARE, STAXRENHEERE, AKXKE
Hr 5% GG 4 A3 T 06 B b o B R AT 38 s NAT 5L B g ) ik
WTH, YMBETbe R TRAKTIESE (D TFRFFAKEE
FIMEG R R R ) B, AR, ZHFEEE AR
HIE BRI, BT AEELSARAEDL, RALLETHALEFT
HATHBRK, BT HELR ARk T, SHbEsy
FILT PR £0F, PR EHR R EHE, AR TR LAREE,
BRI ARF, RARARARBRELDEEIRD 22T EH. KL
AR IE BT DRI H R LELT T AREEH ZEGAE T
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HTFRHELDERL, REALERLTF ALY AL B LOLERAE S
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EEHTARRKBEEF NG RKE SR, A ATk, BEH
ANKAE T B G EIK, AP EELS) RAELDERE R, RFEkL
BT 69 B R 5 At e B R, AR BA LT ARE T REG L
R TREER A, KPR T RELELT T AR BH S AN ETOF
o), AF BT AT BT A9 Bk AT 5 A oh R 8 R T AR B B H TAE B 69 AR
ohE, STk AR 64 BB

HE 104: FBATAMERETOAREALET DT d iz Teiuk
HEA, R R, AT TR 105, wRF, BT 101.

WH 105: HE K A& BT

L KA T R T Hr o RAF T Fak o R0y, R TR AW
g, BT H R R AW, S REST O RMAR D TH L E S TR
HEAER, BEFE 101, % UK RET OIS RMEABE B ET
b9 o F A8,

W LR RN E T4, KREPAH L FH ZMK:

KAWL, BIFAMAGETLAERRTHR, ZHAEESHAKRE
BEBARZA, dTFMARETRAR), FRARLDFHAE T LT RFL
B AR, BRI F R RO RIE R e, K B KRG B8
T, AKBEOEAMT ARG AP TR E R L AR, BIRRE LY
FHENE, HEARBOEAELATE, I TFTHARBENEETRE, AKBE
Hr 5% 09 8y B A4S T U6 B b 2 B R AT AR NS TR B GG R aflak
T, YW LehE THIRKTIRSE (DN FRRFTAKEE
FIAE RIS R R ) i, PR TSR R A ME, EHAEES LR
HIE BB, W TWAEESAREIES L, RFELESHARET
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BATHHAKR, R AETOHERLR A AR TR, SR iE5y
FARTF IR F0, FIRAFEBRL AR, JIRATEABLEKEE,
BHEERPAAST, AARTARLERELSERKE Z2TEH. KA
AR 3G AP AT F R AERLT F AR BEH 7L RE T
R, BT R Z M B A F N BIKTAKREET TEe i d bzh %

52 P A HE A G A

5L 3645 —
B 2 hARE AN ﬁ\ﬁthxtﬁk B BT AT AR ik R e — AR
A, 5Eiep—Hk, F£a6 L aFEENRELGHEM, FTEAFEE

F&:

HH 201 BMBERREFTHHEM, WEARTHAHFEAURTRHE
T s b oY FRE Jueg 2h B AE.

P g M 45 AT 5 A AT 5 F IR AT 2 69 b 55045 5 W 5o KK
SHRAE T AR LS RETH RN EE TS, Bl kE 5 eh %
. BTl RE T RS 56— KM, XEREHRA.

Wm RoH R R RS RMA, RERFAEES—NAERE, &
A A RS B e R A B AE . ST AN RO R 6
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8] 35 W5 ] FR I R B b 69 R R ed B RAE R, o BB AN FROE ey
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B 202: RFBAAEABRIERETARIIER ARG AR ERKRE
S RIG A
¥R E B A T F R BRGNS, TAFD) LA #H
89 ERIE S A4,

FIR X (7) Ao X (8) HHR KRB EIRIGH A

Gain, = A, x ASE, + B, x ASE, + D, x PUMP, + E, x PUMP, + F, (7)
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Gain, = A, x ASE, + B, x ASE, + D, x PUMP, + E, x PUMP, + F, (8)

o, Gaim W & kA2 54 kok AT S E IR AE, ASE AL SR
SE R RIEIE R TR, PUMB g b 45 45 5 4 5 oM % o
FoERHEAMA, A, B, Di. E|. F| AEXREFTFTIMEEEGRAEAL
By Gaing gy b 5 F A 5 RBOR I 5 ey FIRE A, VERHLSETF
TN Kk sk AT T ey o A, PUME 3 W & 42 5 4 55 o Kook 3% 69 R ey
HFAA, Ay By Dov Bow Fo A ERME T EMEIM 89 R RS

H¥, 25D, Ao D, 89T A KB F 3646 — P o9 s R A5 k5 2.

E%ﬁfﬂ* A TAEETRIE B EHMAH, BT ARAA~K(9)F(10)
BBV MEFT R, RERDBEUABREERE TR T EEGREA
{4,

Gain, = A, x ASE, + B, x ASE, +C, x OUT + D, x PUMP, + E, x PUMP, + F, (9)

Gain, = A, x ASE, + B, x ASE, + C, x OUT + D, x PUMP, + E, x PUMP, + F, ( 10)

B, Gain, G HAF TR E R T L IRIEHRE, MEAH LS5
T 5 INE IR T T W RAA, ouT Ak RAE S ey, PUME 3
Ak & AT 5 A LA R RE R ed S 45, AL By, C. Dy B FrL A
FEHRAZ T T IMNE KRG BRI, Gain, Hy b 5 A2 5 Kk sE Az 5 49 52
MRIGHAL, A h A S HAZ T FEIN KR IEERAE T FE, PUME S 4

HATF W RN R B H G R e h E A, A, By Cow Doy BEyw Fy A AR
15 5% o 4a kb by 2 54K

XEE 2R E, KREAPFHRKRBYGALERI A, B,. C. D
Ei. FiX & Ay, Byy Cow Dy Eos B, EXRRMARKBALTHARE, &
3 E R AT,

H¥, 24 El A= E2 89T A KB F 366 — P o9 s R A5 ko 2.

W B 203: FLERATIEAA KB GG F R BA SR K EF TR g H4E69 K
v, FVRAE BT AR B TR K B 69 £ IR B A 5K B e TR 38 &
{48 % .

IR 204: FIETATEE R RE TS RALT T LT TR
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AMEERE, FHUMNEELIETHHE, S EE, B1E4#
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FAE S T IX G 2144
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