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(57) Abstract: Disclosed are an optical
time domain reflectometer (OTDR) imple-
mentation apparatus and a system, compris-
ing: M transmitters used for transmitting M
types of optical waves of different
wavelengths, M being greater than or equal
to 2; a processor, used for controlling an
OTDR testing circuit to load an OTDR
testing signal on a first transmitter, the first
transmitter being used only for loading the
OTDR testing signal, the remaining M-1
transmitters being used for transmitting
downlink optical signals, and the downlink
optical signals being high-frequency sig-
nals; the OTDR testing circuit, used for
generating the OTDR testing signal, the
OTDR testing signal being a low-frequency
signal; and M receivers, the first receiver
being connected to an egress link of the M
transmitters, and the remaining M-1 receiv-
ers being connected to a demultiplexer and
being used for receiving uplink signals of
multiple channels. The technical solution
can solve the problem of using the OTDR
to test reflected light in a TWDM-PON.
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—F A IRAHNERARLEREZ %

AR A

AK P BB AR, REF AT A BERH L EIARKERLZLK.
#HEHEAR

AR RRBFI AR, Frrh LRI KNEL (Passive Optical Network,
PON) 24084 M=FH, 0B 1T, HALALHEUTZHS: AERK
# 3% ( Optical Line Termination, & #& OLT ). 4 M % ( Optical
Distribution Network, & #& ODN ). #F= % M £ % 7T ( Optical Network Unit,
@4 ONU). £ PON Z % ¥, A OLT #| ONU/ONT 7 ) #4% #r i A T 47,
RZ A EAT, FATHIER H Reh 48k & d OLT J-#% 3] % ONU #9, & ONU
09 LATHIE L % d OLT 4B L £ 0 fR, L4777 & R of 4 2 A 48 %y . ODN
H R KB, ¥ OLT T 4769 8445 8 2] & /4~ ONU, B &% % /4~ ONU
69 EATHAEIC $ 454 %) OLT; ONU 25 PON 2% R4EEHA F Mo, 475
ODN #8i%. ODN —#f&K 4 H = A4 LR A5 B (Splitter ). T4
g, Fag AT, ST —H#46 PON 2%, T8 L4050 —/FRE 6
K K. KR OLT 3 ONU H & #H A F4r5 &, £ G/EPON ( Gigabit
PON/Ethernet PON, & 4L IRAML/ VA KM LRALMNL ) W&+ XA
1490nm ¥ KK, A ONU 2| OLT # @ #H L4775 &, £ G/EPON W%
% A 1310nm F <K K.

& F PON W& & —AMWBegsty, —~+ B OLT TEHEARKS
A~ ONU, F b T 447 W 25 6948 5, do AT SEAT 3 5L ot A H S AT X 69
ok

B ATk feg @ ) F A R A R B B ORC 4 AL (Optical Time Domain
Reflectometer, fi #& OTDR)#) 7 X &k 350 B & Bt AT F A W Fo A5, o AT
IR AT AL 6 A AR B2 A R AR AT P & f AR R RS BT T AR 69 B ) R
FrE-ERKGRAHBN RN LT, R BN Z 2 RH AR E K]
RARILHK W &R A, 4B 2 é’w”ﬁ%i* AT 5L8 . 1490nm & F
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A7, 1310nm £ E47%, 1310nm KT vA F & TFF JBK R #EA b B 4K
FAR M (Photo Detector, & #% PD) KM 3], @ 1490nm % F 47845 7%
OTDR MiX4Z %, ZilHF KK % (Thin Film Filter, & 4k TFF) R4 /&
N a il #AﬂpmwwmrémmNﬂ%%&%t@ B 3| il e
B2 TFF B A R4 E ¥R UENE| di@ i, 4 1490nm 9 PD 4K
MB, & TFTAERT TR ELTHAL, RAAZMETE 6§ R wh K4
BP 2t B A R 3% FUSE B 69 AL o £k, BT pAARE RO R 5% 69 T AL R H) B
EEREBHRATHLAKE., Hlhen 2] —MRGRHLEE, ERETHR
FEZHFTES EEIT R AGE A, RNB] —AREZR, BHRE
TREZIFAED LEAN TR T HGPAA, dmdTHEHE.

% H F — &K% PON # K TWDM-PON ( Time Wave Division
Multiplexing Passive Optical Network, B 5K 5 2 F LB AL ) k3L, st
F 4= fT K OTDR & FI B R4S E, FFERHMBEFE.

XAAE

ALK R 4G B RAE —FF BT RR AT OTDR 89 FR K B R R4, f
% i & 4o T £ TWDM-PON M % 4 R/l OTDR 4 47 %, it o #4738
& oy 19 AL

HEF| LR B, KRG ERGRA T HEARATE:

H—F &, —HAHKRRHML OTDR TN K E, &i5:

ZAEAA, T RS % 3% R KKk,

OTDR # M # 3%, B F /4 OTDR & M 5 ;

AEE, ATHREFEZVEZTHBE LKA MK OTDR £ R4EF 5, H
¥ Ff i OTDR 4 M 15 5 A K 1E 5 ;

BABRMN, AP F BRI EEENE S AL o
BE, ATHKALEZEF OTDR EMNEFTHE VS BHRILEGRHE
5, FHIERHFEEAHE OTDR £ 0 & 3K it /748 M, H 4k 30K
MEESKRE, AToNBEKRZHR ELTES
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—# OTDR MWK FE, &5
MARHI, ATFTELAHE MBI EKGRLE, MXFTHFF2
LEH, ATHRSE B TARMGE ST mEIE B REALE, AE
P4 %0 ONU 9B E Kb F —HBAREHTES KK
s Kk, HF, FFEE — ONU 5 F — 3% k&t &,
OTDR # & %, B T AFAE — & KK ELim& OTDR £ 0z
5, £ ¥, i OTDR #&M4E 5 A K MAZ 5 ;
M+l AR, EFF—BRNEBEENE MAALHIGE O
3 b, A THEHMKAEEF OTDR & WM AZ 5 &9 — 3% L K 6 R 15 5 ;
10 HAE MABRMNEEESK , AT oAl IS % EATE
% -5 ®, —# OTDR LI EE, @i
MAEHA, BFERHE MM TR RKGRE, MKXFFF 2;
42235, B T A% PTi& OTDR # & 34 £ 5 — & AL L w#, OTDR #
MWE5, HF, F—LHWAA T & OTDR £nlfF 5, L4 M-1 4~ L4
15 ﬂm%i%Tﬁt%ﬁ,% L FATRAZ T & E 5,
OTDR # R @, 8, A F /=4 OTDR #&M4Z 5, FTid OTDR A& N1E 5 4
RIAE 5 ;
M AR, HdF, F—BRAEEEEMAMNLHE o a4R
HA& M-1 /\é‘%&#}bz‘éﬁﬁ KEZE, AT 2% EATETHEIK
20 WA &, —AF LR KN PON, &1 L&ERK%LR OLT #= L W
% % 5 ONU, Fri& OLT #= Bf & ONU i it 5k & e W % ODN A9 &, £
BAELE T, A OLT & d —F @AM EE, E G
FTEFFAGEE, AFLHEWE Z 5 @Ak
UL ) K
25
W 25 3 [ 04 13 8,
# B B9

EE Ll
H R E
Foh ERFZARKF LB A F TWDM-PON ¥, T 2AfE 2 % TWDM-PON
69 W & b ILHCE B, KA OTDR 3 A M6 A5 5, Mi i3 3] &

XA~ ODN
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AT EFRHPARLR ERVRAFBRRFORRFTE, TEF
FZBl AT TE B GHEER ZRANE, BRIk, Tamiy
BT B AA T AR K PR 8 — 2 26 ), AT T AATRE B AA R R, £ER
MG H IR T, BT AR B RF L ey A,

B 14 PON 244 M =& H;

B 24K EXANHASHSL EOTDR i A+ ER;

B 3 24 KA A6 E 43469 TWDM-PON 244 M B

B 4 KK FE A4 -4 TWDM-PON 4 ONU % f = & A ;

BASAHRNEXAIEX OTDR ¥R XTFH;

B 6 A AL A 6 K65 4- 469 —Ft TWDM-PON #47 OTDR 42 49 7
= H;

B 7 h AR K B A5 R AR 6 W IR K 5 49 TWDM-PON #9 OLT 2 #b A 3k
T ER;

B 8 h A& AP R FIEF A KA 69 TWDM-PON % 4 &
= H;

B 9 h AL Lk EAEGL T OTDR KA 4 TWDM-PON %4 #) -7 &

B 10 4 A K B8R 5 5645 32 AL 64 38 Jm — 2 4P 480 7k K 49 TWDM-PON % #)
TEH;
£ K 536 5 X

T @SS RLRAFRGFOHE, T ALAE®RE T gHE AT R
ATERE. REWBE, DR, ATRE G F AL KK R — 23 £ e,
ARG TR, AT AL PG LR, KRS BHRAR EX
H A Rl M o7 S AT R T BT IR 69 BT A Al k6], BT AL ARS8
O H .

% 4 F —4K 4 PON & K, TWDM-PON £ PON #4 42 My ¢4 3 s b 3t 47
T%ARFL ., 5 PONAR 692, %A ODN R&LMAL, LR EET
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ETFATHRREEZG AW EAANARE LS, BARB3IHFF. B 3L
AL P FEPR G —FF TWDM-PON 89 2 42 MEB, vA 4 kK A4,
FTATF®, OLT s @A A HMH A E B WA EgEK, 2E6KE,
HANETF R, REHEF|E ONU. &F ONU #9885, RgFEL T —A K
KT, BE R AZMNAT, B NEAE, T 2LBFTNK
KFag—A, BHARFE G ONU, TAEEDH RE EKS,; Tl A
TRERE, RBEERFEZEED REGRK, AR RS G L,
EEAFE, £— ONU &L dwft Bk key—H, BiEse—atal,
ODN W% & A Wit E4TH, KB —4, ONU 89 L AT vl A W
AFTRE AR, LTARA T HERAE, RBEFE, APIRFLY
KK, Mm Yy ONU #ft k., EATHOANRRKIAALSRNL S, ik
OLT #9450k & . 1+ Blew A NE KK LAT RS T, HEANBKRE 842
AL, £ OLT #2 ONU #9242 A % ( Wavelength Division Multiplexing,
B A& WDM) &£ J Tde L FARKICRK S B ey ik E.

B 4 A KL EkpII4EY TWDM-PON ¢ ONU ¢4t~ & B . &
A OLT 89 2 Ak, 228508, 23054 ONU &9 A% . {22
HA-ONU Rei#E A F —Rhk, L Arid Rk EAREA 5% ONU xt &
G158, ASLAERBFTHIERZA, TR -ATHEKRSE, BEL T
—H g K, MW ZBRIERKERHRBEHTE. ETFJE OTDR R P 8
BT, ERZRAEZBBERTRG, (222 AR T L%
R, REZBLSE IS TIRIERE G AE, LRA 6 AKAE
HE KA, FRADE OLT P+, AT E3A K], @4 X il
B #1455, Hmibm A ODN B 43 & e 42 4,

FEF L, OTDREE S A4 E OTDR A2 E OTDR A A, Jw
5P, 4FE OTDR 24K A KA M 249 OTDR X & B 5 L BHEALWN
% R BATME M AE, OTDR KM B sh e sz, NE
OTDR A2 48 OTDR & Fo i B 3 fe 5 s B ARk M 2%, A st LB &
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%, MW EX OTDR £ AR A AN X KA (Embedded OTDR, i AR
EOTDR) , @& F EOTDR —#& KA £ A OLT #4543 LD ( Laser Diode,
Mk —# % ) X PD (Photo Detector, F®IKM K ), A FI4ME F X &
AE &G, ERAREREG, BRRAXKERL,

AT & ERHEBIBET AL R T A E OTDR, &7 A & A T4 F OTDR,
T @S BRERG G — TR KR,

52 3] —

ALK FHA PR AE—F OTDR FMEEFE, .15

ZAEHI, BT RH S % RE KKK,

OTDR # M # 3%, B F /4 OTDR & M 5 ;

REHE, ATAERAZRERARFOE VAR LK IE OTDR
¥4z 5, HF AT OTDR A& M A1E 5 H K |15 7 ;

BABEMN, AP FE—BRIEBEEFESALFAEE o4
b, A TEIETE B OTDR £ N 1F 5 69 5 3 8 K 6 R 415 5
AR AEZEE > KS Demux 5, AFEFH SR EAET 80
Al

Ed, BTRAZALHTNEAHGREF AN WK TTLEST, AT
®FTAAETAHSALE T

Titd, REERNTHEE DV HELE A OTDR £ AE 5,

Akt EMMREVRBRENGE LKL, BEE - Ew
OTDR # M4z 5; EFARBRLEKGE B REEE, WRE ZHE
4 OTDR &M 5, £, F—HAFERE ZMERR,

TitH, XEBATHREEZ S HHEKKREME OTDR &0 4EF 5,
O EH TR, EFFEMBAEKRGSE —HK ALK EmE OTDR &
MAZ5; EH AR, EARBBE LK S % KK EmE OTDR
%,E¢,%fﬁM%“:ﬁmxmc
i, BTk OTDR ZFIEEL OF—LERE, & THA
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BB @, ATHEBEKAEAEVABLERGRHES, #
MBFTE S B, ERATE SRR RIS

Tk, FTAS —HEKMBEKmE OTDR Nz 5 69 R H 12 5
B, MM EAE R AT —H A,

ﬁﬁ%,mi%%ﬁﬁﬁ?%%ﬁﬁc

Wik M, ATk OTDR £ I K H L wORR B, EETAE
%%ﬁ%%ﬁ@,M%B%mﬁ%»ﬁﬁﬁomRﬁm@ﬁ%ﬁi
% & 64 OTDR #& W15 5

AR EY, AR EAFLRE—F OTDR R 675 %, @€i&:

ES3BTAAARKRFHE Y HKKEKEME OTDR ¥ 0 1E 5,
K it , E 9, Frid OTDR #& M1E 5 H KA 1Z 5 ;

BT R B3R RS

Tk, EZRTAREAFHEYHEALK EME OTDR £ 0
6%, LARGIE: ERAABLENS —BRALEE, BEE—HRE
49 OTDR # M 12 5; EFE BB EENE 5K E, mWEE =R
¢ OTDR # 01z 5 .

Tk, EZRTHARKFTOGEYAEKLKELmEA OTDR £ N
25, BhadE: AF—WHE, EAERBLKGE KK Lk
# OTDR Mz 5, HFAR#E; AF W H, AL BBRKEYF
Pk Em# OTDR 4 W4E 5, K ik,

T, AR AR LKNRAHE ST, O

Bl F — B8 R 6 KA A2

Pl B = B8 R 6 RS A2

JE R H A R4 1E

Tk M, BTR kiR 645

KA F —BARGRFRET AT ES G RAHET,

#

I

i)

u\\\

u\\\

S B HMHE, oA E,
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TEEeEKE AT —F R KK E N,
B 6,2 A& AR 5 56 ) — #2435 69 TWDM-PON# 4 7OTDRAZ W 49 = & B .
B 6FT 7, OLT# LA 3HLD, WK KA, A Az AAIAEZ T Mux (#5T
WASKE) bR—%, BLISO (FaH R ) &, EAR—HREL. BT,
FOLT#I M, 2Bk A FTHONUK %8 E WA K KA, Ao Ars Ag,
fEZidDemux (KB ) 0K E, 4R HEANDARE GPDERA, FA76
WA K KA AT ANk K, BIEWDMIER B SHF. TANEANNEREK, &2
—B AT E, BAPOSHAE, ZEAHRS LY, HHHFH IR
%9 (—fA4. 8. 16. 32, 64% ) , F|EAFAHONU., wb Tl E
B A& /AONUR, WA TFTATERRAMAZE LG, LB =4, RAMBEE A R
AONUBEM K KA, =, WAONUBEMKE KL, FE. SAONUEIL,
FL. AANONUEMA,, BRIABE6OFT =, AONUK I Z Ak KA HR A
=, B, ATAANSONURH A Ay dey B E 0 WAONUBESE KA Ass Aas
B A SAONUBERE KM A Ay L ADNONUEBIE KA. Ay Ase
A X WA AR K, RN TALI, RAEGEKT, L2887 MF
Z— (RFA LN —, RFLFLZ—, RELPNZ—) , FLEZAEE
A KK (Hikd R, KA ENLFL) . ERTHGONUT AT, &
SHTA G LAY, FEPOSHAE, RAHASIOLT.
HARey, RAMAEMFLLE, B RRGERNIZ L, #HFRA G SHHIE
B AR, —RZHFHEANIONU. mEBRLFL LK GONU, REARE
GERIE L, MEFRAES, BRTFAETTAEREW, Ry
M F0GONU, 2FFTA 69K Fo 5 8015 5 — R XA EOLT. & THE R
AT FTATET A8, BREMNEIAWDMEKRSZN, REEANE
REGERA, MALHI| ARG LMI., AT EFEMZRHET, KM
FE2HI AL B R 0, W —F X3, LRI RETHAND L
B, MY, BEEEAE, ARBRKMGENES, mEE
S FIER L, Bk A, B ARKT R EAR,
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B ERFEF, &b I AR B3 ANOLT R S 3% 69 8 AL el 19
MHAFHLET TR, X2, TRBida o LR 7 X, ibaF LRz
T, RRE, BPEM EAIKIRE TR, L EMKFETH AR, RHF L,
EABRIE T, M EAIRFAE T3 XA, AR AR AR —RIRIE 5 it
NIZEMAA, RAE, T ABTRH EA G F X, AL, e R E R E
AR IRAE 5. AN A BP AR B LA IR AE 5 AR AR, RATR AT A28 i v, R ok

BHH N, BAERSF K.

A, BRAAMALERETIKFAZ T, B2, Lfa R 23N
éﬂOLTi%i‘%éﬁ%&#ﬁ)@l’ BAE 5 R ART, FralkiE 5 e N 2Ok,
AT —FRG m,&MﬁuE%&mﬁ@m*A%%ﬁﬁum¢R%
T RER R, XA THERERE), EAEERS TR SR LFAIER,
B Fa s

KL EwBiLEZ VALK EBIKRGENIZ S, Fdd s
ALET R B B S, RIReGZANIE S, #tm EILAETWDM-PONF #t
T OTDRAE M,

e fp) =

AL EH#P) LR —F OTDR FIGEE, @45

MAZHM, AFAMHMELIRKKGLE, MXTHFT 2;

REE, ATHRSE —RBRTHAE T I E R LK E, ALK

—AM%ETL ONU KA KRB F —REAKEHITEF K
K, £F, FTEE — ONU 5 H —% Lkt i,

OTDR # i w %, J T AEPTEFH — ¥ KK LB OTDR £ M E
T, £F, B OTDR 12 5 HIK#M 12 5,

M+l AR, EFF—BRNERERAE MAL NG H o
3 b, A THEHMKAEEF OTDR & WM AZ 5 &9 — 3% L K 6 R 15 5 ;
EAMABEBEMNEBRE >R E Demux 5, A TEFW Z R LITHEF
6y o A B UK,
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Tk, AESE —ARNLETLONUMBREAKRS S —% KK
HPTR G kK, BAGRE: AERETLREHELES — ONU,
Frifd 4 &R Tl fPEE — ONU & — R KK KAENF =
P

HoA, P4l eBdHE EHREL ENE L (Physical Layer
Operation Administration Management, PLOAM ) % i% .

PRk 42 40 W & 69 WA X T L A Z LA R PLOAM H & Mi4s X
%i,ﬁﬁmﬁ%ﬁo

ik, FF AR TR RERSE, EBEMEE — RN

WE, B TR %%(ﬂDRﬁWNf?%ﬁ%ﬁﬁﬂé , %y 3]
B ik & — B AL, JETR TR b % BRI 69 R A5 5

MR, RNEK U EEG LR —FFOTDRE I 7 %k, &i&:

WEOLT 8 TATRRE S, BEFH K TR T mBEIF %k
w ks

P TR & — 9% Rk ke & OTDR % W 2 %

BB R Jm B, OTDR 43 5 69 0 69 R 4 ki3 5

ik, PTRBEAATA A W 693 A OTDR A N AE 5 69 KK 8
R4k, i

WA A AHT B R R AL AT R R AR, ER e RE

W T iZEES Ty A& OTDR 49K K £, AH OTDRE5, @&
&M FEAZES, FTvA £ OTDR #HLAL L, Tikey, T RALA G
TR B

TEL4AHE 8., B IEKMEREY LKA GENG T

F8FT T8, A TEF® THIKSHTWDM-PON, £ F&EK, £iZ
IHERETF, EBANRHEK, RAHSIE T, BA FMIERILRNE 5

B/ oprr, %4544 TF OTDRKSH, RMTALFEK, kL P8y
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—40 ONU #9 K K#ATIA T, IFEA L A TAAHRIERE T, 25
Fl AW =Bk K TA., L, OLT 4 H F4)—240 ONU K K#HATH
AT R I HH &R EI, Brid sl & lid i PLOAM W & K i,
H & e X T A A BB AT R G984.3 4] 49 X F PLOAM K & eg Wit X, X Z
AHEHE, BN, BRAGIBEFTELIBEAKRTHERZAFRR, XL
FEAE, AwE TR, &M4ﬁ%mﬁﬁ$&&M%OMLﬂwﬂ%&
Ay BB, FTA 69 ONU A2 R AN, B, KANAREEEL D HKHAE
FEPET, OLT #9FT A FATAE Tl idn,. Ay MO RIK FAE. B Eb]— K F
492, SLBFEEN ] OLT K43 693 Leg 13 5, RA ML EAKHE 5

‘mﬁ%%ﬁ&%%éﬁmrﬁ<ﬁ%m%%%onm%ﬁ%ﬁﬁi,
Bp T 4% 2| W 45 09 3813 &

Wik HL, OLT i i MAC =&l Hhil, &A% ¥ AT A 3 Lk Ar ik
B9 T OTDRAZF A K AN 69 ONU #HAT R KIAF, A THIK
H A4l M-1 3155 F 65 —3%, tbefl 5 ONU &9 5T 8 & B 35, 48 L3 IL
KR A RE . wid, & T ATA ONU K& F 69 I8 K & A st £k pr
E g mEBE ) OTDR EF a9 K m A B R M, A A K LT R A
$ P ONU Fr /2 o & 4% 3 09 #[F 42 &

Tk, OLTR&EFT H A HAAEL — AN BRNBERFERA T
49 3% % A OTDRAR M 42 5 69 KK 69 R4 k.

B LR ARKFEEH FTWDM-PONY , A% & % TWDM-PON
69 W % 4 I E et , KA OTDRE LR L 469 15 5, M 45 3] Z A~ODN
P 45 64 15 8,

5234 =

AL EHB LR —FFOTDRIEN K E, & 45:
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International application No.

INTERNATIONAL SEARCH REPORT
PCT/CN2014/075026

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

[1] The present application comprises three inventions: the first invention comprises claim 1 and claim 12 (when referring to
claims 1-5); the second invention comprises claim 6 and claim 12 (when referring to claims 6-9); and the third invention comprises
claim 10 and claim 12 (when referring to claims 10 and 11). Any two of the above-mentioned three inventions only share the same
features as follows: a plurality of transmitters for transmitting multiple channels of light waves with different wavelengths; an OTDR
detection signal being a low-frequency signal; a first receiver being connected to outlet links of a plurality of transmitters, and the
other receivers being connected to the rear of a wave splitter for respectively receiving multiple channels of uplink signals; and a
passive optical network (PON), comprising an optical line terminal (OLT) and at least one optical network unit (ONU), said OLT and
said at least one ONU being connected via an optical distribution network. However, the above-mentioned same features are common
knowledge in the art, not the same special technical features. Any two of the above-mentioned three inventions do not share the same
or corresponding special technical features, and are thus do not form a single general inventive concept, lack unity therebetween and
do not meet the requirements of PCT Rule 13.1, 13.2 and 13.3.

1. [ Asall required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. @ Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment
of additional fees.

3. [0 As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. [ Norequired additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on protest [0 The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

[0 The additional search fees were accompanied by the applicant’s protest but the applicable protest fee
was not paid within the time limit specified in the invitation.

[0 No protest accompanied the payment of additional search fees.
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