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MeToAbl U3sMepeHus
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B cTaTbe paccmaTpuBaloTCcs 3 MeTOoA4a USMEPEHUS
Be/INYNHbI 06paTHbIX noTepb (ORL) B BONOKOHHO-
ONTUYECKUX CUCTEMAX, MPUMEHSIeEMble

B COBPEMEHHbIX U3MepUTEe/IbHbIX Npnbopax —
MeTOo/, U3MepeHUi Ha HerpepbIBHOM U3/Ty4EeHUU
(CW), meTopn pednekToMeTpmn BO BpEMEHHOIMA
o6nactu (OTDR) n meTopa, pedpnekTomeTpun

B yacToTHom o6nactu (OFDR). MpoeoauTtcs
CpaBHUTE/IbHbIA AHA/IU3 3TUX METOA0B,
paccmaTpuBaroTCs NpenMyLLLecTBa U orpaHUYeHuUs.
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BBEAEHWUE

OfHOM M3 Ba’XKHBIX XapaKTePHUCTHUK BOJIOKOHHO-
ONTHYeCKUX NTHUHUK CBI3U (BOJIC) U BOTOKOHHO-
ONTUYEeCKUX YCTPOMCTB SBJISIeTCSl YPOBEHb CO3/aBae-
MBIX UMM 00paTHBIX moTeps (return loss, ORL, moTeps
Ha OTpakeHHe) - BeJIMYMHBI, PABHOHM OTHOLIEHHIO
MOIITHOCTH CO3/IaBaeMOro B YCTPOKCTBe CUTHajIa obpat-
HOTO paccesiHHs K MOIIHOCTH OIITHYeCKOro CUrHaja Ha
€ro BxoJle, BBIPKEHHOH B nenubenax (TOCT P 54417-
2011). CurHamel o6paTHOrO paccessHHUS MOTYT BBI3BI-
BaTh HeCTAaOM/IBHOCTH M IIYMBI B JIA3€PHBIX H3/Tyda-
TeNdX, MCIIONb3YeMbIX B BOJIOKOHHO-OIITHYeCKHX
CHCTEeMax CBSI3H, YTO MOXET IPHUBOAUTb K cOOSM
B paboTe Tel1eKOMMYHHUKAI[MOHHOIO 00OpyNOBaHMS
WK J0Ke BBIXOMY JIa3epHBIX M3/IydaTesled M3 CTpOS.
B CBSI3M C 3TMM YPOBHHU CO3[aBaeMBIX 3JIeMeHTaMHU
U ycrporictBaMu BOJIC o6paTHBIX IIOTepb 0OBIYHO HOP-
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INTRODUCTION
One of the important characteristics of fiber-optic lines
and fiber-optic devices is the level of return loss (ORL,
reflection loss) they create - a value equal to the ratio
of the power of the backscattering signal created in the
device to the power of the optical signal at its input,
expressed in decibels (GOST R 54417-2011). Backscatter-
ing signals can cause instability and noise in laser emit-
ters used in fiber-optic communication systems, which
can lead to failures in telecommunications equipment
or even failure of laser emitters. In this regard, the lev-
els of return loss created by the elements and devices of
the fiber optic line are usually standardized, and return
loss meters are widely used in measuring equipment of
fiber-optic communication.

The article discusses the methods of measuring
return loss used in such measuring devices, and their
comparative analysis is carried out. Currently, the fol-
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MHPYIOTCS, 2 U3MepUTeNIN 0OpaTHBIX IIOTEPh HAXOMAST
IIHpoKoe IIPHMeHeHHe B H3MePUTE/NTbHOM TeXHHKe
BOJIOKOHHO-OIITUYECKOU CBS3H. B cTaTbe paccMaTpHUBa-
IOTCSI MeTOZBl U3MePeHHUs 0OPAaTHBIX ITOTEPb, HUCIIONb-
3yeMble B TAKUX M3MepPHUTeIbHBIX IPHOOPax, U IIPOBO-
IUTCS X CPABHUTEIBHBIN aHAIN3.

B HacTosimee Bpemsi Hanbornee pacIpoCTpaHeHBI 3
MeTOoJa H3MepeHHsI BeJHYHUHBl OOpaTHBIX II0TEpb
B OIITUYECKOM BOJIOKHE:

+ CW-MeTon - MeTOH, OCHOBAaHHBIM Ha H3Mepe-

HUM CpefHel MOIIHOCTH OOpPAaTHBIX OTPasKeHUH
OT HCC/IefyeMOM BOJIOKOHHO-OITHYeCKOM JTHHUHU
[IpY IIOCTOSSHHOM 30HAMPYIOIIEM OIITHYeCKOM
CUTHaJIe;

e OTDR-MeTond - MeTO[ OIITHYeCKOH pednexrome-
TPUM BO BpeMEHHOM OO/IacTH, OCHOBAaHHBIM Ha
HM3MepeHHU U3MEeHEeHHS MOIIHOCTU OTPasKeHHOI0
CUTHa/IA IIPU MMIIYJIbCHO-MOAY/TUPOBAHHOM 30H-
JUPYyIOLIeM CUTHAJIe;

» OFDR-MeTOf, - MeTOf, OIITHUYEeCKON pedreKTome-
TPHH B YaCTOTHOM 00/IacTH, OCHOBAaHHBII Ha aHa-
nu3e UHTephepeHIIMOHHOM KapTHHBI, JIMHEHHO
IepecTpaMBaeMoro II0 JJIMHe BOJHBL Jjasepa,
HCIIO0JIb3yeMOro KaK MCTOYHHK 30HIHPYIOILEro
CUTHJIA U CHI'HA/IA 06paTHOTO OTPasKEeHHUSI.

PaccCMOTPHIM 3TH MeTOZBI II0fIpobHee.

CW-METO4 U3SMEPEHUA

CW-MeTopn saBiseTcs Haubosee O4YeBUIHBIM CIIO-
coboM H3MepeHHUSI BeIHUYMHBI OOpPATHBIX IIOTEepPh
B BOJIC. CxeMa, IIOSCHSIIONIASL ITPHHIIMII pa60Tb1
CW-n3mMmepuTesis Ipe/iCcTaBieHa Ha puc. 1.

Jlazep (JIM) reHepHpyeT HeIllpepeIBHOE OITHYeCKoe
M3/IyyeHHe, MMelolee IIOCTOSHHYI0, U3BeCTHYIO MOIIL-
HOCTb Pjj, [1BM]. Yepe3s BeTBb 1 pa3sBeTBUTeNs (CIUIUT-
Tepa) CII 3T0 H3/y4deHHe IIOCTyIlaeT Ha ero BBIXOZ 3.
K HeMy ke MOAKIIOYAeTCA TeCTHpyeMas BOJIOKOHHO-
OIlTHYeCKas JTHUHHUA MU TeCTUpyeMoe BOJIOKOHHOe
ycrporicto. Ilpu 3Tom CII BHOCHMT HOTepH Ay, (4B,
B CMTHAJI, ¥ B BEeTBb 3 IIOCTYIIaeT MOIIHOCTh P, 4., <P;.
IIpy OpOXOXKAEHUU H3IIyUYeHUs dYepe3 BO-THHHIO,
4acTb ero OTpaskaeTcs Hasal M3-3a pacCcesHHs Ha Heom-
HOPOIHOCTSIX CPefbl ITepejaul (pasieeBCKoe paccessHIe)
M Ha 3epKAJIBHBIX II0BEPXHOCTSIX (bpeHeneBCcKoe OTpa-
keHHe). Ha Bxox 3 CII mocTymaeT CHUTHalI obpaTHOro
paccesiHUSsI M, TepIs MOTepU As, [AB], mocTymaer Ha
BXOJl OIITMYeCKOro BaTTMeTpa MOM, I103BOJIAIONIErO
M3MEpPUTh CPefHIO MOIIHOCTh Py, 3TOro CHUrHasia.
TakuM 06pa3oM, 3Has CpPeJHIO MOIIHOCTh OIITHYe-
CKOI'0 M3/7ydyeHHs Ha Bbixone JIM P, moTepu Aj; U Ay,
o nokasaHusim OM P,,, [ABM], MO>KHO BBIYMCIUTH
3HaueHHe BeJIMUYNHBI HHTeIPAIbHBIX 0OPATHBIX II0TE€Ph
B TpakTe RL, [1B], 1o dopmyie (1).

lowing 3 methods of measuring the return loss value in
optical fiber are most common:

¢ CW-method based on measuring the average
power of backscatter from the fiber-optic line
under study with a steady probing optical signal;

« The method of optical time-domain reflectom-
etry (OTDR) based on measuring the change in
the power of the backscatter signal with a pulse-
modulated probing signal;

« The method of optical frequency-domain reflec-
tometry (OFDR) based on the analysis of an inter-
ference pattern linearly tunable along the wave-
length of a laser used as a source of a probing
signal and a backscatter signal.

Let’s look at these methods in more detail below.

CW MEASURING METHOD
The CW method is the most obvious way to measure
the value of return loss in fiber-optic lines. A diagram
explaining the principle of operation of the CW meter
is shown in Fig. 1.

The laser (LE) generates continuous-wave optical
radiation having a steady, known power of R, [dBm)].

P H3/TydaTens |
Ccmittor ‘ BO_FHHHH
ot } FO-line
t J CIT| SP ‘
|
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P n3IydaTens }
Cemiuer [

Puc. 1. CmpykmypHas cxema usmepumens 06pamHbix
nomepb, pabomatouezo no Memody U3mepeHus Henpe-
pbIBH020 cuzHaAd: JIN = cmabuAu3upo8aHHbIl UCMOYHUK
HenpepblgH020 onmuyeckozo usayyeHus, MOM — usmepu-
meAb onmuyeckoli mowHocmu (onmudeckuli eammmemp),
CMn - onmuyeckuli pazgemaumenb (cnaummep), BO-AuHuUS -
y4acmoK 80N/0KOHHO-0NMUYECKOL AUHUU, HA KOMOpOM
mpebyemcs usmepums 06pamHsbie nomepu, M — maHopens,
P - 80n0KoHHO-ONMUuYecKul pa3sem, COeOUHSIIOULUL BONOKHA
8 BO-auHuu

Fig. 1. Block diagram of a return loss meter operating using
the continuous signal measurement method: LE — a stabi-
lized source of continuous optical radiation, OPM - an opti-
cal power meter (optical wattmeter), SP - an optical splitter
(splitter), FO-line — a section of a fiber-optic line on which it
is required to measure reverse losses, M — mandrel, C - fiber
optic connector connecting fibers in a line
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RL:POB_PJI+A13+A32+2'O‘y (oB], @D

rge o, [AB] - BeIM4KHA I0TePh Ha OIITHYeCKOM pasbeMe,
COeNUHSAIOEeM HCCaenyeMyo BO-JTMHHIO U BBIXOOHYIO
BeTBb CII (CUMTAeTCsl IIOCTOSIHHOM K COCTaB/sieT IIpU-
MepHo 0,15 1B).

M3mepsiemble TakKHUM 00pa3oM IIOT€PU BO3HUKAIOT
6rarogapsi BceM ONTHYEeCKMM KOMIIOHEHTaM, BXOZS-
IIMM B BOJIOKOHHO-ONTHUYECKYIO JMHHIO. [1s TOro,
4TOOBI OIlpefeNUuTh OOpaTHBIe IIOTEPH OT 3aTAHHOIO
ydyacTKa JIMHHM, HaIpUMep, OT MeCTa COeIHUHeHMs
ONTHUYECKHUX Pa3beMOB, HCIIONb3YIOT T.H. MaHPe/b.
MaHnpipenb IpefcTaB/iseT coOOM CTepskeHb 3aJIAHHOIO
OyaMeTpa, Ha KOTOPBIM HaMaTbIBAeTCS ONTHYECKoe
BOJIOKHO. /liaMeTp CTepPsKHS TaKOB, YTO B HAMOTaHHOM
Ha Hero OIITHYeCKOM BOJIOKHEe HapylIaeTcsl YCJIOBHe
IIOJIHOTO BHYTPEHHEI0 OTPaskKeHHUsI, U HU3/IyYeHHe BBIXO-
OUT U3 CBETOBOZA, He Co3[aBast OOpaTHBIX II0TEPh, a Ha
5-7 BUTKaXx HaMOTKH, OOpaTHBIe IOTepH OT CIefylo-
IIIero 3a MaHIpe/Ibo yyacTka BO-JTMHUY YMeHbIIAI0TCS
6onee uem Ha 70 0. /InaMeTp CTEP>KHSI MaH/IPeJIU OIIpe-
nensieTcss paboder IJTHMHOM BOJHBI M THIIOM OITHYe-
CKOr0 BOJIOKHA. Hamprmep, I/ OIITHYECKOro BOJIOKHA
Kiacca G.652 oH cocTaB/isieT 8 MM IIpU IIPOBeNEHUU
HU3MepeHHN Ha [yiMHe BoIHEL 1310 HM U 10 MM IIpHU
[IpoBefleHHH H3MepeHHMI Ha JJIKMHe BOJHBEI 1550 HM.
TakuMm obpasom, HaIlpuMep, B cxeMe, IIOKa3aHHOM Ha
pHc. 1, 19 U3MepeHHs 3HaUeHHs BeTUYHMHbI 06PaTHBIX
II0TEPh OT OIITHYECKOro pasbema P, coequHAIONIero aB8a
ydacTKa HccIefyeMor BO-THMHUM, HeobxXoouMO IIpU
IIOMOIIX MaHIpend M ybpaTh obpaTHble IIOT€pPHU OT
BOJIOKHA, PacCIIOJIOXKEeHHOIO IIocjae pasbeMa P, 3arem
M3MepUTDb BeJTUYHMHY MHTEIPATIbHBIX OOPaTHBIX I10TEPh
RL,m, [OB], oT paspema P M ONTHYECKOTO BOJIOKHA
repez, HUM. Ilocie 4ero M3MepuTh BeTUUYUHY Rl
[oB] - obpaTHBIX IIOTEPh OT Y4acTKa TPacchl Ilepen P,
HaMOTaB Ha MaHZpe/b BOJIOKHO MEXAY HM3MepUTeIeM
1 pa3beMoM P Kak MOKHO O/1kKe K pazbeMy. HcKomyro
Be/IMUKHY 0OPaTHBIX I10TePh RL, MOKHO BEIYHC/IUTS 10
dopmyite (2).

RL,=10l0g,( 10%mn/10-10%s/10), [1B]. )

Onucanapii CW-MeTon H3MepeHHsI OOpaTHBIX
II0TePbh B OIITHYECKOM BOJIOKHE JOCTAaTOYHO IIPOCT B pea-
nMu3anyK. EAMHULQ oOpaTHBIX IIOTEpb, HM3MepeHHas
TaKUM CII0CO60M, B POCCHICKOM CHCTEME MeTpOoJIo-
ruyeckoro obecriedeHusl IIPOCIeXKHBaeTcsi K Tocymap-
CTBEHHOMY CIIeLIHa/IbHOMY 3TaJIOHy eIHHUILL IJIMHBI
M BpeMeHH pacIIpoCTpaHeHHs CHUIHajla B CBeTOBOJe,
CpefHelN MOIIHOCTH, OCIabieHus ¥ IJIMHBL BOTHBL AJIS
BOJIOKOHHO-OIITUYECKUX CHCTeM Iepefadyd HHOOp-
Maruu (I'3T 170-2024) yepe3 eqUHUIIBI CPeSHEH MOII-
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Through branch 1 of the SP splitter, this radiation
enters its output 3. The fiber optic line under test or the
fiber device under test is connected to it. In this case,
the SP introduces losses of Aj;, [dB], into the signal,
and the power of R 4, <R; enters branch 3. When radia-
tion passes through the fiber-optic line, part of it is
reflected back due to scattering on inhomogeneities of
the transmission medium (Rayleigh scattering) and on
mirror surfaces (Fresnel reflection). A backscattering
signal is received at the input 3 of the SP and, suffer-
ing losses of A;,, [dB], it enters the input of an optical
wattmeter OPM which allows measuring the average
power of P of this signal. Thus, knowing the average
power of optical radiation at P laser yield, losses Aj; and
Ay, according to the readings of the OPM Py, [dBml],
it is possible to calculate the value of the integral
return losses RL, [dB], in the tract according to the
formula (1).

RL=P,~P; +Aj+Ay+2-0, [dB], D

where «, [dB] is the loss value at the optical connector
connecting the studied fiber-optic line and the output
branch of the SP (it is considered steady and is approxi-
mately 0.15 dB).

The losses measured in this way are due to all opti-
cal components included in the fiber-optic line. In
order to determine the return loss from a given section
of the line, for example, from the junction of optical
connectors, the so-called mandrel is used. A mandrel
is a rod of a given diameter on which an optical fiber
is wound. The diameter of the rod is such that the
condition of the total internal reflection is violated in
the optical fiber wound on it, and radiation exits the
fiber without creating return loss, and at 5-7 turns of
winding, the return loss from the section of the line
following the mandrel decreases by more than 70 dB.
The diameter of the mandrel rod is determined by the
operating wavelength and the type of optical fiber. For
example, for Class G.652 optical fiber it is 8 mm when
measuring at a wavelength of 1310 nm and 10 mm
when measuring at a wavelength of 1550 nm. Thus, for
example, in the scheme shown in Fig. 1, to measure
the value of the return loss from the optical connector
C connecting the two sections of the studied fiber-optic
line, it is necessary to remove the return loss from the
fiber located after the connector C using the mandrel M,
then measure the value of the integral return loss
RLymm, [dB], from the C connector and the optical fiber
before it. After that, measure the value of RLy,, [dB]
of the return loss from the section of the path before C,
winding the fiber on the mandrel between the meter
and the connector C as close as possible to the connec-
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HOCTH U OC/IablieHHs ONTHYecKOro HU3nydeHus. [ua-
[a30H M3MepeHMsI obpaTHBIX moTepp CW-meTomoMm
OIIpenesseTcs:

* HMaIla30HOM HM3MEpeHHsl CpefHel MOLIHOCTH

OIITHYeCKOro BaTTMeTpa MOM,

e IIOTEepsSIMH CHT'HaJIa B pa3BeTBUTese CII,

* YpOBHEM «HYJEeBOro» CHIHajla OOpaTHBIX IIOTepb,
BO3HMKAIOILIEr0 B pe3y/bTaTe OTPasKeHUs H3Jyye-
HuU4 JIH oT BBIXOZHOTIO pasbeMa 3 (CM. PHC.) U3Me-
putenst U pasBerButens CII, a Takke 6maromapst
H/IMYHIO IIepeKpPecTHOM IIOMeXH MeXKOy THHH-
amu 1 u 2 pasBetBurens CII (crosstalk, isolation).

Ha mnpakTuke, JIMMUTHUPYIOLIMM OKa3blBaeTCs
HMeHHO IIocIefHHUH ¢akTop. EciM AMHaMHU4YeCKUH
JHala3soH COBPeMEHHBIX ONTHYeCKMX BaTTMETPOB
06bI4HO TIpeBbimaer 80 b, IOTEpPU U B Pa3BeTBUTENe
CIT coCTaB/SIIOT MOpsAKa 3 OB, TO YpoBeHb B3aHMMHOM
M30/ISLIMU IIOPTOB CHJIBHO 3aBMCUT OT KOHCTPYKLIMH.
JTa XapaKTepUCTHKAa HOPMHPYETCS JajIeKo He JIJis BeeX
TOCTYIIHBIX Ha PbIHKe pa3BeTBUTeJEH, 0OBIYHO ITPOK3-
BOJMTe/leM YKa3blBaeTCsi MMEHHO ypOoBeHb OOpaTHBIX
IoTepb. Bompoc IIPHMEHHMOCTH Ppa3BeTBHTeeH pas-
HBIX THUIIOB K 3aaue u3MepeHuss ORL 6bU1 paccmo-
TPeH B XOfe COBMECTHOM pa6OTI>I OI'BY «BHHUHO®PL»
u HIIIT «MTC». B Tabn. 1 mpencTaBlneHbl MHUHHUMA/Ib-
Hbple 3HayeHHs HYJIeBOIO YyPOBHSA, IIOJy4YeHHBIe
B CW-u3MepuTesne o6paTHBIX IIOTePb C HKCIIONb30Ba-
HHeM HM3MepUTeNIel Tpex PasIHYHbIX THIIOB: CBapHEIE
pasBeTBUTENH Y-THIIA (MMelolre 1 BXOA U 2 BBIXOJA —
FBT 1x2), rutaHapHble pasBeTBUTenu Y-tuma (PLC 1x2)
U CBapHble pa3sBeTBUTeNH X-TUIla (MMeloliue 2 BXo[a
U 2 BoIxoma — FBT 2x2). Bce Ppa3sBeTBUTEIN MMeJIH Ko3¢-
dunneHT geneHus 50% - 50%. HeMcronb3yeMblid IIOPT
X-pa3BeTBUTe/IS HAMATHIBAICS Ha MaHJpeb, 4To obe-
criedynBasI0 PaKTHYeCKoe OTCYTCTBHE OOPAaTHBIX OTpa-
JKeHHH OT TOpLia ONTHYeCKOro BOJIOKHA. M3mMmepeHHS
IIPOBOMYCH Ha JIMHEe BOIHEBI 1550 HM.

BLICOKMH ypOBeHb «HYJI€BOIO» CHIHaja, IIOJIydae-
MBIH IIPH MCIIOTIb30BAaHHU CBAPHOTO pa3BeTBUTeNst FBT
1x2 MOKHO OOBSICHUTBH Te€M, YTO CIUIMTTEPHI AAHHOIO
THIIA BBIITOJIHAIOTCS CIUIABJIEHHMEM [IBYX OITHYEeCKHX
BOJIOKOH, 3aTeM OJMH M3 I[IOPTOB OTKAJbIBAETCH /IS
IIOJIy4YeHM Y-KOHPUIypaluu. MecTo CKojla IIpH 3TOM
MOYKeT CO37IaBaTh OosblIrie oOpaTHbIe IIOTEPH, OIIpefe-
JSIOIMe HM3KUE KO3OQUIIMEHT MeKKaHa/JbHOM H30-
TSUKAK. TexHOMOTHs IUIAHAPHBIX pa3sBeTBUTe/IeH [103B0-
J5leT MONY4YUTh OONMBIIYI0 M30/SALMI0 KAaHAJIOB 33 CUeT
bosee BBICOKOM TOYHOCTH K IIOBTOPSEMOCTH ITPOM3BOA-
CTBEHHBIX IIpPOLIeCCOB. Hamaydmimil pesyssraT obecrie-
4un1 X-pasBeTBUTeNb, IHMIIHUK» IIOPT KOTOPOro ObLI
3aIIyIieH. 3TO II03BOIMJ/IO PAaCIIMPUTh AHAlla30H U3Me-
peHHsT 0OpaTHBIX IOTEPh 10 ypoBHS —-70 AB M MOKHO
yTBEpKIaTh, YTO, Iof06paB boee KaueCTBEHHBIN pa3s-

=

tor. The required value of the return loss of RL, can be
calculated using the formula (2).

RL,=101l0g o ( 10"/ ~10Rsse/10) (1], @

The described CW method for measuring return loss
in optical fiber is quite simple to implement. The unit
of return loss measured in this way in the Russian met-
rological support system is traced to the State special
measurement standard of units of length and time
of signal propagation in a fiber optic, average power,
attenuation and wavelength for fiber-optic information
transmission systems (GET 170-2024) through units of
average power and attenuation of optical radiation. The
dynamic range of measurement of return loss by the
CW method is determined by:

+ The measuring range of the average power of the

OPM optical wattmeter,

 Signalloss in the SP splitter,

+ The “zero” level of the return loss signal resulting
from the reflection of LE radiation from the out-
put connector 3 (see Fig.) of the meter and the SP
splitter, as well as due to the presence of crosstalk
between lines T and 2 of the SP splitter (crosstalk,
isolation).

In practice, it is the latter factor that turns out to be
the limiting factor. If the dynamic range of modern
optical wattmeters usually exceeds 80 dB, the losses
Ap; and A;, in the SP splitter are about 3 dB, then the
level of mutual isolation ports are highly dependent
on the design. This characteristic is not standardized
for all splitters available on the market, usually the
manufacturer indicates exactly the level of return loss.
The question of the applicability of splitters of differ-
ent types to the task of measuring ORL was considered
during the joint work of FGBU “VNIIOFI” and NPP “ITS”.
Tabl. 1 shows the minimum zero level values obtained
in a CW return loss meter using three different types of
meters: Y-type fused splitters (having 1 input and 2 out-
puts - FBT 1x2), Y-type planar splitters (PLC 1x2) and
X-type fused splitters (having 2 inputs and 2 outputs -
FBT 2x2). All splitters had a count-down ratio of 50% -
50%. The unused port of the X-splitter was wound on
the mandrel, which ensured the actual absence of back
reflections from the end of the optical fiber. Measure-
ments were carried out at a wavelength of 1550 nm.

The high level of “zero” signal obtained when using
a fused FBT 1x2 splitter can be explained by the fact
that splitters of this type are performed by fusing two
optical fibers, then one of the ports is split off to obtain
a Y-configuration. In this case, the area of splitting
can create large return loss which determines the low
coefficient of inter-channel isolation. The technology
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BETBUTE/Ib, BO3MOKHO PaCIIMPHTh JUATIA30H ellle CHU/Ib-
Hee. TeM He MeHee, JaHHBIM I10Ka3aTe/lb MOXKHO CUH-
TaTh OMIM3KUM K IpefenbsHOMY it CW-H3MepHTesen.
B mpoliecce HCIONBb30BaHHUS BBIXOLHOM pa3beM H3Me-
pUTeNss «3aTHpaeTCs», B pesylbTaTe 4ero ¢peHeses-
CKOe OTpaKeHHe OT Hero yBeJIMYMBAETCs, UTO B KOHIIE
KOHILIOB IIPUBOAMT K BO3PAaCTaHHIO HYIEBOIO CHTHajlia
[0 YpOBHs, IpeBblmaromero —70 nb. JpyrMM 3Ha4M-
Te/lIbHBIM HefocTaTkoM CW-MeTona sIBIsIeTCst Heobxo-
JMMOCTh MCITIOJIb30BAHMSI MaHAPeIH I H3MepeHHs
II0TePh OT 3aJaHHOIO Yy4YacTKa TpPaKTa, UYTO MOPTHUT
OIITHYEeCKOe BOJIOKHO, KPOMe TOro, 3TO He BCerfa Ipes-
CTaBJISIETCS. BO3MOKHBIM.

Tem He MeHee, TUHaMHNYeCKUI AHara3oH B 70 Ob
BIIOJIHE [IOCTAaTOYeH [I Psifia IPUIOKeHHH, a lieHa
CW-u3MepuTeneil ob6paTHBIX IIOTePh BeCbMa KOH-
KypeHTa. Kpome Toro, BelMYHHa OOPAaTHBIX IIOTEPb,
M3MepeHHasl OIHCAHHBIM CII0COOOM, OUYeBHUIHBIM
00pa3oM IIPOC/IeKKBAETCS K eIHHUIIe 0ClabneHus s
OITHUYeCKOTro BOJIOKHA. [103TOMy AAHHBIK METOH, TPaH-
LIIOHHO MCIIOIb3yeTCsl B 3TA/IOHHOM TeXHHKe, B 4acT-
HOCTH, B pab0YHX 3T/IOHAX €IUHHUILIbI OOPaTHBIX II0TEPh
B ONTHYecKOM BojoKHe (POOII, perucTpaliuOHHBIN
HoMmep B peecTpe CH: 52363-13, 35981-07), mpoun3BOIH-
MBIX U ocTasigeMbiX @IBY «BHUHO®L» B METPOIOTH-
YecKue LeHTPhI PoCCHH.

PE®JIEKTOMETPUYECKUE METO/bI

B mocnenHee BpeMs Bce yallle CTa/Id BCTPeYaThCsl IIpU-
6opel, IMpemHasHaueHHBble ST M3MepeHMs pacIpere-
JIeHHBIX OOpaTHBIX IIOTepb - IIOTEPb OT BBIOPAaHHOIO
y4dacTKa TPacChl, KOHKPeTHOIO pa3beMa MM KOMIIO-
HeHTa. Takue DPUOOPBHl OKa3alIHCh BOCTpebOBAH-
HBIMH, HallpUMep, Ha IIPOM3BOJACTBAX ONTHYECKHUX
[aTY-KOPIOB, Kabenmer U c60pPOK - ISl TECTUPOBAHUS
KayecTBa IIOJTHPOBKM Pa3beMoB. ITa 00/1acTb IpHU-
MeHeHHs He II03BOJIsSleT IIOPTUTb TeCTHpyeMoe
BOJIOKHO, HaMaTbIBasl ero Ha MaJIbll pafuyc. 37ech
HaXo[sT IPHMeHeHHe IpPUOOphI, peaTu3yiolre Bpe-
MeHHOH U $a3oBblil pedeKToMeTpUYecKHe MeTOIBbI
(OTDR u OFDR). K mpubopam, ucronssyomum OTDR-
pedeKTOMEeTpUYeCKUI METONI, HAaIlpUMep, OTHOCSTCS
MAP-200 (VIAVI, ®panius) u Op-940 (OptoTest, CIILA).
OFDR-pedeKTOMeTPUYeCKUM METOJ, HCIIONb3YyeT,
HarpuMep, OVA-5000 (Luna, CIIA). JaHHbIe CHCTeMBI
MOTYT U3MepSTh KaK HHTeIPabHble 0OpaTHBIe IIOTEpH,
TaK M IIOTEPH OT 33aJaHHOro y4Jacrtka BOJIC u uMeroT
bonee mMpokHe AMHAMHYECKHe UAIIA30HBI, YeM
vsmeputenu CW-TuIia.

OTDR-METO/,
Ha puc. 2 mpencraBieHa o6obmieHHast CTPyKTypHas
cxema OTDR-pednexToMeTpa. MMIY/IbCHBIN JIa3epHBIH
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Ta6bnunua 1. MMHUManNbHbIE 3HAYEHMS HYNEBOMO YPOBHS
ORL, namepeHHble no metony CW c pa3BeTBuTensiMmm
pa3HbLIX TUMOB

Table 1. Minimum values of the zero level of ORL, measured
by the CW method with splitters of different types

TN oNTNUYecKkoro

MUHWMANbHBIA YPOBEHb KHYNS»

pa3BeTBUTENS CW-u13mepuTens o6paTHbIX MoTepsb, 45
Type of optical The minimum “zero” level of the CW
splitter return loss meter, dB

FBT 1x2 -48

PLC 1x2 -63

FBT 2x2 =7/5

of planar splitters allows for greater channel isolation
due to higher accuracy and repeatability of production
processes. The best result was provided by the X-splitter,
the “extra” port of which was jammed. This made it
possible to expand the measurement range of return
loss to the level of -70 dB and it can be argued that
by choosing a better splitter, it is possible to expand
the range even more. Nevertheless, this indicator can
be considered close to the limit for CW meters. Dur-
ing use, the output connector of the meter is “rubbed
out”, as a result of which the Fresnel reflection from it
increases, which eventually leads to an increase in the
zero signal to a level exceeding -70 dB. Another signifi-
cant disadvantage of the CW method is the need to use
a mandrel to measure losses from a given section of the
path, which spoils the optical fiber; moreover, this is
not always possible.

Nevertheless, the dynamic range of 70 dB is quite
sufficient for a number of applications, and the price of
CW return loss meters is very competitive. In addition,
the value of the return loss measured by the described
method is obviously traced to the attenuation unit for
the optical fiber. Therefore, this method is traditionally
used in reference technology, in particular, in work-
ing measuring standards of return loss units in optical
fiber (REOP, registration number in the Measuring
Equipment Register: 52363-13, 35981-07), manufactured
and supplied by FGBU “VNIIOFI” to metrological cen-
ters in Russia.

REFLECTOMETRIC METHODS

Recently, devices designed to measure distributed
return loss - loss from a selected section of the route,
a specific connector or component - have become
increasingly common. Such devices have proved to
be in demand, for example, in the production of opti-
cal patch cords, cables and assemblies - to test the
quality of connector polishing. This field of applica-
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u3ny4darenb MJIM reHepupyeT 30HIHPYIOLIHE OIITH-
YeCKHe HMMIIYJIbCHI, ITOCTYIAlolnue 4Yepe3 BOJIOKOHHO-
ONTHUYeCKUM PpasBeTBUTenb CII B HCCIegyeMylo
BO-nmuHUIO0. PacmpocTpaHssCh B Hel, MMITY/IbCBHL IIOf-
Beprarorcsi 06paTHOMY PacCesHHUIO, PerHCTPUPYyeMOMY
BBICOKOCKOPOCTHBIM ~ (QOTOIIPHUEMHBIM  YCTPOHCTBOM
®IIY, curHana ¢ KOTOPOro YCH/IMBAeTCS IIPH IIOMOIIH
IIMPOKOIIONIOCHOrO ycunuTensas YC M IIofaeTcs Ha
OBICTPOAEHCTBYIOIIUK AaHATIOr0-IU(POBOM Ipeobpaso-
Batenp ALIII [1]. YmpasneHue 3amyckom HMJIM u obpa-
60TKy curHanoB ALII ocymiecTB/IsSeT MOAY/Ib LIPPOBOL
obpaborku curHano LIOC. Otcyersl ALl CHHXPOHH-
3UPOBaHBI I10 BpeMeHH C MOMEHTaMHM 3arrycka HJIH,
KakpoMy otcueTy ALITI, ITpor3BeeHHOMY Yepes3 Bpems
nAt, [c] (rme At - Bpemsi MeXAy IpeoOpa3oBaHHSIMH
ALII, n - 11e/10e YKCIIO0) IOCTIe U3y4eHHs ONTHYeCKOro
umIyasca MJIM COOTBETCTBYeT CHUIHA OOpaTHOIO pac-
CesTHUS 30HOHPYIOIIEr0 MMIIYIbCa OT KOHKPETHOTO
ydacTka BO-Tpaccel. Takum obpasom GopMHUPyeTcst
pediiekTorpamMma — 3aBUCHMOCTb OTHOCHTETBHON MOIIL-
HOCTH CHT'Haja 0OpaTHOro pacCesiHUs OT PacCTOSIHUS
MeXIy M3MepPHUTe/IeM U MeCTOM paccessHus. [Ipu mmpose-
JeHHH H3MepeHus usydarteb KJIM reHepupyert mocie-
JI0BaTe/IbHOCTh OIITHYECKHX 30HAUPYOLIMX HMITYJIbCOB,
[IepUof, C/Iefl0OBAHKMS KOTOPhIX HACTPaMBAETCS TaKHUM
obpasomM, YTOOBI CHTHaJI OOpPAaTHOrO OTPaKEHHUS OT
CaMoOM yJaJIeHHOH TOYKH BO - Tpacchl ycreBas MOIacTh
Ha QoTomnpreMHoe ycTporcTBo PIIY 10 Toro, Kak bymer
chOpMHPOBAH C/IeAYIOIIHN 30HAUPYIOIIHUE HMIIY/IbC.
JUIS1 KOKOOM TOYKH pedrieKTorpaMMBl ITPOM3BOIUTCS
MHOXECTBO YCpelHeHHI H3MepeHHOro 3HaueHHUS CHI-
Hajla 0OpaTHOTO PacCesiHUsI, YTO I103BOJSieT CHU3HUTh
BIMSHME IIYMOB KaHajia GOTOIIPHEeMHHUKA.

OmMCaHHBIN IPUHIHUIT PaboThl OAMHAKOB sl 6071b-
mioro yucia OTDR, DpHMeHSIOIIHXCS I M3MepeHU s
JnrHel BOJIC U IIOMCKa HEHCIPAaBHOCTEN Ha JHUHHUSX,
OHAKO eC/lIH pedIeKTOMETPhl ONTHMM3MPOBAHbI IS
pa60TbI Ha Oosnpiive muctaHiuu (ot 1 mo 100 kM), TO
OTDR-u3MepuTenu obOPaTHBIX IIOTEPh OIITHMH3HUPY-
I0TCSI JUIs1 paboTel B OIEDKHEH 30He. [IJIs1 HUX XapaKkTep-
HBIMH SIBJISIIOTCSI 60J1ee BEICOKOE IIPOCTPAHCTBEHHOE Pa3-
pelieHue, 6oee BBICOKAS TOUHOCTh U 6ojiee IIUPOKUE
OUATa30H H3MepeHUs! ypOBHEHM CHIHajla OOpaTHOro
paccestHHsI, HO MeHBIIMH AHAIa3oH pabouux IIHH
ONTHUYeCKUX THHHH.

I[Ipunuun OTDR 1o3BoisgeT HUBEIWPOBAaTh (ak-
TOPBI, OIPaHHUYMBAKONIHe AUHAMHUUYECKUN AHala3oH
CW-u3MmepuTenert o6paTHBIX II0Teph — BIHSHHUE IIepe-
KPeCTHBIX IIOMeX Pa3sBeTBUTENS M BBIXOSHOIO OIITH-
4yeckoro pasbeMa. [nsg cucteMmbl OTDR 3TH IToMexu
MOTYT He YUYMTBHIBAThCSL 33 CYeT BbIOOpa MHHHMAJIb-
HOI'O MHTepBaJIa T BpeMeHHOM OTCTPOMKH 3aIrycka ALITT
OTHOCHUTE/IBHO MOMEHTAa TreHepaluy 30HAMUPYIOIIEro

=

50)051 z BO-1mUHHUS
LE FO-line

CI1|SP
OIIY %
PD

yC > AL
SA ADC

oc
DSpP

Puc. 2. YnpouweHHas cmpykmypHas cxema OTDR-
usmepumens: UJ1IV1 — umnyAbCHbIU Ad3epHbIl U3Ay4amenb,
@I1Y - 8bicokockopocmHol GomonpuemHuk, YC - ycuau-
menb cuzHanos, ALIIM - 6bicmpodelicmayrouiuli dHan02080-
uugposoli npeobpazosamennb, LIOC - ycmpolicmeo uudpo-
8ol obpabomiu cuzHanos, Cl - 80A0KOHHO-ONMuYecKuL
paseemeaumens

Fig. 2. Simplified structural diagram of the OTDR measuring
device: LE - pulse laser emitter, PD - high-speed photodetec-
tor, SA - signal amplifier, ADC - high-speed analog-to-digital
converter, DSP - digital signal processing device, SP - fiber-
optic splitter

tion does not allow spoiling the fiber under test by
winding it over a small radius. Devices implementing
time-domain and phase-domain reflectometric meth-
ods (OTDR and OFDR) are used here. Devices using the
OTDR-reflectometric method, for example, include the
MAP-200 (VIAVI, France) and Op-940 (OptoTest, USA).
OFDR-reflectometric method is used, for example, in
OVA5000 (Luna, USA). These systems can measure both
integral return loss and loss from a given section of the
fiber optic cable and have wider dynamic ranges than
CW-type meters.

OTDR-METO/,

Fig. 2 shows a generalized block diagram of an OTDR
reflectometer. A pulsed laser emitter LE generates prob-
ing optical pulses coming through a fiber-optic SP split-
ter into the fiber-optic line under study. Propagating in
it, the pulses are subjected to backscattering, recorded
by a high-speed photodetector (PD), the signal from
which is amplified using a broadband amplifier (SA)
and fed to a high-speed analog-to-digital converter
(ADC) [1]. The digital signal processing (DSP) module
controls the start-up LE and the processing of ADC sig-
nals. The ADC counts are synchronized in time with
the LE start-up moments, for each ADC count produced
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HMMIIy/IbCA. ITO I103BOJIAeT PACIIMPHTD JUHAMHUYECKHL
OUAIa3oH H3MepUTeNs paclpele/leHHbIX OOpaTHBIX
[I0Tepb [0 3HA4YeHHH, COOTBETCTBYIOIIMX P3/IeeBCKOMY
PaccessHUIO OT y4acTKa OINTHYeCKOro BOJIOKHa (0OBIYHO
coctasinsiet oT —70 16 mo -80 nb Ha 1 m). OgHako, Tpe-
6oBaHMe K yBeJTMYEHHIO ITPOCTPAHCTBEHHOIO paspelle-
Husg OTDR BCTymaeT B IPOTHBOpedHe ¢ TpeboBaHHEM
yBeIMYeHMS JUHAMUYECKOro JUara3oHa M3MepUTeNis.
Tak Kak yBe/JIM4YeHHe IIPOCTPAHCTBEHHOIO paspelleHus
JOCTHUIAeTCA 34 CYeT YMEHbIUeHUs IJIMTEeIbHOCTH 30H-
OUPYIOIIMX ONTHYeCKUX KMMIIYJIbCOB, yMEHBIIAeTCs
M MOIIIHOCTb CUTHaJIa 06PaTHOIO paccessHUs. MOIIHOCTb
JKe H3/ydaTesier, IIpUMeHseMbIX U1 TeHepallid 30H-
OUPYIOLIIMX MMIIY/IbCOB, OlPaHMYeHa CBepXy KaK Tex-
HHU4YeCKMMH BO3MOKHOCTSIMH CaMHX H3/TydaTenel, TaK
1 HeJTHHeHMHBIMH 3pdeKTaMU B OITHYECKOM BOJIOKHE
(1 cocTaBsieT 06BIUHO He 60/1ee HeCKOIBKHX COTeH MBT).
Bce 3TO yCIOKHSET IIPOLIECC H3MEPEHMSI MOIIHOCTH
CHTHasa OOpaTHBIX IIOTEpPb K 3aCTaBJIsSeT ITPOM3BOAM-
Tesell OTDR HCIONb30BaTh JIaBUHHBIE (QOTOIPHUEM-
HUKH, 0OMafaollMMK XYALITMMH XapaKTepPUCTHKAMU
CTabMIPHOCTH IIpU 6ojiee BBICOKHUX XapaKTePHUCTHKAX
YyBCTBUTEIBHOCTH. [PYyIrHM acIIeKTOM, IIPesSTCTBYIO-
IIMM IIOJIyYeHHIO BBICOKOIO IIPOCTPAHCTBEHHOIO Pas-
pellleHus, SBJISETCA 6bICTpO,IIEI;ICTBI/Ie ALTII. Tak mns
[o/Iy4yeHHs paspelleHus B 10 cM JO/I’KHA H3MEPSATHCS
aMIUIATYAa CUTHaja oOpaTHOIO pacCessHUSI KaKible
At=~1 Hc, 9TO TpebyeT HaCTOTHI ITpeobpa3oBanHus boee 1
ITI] ¥ COOTBETCTBYIOIIETO ekl 6BICTPOeHCTBHS OT GOTO-
npreMHuKa QITY u ycunurens YC.

Bompoc ompeneneHus AUHAMHYeCKOIO AHalla3oHa
OTDR 1ozipobHO paccMoTpeH B [1]. B OTIMUMM OT KJIac-
crdeckux pednexromerpoB, OTDR-m3MeprTenu obpat-
HBIX IIOTePb PacCYMTaHbI Ha PaboTy Kak MpU HHU3KHX,
IIpee/IbHO-AeTeKTUPYEMBIX 3HAYEHHAX MOLIHOCTH
CUTHa/la OOpaTHBIX IIOTEPb, TaK K IIpHU Oosee BBICO-
KMX 3HaUeHHUSX (Harpumep, st Op-940 IIpou3BOACTBA
Optotest, CIIIA - ot -10 A5). HU>KHSS rpaHMIIA YyBCTBH-
TenbHOCTH OTDR-M3MepuUTesst MOsKeT ObITh pacCIMTaHA
13 5KBHBAJIEHTHOM IUIOTHOCTH MOIIHOCTH IIYMa CHI-
Hasia poromerekTopa NEP, [BT/ \/ﬁ] s poTomerexTo-
POB Ha OCHOBe P-i-1 —~ pOTOAKOO0B U JIABUHHBIX GOTOAU-
OfI0B 3HaUeHHe JAHHOK XapaKTePHUCTHKH OIIpefle/sIeTcsl
o dopmyie (3).

Al
SG "’

NEP4= ©)
rae Al - crieRTpaJibHas IVIOTHOCTH IIYMOBOTO TOKA GoTO-
Iuona, [A/ﬁ], S - ero crieKTpaJibHasi YyBCTBUTENIb
HOCTb Ha paboder JyimHe BonHBEL, [A/BT], G - R03ddu-
LIMeHT JIABUHHOTO YMHOXXeHHsI (00BIYHO COCTABISIET OT
110 100). TumoBoe 3HaueHHe NEP 6BICTPO/IEFICTBYIOIIHX
dboTonronoB cocTaBnsgeT mopsiaka 10715-1078 [BT/ \/E]
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after the time nAt, [s] (where At is the time between
ADC samples, n is an integer) after the radiation of an
optical pulse, LE corresponds to the backscattering sig-
nal of the probing pulse from a specific section of the
fiber-optic path. Thus, a reflectogram is formed - the
dependence of the relative power of the backscattering
signal on the distance between the meter and the scat-
tering site. During the measurement, the radiator (LE)
generates a sequence of optical probing pulses, the
period of which is adjusted so that the back reflection
signal from the most distant point in the fiber-optic
path has time to get to the photodetector (PD) before
the next probing pulse is formed. For each point of
the reflectogram, a set of averaging of the measured
value of the backscattering signal is performed, which
reduces the influence of noise from the photodetector
channel.

The described principle of operation is the same for
a large number of OTDRs used to measure the length
of the fiber optic line and troubleshooting on the lines,
however, if the reflectometers are optimized for long-
range operation (from 1 to 100 km), then OTDR reverse
loss meters are optimized for operation in the near
zone. They are characterized by higher spatial resolu-
tion, higher accuracy and a wider range of backscat-
tering signal levels, but a smaller range of operating
lengths of optical lines.

The OTDR principle makes it possible to neutralize
the factors limiting the dynamic range of CW return
loss meters - the influence of crosstalk of the splitter
and the output optical connector. For the OTDR system,
these interferences may not be taken into account due
to the choice of the minimum interval t of the time
delay of the ADC start relative to the moment of gen-
eration of the probing pulse. This allows you to expand
the dynamic range of the distributed return loss meter
to values corresponding to Rayleigh scattering from
the optical fiber section (usually from -70 dB to -80 dB
per 1 m). However, the requirement to increase the spa-
tial resolution of the OTDR conflicts with the require-
ment to increase the dynamic range of the meter.
Since an increase in spatial resolution is achieved by
reducing the duration of the probing optical pulses,
the power of the backscattering signal also decreases.
The power of the emitters used to generate probing
pulses is limited from above both by the technical
capabilities of the emitters themselves and by non-
linear effects in the optical fiber (and usually does not
exceed several hundred mw). All this complicates the
process of measuring the power of the reverse loss sig-
nal and forces OTDR manufacturers to use avalanche
photodetectors with worse stability characteristics at
higher sensitivity characteristics. Another aspect that
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Takum 06pa30M, MOIIHOCTh IIyMa B monoce 1 ITr
MO>XKET COCTaB/ATh MOpsiAKa —75...-55 [abm]. Ecniu momi-
HOCTh 30HIHPYIOIIEro MMIIYIbCa cocTaBisgeT 100 MBT
(20 nBbMm), TO ee OTHOIIEHHE K MOIIHOCTH IIyMa CoCTa-
BUT COOTBETCTBEHHO 0T 95 nb mo 75 ab, 4To 1mo3BoJiseT,
YUIUTBIBasi TPeOOBaHUS K TOUHOCTH M3MEpPeHUM, oIIpe-
IEeUTh HIDKHIOI IPAaHHIy H3MepseMBIX oOpaTHBIX
rorepb. TakuM 06pa3oM MOSKHO CHelaTh BBIBOZ, UTO
3Ha4eHHe BeTHMYHHBI 00paTHBIX I10Tepb B —80 Ab mpu
IIPOCTpaHCTBeHHOM paspemeHr OTDR B 10 cm sBig-
€TCs BIIOJIHE peanr3yeMbIM. OQHAKO, IIPH 3TOM, [0~
JaHue B poToauron OITY MMITyIbCa OITHYECKOTO HM3J1y-
YeHMs1 MOLIHOCThIO 100 MBT [O/DKHO II€pPEHACBITUTD
doTonyion 1 SIB/ISIETCS HENOIIYCTHMBIM, YTO OOBSCHSIET
TOT QaKT, UTO BepXHASA TPaHHIA H3MePeHHS BeH-
YHHBI 06paTHBIX 10Teph Y OTDR-M3MepuUTeseil 06bIdHO
HaxomuTcsa Huke -10 gb.

B Poccuu [y1s MeTposiorudeckoro obecriedenust OTDR
byHKOMOHYpYeT 60MBIION ITapK pabovyux 3TANOHOB
cpenHell MOIIHOCTH OITHYEeCKOro H3/Iy4deHHs, ocja-
61eHHs U BpeMeHH PacIIPOCTPaHEHMUsI CUTHAIOB B CBe-
TOBOZe, a eIHUHUIIBI IIPOC/IESKUBAIOTCA K ['ocymapcTBeH-
HOMY CIlellFaabHoMYy 3Tajsiony ['IT 170-2024.

OFDR-METO/,
JpyruM pedaeKToMeTpUYeCKMM MeTOLOM H3MepeHUs
pacrpeneeHHBIX OOPaTHBIX IOTEPh SIBISETCSI METO[
C HCIIONb30BaHHEM ONTHYEeCKOM pedaeKToMeTpHUH
B 4yacTtoTHON obnactu (OFDR). AnanoruuyHo OTDR,
OFDR nuiiieH HenoctaTkoB CW-MeToaa B BUE BIUSHUS
[IepeKpeCcTHBIX IIOMeX CIIMTTepPa M BBIXOOHOIO OIITH-
4eckoro paswemMa. Kpome Ttoro, meron OFDR nuileH
HeKOTOPBIX HemocTaTkoB OTDR-MeToma TaKUX, KaK OIH-
CaHHOe BBIIIe ITPOTHBOpPEYME MEXKAY IIPOCTPAHCTBEH-
HBIM paspelleHrueM M JHHAMHYECKMM [JHAIla30HOM
IIPH U3MEPEHUM PaCIIpele/leHHbIX 0OPAaTHBIX IIOTEPS,
ONHAKO, MMeeT OTpaHHUYeHMs I10 [JJIMHe HCCIelyeMbIX
BO-muHHI (1151 KOMMepYecKHx 00pas3loB pacCMaTpH-
BaeMbIX IPHUOOPOB 3Ta BeJIMYMHA OIPaHHYEHA 3Hade-
HueM 2000 MeTpoB).

OFDR - nHTepdepoMeTpHUUEeCKUE METOM U3MepeHUH,
B KOTOPOM HCIIO/Ib3YEeTCSI BBICOKO KOTepeHTHBIM Jla3ep-
HBII MCTOYHMK OIITHYeCKOIo HM3/My4UeHHs C HeIlpepbIBHO
IepecTparBaeMoOl [IMHOM BOJMHBI. AHaJIN3 HUHTepbe-
PEHLIIOHHOM KapTHHBI ITPOM3BOAMTCA INPHU IOMOLIU
npeobpasoBaHusi Pypbe, I03BOJSIOMIEIO IOTYYHThH
3aBUCHMOCTh MHTEHCHMBHOCTH OTPak€HHOIO M pacce-
STHHOTO OITHYEeCKOro H3/Iy4YeHHs OT PACCTOSHHUS [0
TOYKH BBeIEHHS 30HIUPYIOIIEro OINTHYeCKOro H3jyye-
Hus [2]. CTpykTypHas cxema npubopa, pealM3yIoNero
Metor, OFDR m3MepeHHs pacIpesielleHHBIX 0OpaTHBIX
[I0Teph B BOJIOKOHHO-OIITHYECKHUX CHCTeMaX, IIpHBe-
JleHa Ha puc. 3.
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prevents obtaining high spatial resolution is the speed
of the ADC. For example, in order to obtain a resolu-
tion of 10 cm, the amplitude of the backscattering
signal must be measured every At~1ns, which requires
a conversion frequency of more than 1 GHz and the cor-
responding speed from the PD photodetector and the SA
amplifier.

The issue of determining the dynamic range of OTDR
is discussed in detail in [1] unlike classical reflectom-
eters, OTDR return loss meters are designed to operate
both at low, maximum detectable values of the return
loss signal power and at higher values (for example, for
Op-940 manufactured by Optotest, USA - from -10 dB).
The lower limit of the sensitivity of the OTDR meter can
be calculated from the equivalent noise power density
of the photodetector signal, NEP W/ \/E} For pho-
todetectors based on p-i-n photodiodes and avalanche
photodiodes, the value of this characteristic is deter-
mined by the formula (3).

NEP, =21

M 3)

where Al is the spectral density of the photodiode noise
current, [A /VHz|, § is its spectral sensitivity at the
operating wavelength, [A/W], G is the avalanche multi-
plication coefficient (usually from 1 to 100). The typical
NEP value of high-speed photodiodes is about 101>-10713
LW/ \/E] Thus, the noise power in the 1 GHz band can

e on the order of -75...-55 [dBm]. If the power of the
probing pulse is 100 mW (20 dBm), then its ratio to the
noise power will be from 95 dB to 75 dB, respectively,
which allows, taking into account the requirements
for measurement accuracy, to determine the lower
limit of the measured return loss. Thus, it can be con-
cluded that the value of the return loss of -80 dB with
a spatial resolution of OTDR of 10 cm is quite feasible.
However, at the same time, an optical radiation pulse
with a power of 100 mW entering the photodiode of
the PD should oversaturate the photodiode and is unac-
ceptable, which explains the fact that the upper limit
of measuring the return loss value in OTDR meters is
usually below -10 dB.

In Russia, for metrological support of OTDR, there
is a large fleet of working measuring standards for the
average power of optical radiation, attenuation and
propagation time of signals in the fiber, and the units
are traced to the State Special Measuring Standard GET
170-2024.

OFDR METHOD

Another reflectometric method for measuring dis-
tributed return loss is the method using optical
frequency-domain reflectometry (OFDR). Similar to
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Bbrioxk mcToyHMKa s1asepHoro usnydenus IUVIM mpen-
CTaB/sieT cob0r BBICOKO KOTEPEHTHBIN J1a3ep, KOTOPBIH
obecrieurBaeT CIEeKTPaJIbHYIO II€PeCTPOHKY OITHYe-
CKOTO H3/Iy4eHHS II0 IMHEHHOMY OT BPeMeHH 3aKOHY.
YCTPOHCTBO PeTMCTPALIH COCTOUT M3 OCHOBHOIO MHTEP-
depoMeTpa C MOISAPU3ALMOHHBIM PasHECeHHeM CHI-
HaJjla, BCIIOMOIaTe/bHOrOo HMHTepdepoMeTpa, oToxe-
TexTopoB OII1 - ®II3 1 ycTporicTBa 06paboTky U cbopa
JaHHBIX. HakoHell, KaTylIKa ONTHYECKOrO BOJIOKHA
KOB saBisieTcs 4acThbi0 BCIIOMOIaTe/IBbHOIO0 HHTepdepo-
MeTpa, IIpefHa3HAuYeHHOIo 1151 KOHTPO/ISI OIITHYEeCKOU
YaCTOThI U3J/Iy4YeHHS BO BPeMsl IIepeCcTPOHKH JIasepa 10
JUIKHE BOJIHBL.

OnTuyeckoe H3AydYeHHe OT IIepecTparuBaeMoro
Jasepa IIpY IIOMOIIYA BOJOKOHHO-OIITHYECKOIo Pas-
BerBuTena CIIl menuTCa Ha OBe YacTd, IIpruyeM 90%
MOIIIHOCTH HaIlpaB/ISIeTcs B OCHOBHOM MHTepdepoMeTp,
a 10% - Bo BcIIOMOraTe/lbHBIM. B OCHOBHOM HHTep-
depomeTpe IOJOBMHA MOLIHOCTH OIITHYECKOIo H3/y-
YeHHs OT BOJIOKOHHO-OITHYecKoro passeTButess CII2
[IOCTyIIaeT Ha BOJIOKOHHO-OINTHYECKHM LIKPKYIATOP
U 3aTeM - B HccIenyeMyio BO-nmuHHIO, AUddepeHIIN-
albHBIe U a6COMIOTHBIE 33[eP>KKU PaCIIPOCTPaHeHUs
OITHYEeCKOro M3/y4eHHs B KOTOPOM IO[yIeKaT IpelBa-
PHTEIBbHOMY OIIPefie/IeHHI0 U U3MepeHUI0. OIITHYecKoe
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OTDR, OFDR is free from disadvantages of the CW
method in the form of the influence of crosstalk of the
splitter and the optical output connector. Besides, the
OFDR method is free from some disadvantages of the
OTDR method, such as the contradiction described
above between spatial resolution and dynamic range
when measuring distributed return loss, however, it
has limitations on the length of the studied fiber-
optic lines (for commercial samples of the devices
under consideration, this value is limited to 2000
meters).

OFDR is an interferometric measurement method
that uses a highly coherent laser optical radiation
source with a continuously tunable wavelength. The
interference pattern is analyzed using the Fourier
transform, which makes it possible to obtain the
dependence of the intensity of reflected and scattered
optical radiation on the distance to the point of intro-
duction of probing optical radiation [2]. The block dia-
gram of the device implementing the OFDR method
for measuring distributed return loss in fiber-optic
systems is shown in Fig. 3.

The TLE laser source unit is a highly coherent tun-
able laser that provides spectral rearrangement of
optical radiation according to a linear law of time.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T e e e e s s e e a BO-nuHug
YCTPOHCTBO PErUCTPALUU | C FO-line
Registration device /) 7z ~

line under study

. AR CIT1| SP1 CII2 | SP2 . CII3 | SP3 1 ]P . [em ,,_} AL/ 1IOC
TLE — FPD PD1 ADC/DSP
CII5 | SP5

[e}
KOB | FOC PD2

BcrioMoraTenbHBIN
HHTepdepoMeTp
Auxiliary interferometer

Puc. 3. CmpykmypHas cxema OFDR-u3mepumensi pacnpedeaeHHbIX 06pamHbix nomepb 8 80A0KOHHO-ONMUYeCKUX cucme-

max: MJ1N - nepecmpaugaembili No 0AUHe 80AHbI 8bICOKO Ko2epeHmHbIU Aasep, CM1 - Cl15 — 80A0KOHHO-OnmuYeckue
PM-pazsemeumenu, L — 80A0KOHHbIU LupKyAsmop, M/ — 80A0KOHHbIL N0ASpU3ALUUOHHbIU deaumenb, @11 - ®[13 - 6picmpodeli-
cmeayrouue pomonpuemHbie ycmpoticmea, ALM/LLOC - ycmpoticmeo uudposoli 06pabomku cuzHan08 ¢ bbicmpodelicmayouum
AL, KOB - kamyuwka onmu4eckoz20 80A0KHA, BO-AUHUS — uccaedyemasi 60A0KOHHO-0NMUYecKas AuHUS

Fig. 3. Structural diagram of the OFDR meter for distributed return loss in fiber-optic systems: TLE — wavelength-tunable highly
coherent laser, SP1- SP5 - fiber-optic PM splitters, C - fiber circulator, FPD - fiber polarization divider, PD1- PD3 - high-speed
photodetectors, ADC/DSP - digital signal processing device with high-speed ADC, FOC —fiber optical coil, FO-line - fiber-optic
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H3TyueHHe, 0OpaTHO paccessHHOe H/IH OTPaskKeHHOe OT
HEOJHOPOAHOCTEH B HCCIenyeMor BO-TUHUM, 0b6benu-
HSIeTCS C U3/1ydeHHeM BTOPOK (OIIOPHOK) BeTBU OCHOB-
HOTO HHTepdepoMeTpa Ha BOJIOKOHHO-OIITHYECKOM
pasBeTBuTesle CII4 M MOCTyNaeT B MOMSIPU3ALIOHHBI
JeuTeNb. 37ech U3lydyeHre pasze/isercs Ha [Be OpTo-
TOHAJIbHBIE IOJIAPHU3aLMOHHbBIE S- M p- COCTAB/ISIONIHE
U JeTeKTHpyeTcs: AByMs doTromeTekTopamu (PI11, PI12),
KOTOpble IIOAKIIOYeHBbl Yepe3 YCHIUTeNb K YCTPOHCTBY
obpaborku u cbopa maHHBIX ALII/IJOC. YCTPOHCTBO
cbopa JAaHHBIX IIpeCTaBsieT COOOI BBICOKOCKOPOCTHOM
TPeXKaHAIBHBIM aHaIoro-LKdpoBoil mpeobpa3oBaTenb
Y BBIYHC/IMTe/IbHOE YCTPOMCTBO, IIPefHa3HaYeHHOe 114
MaTeMaTH4ecKoHr 06paboTKU cOOpaHHBIX JAHHBIX.

Ecmu paccMoTpeTh YIIPOLIEHHYI MOAeIb IIpoliecca
HM3MepeHMsl, MOXKHO CKa3aTbh, YTO Ha IUIOIIaAKe $OTO-
JleTeKTOpa H3MEpPUTE/IbHOIO HHTeppepomMeTpa IIpo-
KUCXOOUT HMHTepPepeHLIMs CUIHajla OIIOPHOIO KaHajla
MHTepdepoMeTpa M CHUTHAJIOB OOPATHOrO OTpaske-
HUSI WIN paccesHusl (0OpaTHBIX IIOTEPh) OT KaKEOHM
TOYKHM TeCTHPYyeMOM JTHHHMH. TO ecTh KaKhas HeoqHO-
pomHOCTE BO-IMHMM pacCMaTPHUBAeTCS KaK WHIMBU-
Jya/NbHBIM OTpa’kaTesb. IIpH JIMHEMHOUN IepeCcTPOHKe
JUIMHBI BOJIHBI Jla3epa MOLIHOCTb CYMMAapHOIO CUTHala
OIOPHOT0 KaHaJlAa W CUTHAJIOB OOPAaTHBIX IIOTEPb OT
KaKIOM HEOTHOPOAHOCTH OymeT MeHSThCS IO CHHYCO-
HIQTBHOMY 3aKOHY. YacToTa CHHYyCOM[bl OymeT 3aBHU-
CeTh TOJMBKO OT CKOPOCTH II€PeCcTPOMKH AJIMHBI BOTHBI
7asepa M pasHOCTH [JIMH ONTHYeCKHX ITyTeH B BEeTBSX
HHTepdepoMeTpa, a aMIUIUTYyJa — OT MHTeHCUBHOCTH
CUTHaJIa pacIpefe/ieHHbIX OOpaTHBIX IIOTepb. TaKUM
obpasoMm curHan ¢oromerekropoB PIIl u PII2 1103BO-
JIeT BOCCTAHOBUTH 3aBUCHMMOCTb MOIIHOCTH CHTHaJIa
0OpaTHBIX I10Tepb OT AJIHHBI BO-mHHMUU. [I0oIspH3aLiu-
OHHOe pa3HeceHHe CHIHaja obecrieyrBaeT He3aBHCH-
MOCTb U3MEPeHHOI0 CUTHa/Ia OT HU3MeHEeHHUH COCTOSHHUS
[OJISApH3aLK HM3/Iy4eHMsl, BBI3BAHHBIX pacCcessHheM
HU/IA OTPsKEHHeM OT HeOJHOPOSHOCTEM B MCC/IeyeMOK
BO-nuHumu [3]. CUrHaIbl MOMSPU3ALIMOHHBIX COCTABIS-
Iomux usnydenus E, E,, mpuxozpsiie Ha $oTomeTek-
TOPBL OCHOBHOI'O MHTepdepoMeTpa, OIMChIBAIOTCS COOT-
HorreHUuIMu (4) u (5).

ES((*)) :Zi Zrtigs(t)[(T;Eu) (TSEUH)] cos (CO(t)Ti + Py ) ’ (4)

E,(0)=E;2r, gp(t)[(TpEH)(TpEon)} cos (w(t)ti+ @y ) , (5

Ihe ry, @4 - aMIUIMTyAa U $a3a KOMIIJIEKCHOM OTpa-
>KaTeJIbHOM CIIOCOOHOCTH HEeOJHOPOJHOCTH BHYTPHU
uccnenyeMort BO-uHuu; g(t), g,(t) - Ko3PULIHEHTEL
YCHJIEHHS H3MEepPHUTeJbHBIX KaHaioB; T, Tp - oIe-
PaToOpBI, OIMCHIBAIONIMe IIOASPHU3ALMOHHOE Pas-
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The recording device consists of a main interferometer
with polarization diversity of the signal, an auxiliary
interferometer, photodetectors PD1 - PD3 and a data
processing and collection device. Finally, the fiber
optical coil FOC is a part of an auxiliary interferom-
eter designed to control the optical frequency of radia-
tion during wavelength tuning of the laser.

Optical radiation from a tunable laser using a fiber
optic splitter SP1 is divided into two parts, with 90%
of the power going to the main interferometer, and
10% to the auxiliary one. In the main interferom-
eter, half of the optical radiation power from the SP2
fiber-optic splitter goes to the fiber-optic circulator
and then to the line under study, the differential
and absolute propagation delays of optical radiation
in which are subject to preliminary determination
and measurement. Optical radiation backscattered or
reflected from inhomogeneities in the studied line is
combined with radiation from the second (reference)
branch of the main interferometer on the fiber-optic
splitter SP4 and enters the polarization divider. Here,
the radiation is divided into two orthogonal polar-
ization s- and p- components and is detected by two
photodetectors (PD1, PD2), which are connected via
an amplifier to an ADC/DSP data processing and col-
lection device. The data acquisition device is a high-
speed three-channel analog-to-digital converter and
a computing device designed for mathematical pro-
cessing of the collected data.

If we consider a simplified model of the measure-
ment process, we can say that at the site of the pho-
todetector of the measuring interferometer, the inter-
ference of the signal of the reference channel of the
interferometer and the signals of back reflection or
scattering (return loss) from each point of the line
under test occurs. That is, each inhomogeneity in the
fiber-optic line is considered as an individual reflector.
With linear adjustment of the laser wavelength, the
power of the total signal of the reference channel and
the return loss signals from each inhomogeneity will
vary according to a sinusoidal law. The frequency of the
sine wave will depend only on the rate of adjustment of
the laser wavelength and the difference in the lengths
of the optical paths in the branches of the interferom-
eter, and the amplitude will depend on the intensity of
the signal of distributed return loss. Thus, the signal
of the photodetectors PD1 and PD2 makes it possible to
restore the dependence of the return loss signal power
on the length of the fiber-optic line. The polarization
diversity of the signal ensures the independence of
the measured signal from changes in the polarization
state of radiation caused by scattering or reflection
from inhomogeneities in the studied fiber-optic line [3].
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neneHue curHana; E,, E,; - aMIUIUTyAbl BEeKTOPOB
371eKTPUYECKOro II0/IsI U3MePUTeIbHOM K OIOPHOM
BeTBell OCHOBHOI'O MHTepdepoMeTpa COOTBETCTBEHHO;
() - MTHOBEHHAsl 4acToTa H3JlyuyeHHUs IlepecTpau-
BaeMOTIO0 JIa3epa; T; - Pa3HOCTb BpeMeHHBIX 3aJiepKeK
MeXIy U3MepHUTeIbHON K ONOPHOM BETBSIMH OCHOB-
HOro HMHTepdepoMeTpa.

YpaBHeHuUs (4), (5) ONMCBIBAIOT CBSI3b CHTHAJIOB
0OpaTHBIX MOTEPh B HCC/IeqyeMor BO-THHUU U HabIio-
I,aeMOoro MHTePOepeHIIHOHHOIO CUTHAIA B YaCTOTHOM
obnactu. Ecnm mpeobpas3oBaTh (C HCIIONB30BAaHHEM
IIpsSIMoro IipeobpasoBaHusl Pypre) cUTHaNH E(w), Ep(w)
B cHrHaIb! E(T)), Ep(r,-) BO BpEMEHHOM 0671aCTH, TO MOSKHO
OIHCHIBATh YKa3aHHbIe HEOAHOPOJHOCTH KaK QYHKIIHIO
MHTeHCUBHOCTH OTPaKeHHOIO M PACCesTHHOIO OITH-
YEeCKOT0 H3/Ty4YeHHs OT BPeMEHHOM 3a[ep>KKH OINTHYe-
CKOTrO H3/Ty4eHHs] OTHOCHUTEJIBHO TOYKU €ro BBeNeHHS
[2]. B pe3ynbTaTe MTOroBBIM CHUrHal E(t) mpuMeT BHI,
[IOKa3aHHBIN B ypaBHeHUH (6).

E(Ti) =Y Es(Ti)z + Ep('[i)z . (6)

IMonydyeHHBIN cUTHaI E(T;) sIB/sleTCst HUYeM UHBIM,
Kak QYHKIIKeHN pacIpeseeHus 0OpaTHOOTPasKeHHOM
(Mnm paccessHHOM) ONTHYECKOM MOILIHOCTH OT I10JIO-
SKeHHSI COOTBETCTBYIOIIMX HEOJHOPOAHOCTEM B HCCTIe-
ayeMod BO-nuMHUH. 11 NPeLU3HOHHBIX H3Mepe-
HUU pacrpeneneHHbIX 06paTHBIX TOTEPD C TIOMOIIBIO
paccMaTpuBaeMoro MeToAa IIPOM3BOLSUTCS KallH-
6poBka BenMHWYUHB E(T) HOpPHU IIOMOLIU MEPHl -
BOJIOKOHHO-OIITHUYECKOr0 3jJIeMeHTa C H3BeCTHBIM
KO3QOUIIMEeHTOM OTpPa’keHHsSI U, COOTBETCTBEHHO,
0bpaTHBIX ITOTepb. B KayecTBe JAHHOI'O BOJTOKOHHO-
OIITMYECKOI0 3JIeMeHTa, KaK IIPaBHJ/IO, HUCIIOIb3yeTCs
BOJIOKOHHO-OIITHYECKOe 3epPKaJIO C 30JI0OTBIM IIOKPBI-
THeM, KO3QOULIMeHT OTPaskeHH sl KOTOPOro M3BecTeH
C BBICOKOM CTeIleHbI0 TOUHOCTH, UTO JAEeT BO3MOK-
HOCTb IIPOM3BOOUTH HM3MepeHUs pacIpeleleHHBIX
obpaTHBIX moTeph MeTooM OFDR C IOrpenrHOCTHIO
He xyxke 0,1 nb.

JUHaMHYeCKHM AUAIa30H W3MEePeHHM OrpaHH4YeH
B OCHOBHOM COOCTBEHHBIM IIyMOM HCIIOJIB3YeMOIO
IepecTpariBaeMoro jasepa. kcronb3oBaHHe IlepecTpa-
MBaeMBbIX JIa3epoB C HU3KHUM OTHOCHTE/IIBHBIM YPOB-
HeM IIyma (RIN) nopsaxa -160 nb/TL 1o3BosseT Iomy-
YUTb TUHAMUYECKUI JUAIA30H U3MEePeHUN 0OpaTHBIX
rnorepp mnopsaka 80 gb. Takke, cieayer OTMETHTH,
yto OFDR-MeTon, obamaeT Ha IOPSIOK JIYYIIMM ITPO-
CTPAHCTBEHHBIM paspellleHHeM 10 CPaBHEHUIO C MeTO-
mgoMm OTDR. IIpocTpaHcTBeHHOe pasperneHne OFDR-
pednexToMeTpa AL, M, ompenensercs AJIMHON BOTHBI
Na3epa U MOXKeT OBITh OLIEHEHO C IIOMOIIBIO COOTHOIIIEe-
Hus (7).
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Signals polarization components of the radiation E;, E,,
coming to the photo-detectors of the main interferom-
eter, are described by the relations (4) and (5).

E(w)=X;2r gs(t)[(TsEH)(TSEOH)} cos (w(t)ti +@y ) , @
E () =220, gp(r)[(TpEH) (TPEOH)] cos ((o(t)ri +Qg ) , (5

where r;, ¢ are the amplitude and phase of the
complex reflectivity of the inhomogeneity inside the
studied fiber-optic line; g(1), g,(t) are the gain coeffi-
cients of the measuring channels; T;, T, are operators
describing the polarization separation of the signal;
E,, E,, are the amplitudes of the electric field vectors
of the measuring and reference branches of the main
interferometer, respectively; w(t) is the instantaneous
radiation frequency of the tunable laser; 1, is the dif-
ference in time delays between the measuring and
reference branches of the main interferometer.

Equations (4), (5) describe the relationship of return
loss signals in the studied fiber-optic line and the
observed interference signal in the frequency domain.
If the signals E(w), E,(w) are converted (using the
direct Fourier transform) into signals E(t;), Ep(‘[i) in
the time domain, then these inhomogeneities can be
described as a function of the intensity of reflected
and scattered optical radiation from the time delay of
optical radiation relative to the point of its introduc-
tion [2]. As a result, the final signal E(t;) will take the
form shown in the equation (6).

E(t) =VE(t)*+E,(T)?. (6)

The received signal E(t;) is nothing more than a func-
tion of the distribution of back-reflected (or scattered)
optical power from the position of the corresponding
inhomogeneities in the studied fiber-optic line. For pre-
cision measurements of distributed return loss using the
method under consideration, the E(t) value is calibrated
using a reference - a fiber-optic element with a known
reflection coefficient and, accordingly, return loss. As
a rule, a gold-coated fiber-optic mirror is used as this
fiber-optic element, the reflection coefficient of which is
known with a high degree of accuracy, which makes it
possible to measure distributed return loss by the OFDR
method with an error of no more than 0.1dB.

The dynamic measurement range is limited mainly
by the intrinsic noise of the tunable laser used. The use
of tunable lasers with a low relative noise level (RIN)
of the order of -160 dB/Hz makes it possible to obtain
a dynamic measurement range of return loss of the
order of 80 dB. It should also be noted that the OFDR
method has a well better spatial resolution compared
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pe— X

2-n-AA
I7e A - IeHTpasbHasl ATHHA BOJIHBI IIepecTparnBaeMoro
naszepa, [m] (puc. 3); A\ - AHATIa30H CIIEKTPAIbHOM IIepe-
CTPOMKHU IIepecTparBaeMoro jasepa, [M]; n - mokasaTessb
IIpeIOMJIeHH S UCCTIelyeMor BO-TMHUH.

TakuMm 06pa3oM, B COOTBETCTBHH C COOTHOIIEHHEM (7)
BBICOKOE IPOCTPaHCTBEHHOE pa3pellleHHe H3MepeHUH
pacrpesieneHHbIX 06paTHbIX Iorteps OFDR-THIIA He
IIPOTHBOPEYUT BBICOKOMY JTHHAMMYECKOMY AHAIIa30HY
HM3MEpeHUH BeTUYMHBl 0OPATHBIX MOTEPh, B OTIHYHE
ot OTDR-u3meputenen. Tak B usMeputesnsax OBR 4600
(Luna, CIIA) OFDR-MeTof II03BOJSIET IIPOM3BOAUTH
M3MepeHHsI pacIipefie/leHHbIX 0OpaTHBIX IIOTEpPh C IIPO-
CTPaHCTBEHHBIM paspellleHHeM IIopsaka 20 MKM IIpU
IUIMHe HccleqyeMor BO-muHuM 1o 70 MeTpoB U 1 MM
IIPH COOTBETCTBYIOIIEH IyiMHe 10 2000 MeTpoB, YTO
SBJISIeTCS HAWIYYIIMM 3HAa4eHHeM XapaKTePHCTUKH
IIPOCTPaHCTBEHHOI0 paspelleHHrs OTHOCHUTEIBHO ApPY-
TUX pacCMOTpPeHHBIX MeTomoB. K HemocTaTKaM OIIH-
CaHHOI'O MeTOJa MOXKHO OTHeCTH TO, YTO AHalla3oH
IUIMH BO-Tpaccel OrpaHHYeH AJIMHOM KOIepeHTHOCTH
nmasepa. Tax ske, ¢ poCTOM [JIMHBI TPACCHl BO3pacTaeT
IIMPHHA I10JIOCHL YaCTOT CUTHajla MHTepdepeHLIuH IIPU
TOHM >Ke CKOPOCTH IIepeCTPOHMKH Ja3epa. JTO Tpebyet
HCII0JIb30BaHMSI 60tee BEICOKOIIPOM3BOAUTENBHEIX ALITT,
paboTaromyx Ha 4acToTe AUCKPeTHU3a UK B COTHH MITI,
M 3HA4YWTEJIBHO IIOBBINIAeT TpebOBaHMS K BBIYHCIH-
Te/IBHOU alIapartype. [PyrHM HeLOCTaTKOM SIBJISIETCS
BBICOKASI CTOMMOCTH I1€pecTpauBaeMbIX a3epoB ¢ 6omb-
IIOK JJIMHOMN KorepeHTHOCTH. OZHAaKO, YCIIeXH COBpe-
MeHHOM J1a3epPHOM TeXHUKHU IIPUBOAAT K TeHAEHIINH Ha
ee CHIDKeHHe,

CymecTByomasi B HacToslllee BpeMsl B POCCHICKOM
denepaniy 3TaIOHHAsE 0asa He IIpefyCMaTpHUBaeT
MeTpoJioru4yeckoe obecriedyeHue HIKan AJuHBL OFDR-
pedeKToMeTpoB C TOYHOCTSIMHU, 3asIB/IIeMBIMH IIPO-
M3BOJUTENSIMH, ONHAKO paboTa B 3TOM HaIlpaB/eHUH
BeneTcs [4]. [UIsi IOTHOLIEHHOTO MEeTPOJIOTMYecKoro obe-
CIIeYeHMsI TaKUX IIPU60poB TpebyeTcs paspaboTka CoOT-
BETCTBYIOILEro paboyero 3TajioHa

)

CPABHEHUE OBJIACTEA NPUMEHEHUS
OMUCAHHbLIX METO OB

B Tabn. 2 mpuBoguTCS MHPOPMALKS O TeXHHUYECKHX
M METPOJIOTHYECKHUX XapaKTePHUCTHUKAX YIIOMSHYTBIX
B CTaThe HM3MEPUTE/NBHBIX IIPUOOPOB, peasn3yIOLINX
OTDR, OFDR u CW-u3MepeHUsI 0OOpaTHBIX IIOTepb
B OITHYECKOM BOJIOKHe. HeobxoAHMMO OTMETHUTb, UTO
IJ1s. 60MBIIMHCTBA IIPUOOPOB JaHHBIE B3ATBHI M3 CIIell-
MOUKALIMH OT ITPOU3BOAUTENIEH, T.e. 3TH IIPUOOPHI He
MIPOXOAHWIN HCIBITAHHUM C LeNbI0 YTBEPKAEHMS THIIA
Ha TeppuTOopuU PO. OmHaKO, IPUBENEHHbIE XapaKTepU-

=

to the OTDR method. The spatial resolution of the
OFDR reflectometer AL, m, is determined by the laser
wavelength and can be estimated using the ratio (7).

A2

AL= S %
where A is the central wavelength of the tunable laser,
[m] (Fig. 3); AAis the spectral tuning range of the tun-
able laser, [m]; n - the refractive index of the studied
fiber-optic line.

Thus, in accordance with the ratio (7), the high spa-
tial resolution of measurements of distributed return
loss of the OFDR type does not contradict the high
dynamic range of measurements of the return loss
value, unlike OTDR meters. Thus, in the OBR 4600
meters (Luna, USA), the OFDR method makes it pos-
sible to measure distributed return loss with a spatial
resolution of about 20 microns with a length of the
studied line up to 70 meters and 1 mm with a corre-
sponding length up to 2000 meters, which is the best
value of the spatial resolution characteristic relative to
other methods considered. The disadvantages of the
described method include the fact that the wavelength
range of the fiber-optic path is limited by the coherence
length of the laser. Also, as the path length increases,
the bandwidth of the interference signal increases at
the same laser tuning speed. This requires the use of
higher-performance ADCs operating at a sampling rate
of hundreds of MHz, and significantly increases the
requirements for computing equipment. Another dis-
advantage is the high cost of tunable lasers with a long
coherence length. However, the successes of modern
laser technology lead to a tendency for its decline.

The currently existing reference base in the Rus-
sian Federation does not provide metrological support
for the length scales of OFDR reflectometers with the
accuracy claimed by manufacturers, however, work is
underway in this direction [4]. For full-fledged metro-
logical support of such devices, the development of an
appropriate working standard is required.

COMPARISON OF THE FIELDS OF
APPLICATION OF THE DESCRIBED METHODS
Tabl. 2 provides information on the technical and
metrological characteristics of the measuring devices
mentioned in the article that implement OTDR, OFDR
and CW measurements of return loss in optical fiber.
It should be noted that for most devices, the data are
taken out of the specifications from the manufacturers,
i.e. these devices have not been tested for type approval
in the territory of the Russian Federation. However,
these characteristics make it possible to confirm the
conclusions about the limitations and advantages of
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CTHKH I103BOJISIIOT [TOATBEPAUTH BBIBOABI 00 OrpaHUdYe-
HUSX U [IPEUMYLIECTBAX OMKMCAHHBIX METOLOB M3Mepe-
HUsl. CUMBOJ «™» PSZIOM C Ha3BaHHEM H3MepPHUTeTbHOTO
rpubopa yKassIBaeT, uTo MPUOOP BHOCHIICS B TOCygap-
CTBEHHBIM PeecTp CpencTB M3MepeHHN (KaK THII HIH
KaK eqUHUYHBIH 0bpa3serr).

BbIBOAbl
Pa3sBUTHE CHCTeM BOJIOKOHHO-OIITUYeCKOH CBI3H
IIOBHIIIAeT TpeGOBAaHUS K H3MEPHUTEIbHOI TeXHHUKe,
HeoOXOAM MO JI/ISl KX CTPOMTEIBCTBA M AKCIUTYaTaI[HH .
HemnpepbiBHOe ynydllleHHe XapaKTepUCTHK JIa3epoB,
doTomeTeKTOpOB U HHPOPMALIMOHHO-U3MepHUTe/IbHO
TeXHHUKH, a TakKe >KeJlaHHe MPOM3BOJIUTe/Iel H3Me-
PHUTeNbHBIX IPUOOPOB YA0BIETBOPUTh BO3paCTaloOILe
IIOTPebHOCTH BOJIOKOHHO-ONTHUYECKOH CBSI3H ITPHBO-
JAT KaK K COBEPIIEHCTBOBAHMIO M II€PEOCMBICIEHHUIO
CyILIeCTBYIOIIHUX METOAOB M3MepeHHUIl, TaK U K IOSIB-
JIEHUIO HOBLIX METOJ0B M3MepeHHs, a TaKKe K BOILIO-
IIeHHUI0O X B CepHHHO-BBIIIYCKAaeMBIX H3MepHTesb-
HBIX ITpubOpax. PaccMOTpeHHBIe MeTOAbI U3MePeHHUSs
0OpaTHBIX IIOTEpPh B OITHYECKOM BOJIOKHE POPMHPO-
BaJIUCh OT 6os1ee mpocToro CW-MeToza K BBICOKOTEXHO-
noruuHoMy Mmetony OFDR-pedeToMeTpHH, OIHAKO
B HaCTosilllee BpeMsl He/lb3sl CKa3aTh O IIOJTHOM ITpeob-
JaJJaHUM KaKOro-TO OMHOIO M3 HUX, OHH MMEIOT CBOIO
crienn UKy U 0671aCcTH IPUMeHEeHHS.
CW-usmeputenu o6paTHBIX IOTeph 3aHHUMAIOT
HUIIY [IOPTAaTHUBHBIX IPH60OpPOB, 067afaomMUX Orpa-
HHYeHHBIM QYHKUHOHAJIOM, HO KOHKYPeHTHOH CTO-
VMIMOCTBIO U 3TaJIOHHBIX H3MepHUTenel, obrafaomux
MaJIbIMH IIOTPeIIHOCTSIMH H3MepeHHH, HO IpelHa-
3HAYeHHBIX JIS PeAKOro MCIIONb30BaHMA. OHHU IpU-
MEeHSIIOTCA [J1s1 HW3MepeHHS HMHTerpaJbHBIX 06part-
HBIX II0Tepb W HMeIOT OoJ/bIIHe OrpaHHUYeHHs NpHU
M3MepeHUH 06paTHBIX IIOTEPhb OT 3aJAaHHOIO y4acTKa
Tpaccel. Ecnm morpemrHocts CW-paboumx cpencTs
M3MepeHHUsI OCTATOYHO BeIMKA K COCTaB/IsieT 0OBIYHO
oxoj10 0,5 1B, TO BBICOKAsE TOYHOCTD 3TA/IOHHBIX H3Me-
pUTeNlen AOCTHUTAeTCSl XOPOIIeH ITOTMPOBKOM OIITH-
YEeCKMX Pa3beMOB M MCIIOJIb30BaHHEM CIIeIIMajIbHBIX
STAJIOHHBIX Mep. [Hala3oH H3MepeHUIH OOpaTHBIX
notepp CW-H3MepUTeNsIMU OOBIYHO COCTaBJseT
oT 0 mo -65...-70 nb. IlopTaTuBHBIe CW-H3MepUTEIH
0OpaTHBIX [TOTEPb YaCTO BXOAST B COCTAB ONTHYECKUX
TeCTEPOB, IIpeJHa3sHaAYeHHBIX [/ H3MEpPeHHs BHO-
CUMBIX IIOTE€Pb U CPefHEH MOIIHOCTH OITHYeCKOro
M3/IyYeHHS B BOJIOKHE M HAXOJAT IPHUMeHeHHe IIpHU
MOHTaKe U 00C/Ty>KHBaHUU TUHUI BO-CBSI3H.
OTDR-u3MepuTenu 0OpaTHBIX IOTEPDH SIBISIOTCH,
110 CyTH, amanTtanuenn OTDR miag pa6OTbI B OIMK-
Hell 30He U B 6ojee MMPOKOM AHalla3oHe CUTHAJIOB
obpaTHOro paccesHusi. Takue IpPUOOPHI I103BOJSIOT
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the described measurement methods. The symbol “*”
next to the name of the measuring device indicates that
the device was entered into the state register of mea-
suring instruments (as a type or as a single sample).

CONCLUSIONS

The development of fiber-optic communication sys-
tems increases the requirements for measuring equip-
ment necessary for their construction and operation.
The continuous improvement of the characteristics
of lasers, photodetectors and information and mea-
suring equipment, as well as the desire of manufac-
turers of measuring devices to meet the increasing
needs of fiber-optic communication, lead both to the
improvement and rethinking of existing measure-
ment methods, and to the emergence of new measure-
ment methods, as well as to their implementation
in mass-produced measuring devices. The considered
methods for measuring return losses in optical fiber
were formed from the simpler CW method to the
high-tech OFDR refletometry method, however, at
present it is impossible to say about the complete pre-
dominance of any one of them, they have their own
specifics and fields of application.

CW return loss meters occupy a niche of portable
devices with limited functionality, but competitive
cost, and reference meters with small measurement
errors, but designed for rare use. They are used to mea-
sure integral return loss and have great limitations
when measuring the return loss from a given section
of the path. If the error of the CW-working measuring
instruments is large enough and is usually about 0.5
dB, then the high accuracy of the reference meters is
achieved by good polishing of the optical connectors
and the use of special reference gauges. The return
loss measurement range by CW meters is usually from
0 to -65...-70 dB. Portable CW return loss meters are
often included in optical testers designed to measure
insertion losses and average optical radiation power
in fiber and are used in the installation and mainte-
nance of fiber-optic communication lines.

OTDR return loss meters are, in fact, an adaptation
of OTDR for operation in the near-field and in a wider
range of backscattering signals. Such devices allow
measuring the value of the return loss from a given
section of the path, and are used, for example, in the
production of optical components and patch cords.
Error rate of OTDR meters, on average, are slightly
higher than the error of CW meters, but it is provided
in a wider measurement range (up to -80 dB). The spa-
tial resolution ranges from ones to tens centimeters.

OFDRs are more often rather large multifunctional
measuring systems (optical vector analyzers) that, in



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
s FIBER OPTIC DEVICES & TECHNOLIGIES
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

Ta6nuua 2. CpaBHeHMe XxapakTepUCTUK U3MepuTenert 06paTHbIX MOTePb Pa3HbIX TUMOB
Table 2. Comparison of characteristics of return loss meters of different types

MeTopg [vanasoH namepeHus MorpelwHocTb [Ovanas3oH anvH  [poCcTpaHCTBEeHHOoe Paboune CepuiHble
Method = o6paTHbIX noTepb, Ab n3mMepeHus, ob Tpacchbl, M paspelleHne ANVHBI BOMH,  Npubopbl
Return loss Measurement Path length Spatial resolution HM Serial devices
measurement range, dB error, dB range, m Operating
wavelengths,
nm
CwW OTt0p0-70 +1 VHTerpanbHble | - 1310, FOD-1206B
MN3MepeHns Ha 1550 (FOD, Poccus)
Tpacce ntobom
OT080-65 +1 ONVHbI - 1310, FX-85
Integral 1490, (VeEX
measurements 1550, incorparated,
onapath of any 1625 CLLA)
length
OT0a[0-65 +0,5 - 1310, FOT-930*
1490, (EXFO,
1550 KaHaga)
OT0p0-85 +0,4 - 1310, BR1
+0,5 (8o -60 abMm) 1490, (JGR optics,
+0,6 1550, KaHaga)
(MeHee —-6045M) 1625,
1650
OTDR O1-3010-70 +1 O10,7Mm 20cm 1310, MAP-200
From0,7 m 1490, cMoaynsamu
1550, mORL-A13*
1625 M mORL-A11*
nnm (VIAVI,
(850 ona ®paHuua)
mORL-A11)
OT1-10 840 -80 +0,5 OT 2,5Mm 10cm 850 Op-940
[0 2400Mm nunm (OptoTest,
From 2,5m 1310, CLUA)
to 2400m 1550
OT-30480-8 +1 (0o —-30ab) 1500 m He ykasaH 1310, 1550 MS12*
+2,2 (00 -80ab) 1500 m Not specified nnm (JGR optics,
1490, KaHaga)
1625
OFDR OT080-80 +0,1 Ao75m He xy>xe 20 MKM OT1525 OVA-5000*
Upto75m Atleast 20 um 001610 (LUNA, CLLA)
OT10a0-80 (Npu anvHe +0,1 02000 M He xy>xe 20 MKkM (npu OT1525 OBR 4600
Tpacchl 40 70 M) Upto2000m ANMHe Tpacchl 4o 70 M), | A0 1610 (Luna, CLLIA)
OT040-60 (Npu ANuHe 1 MM (Npu ANvHe
Tpacchl 40 2000 M) Tpacchl 4o 2000 m)
From 0 to 80 (with length At least 20 um (with
of the path up to 70 m) length of the path up
From 0 to 60 (with length to 70 m),
of the path up to 2000 m) 1 mm (with length of
the path up to 2000 m)
[0 80ab +0,1 A0100m He xy>e 20 MKM OT1260 CLM-O
Upto1l00m At least 20 um [01340 (TEMSENCE,
Kutawn)
[080ab +0,1 [0100m He xy>e 20 MKM OT1525 CLM-C+L
Upto100m Atleast 20 um 101625 (TEMSENSE,
Kutan)
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M3MePATh BeIMYHHY 0OPAaTHBIX [IOTEPhb OT 3aJaHHOTO
y4acTKa TPacChl, ¥ HaXOOAT IpUMeHeHHe, HallpuMep,
Ha IPOM3BOACTBAX ONTHYECKHX KOMIIOHEHTOB M COe-
OUHUTENbHBIX IaT4Y-KopAoB. IlorpemHocts OTDR-
H3MepHUTeler, B CpeflHEM, HeCKOJIbKO BBbILIE, YeM
norpemHocTs CW-H3MepuTesIell, ofHaKo OHa obecrie-
yKBaeTcs B 6ojee IIMPOKOM [AHala3oHe HM3MepeHUI
(mo -80 nB). IIpoCcTpaHCTBEHHOe pa3pelleHHe COCTaB-
JIS€T OT eAMHHUIL 10 JeCATKOB CAHTHMETPOB.

OFDR vyamie OpeacTaBIsilOT U3 cebs TOCTAaTOYHO
rabapuTHele MHOTOQYHKLIHOHAJIBHBIE H3MEPH-
Te/IbHble CHCTeMbl (ONTHUYeCKHe BeKTOPHBle aHa-
NH3aTOPBI) KOTOPble IOMHMO OOpPaTHBIX IIOTeph
MOTYT HM3MepATb BHOCHMMEBIE IIOT€PH, IHCIIEPCHOH-
HbBle XapaKTePUCTHKH, MOJAPU3ALKMOHHYIO 3KC-
TUHKIHIO U IOJSPU3aALMOHHO-3aBUCHMBbIe IIOTePHU
B BOJIOKOHHO-ONTHYeCKHUX JHHHAX. Ho TI1aBHOH
0CODEHHOCTBIO 3THX NPUOOPOB SIBISETCS MPOCTPAH-
CTBeHHOe paspelleHHe, CPaBHUMOe C JJIKMHOMN BOIHBI
ONTHYECKOTO H3/Iy4ueHUs (MOpsiAKa OeCSITKOB MKM)
Ha [OUCTAaHUMAX IIOPSAJKa COTeH MeTpoB. J[luama-
30H M3MepeHHUs 0bpaTHBIX oTeps OFDR cocTaBiseT
oT 0 10 -80 1B, a MOrpelnIHOCTs U3MePeHMs COCTaBIIsIeT
0,1-0,2 nb. OmnucaHHBIE XapPaKTePUCTUKU [eIaroT
OFDR upea/NbHBIM pellleHHeM [ U3MepeHHI Ha
KOPOTKUX OMCTAaHUMAX, B TOM YHC/Ie, IJi IIPUIIOKe-
HHUU HUHTErpaJibHOM QOTOHUKM. PaspelieHHe CyOMHUII-
JTUMETPOBOIO AHalla3oHa, xapakrepHoe misa OFDR,
saBnsercs nas OTDR-usMepuTener NPUHLKMIIHAIBHO
HeIOCTM>KUMBIM, OLHAKO, B HacTosinee BpeMs OTDR
MOTYT UMeTh KOMIIAaKTHYIO peajn3aliuio, 6oee HU3-
KYI0 CTOMMOCTb W II03BOJISIOT IIPOM3BOAUTEL H3Mepe-
HHS Ha Habope pas3sIHMYHBIX JUCKPETHBIX JJIMH BOJH,
Toraa Kak OFDR paboTaroT B He 04YeHb IIHMPOKOM CITeK-
TPaJIBHOM JHarla30He IIepecTpanuBaeMoro jasepa.
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addition to return loss, can measure insertion loss,
dispersion characteristics, polarization extinction and
polarization-dependent loss in fiber-optic lines. But
the main feature of these devices is the spatial resolu-
tion comparable to the wavelength of optical radia-
tion (on the order of tens of microns) at distances of
the order of hundreds of meters. The OFDR return
loss measurement range is from 0 to -80 dB, and
the measurement error is from 0.1 to 0.2 dB. The
described characteristics make OFDR an ideal solu-
tion for short-range measurements, including for
integrated photonics applications. The resolution of
the submillimeter range specific to OFDR is funda-
mentally unattainable for OTDR meters, however,
currently OTDRs can have a compact implementation,
lower cost and allow measurements at a set of differ-
ent discrete wavelengths, whereas OFDRs operate in
a not very wide spectral range of a tunable laser.
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