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(57) ABSTRACT 

In an optical transmission System according to one aspect of 
the present invention, for transmitting a WDM light from a 
transmission Station to a reception Station, utilizing a Raman 
amplifier, the Raman amplifier comprises an optical ampli 
fication medium; a pumping light Source generating a plu 
rality of pumping lights having wavelengths different from 
each other; an optical device introducing the plurality of 
pumping lights to the optical amplification medium; and 
control means for controlling the pumping light Source, the 
transmission Station Sends out a plurality of reference lights 
having wavelengths at which respective Raman gain 
obtained by the plurality of pumping lights reach peaks or 
wavelengths close to the above wavelengths, and the control 
means controls the plurality of pumping lights based on the 
optical powers of the plurality of reference lights. Thus, it 
becomes possible to accurately manage the optical power 
balance of the WDM light and the optical power of the entire 
WDM light. 
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FIG.27 
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OPTICAL AMPLIFIER PROVIDED WITH 
CONTROL FUNCTION OF PUMPING LIGHT, AND 
OPTICAL TRANSMISSION SYSTEM USING THE 

SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an optical amplifier 
which Supplies a pumping light to an optical amplification 
medium to amplify a signal light, and an optical transmis 
Sion System using the Same, and in particular, to a technol 
ogy for controlling a Supply condition of pumping light in 
the optical amplifier. 

0003 2. Related Art 
0004 Recently, there has been introduced a wavelength 
division multiplexing (WDM) technology for achieving a 
large capacity and a high Speed in a trunk optical transmis 
Sion. Further, as a core technique of WDM transmission 
technology, an optical amplification technique, Such as a 
rare-earth element doped fiber optical amplifier, a Raman 
amplifier and the like, has been in practical use. 
0005 FIG. 38 is a block diagram of an optical transmis 
Sion System using typical optical amplifiers. In this System, 
a plurality of repeater Stations are disposed between a 
transmission station (Tx) 1101 and a reception station (RX) 
1102, and a WDM light is transmitted via these repeater 
stations. In each repeater station, Raman amplification is 
performed. Further, each repeater Station is provided with a 
discrete optical amplifier, Such as, an erbium-doped fiber 
optical amplifier (EDFA). 
0006 A transmission path fiber 1001 is an optical trans 
mission medium propagating the WDM light therethrough, 
and also functions as an optical amplification medium by 
being Supplied with a pumping light. A pumping light Source 
(LD) 1002, which is formed by multiplexing by a multi 
plexer or the like, for example, transmission light from a 
laser diode or a plurality of laser diode, generates a pumping 
light for amplifying the WDM light. Here, the pumping light 
generated in the pumping light Source 1002 contains a 
plurality of lights having wavelengths different from each 
other. A WDM coupler 1003 introduces the pumping light 
generated in the pumping light Source 1002 to the transmis 
sion path fiber 1001. 
0007. In the above optical transmission system, the 
WDM light sent out from the transmission station 1101 is 
transmitted up to the reception station 1102 while being 
amplified by each transmission path fiber 1001. At this time, 
in each repeater station, the power of the entire WDM light 
is managed, and also the balance of the optical powers of a 
plurality of signal lights contained in the WDM light is 
managed. Namely, the pumping light Source 1002 is con 
trolled So that, for example, the output power of the entire 
WDM light is maintained at a previously set predetermined 
value and the optical powers of the plurality of Signal lights 
contained in the WDM light are equalized, in each repeater 
station (refer to Japanese Unexamined Patent Publication 
No. 2002-72262 (FIGS. 3, 3 to 5 pages), Japanese Unex 
amined Patent Publication No. 2000-98.433 (FIG. 1, para 
graphs 0070 to 0072), and Japanese Unexamined Patent 
Publicaion No. 2002-76482 (FIG. 10, paragraphs 0162 to 
0177)). Further, other than the output constant control or the 

Oct. 7, 2004 

control of wavelength dependence of gain as described 
above, a shutdown control at a Signal light interruption is 
also performed by monitoring the output power of the WDM 
light. Note, the shutdown control is generally provided in the 
optical amplifier, as a function for, when a pumping light of 
high power is leaked to outside by the System crash, the 
optical fiber cutting and the like due to a Surge, avoiding the 
radiation of the pumping light to a human body. 
0008 However, in the existing optical transmission sys 
tem as described above, there is a problem in that it is 
difficult to accurately monitor the balance (optical power 
tilt) of the output powers of the plurality of signal lights 
contained in the WDM light. For example, in the above 
mentioned Japanese Unexamined Patent Publication No. 
2002-72252, a signal light band is divided into a plurality of 
blocks, and a control of optical power tilt is performed 
utilizing the optical power detected for each block. How 
ever, in this case, when the Signal lights are not arranged 
equally in each block, Since the optical power tilt cannot be 
detected accurately, it is impossible to equalize the WDM 
light. Note, Such a problem is not generated only in the 
System described in the above described Japanese UneXam 
ined Patent Publication No. 2002-72262, but also generated 
in the case where the Signal lights are arranged unevenly on 
a specific wavelength region in the Signal light band, even if 
the optical powers of the plurality of Signal light contained 
in the WDM light are detected individually. 
0009 Further, in the case where the output power of the 
entire WDM light is detected using a photodiode or the like, 
the photodiode receives lights over a wide band. Therefore, 
when the number of signal lights contained in the WDM 
light is Small, a noise light caused by ASE (amplified 
Spontaneous emission) or the like becomes dominant, (that 
is, a ratio of noise light power to the total optical power 
becomes relatively high). Therefore, there is also a problem 
in that the optical power of a main signal light (that is, the 
WDM light which is to transmit signals) cannot be detected 
accurately. 

0010 Here, there will be described in detail a monitoring 
value of Signal light utilized for the control of pumping light 
as described above. 

0011 Generally, in the optical transmission system using 
the Raman amplifier as shown in FIG. 38 described above, 
for example, as shown in FIG. 39, since the noise light due 
to Raman amplification is generated within the Signal light 
amplification band in the transmission path fiber being the 
optical amplification medium, a monitor of output Signal 
light receives Simultaneously the Signal light containing 
noise components accumulated in the repeating intervals 
until the former Stage, and the noise light due to Raman 
amplification. The above noise light due to Raman ampli 
fication is a noise light, which is also generated in the case 
where only the pumping light is input to the optical ampli 
fication medium in a State where the Signal light is not input 
to the optical amplification medium. In this specification, the 
noise light generated in the Raman amplifier is called an 
amplified spontaneous Raman Scattering (ASS) light, to an 
ASE light generated in the rare-earth element doped fiber 
amplifier, such as EDFA or the like. 
0012. As a conventional technique for monitoring the 
Signal light output power of the Raman amplifier, for 
example, as shown in FIG. 40, there has been known a 
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method of calculating the ASS optical power generated in 
the Raman amplifier based on the power of pumping light 
Supplied to the optical amplification medium, to perform a 
correction by Subtracting the ASS optical power from a 
monitoring value of an actually received output light (refer 
to the pamphlet of International Publication No. 02/1204). 
Further, as means for Separating the Signal light power from 
the ASS optical power, there has been known a method using 
a simplified optical spectrum analyzer. However, the Sim 
plified optical spectrum analyzer has a disadvantage in that 
the monitoring accuracy becomes lower and also an expen 
Sive monitor System is needed. 
0013 The following problem exists in the above conven 
tional techniques. For example, in the optical amplifier in 
which the optical amplification medium is managed, Such as, 
the rare-earth element doped fiber amplifier or the concen 
trated Raman amplifier, it is possible to accurately calculate 
the noise light power by the known method as described 
above. However, in the case of a disputed Raman amplifier 
in which the transmission path fiber is the optical amplifi 
cation medium, Since a fiber parameter of the transmission 
path fiber is unknown in many cases, there is considered that 
a predicted fiber parameter value is significantly different 
from an actual value, or an unexpected loSS exists, resulting 
in a possibility of large error in the calculation value of ASS 
light. 

0.014) Specifically, in the case where the ASS optical 
power is estimated to be larger than the actual value, in the 
shutdown control described above, Since the Supply of the 
pumping light is stopped although the transmission of Signal 
light is able to be performed, the transmission of Signal light 
is Suspended. Further, in the output constant control 
described above, Since the Signal light is output at the power 
level higher than the required power, the Signal waveform 
deterioration or the like due to an increase of non-linear 
effect is resulted, and thus there is a possibility that the 
System performance is lowered. On the other hand, in the 
case where the ASS light power is estimated lower than the 
actual value, in the shutdown control, the pumping light is 
output although the Signal light is in the interrupted State, 
and in a situation of Signal interruption caused by the fiber 
cutting or the like, there may be a possibility that the 
pumping light of high power is radiated to outside, to 
harmfully affect the human body. In the output constant 
control, Since the Signal light is output at the power level 
lower than the required power, the OSNR deterioration is 
resulted. 

0.015 Moreover, consideration is made on the case where 
the wavelength dependence of gain is controlled as 
described above, for example in the System proposed in 
Japanese Unexamined Patent Publication No. 2002-72262, a 
relation between the pumping light power and the Signal 
light output power is expressed by a determinant, and using 
an inverse matrix of the determinant, the Setting of pumping 
light power is performed So that the required signal light 
output power can be obtained in each wavelength. However, 
as in the case of the calculation of ASS light described 
above, Since the fiber parameter of the optical fiber being the 
optical amplification medium is unknown in many cases, 
there is a possibility of large error in the Setting value of the 
pumping light power. In addition, in the case where the 
determinant used for the control does not correspond to an 
actually laid fiber, it takes a time until the control converges, 
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or the control becomes divergent, resulting in a problem in 
that the pumping light power is not fixed. 

0016. The optical transmission system using the conven 
tional optical amplifier has the following problem, other 
than the above described problems related to the monitoring 
of the output power of Signal light. Namely, as shown in the 
description of the shutdown control, Since a high power light 
is output from the optical amplifier, Such as the rare-earth 
element doped fiber amplifier or the Raman amplifier, there 
is a possibility that the high power light is emitted to the 
outside air to injure a human body, due to for example, the 
detachment of an optical connector positioned on an output 
end of the optical amplifier, the cutting of the optical path 
connected to an optical output end, or the like. 

0017. As a conventional technique for preventing the 
occurrence of Such a situation, there has been known a 
technique for adding, to the optical amplifier, for example, 
a function of measuring a reflected return light from an 
output Side optical connector of the optical amplifier and an 
optical path connected there with, and based on the measure 
ment result, detecting whether or not an output light from the 
optical amplifier is emitted to the outside air (refer to 
Japanese Unexamined Patent Publication No. 9-64446). 
0018. An optical connector of a typical physical contact 
(PC) connection System is deteriorated in the common 
performance thereof due to impurities (for example, dust, oil 
film or the like) attached on a ferrule end Surface, or scar on 
the ferrule end Surface. It has been reported that, if a high 
power light is transmitted through the optical connector 
which is deteriorated in its connection performance, there 
occurs the breakage of optical fiber, called a fiber fuse (FF) 
phenomenon, due to energy convergence by multiple reflec 
tion (refer to D. P. Hand et al., “Solitary thermal shock 
waves and optical damage in optical fibers: the fiber fuse’, 
Optics Letters, Vol. 13, No. 9, pp. 767 to 769, Sep. 1988, or 
R. Kashyap et al., “Observation of Catastrophic Self-pro 
pelled Self-focusing in Optical Fibers”, Electronics Letters, 
Vol. 24, No. 1, pp. 47 to 49, January 1988) 
0019. The above FF phenomenon will be described 
briefly. For example, as shown in FIG. 41, in the case where 
impurities or Scars are present on an end Surface of a ferrule 
2001 of an optical connector 2000, a light being propagated 
through an optical fiber 2002 is diffusely reflected due to the 
impurities or Scars. At this time, if the power of the light 
diffusively reflected is high, the temperature rise of epoxy 
resin adhesive 2003 adhering the ferrule 2001 and the 
optical fiber 2002 becomes higher due to light absorption, 
leading to an unstable adhesion condition. As a result, the PC 
connection of the optical connector 2000 becomes unstable, 
which is one factor causing the FF phenomenon. Accord 
ingly, for the optical connector through which the high 
power light passes, a particularly careful management of 
connecting loSS becomes necessary. 

0020. However, in the conventional optical amplifier 
disclosed in Japanese Unexamined Patent Publication 946, 
Since the reflected return light of the output Signal light, that 
is, a Fresnel reflected light generated on the connector end 
Surface when the optical connector on the output Side is 
detached, is measured, to detect whether or not the optical 
connector is detached, there is a problem in that it is 
impossible to reliably detect up to the optical fiber breakage 

Ex.1005 / Page 31 of 55
Cisco Systems, Inc.

Ex.1005 / Page 31 of 55
Cisco Systems, Inc.



US 2004/O196158A1 

due to the FF phenomenon which occurs in the optical 
connector in the insufficient connection State as described 
above. 

0021 Specifically, sometimes the impurities attached on 
the end Surface of the optical connector become absorbers of 
the light passing through the optical connector. Therefore, 
there is a possibility that the temperature of optical connec 
tor rises due to the light absorption, resulting in the breakage 
of optical fiber. Since the reflected light is not generated 
from Such absorbers attached on the end Surface of the 
optical connector, in the conventional System utilizing the 
reflected return light, it is not possible to detect the breakage 
of optical fiber as described in the above. In the optical 
connector for when the breakage of optical fiber occurs, 
Since a connecting loSS is increased, a desired transmission 
characteristic cannot be obtained. Further, if the breakage of 
optical fiber further progresses So that the high power light 
is emitted to the outside air, there is a possibility of injury to 
a human body. 
0022. Further, the above conventional optical amplifier is 
constituted to detect the detachment of the output side 
optical connector, the optical path cutting or the like, based 
on the measurement result of reflected return light on the 
output Side. Consequently, there is a problem in that it is 
difficult to cope with the Raman amplifier, in which the 
pumping light of high power is given from the input Side. 
Namely, for example, in a Raman amplifier 2010 of a 
configuration shown in FIG. 42, in order to obtain the 
desired output power, a pumping light Lp having high power 
of several hundreds mW to several W is output from a 
pumping light source 2011 to a transmission path fiber 2013 
via a WDM coupler 2012. Therefore, it becomes important 
to Supervise a connection State of an input Side optical 
connector 2014. Then, the deterioration of connection state 
is found, it is necessary to Stop or reduce the Supply of the 
pumping light. 

0023. However, in the above described conventional 
optical amplifier, the configuration thereof does not cope 
with the detachment of input Side optical connector, and 
further, as well as the case of the above described outputside 
optical connector, it is difficult to detect up to the breakage 
of optical fiber due to the FF phenomenon occurring in the 
input Side optical connector. 

SUMMARY OF THE INVENTION 

0024. The present invention aims at providing an optical 
amplifier capable of Solving the respective problems in 
conventional techniques as described above, and a System 
using the Same. Specifically, one object of the present 
invention is to accurately manage the optical power balance 
of a WDM light and the optical power of the entire WDM 
light in a System using a Raman amplifier. Another object of 
the present invention is to calculate with high accuracy the 
power of an amplified Spontaneous Raman Scattering light to 
correct a monitoring value of an output Signal light, and to 
reliably control a Supply condition of a pumping light. A 
further object of the present invention is to accurately detect 
the deterioration of a connection State at a connecting point 
on an optical path, to reliably control power of a light 
passing through the connecting point in an optical amplifier 
provided with a connecting loSS detecting function. 
0.025 In order to achieve the above objects, according to 
the present invention, there is provided an optical amplifier 
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for Supplying a pumping light to an optical amplification 
medium to amplify a signal light, wherein a light different 
from the Signal light is given on an optical path including the 
optical amplification medium, and based on a State of the 
light or a State of another light generated on the optical path 
by the light, a Supply condition of the pumping light to the 
optical amplification medium is controlled. 

0026. An optical transmission system as one aspect of the 
present invention is for transmitting a WDM light from a 
transmission Station to a reception Station, utilizing the 
above optical amplifier. In this System, the optical amplifier 
is a Raman amplifier comprising: an optical amplification 
medium; a pumping light Source generating a plurality of 
pumping lights having wavelengths different from each 
other; an optical device introducing the plurality of pumping 
lights to the optical amplifying medium; and control means 
for controlling the pumping light Source. The transmission 
Station sends out a plurality of reference lights having 
wavelengths at which respective Raman gains obtained by 
the plurality of pumping lights reach peaks or wavelengths 
close to the above wavelengths. Then, the control means 
controls the plurality of pumping lights based on the optical 
powers of the plurality of reference lights. 

0027. In the above optical transmission system, since the 
pumping lights are controlled based on the reference lights, 
the optical powers of the pumping lights are always con 
trolled properly not depending on the number or arrange 
ment of signal lights contained in the WDM light. Thus, it 
becomes easy to manage the tilt of Raman gain or the output 
power. 

0028. In the above optical transmission system, the trans 
mission Station may transmit information to the reception 
Station utilizing at least a part of the plurality of reference 
lights. In this case, Since the information is transmitted 
utilizing the reference light, communication Sources (espe 
cially, wavelength or band) are effectively utilized. 
0029 Further, in the above optical transmission system, 
the configuration may be Such that there is further provided 
detecting means for detecting the optical powers of the 
plurality of reference lights contained in the WDM light at 
the control means controls the optical powers of the plurality 
of pumping lights So that the optical powers of the plurality 
of reference lights detected by the detecting means are 
equalized. Here, the detecting means may comprise reflect 
ing means for Selectively reflecting the plurality of reference 
lights, and light receiving means for converting the reference 
light by the reflecting means into an electric Signal. 

0030 Moreover, in the above optical transmission sys 
tem, the control means may control the plurality of pumping 
lights based on an average value of the respective optical 
powers of the plurality of reference lights. In this case, Since 
an influence of noise light is Suppresed, the optical power of 
the WDM light can be monitored accurately. 

0031 Further, in the case where the optical transmission 
System is provided with a discrete optical amplifier ampli 
fying the WDM light, and the reference light, a part of the 
plurality of reference lights, is positioned outside a gain 
band of the discrete optical amplifier, an auxiliary light 
having a wavelength Same as that of the reference light 
positioned outside the gain band of the discrete optical 
amplifier, may be multiplexed with the WDM light. In this 
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configuration, the optical power of the reference light the is 
not amplified by the discrete optical amplifier is becomes 
weaker than the optical power of the reference light that is 
amplified by the discrete optical amplifier. Therefore, by 
Supplying the auxiliary light, the optical power of the 
reference light positioned outside the gain band of the 
discrete optical amplifier is compensated. 
0032. An optical amplifier as another aspect of the 
present invention is a Raman amplifier amplifying Signal 
lights due to a Raman effect occurring in an optical ampli 
fication medium. The Raman amplifier comprises a pumping 
light Supply Section, an output light monitoring Section, an 
amplified Spontaneous Raman Scattering light processing 
Section, a Storing Section, an amplified Spontaneous Raman 
Scattering light calculating Section and a pumping light 
control Section. The pumping light Supply Section Supplies 
pumping lights to the optical amplification medium. The 
output light monitoring Section measures the power of a 
light, which is propagated through the optical amplifiaton 
medium to be output. The amplified Spontaneous Raman 
Scattering light processing Section Supplies, in the prepara 
tion State before Starting the operation, the pumping lights to 
the optical amplification medium to be actually used In the 
operation time, to measure the power of an amplified spon 
taneous Raman Scattering light generated in the optical 
amplification medium, and based on the power of the 
measured amplified Spontaneous Raman Scattering light, 
obtains a coefficient of a modeling formula for calculating 
the power of the amplified spontaneous Raman Scattering 
light after Starting the operation. The Storing Section Stores 
the coefficient obtained by the amplified Spontaneous Raman 
Scattering light processing Section. The amplified Spontane 
ous Raman Scattering light calculating Section calculates, in 
accordance with the modeling formula to which the coeffi 
cient Stored in the Storing Section is applied, the power of the 
amplified Spontaneous Raman Scattering light generated 
after Starting the operation, according to the powers of 
pumping lights Supplied to the optical amplification medium 
from the pumping light Supply Section. The pumping light 
control Section corrects the output light power measured by 
the output light monitoring Section using the power of the 
amplified Spontaneous Raman Scattering light calculated by 
the amplified Spontaneous Raman Scattering light calculat 
ing Section, to control an operation of the pumping light 
Supply Section based on the corrected output light power. 
0033. In the Raman amplifier of such a configuration, as 
the processing of field investigation and the like in the 
preparation Stage before Starting the operation, the amplified 
Spontaneous Raman Scattering light is measured using the 
optical amplification medium to be used actually at the 
operation time, and based on the measurement result, the 
coefficient of the modeling formula for calculating the 
amplified Spontaneous Raman Scattering light power is 
obtained, to be Stored in the Storing Section. Then, after 
Starting the operation, in accordance with the modeling 
formula to which the above coefficient is applied, the 
amplified Spontaneous Raman Scattering light power is 
obtained by the calculation, according to the powers of 
pumping lights Supplied to the optical amplification 
medium, and the power of the amplified Spontaneous Raman 
Scattering light to the output light power measured by the 
output light monitoring Section is corrected, using the cal 
culation result, So that an operation control of the pumping 
light Supply Section is executed based on the corrected 
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power. Thus, it becomes possible to correct the amplified 
Spontaneous Raman Scattering light corresponding to actual 
operation situations. Therefore, it becomes possible to per 
form reliably various controls of the Raman amplifier, for 
example, an output-constant control, a shutdown control, a 
control of wavelength characteristic deviation and the like. 
0034. An optical amplifier as a further aspect of the 
present invention comprises: a pumping unit Supplying 
pumping light to an optical amplification medium; a con 
necting loSS measuring Section that inputs a measuring light 
different from a signal light to an optical path between the 
pumping unit and the optical amplification medium, and 
based on a reflected light and a backward Scattering light of 
the measuring light, which are generated in the optical path, 
measures connecting loSS at one or more connecting points 
existing on the optical path; and a control Section that 
controls the Supply condition of the pumping lights by the 
pumping unit, according to the connections loSS measured 
by the connecting loSS measuring Section. 
0035) In the optical amplifier of such a configuration, the 
connecting loSS at one or more connecting points existing 
between the pumping unit and the optical amplification 
medium, is measured based on the reflected light and the 
backward Scattering light, and according to the measuring 
result, which are different from the Signal light, the Supply 
condition of the pumping lights is controlled by the control 
Section. As a result, it becomes possible to detect with 
accuracy not only the detachment of an optical connector at 
the connecting point but also an abnormality of connection 
condition due to a FF phenomenon, which leads to the 
breakage of optical fiber, So that the powers of pumping 
lights passing through the connecting points can be reliably 
controlled. 

0036 Further, in the above optical amplifier, a specific 
configuration of the connecting loSS measuring Section may 
be Such that, utilizing the optical time domain reflectometry 
or the optical frequency domain reflectometry, the loSS 
distribution in a longitudinal direction of the optical path 
between the pumping unit and the optical amplification 
medium is measured. Moreover, a specific configuration of 
the pumping unit may be Such that pumping lights capable 
of amplifying, due to the Raman effect the Signal lights 
being propagated through the optical amplification medium, 
are generated, to be Supplied to the optical amplification 
medium. 

0037. Furthermore, in the connecting loss measuring 
Section of the above optical amplifier, a pumping light 
generated by Switching a pumping light Source drive System 
included in the pumping unit to a drive System different from 
that at the normal operation time, is used as the measuring 
light. In Such a configuration, Since the pumping light Source 
is utilized as a measuring light Source, it becomes possible 
to achieve the Simplification of optical amplifier configura 
tion and the low cost. 

0038. Other objects, features and advantages of the 
present invention will become clear from the following 
description of the embodiments, in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 is a block diagram of an optical transmis 
Sion System according to an embodiment 1-1 of the present 
invention. 
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0040 FIG. 2 is a diagram for explaining an arrangement 
method of reference lights in the embodiment 1-1. 
0041 FIG. 3 is a block diagram of a transmission in the 
embodinvent 1-1. 

0.042 FIG. 4 is an example of a transmission circuit in 
the case where data is transmitted utilizing the reference 
light in the embodiment 1-1. 
0.043 FIG. 5 is a block diagram of a control circuit 
provided in each repeater Station in the embodiment 1-1. 
0044 FIG. 6 is a diagram for explaining an effect of the 
optical transmission System of the embodiment 1-1. 
004.5 FIG. 7 shows an embodiment of the repeater 
station operating based on the optical power of a WDM light 
in the embodiment 1-1. 

0.046 FIG. 8 is a diagram for explaining optical detec 
tions, in which (a) shows the optical detection in a conven 
tional technique, and (b) shows the optical detection in the 
embodiment 1-1. 

0047 FIG. 9 is a block diagram of a repeater section of 
an optical transmission System of an embodiment 1-2. 
0.048 FIG. 10 is a diagram for explaining a relationship 
between a Raman amplifier and an erbium-doped fiber 
optical amplifier in the embodiment 1-2. 
0049 FIG. 11 is a diagram showing an embodiment of an 
apparatus for detecting the optical powers of the reference 
lights in the embodiments 1-1 and 1-2. 
0050 FIG. 12 is a diagram showing a modified example 
of a detection circuit of FIG. 11. 

0051 FIG. 13 is a block diagram showing a configura 
tion of a Raman amplifier according to an embodiment 2-1 
of the present invention. 
0.052 FIG. 14 is a flowchart for explaining an operation 
in the preparation Stage before Starting the operation. 
0.053 FIG. 15 is a diagram showing an example of an 
ASS optical power measurement in step 201 of FIG. 14. 
0.054 FIG. 16 is a block diagram showing a configura 
tion of an optical amplifier according to an embodiment 2-2 
of the present invention. 
0.055 FIG. 17 is a block diagram showing a configura 
tion of a Raman amplifier according to an embodiment 2-3 
of the present invention. 
0056 FIG. 18 is a flowchart for explaining a pumping 
light power Setting method related to the embodiment 2-3. 
0057 FIG. 19 is a diagram showing a specific example 
of a wavelength characteristic control of Signal light in the 
embodiment 2-3. 

0.058 FIG. 20 is a block diagram showing another con 
figuration example related to the embodiment 2-3. 
0059 FIG.21 is a diagram showing a configuration of an 
optical transmission System according to an embodiment 
2-4. 

0060 FIG. 22 is a block diagram showing a basic con 
figuration of an optical amplifier according to an embodi 
ment 3 of the present invention. 
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0061 FIG. 23 is a block diagram showing a specific 
example of an optical amplifier according to an embodiment 
3-1. 

0062 FIG. 24 is a diagram showing an example of 
waveform of a measuring light in the embodiment 3-1. 
0063 FIG. 25 is a diagram showing an example of 
wavelength transmission characteristic of a WDM coupler to 
be used for multiplexing the measuring light in the embodi 
ment 3-1. 

0064 FIG. 26 is a diagram showing an example of a 
typical OTDR measuring system. 

0065 FIG. 27 is a diagram showing an example in the 
case where the loSS distribution of a typical optical amplifier 
is measured by applying the OTDR measuring System in 
FIG. 26. 

0066 FIG. 28 is a flowchart for explaining an operation 
of the embodiment 3-1. 

0067 FIG. 29 is a block diagram showing a configura 
tion of an optical amplifier according to an embodiment 3 of 
the present invention. 
0068 FIG. 30 is a diagram showing an example of a 
typical OFDR measuring system. 

0069 FIG. 31 is a flowchart for explaining an operation 
of the embodiment 2. 

0070 FIG. 32 is a block diagram showing a configura 
tion of an optical amplifier according to an embodiment 3-3 
of the present invention. 
0071 FIG. 33 is a block diagram showing a configura 
tion of an optical repeater node apparatus according to an 
embodiment 3-4 of the present invention. 
0072 FIG. 34 is a diagram showing a configuration 
example of a connecting loSS Supervisory unit to which the 
OTDR measuring system is applied in the embodiment 3-4. 
0073 FIG. 35 is a block diagram showing a configura 
tion of an optical amplifier according to an embodiment 3-5 
of the present invention. 
0074 FIG. 36 is a diagram showing an example of an 
optical connector to be used in the embodiment 3-5. 
0075 FIG. 37 is a diagram showing another structural 
example of the optical connector related to the embodiment 
3-5. 

0076 FIG. 38 is a block diagram of an optical transmis 
Sion System using a typical Raman amplifier. 

0077 FIG. 39 is a diagram exemplarily showing a noise 
light contained in an output signal light of a typical Raman 
amplifier. 

0078 FIG. 40 is a diagram for explaining an example of 
a monitoring System of the Signal light output power in a 
conventional Raman amplifier. 

007.9 FIG. 41 is a diagram for explaining a fiber fuse 
(FF) phenomenon. 
0080 FIG. 42 is a block diagram showing a configura 
tion example of a conventional Raman amplifier. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0081. Hereinafter, embodiments of the present invention 
will be described with reference to drawings. In this descrip 
tion, Same reference numerals denote same or corresponding 
parts throughout all figures. 
0082 FIG. 1 is a block diagram of an optical transmis 
Sion System according to an embodiment 1-1 of the present 
invention. Here, in this System, a plurality of repeater 
stations 130 is provided between a mission station 110 and 
a reception station 120. A WDM light is transmitted via the 
repeater Stations 130, and further, Raman amplification is 
performed in each repeater station 130. 
0083) The transmission station 110 generates the WDM 
light containing Signal light and reference light, to Send out. 
Here, the Signal light consists of a plurality of Signal lights 
fis1 to fsn of wavelengths different from each other. Further, 
the reference light consists of a plurality of reference lights 
fr1 to fr3 of wavelengths different from each other. Note, the 
wavelengths or frequencies of the reference lights fr1 to fr3 
are determined, respectively, based on the wavelengths or 
frequencies of pumping lights fp1 to fp3 to be described 
later. 

0084. Between the transmission station 110 and a first 
Stage repeater Station 130, between the respective repeater 
stations 130, and between a light stage repeater station 130 
and the reception Station 120, are connected via transmission 
path fibers 101. Here, each transmission path fiber 101 is an 
optical transmission medium propagating therethrough the 
WDM light, and also functions as an optical amplification 
medium by receiving the pumping lights. 
0085 Each repeater station 130 comprises a pumping 
light source (LD) 102, a WDM coupler 103, a branching 
coupler 131, an optical Spectrum analyzer 132 and a control 
circuit 133. Here, the pumping light source 102 includes a 
plurality of laser diodes, to generate a plurality of pumping 
lights of wavelength different from each other. Herein, three 
pumping lights fp1 to fp3 are generated. Then, the WDM 
coupler 103 leads to pumping lights fp1 to fp3 generated by 
the pumping light Source 102 to the transmission path fiber 
101. As a result, the transmission path fiber 101 is supplied 
with the pumping lights fp1 to fp3, to function as the optical 
amplification medium for Raman amplification. Namely, the 
transmission path fiber 101, the pumping light source 102 
and the WDM coupler 103 function as a Raman amplifier 
amplifying the WDM light. 
0.086 The branching coupler 131 branches a part of the 
WDM light that has been amplified in the transmission path 
fiber 101, to lead it to the optical spectrum analyzer 132. The 
optical spectrum analyzer 132 monitors the optical power of 
each wavelength contained in the WDM light, and then, 
detects the optical powers of the reference lights fr1 to fr3 
contained in the WDM light. 
0087. The control circuit 133 drives the pumping light 
Source 102, based on the optical powers of the reference 
lights fr1 to fr3 detected by the optical spectrum analyzer 
132 That is, the control circuit 133 adjusts the optical powers 
of the pumping lights fp1 to fp3, based on the optical powers 
of the reference lights fr1 to r3. To be specific, the optical 
powers of the pumping lights fp1 to fp3 are adjusted, So that, 
for example, the average optical power of the reference 

Oct. 7, 2004 

lights fr1 to fr3 is held to a predetermined value and also the 
optical powers of the reference lights fr1 to fr3 are equal 
ized. 

0088 FIG. 2 is a diagram for explaining an arrangement 
method of the reference lights. The frequencies (or wave 
lengths) of the reference lights fr1 to fr3 are determined 
based on the frequencies (or wavelengths) of the corre 
sponding pumping lights fp1 to fp3. For example, the light 
fr1 is allocated with a frequency, which is shifted from the 
pumping light fp1 by a Raman shift frequency. Here, 
although not primarily, "Raman shift frequency means “a 
difference between the frequency of the given pumping light 
and the frequency at which a Raman gain obtained caused by 
the pumping light reaches a peak'. Then, this Raman shift 
frequency is about 13.2 THz in the case where a silica-based 
optical fiber is used for the transmission path fiber 101. 
Further, if the Raman shift frequency is converted into the 
wavelength, it corresponds to about 100 nm in a 1.3 to 1.55 
tim band. Namely, the reference light fr1 is arranged in a 
wavelength at which a Raman gain caused by the pumping 
light fp1 reaches a peak. In other words, the reference light 
fr1 is allocated with a frequency lower than the frequency of 
the pumping light fp1 by about 13.2 THz. Further, in turn, 
the reference light fr1 is allocated with a wavelength longer 
than the wavelength of the pumping light fp1 by about 100 

. 

0089. Similarly, the reference light fr2 is arranged in a 
wavelength at which a Raman gain caused by the pumping 
light fp2 reaches a peak. Further, the reference light fr3 is 
arranged in a wavelength at which a Raman gain caused by 
the pumping light fp3 reaches a peak. 

0090. In the manner as described above, the reference 
fights fr1 to fr3 are arranged in the wavelengths at which the 
Raman gains caused by the corresponding pumping lights 
fp1 to fp3 reach peaks, respectively. However, the reference 
lights fr1 to fr3 do not need to be accurately arranged in the 
wavelengths at which the Raman gains caused by the 
corresponding pumping lights fp1 to fp3 reach peaks, 
respectively, and may be arranged in wavelengths close to 
the wavelengths at which the Raman gains caused by the 
corresponding pumping lights fp1 to fp3 reach peaks, 
respectively. 

0091. Further, in the case where the signal lights fis1 to 
fsn are on previously determined frequency grids to be 
transmitted, the reference lights fr1 to fr3 are also arranged 
on the frequency grids to be transmitted. At this time, the 
reference lights fr1 to fr3 are arranged on the frequency grids 
closest to frequency at which the Raman gains caused by the 
pumping lights fp1 to fp3 reach peakS. Such frequency grids 
are defined in an ITU-T. In the definition in ITU-T, recom 
mended values of a reference frequency (anchor frequency) 
and frequency intervals (50 GHz, 100 GHz) are indicated. 
0092 FIG. 3 is a block diagram of the transmission 
Station 110. Herein, only a function necessary for generating 
the WDM light is illustrated. The mission station 110 
comprises: light Sources (LD) 111-1 to 111-n for generating 
the signal lights fis1 to fsn; light sources (D) 112-1 to 112-3 
for generating the reference lights fr1 to fr3; and a multi 
plexer 113 multiplexing the Signal lights fis1 to fsn and the 
reference lights fr1 to fr3, to generate the WDM light. The 
frequencies (or wavelengths) of the reference lights fr1 to 
fr3 are determined as described in the above. 
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0093. The light sources 111-1 to 111-n are driven when 
data (or information) is transmitted to the reception Station 
120. For example, the light source 111-1 is driven when data 
generated by a data Source 114-1 is transmitted to the 
reception station 120. On the other hand, basically, the light 
Sources 112-1 to 112-3 always generate the reference lights 
fr1 to fr3 to output them. Here, the light sources 112-1 to 
112-3 may output continuous wave (CW) lights or may 
transmit signals of predetermined pattern. 

0094) Note, the signal light fis1 to fs3 are used for 
transmitting the data (or information), whereas the reference 
lights fr1 to fr3 are used primarily for controlling a Raman 
amplification operation in each repeater Station 130. How 
ever, in the optical transmission System of the embodiment 
1-1, the reference lights fr1 to fr3 may be utilized for 
transmitting the data (or information). However, since the 
reference lights fr1 to fr3 are used for controlling the Raman 
amplification operation in each repeater Station 130, it is not 
basically permissible to stop the reference lights fr1 to fr3. 
Therefore, in a system permitting the data (or information) 
transmission utilizing the reference lights fr1 to fr3, as 
shown in FIG. 4 for example, there is provided a function 
of selecting “data to be transmitted or “fixed pattern data” 
using a selector 15. Although FIG. 4 shows the case of direct 
modulation by the LD, it is Supposed that Such Selection can 
be performed on the presence or absence of the data, as 
described above, and furthermore on whether or not the 
modulation is to be performed, also in the case of external 
modulation by an optical modulator. Then, in this case, the 
light source 112 (112-1 to 112-3), when received data to be 
transmitted, transmits the data, and when did not received 
data to be transmitted, transmits the fixed pattern data (or 
non-modulation). 
0.095 FIG. 5 is a block diagram of the control circuit 133 
provided in each repeater station 130. The control circuit 
133 comprises an A/D converter 141, a DSP 142, a D/A 
converter 143, amplifiers 144-1 to 144-3 and power transis 
tors 145-1 to 145-3. The A/D converter 141 converts optical 
power values of the reference lights fr1 to fr3, detected by 
the optical Spectrum analyzer 132, into digital data, to Send 
it to the DSP 142. In the case when the optical spectrum 
analyzer 132 is provided with a digital output interface, the 
A/D converter 141 is unnecessary, and the optical power 
values of the reference lights fr1 to fr3, detected by the 
optical spectrum analyzer 132, are sent to the DSP 142 just 
as they are. 

0096. The DSP 142 calculate a command value necessary 
for controlling the pumping light Source 102 in accordance 
with the previously determined algorithm. Here, the algo 
rithm executed by the DSP 142 follows the next relational 
expression (1.1), for example, if a control loop is formed 
using three pumping lights fp1 to fp3 and three reference 
lights fr1 to fr. 

API All A12 A13 YPri Pref (1.1) 
AP2 - A 22 . P2 - Pref 
AP3 A31 A32 A33 P3 - Pref 

0097. In this relational expression (1.1), “Pr1” to “Pr3” 
represent the optical power values of the reference lights fr1 
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to fr3, detected by the optical spectrum analyzer 132. 
Further, “Psref represents the output level to be objective 
(object optical power). Note, “Psref” is a previously deter 
mined fixed value. Each element in a matrix A(A11 to A33) 
is a gain factor previously calculated by means of simulation 
or the like. And, “APp1 to “APp3' represent variation 
amounts of the pumping lights fp1 to fp3, respectively. 
0098. The DSP 142 feedback controls the pumping lights 
fp1 to ?p3 using the relational expression (1.1). Then, when 
“Pr1' to “Pr3' are in a predetermined error range relative to 
“Psref, respectively, it is deemed that the control loop 
converged. 
0099. When the variation amounts “APp1” to “APp3” are 
obtained in accordance with the relational expression (1.1), 
the DSP 142 calculates settling values for setting the optical 
powers of the pumping lights fp1 to fp3 using the variation 
amounts. Namely, the DSP 142 performs the following 
calculation. Note, “Pp1 (n)" to “Pp3 (n)” are previous time 
setting values, and “Pp1 (n+1)" to “Pp3 (n+1)” are new 
Setting values. 

0100 Pp1 (n+1)=Pp1 (n)+APp1 
0101 Pp2(n+1)=Pp2(n)+APp2 
0102 Pp3 (n+1)=Pp2(n)+APp3 

0103) The D/A converter 143 converts the setting values 
(Setting values indicating the optical powers of the pumping 
lights fp1 to ?p3) calculated by the DSP 142 into analog 
values, respectively, to give them to the corresponding 
amplifiers 144-1 to 144-3. The amplifiers 144-1 to 144-3 
amplify the analog values given from the DSP 142, respec 
tively. Then, the power transistors 145-1 to 145-3 generate 
currents corresponding to outputs from the amplifiers 144-1 
to 144-3, respectively. 
0104. The pumping list source 102 is driven with the 
currents generated by the amplifiers 144-1 to 144-3. Namely, 
the laser diode for generating the pumping light fp1 is driven 
with the current generated by the amplifier 144-1. Similarly, 
the laser diodes for generating the pump light fp2 and fp3 are 
driven with the currents generated by the amplifiers 144-2 
and 144-3, respectively. 
0105 Thus, the control circuit 133 controls the optical 
powers of the pumping lights fp1 to fp3 utilizing the 
reference lights fr1 to fr3. At this time, the optical powers of 
the pumping lights fp1 to fp3 are adjusted So that, for 
example, the optical powers of the reference lights fr1 to fr3 
are equalized. Accordingly, in the optical transmission Sys 
tem of the embodiment 1-1, proper Raman amplification is 
always performed, irrespective of the arrangement of Signal 
lights fis1 to fsn. 
0106. In order to efficiently obtain a wide signal band in 
the optical transmission System utilizing the Raman ampli 
fication, generally, a plurality of pumping lights fp1 to fp3 
is arranged at proper frequency intervals or proper wave 
length spacing. Therefore, if a plurality of reference lights 
fr1 to fr3 is arranged in the wavelengths at which the Raman 
gains caused by the pumping lights fp1 to fp3 reach as 
shown in FIG. 6, the reference lights fr1 to fr3 are result 
antly arranged at the proper frequency intervals or the proper 
wavelength spacing over the Substantially entire Signal band 
of the WDM light Then, in the optical transmission system 
of the embodiment 1-1, the Raman amplification is con 
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trolled utilizing the reference lights fr1 to fr3. Accordingly, 
even in the case where the number of Signal lights contained 
in the WDM light is less (in FIG. 6, only four signal lights 
fis1 to fs4 are used) or the case where the arrangement of 
signal lights contained in the WDM light are biased (in FIG. 
6, Signal lights are arranged only in a shorter wavelength 
region in the signal band), the Suitable Raman amplification 
can be obtained. Namely, it is possible to equalize gains over 
the entire Signal band. 
0107 Further, in the system of the embodiment 1-1, since 
the reference lights fr1 to fr3 are arranged in the wavelength 
at which the Raman gains caused by the pumping lights fp1 
to fp3 reach peaks, it is possible to obtain relatively easily 
a desired gain tilt by adjusting the pumping lights fp1 to fp3. 
0108 Moreover, in the embodiment 1-1, the control for 
equalizing the gains in the signal band of the WDM light is 
performed utilizing the reference lights fr1 to fr3. These 
reference lights may be used for controlling the total output 
power of the WDM light. In this case, the control circuit 133, 
as shown in FIG. 7 for example, comprises an equalization 
control section 151 and an ALC (automatic level control) 
section 152. Here, the equalization control section 151 
controls the pumping lights fp1 to fp3 generated by the 
pumping light source 102 as described above. On the other 
hand, the ALC Section 152 calculates an average value of the 
respective optical powers of the reference lights fr1 to fr3, 
detected by the optical Spectrum analyzer 132. 
0109) Further, the ALC section 152 may corrects the 
calculation result of the equalization control Section 151 
based on the average value. In this case, the control circuit 
133 controls not only the respective optical powers of the 
reference lights fr1 to fr3, but also the pumping lights fp1 to 
fp3 based on the average value. As a result at the same time 
when the gains of Raman amplification are equalized, the 
output power of the WDM light is held to the desired level. 
0110. The ALC section 152 may controls attenuation in 
an optical attenuator (ATT) 153, so that, for example, the 
average value of the respective optical powers of the refer 
ence lights fr1 to fr3 coincides with a previously determined 
target output power per 1 channel. 
0111. In Such a manner, according to the System in which 
only the reference lights fr1 to fr3 are extracted from the 
WDM light and the total output power of the WDM light (or 
the optical power of each signal light contained in the WDM 
light) is estimated utilizing these reference lights, the optical 
power of the WDM light can be monitored with high 
accuracy, even in the case where the number of Signal lights 
contained in the WDM light is less. 
0112 Namely, as in the conventional system, if the 
optical power of the WDM light is to be detected using a 
Single photodiode, not only the optical power of the Signal 
light but also the optical power caused by a noise of ASE or 
the like, are detected over the entire band. For example, in 
an example shown in (a) of FIG. 8, since all the optical 
power of a Slanted line region is detected even in the case 
where only a signal light exist Therefore, it is impossible to 
detect even the optical power of the Signal light. 
0113 Contrary to the above, in the system of the embodi 
ment 1-1, Since the optical power of a narrow band including 
the respective reference lights is detected, the System is 
hardly influenced by a noise. Namely, in the system of the 

Oct. 7, 2004 

embodiment 1-1, only the optical power in a Slanted line 
region shown in (b) of FIG. 8 is detected, and therefore, the 
optical powers of the reference lights can be accurately 
detected. Thus, the optical power of the WDM light (or each 
signal light contained in the WDM light) can be accurately 
detected. 

0.114) Next, an embodiment 1-2 of the present invention 
will be described. 

0115 FIG. 9 is a block diagram of a repeater station of 
the optical transmission System according to the embodi 
ment 1-2 of the present invention. This repeater Station 
comprises an erbium-doped fiber optic amplifier (EDFA) 
161 for amplifying the Signal band. Namely, in this System, 
the Raman amplifiers and the erbium-doped fiber optical 
amplifiers are mixed. Further, a relationship between the 
Raman amplifier and the erbium-doped fiber optical ampli 
fier 161 is shown in FIG. 10. 

0116. The erbium-doped fiber optical amplifier 161 and 
the Raman amplifier are designed So as to amplify the Signal 
light as shown in FIG. 10. Here, the gain by the Raman 
amplifier is obtained by the pumping lights fp1 to fp3. 
Further, if a flat Raman gain is to be obtained over the entire 
Signal band, Sometimes the frequency at which the Raman 
gain caused by a certain pumping light among the plurality 
of pumping lights reaches a peak, is located outside the 
signal band. In the example of FIG. 10, the frequency at 
which the Raman gain caused by the pumping light fp1 
reaches the peak is located outside the Signal band. 
0.117) However, in the optical transmission system of the 
embodiment 1-2, the reference lights fr1 to fr3 are set 
respectively at the frequencies at which the Raman gains 
caused by the pumping lights fp1 to fp3 reach peaks, 
respectively. Namely, in the example shown in FIG. 10, 
Since the reference light fr1 is located outside the Signal 
band, the amplification is not effected or an amplification 
amount is insufficient, by the erbium-doped fiber optical 
amplifier 161. Accordingly, if nothing is done, the optical 
power of the reference light fr1 is reduced compared with 
the other reference lights fr2 and fr3. Therefore, in the 
System of the embodiment 1-2, an auxiliary light Source 
(LD) 162 for generating an auxiliary light of a frequency the 
same that of the reference light fr1 and a WDM coupler 163 
multiplexing the auxiliary light generated by the auxiliary 
light source 162 with the WDM light are provided in each 
repeater Station (or Some repeater stations among all the 
repeater Stations). Then, the auxiliary light of the frequency 
the same as that of the reference light fr1 is Supplied, So that 
the optical power of the reference light fr1, which is not 
amplified by the erbium-doped fiber optical amplifier 161, is 
adjusted So as to be the same level as those of the other 
reference lights fr2 and fr3. 
0118. Further, a WDM coupler 171 is disposed between 
the optical spectrum analyzer 132 and the optical branching 
coupler 131. Thus, a part of the power of the reference light 
fr1 outside the Signal band is Selected, to be led to a 
photodiode 172, and when repeatedly amplified by a Super 
Visory Signal repeater 173, it is Superimposed with coupler 
Story Signal data at the auxiliary light Source 162 to pass 
through via the WDM coupler 163 for the multiplexing. As 
a result, it is also possible to Superimpose a Supervisory 
Signal light on the reference light outside the Signal band 
0119). In the example shown in FIG. 1 or FIG. 9, as a 
circuit (detecting means) for detecting the optical powers of 
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the reference lights fr1 to fr3, the optical spectrum analyzer 
132 is used. However, the present invention is not limited 
thereto. 

0120 FIG. 11 shows an embodiment of a circuit for 
detecting the optical powers of the reference lights. Here, a 
detecting circuit 170 is provided instead of the optical 
spectrum analyzer 132 shown in FIG. 1 or FIG. 9. Namely, 
the detecting circuit 170 receives the WDM light branched 
by the branching coupler 131, and detects the optical powers 
of the reference lights fr1 to fr3 contained in the WDM light, 
to notify the detection result to the control circuit 133. 
0121 The detecting circuit 170 comprises reflector ele 
ments 171-1 to 171-3 selectively reflecting the reference 
lights fr1 to fr. The reflector elements 171-1 to 171-3 are 
realized by, for example, fiber Bragg gratings. The reflector 
element 171-1 reflect only the light of the frequency at 
which the reference light fr1 is set. Similarly, the reflector 
elements 171-2 and 171-3 reflect only the lights of frequen 
cies at which the reference lights fr2 and fr3 are set, 
reflectively. The detecting circuit 170 ends by means of a 
reflection-free termination section 174. 

0122) The light reflected by the reflector element 171-1 
(that is, the reference light fr1) is led to a photodiode 173-1 
by an optical device 172-1. This optical device 172-1 can be 
realized by, for example, an optical branching coupler, an 
optical circulator or the like. Then, the optical power of the 
light fr1 is detected by the photodiode 173-1. Similarly, the 
reference lights fr2 and fr reflected by the reflector ele 
ments 171-2 and 171-3 are led to diodes 173-2 and 173-3 by 
optical devices 172-2 and 172-4, respectively. Then, the 
optical powers of the reference lights fr2 and fr3 are detected 
by the photodiodes 173-2 and 173-3. 
0123. In this manner, the detecting circuit shown in FIG. 
11 is realized by combining Simple optical devices. There 
fore, it is possible to achieve the lower cost compared with 
the configuration utilizing the optical Spectrum analyzer 
132. 

0.124 FIG. 12 is a modified example of the detecting 
circuit shown in FIG. 11. This detecting circuit comprises a 
wavelength Separation filter 175 Selectively passing there 
through previously determined wavelengths. In this 
example, the wavelength separation filter 175 passes there 
through only the reference lights fr1 to fr3. Then, these 
reference lights fr1 to fr3 a led to the corresponding photo 
diodes 173-1 to 173-3, respectively. 
0125. In the embodiments shown in FIG. 1 to FIG. 12, 
the Raman amplification is realized with the pumping light 
fp1 to fp3 of three waves. However, the present invention is 
not limited thereto, and is applicable to any System utilizing 
a plurality of pumping lights of wavelength different from 
each other. 

0126) Next an embodiment 2-1 of the present invention 
will be described. 

0127 FIG. 13 is a block diagram showing a configura 
tion of a Raman amplifier according to the embodiment 2-1 
of the present invention. 
0128. In FIG. 13, the Raman amplifier of the embodi 
ment 2-1 comprises, for example, a Raman amplification 
unit 201 Supplying a pumping light Lp for Raman amplifi 
cation to an optical transmission path 202 as an optical 
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amplification medium. The Raman amplification unit 201 
comprises a pumping light Supply Section 210, an output 
light monitoring Section and a control Section 230. 
0129. The pumping light supply section 210 comprises, 
for example, in pumping light Sources (LD) 211-1 to 211-n, 
a combining device 212 and a WDM coupler 213. The 
respective pumping light Sources 211-1 to 211-n generate 
lights of required wavelength bands capable of Raman 
amplifying a signal light LS transmitted over the optical 
transmission path 202, to output them to the combining 
device 212. The combining device 212 combines output 
lights from the respective pumping light Sources 211-1 to 
211-n, to generate a pumping light Lp, and outputs the 
pumping light Lp to the WDM coupler 213. The WDM 
coupler 213 outputs the pumping light Lp output from the 
combining device 212, to the optical transmission path 202 
connected with a signal light input end of the Raman 
amplification unit 201, and also transmits the Signal light LS 
input from the optical transmission path 202, to the output 
light monitoring Section 220 at a latter Stage. Thus, the 
present Raman amplifier has a backward pumping configu 
ration in which a propagation direction of the pumping light 
Lp is opposite to a propagation direction of the Signal light 
LS. 

0.130 Wavelengths of the lights output from the pumping 
light Sources 211-1 to 211-n are set to correspond to a 
wavelength band of the Signal light LS. For example, in the 
case where a silica-based optical fiber is used for the optical 
transmission path 202, output wavelengths of the respective 
pumping light Sources 211-1 to 211-n are respectively Set 
within a wavelength band of 1450 nm, which is shifted by 
about 100 nm to a shorter wavelength side relative to the 
signal light of 1550 nm. Note, the output wavelengths of the 
Signal light LS and the respective pumping light Sources 
211-1 to 211-n in the present invention are not limited to the 
above example. It is possible to apply the wavelength 
Settings in known Raman amplifiers to the present invention. 
0131 The output light monitoring section 220 comprises, 
for example, a branching device 221, an optical filter 222 
and a light receiving element (PD) 223. The branching 
device 221 branches a part of the light that has been 
propagated through the optical transmission path 202 and 
then has passed through the WDM coupler 213, as a monitor 
light Lim, to Send the monitor light Lim to the optical filter 
222. The optical filter 222, which is a bandpass filter having 
a transmission band corresponding to the wavelength band 
of the Signal light LS, extracts the light in the Signal light 
wavelength band from the monitor light Lim sent from the 
branching device 221, to output the extracted light to the 
light receiving element 223. The light receiving element 
receives the monitor light Lim passed through the optical 
filter 222, and generates an electric monitor Signal the level 
of which is changed according to the power of the monitor 
light Lim, to output the electric monitor Signal to the control 
Section 230. 

0132) The control section 230 comprises, for example, an 
ASS light processing circuit 231, a memory 232, an ASS 
light calculating circuit 233, an ALC circuit 234, a shutdown 
circuit 235, a pumping light power control circuit 236 and a 
setting value storing circuit 237. Here, the ALC circuit 234, 
the shutdown circuit 23 and the pumping light power control 
circuit 236 function as a pumping light Supply Section. 
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0133. The ASS light processing circuit 231 receives the 
monitor Signal output from the light receiving element 223 
of the output light monitoring Section 220, and in the 
preparation Stage before Starting the operation of the present 
Raman amplifier as described later, detects the power of an 
ASS light generated by Supplying the pumping light Lp to 
the optical transmission path 202, based on the monitor 
Signal, and then, using the detected ASS light power, obtains 
a coefficient of a modeling formula to be used for the 
calculation of the ASS light power after the operation of the 
Raman amplifier, to Store the obtained coefficient in the 
memory 232. The ASS light calculating circuit 233 reads out 
Storage information in the memory 232, to calculate a 
correction value of the ASS light power corresponding to a 
Supply condition of the pumping light Lp after Starting the 
operation, in accordance with the modeling formula. The 
calculation result in the ASS light calculating circuit 233 is 
transmitted to the ALC circuit 234 and the shutdown circuit 
235. 

0134) The ALC circuit 234 generates a signal for con 
trolling the Supply condition of the pumping light Lp So that 
the power of the Signal light LS output from the present 
Raman amplifier becomes fixed at the required level, based 
on the monitor Signal output from the light receiving ele 
ment of the output light monitoring Section 220 and the 
correction value of the ASS light power calculated by the 
ASS light calculating circuit 233, to output the control Signal 
to the pumping light power control circuit 236. The shut 
down circuit 235 judges whether or not the signal light LS to 
be input to the Raman pumping unit 201 from the optical 
transmission path 202 is interrupted, based on the monitor 
Signal from the light receiving element 223 and the correc 
tion value of the ASS light power calculated by the ASS light 
calculating circuit 233, and if the Signal light LS is inter 
rupted, Stops the Supply of the pumping light Lp or generates 
a control Signal for Suppressing the power of the pumping 
light Lp to the Safe level at which the pumping light does not 
harmfully affect a human body to output the control Signal 
to the pumping light power control circuit 236. 
0135 The pumping light power control circuit 236 is for 
adjusting drive conditions of the respective pumping light 
Sources 211-1 to 211-n to control the power of the pumping 
light Lp to be Supplied to the optical transmission path 202. 
This pumping light power control circuit 236 drives the 
respective pumping light Sources 211-1 to 211-n in accor 
dance with a Setting value of the pumping light power 
previously stored in the Setting value Storing circuit 237, 
when Starting the operation of the Raman amplifier, and 
thereafter, controls the respective pumping light Sources 
211-1 to 211-n in accordance with the control signals 
respectively output from the ALC circuit 234 and the 
shutdown circuit 235. Further, the pumping light power 
control circuit 236 is provided with a function of outputting 
a signal indicating a Setting condition of the present pump 
ing light power to the ASS light calculating circuit 233. 
0.136) Next, an operation of the Raman amplifier in the 
embodiment 2-1 will be described. 

0.137 FIG. 14 is a flowchart for explaining the operation 
in the preparation Stage before Starting the operation. 
0.138. In the present Raman amplifier, as the processing in 
the preparation Stage before Starting the operation, Such as, 
field adjustment performed when the optical transmission 
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System is assembled or the like, a Series of processing for 
obtaining the coefficient of the modeling formula for calcu 
lating the ASS light power is executed. To be specific, first 
in step 201 (S201 in the figure, and the same rule is applied 
herein below) of FIG. 14, one of the n pumping light sources 
211-1 to 211-n is driven, and the power of the ASS light 
generated when the pumping light Lp output from the driven 
pumping Source is Supplied to the optical transmission path 
202, is measured by the output light monitoring section 220. 
The measurement of this ASS light power is performed by 
changing in Stepwise the Supply power of the pumping light 
Lp, such as, 50 mW, 100 mW, 150 mW, 200 mW, 250 mW 
and the like, as exemplified by black circles in FIG. 15. 
Specifically, when the pumping light Lp, the Supply power 
of which is Set corresponding to each of the above measuring 
points, is given to the optical transmission path 202 (to 
which the pumping light Lp is not input in the preparation 
stage) from the Raman amplifiaton unit 201, the ASS light 
is generated due to a Raman effect by the pumping light Lp, 
the ASS light being propagated in a direction opposite to the 
propagation direction of the pumping light Lp, is input to the 
Raman amplification unit 201 from the optical transmission 
path 202; a part of the ASS light is branched by the 
branching device 221 as the monitor light Lim, and then 
received by the light receiving element 223 via the optical 
filter 222; and a photo-electrically converted monitor Signal 
is output to the ASS light processing circuit 231. In the ASS 
light processing circuit 231, the power of the ASS light is 
detected based on the monitor Signal from the light receiving 
element 223, and the detection result is Stored in the memory 
233 SO as to correspond to the Supply power of the pumping 
light Lp. The measurement of the ASS light power per 
formed by driving one pumping light Source as described 
above, is Sequentially performed on each of the n pumping 
light Sources 211-1 to 211-n, and when all the measurements 
are completed, control proceeds to Step 202. 
0.139. In step 202, arbitrary two pumping light sources 
among n pumping light Sources 211-1 to 211-n are combined 
with each other to be driven by the same power, and the 
pumping light Lp obtained by combining output lights of the 
combined pumping light Sources, is Supplied to the optical 
transmission path 202, So that the ASS light power generated 
by the pumping light Lp is measured. The output power of 
the two pumping light Sources is Set So as to correspond to 
at least one or more of the plurality of measuring points in 
the case where the one pumping light Source described 
above is driven (for example, 100 m or the like). The 
measurement of the ASS light power for when two pumping 
light Sources are combined with each other, is performed 
similarly to step 201, and the ASS light power detected by 
the ASS light processing circuit 231 is stored in the memory 
232, So as to correspond to the combination of the two 
pumping light Sources and the Setting value of the output 
power. The measurement of the ASS light power by the 
combination of two pumping light Sources is performed 
Sequentially for all the combinations of n pumping light 
Sources 211-1 to 211-n. When the measurements in all of the 
combinations are completed, then control proceeds to Step 
2O3. 

0140. In stop 203, the ASS light power generated when 
all of n pumping light Sources 211-1 to 211-n are driven by 
the same power, is measured. Measurement data in this case 
is acquired as data for Verifying the coefficient of the 
modeling formula for the ASS light power calculation, 

Ex.1005 / Page 39 of 55
Cisco Systems, Inc.

Ex.1005 / Page 39 of 55
Cisco Systems, Inc.



US 2004/O196158A1 

which is to be determined in the Succeeding Steps based on 
the measurement results in stops 201 and 202. Note, in the 
case the Verification is not needed, it is possible to omit the 
processing in Stop 203. 

0.141. In step 204, the storage data in the memory 232 is 
read out by the ASS light processing circuit 231, and a 
modeling formula expressing the ASS light power generated 
when one pumping light Source is driven, is prepared using 
the data actually measured in 201 (refer to solid line in FIG. 
15). Here, a quadratic function shown in the next (2.1) 
formula is adopted as the modeling formula expressing a 
relationship of the ASS light power Pass to the pumping 
light power P, and the actually measured value read out 
from the memory 232 is substituted for the quadratic func 
tion to obtain coefficients a, b and c, So that modeling 
formulas corresponding to the respective pumping light 
Sources 211-1 to 211-n are prepared, and the preparation 
results are stored in the memory 232. 

Pass=aP-bpp+c (2.1) 

0142. In step 205, the ASS light power generated when 
two pumping light Sources are driven is compared with the 
ASS light power generated when one pumping light Source 
is driven. The ASS light power generated when the plurality 
of pumping light Sources is driven is not equal to the Simple 
Sum of each ASS light power generated when one pumping 
light Source is driven. This is because the ASS light gener 
ated by a pumping light of a certain wavelength receives a 
gain by a pumping light of another wavelength. 

0143 For example, consideration is made on a Raman 
amplifier amplifying a signal light of 1550 nm band 
(C-band) by three pumping light Sources of different wave 
lengths. Here, it is assumed that the power of pumping light 
output of each of the three pumping light sources is 100 mW, 
the ASS light powers corresponding to C-band by the 
respective pumping lights are PA, Pan PA, by the ASS 
light powers by the combination of arbitrary two waves 
pumping lights are PA12, PA2s and PA. In this case, the 
ASS light powers by the two waves pumping lights are Such 
that the ASS light power by one of the pumping lights 
receives again by the other pumping light, that is, the Sum 
of each ASS light power influenced by both of the pumping 
lights is obtained. Therefore, the ASS light powers PA, 
P and PAs by the two waves pumping lights can be 
expressed by relational expressions shown in the (2.2) 
formula 

0144). G, G and G are gains of the respective pumping 
lights in C-band (especially, gains to be given to ASS light), 
and will be referred to as ASS gains hereinbelow. 
0145 The ASS gains G, G and G are expressed by the 
next (2.3) formula based on the (2.2) formula. 

G PA31 -- PA 12 PA 1 PA 23 (2.3) 
2PA3 2PA2 2PA2 PA3 

PA 12 PA23 PA2 PA31 
G2 = -- 

2PA 2PA3 2PA3 PA 
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-continued 
PA23 PA3 PA3 PA 12 

G3 = -- 
2PA2 2PA 2PA, PA2 

0146) As shown in (2.3) formula, the ASS gains G, G, 
and G can be calculated using the actually measured values 
PA, PA and PA of the ASS light powers for when one 
pumping light Source is driven, and the actually measured 
PA, PA and PA of the ASS light powers for when two 
pumping light Sources are combined with each other to be 
driven. Note, the case where three pumping light Sources are 
disposed has been exemplarily shown. However, for the case 
where four or more pumping light Sources are disposed, the 
ASS gain corresponding to each pumping light Source can 
be obtained, if the actually measured value for when each 
pumping light Source is driven individually and the actually 
measured value for when two pumping light Sources are 
combined with each other to be driven, have been obtained. 

0147 Provided that a decibel (dB) value of the be ASS 
gain follows a direct function, it becomes possible to cal 
culate a coefficient of the ASS gain. To be specific, if ASS 
gain are Y, Y- and Y, the ASS gain coefficients Y, Y- and Y 
in the case where, for example, each pumping light power is 
100 mW, can be expressed by the net (2.4) formula. 

1Olog(G1) 1Olog(G2) 1Olog(G3) (2.4) 
y = - or , y = - 1 - y4 = - on 

0.148. The ASS gain coefficients Y, Y- and Y obtained in 
accordance with (2.4) formula are stored in the memory 232 
as of the modeling formula for calculating the ASS light 
power. 

0149. In step 206, using the ASS gain coefficients 
obtained in step 205, the ASS light power generated when all 
of n pumping light Sources are driven. Specifically, the total 
power Pass a (mW) of the ASS light generated in C-band 
when three pumping light Sources are driven, can be calcu 
lated by next (2.5) formula. 

PASS total = 10 PASSI+)2PP2+)3 PP3/10 (2.5) 
10 PASS2+y3 PP3+y Ppi /10 - 10 PASS3+y PPI ty2 PP2}/10 

0150. In the above formula, the respective values Pass, 
Pass and Pass are the ASS light powers calculated based 
on the coefficients a, b and c of (2.1) formula obtained in Step 
204, and Setting values of pumping light powerS PE, P and 
PPs corresponding to the respective Pass, Pass and Passis. 

0151. In step 207, the effective pumping light powers 
considering the Raman effect (inter-pump Raman effect) 
occurring between pumping lights of respective wave 
lengths are obtained, and the ASS light total power is 
calculated using the effective pumping light powers. To be 
Specific, for example, an energy transmission coefficient due 
to the inter-pump Raman effect is r, and pumping light 
frequencies output from three pumping light Sources are f, 
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f and f, then effective intensity increasing rates of the 
respective pumping light powerS AA- and As are expressed 
by the next (2.6) formula. 

As=r-P (f-f)+P(f-f)} (2.6) 
0152 Therefore, the effective pumping light powers con 
sidering the inter-pump Raman effect can be expressed in 
accordance with the next (2.7) formula. 

0153. Accordingly, if the ASS light total power is calcu 
lated using the effective pumping light powerS PP ent, 
Pen and Prs en obtained by (2.7) formula, then the next 
(2.8) formula is obtained. 

PASS total = lot Ass *2 perf73PP3 eff)/ 10. (2.8) 

lot Ass, t?'3p3 effi-31 PP1 eff}/10 -- 

0154) In step 208, the ASS light total power calculated in 
accordance with (2.8) formula is compared with the ASS 
light power measured by driving all the pumping light 
Sources in step 203. Here, it is judged whether or not a 
difference between the calculation value using the modeling 
formula and the actually measured value, is a threshold (for 
example, 0.5 dB or the like) or above. If the difference is the 
threshold or above, control proceeds to step 209, where the 
energy transition coefficient r used in Step 207 is reexam 
ined, and the correction of the effective pumping light 
powers is performed, and thereafter, the ASS light total 
power is again calculated. Then, until the difference between 
the calculation value and the actually measured value 
becomes Smaller, the correction of the effective pumping 
light powerS is repeatedly performed. 
O155 By performing the series of processing shown in 
step 201 to 209, in the preparation stage before starting the 
operation, the coefficient of the modeling formula used for 
the calculation of the ASS light power after starting the 
operation is obtained, based on the measurement using the 
optical transmission path 202 to be used actually, and the 
obtained coefficient is stored in the memory 232. 
0156 When reaching the stage to start the actual opera 
tion, in the present Raman amplifier, the pumping light 
power control circuit 236 reads out from the Setting value 
Storing circuit 237, an initial Setting value of the pumping 
light power according to the Signal light LS to be transmitted, 
So that the respective pumping light Sources 211-1 to 211-n 
are driven in accordance with the initial Setting value. Thus, 
the pumping light Lp having the predetermined power is 
Supplied from the pumping light Supply Section 210 to the 
optical transmission path 202, and the Signal light LS being 
propagated through the optical transmission path 202 is 
Raman amplified. This Raman amplified Signal light LS, as 
shown in FIG. 40 described above, includes the ASS light 
generated due to Raman amplification and accumulated ASE 
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light. The Signal light LS propagated through the optical 
transmission path 202 is input to the Raman pumping unit 
21, to pass through the WDM coupler 213, and then a part 
thereof is branched by the branching device 221 of the 
output light monitoring Section 220, as the monitor light Lm. 
The monitor light Lim is eliminated therefrom, optical com 
ponents within a band other than the Signal light band, by the 
optical filter 222, to be converted into an electric monitor 
Signal. The monitor Signal output from the light receiving 
element 223 is sent to the ALC circuit 234 and also to the 
shutdown circuit 235. 

O157. In the ALC circuit 234, the signal light output 
power is judged based on the monitor Signal from the light 
receiving element 223, and is Subjected to the correction of 
the ASS light as shown in FIG. 40, in accordance with a 
correction value indicated by a Signal output from the ASS 
light calculating circuit 233. To be specific, in the ASS light 
calculating circuit 233, the coefficient obtained in the prepa 
ration stage is read out from the memory 232, and the ASS 
light power corresponding to the present Supply power of the 
pumping light Lp transmitted from the pumping light power 
control circuit 236, is calculated using (2.8) formula. Then, 
the calculation result is transmitted to the ALC circuit 234 as 
the correction value. Note, this correction value is also 
output to the shutdown circuit 235. In the ALC circuit 234 
to which the correction value of the ASS light power is 
transmitted, the Signal light output power is obtained, in 
which the ASS light component is corrected by Subtracting 
the correction value of the ASS light power from the signal 
light output power judged based on the monitor Signal from 
the light receiving element 223. Then, a Signal for control 
ling the pumping light Supply State So that the post-corrected 
Signal light output power becomes fixed at the required 
level, is output from the ALC circuit 234 to the pumping 
light power control circuit 236. Thus, the drive conditions of 
the respective pumping light Sources 211-1 to 211-n are 
feedback controlled, So that the output constant control of 
the Raman amplifier is performed. 

0158. Further, in the shutdown circuit 235, in the same 
manner as in the ALC circuit 234, the Signal light output 
power in which the ASS light component is corrected, is 
obtained, and it is judged whether or not the post-corrected 
Signal light output power is a previously Set threshold or 
below. If the post-corrected Signal light output power is the 
threshold or below, it is judged that the Signal light LS is 
interrupted, and the Supply of the pumping light Lp is 
Stopped, or a control Signal for Suppressing the power of the 
pumping light Lp to a predetermined level or below, is 
output from the shutdown circuit 235 to the pumping light 
power control circuit 236. Thus, the drive conditions of the 
respective pumping light Sources 211-1 to 211-n are con 
trolled so that the shutdown control of the Raman amplifier 
is performed. For the accuracy of this shutdown control, 
Since the coefficient of the modeling formula for calculating 
the ASS light power is determined so as to enable the 
calculation of the ASS light power within the error of 0.5 dB 
or less, as shown in the processing in step 208 and step 209, 
it is possible to detect the Signal light even if a value of a 
ratio between the Signal light power and the ASS light power 
becomes about /10. This means that, for example, in the case 
where a generation amount of the ASS light is -20 dBm, the 
Signal light power can be detected even in the case where the 
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signal light power becomes Smaller to about -30 dBm 
(equivalent to the signal light power for one wave in the 
transmission path power). 
0159. According to the Raman amplifier in the embodi 
ment 2-1, as the field adjustment processing in the prepa 
ration Stage before Starting the operation, the ASS light 
power is measured using the optical transmission path 202 
to be actually used at the operation time, and based on the 
measurement result, the coefficient of the modeling formula 
for calculating the ASS light power is determined, So that the 
correction of the ASS light power at the operation time can 
be performed with high accuracy. Thus, it becomes possible 
to execute reliably the output constant control or the shut 
down control of the Raman amplifier. 
0160 Next, an embodiment 2-2 of the present invention 
will be described. 

0.161 FIG. 16 is a block diagram showing a configura 
tion of an optical amplification System according to the 
embodiment 2-2 of the present invention. 
0162. In FIG. 16, the optical amplification system of the 
embodiment 2-2 is constituted Such that, in the optical 
amplification System having a known constitution in which 
a Raman amplifier and an erbium-doped fiber amplifier 
(EDFA) are cascade connected, the constitution similar to 
that in the embodiment 2-1 shown in FIG. 13 is adopted as 
a former Stage Raman amplifier, and also a part of the 
function of the control section 230 constituting the Raman 
amplification unit 201 and a function of controlling a latter 
stage EDFA module 203 are realized by common CPU204 
and memory 205, so that the Raman amplifier and the EDFA 
are collectively managed. 
0163 The CPU204 executes the processing correspond 
ing to that of the ASS light processing circuit 231 in the 
embodiment 2-1, according to the monitor Signal output 
from the light receiving element 223 of the Raman ampli 
fication unit 201, and obtains a coefficient of a modeling 
formula for calculating the ASS light power, to Store the 
obtained coefficient in the memory 205. Further, the CPU 
204 executes the processing corresponding to that of the 
ASS light calculating circuit 233 in the embodiment 2-1, 
according to the Signal indicating the pumping light Supply 
State output from the pumping light power control circuit 
236, and calculates a correction value of the ASS light power 
at the operation time, to output the calculation result to the 
ALC circuit 23 and also the shutdown circuit 235, of the 
Raman amplification unit 201. Moreover, the CPU 204 is 
also provided with a function of executing the Signal pro 
cessing for a known control of the EDFA module 203, and 
therefore, is capable of performing the EDFA control uti 
lizing the correction value of the ASS light power generated 
in the former Stage Raman amplifier. 
0164. Note, the information relating to the initial setting 
value of the pumping light power that has been Stored in the 
Setting value Storing circuit 237 in the embodiment 2-1, is 
stored in the memory 205, in this embodiment. Other 
components and operations other than the above, are the 
Same as those in the embodiment 2-1, and therefore, the 
descriptions thereof are omitted. 
0.165 According to the optical amplification system in 
the embodiment 2-2, the apparatus configuration in which 
the Raman amplifier and the EDFA are combined with each 
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other, can also achieve an effect Similar to that in the 
embodiment 2-1, and also the CPU204 and the memory 205 
are provided, which are common to the Raman amplifier and 
the EDFA, to execute the respective controls. Thus, it 
becomes possible to Simplify the apparatus configuration. 

0166 Next, there will be described an embodiment 2-3 of 
the present invention. 
0.167 FIG. 17 is a block diagram showing a configura 
tion of a Raman amplifier according to the embodiment 2-3 
of the present invention. 
0168 In FIG. 17, the Raman amplifier in the embodi 
ment 2-3 is constituted Such that, in the Raman amplifier in 
the embodiment 2-1, there is provided a function of con 
trolling the Supply condition of the pumping light Lp So that 
the Raman amplified Signal light LS has a desired wave 
length characteristic. To be specific, the configuration of the 
present Raman amplifier differs from that of the embodiment 
2-1 in that, in the output light monitoring Section 220, a 
demultiplexer 224 and m light receiving elements 223-1 to 
223-m are provided So that the monitor light Lim passed 
through the optical filter 221 can be divided into m wave 
length blocks to be monitored, and also a pumping light 
power calculating circuit 238 is provided instead of the ALC 
circuit 234 and the shutdown circuit 235 that have been used 
in the embodiment 2-1. Note, other components other than 
the above are similar to those of the embodiment 2-1, and 
therefore, the descriptions thereof are omitted here. 
0169. The demultiplexer 224 provided in the output light 
monitoring Section 220 receives, at one input port thereof, 
the monitor light Lim passed through the optical filter 221, 
and demultiplexes the monitor light Lim into m wavelength 
blocks, to output the lights of the wavelength blockS via 
corresponding output ports thereof, to the light receiving 
elements 223-1 to 223-m. The respective light receiving 
elements 223-1 to 223-n, which are connected with the 
respective output ports of the demultiplexer 224, each con 
verts the monitor light Lim demultiplexed for each wave 
length block by the demultiplexer 224 into an electric 
monitor Signal, to output it. The monitor Signal output from 
each of the respective light receiving elements 223-1 to 
223-m is sent to the ASS light processing circuit 231 and 
also the pumping light power calculating circuit 238. 
0170 The pumping light power calculating circuit 238 
receives the monitor Signal corresponding to each wave 
length block output from each of the respective light receiv 
ing elements 223-1 to 223-m, and the Signal indicating the 
correction value of the ASS light power calculated by the 
ASS light calculating circuit 233, and based on these signals, 
calculates the Setting value of the pumping light power 
capable of achieving the output signal light LS having the 
desired wavelength characteristic, to transmit the calculation 
result to the pumping light power control circuit 238. 
0171 In the Raman amplifier of the above configuration, 
Similarly to the embodiment 2-1, in the preparation Stage 
before Starting the operation, the ASS light power is mea 
Sured using the optical transmission path 202 to be actually 
used, and based on the measurement result, the coefficient of 
the modeling formula for calculating the ASS light power is 
obtained by the ASS light processing circuit 231, and the 
obtained coefficient is stored in the memory 232. Then, by 
utilizing the correction value of the ASS light power, which 
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is calculated by the ASS light calculating circuit 233 using 
the coefficient obtained in the preparation Stage, the Setting 
value of the pumping light power for obtaining the output 
Signal light LS having the desired wavelength characteristic 
is calculated. 

0172 Here, a specific setting method of the pumping 
light power will be described referring to a flowchart of 
FIG. 18. In the following description, consideration is made 
on the case where the output Signal light LS is divided into 
three wavelength blocks, to calculate the Setting value of the 
pumping light power. However, the number of divided 
wavelength blockS is not limited to the above example. 
0173 First, in step 211 of FIG. 18, the signal light Ls of 
a maximum number of wavelengths that can be transmitted, 
is input to the optical transmission path 202 at the same 
power as that at the actual operation time. 
0.174. In step 212, in a state where the pumping light Lp 
is not Supplied to the optical transmission path 202, respec 
tive powers of the output Signal light LS divided into three 
wavelength blocks are measured by the output light moni 
toring Section 220. Then, using the input power of the Signal 
light LS in Step 211 and the measured Signal light average 
output power, average losses L., L2 and La in the optical 
transmission path 202 corresponding to the respective wave 
length blocks are calculated. 

0.175. In step 213, the pumping light sources 211-1 to 
211-n are driven for each group corresponding to each 
wavelength block, and the Signal light average output power 
for each wavelength block is measured. Here, the pumping 
light powers corresponding to the respective wavelength 
blocks are P, P PP. Then, a correction value of the ASS 
light power corresponding to each of the pumping light 
powers P, P and PP is calculated by the ASS light 
calculating circuit 233, and the calculation result is trans 
mitted to the pumping light power calculating circuit 238. In 
the pumping light power calculating circuit 238, in accor 
dance with the correction value calculated by the ASS light 
calculating circuit 233, the correction of the ASS light 
component is performed on the Signal light average output 
power of each wavelength block measured by the output 
light monitoring Section 220. Here, the Signal light average 
output powerS Subjected the ASS light correction are Ps, 
P. and Pss. These signal light average output powers Ps, 
P. and Pss can be expressed by a relationship shown in the 
next (2.9) formula, using the pumping light powers PE, PE 
and P corresponding to the respective wavelength blocks 
and the losses L., L and La calculated in Step 212. 

Ps A11. A 12 A13 Ppi L (2.9) 
PS2 = A21 A22 A23 Pp2 + L2 
PS3 A31 A32 A33. Pp3 L3 

0176). Accordingly, by giving the respective values 
obtained by the above measurement to (2.9) formula, a 
matrix composed of a proportional coefficient A (i,j=1,2, 
3) corresponding to each wavelength block is obtained. 
0177. In step 214, an inverse matrix of the matrix com 
posed of the proportional coefficient A obtained in step 213 
is calculated, to lead out a relational expression for calcu 
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lating the pumping light powers PP, PP and PP necessary 
for realizing desired signal light average output powerS Ps, 
Ps and Ps, as shown in the next (2.10) formula. 

Pp. All A12 A13 I'? Psi - L. (2.10) 
PP2 = A21 A22. A 23 PS2 - L2 
Ppg A31 A32 A33 PS3 - L3 

0.178 For example, if the signal light average output 
powerS Ps, Ps, and Ps have the same value in the above 
(2.10) formula, it becomes possible to obtain the Setting 
value of the pumping light power corresponding to each 
wavelength block, that is necessary for flattening the wave 
length characteristic of the Raman amplified signal light LS. 
0179. In step 215, for (2.10) formula, a proportional 
coefficient considering the inter-pump Raman effect is 
obtained. That is, the proportional coefficient A is a gain 
coefficient for each wavelength block, but does not include 
the inter-pump Raman effect. Since the Raman amplification 
is actually performed by driving Simultaneously the pump 
ing light Sources corresponding to a plurality of wavelengths 
blocks, it is necessary to obtain a gain coefficient consider 
ing the inter-pump Raman effect. Therefore, the pumping 
light powerS PE, P and Prs of the respective wavelength 
blocks are obtained in accordance with (2.10) formula 
shown in the above, to Supply the pumping light correspond 
ing to all of the wavelength blocks in the power Setting 
described above, to the optical transmission path 202. Then, 
the power of the pumping light corresponding to all of the 
wavelength blocks is changed by 10 mW, for example, and 
a change amount of the Signal light average output power 
relative to the change amount of the pumping light power, is 
measured. By this measurement, as shown in the next (2.11) 
formula, a proportional coefficient B, (i,j=1, 2, 3) express 
ing a relationship of the change amounts APs, APs and 
AP, of the signal light average output powers to the change 
amounts APE, APP and APP of the pumping light powers, 
is obtained. 

APs B11 B12 B13 APP (2.11) 
APS2 = B2 B22 B23 APP2 
APS3 B3 B32 B33 APP3 

0180. In step 216, an inverse matrix of a matrix com 
posed of the proportional coefficient B, obtained in step 215, 
is calculated, to lead out a relational expression considering 
the inter-pump Raman effect as shown in (2.12) formula. 

APpi Bill B12 B13 || APs (2.12) 
APP2 = B21 B22 B23 APS2 
APP3 B3 B32 B33 APS3 

0181 To be specific, the reduction of wavelength char 
acteristic deviation of the Raman amplified WDS signal 
light means that, as shown in FIG. 19 for example, the signal 
light average output powerSPs, Psa and Pss corresponding 
to the respective wavelength blocks B1, B2 and B3 approach 
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a desired target power level Pso. If differences between the 
Signal light average output powerS Ps, Psa and Ps, and the 
target power level Pso are APs, APs and APs differences 
of the pumping light power necessary for making up the 
differences APs, APs and APs are APP, APP and APPs. 
0182. In step 217, the correction of the setting values of 
the pumping light powers calculated using (2.12) formula 
and the measurement of the Signal light average output 
powerS Ps, Ps, and Ps are repeatedly performed until the 
differences APP, APP and APP converge. 
0183 By performing the series of processing shown in 
Step 211 to Step 217, based on the measurement result using 
the optical transmission path 202 to be actually used, the 
Setting values of the pumping light powers for obtaining the 
output signal light LS having the desired wavelength char 
acteristic are obtained. Such calculation processing of the 
Setting values of the pumping light powers can be executed 
before Starting the operation of the present Raman amplifier, 
to Store the calculation result in a memory or the like. 
Further, it is also possible that the calculation processing of 
the Setting values of the pumping light powerS is executed 
after Starting the operation, and then the wavelength char 
acteristic of the output signal light LS is controlled Sequen 
tially. 

0184 As described in the above, according to the Raman 
amplifier of the embodiment 2-3, before starting the opera 
tion, the correction value of the ASS light power is calcu 
lated in accordance with the modeling formula for which the 
coefficient is determined using the optical transmission path 
202 to be actually used, and using the correction value, the 
Setting value of the pumping light power corresponding to 
each wavelength block is calculated. Thus, it becomes 
possible to execute reliably the control of the wavelength 
characteristic of the output Signal light LS with excellent 
accuracy. 

0185. Note, in the embodiment 2-3, there has been shown 
the configuration example in which the pumping light power 
calculating circuit 238 is provided instead of the ALC circuit 
234 and the shutdown circuit 235. However, it is Surely 
possible that the ALC circuit 234 and the shutdown circuit 
235 are provided as well as the pumping light power 
calculating circuit 238, to perform the respective controls 
simultaneously. Further, similarly to the embodiment 2-2 
shown in FIG. 16, it is also possible to apply the Raman 
amplifier to the embodiment 2-3 to the optical amplification 
system in which the Raman amplifier and the EDFA are 
cascade connected. The apparatus configuration in this case 
is shown in FIG. 20. 

0186 Next, an embodiment 2-4 of the present invention 
will be described. 

0187 FIG.21 is a diagram showing a configuration of an 
optical transmission System according to the embodiment 
2-4 of the present invention. 
0188 The optical transmission system of FIG. 21 is 
constituted Such that, in a System transmitting a WDM Signal 
light from a signal light transmission apparatus (OS) 206 to 
a signal light reception apparatus (OR) 207, the above 
described Raman amplifier, in which the correction proceSS 
ing of the ASS light power is performed, is applied to a 
plurality of optical repeaters 208, which are arranged 
required repeating intervals on the optical transmission path 
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202 connecting the Signal light transmission apparatuS 206 
and the Signal light reception apparatus 207. 

0189 Here, each optical repeater 208 comprises the cas 
cade connected Raman amplification unit 201 and EDFA 
module 203 as in the embodiment 2-2. Further, in the latter 
stage EDFA 203, the WDM signal light is demultiplexed to 
required wavelength bands by a demultiplexer 241, and the 
demultiplexed signal lights are amplified by EDFAS 242A 
and 242B corresponding to the respective wavelength bands, 
respectively, to be multiplexed by a multiplexer 243. More 
over, demultiplexers 244A and 24.4B each taking out a 
subsidiary signal light (OSC) transmitted together with the 
Signal light from the former Stage optical repeater 208, are 
arranged before the EDFAS 242A and 242B corresponding 
to the respective wavelength bands, and multiplexers 245A 
and 245B multiplexing the Subsidiary signal lights to be 
transmitted to the latter Stage optical repeater 208 are 
arranged after the EDFAS 242A and 242B. A control circuit 
250 is provided with, in addition to the functions corre 
sponding to the CPU 204 and the memory 205 in the 
embodiment 2-2, a function of receiving the Subsidiary 
Signal light from the former Stage optical repeater 208, 
which is taken out by each of the demultiplexers 244A and 
24.4B, and a function of generating a Subsidiary Signal light 
to be transmitted to the latter stage optical repeater 208, to 
output to each of the multiplexer 245A and 245B. 

0190. In the optical transmission system as described in 
the above, utilizing the Subsidiary Signal light, which is 
transmitted together with the Signal light, for controlling 
each optical repeater 208, timing of the coefficient creating 
processing for corrective calculation of the ASS light in the 
preparation Stage before starting the operation and of the 
Setting processing of the pumping light power as described 
in the above embodiments, is notified to each optical 
repeater. 

0191). As a specific process of field adjustment using the 
Subsidiary signal light, for example, if the assembling of the 
optical transmission System has been completed and a power 
Source of the entire System is turned on, an operation 
confirmation is made as to whether or not the Subsidiary 
Signal light is normally transmitted between each optical 
repeater 208. Then, if the operation of the subsidiary signal 
light is confirmed, the coefficient creating processing for 
corrective calculation of the ASS light is executed in the first 
Stage optical repeater 208 closest to the Signal light trans 
mission apparatus 206. When the coefficient creating pro 
cessing is completed, the Subsidiary Signal light for notify 
ing the completion of the coefficient creating processing is 
transmitted to the latter Stage (second Stage) optical repeater 
208. In the second stage optical repeater 208, when the 
reception of the Subsidiary Signal light from the first stage 
optical repeater 208, is confirmed, the coefficient creating 
processing for corrective calculation of the ASS light is 
executed. In the Similar manner to the above, in each of the 
Succeeding optical repeaters 208, the coefficient creating 
processing is executed Sequentially. Then, when the coeffi 
cient creating processing is completed in all of the optical 
repeaters 208, Signal lights of all wavelengths rises in the 
signal light transmission apparatus 206, and the WDM 
Signal light obtained by wavelength division multiplexing 
the respective Signal lights is transmitted to the optical 
transmission path 202. 
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0192 When the start of transmission of WDM signal 
light from the Signal light transmission apparatuS 206 to the 
optical transmission path 202 is notified to the first stage 
optical repeater 208 by means of the Subsidiary Signal light, 
in the first optical repeater 208, the calculation processing of 
the Setting value of each pumping light power is executed. 
Then, when the pumping light power Setting value is cal 
culated, the Raman amplification unit 201, and the EDFAS 
242A and 242B of the respected wavelength bands in the 
first stage optical repeater 208 are started up. When the start 
up of the first stage optical repeater 208 is completed, the 
Subsidiary Signal light notifying the completion of the Start 
up is transmitted to the latter Stage (second stage) optical 
repeater 208. Also, in the second stage optical repeater 208 
received the Subsidiary Signal light, the calculation proceSS 
ing of the pumping light power Setting value and the Start up 
of the optical amplifier, are executed. In the Similar manner 
to the above, in each of the Succeeding optical repeaters 208, 
the calculation processing of the pumping light power 
Setting value and the Start up of the optical amplifier, are 
executed Sequentially. Then, when the calculation proceSS 
ing of the pumping light power Settling value has been 
completed in all of the optical repeaters 208, the field 
adjustment before starting the operation is ended. 
0193 As described in the above, according to the optical 
transmission System of the embodiment 2-4, utilizing the 
Subsidiary Signal light, the timing of executing the field 
adjustment processing before Starting the operation is noti 
fied among the plurality of optical repeaters 208 arranged on 
the optical transmission path 202 between the Signal light 
transmission apparatuS 206 and the Signal light reception 
apparatus 207. Thus, it becomes possible to perform 
Smoothly the field adjustment in the entire optical 
0194 Note, in the embodiment 2-4, there has been shown 
the example of the optical repeater provided with the Raman 
amplifier and the EDFA. However, the present invention is 
not limited thereto, and can be applied to Such an optical 
repeater constituted to amplify a WDM signal only by a 
Raman amplifier. Further, in the above example, in the State 
where the WDM signal light is demultiplexed to the respec 
tive wavelength bands by the EDFA module 203 in the 
optical repeater 208, the reception of the Subsidiary Signal 
light from the former stage optical repeater 208 and the 
transmission of the Subsidiary Signal light to the latter Stage 
optical repeater 208 are performed. However, the reception 
and transmission of the Subsidiary Signal light can be 
performed at arbitrary positions in the optical repeater 28. 
0.195 Next, an embodiment 3 of the present invention 
will be described. 

0.196 FIG. 22 is a block diagram showing a basic con 
figuration of an optical amplifier provided with a connecting 
loSS detecting function according to the embodiment 3 of the 
present invention. 
0.197 As shown in FIG. 22, according to the basic 
configuration of the embodiment 3, the optical amplifier 
Supplying a pumping light Lp generated in a pumping unit 
A to an optical amplification medium B to amplify a signal 
light LS, comprises: a connecting loSS measuring Section C 
that inputs the measuring light Lim, which is different from 
the Signal light LS, to an optical path between the pumping 
unit A and the optical amplification medium B, and based on 
a reflected light and a backward Scattering light of the 
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measuring light Lim, which are generated in the optical path, 
measures connecting losses at one or more connecting points 
existing on the optical path; and a control Section D that 
controls the Supply condition of the pumping light Lp by the 
pumping unit Aaccording to the connecting losses measured 
by the connecting loSS measuring Section C. 
0198 FIG. 23 is a block diagram showing a specific 
example of the basic configuration of FIG. 22. In the 
specific example of FIG. 23, an optical amplifier of an 
embodiment 3-1 comprises: a pumping light Source 310 and 
a WDM coupler, as the pumping unit A in the basic 
configuration of FIG. 22; an amplification fiber 320 as the 
optical amplification medium B in the basic configuration of 
FIG. 22; a pulse light source 330, a WDM coupler 331, an 
optical 333, a light receiving element (PD) 334, a signal 
processing circuit 335 and a pseudo fiber 336, as the 
connecting loSS measuring Section C in the basic configu 
ration of FIG. 22; and a control circuit 340 as the control 
section D in the basic configuration of FIG. 22. 
0199 The pumping light source 310 generates the pump 
ing light Lp capable of Raman amplifying the Signal light LS 
being propagated through the amplification fiber 320, to 
output it to the WDM coupler 311. A wavelength of the 
pumping light Source 310 is Set So as to correspond to the 
wavelength band of the Signal light LS. To be specs the 
central wavelength of the pumping light Lp is Set within a 
range of 1450 nm band, which is shifted by about 100 nm 
to a shorter wavelength side relative to the Signal light LS of 
1550 nm band, for example. Note, the respective wave 
lengths of the Signal light LS and the pumping light Lp in the 
present invention are not limited to the above, and it is 
possible to apply the wavelength Setting in a known Raman 
amplifier. 
0200. The WDM coupler 311 supplies the pumping light 
Lp output from the pumping light Source 310 towards the 
amplification fiber 320. Here, the pumping light Lp is 
propagated through an optical path connected from the 
WDM coupler 311 up to the amplification fiber 320 via the 
pseudo fiber 336 (hereunder, to be referred to as an optical 
path to be measured, in a direction opposite to the propa 
gation direction of the signal light LS. Further, the WDM 
coupler 311 transmits the Signal light LS Sent from the 
amplification fiber 320 via the pseudo fiber 336, to the WDM 
coupler 331 on an output Side, and also transmits a measur 
ing light (optical pulse signal) sent from the WDM coupler 
side, to the amplification fiber 320 side. Note, three ports of 
the WDM coupler 311 are fusion connected with the optical 
paths. 

0201 The amplification fiber 320 is connected at one end 
thereof with one end of the pseudo fiber 336 via an optical 
connector C1 of PC connection type, and input with the 
Signal light LS via the other end thereof. AS the amplification 
fiber 320, for example, there is used a transmission fiber 
Such as a single mode fiber or the like, a Raman amplifica 
tion fiber or the like with a high nonlinear coefficient. 
0202) The pulse light source 330 is for generating the 
measuring light Lim, which is used for measuring the loSS 
distribution in a longitudinal direction of the optical path to 
be measured, utilizing the optical time domain reflectometry 
(OTDR), to output the optical pulse signal as shown in FIG. 
24, for example, as the measuring light Lim. Note, in FIG. 
24, there is shown an example in which the pulse width of 

Ex.1005 / Page 45 of 55
Cisco Systems, Inc.

Ex.1005 / Page 45 of 55
Cisco Systems, Inc.



US 2004/O196158A1 

the optical pulse signal is set to 10 ns, and the pulse interval 
thereof is set to 200 ns. However, the setting of the optical 
pulse signal is not limited thereto, and appropriate values 
may be set according to a distance of the optical path to be 
measured (in the above Setting example, 20 m is assumed). 
Further, a wavelength of the optical pulse signal is preferable 
to be set in a band different from the wavelength bands of the 
Signal light LS and the pumping light Lp, So as to enable the 
distinction of the optical pulse signal from the Signal light LS 
and the pumping light Lp. Specifically, for example, it is 
possible to Set the wavelength of the optical pulse signal to 
1410 nm or the like, relative to the wavelength setting of the 
Signal light LS and the pumping light Lp. 
0203) The WDM coupler 331 has a wavelength transmis 
Sion characteristic among ports p1 to p3 as shown in FIG. 
25, for example, and transmits the measuring light Lim Sent 
to the port p3 from the pulse light source 330 via a branching 
coupler 332, to the port 1 connected up to the WDM coupler 
311 side. The WDM coupler 331 is input with, at the port p1, 
the signal light LS sent via the WDM coupler from the 
optical path to be measured, and the reflected light and 
backward Scattering light (hereunder, to be described as a 
reflected Scattering light Lir) of the measuring light Lim 
output from the port 1 to be propagated towards the optical 
path to be measured, to output the Signal light LS to the port 
p2, and the reflected Scattering light Lr to the port p3. 
0204. The branching coupler 332 branches the reflected 
scattering light Lr output from the port p3 of the WDM 
coupler 331, to send the branched light to the optical filter 
333. The optical filter 333 is a narrow band bandpass filter 
having a transmission central wavelength approximately 
coincident with 1410 nm or the like corresponding to a 
wavelength of the reflected Scattering light Lr, that is, the 
wavelength of the optical pulse Signal. In this optical filter 
333, a noise light other than the reflected scattering light Lr 
contained in the light branched by the branching coupler 
332, is eliminated. The light receiving element 334 receives 
the reflected Scattering light Lr passed through the optical 
filter 334 to photo-electrically convert it, and outputs a 
Signal the level of which is changed according to the power 
of the reflected Scattering light Lr, to the Signal processing 
circuit 335. 

0205 The signal processing circuit 335 obtains the loss 
distribution in the longitudinal direction of the optical path 
to be measured, based on the output signal from the light 
receiving element 334, and detects a connecting loSS at a 
connecting point existing on the optical path to be measured, 
to output the detection result to the control circuit 340. 
0206. The pseudo fiber 336 is an optical fiber with 
required length disposed for narrowing a region (dead Zone) 
in which the loss distribution is unable to be measured in a 
measuring System utilizing the optical time domain reflec 
tometry, and is arranged between the WDM coupler 311 and 
the amplification fiber 320, here. Note, the optical time 
domain reflectometry and the dead Zone will be described 
later. 

0207. The control circuit 340 judges, according to the 
output Signal from the Signal processing circuit 335, whether 
or not the connecting loSS at the connecting point is a 
previously set threshold (for example, 1.0 dB or the like) or 
above, and if the connecting loSS is the threshold or above, 
controls a drive condition of the pumping light Source 310 
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So that the Supply of the pumping light Lp is Stopped or 
reduced to a predetermined power level or less. 
0208. Here, the Summary of the optical time domain 
reflectometry (OTDR) is described. 
0209. The OTDR is widely utilized as one method for 
measuring the loSS distribution in a longitudinal direction of 
an optical fiber. FIG. 26 shows an example of a typical 
OTDR measuring system. In this OTDR measuring system, 
an optical pulse signal generated in a pulse light Source is 
input into a device to be measured (DUT), and a reflected 
Scattering light (a reflected light and a backward Scattering 
light) of the optical pulse signal is branched by a branching 
coupler to be photo-electrically converted. In a Signal pro 
cessing circuit, a reflection amount generated in the device 
to be measured is detected according to an output Signal 
from a light receiving element, and also a position of 
reflecting point is detected based on a time delay of the 
reflected Scattering light to the pulse Signal. As a result, the 
loSS distribution in the device to be measured, is measured. 
0210 For example, consideration is made on the case 
where the loSS distribution is measured by applying the 
OTDR measuring system as described above to the typical 
Raman amplifier as shown in FIG. 42, a measurement result 
as shown in (B) of FIG.27 can be obtained for configuration 
of measuring system shown in (A) of FIG. 27. Note, it is 
assumed here that a pumping unit 410 and an amplification 
fiber 413 are PC connected via two optical connectors 414A 
and 414B. 

0211) To be specific, in the measurement result of (B) of 
FIG. 27, heights of respective peaks indicated respective 
reflection amounts in an optical connector 500A, a WDM 
coupler 412, and the optical connectors 414A and 414B, 
which are arranged Sequentially in a longitudinal direction 
of an optical fiber connected with the OTDR measuring 
system 600. Further, an inclination of the reflection amounts 
represents a Rayleigh Scattering coefficient of a fiber to be 
measured. When Such loss distribution is obtained, the 
connecting loSS in each of the optical connectors 414A and 
414B positioned at a measuring point encircled by a dotted 
line in (A) of FIG. 27 can be led out based on a difference 
between reflection amounts before and after the correspond 
ing peak in (B) of FIG. 27. In detail, the difference between 
the reflection amounts before and after the peak corresponds 
to twice the connecting loSS in each of the optical connectors 
414A and 414B. 

0212. In the measurement of loss distribution utilizing the 
OTDR as described above, there is a possibility that satu 
ration occurs in an electrical System if the large reflection is 
caused in the vicinity of an input end of the fiber to be 
measured. Therefore, a dead Zone where the measurement of 
loSS distribution becomes unable is generated in Such a 
region. The length of this dead Zone is determined according 
to the pulse width of the optical pulse Signal. For example, 
if the pulse width is set to 10 ns or less, the dead Zone has 
the length of about several meters. In order to avoid that the 
measurement of loSS distribution becomes unable in a 
desired measuring point, due to the generation of Such a 
dead Zone, in the optical amplifier of the embodiment 3-1, 
the pseudo fiber 33 is inserted between the WDM coupler 
311 and the amplification fiber 320. 
0213 Next an operation of the optical amplifier accord 
ing to the embodiment 3-1 will be described referring to a 
flowchart of FIG. 28. 

Ex.1005 / Page 46 of 55
Cisco Systems, Inc.

Ex.1005 / Page 46 of 55
Cisco Systems, Inc.



US 2004/O196158A1 

0214) When the present optical amplifier is started up at 
the initial installation time or the operation Starting time, the 
optical pulse signal of waveform as shown in FIG. 24 is 
generated in the pulse light Source 330, to be output as the 
measuring light Lim (S311 in FIG. 28). The measuring light 
Lm passes through the branching coupler 332 to be input to 
the WDM coupler 331, and sent to the optical path to be 
measured, which is and up to the amplification fiber 320 
(S312). The measuring light Lim is propagated through the 
optical path to be measured, towards the amplification fiber 
320, so that the reflected scattering light Lr composed of the 
reflected light and backward Scattering light of the measur 
ing light Lim, is generated in the optical path to be measured 
(S313). 
0215. The reflected scattering light Lr is taken out by the 
WDM coupler 331 and the branching coupler 332, to be sent 
to the optical filter 333. The reflected scattering light passed 
through the optical filter 333 is received by the light receiv 
ing element 334, and the power thereof is detected (S314). 
The Signal indicating the detection result in the light receiv 
ing element 334, is Set to the Signal processing circuit 335, 
to be Subjected to the processing in accordance with the 
OTDR. Thus, the loss distribution in the longitudinal direc 
tion of the optical path to be measured is obtained and the 
connecting loss in the connecting point (in the configuration 
of FIG.23, the optical connector C1) existing on the optical 
path to be measured is led out (S315). 
0216) The connecting loss led out by the signal process 
ing circuit 335 is transmitted to the control circuit 340, 
where it isjudged whether or not the connecting loSS reaches 
the previously set threshold or above (S316). In the case 
where the connecting loSS is less than the threshold, it is 
judged that a good connection condition of the optical 
connector C1 is realized, and the Supply of the pumping light 
Lp from the pumping light Source 340 to the amplification 
fiber 320 is started at the power level in the normal operation 
time. On the other hand, in the case where the connecting 
loSS reaches the threshold or above, it is judged that the 
optical connector C1 is in an insufficient connection condi 
tion where the breakage or the like of the optical fiber due 
to the FF phenomenon may occur, the Supply of the pumping 
light Lp is stopped or reduced to the predetermined power 
level or lower, and also the warning indicating that the 
connection condition of the opt connector C1 is abnormal is 
output (S317). 
0217. As described above, according to the optical ampli 
fier of the embodiment 3-1, the connection condition of the 
optical connector C1 existing between the pumping unit and 
the amplification fiber is supervised by the OTDR measuring 
System using the measuring light Lim different from the 
Signal light LS. Thus, it becomes possible to perform not 
only the detection of the detachment of the optical connector 
as in the conventional technique but also the accurate 
detection of the abnormality in the connection condition of 
the optical connector C1, which leads the breakage of the 
optical fiber due to the FF phenomenon, thereby reliably 
enabling the control of the power of the pumping light Lp 
passing through the optical connector C1. 
0218. Next, an embodiment 3-2 of the present invention 
will be described. 

0219 FIG. 29 is a block diagram showing a configura 
tion of an optical amplifier provided with a connecting loSS 
detecting function of the embodiment 3-2. 
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0220. In FIG. 29, the optical amplifier of the present 
embodiment is constituted Such that a configuration utilizing 
the optical frequency domain reflectometry (OFDR) is 
adopted as the connecting measuring Section C in the basic 
configuration shown in FIG. 22. To be specific, the con 
necting loSS is measured by a measuring System comprising 
a frequency Sweeping light Source 350, a branching coupler 
351, a WDM coupler 352, a light receiver 353, an FFT 
circuit 354 and a signal processing circuit 355. Note, the 
configurations corresponding the pumping unit A, the opti 
cal amplification medium C and the control Section D in the 
basic configuration of FIG.22 are the same as those in the 
embodiment 3-1, and therefore the descriptions thereof are 
omitted here. 

0221) The frequency sweeping light source 350 is for 
generating a measuring light Lim of which frequency is 
linearly Swept in temporal. It is possible to use, for example, 
a three electrodes DFB laser, as the frequency Sweeping light 
Source 350. In the case where the three electrodes DFB laser 
is used, a modulated Voltage is applied to a center electrode, 
So that the frequency of the measuring light Lim can be 
changed linearly to time. The Sweeping width of the fre 
quency is a parameter for determining the Spatial resolution 
in the measurement, and for example, in order to obtain the 
Spatial resolution of 10 cm, it is necessary to Sweep the 
frequency at 1 GHz. A wavelength of the measuring light 
Lim output from the frequency Sweeping light Source 350 is 
set in a band different from the wavelength bands of the 
Signal light LS and the pumping light Lp, So as to enable the 
distraction of the measuring light Lim from the Signal light 
LS and the pumping light Lp. Specifically, the wavelength of 
the output measuring light Lim can be set to 1410 nm band 
or the like, relative to the signal light Ls of 1550 nm band 
and the pumping light Lp of 1450 nm band, for example. 
0222. The branching coupler 351 branches the measuring 
light Lim output from the frequency Sweeping light Source 
350 into two, to output a measuring light Lim to a port 
connected up to the WDM coupler 352, and a reference light 
Lref to a reference port (open port). Further, the branching 
coupler 351 multiplexes a reflected Scattering light Lr, 
composed of a reflected light and a backward Scattering light 
of the measuring light Lim', with a reflected light of the 
reference light Lref, to generate a beat Signal light Lb, and 
outputs the beat Signal light Lb to a port connected up to the 
light receiver 353. 
0223) The WDM coupler 352 has a wavelength transmis 
sion characteristic the same as that of the WDM coupler 331 
used in the embodiment 3-1 (refer to FIG.25), and transmits 
the measuring light Lim' sent from the branching coupler 351 
to the WDM coupler 311 side, and also demultiplexes the 
reflected Scattering light Lr of the measuring light Lim', being 
propagated through the optical path to be measured, from the 
Signal light LS being propagated in the same direction, to 
output the demultiplexed light to the branching coupler 351 
Side. 

0224. The light receiver 353 receives the beat signal light 
Lb sent from the branching coupler 351, to D a photo 
electrically converted electric signal to the FFT circuit 354. 
Note, the light receiver 353 may be provided with an optical 
filter eliminating a noise light other than the beat Signal light 
Lb, similarly to the embodiment 3-1. 
0225. The FFT circuit 354 is for performing the high 
Speed Fourier transform on the output Signal from the light 
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receiver 353, to output the calculation result to the signal 
processing circuit 355. The signal processing circuit 355 
obtains the loss distribution in the longitudinal direction of 
the optical path to be measured, based on the output Signal 
from the FFT circuit 354, and detects the connecting loss at 
the connecting point existing on the optical path to be 
measured, to output a Signal indicating the detection result 
to the control circuit 340. 

0226 Here, the summary of the optical frequency domain 
reflectometry (OFDR) will be described. 
0227. The OFDR is known as one method for measuring 
the loSS distribution in a longitudinal direction of an optical 
fiber, as well as the OTDR described in the embodiment 3-1 
(refer to M. Wegmuller et al., “Distributed Gain Measure 
ments in Er-Doped Fibers with High Resolution and Accu 
racy Using an Optical Frequency Domain Reflectometer', 
Journal of Lightwave Technology, Vol. 18, No. 12, pp.2127 
2132, December, 2000; and J. P. von der Weld et al., “On the 
Characterization of Optical Fiber Network Components 
with Optical Frequency Domain Reflectometry”, Journal of 
Lightwave Technology, Vol. 15 No. 17, pp.1131-1141, July, 
1997). 
0228. In this OFDR, differently from the OTDR 
described above, a dead Zone is not generated, and therefore, 
it is possible to measure the loss distribution in the vicinity 
of an input end of a fiber to be measured. However, in this 
OFDR, since the coherency of a reflected light should be 
kept, a measuring distance becomes shorter to about several 
tens meters, compared with the OTDR capable of measuring 
over the maximum Several hundreds kilometers. 

0229 FIG. 30 is an example of a known OFDR measur 
ing System. In this OFDR measuring System, an out light 
from a frequency Sweeping light Source is branched by a 
branching coupler to a measuring light and a reference light, 
and then, the measuring light is input to a device to be 
measured (DUR) and also the reference light is given to a 
reference port. Then, respective reflected lights of the mea 
Suring light and the reference light are multiplexed by the 
branching coupler to generate a beat Signal light and the beat 
Signal light is photo-electrically converted by a light 
receiver. At this time, a frequency of the converted beat 
Signal light is proportional to an optical path difference in 
respective reflecting points of the measuring light and the 
reference light. Therefore, by performing the high Speed 
Fourier transform on the intensity of an output Signal from 
the light receiver by an FFT circuit, the loss distribution in 
the device to be measured, is measured. 
0230. In the case where the loss distribution in the typical 
Raman amplifier shown in FIG. 42 is measured by applying 
the OFDR measuring System, a measurement result similar 
to that shown in FIG. 27 can be obtained, and based on the 
loSS distribution, it becomes possible to lead out a connect 
ing loSS in an optical connector positioned on a measuring 
point. 

0231. Next, an operation of the optical amplifier accord 
ing to the embodiment 3-2 will be described referring to a 
flowchart of FIG. 31. 

0232. When the present optical amplifier is started up at 
the initial installation time or at the operation Starting time, 
the measuring light Lim, the frequency of which is Swept in 
the Sweeping light Source 350, is generated, to be output to 
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the branching coupler 351 (321 in FIG.31). The measuring 
light Lim' is branched by the branching coupler 351 to the 
measuring light Lim' and the reference light Lref, and then, 
the measuring light Lim' is sent via the WDM coupler 352 to 
the optical path to be measured, which is connected up to the 
amplification fiber 320, an the reference light Lref is sent to 
the reference port (S322). Then, the measuring light Lim' is 
propagated through the optical path to be measured, towards 
the amplification fiber 320, so that the reflected scattering 
light Lr composed of the reflected light and backward ring 
light of the measuring light Lim' is generated in the optical 
Path to be measured (S323). Further, simultaneously with 
this, the reference light Lref is fed by an open end of the 
reference port to be returned to the branching coupler 351. 
0233. The reflected scattering light Lr of the measuring 
light Lim' and the reflected light of the reference light Lref 
are multiplexed in the branching coupler 351, to generate the 
beat signal light Lb (S324). The beat signal light Lb is sent 
to the light receiver 353 to be photo-electrically converted 
(S325), and further, the output signal of the light receiver is 
sent to the FFT circuit 354 to be subjected to the high speed 
Fourier transform (S326). The signal indicating the calcu 
lation result in the FFT circuit 354 is sent to the signal 
processing circuit 355 to be subjected to the required pro 
cessing, and the loSS distribution in the longitudinal direc 
tion of the optical part to be measured is obtained thereby 
leading out the connecting loSS in the optical connector C1 
existing on the optical path to be measured (S327). 
0234. The connecting loss led out by the signal process 
ing circuit 355 is transmitted to the control circuit 40, where 
it is judged whether or not the connecting loSS readies the 
previously set threshold or above (S328). If the connecting 
loSS is less than the threshold, the Supply of the pumping 
light Lp at the power level in the normal operation is Started, 
while if the connecting loSS reaches the threshold or above, 
the Supply of the pumping light Lp is stopped or reduced to 
the predetermined power level or less, a also the warning 
indicating the abnormality of connection condition of the 
optical connector C1 is output (S329). 
0235. As described above, according to the optical ampli 
fier of the embodiment 3-2, even in the case where the 
connection condition of the optical connector C1 existing 
between the pumping unit and the amplification fiber is 
Supervised by the OFDR measuring system, it is possible to 
obtain an effect similar to that in the embodiment 3-1. 
Further, in addition to the above effect comparing with the 
case where the OTDR measuring System is applied, Since the 
dead Zone is not generated, there is no longer necessary to 
provide the pseudo fiber, and also a wide dynamic range and 
the high Spatial resolution can be obtained. Therefore, the 
connecting loSS can be measured with higher and thus it 
becomes possible to reliably control the pumping light 
SOCC. 

0236 Next, an embodiment 3-3 of the present invention 
will be described. 

0237 FIG. 32 is a block diagram showing a configura 
tion of an optical amplifier provided with a connecting loSS 
detecting function in the embodiment 3-3. 
0238. In FIG.32, the optical amplifier of the embodiment 
3-3 is an application example in which, for example, in the 
optical amplifier of the embodiment 3-1, a Raman amplifi 
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cation pumping light Source is utilized as the pulse light 
Source for generating the measuring light Lim. To be specific, 
the present optical amplifier includes: as the pumping unit A 
shown in FIG. 22, a plurality (here, for example, four) of 
pumping light sources 310A, 310B, 310 and 310D, a polar 
ization beam multiplexer 312A multiplexing pumping lights 
output from the pumping light sources 310A and 310B, and 
a polarization beam multiplexer 312B multiplexing pump 
ing lights output from the pumping light Sources 310C and 
310D; a WDM coupler 314 further multiplexing respective 
pumping lights Sent from the polarization beam multiplexers 
312A and 312B via optical isolators 313A and 313B, respec 
tively; and the WDM coupler 311 giving the pumping light 
Lp sent via the branching coupler 332 from the WDM 
coupler 314, to the optical path to be measured. This optical 
amplifier pulse drives one of the four pumping light Sources 
310A to 310D (here, the pumping light source 310D), to 
generate the measuring light Lim of pulse waveform as 
shown in FIG. 24, thereby measuring the connecting loss by 
the OTDR method. 

0239. By measuring the connecting loss utilizing the 
pumping light source 310D as described above, the wave 
length of the measuring light Lim coincides with the pump 
ing light wavelength. Therefore, as the branching coupler 
332 and the optical filter 333, which extract the reflected 
light Lr of the measuring light Lim, the ones having char 
acteristics corresponding to the pumping light wavelength 
are used. Note, the components other than the above are 
Similar to those in the embodiment 3-1, and therefore the 
descriptions thereof are omitted here. 
0240. In the optical amplifier of the above configuration, 
at the initial installation time or the operation Starting time, 
the pumping light Source 310D among the respective pump 
ing light sources 310A to 310D which are continuously 
driven (CW drive) at the normal operation time, is pulse 
driven, and the other pumping light sources 310A to 310D 
are Stopped. At this time, the measuring light Lim output 
from the pumping light source 310D through the polariza 
tion beam multiplexer 312B, the optical isolator 313B, the 
WDM coupler 314, the branching coupler 332 and the 
WDM coupler 311, in this order, to be sent to the optical path 
to be measured. Then, the reflected Scattering light Lr of the 
measuring light Lim, generated in the optical path to be 
measured, Is received by the light receiving element 334 via 
the WDM coupler 311, the branching coupler 332 and the 
optical filter 333, and the electric Signal which is changed 
according to the power of the reflected Scattering light Lr is 
Sent to the Signal processing circuit 335. 
0241. In the signal processing circuit 335, similarly to the 
embodiment 3-1, based on the output light from the light 
receiving element 334, the loss distribution in the longitu 
dinal direction of the optical path to be measured is obtained, 
the connecting loSS of the optical connector C1 existing on 
the optical path to be measured, is led out, and the result 
thereof is transmitted to the control circuit 340. In the 
control circuit 340, if the connecting loss of the optical 
connector C1 reaches the threshold or above, th pumping 
light sources 310A to 310D are stopped or the like, and also 
the warning notifying the abnormality in connection is 
output. On the other hand, if the connecting loSS is less than 
the threshold, the pumping light source 310D that has been 
pulse driven, is switched to the CW drive, and at the same 
time, the CW drive of each of the other pumping light 
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Sources 310A to 310C is started. Thus, the output lights from 
the respective pumping light sources 310A to 310D that are 
CW driven, are multiplexed by the polarization beam mul 
tiplexers 312A and 312B respectively, and further, by the 
WDM coupler, so that the pumping light Lp set at the power 
level in the normal operation time, is Supplied to the 
amplification fiber 320 via the WDM coupler 311 and the 
pseudo fiber 336. 
0242. According to the optical amplifier of the embodi 
ment 3-3, the measurement of the connecting loSS of the 
optical connector C1 at the initial installation time or the 
operation Starting time, is performed utilizing the Raman 
amplification pumping light source 310D. Thus, differently 
from the embodiment 3-1, it becomes unnecessary to pro 
vide a separate pulse light source for the OTDR, thereby 
enabling the Simplification of the configuration and the low 
COSt. 

0243 In the above embodiment 3-3, there has been 
shown, as an example, the configuration using the four 
pumping light sources 310A to 310D. However, even in the 
case where only one pumping light Source is used, by 
Switching the drive condition of to pumping light Source 
between the CW drive and the pulse drive, the measurement 
of the connecting loSS utilizing the pumping light Source can 
be performed. Further, it is apparent that the optical ampli 
fier of the embodiment 3-3 can be applied to the case where 
two or three pumping light Sources, or five or more pumping 
light Sources are used. Further, the description has been 
made on the case where the measurement of the connecting 
loss is performed by the OTDR. However, similar to the 
embodiment 3-3, an application can be made by using the 
light Source capable of Sweeping the frequency as the 
pumping light Source, for the case where the measurement 
of the connecting loss is performed by the OFDR as in the 
embodiment 3-2. 

0244 Next, an embodiment 3-4 of the present invention 
will be described. Here, me description is made on an optical 
repeater node apparatus using the optical amplifier of each 
embodiment described above. 

0245 FIG. 33 is a block diagram showing a configura 
tion of the optical repeater node apparatus according to the 
embodiment 3-4 of the present invention. 
0246 The optical repeater node apparatus shown in FIG. 
33 is constituted Such that, in a known configuration in 
which a WDM signal light LS transmitted over an uplink is 
amplified by a combination of a Raman amplifier 370 and 
erbium-doped fiber amplifiers (EDFA) 371A to 371C, and 
also a WDM signal light Ls' transmitted over a downlink is 
amplified by a combination of a Raman amplifier 370' and 
EDFAS371A to 371C", there are incorporated a connecting 
loSS measuring Section 361 applied with the connecting loSS 
measuring system by the OTDR as shown in the embodi 
ments 3-1 and 3-3 or the connecting loSS measuring System 
by the OFDR as shown in the embodiment 3-2; and a 
connecting loSS Supervisory unit 360 comprising an optical 
Switch 382. 

0247. In the respective Raman amplifiers 370 and 370' on 
the uplink and the downlink pumping lights output from 
pumping light sources 370A and 370A are supplied to 
amplification fibers 370C and 370C via WDM couplers 
370B and 370B', respectively. The respective amplification 
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fiber 370C and 370C are PC connected with signal light 
input Sides of the present optical repeater node apparatus via 
optical connectors C1 and C1' 
0248. The EDFAS 371A to 371C on the uplink are 
respectively input with Signal lights obtained by demulti 
plexing the WDM signal light LS that has been Raman 
amplified by the Raman amplifier 370, to three wavelength 
bands different from each other (for example, S-band, 
C-band and L-band or the like) by a demultiplexer 372, and 
output the Signal lights of respective wavelengths, which are 
amplified to required levels, to a multiplexer 373 via optical 
connectors CA to C. The EDFAs 371A to 371C" on the 
downlink are respectively input with Signal lights obtained 
by demultiplexing the WDM signal light Ls" that has been 
Raman amplified by the Raman amplifier 370, to three 
wavelength bands different from each other (for example, 
S-band, C-band and L-band or the like) by a demultiplexer 
372", and output the Signal lights of respective wavelengths, 
which are amplified to required levels, to a multiplexer 373' 
via optical connectors CA to C. The demultiplexer 373 
multiplexes the signal lights output from the EDFAS371A to 
371C, and then, outputs the multiplexed light to the optical 
transmission path on the latter Stage via an optical connector 
C2 on an outputside. The demultiplexer 373" multiplexes the 
signal lights output from the EDFAS 371A to 371C, and 
then, outputs the multiplexed light to the optical transmis 
Sion path on the latter Stage via an optical connector C2 on 
an output Side. 
0249 According to the above configuration, the high 
power Raman amplification pumping lights power pass 
through the optical connector C1 existing between the 
WDM coupler 370B and the amplification on fiber 370C, 
and the optical connector C1' existing between the WDM 
coupler 370B' and the amplification fiber 370C, respec 
tively. Further, the high power Signal lights, which have been 
further amplified by the EDFAS371A to 371C, pass through 
optical connectors CA to C existing on an input Side of the 
multiplexer 373 and the optical connector C2 existing on an 
outputside of the multiplexer 373, and the high power signal 
lights, which have been further amplified by the EDFAS 
371A to 371C", pass through optical connectors CA to C. 
existing on an input side of the multiplexer 373' and the 
optical connector C2' existing on an W side of the multi 
plexer 373". Therefore, in the present embodiment, the 
connecting loSS Supervisory unit 360 of a Single System is 
provided, to Supervise the connecting condition of each 
optical connector though which the high power light as 
described above passes. The connecting loSS Supervisory 
unit 360 Switches in a required time, by means of the Switch 
362, between output determinations (corresponding to 
double lines in FIG. 33) of the measuring light Lim gener 
ated in the connecting loSS measuring Section 361, to 
Sequentially measure the connecting loSS of each optical 
connector. Note, the Switching time of the optical Switch 362 
is Set to a time Sufficient for the Scattering light Lr of the 
measuring light Lim to reach the connecting loSS measuring 
Section 361. 

0250 FIG. 34 is a diagram showing a configuration of 
the connecting loss Supervisory unit 360 applied with the 
OTDR measuring System, for example. In this configuration 
example, the measuring light Lim output from the pulse light 
Source 330 is given to the optical Switch 362 via the 
branching coupler 332, and Sent toward a required measur 
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ing point according to the Switching operation of the optical 
Switch 362. Further, the pseudo fiber 336 is provided 
between the branching coupler 332 and the Switch 362, to 
narrow the dead Zone generated at the measuring time by the 
OTDR, here. 
0251 The measurement result of the connecting loss by 
the connecting loss Supervisory unit 360 is transmitted to the 
control circuit 340, to be compared with the previously set 
threshold. Then, if the connecting loss of the threshold or 
above is detected, it is judged there is a possibility of 
breakage of the optical connector, and the Supply of the 
pumping light to the corresponding Raman amplifier or the 
corresponding EDFA is stopped or the power of light passing 
through this optical connector is Suppressed to the prede 
termined value or less. Further, simultaneously with this, the 
warning notifying the connection abnormality together with 
information related to a position thereof is output to outside. 
0252) According to the optical repeater node apparatus of 
the embodiment 3-4, it becomes possible to Supervise the 
connecting conditions of the plurality of optical connectors 
through which the high power lights passes, with a simple 
configuration using the connecting loSS Supervisory unit 360 
of a Single System, thereby enabling the control of the 
operation of the optical amplifier in the apparatus. Thus, it 
becomes possible to realize at a low cost the connecting loSS 
detecting function in the optical repeater node apparatus in 
which the Raman amplifier and the EDFA are combined with 
each other. 

0253) Note, in the embodiment 3-4, there has been shown 
the example of the op repeater node apparatus in which one 
Raman amplifier and three EDFAS are combined for each of 
the uplink and downlink. However, the type and the number 
of the optical amplifiers applied to the optical repeater node 
apparatus are not limited to the above example. Further, 
there has been shown the configuration example of the 
measuring system by the OTDR in FIG. 34. However, it is 
Surely possible to apply the configuration of the measuring 
system by the OFDR to the connecting loss Supervisory unit 
360. 

0254 Moreover, in the embodiments 3-1 to 3-4, there has 
been shown the configuration example in which the Raman 
amplification pumping light being propagated in the direc 
tion opposite to the propagation direction of the Signal light, 
is Supplied to the amplification fiber (oil amplification 
medium) connected to the signal input side of the optical 
amplifier. However, the present invention is also effective 
for Such a configuration in which the pumping light being 
propagated in the same direction as the propagation direc 
tion of the Signal light, is Supplied to the optical amplifica 
tion medium connected to the Signal light output Side of the 
optical amplifier. 

0255 Next, an embodiment 3-5 of the present invention 
will be described. Here, the description is made on an 
improved example in which a good connecting condition of 
an optical connector is readily obtained. 
0256 FIG. 35 is a block diagram showing a configura 
tion of an optical amplifier in the embodiment 3-5. 
0257) The optical amplifier shown in FIG. 35 is consti 
tuted such that, in the basic configuration shown in FIG.22, 
there is provided an air pump 380 as a dry gas Supply Section 
that Sprays dry gas on the optical connector C1 through 

Ex.1005 / Page 50 of 55
Cisco Systems, Inc.

Ex.1005 / Page 50 of 55
Cisco Systems, Inc.



US 2004/O196158A1 

which the high power light passes, to prevent impurities 
from being adhered to the optical connector Cl. 
0258. The air pump 380 sprays the dry gas on a connect 
ing surface of the optical connector C1 via a blower tube 381 
in accordance with a control signal output from the control 
Section D, when the connecting loSS of the optical connector 
C1 reaches the threshold or above. 

0259 FIG. 36 shows an example of the optical connector 
C1 on which the dry gas is sprayed from the air pump 380. 
As shown in (A) of FIG. 36, a dust cover 383 is provided 
on the optical connector C1. During the Store where the 
optical connector C1 is not inserted into an adapter, the dust 
cover 383 is on a position to prevent an end Surface of a 
ferule 384 from being exposed to outside, while when the 
optical connector C1 is inserted into the adaptor, the duct 
cover 383 is slid down by a projection in the adaptor, to 
enable the PC connection. The adaptor, as shown in (B) of 
FIG. 36, includes an intake hole 385 and an exhaust hole 
386. The dry gas blown from the blower tube 381 is flown 
from the intake hole 385 towards the exhaust hole 386. The 
dry gas passes through a Segment sleeve 387 in the adaptor, 
to blow away dust on the end Surface of the ferule 384 when 
the optical connector C1 is connected. Note, as the dry gas 
sent from the air pump 380 to the blower tube 381, it is 
possible to use the gas Such as air, nitrogen or the like. 
0260. In the optical amplifier of the above configuration, 
at the initial installation time or the operation Starting time, 
if the PC connection of the optical connector is performed in 
an insufficient condition, the dry gas is sprayed on the optical 
connector C1 from the air pump380 via the blower tube 383. 
AS a result, impurities Such as dust become hardly to be 
adhered on the end Surface of the ferule 384, and thus, it 
becomes possible ID relatively readily realize a good PC 
connection. 

0261 Note, in the embodiment 3-5, there has been shown 
the example in which the Structure of the optical connector 
is improved and the dry gas is sprayed on the optical 
connector, in order to obtain the good connection condition 
of the optical connector. In addition to this, it is also effective 
that, as the adhesive for adhering the ferule in the optical 
connector and the optical fiber, for example, Such adhesive 
without optical absorption in the respective wavelength 
bands of the Signal light LS and the pumping light Lp is used, 
to adopt an optical connector, which is hardly to occur the 
breakage of the optical fiber due to the FF phenomenon. 
0262 To be specific, for example, as shown in FIG. 37, 

it is preferable to use a low melting point glass 389 as the 
adhesive between the ferule 384 in the optical connector and 
the optical fiber 388. The low melting point glass 389 has a 
melting point (about 400° C.) lower than that of a normal 
glass, and therefore, it can be used as the adhere. Further, the 
low melting point glass 389 is transparent to the light 
passing through the optical connector, and also the melting 
point thereof is higher than that of the normally used 
adhesive, Such as epoxy resin. Accordingly, if the low 
melting point glass is used as the adhesive, the temperature 
rise for when the high power light passes through the optical 
connector is less, and even if the temperature rises, the 
adhesive Surface is hardly Softened, thereby improving the 
durability to the high power light. 
0263. However, since the low melting point glass needs 
to be adhered at a higher temperature compared with the 
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normal adhesive, there is a possibility to damage me ferule 
384 or the optical fiber 388 at the adhesion time. Therefore, 
by adding an additive, which absorbs a wavelength different 
from that of the light passing through the optical connector, 
to the low melting point glass 389 used as the adhesive, it 
becomes possible to prevent Such a damage at the adhesion 
time. As a specific example of the additive, ytterbium (Yb) 
absorbing 1 um band can be taken. In the case where the low 
melting point glass 389 added with ytterbium is used, when 
the 1 um band high power laser such as YAG laser or the like 
is incident at the adhesion time of the ferule 384 and the 
optical fiber 388, the low melting point glass being the 
adhesive absorbs the light of 1 uM band. Thus, it is possible 
to heat selectively only the adhesive joint. Since ytterbium 
does not absorb the Signal light LS and the pumping light Lp 
in the known Raman amplifier, it does not harmfully affect 
the Raman amplification. Thus, it is possible to improve the 
durability of the adhesive joint to the high power light. 
What is claimed is: 

1. An optical amplifier for Supplying a pumping light to an 
optical amplification medium to amplify a signal light, 

wherein a light different from Said Signal light is given on 
an optical path including Said optical amplification 
medium, and based on a State of the light or a State of 
another light generated on Said optical path by the light, 
a Supply condition of the pumping light to Said optical 
amplification medium is controlled. 

2. An optical transmission system for sensing a WDM 
light from a transmission Station to a reception Station, 
utilizing an optical amplifier in claim 1, 

wherein Said optical amplifier is a Raman amplifier com 
prising: 

an optical amplification medium; 
a pumping light Source generating a plurality of pumping 

lights having wavelengths different from each other; 
an optical device introducing Said plurality of pumping 

lights to Said optical amplifying medium; and 
control means for controlling Said pumping light Source, 
Said transmission Station sends out a plurality of reference 

lights having wavelengths at which respective Raman 
gains obtained by Said plurality of pumping light reach 
peaks, or wavelengths close to Said wavelengths, and 

Said control means controls Said plurality of pumping 
lights based on the optical powers of Said plurality of 
reference lights. 

3. An optical transmission System for transmitting a 
WDM light from a transmission station to a reception 
Station, utilizing an optical amplifier in claim 1, 

wherein Said amplifier is a Raman amplifier comprising: 
an optical amplification medium; 
a pumping light Source generating a plurality of pumping 

lights having wavelengths different from each other; 
an optical device introducing Said plurality of pumping 

lights to Said optical amplifying medium; and 
control means for controlling Said pumping light Source, 
Said transmission Station sends out a plurality of reference 

lights corresponding to Said plurality of pumping lights 
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at frequencies shifted by a Raman shift frequency or at 
frequencies close to Said frequencies, and 

Said control means controls Said plurality of pumping 
lights based on the optical powers of Said plurality of 
reference lights. 

4. An optical transmission System according to claim 2 or 
claim 3, 

wherein Said transmission Station sends information to 
Said reception Station utilizing at least a part of Said 
plurality of reference lights. 

5. An optical transmission System according to claim 2, 
wherein, in the case where said WDM signal light is 

arranged on frequency grids in which a previously 
determined frequency interval is defined, Said plurality 
of reference lights is arranged on grids closest to a 
frequency corresponding to a wavelength determined 
based on the pumping lights. 

6. An optical transmission System according to claim 3, 
wherein in the case where said WDM signal light is 

arranged on frequency grids in which a previously 
determined frequency interval is defined, Said plurality 
of reference lights is arranged on grids closest to a 
frequency determined based on the pumping lights. 

7. An optical transmission System according to claim 2 or 
claim 3, further comprising, 

detecting means for detecting the optical powers of Said 
plurality of reference lights contained in said WDM 
light, 

wherein Said control means controls the optical powers of 
Said plurality of pumping lights So that the optical 
powers of the plurality of reference lights detected by 
Said detecting means are equalized. 

8. An optical transmission System according to claim 7, 
wherein Said detecting means is an optical Spectrum 

analyzer. 
9. An optical transmission System according to claim 7, 
wherein Said detecting means comprises reflecting means 

for Selectively reflecting Said plurality of reference 
lights, and light receiving means for converting the 
reference light reflected by Said reflecting means into 
an electric Signal. 

10. An optical transmission System according to claim 2 
or claim 3, 

wherein Said control means controls Said plurality of 
pumping lights based on an average value of the 
respective optical powers of Said plurality of reference 
lights. 

11. An optical transmission System according to claim 2 
or claim 3, 

wherein Said control means controls the output power of 
said WDM light based on an average value of the 
respective optical powers of Said plurality of reference 
lights. 

12. An optical transmission System for transmitting a 
WDM light from a transmission station to a reception station 
via a repeater Station, utilizing an optical amplifier in claim 
1, 

wherein Said repeater Station includes a Raman amplifier 
comprising: 
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a pumping light Source generating a plurality of pumping 
lights having wavelengths different from each other; 

an optical device introducing Said plurality of pumping 
lights to an optical amplifying medium; and 

control means for controlling Said pumping light Source, 
Said transmission comprises, 

reference light generating means for generating a plurality 
of reference lights having wavelengths at which Raman 
gains obtained by Said plurality of pumping lights reach 
peaks, or wavelengths close to Said wavelengths, 

Said repeater Station further includes: 
a discrete optical amplifier amplifying said WDM light; 

and 

auxiliary light Supply means for multiplexing an auxiliary 
light having a wavelength same as that of the reference 
light positioned outside a gain band of Said discrete 
optical amplifier among Said plurality of reference 
lights, with said WDM light, and 

Said control means controls Said plurality of pumping 
lights based on the respective optical powers of Said 
plurality of reference lights. 

13. An optical transmission System according to claim 12, 
wherein Said repeater Station comprises: 
auxiliary light Supply means for Superimposing SuperVi 

Sory information on the reference light positioned out 
Side the gain band of Said discrete optical amplifier, 
among Said plurality of reference lights, converting the 
reference light into an electric Signal at the repeater 
Station, and further converting the electric Signal into 
an optical Signal, to multiplex the optical Signal with 
said WDM light, and 

Said control means controls Said plurality of pumping 
lights based on the respective optical powers of Said 
plurality of reference lights including the reference 
light positioned outside the gain band, and further 
remote controlling the repeater Station using the refer 
ence light outside the gain band, to repeatedly transmit 
the Supervisory information. 

14. An optical transmission System for transmitting a 
WDM light from a transmission station to a reception station 
via a repeater Station, utilizing an optical amplifier in claim 
1, 

wherein Said repeater Station includes a Raman amplifier 
comprising: 

a pumping light Source generating a plurality of pumping 
lights having wavelengths different from each other; 

an optical device introducing Said plurality of pumping 
lights to an optical amplifying medium; and 

control means for controlling Said pumping light Source, 

Said transmission Station comprises, 
reference light generating means for generating a plurality 

of reference lights having wavelengths at which respec 
tive Raman gains obtained by Said plurality of pumping 
lights reach peaks, or wavelengths close to Said wave 
lengths, and 
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Said control means controls Said plurality of pumping 
lights based on the respective optical powers of Said 
plurality of reference lights. 

15. An optical amplifier according to claim 1, 

wherein, in an optical transmission System for transmit 
ting a WDM light containing a plurality of Signal lights 
and a plurality of reference lights from a transmission 
Station to a reception Station, a Raman amplifier ampli 
fying said WDM light is used, 

Said Raman amplifier comprises: 
an optical amplification medium; 
a pumping light Source generating a plurality of pumping 

lights having wavelengths different from each other; 
an optical device introducing Said plurality of pumping 

lights to Said optical amplifying medium; and 
control means for controlling Said plurality of pumping 

lights based on the respect optical powers of Said 
plurality of reference lights, and 

Said plurality of reference lights is arranged in wave 
lengths at which respective Raman gains obtained by 
Said plurality of pumping lights reach peaks, or wave 
lengths close to Said wavelengths. 

16. An optical transmission method for transmitting a 
WDM light from a transmission station to a reception 
Station, utilizing a Raman amplifier using a plurality of 
pumping lights having wavelengths different from each 
other, 

wherein Said transmission Station sends out a plurality of 
reference lights having wavelengths at which respec 
tive Raman gains obtained by Said plurality of pumping 
lights reach peaks, or wavelengths close to Said wave 
lengths, as a part of said WDM light, and 

Said Raman amplifier controls Said plurality of pumping 
lights based on the respective optical powers of Said 
plurality of reference lights. 

17. An optical amplifier according to claim 1, 
wherein a Raman amplifier amplifying Signal lights due to 

a Raman effect occurring in the amplification medium, 
is used, 

Said Raman amplifier comprises: 
a pumping light Supply Section that Supplies pumping 

lights to the optical amplification medium; 
an output light monitoring Section that measures the 
power of a light, which IS propagated through the 
optical amplification medium to be output; 

an amplified Spontaneous Raman Scattering light process 
ing Section that Supplies, in the preparation State before 
Starting the operation, the pumping lights to the optical 
amplification medium to be actually used in the opera 
tion time, to measure the power of an amplified spon 
taneous Raman Scattering light generated in Said optical 
amplification medium, and based on the measured 
amplified Spontaneous Raman Scattering light power, 
obtains a coefficient of a modeling formula for calcu 
lating the amplified Spontaneous Raman Scattering light 
power after Starting the operation; 
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a storing Section that Stores the coefficient obtained by 
Said amplified Spontaneous Raman Scattering light pro 
cessing Section; 

an amplified Spontaneous Raman Scattering light calcu 
lating Section that calculates, in accordance with the 
modeling formula to which the coefficient Stored in Said 
Storing Section is applied, the power of the amplified 
Spontaneous Raman Scattering light generated after 
Starting the operation, according to the powers of the 
pumping lights Supplied to the optical amplification 
medium from Said pumping light Supply Section; and 

a pumping light control Section that corrects the output 
light power measured by Said output light monitoring 
Section using the amplified Spontaneous Raman Scat 
tering light power calculated by Said amplified spon 
taneous Raman Scattering light calculating Section, to 
control an operation of Said pumping light Supply 
Section based on the corrected output light power. 

18. An optical amplifier according to claim 17, 
wherein Said pumping light Supply Section includes a 

plurality of pumping lit Sources having wavelengths 
different from each other, and 

Said amplified Spontaneous Raman Scattering light pro 
cessing Section obtains said coefficient of the modeling 
formula, using the amplified Spontaneous Raman Scat 
tering light power measured by Said output light moni 
toring Section when Said plurality of pumping light 
Sources are driven individually, and the amplified spon 
taneous Raman Scattering light power measured by Said 
output light monitoring Section when two of Said plu 
rality of pumping light Sources are combined with each 
other to be driven. 

19. An optical amplifier according to claim 18, 
wherein Said amplified Spontaneous Raman Scattering 

light processing Section verifies Said coefficient of the 
modeling formula, using the amplified Spontaneous 
Raman Scattering light measured by Said output light 
monitoring Section when all of Said plurality of pump 
ing light Sources are driven. 

20. An optical amplifier according to claim 17, 
wherein Said optical amplification medium is a transmis 

Sion optical fiber, and has a backward pumping con 
figuration in which Said pumping light Supply Section is 
arranged on a signal light output Side of Said transmis 
Sion optical fiber. 

21. An optical amplifier according to claim 17, 
wherein Said pumping light control Section feedback 

controls Said pumping light Supply Section, So that Said 
corrected output light power is fixed at a previously Set 
level. 

22. An optical amplifier according to claim 17, 
wherein Said pumping light control Section Stops the 

Supply of pumping lights or performs a shutdown 
control for Suppressing the pumping light power to a 
predetermined level or less, when said corrected output 
light power is reduced to a previously Set threshold or 
below. 

23. An optical amplifier according to claim 17, 
wherein Said output light monitoring Section divides the 

light which is propagated through the optical amplifi 
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cation medium to be output, into a plurality of wave 
length blocks, to measure the output light power cor 
responding to each wavelength block, and 

Said pumping light control Section corrects the output 
light power corresponding to each wavelength block 
measured by Said output light monitoring Section, using 
the amplified Spontaneous Raman Scattering light cal 
culated by Said amplified Spontaneous Raman Scatter 
ing light calculating Section, and based on Said cor 
rected output light power of each wavelength block 
controls a Supply condition of the pumping lights So 
that a wavelength characteristic of the Raman amplified 
Signal light approaches a target wavelength character 
istic. 

24. An optical amplification System comprising a Raman 
amplifier in claim 17 and a rare-earth element doped fiber 
amplifier cascade connected with Said Raman amplifier. 

25. An optical amplification System according to claim 24, 
wherein there is provided a circuit comprising: respective 

functions of Said amplified Spontaneous Raman Scat 
tering light processing Section and Said amplified spon 
taneous Raman Scattering light calculating Section, and 
a function of executing the Sign processing for control 
ling an operation of Said rare-earth element doped fiber 
amplifier, to collectively manage the operations of 
Raman amplifier and Said rare-earth element doped 
fiber amplifier. 

26. An optical transmission System for repeatedly trans 
mitting a signal light transmitted from a Signal light trans 
mission apparatus to an optical transmission path, while 
amplifying the Signal light by an optical repeater arranged 
on the optical transmission path, 

wherein Said optical repeater comprises a Raman ampli 
fier in claim 17. 

27. An optical transmission System according to claim 26, 
wherein Said optical repeater is arranged on the optical 

transmission path in plural numbers, 
there is provided a Subsidiary Signal light transmitting 

Section that transmits a Subsidiary signal light for 
controlling Said each optical repeater, between the 
respect optical repeaters, and 

timing for making Said amplified Spontaneous Raman 
Scattering light processing Section to execute the pro 
cessing of obtaining the coefficient of the modeling 
formula, and timing for making Said pumping light 
control Section to execute the control of Said pumping 
light Supply Section, in Said each optical repeater, are 
notified to Said each optical repeater via Said Subsidiary 
Signal light. 

28. An optical transmission System according to claim 26, 
wherein Said optical repeater comprises a rare-earth ele 

ment doped fiber amplifier cascade connected with Said 
Raman amplifier. 

29. An optical amplifier according to claim 1, comprising: 
a pumping unit Supplying pumping lights to Said ampli 

fication medium; 
a connecting loSS measuring Section that inputs a mea 

Suring light, which is different from the Signal light, to 
the optical path between Said pumping unit and Said 
optical amplification medium, and based on a reflected 
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light and a backward Scattering light of the measuring 
light, which are generated in Said optical path, mea 
Sures connecting losses at one or more connecting 
points existing on Said optical path; and 

a control Section that controls the Supply condition of the 
pumping lights by Said pumping unit, according to the 
connecting losses measured by Said connecting loSS 
measuring Section. 

30. An optical amplifier according to claim 29, 

wherein Said connecting loSS measuring Section measures 
the loSS distribution in a longitudinal direction of Said 
optical path, utilizing the optical time domain reflec 
tometry. 

31. An optical amplifier according to claim 30, 

wherein Said connecting loSS measuring Section includes: 
a pulse light Source generating a pulse Signal having 

previously Set pulse width and pulse interval; 
a multiplexer/demultiplexer inputting the optical pulse 

Signal from Said pulse light Source to Said optical path 
and also extracting a reflected light and a backward 
Scattering light of Said optical pulse Signal; 

a light receiver detecting the powers of the reflected light 
and the backward Scattering light extracted by Said 
multiplexer/demultiplexer; and 

a signal processing circuit leading out the connecting loss 
at one or more connecting points existing on Said 
optical path So as to correspond to the longitudinal 
position of the optical path, according to a Signal 
indicating a detection result of Said light receiver. 

32. An optical amplifier according to claim 29, 

wherein Said connecting loSS measuring Section measures 
the loss distribution in the longitudinal direction of said 
optical path, utilizing the optical frequency domain 
reflectometry. 

33. An optical amplifier according to claim 32, 

wherein Said connecting loSS measuring Section includes: 
a frequency Sweeping light Source outputting an optical 

Signal of which frequency is linearly Swept in temporal; 

an optical coupler branching an output light from Said 
frequency Sweeping light Source to a measuring light 
and a reference light, to output the measuring light to 
Said optical path and the light to a reference port, and 
also multiplexing the reflected light and backward 
Scattering light of Said measuring light with a reflected 
light of Said reference light, to generate a beat Signal 
light; 

a light receiver detecting the beat Signal light generated by 
Said optical coupler; 

a calculating circuit performing the high Speed Fourier 
transform on a signal indicating a detection result of 
Said light receiver, and 

a signal processing circuit leading out the connecting 
losses at one or more connecting points existing on Said 
optical path So as to correspond to the longitudinal 
position of the optical path. 
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34. An optical amplifier according to claim 29, 
wherein Said pumping unit generates pumping lights 

capable of amplifying due to a Reman effect the Signal 
light being propagated through said optical amplifica 
tion medium, to Supply Said pumping lights to Said 
optical amplification medium. 

35. An optical amplifier according to claim 34, 
wherein Said pumping unit Supplies pumping lights, 

which are propagated in a direction opposite to a 
propagation direction of the Signal light to the optical 
amplification medium connected with a signal light 
input Side. 

36. An optical amplifier according to claim 29, 
wherein Said control Section controls said pumping unit So 

the Supply of the pumping light is Stopped or reduced 
to a predetermined power level or less, when the 
connecting loSS measured by Said connecting loSS mea 
Suring Section reaches a previously Set threshold or 
above, and also outputs the warning notifying a con 
nection abnormality. 

37. An optical amplifier according to claim 29, 
wherein Said connecting loSS measuring Section uses, as 

the measuring light, a pumping light generated by 
Switching a drive System of the pumping light Source 
included in Said pumping unit to a drive System differ 
ent from that at a normal operation time, when mea 
Suring the connecting loSS. 

38. An optical amplifier according to claim 37, 
wherein Said connecting loSS measuring Section Switches 

a drive System of any one of a plurality of pumping 
light Sources included in Said pumping unit, when 
measuring the connecting loSS. 

39. An optical amplifier according to claim 29, further 
comprising: 
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dry gas Supply Section that sprays a dry gas on a 
connection end Surface of an optical connector used at 
one or more connecting points existing on the optical 
path between said pumping unit and Said optical ampli 
fication medium, 

wherein Said control Section controls said dry gas Supply 
Section So that the dry gas is sprayed on a connection 
end Surface of the optical connector, when the connect 
ing loSS measured by Said connecting loSS measuring 
Section reaches a previously set threshold or above. 

40. An optical amplifier according to claim 29, 
wherein an optical connector adhered at a ferule thereof to 

an optical fiber using the adhesive which is transparent 
to the light passing through the optical connector, and 
also a Softening temperature thereof is higher than that 
of the resin adhesive, is used at one or more connecting 
points existing on the optical path between Said pump 
ing unit and Said optical amplification medium. 

41. An optical amplifier according to claim 40, 
wherein Said adhesive of the optical connector is a glass 

material containing an additive which absorbs a light 
wavelength band different from that of the light passing 
through the optical connector. 

42. An apparatus using an optical amplifier in claim 29, 
including, 

an optical Switch inputting the measuring light generated 
by Said connecting loSS measuring Section to a plurality 
of optical paths while performing the temporal Switch 
ing, 

wherein the connecting losses at one or more connecting 
points existing on Said plurality of optical are measured 
Sequentially. 
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