
US 20010015838A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0015838 A1 

Iwata ct al. (43) Pub. Date: Aug. 23, 2001 

(54) OPTICAL COMMUNICATIONS SYSTEM (30) Foreign Application Priority Data 

Sep. 17, 1996 (JP) ..... .. 08-282822 

(76) Inventors: Hiroyuki IWata, Yokohamebshi (JP); Aug. 4, 1997 (JP) ......................................... .. 09-208899 

(SJlgnichimu Harasawa, Kawasaki'shi Publication Classi?cation 

(51) Int. Cl.7 .......................... .. H04B 10/08; H04J 14/02 
Correspondence Addressl (52) US. Cl. .......................................... .. 359/124; 359/110 
STAAS & HALSEY LLP 
700 11TH STREET, NW (57) ABSTRACT 
SUITE 500 When a branching unit combines a ?rst optical signal 
WASHINGTON’ DC 20001 (Us) transmitted from a branch station With a second optical 

signal Which is different in poWer level from the ?rst optical 
signal and is transmitted from a terminal station A or B in an 

(21) APPL NO: 09/779,624 optical add-drop system, the S/N ratio of the loWer poWer 
level of the tWo different poWer levels decreases, thereby 

(22) Filed; Feb 9, 2001 deteriorating the system performance. Therefore, a dummy 
light is transmitted together With an optical signal to adjust 

Related US, Application Data the poWer level of the optical signal. OtherWise, an optical 
attenuator or an active optical signal level adjustment unit is 

(62) Division of application No. 08/923,934, ?led on Sep. provided for the branching unit so that both optical signals 
5, 1997, noW Pat. No. 6,233,076. to be combined can be equal in level. 

BRANCHING UNIT 16 
)’ 

TRANSMITTING RECEIVING 
~+ STATION SIDE Q FIG 7 FG O '—_'>STATION SIDE 

11 12 13 

15 
/ 

ATT 

BRANCH STATION SIDE 



Patent Application Publication Aug. 23, 2001 Sheet 1 0f 13 US 2001/0015838 A1 

1100 

MC WW 
I C 

3 

m m 

P. 2 Tm 
m A. I WW 0 N mu 

TERMINAL 
STATION B 

H01 

POINTA 

{P 
TERMINAL 
STATION A 

FIG. 1A 

a W A W 

M 

$301 m 
E w m _v 

m 

M 

mm>>oa E m S 
4 A @ 

AA E h AM 
.AZ W 

m 

FIG. 18 FIG. 16 FIG. IE 

WAVELENGTH WAVELENGTH 

FIG. I D FIG. IF 

PRIOR ART 



Patent Application Publication Aug. 23, 2001 Sheet 2 0f 13 US 2001/0015838 A1 

#3 moEm mm .91 <N .@_n_ 
:Gz?wis 155622 A A 

MW<IV/ \ 
5; 1.. mw_h__._n=>_< 

.3056 

=59? .ii 1 .il. 

mu om " mzm \_ 

E9511 Emvo 

Emu .Tr :::: .i 1 111?} mu 9 u @ 

Ema 9 $5950 < mwgol A 5% o :31; 

1 



Patent Application Publication Aug. 23, 2001 Sheet 3 0f 13 US 2001/0015838 A1 

E< moEm 
m m .0 I <m .@ C 

16562; 1525MB? Al A m@[ J\ . 5% B7 

mw_h=._n_s_< 2% m1 ,,,,,, .: Hm“ m 

.3050 
mu gm umzm 2% QT 

58; 5% o 

5% m.m+ mu 9 w 

2% iii}?! Tn m 25% o . Sm; 

2% 2+ 

9 mw>>On_ 

“Emu OI; .SnFDO 



Patent Application Publication Aug. 23, 2001 Sheet 4 0f 13 US 2001/0015838 A1 

v .0; w. .523 @Z_IoZ<mm 

llllfrt wQm ZOrZFw OZCL; zmzdmt. 



Patent Application Publication Aug. 23, 2001 Sheet 5 0f 13 US 2001/0015838 A1 

0 0E 

mm M100 

Q‘ 

mm 0250416 __m n50 m0 Emmi M002 M3025 

\ 

0N n50 m0 Emmi M002 M4026 



Patent Application Publication Aug. 23, 2001 Sheet 6 0f 13 US 2001/0015838 A1 

Pom :23 wziozém @ O _ m 56 zuzém 

< > 00¢ 56% .6Ezou 
\\ 

me 121% 

(\A\ E 
I am immp?wnmmégéizou 

1\ M a t 

r I‘ ow mm mm kmm 

_ 

_ wQm 2925 

C E Al 3 Wu iwz?tzmzék \ mm in mm mmznfou 





A1 Patent Application Publication Aug. 23, 2001 Sheet 8 0f 13 US 2001/0015838 

m. .wl 

63.220 Emmi 
Fl 

2 

.EQEQ Q91 

ozEEo mwmE 

wQw . 

2225 C _< I i Q ilAU l 
ozSEuwm \ t 

\ WE TE. \ in“ 

TE. TE I $2.586 NR $93.69 

Ill 

1E. 

mQw ZOE.<._.m @ZELLSEZEE. 

[II 

C on $95439; _ o 



Patent Application Publication Aug. 23, 2001 Sheet 9 0f 13 US 2001/0015838 A1 

POWER 
( INTENSITY) 

FIG. 9A 
‘Mam WAVELENGTH 

POW ER 
(INTENSITY) 

FIG. 9B 
in _> DROP WAVELENGTH 

POWER 
I INTENSITY ) 

FIG. 9C WAVELENGTH 
ADD —— our 



Patent Application Publication Aug. 23, 2001 Sheet 10 0f 13 US 2001/0015838 A1 

POWER W1 

WAVELENGTH 

FIG. IOA 

(i i (2) 

POWER 

WAVELENGTH 

FIG. 10B 



Patent Application Publication Aug. 23, 2001 Sheet 11 0f 13 US 2001/0015838 A1 

<3) 
(4) 

/—--—q 

POWER 

5 

/" \k 
\ 
\\ 

WAVELENGTH 

Fl 6. 1 1A 

(3) (4) (5) 
r-_*'_\/—"—-\ 

POWER 

WAVELENGTH 

FIG. 11B 





Patent Application Publication Aug. 23, 2001 Sheet 13 0f 13 

POST AMPLIFIER 

US 2001/0015838 A1 

[114-1 113-1 

--> 08 

,114-2 “3-2 111 no 
I 1 UP- LINE 

—> OS _‘ 

I TO ADD 
112 TRANSMISSION LINE 

[H5 113-3 
DUMMY "6 

—>LIOHT ’ 
GENERATION OPTICAL 
UNIT SPECTRUM 

ANALYZER 

I ,II? 
COMPUTER 

I 
‘2H PREAMPLIFIER 

I I2O-I K119-1 H8 
OR OPTICAL DolNN-L'NE 

\ FH-TER FROM DROP 
_ _. TRANSMISSION [121 2 {"9 2 LINE 

OR f OPTIcAL 
FILTER 

120-2 

_ DEMUX ~122 

F I G . 13 



US 2001/0015838 A1 

OPTICAL COMMUNICATIONS SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical commu 
nications system applicable to long-distance communica 
tions such as underseas cable communications, etc. 

[0003] 2. Description of the Related Art 

[0004] Recently, optical communications systems have 
been Widely developed to realiZe large-capacity and high 
speed communications systems. Especially When a large 
volume of information is to be simultaneously transmitted, 
an optical Wave-length multiplexing system is highly evalu 
ated and is studied for practical use in the near future. In the 
optical Wave-length multiplexing system, an optical signal 
Which carries information and have a plurality of Wave 
lengths is Wavelength-multiplexed for transmission. An opti 
cal signal of each Wave length corresponds to at least one 
communications channel. In the optical Wavelength multi 
plexing system applicable to the long-distance communica 
tions such as underseas cable communications, an optical 
add-drop system is under development in Which an optical 
signal having a speci?c Wavelength or an optical signal 
along a speci?c channel among optical signals Wavelength 
multiplexed in the communications line is branched to 
transmit an optical signal along a channel branched to a 
terminal station, and the optical signal transmitted from the 
terminal station With the same Wavelength as the branched 
channel is combined again to the optical signal transmitted 
through the original transmission line for transmission to the 
terminating station. 

[0005] FIGS. 1A through 1F shoW the conventional 
optical add-drop system and the problem With the system. 

[0006] FIG. 1A is a block diagram shoWing the entire 
con?guration of the optical add-drop system. The basic 
con?guration in the optical add-drop system has a terminal 
station A as a transmitting station for transmitting an optical 
Wavelength multiplexed optical signal, a terminal station C 
as a receiving station for receiving a signal from the terminal 
station A, a branching unit 1100 for branching or combining 
an optical signal of a speci?c Wavelength in the optical 
signals from the terminal station A, and a terminal station B 
for receiving the optical signal branched by the branching 
unit 1100, and transmitting neW information With an optical 
signal having the same Wavelength as the received optical 
signal. Normally in the underseas cable communications, the 
branching unit 1100 is mounted underseas to transmit optical 
signals to, for example, the terminal stations A, B, and C 
provided in different nations. Typically, the distance 
betWeen the terminal stations A and C is approximately 
3,000 km, and the branching unit 1100 is provided around 
the central point betWeen these stations. Since the intensity 
of an optical signal is attenuated When the optical signal is 
transmitted for a long distance, the transmission lines 
betWeen the terminal station A and the branching unit 1100, 
betWeen the terminal station B and the branching unit 1100, 
and betWeen the terminal station C and the branching unit 
1100 have a plurality of optical ampli?ers 1101, 1102, and 
1103 respectively. FIG. 1A shoWs the optical ampli?ers 
1101, 1102, and 1103 apiece for respective transmission 
lines for a simple illustration, but there are actually much 
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more optical ampli?ers for each transmission line. Normally, 
each of the optical ampli?ers 1101, 1102, and 1103 has an 
automatic output level control circuit (ALC circuit) to keep 
the output level of each of the optical ampli?ers 1101, 1102, 
and 1103 constant so that the optical signal can be constantly 
ampli?ed to a speci?c output level. 

[0007] FIG. 1A shoWs the transmission line for one-Way 
communications. Actually, the circuit is designed to estab 
lish tWo-Way communications, that is, up-line and doWn-line 
communications. 

[0008] FIGS. 1B through 1F shoW an optical signal and 
its problem in each transmission line. 

[0009] FIG. 1B shoWs the optical signal at pointAin FIG. 
1A. In the case shoWn in FIG. 1B, optical signals having 
four different Wavelengths are Wavelength-multiplexed and 
transmitted from the terminal station A. The mound under 
each optical signal is called an ampli?ed spontaneous emis 
sion (ASE) noise. It is produced When a noise superposed to 
an optical signal is ampli?ed With the optical signal by an 
optical ampli?er. The characteristics of the operations of the 
optical communications system depend on the S/N ratio of 
the optical signal to the ASE. 

[0010] In the branching unit 1100, the optical signal hav 
ing a Wavelength K1 is branched and transmitted to the 
terminal station B, and an optical signal having the Wave 
length K1 is transmitted from the terminal station B to the 
terminal station C. 

[0011] An optical signal having a Wavelength other than 
Wavelength K1 in the signal (FIG. 1B) transmitted from the 
terminal station A is not branched by the branching unit 
1100, but is transmitted as is to the terminal station C. The 
terminal station B receives the optical signal having Wave 
length K1 and transmits an optical signal having the same 
Wavelength )tl. FIG. 1C shoWs the state at point B of the 
signal transmitted from the terminal station B and ampli?ed 
by the optical ampli?er 1102. The branching unit 1100 
combines the optical signal having Wavelength )tl transmit 
ted from the terminal station B With the light having Wave 
length 22 through 24, and transmits the result to the terminal 
station C. 

[0012] FIG. 1D shoWs the state at point C of the optical 
signal from the terminal station B Which is combined by the 
branching unit 1100 and ampli?ed by an optical ampli?er 
1103. FIGS. 1C and 1D shoW the case Where the poWer 
level of an optical signal is equal to that of each other When 
the optical signal from the terminal station B is combined 
With the optical signal from the terminal station A. In this 
case, an optical signal having any Wavelength indicates the 
same S/N ratio to the ASE noise as shoWn in FIG. 1D. 

[0013] FIG. 1E also shoWs the state of the optical signal 
at point B. In this case, the poWer level of the optical signal 
from the terminal station B is high. When the poWer level of 
the optical signal from the terminal station B is high, the 
state of the optical signal at point C after being combined by 
the branching unit 1100 and being ampli?ed by the optical 
ampli?er 1103, becomes as shoWn in FIG. 1F. Therefore, 
although the S/N ratio of Wavelength K1 is high, because the 
operation characteristics of the optical communications sys 
tem are based on the loWer S/N ratio, When the S/N ratios of 
the other Wavelengths are loW, the system is recogniZed as 
poor in operation characteristics. 
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[0014] FIGS. 2A, 2B, 3A, and 3B show the operation of 
the optical ampli?er and the S/N ratio. 

[0015] In this example, the tWo optical signals having 
different Wavelengths are multiplexed, and an optical signal 
of a total of 0 dBm poWer is input to the optical ampli?er. 
The optical ampli?er includes an automatic output level 
control circuit having a gain of 10 dB and an optical output 
is limited to 10 dBm. The state of the optical signal at the 
input terminal is —3 dBm each for the poWer of the optical 
signals of tWo Wavelengths, a total of 0 dBm as shoWn in 
FIG. 2A. FIG. 2B shoWs the output When such optical 
signals are input to the optical ampli?er. That is, the optical 
signal of each Wavelength is ampli?ed, and the poWer of 
each optical signal is +7 dBm With a total poWer of the 
output light indicating +10 dBm. On the other hand, the ASE 
noise is also ampli?ed, and the S/N ratio to the ASE noise 
of each optical signal is 30 dB. Therefore, the operation 
characteristic of the optical ampli?er indicates the S/N ratio 
of 30 dB. 

[0016] FIGS. 3A and 3B shoW the case Where an input 
optical signal is multiplexed With an optical signal having a 
different poWer level. The characteristic of the optical ampli 
?er is the same as that of the optical ampli?er shoWn in 
FIGS. 2A and 2B. HoWever, as shoWn in FIG. 3A, a total 
poWer of the optical signals having tWo different Wave 
lengths is 0 dBm With the poWer level of one optical signal 
indicating- 1.5 dBm While the other optical signal indicating 
— 4.5 dBm. There is 3 dB difference betWeen the poWer 
levels. If such optical signals are input, the output is obtained 
as shoWn in FIG. 3B. That is, the higher poWer level of the 
optical signal betWeen the tWo input signals is +8.5 dBm 
While the loWer poWer level of the optical signal is +5.5 dBm 
because the optical signal having each Wavelength is ampli 
?ed such that the total poWer level of the output signals can 
be the above described value, that is, the output of the optical 
ampli?er is ?xed to +10 dBm. At this time, the ASE noise 
is ampli?ed and the S/N ratios are different betWeen the 
Wavelengths. That is, the S/N ratio of the Wavelength 
indicating the higher poWer level is an acceptable value 
While the S/N ratio of the Wavelength indicating the loWer 
poWer level is relatively undesired. Since the operation 
characteristic of the optical ampli?er is evaluated by the 
undesired S/N ratio, the performance of the optical ampli?er 
is considered to be poor. 

[0017] In the optical add-drop system as described above 
by referring to FIG. 1A, a lot of optical ampli?ers are 
inserted betWeen the terminal station and the branching unit. 
In the branching unit, an independently generated optical 
signal from the terminal station A is combined With an 
optical signal from the terminal station B, and ampli?ed by 
the optical ampli?er. The optical signals of respective Wave 
lengths from the terminal stations A and B may not match in 
poWer When they are combined because of the transmission 
distance and the difference in output. Furthermore, the 
poWer level of the optical signal may not be controlled just 
as designed even if the system has been formed by carefully 
computing the output poWer and the attenuation of the 
optical signal in the designing step. In this case, there arises 
a difference in S/N ratio betWeen the optical signal having a 
loWer poWer level and the optical signal having a higher 
poWer level after the ampli?cation through the optical 
ampli?er as described by referring to FIGS. 2A, 2B, 3A, and 
3B. The operation characteristic of the system is evaluated 
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by the S/N ratio of the optical signal having the loWer poWer 
level, that is, the undesired S/N ratio. 

[0018] When the poWer level of the optical signal from a 
branch station is different from that of the optical signal from 
the transmitting station, the evaluation is made based on the 
loWer S/N ratio indicating the transmission characteristic of 
the optical signal, thereby considering the system to be poor 
in performance. 

SUMMARY OF THE INVENTION 

[0019] The present invention aims at providing an optical 
communications system capable of compensating the dif 
ference betWeen the poWer level of the optical signal from 
the transmitting station and the optical signal from the 
branch station, and maintaining a high system performance. 

[0020] The optical communications system according to 
the present invention includes a transmitting station for 
transmitting a Wavelength-multiplexed optical signal; a 
receiving station for receiving the optical signal; a branch 
station for receiving an optical signal having a speci?c 
Wavelength in the Wavelength-multiplexed optical signals 
and transmitting the optical signal on the speci?c Wave 
length; and a branching unit for branching the optical signal 
having the speci?c Wavelength from the optical signal 
transmitted from the transmitting station, transmitting it to 
the branch station, and combining the optical signal trans 
mitted from the branch station With the optical signal Which 
has the Wavelength other than the speci?c Wavelength and 
has been transmitted from the branch station. The signals are 
combined With their poWer levels matching each other. 

[0021] In an optical communications system including a 
transmitting station for transmitting a Wavelength-multi 
plexed optical signal; a receiving station for receiving the 
optical signal; a branch station for receiving an optical signal 
having a speci?c Wavelength in the Wavelength-multiplexed 
optical signals and transmitting the optical signal on the 
speci?c Wavelength; and a branching unit for branching the 
optical signal having the speci?c Wavelength from the 
optical signal transmitted from the transmitting station, 
transmitting it to the branch station, combining the optical 
signal transmitted from the branch station With the optical 
signal from the transmitting station; and transmitting the 
result to the receiving station, the branching unit according 
to the present invention branches the optical signal having 
the speci?c Wavelength from the optical signal transmitted 
from the transmitting station, transmits it to the branch 
station, and combines the optical signal transmitted from the 
branch station With the optical signal Which has the Wave 
length other than the speci?c Wavelength and has been 
transmitted from the branch station. The signals are com 
bined With their poWer levels matching each other. 

[0022] OtherWise, the terminal station according to 
another aspect of the present invention includes an optical 
transmission signal transmitting unit for generating an opti 
cal transmission signal modulated using the data to be 
transmitted; a dummy light generation unit for generating a 
dummy light different in Wavelength from the optical trans 
mission signal; a Wavelength multiplexing unit for Wave 
length-multiplexing the dummy light and the optical trans 
mission signal; and a level adjustment unit for adjusting the 
output level of the dummy light. 
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[0023] In the method of controlling the optical communi 
cations system according to another aspect of the present 
invention With a system including a ?rst optical terminal 
station; a second terminal station, a third terminal station; an 
optical branching unit for connecting the ?rst through third 
optical terminal station; and an optical ampli?er for main 
taining an output signal at a constant level betWeen the 
optical branching unit and the second optical terminal sta 
tion Wherein the branching unit Wavelength-multiplexes the 
optical transmission signals from the ?rst and second ter 
minal stations and transmits the result to the third terminal 
station, the second optical terminal station controls the 
optical transmission signal level of an output light from the 
optical ampli?er by transmitting the dummy light different 
in Wavelength from the optical transmission signal and 
adjusting the level of the dummy light. 

[0024] OtherWise, in the terminal station in the optical 
communications system according to the present invention 
With a system including a ?rst optical terminal station; a 
second terminal station, a third terminal station; an optical 
branching unit for connecting the ?rst through third optical 
terminal station; and an optical ampli?er for maintaining an 
output signal at a constant level betWeen the optical branch 
ing unit and the second optical terminal station Wherein the 
branching unit Wavelength-multiplexes the optical transmis 
sion signals from the ?rst and second terminal stations and 
transmits the result to the third terminal station, the second 
optical terminal station includes an optical transmission 
signal transmitting unit for generating an optical transmis 
sion signal modulated using data to be transmitted; a dummy 
light generation unit for generating a dummy light having a 
Wavelength different in Wavelength from the optical trans 
mission signal; a Wavelength multiplexing unit for Wave 
length-multiplexing the dummy light and the optical trans 
mission signal; and a level adjustment unit for adjusting the 
output level of the dummy light. 

[0025] In the optical communications system, the terminal 
station, or the branching unit according to the present 
invention, When the optical signals in those transmitted from 
the transmitting station for transmitting Wavelength-multi 
plexed optical signals, but excluding those having a speci?c 
Wavelength to be transmitted to the branch station are 
combined by the branching unit With the optical signals 
having the speci?c Wavelength transmitted from the branch 
station, the combination can be performed With the poWer 
levels of both optical signals matching each other. Thus, the 
difference in poWer level betWeen the optical signals after 
the combination prevents the S/N ratio of the signal at the 
loWer poWer level from being loWered and the system 
performance from being deteriorated. That is, the present 
invention can realiZe an optical add-drop system capable of 
applying the system performance at a high level for a long 
time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS. 1A through 1F are diagrams for explaining 
the conventional add-drop system and its problems; 

[0027] FIGS. 2A and 2B are diagrams (1) for explaining 
the operation of the optical ampli?er and the S/N ratio; 

[0028] FIGS. 3A and 3B are diagrams (2) for explaining 
the operation of the optical ampli?er and the S/N ratio; 
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[0029] FIG. 4 shoWs the ?rst embodiment of the present 
invention; 
[0030] FIG. 5 shoWs an example of the optical attenuator 
according to the ?rst embodiment; 

[0031] FIG. 6 shoWs the con?guration according to the 
second embodiment of the present invention; 

[0032] FIG. 7 shoWs the entire con?guration according to 
the third embodiment of the present invention; 

[0033] FIG. 8 shoWs the con?guration for the add-drop of 
the optical signal in the branching unit according to the third 
embodiment of the present invention; 

[0034] FIGS. 9A through 9C shoW the characteristic of 
the branching unit shoWn in FIG. 8; 

[0035] FIGS. 10A and 10B shoW the state of the add 
optical signal input to the branching unit in Which the add 
optical signal is combined and the output light from the 
branching unit to the receiving station; 

[0036] FIGS. 11A and 11B shoW the case Where a dummy 
light is used as a control means according to the third 
embodiment of the present invention; 

[0037] FIG. 12 is a block diagram shoWing a part of the 
con?guration of the terminal station as a transmitting station 
and a receiving station; and 

[0038] FIG. 13 is a block diagram shoWing the con?gu 
ration of a branch station. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] FIG. 4 shoWs the ?rst embodiment according to 
the present invention. 

[0040] FIG. 4 shoWs the con?guration in Which a branch 
ing unit 16 adjusts the poWer level of an optical signal from 
a branch station. Although only a doWn-line from the 
transmitting station to the receiving station is shoWn in FIG. 
4, an up-line from the receiving station to the transmitting 
station is actually mounted. 

[0041] The optical signal is transmitted from the transmit 
ting station, Wavelength-multiplexed, input to a circulator 10 
and then to a ?ber grating 11. In the ?ber grating 11, only the 
optical signal having the Wavelength to be transmitted to the 
branch station is re?ected, and other signals pass straight. 
The optical signal re?ected by the ?ber grating 11 is input to 
the circulator 10 again and transmitted to the branch station. 
When the optical signal passing straight through the ?ber 
grating 11 also passes through an isolator 12 and a ?ber 
grating 13, enters a circulator 14, is combined With the 
optical signal transmitted from the branch station, and is 
then transmitted to the receiving station. When the optical 
signal transmitted from the branch station is input to the 
circulator 14, it is transmitted to the ?ber grating 13. Since 
the Wavelength of the optical signal transmitted from the 
branch station is equal to that re?ected by the ?ber grating 
11, it is also re?ected by the ?ber grating 13, input to the 
circulator 14 again, and transmitted to the receiving side. 
The excess light Which has not been re?ected by the ?ber 
grating 13 is prevented by the isolator 12 from being 
propagated to the transmitting station. When the optical 
signal transmitted from the transmitting station is combined 
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With the optical signal transmitted from the branch station in 
the circulator 14, the S/N ratio is lowered When the signals 
are ampli?ed by the optical ampli?er if there is a difference 
betWeen the poWer levels of the optical signals having 
respective Wavelengths. In the case according to the present 
embodiment, an optical attenuator 15 is provided in the 
transmission line through Which an optical signal is trans 
mitted from the branch station. The optical attenuator 15 
adjusts the poWer level of the optical signal from the branch 
station to make the optical signal transmitted from the 
transmitting station match in poWer level the optical signal 
transmitted from the branch station. Therefore, the system 
performance in the optical add-drop system can be main 
tained high. 

[0042] FIG. 5 shoWs an example of the optical attenuator 
according to the ?rst embodiment of the present invention. 

[0043] The optical attenuator shoWn in FIG. 5 is obtained 
by fusing the single mode ?ber or the dispersion shifted 
?bers (DSF) 20 and 21 With their optical axes shifted from 
each other. The single mode ?ber or the DSF 20 or 21 
comprises cores 22 and 24, and cladding 23 and 25 for 
protecting the cores 22 and 24. They are fused at a fusion 
portion 26. The core 22 and the core 24 are a little shifted 
from each other, and there is a loss of light When an optical 
signal passes this portion. Therefore, the optical signal after 
passing through this portion is loWer in poWer level than the 
optical signal detected before the optical signal passes 
through the portion. Therefore, the poWer level of the optical 
signal transmitted from the branch station can be adjusted. 
Such connections of the optical ?bers are referred to as an 
axis-shifted splice. 

[0044] When the axis-shifted splice is used as a method of 
con?guring the optical attenuator, the connection betWeen 
the optical ?bers is ?xed and the attenuation of an optical 
signal is also ?xed. Therefore, the attenuation of the optical 
signal is adjusted by the axis-shifted splice only once When 
the system is designed. HoWever, since the optical attenu 
ation can be maintained at a constant level for a long time, 
a reliable optical attenuator can be obtained in the case 
Where the branching unit is provided underseas for use in 
underseas cable communications, and Where the branching 
unit cannot be frequently maintained. 

[0045] Because a unit Which performs a splicing process 
usually contains equipment for detecting attenuation of the 
optical signal, the optical attenuation is normally adjusted by 
adjusting the amount of the shift of the optical axis of the 
optical ?ber While con?rming the optical attenuation When 
the optical ?ber is spliced. Thus, an appropriate optical 
attenuation can be realiZed. 

[0046] The con?guration of the optical attenuator is not 
limited to the above described axis-shifted splice, but can be 
optionally determined Within the range normally anticipated 
by one of ordinary skill of the art. 

[0047] FIG. 6 shoWs the con?guration of the second 
embodiment of the present invention. 

[0048] Also in the present embodiment, a branching unit 
30 is designed in a Way that the poWer level of the optical 
signal transmitted from the branch station is adjusted to 
match the poWer level of the optical signal transmitted from 
the transmitting station. In FIG. 3, only the doWn-line from 
the transmitting station is indicated. (Actually, there can be 
an up-line.) 
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[0049] The optical signal transmitted from the transmit 
ting station is ampli?ed by an optical ampli?er 31, and 
branched by a coupler 32. Since the branching process in 
this example is performed to monitor the poWer level of the 
optical signal from the transmitting station, the poWer of the 
most optical signals is designed not to branched, but to pass 
straight. From the optical signals Which pass straight, the 
optical signals having the Wavelengths to be transmitted in 
a circulator 33 and a ?ber grating 34 to the branch station are 
retrieved, and the retrieved optical signals are transmitted to 
the branch station. The optical signals having the other 
Wavelengths pass further straight through the isolator 35, 
and a ?ber grating 36 and a circulator 37 combine the optical 
signal from the branch station and transmit the result to the 
receiving station. 
[0050] The optical signal branched in coupler 32 is con 
verted into an electric signal by a photodiode 38 in a control 
circuit 400, and input to a comparator 39. The optical signal 
transmitted from the branch station is input to an optical 
ampli?er 43, ampli?ed, and branched by a coupler 44. At 
this point, most optical signals pass straight, and are com 
bined With the optical signals passing straight from the 
transmitting station by the circulator 37 and ?ber grating 36, 
and the result is transmitted to the receiving side. The optical 
signal branched in the coupler 44 is converted into an 
electric signal by a photodiode 41 in the control circuit 400. 
The poWer level of the signal converted into an electric 
signal and received by a level converter 40 is adjusted and 
input to the comparator 39. The level converter 40 is 
provided for the folloWing reason. That is, the optical signal 
received by the photodiode 38 is transmitted after the optical 
signals having, for example, eight different Wavelengths are 
transmitted from the transmitting station and multiplexed. 
HoWever, the optical signals received by the photodiode 41 
are transmitted from the branch station, and contain the 
optical signals having, for example, four Wavelengths in the 
eight different Wavelengths used in transmitting the optical 
signals from the transmitting station. Therefore, the optical 
signals received by the photodiode 38 contain 8 optical 
signals While the optical signals received by the photodiode 
41 contain only four optical signals. If the poWer levels of 
these optical signals are directly compared, those received 
by the photodiode 38 are naturally higher. HoWever, it is 
necessary to make the poWer level of each Wavelength of the 
optical signal transmitted from the branch station match the 
poWer level of each Wavelength of the optical signal Which 
has been transmitted from the transmitting station and has 
not been dropped (retrieved) to the branch station. There 
fore, the poWer level of the 4-Wave-multiplexed optical 
signal from the branch station is converted by the level 
converter 40 to match the poWer level of the 8-Wave 
multiplexed optical signal from the transmitting station. 
Then, the result is input to the comparator 39. 

[0051] The comparator 39 compares the poWer levels of 
the thus obtained electric signals and the comparison result 
is input to an operational ampli?er 42. The comparison 
result is compared With the reference value (ref), and a 
control signal is issued to the optical ampli?er 43 if there is 
a difference betWeen the poWer level of the optical signal 
from the branch station and the poWer level of the optical 
signal from the transmitting station so that the poWer level 
of the optical signal from the branch station can be adjusted 
in a Way that the poWer level of each Wavelength of the 
optical signal passing straight from the transmitting station 
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can be made to match the power level of each Wavelength of 
the optical signal output from the optical ampli?er 43. 

[0052] Thus, When the optical signals are combined by the 
circulator 37 and the ?ber grating 36, the poWer levels of 
both optical signals can be equal to each other. Therefore, 
the above described deterioration of the system performance 
caused by the optical ampli?er While the optical signal is 
being transmitted to the receiving terminal can be success 
fully prevented. 
[0053] The above described con?guration of the branch 
ing unit is only an example, and there can be a number of 
variations Which are implied by the technological concept of 
the present embodiment. 

[0054] FIG. 7 shoWs the third embodiment of the present 
invention. 

[0055] According to the ?rst embodiment and the second 
embodiment, the difference in level betWeen an optical 
transmission signal passing through the branching unit and 
an optical signal inserted from the branch station is adjusted 
in the branching unit. On the other hand, according to the 
third embodiment, the level of an optical signal is adjusted 
under the control on the terminal side before the signal is 
input to the branching unit. 

[0056] Practically, a dummy light different in Wavelength 
from an optical transmission signal is transmitted, and the 
level of the transmission signal is adjusted by changing the 
level of the dummy light in an optical terminal station. 

[0057] That is, by raising the level of the dummy light, the 
level of the optical transmission signal is loWered When it 
passes through the optical ampli?er. By loWering the level of 
the dummy light, the level of the optical transmission signal 
is raised When it passes through the optical ampli?er. 

[0058] FIG. 7 shoWs the con?guration of the system 
comprising, at an optical terminal station 1, an optical 
transmission signal transmitting unit 1-1; a dummy light 
generation unit 1-2 for generating a dummy light at an 
optical terminal station; a level adjustment unit 1-3 for 
adjusting the level of the dummy light; and a Wavelength 
multiplexing unit 1-4 for combining the optical signals of 
different Wavelengths. With this con?guration, the level of 
the optical transmission signal is adjusted. 

[0059] FIG. 8 shoWs the third embodiment of the present 
invention. 

[0060] The con?guration of the system is as shoWn in 
FIG. 7, comprising an optical terminal station 1; an optical 
transmission signal transmitting unit 1-1; a dummy light 
generation unit 1-2 for generating a dummy light at an 
optical terminal station; a level adjustment unit 1-3 for 
adjusting the level of the dummy light; and a Wavelength 
multiplexing unit 1-4 for combining the optical signals of 
different Wavelengths. With this con?guration, the level of 
the optical transmission signal is adjusted. 

[0061] A signal from the optical terminal station 1 is 
ampli?ed by the optical ampli?er 6 When it is transmitted to 
the optical terminal station 2 through an optical ampli?er 6. 
Thus, the optical signal level can be changed based on the 
level of a dummy light. 

[0062] By raising the level of the dummy light, the level 
of the optical transmission signal is loWered When it passes 
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through the optical ampli?er 6. By loWering the level of the 
dummy light, the level of the optical transmission signal is 
raised When it passes through the optical ampli?er 6. 

[0063] That is, When the optical signals having Wave 
lengths different from each other in poWer level are input to 
the optical ampli?er, the output of the optical ampli?er can 
be set constant as described in the description of the prior art. 
As a result, there arises a difference in poWer level after the 
ampli?cation betWeen the optical signals one of Which 
indicates a high poWer level While the other indicates a loW 
poWer level When input to the optical ampli?er. Based on 
this, a dummy light capable of being variable in output level 
and different in Wavelength from an optical signal, is trans 
mitted together With the optical signal containing informa 
tion data When the optical signal is transmitted from the 
branch station. Thus, the poWer level of the optical signal 
can be adjusted When the optical signal passes through 
optical ampli?ers 60-1 through 60-n and 61-1 through 61-n. 

[0064] FIG. 7 shoWs the entire con?guration according to 
the third embodiment of the present invention. 

[0065] FIG. 7 shoWs the con?guration of the optical 
add-drop system in Which terminal stations A and B are 
connected to each other using an up-line and a doWn-line 
through a branching unit 51. Also, a line is branched from 
the branching unit 51, and an up-line and a doWn-line are 
provided so that a branch station 53 can transmit and receive 
an optical signal. The transmission lines for connection of 
the terminal stations A, B, the branch station 53, and the 
branching unit 51 are provided With optical ampli?ers 55-1 
through 55-n, 56-1 through 56-n, 57-1 through 57-n, 58-1 
through 58-n, 59-1 through 59-n, 60-1 through 60-n, 61-1 
through 61-n, and 62-1 through 62-n, each of Which has an 
ALC circuit, thereby amplifying the optical signal When the 
optical signal is transmitted over a long distance. The 
branching unit 51 has an up-line and a doWn-line. The 
up-line comprises an optical circulator 33 for inputting an 
optical transmission signal from the optical terminal station 
A to a ?ber grating 34 and transmitting an optical transmis 
sion signal having a speci?c Wavelength from the ?ber 
grating 34 to a branch station 53; an optical isolator 35 for 
passing a light Which has passed through the ?ber grating 34; 
and an optical circulator 37 for inputting the optical signal 
from the branch station 53 to the ?ber grating 36 and 
outputting a light re?ected from the optical isolator 35 and 
the ?ber grating 36 to the optical terminal station B side. The 
doWn-line comprises an optical circulator 33‘ for inputting 
an optical transmission signal from the optical terminal 
station B to a ?ber grating 34‘ and transmitting an optical 
transmission signal having a speci?c Wavelength from the 
?ber grating 34‘ to a branch station 53‘; an optical isolator 35‘ 
for passing a light Which has passed through the ?ber grating 
34‘; and an optical circulator 37‘ for inputting the optical 
signal from the branch station 53‘ to the ?ber grating 36‘ and 
outputting a light re?ected from the optical isolator 35‘ and 
the ?ber grating 36‘ to the optical terminal station B side. 

[0066] The branch station 53 comprises a receiving unit 
1-6 for receiving an optical transmission signal from the 
doWn-line; the optical transmission signal transmitting unit 
1-1 for transmitting an optical transmission signal; the 
dummy light generation unit 1-2 for changing the level of a 
dummy light upon receipt of the signal from the receiving 
unit 1-6; the Wavelength multiplexing unit 1-4 for Wave 
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length-multiplexing the output from the dummy light gen 
eration unit 1-2 and the optical transmission signal trans 
mitting unit 1-1; a receiving unit 1-6‘ for receiving an optical 
transmission signal from the up-line; the optical transmis 
sion signal transmitting unit 1-1‘ for transmitting an optical 
transmission signal; the dummy light generation unit 1-2‘ for 
changing the level of a dummy light upon receipt of the 
signal from the receiving unit 1-6‘; and the Wavelength 
multiplexing unit 1-4‘ for Wavelength-multiplexing the out 
puts from the dummy light generation unit 1-2‘ and the 
optical transmission signal transmitting unit 1-1‘. 

[0067] The adjustment betWeen the poWer level of the 
optical signal from the branch station 53 and the poWer level 
of the optical signal from the terminal station A or B is made 
using dummy light generation units 1-2 and 1-2‘ provided in 
the branch station 53, optical spectrum analyZers 65 and 66 
provided in the terminal stations A and B. The dummy light 
generated by the dummy light generation units 1-2 and 1-2‘ 
should be different in Wavelength from the optical signal. 

[0068] That is, When a dummy light is multiplexed and 
transmitted With the optical signal transmitted from the 
branch station 53, the output of the optical signal can be 
adjusted depending on the poWer level of the dummy light 
When they pass through the optical ampli?er. For example, 
When the poWer level of the optical signal is higher than that 
of the dummy light, the output of the optical signal is larger 
than that of the dummy light after it is ampli?ed by the 
optical ampli?er. On the other hand, When the poWer level 
of the dummy light is higher than that of the optical signal, 
the output of the dummy light is larger than that of the 
optical signal after it is ampli?ed by the optical ampli?er, 
and the optical signal indicates a loWer poWer level. Since 
the output of the optical signal remains constant, the sum of 
the output poWer of the dummy light and the output poWer 
of the optical signal should be constant. Therefore, changing 
the poWer level of the dummy light also changes the poWer 
level of the optical signal output from the optical ampli?er. 

[0069] The terminal stations A and B for receiving an 
optical signal are provided With the optical spectrum ana 
lyZers 65 and 66 for detecting the poWer levels of the signals 
having respective Wavelengths in the received optical signal. 
It is determined Whether or not there is a difference in poWer 
level by detecting the poWer level of each Wavelength of the 
optical signal transmitted from the branch station 53 and the 
optical signal directly transmitted from the terminal station 
Aor B. The result is transmitted to the branch station 53 With 
an optical signal. If the receiving unit of the branch station 
53 recogniZes that the optical signal transmitted by the 
branch station 53 is different in poWer level from the optical 
signal directly transmitted from the terminal station A or B, 
then the poWer level of the dummy light of the dummy light 
generation units 1-2 and 1-2‘ is adjusted so that the poWer 
level of the optical signal transmitted from the branch station 
53 and output from the optical ampli?er can be adjusted. 
Thus, the poWer level of the optical signal having each 
Wavelength is constantly monitored by the receiving termi 
nal station, and the poWer level of the dummy light is 
adjusted by the branch station 53 so that poWer level of the 
optical signal transmitted from the branch station 53 and the 
poWer level of the optical signal directly transmitted from 
the terminal station A or B can be approximately equal to 
each other When they are combined by the branching unit 51. 
Therefore, a high system performance can be maintained 
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Without deteriorating the operation characteristics as a sys 
tem only because the optical signal having optically-multi 
plexed Wavelengths indicates a loW poWer level and then a 
deteriorated S/N ratio. 

[0070] FIG. 8 shoWs the con?guration for the add-drop of 
the optical signal in the branching unit according to the third 
embodiment of the present invention. 

[0071] In FIG. 8, the units in the up-line are omitted. The 
branching unit according to the third embodiment has only 
the function of performing the add-drop of the optical signal. 
That is, the optical signal transmitted from the transmitting 
station and Wavelength-multiplexed passes through a circu 
lator 70 and input to ?ber gratings 73-1 through 73-4. Each 
of the ?ber gratings 73-1 through 73-4 functions to re?ect 
the optical signal having unique Wavelength. That is, the 
?ber gratings 73-1, 73-2, 73-3, and 73-4 selectively re?ect 
the optical signals having the Wavelength K1, K2, k3, and M 
respectively from the optical signal transmitted from the 
transmitting station, and input the respective optical signals 
to the circulator 70 again. The optical signal re?ected by the 
?ber gratings 73-1 through 73-4 enters the circulator 70 
again, takes a different path, and is transmitted to the branch 
station as a drop optical signal. The optical signal not 
re?ected by the ?ber gratings 73-1 through 73-4 passes 
through an isolator 72, and ?ber gratings 74-1 through 74-4, 
enters a circulator 71, is combined With the add optical 
signal transmitted from the branch station, and is transmitted 
to the receiving station. 

[0072] The add optical signal and a dummy light trans 
mitted from the branch station are input to the circulator 71, 
and are transmitted to the ?ber gratings 74-1 through 74-4. 
As described above, the optical signals having Wavelengths 
)tl through )»4 are re?ected, input to the circulator 71 again, 
and transmitted to the receiving station. At this time, the 
dummy light transmitted together With the optical signal as 
an add signal is not re?ected by the ?ber gratings 74-1 
through 74-4 nor passes through the isolator 72. Thus, most 
of the signals are dispersed. With this con?guration, the 
dummy light is not transmitted to the receiving station side. 

[0073] FIGS. 9A through 9C shoW the characteristics of 
the branching unit shoWn in FIG. 8. 

[0074] FIG. 9A shoWs the passage characteristics from 
the transmitting station to the receiving station. The incident 
light from the transmitting station is White light, and FIG. 
9A indicates the transmission characteristic around the iso 
lator 72 (FIG. 8). FIG. 9A indicates that the optical trans 
mission intensity is loWered around four central Wave 
lengths. It implies that the ?ber gratings 73-1 through 73-4 
re?ect the light having these Wavelengths, and the light is 
not output to the isolator 72. The Wavelength other than a 
speci?c Wavelength keeps unchanged in intensity. There 
fore, With the con?guration shoWn in FIG. 8, only the 
optical signal having a speci?c Wavelength can be selec 
tively prevented from passing. 

[0075] FIG. 9B shoWs the characteristic of the drop of the 
optical signal from the transmitting station to the branch 
station. The light from the transmitting station is White light. 
FIG. 9B indicates that the light having the Wavelength of 
loW transmittance shoWn in FIG. 9A is retrieved on the 
contrary, and is transmitted to the branch station. The light 
having four different Wavelengths is re?ected by ?ber grat 










