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(57) ABSTRACT 

A transmitter-receiver having a means for automatically 
determining the status of transmission medium such as opti 
cal ?ber, and a means for automatically setting and resetting 
the transmission rate and/or output poWer according to the 
status of the transmission medium, a transmission loss and 
gain measurement method, and a transmitting-receiving sys 
tem. A transmitter-receiver comprises at least: an output 
poWer controller for controlling the output poWer of a trans 
mitter; an input poWer measuring section for measuring the 
strength of input signals; and an information processor for 
deriving the loss or gain of a path to change the output poWer 
of the transmitter and/ or the rate of data transmission accord 
ing to the derived loss or gain of the path. A transmission loss 
and gain measurement method applied to a system compris 
ing transmission media and a plurality of the transmitter 
receivers connected via the transmission media, comprises 
the steps of: transmitting information on the output poWer of 
a ?rst transmitter-receiver from the ?rst transmitter-receiver 
to a second transmitter-receiver; measuring reception 
strength by the second transmitter-receiver When the second 
transmitter-receiver receives the output poWer information; 
reading the output poWer information by the second transmit 
ter-receiver; and comparing the reception strength With the 
output poWer information to calculate a transmission loss or 
gain by the second transmitter-receiver. 
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TRANSMISSION METHOD, 
TRANSMITTER-RECEIVER, AND 

TRANSMITTING-RECEIVING SYSTEM 

[0001] This present application is a Divisional of US. 
application Ser. No. 10/971,047, ?led Oct. 25, 2004, Which 
claims priority to Japanese Patent Application No. 367880 
2003, ?led Oct. 28, 2003. The entire disclosures of the prior 
applications are incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a transmitter-re 
ceiver for communication, and more particularly, to a trans 
mitter-receiver having a means for determining the status of a 
channel so as to be capable of selecting and changing the 
transmission rate and output poWer for transmission/recep 
tion according to the status of the channel, a transmission loss 
and gain measurement method, and a transmitting-receiving 
system. 

BACKGROUND OF THE INVENTION 

[0003] In general, data is transmitted and received betWeen 
tWo opposed transmitter-receivers via transmission media. 
FIG. 1 is a diagram shoWing an example of optical transmit 
ter-receivers that transmit and receive optical signals through 
optical ?bers as transmission media. In FIG. 1, optical trans 
mitter-receivers 101 and 102 are connected via optical ?bers 
103 and 104 With each other. Electrical signals output from or 
input to the optical transmitter-receivers 101 and 102 are sent 
to or from other equipment such as telecommunication equip 
ment and electronic information processing equipment (not 
shoWn). The optical transmitter-receiver 101 (102) converts 
an electrical signal fed from other equipment to an optical 
signal and transmits the optical signal to the optical transmit 
ter-receiver 102 (101), or converts an optical signal received 
from the transmitter-receiver 102 (101) to an electrical signal 
to send other equipment the electrical signal. 
[0004] With regard to the data rate or transmission rate, data 
format and the like, various standards have been de?ned in 
order to facilitate the interconnection betWeen transmitter 
receivers. As an example of such standards may be cited the 
IEEE 802.3ae 10GBASE-LR standard de?ned by an interna 
tional standards association, IEEE SA (Institute of Electrical 
and Electronics Engineers Standard Association). The stan 
dards specify, for example, the data rate (10.3125 Gbps on 
optical ?ber), Wavelength of light, data format, and transmis 
sion distance. 
[0005] As a conventional technique for surely conducting 
optical communication, Japanese Patent Application laid 
open No. 2000-68938 has disclosed “Optical Transmitter 
Receiver”. The optical transmitter-receiver at the transmitting 
end sends a signal to a channel and learns the status of optical 
?ber by monitoring the return signal. The information is fed 
back to the intensity of a laser beam. 

[0006] The conventional optical transmitter-receiver, hoW 
ever, has some problems. First, the transmitter-receiver does 
not have a function for automatically setting the transmission 
rate according to the status of a channel or the like. Conse 
quently, it is required to set the transmission rate manually 
according to the status of a channel including the loss of 
optical ?ber measured With an additional measuring instru 
ment. Besides, in the case Where the transmission rate is ?xed 
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and cannot be changed, the transmitter-receiver itself has to 
be replaced With another model. 
[0007] In the folloWing, a description Will be made of prob 
lems caused by the ?xed transmission rate by taking an opti 
cal transmitter-receiver based on the aforementioned 
10GBASE-LR standard as an example. Generally, in digital 
signal communications, data can be transmitted and received 
With loWer poWer as the transmission rate decreases. For that 
reason, if there is a considerable loss in a transmission 
medium such as optical ?ber, it is possible to transmit and 
receive data. In the case of a 10GBASE-LR standard-based 

optical transmitter-receiver, hoWever, the transmission rate is 
?xed at 10.3125 Gbps. Therefore, When the transmission loss 
is increased to a certain value, the optical transmitter-receiver 
is disabled for communication. In other Words, even When 
data can be communicated by reducing the transmission rate, 
the optical transmitter-receiver cannot adjust a transmission 
rate setting because of the ?xed transmission rate. 
[0008] Second, the conventional transmitter-receiver does 
not have a function for automatically setting output poWer 
according to the status of a channel or the like. As in the case 
of the transmission rate described above, it is required to set 
output poWer manually according to the status of a channel 
including the loss of optical ?ber measured With an additional 
measuring instrument. In the case Where output poWer is ?xed 
and cannot be changed, the transmitter-receiver itself or the 
interface thereof has to be replaced With another model. 
[0009] Third, the conventional transmitter-receiver does 
not have a means for determining the status of a transmission 
medium such as the loss of optical ?ber. Therefore, as 
described above, it is required to determine the status of a 
channel including the loss of optical ?ber With an additional 
measuring instrument prior to connecting transmitter-receiv 
ers. For this reason, the reneWal of the transmitter-receiver 
requires a considerable time, and also it is dif?cult to modify 
system con?guration. 

SUMMARY OF THE INVENTION 

[0010] It is therefore an object of the present invention to 
provide a transmitter-receiver having a means for automati 
cally determining the status of transmission media such as 
optical ?bers, and a means for automatically setting and reset 
ting the transmission rate and/or output poWer according to 
the status of the transmission medium. 
[0011] In accordance With the ?rst aspect of the present 
invention, to achieve the object mentioned above, there is 
provided a transmission loss and gain measurement method 
applied to a system comprising transmission media and a 
plurality of transmitter-receivers connected via the transmis 
sion media, comprising the steps of: transmitting information 
on the output poWer of a ?rst transmitter-receiver from the 
?rst transmitter-receiver to a second transmitter-receiver; 
measuring reception strength or intensity by the second trans 
mitter-receiver When the second transmitter-receiver receives 
the output poWer information; reading the output poWer infor 
mation by the second transmitter-receiver; and comparing the 
reception strength With the output poWer information to cal 
culate a transmission loss or gain by the second transmitter 
receiver. 
[0012] The transmission loss and gain measurement 
method may be an optical transmission loss and gain mea 
surement method. 
[0013] The step of measuring reception strength may 
include the step of measuring the average photocurrent or 



US 2009/0279897 A1 

photoelectric current that ?oWs through a light receiving ele 
ment for receiving the output poWer information. 
[0014] The output poWer information may be represented 
by a digital code. 
[0015] The digital code may be a binary code having a 
constant mark ratio. 
[0016] A string of bits indicating the head of the digital 
code may be added to the beginning of the digital code. 
[0017] A string of bits indicating that the digital code rep 
resents the output poWer information may be added to the 
digital code. 
[0018] A string of bits for detecting a code error may be 
added to the digital code. 
[0019] The output poWer information may include different 
types of information on output poWer, and at the step of 
calculating a transmission loss or gain, the transmission loss 
or gain may be calculated by statistically processing trans 
mission losses or gains calculated based on the different types 
of output poWer information, respectively. 
[0020] In accordance With the second aspect of the present 
invention, there is provided a transmitter-receiver performing 
the steps involved in the transmission loss and gain measure 
ment method described above. 
[0021] In accordance With the third aspect of the present 
invention, there is provided a transmitter-receiver connected 
via transmission media With at least one transmitter-receiver 
for transmitting and receiving data, comprising: a ?rst mea 
suring unit for measuring the transmission loss or gain of the 
transmission media; a resetting unit for changing the trans 
mission rate and/ or the output poWer according to a measure 
ment result obtained by the ?rst measuring unit; an informing 
unit for sending another transmitter-receiver information on 
its oWn output poWer; a second measuring unit for measuring 
reception strength or intensity on receipt of output poWer 
information from another transmitter-receiver; a reading unit 
for reading the output poWer information; and a third mea 
suring unit for measuring a transmission loss or gain based on 
the reception strength and the output poWer information. 
[0022] The transmission media may be optical transmis 
sion media through Which the light is transmitted. 
[0023] The transmitter-receiver may further comprise an 
output poWer controlling unit for controlling output poWer for 
transmitting the output poWer information so that the output 
poWer is not to exceed the maximum permissible input poWer 
of another transmitter-receiver at the receiving end. 
[0024] A code error rate theoretically or actually obtained 
from the transmission rate and the output poWer for transmit 
ting the output poWer information may be set to be equal to or 
loWer than a code error rate theoretically or actually obtained 
When a signal is transmitted or received at the loWest trans 
mission rate and With the highest output poWer selectable for 
data communication. 
[0025] The output poWer for transmitting the output poWer 
information may be expressed as folloWs: 

Where B0 and P0 are the transmission rate and the output 
poWer for transmitting the output poWer information, respec 
tively, and B1 and P1 are the loWest transmission rate and the 
highest output poWer selectable for data communication, 
respectively. 
[0026] The transmission rate for transmitting the output 
poWer information may be set to be equal to or loWer than the 
loWest transmission rate selectable for data communication. 
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[0027] The transmitter-receiver may send information on 
the transmission loss or gain of the transmission media to 
another transmitter-receiver at the receiving end after mea 
suring the transmission loss or gain. 
[0028] In accordance With the fourth aspect of the present 
invention, there is provided a transmitter-receiver, compris 
ing: a transmitter for transmitting signals to a transmission 
medium; an output poWer controller for controlling the output 
poWer of the transmitter; a receiver for receiving signals via a 
transmission medium; an input poWer measuring section for 
measuring the strength of input signals; a communication 
data processor for changing the rate of data transmission; and 
an information processor for deriving the loss or gain of a 
path, and outputting a signal to change the output poWer of the 
transmitter and/or the rate of data transmission according to 
the derived loss or gain of the path. 
[0029] The transmitter may include: a laser diode for radi 
ating laser beams; an optical modulator for modulating the 
laser beams; and an optical modulator driver for driving the 
optical modulator. 
[0030] The output poWer controller may include a direct 
current generator for controlling the value of electric current. 
[003 1] The transmitter and the output poWer controller may 
include: a direct modulation laser diode for outputting direct 
optical signals; a laser diode driver for driving the direct 
modulation laser diode; a bias point controller for controlling 
the bias point of the laser diode driver; and an amplitude 
modulation controller for controlling the amplitude modula 
tion of the laser diode driver. 
[0032] The receiver may include a light receiving element. 
[0033] The input poWer measuring section may include a 
direct current meter for measuring the average photocurrent 
or photoelectric current that ?oWs through the light receiving 
element. 
[0034] The communication data processor may further 
include a unit for detecting the code error of communicated 
frame data, and the data transmission rate may be changed 
according to the presence or absence of the code error of the 
frame data and the siZe of the code error. 
[0035] The communication data processor may further 
include: a clock generator for generating a clock signal to be 
a reference for the rate of signal processing; a divider for 
dividing the clock signal from the clock generator at a desig 
nated dividing rate; and a frame processor for detecting the 
code error of input frame data. 
[0036] The communication data processor may further 
include a unit for changing the dividing rate according to the 
presence or absence of the code error of the frame data and the 
siZe of the code error detected by the frame processor. 
[0037] The communication data processor may further 
include: a plurality of data input-output ports (I/O ports); a 
unit for multiplexing data in the data I/O ports to transmit the 
data; a unit for demultiplexing input data to output the data to 
the I/O ports; a unit for increasing or decreasing the number of 
multiplexing When data in the data I/O ports are multiplexed. 
[0038] When data in the data I/O ports are multiplexed, the 
number of multiplexing may be increased or decreased 
according to the presence or absence of the code error of the 
frame data and the siZe of the code error. 
[0039] In accordance With the ?fth aspect of the present 
invention, there is provided a transmitting-receiving system 
comprising transmission media and a plurality of transmitter 
receivers connected via the transmission media, Wherein the 
transmitter-receiver comprises: a transmitter for transmitting 
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signals and information on its own output power to one of the 
transmission media; an output power controller for control 
ling the output power of the transmitter; a receiver for receiv 
ing signals and information on output power via one of the 
transmission media; an input power measuring section for 
measuring the strength of input signals; a communication 
data processor for changing the rate of data transmission; and 
an information processor for deriving a path loss based on the 
output power information and the signal strength, and chang 
ing the output power of the transmitter and the rate of data 
transmission according to the derived path loss. 
[0040] As set forth hereinabove, in accordance with the 
present invention, to achieve the object mentioned above, a 
transmitter-receiver comprises: a transmitter for transmitting 
signals to a transmission medium; an output power controller 
for controlling the output power of the transmitter; a receiver 
for receiving signals via a transmission medium; an input 
power measuring section for measuring the power of input 
signals; a communication data processor for changing the rate 
of data transmission; and an information processor for deriv 
ing the loss or gain of a path, and selecting the output power 
of the transmitter and/ or the rate of data transmission accord 
ing to the derived loss or gain of the path. 
[0041] Further, a method of measuring the transmission 
loss and gain of transmission media for the transmitter-re 
ceiver of the present invention, which is applied to a trans 
mitting-receiving system comprising transmission media and 
a plurality of transmitter-receivers connected via the trans 
mission media, comprises the steps of: transmitting informa 
tion on the output power of a ?rst transmitter-receiver from 
the ?rst transmitter-receiver to a second transmitter-receiver; 
measuring reception strength or intensity by the second trans 
mitter-receiver when the second transmitter-receiver receives 
the output power information; reading the output power infor 
mation by the second transmitter-receiver; and comparing the 
reception strength with the output power information to cal 
culate a transmission loss or gain by the second transmitter 
receiver. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] The objects and features of the present invention 
will become more apparent from the consideration of the 
following detailed description taken in conjunction with the 
accompanying drawings in which: 
[0043] FIG. 1 is a diagram showing an example of conven 
tional optical transmitter-receivers that hold optical commu 
nication with each other; 
[0044] FIG. 2 is a diagram showing optical transmitter 
receivers that hold optical communication with each other 
according to the ?rst embodiment of the present invention; 
[0045] FIG. 3 is a block diagram showing the construction 
of the transmitter-receiver depicted in FIG. 2; 
[0046] FIG. 4 is a block diagram showing the construction 
of an optical transmitter and an optical output power control 
ler of the transmitter-receiver depicted in FIG. 2; 
[0047] FIG. 5 is a block diagram showing the construction 
of an optical receiver and an optical input power measuring 
section of the transmitter-receiver depicted in FIG. 2; 
[0048] FIG. 6 is a block diagram showing the construction 
of a communication data processor of the transmitter-receiver 
depicted in FIG. 2; 
[0049] FIG. 7 is a ?owchart showing the operation of the 
transmitter-receiver depicted in FIG. 2; 
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[0050] FIG. 8 is a ?owchart showing the operation of the 
transmitter-receiver depicted in FIG. 2; 
[0051] FIG. 9 is a table for explaining the operation of the 
transmitter-receiver depicted in FIG. 2; 
[0052] FIG. 10 is a diagram for explaining the operation of 
the transmitter-receiver depicted in FIG. 2; 
[0053] FIG. 11 is a chart for explaining the operation of the 
transmitter-receiver depicted in FIG. 2; 
[0054] FIG. 12 is a diagram for explaining the operation of 
the transmitter-receiver depicted in FIG. 2; 
[0055] FIG. 13 is a chart for explaining the operation of the 
transmitter-receiver depicted in FIG. 2; 
[0056] FIG. 14 is a block diagram showing the construction 
of an optical transmitter and an optical output power control 
ler of a transmitter-receiver according to the second embodi 
ment of the present invention; 
[0057] FIG. 15 is a diagram for explaining the operation of 
the transmitter-receiver according to the second embodiment 
of the present invention; 
[0058] FIG. 16 is a block diagram showing the construction 
of a transmitter-receiver according to the third embodiment of 
the present invention; and 
[0059] FIG. 17 is a block diagram showing the construction 
of a communication data time division multiplex (TDM) 
separator of the transmitter-receiver depicted in FIG. 16. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0060] Referring now to the drawings, a description of pre 
ferred embodiments of the present invention will be given in 
detail. 
[0061] In the following, the ?rst embodiment of the present 
invention will be described. FIG. 2 is a diagram showing 
optical transmitter-receivers, which hold optical communica 
tion with each other, according to the ?rst embodiment of the 
present invention. Referring to FIG. 2, optical transmitter 
receivers 1 and 2 are connected via optical ?bers 3 and 4 with 
each other. Electrical signals output from or input to the 
optical transmitter-receivers 1 and 2 are sent to or from other 
equipment such as telecommunication equipment and elec 
tronic information processing equipment (not shown). 
[0062] FIG. 3 is a block diagram showing the construction 
of the optical transmitter-receiver according to the ?rst 
embodiment of the present invention. The optical transmitter 
receivers 1 and 2 in FIG. 2 are of like construction and thus but 
one ofthem is shown in FIG. 3. As can be seen in FIG. 3, the 
optical transmitter-receiver comprises an information proces 
sor 5, a digital-analog (D/A) converter 6, an optical output 
power controller 7, an optical transmitter 8, a transmission 
selector 9, an optical receiver 10, an optical input power 
measuring section 11, an analog-digital (A/ D) converter 12, a 
waveform regenerator 13, a reception selector 14, and a com 
munication data processor 15. 
[0063] The optical transmitter 8 converts an electrical sig 
nal to an optical signal to output the optical signal. The optical 
output power controller 7 controls the optical output power of 
the optical transmitter 8. The optical receiver 10 converts an 
input optical signal to an electrical signal. The optical input 
power measuring section 11 measures the strength of input 
signals. The waveform regenerator 13 adjusts the waveform 
of an electrical signal output from the optical receiver 10 so 
that the signal can undergo digital signal processing. The 
communication data processor 15 processes communicated 
data. The information processor 5 processes various types of 
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information, Which Will be more fully described hereinafter. 
The D/A converter 6 converts an optical output poWer specify 
signal 18 being a digital signal output from the information 
processor 5 to an analog signal to feed the optical output 
poWer controller 7 With the analog signal. The A/D converter 
12 converts an optical input poWer signal 22 being an analog 
signal received from the optical input poWer measuring sec 
tion 11 to a digital signal to feed the information processor 5 
With the digital signal. The transmission selector 9 selects a 
signal from either the information processor 5 or the commu 
nication data processor 15 to send the signal to the optical 
transmitter 8. The reception selector 14 selects a signal from 
either the information processor 5 or the Waveform regenera 
tor 13 to send the signal to the communication data processor 
15. 

[0064] The communication data processor 15 can select 
and change the transmission rate according to a transmission 
rate control signal 24 from the information processor 5. In the 
?rst embodiment, the transmission rate can be selected from 
622 Mbps, 2.5 Gbps and 10 Gbps. 
[0065] FIG. 4 is a block diagram shoWing the construction 
of the optical transmitter 8 and the optical output poWer 
controller 7. As shoWn in FIG. 4, the optical transmitter 8 
includes a laser diode 27 for emitting continuous Wave (CW) 
light, an optical modulator 28 for sWitching ON or OFF the 
CW light according to an input electrical signal to thereby 
generate an optical signal, and an optical modulator driver 29 
for inputting the electrical signal to the optical modulator 28 
to drive the modulator 28. The signal sent from the transmis 
sion selector 9 is fed to the optical modulator driver 29. The 
optical output poWer controller 7 includes a direct current 
generator 30. The output from the direct current generator 30 
is fed to the laser diode 27. The direct current generator 30 is 
connected With the D/A converter 6, and receives an optical 
output poWer specify signal 19 that has been converted to an 
analog signal. Based on the optical output poWer specify 
signal 19, the direct current generator 30 controls the strength 
or intensity of direct current output to the laser diode 27, thus 
controlling the optical output poWer of the diode 27. The 
optical output poWer (average poWer) of the diode 27 can be 
set to —6 dBm, —3 dBm, 0 dBm or +3 dBm. 
[0066] FIG. 5 is a block diagram shoWing the construction 
of the optical receiver 10 and the optical input poWer measur 
ing section 11. Referring to FIG. 5, the optical receiver 10 
includes a pin photodiode 31 for converting an input optical 
signal to an electrical signal, a preampli?er 32 for amplifying 
the electrical signal from the pin photodiode 31, and a capaci 
tor 33 for dropping the voltage at an n electrode of the pin 
photodiode 3 1 to ground or earth potential in the same manner 
as an alternate current (AC) equivalent circuit. In this embodi 
ment, the maximum permissible input poWer of the pin pho 
todiode 31 is +1 dBm (average poWer). In other Words, if the 
average optical input poWer exceeds +1 dBm, the excessive 
input poWer Will damage the pin photodiode 31. The optical 
input poWer measuring section 11 includes a direct current 
meter 34. The direct current meter 34 is connected to the pin 
photodiode 31 in the optical receiver 10, and measures the 
direct current component of photocurrent or photoelectric 
current, that is, the average photocurrent that ?oWs through 
the pin photodiode 31. The direct current meter 34 sends the 
A/ D converter 12 a measured value as an analog signal. 

[0067] FIG. 6 is a block diagram shoWing the construction 
of the communication data processor 15. As shoWn in FIG. 6, 
the communication data processor 15 includes a buffer 35, a 
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frame processor 36, a coder-decoder (CODEC) 37, a clock 
generator 38, and a divider 39. 
[0068] The buffer 35 temporarily stores input data in a 
frame form (hereinafter referred to as frame data) in a buffer 
memory. The frame processor 36 detects the code error of 
input frame data. The CODEC 37 encodes frame data to a 
code suitable for optical transmission and reception, and also 
decodes a received data code to restore the code to its original 
form, frame data. The clock generator 38 generates a clock 
signal to be a reference for the signal processing rate. The 
divider 39 divides the clock signal from the clock generator 
38 at a designated dividing rate to produce a divided clock 
signal for each component part. The transmission rate of data 
is determined based on the divided clock signal. 
[0069] In the folloWing, a description Will be made of the 
operation of the optical transmitter-receiver according to the 
?rst embodiment of the present invention. The optical trans 
mitter-receivers 1 and 2 in FIG. 2 operate in the same manner 
and thus the operation of one of them Will be mainly 
described. 
[0070] FIGS. 7 and 8 are ?oWcharts shoWing the operation 
of the optical transmitter-receiver of the ?rst embodiment. 
First, the outlines of the entire operation Will be given. FIG. 7 
is a ?owchart shoWing procedural steps from the application 
of poWer to the start of data transmission and reception. Once 
poWer is applied to the optical transmitter-receiver (step S1), 
the optical transmitter-receiver determines the optimum opti 
cal output intensity and transmission rate for data communi 
cation, and starts transmitting and receiving data. Or, When 
having determined that data communication is impossible, 
the optical transmitter-receiver raises an alarm (steps S2 to 
S10). In the operation so far, codes that are communicated 
betWeen the optical transmitter-receivers are speci?c codes 
generated by the information processor 5 shoWn in FIG. 3, 
and a string of bits are added to each code to indicate the type 
of the code. Accordingly, the optical transmitter-receiver can 
distinguish the speci?c codes from ordinary data. 
[0071] Besides, after the optimum optical output intensity 
and transmission rate for data communication have been 
determined, the communication data processor 15 shoWn in 
FIG. 3 plays the leading role in the transmission and reception 
of data. FIG. 8 is a diagram shoWing procedural steps after the 
start of data transmission and reception to maintain commu 
nication by reducing the transmission rate in the case Where 
the communication data processor 15 detects a rise in code 
error rate caused by some reason. 

[0072] Next, individual steps S1 to S11 in FIG. 7 and steps 
S12 to S20 in FIG. 8 Will be more fully described. 
[0073] When poWer is applied to the optical transmitter 
receiver, the information processor 5 detects the application 
of poWer (step S1). Subsequently, optical output poWer (aver 
age poWer) is set to the initial value 0 dBM: P0:0 dBM (step 
S2). More speci?cally, the information processor 5 sends the 
optical output poWer controller 7 a signal that speci?es 0 dBM 
as the average optical output poWer via the D/A converter 6. 
[0074] In the folloWing, a description Will be made of 
effects achieved by setting the initial value of optical output 
poWer P0 to 0 dBM (P0:0 dBM) at step S2. As can be seen in 
FIG. 2, in accordance With the ?rst embodiment of the present 
invention, the optical transmitter-receivers 1 and 2 are con 
nected via optical ?bers 3 and 4 With each other. The optical 
transmitter-receivers 1 and 2 have not yet obtained informa 
tion as to the losses of the optical ?bers 3 and 4 betWeen them 
at the time the poWer is turned on. In this condition, if the 
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optical output power is set to, for example, +6 dBm, the 
optical poWer input to the optical receiver 10 exceeds the 
maximum permissible input poWer +1 dBm When the dis 
tance betWeen the optical transmitter-receivers 1 and 2 is 
short and the losses of the optical ?bers 3 and 4 are small. 
Thus, the excessive input poWer damages the pin photodiode 
31. On the other hand, if the optical output poWer is set to 0 
dBm as in this embodiment, the optical poWer input to the 
optical receiver 10 does not exceed the maximum permissible 
input poWer even When the losses of the optical ?bers 3 and 4 
are 0 (Zero). Thereby, it is possible to prevent the pin photo 
diode 31 from being damaged. 
[0075] The description has been given of the case Where the 
initial value of optical output poWer P0 is 0 dBM and the 
maximum permissible input poWer of the photodiode is +1 
dBm. HoWever, the values are cited merely by Way of 
example and Without limitation. In general, the same effects 
as described above can be achieved When the initial value of 
optical output poWer does not exceeds the maximum permis 
sible input poWer of the photodiode at the receiving end. 
[0076] After setting optical output poWer to the initial value 
(step S2), the optical transmitter-receiver sends an optical 
output poWer code, Which Will be described later, to the other 
optical transmitter-receiver at an average optical output 
poWer of 0 dBM and a transmission rate of 156 Mbps 
(B0:156 Mbps) (step S3). To be speci?c, as shoWn in FIG. 3, 
the optical transmitter 8 outputs the optical output poWer code 
16 generated by the information processor 5 as an optical 
signal under the control of the optical output poWer controller 
7 such that the average optical output poWer is to be 0 dBM. 
It is assumed that, at this point, the transmission selector 9 is 
in the state to select a signal from the information processor 5 
to send the signal to the optical transmitter 8 based on a select 
instruction 17 from the information processor 5. 

[0077] Incidentally, the optical output poWer code is a code 
for informing the other optical transmitter-receiver of a value 
to Which the average optical output poWer is currently set. 
FIG. 9 is a table shoWing four 4-bit codes corresponding to 
four values of the average optical output poWer, respectively. 
Of four bits, tWo bits represents “1” and the other tWo bits 
represents “0” in every 4-bit code. The appearance ratio of 
bits representing “1” of all the four bits, that is, the mark ratio 
is 0.5. 

[0078] FIG. 10 shoWs an example of the Waveform of 
respective codes B and C. The codes B and C are non-retum 
to Zero (NRZ) codes in Which instantaneous optical output 
poWer remains high during the “1” bit period. The average 
optical output poWer is the time-averaged poWer of instanta 
neous optical output poWer. In FIG. 10, the average optical 
output poWer for the code B is —3 dBm, While that for the code 
C is 0 dBm. In this embodiment, the average optical output 
poWer to send the optical output poWer code is set to 0 dBm, 
and therefore the code C is employed as the optical output 
poWer code. 

[0079] Although not shoWn in the draWings, the optical 
output poWer code includes, in addition to the 4-bit code 
corresponding to the average optical output poWer, a string of 
bits indicating the head of the code, a string of bits indicating 
that the code is the optical output poWer code, and a string of 
bits for detecting a code error. That is, the NRZ code is 
composed of the 4-bit code and all the strings of bits. Besides, 
considerations are taken so that the mark ratio is to be 0.5 With 
respect to the code as a Whole. 

Nov. 12, 2009 

[0080] In the folloWing, a description Will be made of 
effects achieved by transmitting the optical output poWer 
code at an average optical output poWer P0 of 0 dBM and a 
transmission rate B0 of 156 Mbps at step S3. It is generally 
knoWn that, in the case of receiving a digital optical signal, the 
minimum optical input poWer required to reduce the code 
error rate to a certain threshold or less (the minimum receiver 
sensitivity) becomes loWer as the transmission rate decreases. 
That is, the both are approximately in a proportionality rela 
tion. In other Words, When reception poWer is constant, the 
code error rate becomes loWer as the transmission rate 
decreases. FIG. 11 is a chart shoWing the relation betWeen the 
minimum receiver sensitivity and the transmission rate When 
the threshold of the code error rate is 10'”. In this case, 
B0:156 Mbps, and the minimum receiver sensitivity is —33 
dBm. Besides, P0:0 dBM. Consequently, if it is not possible 
to receive a code at the transmission rate B0 and the optical 
output poWer P0 With a code error rate equal to or less than the 
threshold, it means that the loss of the optical ?ber is 33 dB or 
more. 

[0081] It is noW proposed to consider Whether or not data 
can be transmitted and received When the loss of the optical 
?ber is 33 dB or more. In order to transmit and receive data 
When the loss of the optical ?ber is high, it is required to 
communicate the data With an optical output poWer as high as 
possible, and also at a transmission rate as loW as possible as 
is previously described. In the ?rst embodiment, the loWest 
transmission rate selectable for data communication is, as 
described hereinbefore, 622 Mbps. The minimum receiver 
sensitivity corresponding to the transmission rate, 622 Mbps, 
is —27 dBm as can be seen in FIG. 11. On the other hand, the 
highest optical output poWer selectable for data communica 
tion is +3 dBm. Therefore, in order to receive the data With a 
code error rate equal to or less than the threshold, the loss of 
the optical ?ber must be 30 dB or less (3—(—27):30). As is 
described above, since the loss of the optical ?ber is 33 dB or 
more, it can be determined that the data is not to be transmit 
ted and received With a code error rate equal to or less than the 
threshold. 
[0082] That is, the effects achieved at step S3 are that When 
the optical output poWer code cannot be read, it is possible to 
determine that data transmission and reception is also impos 
sible immediately at the point. Accordingly, procedures, such 
as requesting the other optical transmitter-receiver to increase 
the optical output poWer for transmitting the code, become 
unnecessary. Thus, the entire operation can be simpli?ed. 
[0083] Further, a description Will be presented of a condi 
tion for the aforementioned effects achieved at step S3. The 
effects achieved at step S3 are not What are obtained at the 
speci?c transmission rate and the output poWer cited above. 
In general, the same effects can be achieved if the folloWing 
condition is satis?ed: 

ElZEO (1) 

Where E1 denotes the rate of code error that occurs When data 
is transmitted or received at the loWest selectable transmis 
sion rate and With the highest selectable output poWer, and E0 
denotes the rate of code error that occurs When the optical 
output poWer code is transmitted or received. 
[0084] The reason Will be explained beloW. The fact that the 
optical output poWer code is not to be received With a code 
error rate equal to or less than the threshold is represented by 
the folloWing expression: 




















