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(57) ABSTRACT

Provided is a system for measuring gas temperature and
component concentrations in a combustion field based on
optical comb. The system includes two pulse laser devices,
two continuous laser devices, a beam splitting device, a
measurement path, an interference signal detecting device,
an optical processing and electrical processing device and a
signal acquisition and analysis device. The measurement
path refers to the combustion field to be measured. The
interference signal detecting device outputs an interference
signal. The optical processing and electrical processing
device includes several optic elements and electrical ele-
ments, and outputs an adaptive compensation signal and an
asynchronous sampling clock signal after a series of pro-
cessing on output of the two pulse laser devices and two
continuous laser devices. The signal acquisition and analysis
device outputs the measurement result based on the adaptive
compensation signal, the asynchronous sampling clock sig-
nal and a stable interference signal.

11 Claims, 4 Drawing Sheets
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1
SYSTEM FOR MEASURING GAS
TEMPERATURE AND COMPONENT
CONCENTRATIONS IN COMBUSTION
FIELD BASED ON OPTICAL COMB

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation Serial No. 202010098143.6, filed on Feb. 18, 2020,
the entire disclosure of which is incorporated by reference
herein.

FIELD

The present disclosure relates to a non-contact optical
measurement technology field, and more particularly to a
system for measuring gas temperature and component con-
centrations in a combustion field based on optical comb.

BACKGROUND

In recent years, parameter measurement of a combustion
field has always been an important research topic, which can
directly provide an important basis for the study of com-
bustion mechanism, combustion efficiency and emission
reduction of environmental pollutants. Therefore, the accu-
rate analysis of the state of the combustion field is of vital
importance to industrial production and scientific research.

The temperature and component concentrations of com-
bustion gas are the most important parameters to understand
the combustion state, and they are key indexes to charac-
terize the combustion intensity and heat release efficiency.
At present, traditional contact temperature measurement
technologies have disadvantages of slow reaction speed,
interference to combustion flow field, short service life of
equipment and so on. Moreover, these devices cannot last
long in hot and complex combustion environments.

Laser-based combustion diagnosis technology, as a real-
time and non-contact measurement method, can realize
rapid and non-interference measurement of combustion
parameters. At present, Tunable Diode Laser Absorption
Spectroscopy (TDLAS) is the most commonly used among
many Laser-based combustion diagnosis techniques.
TDLAS system has advantages of compact structure, fast
response speed and strong environmental adaptability,
which can accurately reflect the combustion temperature and
component concentrations in the combustion process in real
time. However, the output wavelength of the existing tun-
able diode laser has a certain tuning range, but the wave-
length scanning range is very narrow, usually only a few
wave numbers, which limits the selection of absorption
component and the determination of target absorption line,
and cannot meet the simultaneous online measurement of
combustion gas temperature and concentrations of various
components. Therefore, how to provide a method or system
that can simultaneously measure the gas temperature and the
concentrations of various components in the combustion
field online has become the inevitable demand for high
precision and rapid diagnosis in the combustion field.

SUMMARY

Embodiments of the present disclosure provide a system
for measuring gas temperature and component concentra-
tions in a combustion field based on optical comb. The
system includes a first pulse laser device, a second pulse

15

20

30

40

45

55

60

2

laser device, a first continuous laser device, a second con-
tinuous laser device, a beam splitting device, a coupler, a
photodetector, an optical processing and electrical process-
ing device, a mixer, and a signal acquisition and analysis
device.

The first pulse laser device includes a first output port and
a second output port, and is configured to output a first pulse
laser beam via the first output port and the second output
port respectively.

The second pulse laser device includes a third output port
and a fourth output port, and is configured to output a second
pulse laser beam via the third output port and the fourth
output port respectively. A waveband of each of the first
pulse laser beam and the second pulse laser beam covers an
absorption line range of components in gas to be measured.

The first continuous laser device is configured to generate
a first laser output. The second continuous laser device is
configured to generate a second laser output.

The coupler is coupled to the third output port and an
output of the combustion field, and is configured to generate
an optical beat signal by processing the second pulse laser
beam and the third pulse laser beam.

The photodetector is configured to convert the optical beat
signal to an electric signal.

The optical processing and electrical processing device is
coupled to the second output port, the fourth output port, the
first continuous laser, and the second continuous laser
respectively, and configured to generate an adaptive com-
pensation signal and an asynchronous sampling clock signal
by performing optical processing and electrical processing
on the first laser output, the second laser output, the first
pulse laser beam, and the second pulse laser beam.

The mixer is configured to receive the electric signal and
the adaptive compensation signal, and to generate a mixed
signal based on the electric signal and the adaptive com-
pensation signal.

The signal acquisition and analysis device is configured to
collect the mixed signal by using the asynchronous sampling
clock signal as a trigger clock to obtain a stable time domain
interference signal, and to obtain the gas temperature and the
component concentrations through processing based on the
time domain interference signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram illustrating a system for
measuring gas temperature and component concentrations in
a combustion field based on optical comb according to an
embodiment of the present disclosure.

FIG. 2 is a schematic diagram of an optical processing and
electrical processing device according to an embodiment of
the present disclosure.

FIG. 3 is a schematic diagram illustrating a fast Fourier
transform process of a time domain interference signal
according to an embodiment of the present disclosure.

FIG. 4 is a schematic diagram of a further processing of
a RF spectral signal according to an embodiment of the
present disclosure.

FIG. 5 is a schematic diagram of a system for measuring
gas temperature and component concentrations in a com-
bustion field based on optical comb according to a first
embodiment.

FIG. 6 is a schematic diagram of a system for measuring
gas temperature and component concentrations in a com-
bustion field based on optical comb according to a second
embodiment.
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3
EMBODIMENTS OF THE PRESENT
DISCLOSURE

The present disclosure will be further described in detail
below with reference to the accompanying drawings and
embodiments. Same or similar reference numbers through-
out the specification indicate same or similar elements or
element having same or similar functions. It should be
understood that the specific embodiments described herein
are only used to explain the present disclosure, and should
not be understood as limitation to the present disclosure.

Referring to FIG. 1, the system for measuring gas tem-
perature and component concentrations in a combustion
field based on optical comb according to the present disclo-
sure includes a laser source device, a beam splitting device,
an interference signal detecting device, an optical processing
and electrical processing device, a mixer and a signal
acquisition and analysis device.

The laser source device includes two pulse laser devices
and two continuous laser devices. A first pulse laser device
includes a first output port and a second output port, and is
configured to output a first pulse laser beam via the first
output port and the second output port respectively. A second
pulse laser device includes a third output port and a fourth
output port, and is configured to output a second pulse laser
beam via the third output port and the fourth output port
respectively. A waveband of each of the first pulse laser
beam and the second pulse laser beam covers an absorption
line range of components in gas to be measured. A first
continuous laser device is configured to generate a first laser
output. A second continuous laser device is configured to
generate a second laser output.

A center wavelength of an output spectrum of each of the
first pulse laser device and the second pulse laser device is
1550 nm, a center wavelength of an output spectrum of the
first continuous laser device is 1550 nm, and a center
wavelength of an output spectrum of the second continuous
laser device is 1564 nm.

The beam splitting device is coupled to the first output
port and configured to split the first pulse laser beam into
multiple laser pulses of different wavebands. The multiple
laser pulses of different wavebands are to be absorbed by the
components in the combustion field whose absorption spec-
trums are corresponding to the wavebands of the multiple
laser pulses, to generate a third pulse laser beam.

The interference signal detecting device realizes the
coherent detecting of two pulse laser beams to output an
interference signal. The interference signal detecting device
includes a coupler and a photodetector. The coupler is
coupled to the third output port and an output of the
combustion field, and configured to generate an optical beat
signal by processing the second pulse laser beam and the
third pulse laser beam. The photodetector is configured to
convert the optical beat signal to an electric signal.

The optical processing and electrical processing device is
coupled to the second output port, the fourth output port, the
first continuous laser device, and the second continuous
laser device respectively, and configured to generate an
adaptive compensation signal and an asynchronous sam-
pling clock signal by performing optical processing and
electrical processing on the first laser output, the second
laser output, the first pulse laser beam, and the second pulse
laser beam.

Before the first pulse laser beam and the second pulse
laser beam enter into the optical processing and electrical
processing device, an output spectrum of the first pulse laser
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device and an output spectrum of the second pulse laser
device are broadened to an extra wide spectrum coverage of
1-1.7 pm.

The mixer is configured to receive the electric signal and
the adaptive compensation signal, and to generate a mixed
signal based on the electric signal and the adaptive com-
pensation signal.

The interference signal outputted by the interference
signal detecting device is mixed with the adaptive compen-
sation signal, to eliminate relative carrier envelope phase
offset jitter.

The signal acquisition and analysis device is configured to
collect the mixed signal by using the asynchronous sampling
clock signal as a trigger clock to obtain a stable time domain
interference signal, and to obtain the gas temperature and the
component concentrations through processing based on the
time domain interference signal. The mixed signal is further
processed by the signal acquisition and analysis device to
eliminate relative repetition frequency jitter.

Since the spectrum coverage of the laser source device is
relatively wider, hundreds of absorption lines may be real-
ized through a single scanning, and absorption spectra
information is rich. Therefore, one or more target absorption
lines may be selected according to the selection principle,
and finally according to the principle of double or multiple
line temperature measurement, the temperature measure-
ment result is obtained, which greatly improves the accuracy
of measurement result.

In detail, the signal acquisition and analysis device
includes a data acquisition card and a computer. The data
acquisition card is configured to obtain the stable interfer-
ence signal. The computer is configured to: perform fast
Fourier transform on the time domain interference signal to
obtain an absorption spectral signal of a component to be
measured; perform baseline fitting, background subtraction
and peak integral processing on the absorption spectral
signal to obtain an integral absorbance of an absorption line;
obtain the gas temperature based on a ratio of intensities of
two absorption lines of a same component; and obtain the
component concentration of the component through an
inversion method based on the integral absorbance of any
absorption line.

Beer-Lambert’s Law states that, after passing through the
area of the gas to be measured, the laser with the frequency
of v is absorbed by the gas to be measured, the integral
absorbance of the gas may be represented as:

A:fAV(v)dv:f—ln(ll—o)dv:P-X-S(T)-L,

where, A is an absorbance of the gas, I is laser intensity
before passing through the combustion field, I, is laser
intensity after passing through the combustion field, P is a
pressure of the gas, X is a mole fraction of the component,
T is the gas temperature, L is a transmission length of the
first pulse laser beam in the combustion field, and S(T) is the
intensity of the absorption line at the temperature T.

S(T) is only related with the temperature, and may be
calculated as follows:

o)
[EE

Ty O(T,
S(T) = S(T, )70 QQ((Z?)) exp

th”(l 1)
- e | B
K\T 1,
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where, T, is a reference temperature, Q(T) represents a
partition function of a target component, h is a Planck
constant, k is a Boltzmann constant, c is a laser speed, E" is
a low-state energy level value, and v, is a center frequency
of the absorption line.

In the double line temperature measurement, two absorp-
tion lines of a same target component are determined, the
partition function is get rid of the ratio of intensities of two
absorption lines to obtain the ratio as:

g _ S 5Ty

4y 7 S T $2(To)

he af 1 1
eo|- T -85 - )|

where, A, and A, are the integral absorbances correspond-
ing to the two absorption lines respectively, E," and E," are
the low-state energy level values corresponding to the two
absorption lines respectively, S;(T) and S,(T) are the inten-
sities of the two absorption lines at the temperature T
respectively, and S,(Tg) and S,(T,) are the intensities of the
two absorption lines at the reference temperature T, respec-
tively.

Thus, the gas temperature may be determined as:

he(BY — EY)

k
A S2(To)  hc(EY —EY)’
In—+In—=+———7

Az SiTy) K To

Based on the above equations, the temperature of the
combustion field may be measured by calculating the ratio
R of the integral absorbances of the two absorption lines.
After calculating the temperature T, the mol fraction X of the
component may be calculated by selecting one spectral line:

4
X=—.
P.S(D). L

Referring to FIG. 2, the optical processing and electrical
processing device may include a first optic splitter, a second
optic splitter, a third optic splitter, a fourth optic splitter, a
first optic coupler, a second optic coupler, a third optic
coupler, a fourth optic coupler, a first optic filter, a second
optic filter, a third optic filter, a fourth optic filter, a first
photodetector, a second photodetector, a third photodetector,
a fourth photodetector, a first electrical filter, a second
electrical filter, a third electrical filter, a fourth electrical
filter, a fifth electrical filter, a sixth electrical filter, a seventh
electrical filter, an eighth electrical filter, a ninth electrical
filter, a first electrical frequency shifter, a second electrical
frequency shifter, a third electrical frequency shifter, a first
electrical mixer, a second electrical mixer, a third electrical
mixer, a fourth electrical mixer, a first electrical power
divider, a second electrical power divider, and an electrical
frequency multiplier.

The first pulse laser beam and the second pulse laser beam
are split by the first optic splitter and the second optic splitter
respectively to generate multiple pulse laser. Spectral filter-
ing is performed on the multiple pulse laser respectively by
the first optic filter, the second optic filter, the third optic
filter, and the fourth optic filter. The first laser output is split
by the third optic splitter to generate two laser beams, and
the second laser output is split by the fourth optic splitter to
generate two laser beams. One laser beam outputted by the
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third optic splitter and an output laser of the first optic filter
are input into the first optic coupler for processing to output
a first optical beat signal, and the other laser beam outputted
by the third optic splitter and an output laser of the third
optic filter are input into the second optic coupler for
processing to output a second optical beat signal. One laser
beam outputted by the fourth optic splitter and an output
laser of the second optic filter are input into the third optic
coupler for processing to output a third optical beat signal,
and the other laser beam outputted by the fourth optic splitter
and an output laser of the fourth optic filter are input into the
fourth optic coupler for processing to output a fourth optical
beat signal. The first optical beat signal, the second optical
beat signal, the third optical beat signal, and the fourth
optical beat signal are converted by the first photodetector,
the second photodetector, the third photodetector and the
fourth photodetector respectively to generate a first electrical
signal, a second electrical signal, a third electrical signal and
a fourth electrical signal. The first electrical signal, the
second electrical signal, the third electrical signal and the
fourth electrical signal are filtered respectively by the first
electrical filter, the second electrical filter, the third electrical
filter and the fourth electrical filter. An output signal of the
first electrical filter is inputted into the first electrical fre-
quency shifter for frequency shift, and an output signal of
the first electrical frequency shifter is inputted into the first
electrical mixer together with an output signal of the second
electrical filter for frequency mixing. An output signal of the
third electrical filter is inputted into the second electrical
frequency shifter for frequency shift, and an output signal of
the second electrical frequency shifter is inputted into the
second electrical mixer together with an output signal of the
fourth electrical filter for frequency mixing. An output signal
of the first electrical mixer and an output signal of the second
electrical mixer are filtered by the fifth electrical filter and
the sixth electrical filter respectively, and then inputted into
the first electrical power divider and the second electrical
power divider. A signal inputted into the first electrical
power divider is divided into two signals, in which one
signal is inputted into the third electrical mixer, and the other
signal is inputted into the fourth electrical mixer. A signal
inputted into the second electrical power divider is divided
into two signals, in which one signal is inputted into the third
electrical mixer, and the other signal is inputted into the
fourth electrical mixer. An output signal of the third elec-
trical mixer is filtered by the seventh electrical filter, and
then inputted into the third electrical frequency shifter for
frequency shift, and then inputted into the electrical fre-
quency multiplier. An output signal of the electrical fre-
quency multiplier is filtered by the eighth electrical filter to
generate the asynchronous sampling clock signal, and an
output signal of the fourth electrical mixer is filtered by the
ninth electrical filter to generate the adaptive compensation
signal.

In an embodiment, the components in the gas to be
measured include one or more of H,O, CO,, and CO.

In the following, two example embodiments are illus-
trated to further explain the system of the present disclosure.

Embodiment 1

Referring to FIG. 5, in combustion field analysis, param-
eter measurement of a certain target component can be
satisfied, and parameters of different target components
(corresponding to different bands, such as H,O, CO,, CO,
etc.) can be measured simultaneously through cascading
optical filters of different bands.
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The system includes a laser source device, an optical
filtering device, a measurement path, an interference signal
detecting device, an optical processing and electrical pro-
cessing device, and a signal acquisition and analysis device.
The optical filtering device mainly includes optical filters
(dichroic mirrors) and reflectors, which split the pulse laser
beam into multiple laser pulses of different bands A, A, A5.
The measurement path mainly includes the combustion field
to be measured. With respect to further details, reference
may be made to above description and FIGS. 3-4.

Referring to FIG. 3, the left figure represents the time-
domain interference signal detected and collected, where the
abscissa is time t and the ordinate is signal strength V. The
figure on the right represents the RF spectral signal obtained
after Fourier transform processing of the time-domain inter-
ference signal. The abscissa represents RF, and the ordinate
represents signal strength [. After baseline fitting, back-
ground subtraction, peak integration and other processing on
the absorption spectral signal, the integral absorbance of
absorption line is obtained. See FIG. 4 for the specific
process. The left figure represents the baseline fitting process
of the RF spectral signal, where the abscissa is RF and the
ordinate is signal strength I. The figure on the right shows
the process of background subtraction and peak integration
of the RF spectral signal, where the abscissa represents RF,
and the ordinate represents absorbance A. Finally, the com-
bustion field temperature and inversion of the component
concentration is realized according to the principle of
double-line or multi-line temperature measurement, and the
measurement results of corresponding parameters are output
through the computer display.

Embodiment 2

Referring to FIG. 6, in this embodiment, the two-dimen-
sional flow field reconstruction in the combustion field to be
measured may be realized through cascading optic splitters.

The difference between Embodiment 1 and Embodiment
2 is that, the laser beam output from the right port of the first
pulse laser device is inputted into the optical splitting device,
in which the optical splitting device consists of an optical
splitter. The optical splitter performs equal power splitting
on the single laser beam to form a multi-path simultaneous
measurement system. For other details, reference may also
be made to above description.

Although explanatory embodiments have been shown and
described, it would be understood that above embodiments
are exemplary, and shall not be understood as limitation to
the present disclosure, and it would be appreciated by those
skilled in the art that changes, alternatives, and modifica-
tions may be made in the embodiments within the scope of
the disclosure.

What is claimed is:

1. A system for measuring gas temperature and compo-
nent concentrations in a combustion field based on optical
comb, comprising:

afirst pulse laser device, comprising a first output port and
a second output port, and configured to output a first
pulse laser beam via the first output port and the second
output port respectively, wherein a waveband of the
first pulse laser beam covers an absorption line range of
components in gas to be measured;

a second pulse laser device, comprising a third output port
and a fourth output port, and configured to output a
second pulse laser beam via the third output port and
the fourth output port respectively, wherein a waveband
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of the second pulse laser beam covers the absorption
line range of components in gas to be measured;

a first continuous laser device, configured to generate a
first laser output;

a second continuous laser device, configured to generate
a second laser output;

a beam splitting device, coupled to the first output port
and configured to split the first pulse laser beam into
multiple laser pulses of different wavebands, wherein
the multiple laser pulses of different wavebands are to
be absorbed by the components in the combustion field
whose absorption spectrums are corresponding to the
wavebands of the multiple laser pulses, to generate a
third pulse laser beam;

a coupler, coupled to the third output port and an output
of the combustion field, and configured to generate an
optical beat signal by processing the second pulse laser
beam and the third pulse laser beam;

a photodetector, configured to convert the optical beat
signal to an electric signal;

an optical processing and electrical processing device,
coupled to the second output port, the fourth output
port, the first continuous laser device, and the second
continuous laser device respectively, and configured to
generate an adaptive compensation signal and an asyn-
chronous sampling clock signal by performing optical
processing and electrical processing on the first laser
output, the second laser output, the first pulse laser
beam, and the second pulse laser beam;

a mixer, configured to receive the electric signal and the
adaptive compensation signal, and to generate a mixed
signal based on the electric signal and the adaptive
compensation signal; and

a signal acquisition and analysis device, configured to
collect the mixed signal by using the asynchronous
sampling clock signal as a trigger clock to obtain a
stable time domain interference signal, and to obtain
the gas temperature and the component concentrations
through processing based on the time domain interfer-
ence signal.

2. The system of claim 1, wherein the signal acquisition

and analysis device comprises:
a data acquisition card, configured to collect the mixed
signal by using the asynchronous sampling clock signal
as the trigger clock to obtain the stable time domain
interference signal; and
a computer, configured to:
perform fast Fourier transform on the time domain
interference signal to obtain an absorption spectral
signal of a component to be measured;

perform baseline fitting, background subtraction and
peak integral processing on the absorption spectral
signal to obtain an integral absorbance of an absorp-
tion line;

obtain the gas temperature based on a ratio of intensi-
ties of two absorption lines of a same component;
and

obtain the component concentration of the component
through an inversion method based on the integral
absorbance of any absorption line.

3. The system of claim 2, wherein the computer is

configured to obtain the integral absorbance according to a
formula of:

A=

fAv(v)dv:f—ln(%")dv:P-X-S(T)-L
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where, v is a frequency of the first pulse laser beam, A, is
an absorbance of the gas, I is laser intensity before
passing through the combustion field, I, is laser inten-
sity after passing through the combustion field, P is a
pressure of the gas, X is a mole fraction of the com-
ponent, T is the gas temperature, L is a transmission
length of the first pulse laser beam in the combustion
field, and S(T) is the intensity of the absorption line at
the temperature T.

4. The system of claim 3, wherein the computer is

configured to calculate S(T) according to a formula of:

[l )
(5

where, T, is a reference temperature, Q(T) represents a
partition function of a target component, h is a Planck
constant, k is a Boltzmann constant, c is a laser speed,
E" is a low-state energy level value, and v, is a center
frequency of the absorption line.

5. The system of claim 4, wherein the computer is

configured to obtain the ratio of intensities of two absorption
lines of a same component according to a formula of:

T T heE” (1 1
so=s 2 ol (L

_A 5@ ST

T A (I T ST

he a1 1
xes[- & 507 - 7|

where, A, and A, are the integral absorbances correspond-
ing to the two absorption lines respectively, E," and E,"
are the low-state energy level values corresponding to
the two absorption lines respectively, S,(T) and S,(T)
are the intensities of the two absorption lines at the
temperature T respectively, and S,(Ty) and S,(T) are
the intensities of the two absorption lines at the refer-
ence temperature T, respectively.
6. The system of claim 5, wherein the computer is
configured to obtain the gas temperature according to a
formula of:

he(EY - EY)
r= k .
lnﬂ N lnSz(To) N he (BY — EY)
Az SiTo) & To

7. The system of claim 6, wherein the computer is
configured to obtain the component concentration of the
component according to a formula of:

e 4
T PSI. L

8. The system of claim 1, wherein the components in the
gas to be measured comprise one or more of H,O, CO,, and
CO.

9. The system of claim 1, wherein the optical processing
and electrical processing device comprises a first optic
splitter, a second optic splitter, a third optic splitter, a fourth
optic splitter, a first optic coupler, a second optic coupler, a
third optic coupler, a fourth optic coupler, a first optic filter,
a second optic filter, a third optic filter, a fourth optic filter,
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a first photodetector, a second photodetector, a third photo-
detector, a fourth photodetector, a first electrical filter, a
second electrical filter, a third electrical filter, a fourth
electrical filter, a fifth electrical filter, a sixth electrical filter,
a seventh electrical filter, an eighth electrical filter, a ninth
electrical filter, a first electrical frequency shifter, a second
electrical frequency shifter, a third electrical frequency
shifter, a first electrical mixer, a second electrical mixer, a
third electrical mixer, a fourth electrical mixer, a first elec-
trical power divider, a second electrical power divider, and
an electrical frequency multiplier, wherein,
the first pulse laser beam and the second pulse laser beam
are split by the first optic splitter and the second optic
splitter respectively to generate multiple pulse laser;
spectral filtering is performed on the multiple pulse laser
respectively by the first optic filter, the second optic
filter, the third optic filter, and the fourth optic filter;
the first laser output is split by the third optic splitter to
generate two laser beams, and the second laser output
is split by the fourth optic splitter to generate two laser
beams;
one laser beam outputted by the third optic splitter and an
output laser of the first optic filter are input into the first
optic coupler for processing to output a first optical beat
signal;
the other laser beam outputted by the third optic splitter
and an output laser of the third optic filter are input into
the second optic coupler for processing to output a
second optical beat signal;
one laser beam outputted by the fourth optic splitter and
an output laser of the second optic filter are input into
the third optic coupler for processing to output a third
optical beat signal;
the other laser beam outputted by the fourth optic splitter
and an output laser of the fourth optic filter are input
into the fourth optic coupler for processing to output a
fourth optical beat signal;
the first optical beat signal, the second optical beat signal,
the third optical beat signal, and the fourth optical beat
signal are converted by the first photodetector, the
second photodetector, the third photodetector and the
fourth photodetector respectively to generate a first
electrical signal, a second electrical signal, a third
electrical signal and a fourth electrical signal;
the first electrical signal, the second electrical signal, the
third electrical signal and the fourth electrical signal are
filtered respectively by the first electrical filter, the
second electrical filter, the third electrical filter and the
fourth electrical filter;
an output signal of the first electrical filter is inputted into
the first electrical frequency shifter for frequency shift,
and an output signal of the first electrical frequency
shifter is inputted into the first electrical mixer together
with an output signal of the second electrical filter for
frequency mixing;
an output signal of the third electrical filter is inputted into
the second electrical frequency shifter for frequency
shift, and an output signal of the second electrical
frequency shifter is inputted into the second electrical
mixer together with an output signal of the fourth
electrical filter for frequency mixing;
an output signal of the first electrical mixer and an output
signal of the second electrical mixer are filtered by the
fifth electrical filter and the sixth electrical filter respec-
tively, and then inputted into the first electrical power
divider and the second electrical power divider;
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a signal inputted into the first electrical power divider is
divided into two signals, in which one signal is inputted
into the third electrical mixer, and the other signal is
inputted into the fourth electrical mixer;

a signal inputted into the second electrical power divider 5
is divided into two signals, in which one signal is
inputted into the third electrical mixer, and the other
signal is inputted into the fourth electrical mixer;

an output signal of the third electrical mixer is filtered by
the seventh electrical filter, and then inputted into the 10
third electrical frequency shifter for frequency shitt,
and then inputted into the electrical frequency multi-
plier;

an output signal of the electrical frequency multiplier is
filtered by the eighth electrical filter to generate the 15
asynchronous sampling clock signal; and

an output signal of the fourth electrical mixer is filtered by
the ninth electrical filter to generate the adaptive com-
pensation signal.

10. The system of claim 1, wherein an output spectrum of 20
the first pulse laser device and an output spectrum of the
second pulse laser device are broadened to an extra wide
spectrum coverage of 1-1.7 um.

11. The system of claim 1, wherein a center wavelength
of an output spectrum of each of the first pulse laser device 25
and the second pulse laser device is 1550 nm, a center
wavelength of an output spectrum of the first continuous
laser device is 1550 nm, and a center wavelength of an
output spectrum of the second continuous laser device is
1564 nm. 30



