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TEMPERATURE SELF-CORRECTION METHOD BY USING FITTING ATTENUATION DIFFERENCE IN
DISTRIBUTED OPTICAL FIBER RAMAN TEMPERATURE MEASURING SYSTEM

The invention relates to a temperature self-correction method by using a fitting attenuation difference in a
distributed optical fiber Raman temperature measuring system. In the invention, a Stokes light and anti-Stokes
light attenuation coefficient difference equation is obtained through a temperature demodulation principle; an
attenuation coefficient difference-temperature fitting curve equation is obtained through a fitting curve; a
temperature demodulation equation is obtained through the fitting curve equation and a ratio of light fluxes; after
demodulation, primary correction of a temperature is realized; then, a Rayleigh noise is solved by combining with a
relationship between Stokes light and anti-Stokes light signals and the Rayleigh noise; a corrected temperature
demodulation formula is further obtained; re-correction is realized after demodulation; and a goal of temperature
self-correction is achieved. Compared with a conventional method for eliminating the Rayleigh noise, the
temperature self-correction method has the advantages that a temperature correction amount is improved; the
precise measurement of the temperature is realized; an error problem caused by processing by regarding that
Stokes light and anti-Stokes light attenuation coefficients are approximately equal is solved; and the requirement
of precise detection of the temperature in a goaf and an adjacent old goaf of a coal mine is met.

Dit octrooi Is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en schriftelijke opinie. Het
octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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TEMPERATURE SELF-CORRECTION METHOD BY USING

FITTING ATTENUATION DIFFERENCE IN DISTRIBUTED
OPTICAL FIBER RAMAN TEMPERATURE MEASURING
SYSTEM

BACKGROUND
Technical Field

The invention relates to the technical field of an optical fiber sensing instrument, 1n
particular to a temperature self-correction method by using a fitting attenuation
difference 1n a distributed optical fiber Raman temperature measuring system.

Related Art

With the sustained and rapid development of economy, demands of our country on
energy sources are increasing. In order to ensure mining safety of a coal mine and to
prevent spontaneous combustion, temperatures in a goaf and an adjacent old goaf of the
coal mine must be detected. At present, a distributed optical tfiber Raman temperature
measuring system 1s used for coal mine spontaneous combustion temperature
monitoring. Stokes light and anti-Stokes light in Raman scattering light have different
sensitivity on the temperature, so that position and temperature information of each
point on an optical fiber 1s accurately measured by combining a ratio demodulation
method with an optical time domain reflection technology, and the detection on an
optical fiber temperature field 1s realized.

Inherent loss may be generated by different wavelengths of Stokes Raman
scattering light and anti-Stokes Raman scattering light 1in the optical fiber, and
additional loss may be generated by optical fiber bending, stress and environment
temperature change, so that the Stokes Raman scattering light and the anti-Stokes
Raman scattering light have different attenuation. During temperature demodulation, the
two are generally regarded as being approximately equal to be processed, or empirical
values are directly used, so that a demodulation result generates a great error. Therefore,
a novel method 1s needed tor solving a temperature error problem caused by attenuation

coefticients.
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SUMMARY

The 1invention 1s directed to provide a temperature self-correction method by using
a fitting attenuation difference 1n a distributed optical fiber Raman temperature
measuring system, has the advantage of replacing inherent loss and additional loss by
the fitting attenuation difference during temperature demodulation, and solves an error
problem caused by processing by regarding that the two attenuation coefficients are
approximately equal.

The temperature self-correction method by using the fitting attenuation difference
in the distributed optical fiber Raman temperature measuring system 1s provided. The
temperature correction method comprises the following steps that:

Step (1): a single-mode optical fiber with a total length being L 1s taken to be used
as a sensing optical fiber 6; an optical fiber section I 8 and an optical fiber section II 9
with the same length on the sensing optical fiber 6 are put into a thermostat 7, a distance
from a center point of the optical fiber section I 8 to a head end of the sensing optical
fiber 6 1s 1dentical to a distance from a center point of the optical fiber section II 9 to a
taill end of the sensing optical fiber 6, and other parts of the sensing optical tiber 6 are
put In a room temperature environment; a temperature control range of the thermostat 7
1s set; a temperature 1s sequentially increased from a mimimum value of the temperature
control range to a maximum value of the temperature control range according to the
same temperature interval; and corresponding output signal values after each time of
temperature change are measured by the distnbuted optical fiber Raman temperature
measuring system;

Step (2): according to a ratio of a Stokes light flux to an anti-Stokes light flux 1n the
optical fiber section I 8 and the optical fiber section II 9, a Stokes light and anti-Stokes
light attenuation coefficient difference equation 1s obtained; according to the output
signal values and the attenuation difference equation, a relationship diagram between an
attenuation difference and a temperature 1s obtained; and after fitting, an attenuation
difference-temperature fitting curve equation 1s obtained:;

Step (3): according to the ratio of the Stokes light flux to the anti-Stokes light flux
and the attenuation difference-temperature fitting curve equation, a temperature
demodulation equation introducing a fitting attenuation difference can be obtained, and

measured temperature values of the two optical fiber sections are obtained through the
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equation;

Step (4): located environments of the optical fiber section I 8 and the optical fiber
section II 9 are 1dentical, so that Rayleigh noise attenuation coefficient change caused
by environment change 1s avoided; after parameters of a pulse light source, a located
environment of a detector and a type of the optical fiber are determined, Rayleigh noise
in Stokes light and anti-Stokes light can be regarded as a constant value, so that a
relationship equation between the Stokes light flux and the Rayleigh noise, and a
relationship equation between the anti-Stokes light flux and the Rayleigh noise are
obtained;

Step (5): according to positions of the optical fiber section I 8 and the optical fiber
section II 9, three groups of data in the output signal values, and a demodulated
temperature value, through the temperature demodulation equation introducing the
fitting attenuation difference and the relationship equations between the light fluxes and
the Rayleigh noise, a Rayleigh noise value 1s obtained; and

Step (6): according to the temperature demodulation equation introducing the fitting
attenuation difference and the relationship equation between the light fluxes and the
Rayleigh noise, by combining with the Rayleigh noise value, a final temperature
demodulation equation 1ntroducing the fitting attenuation difference and further
eliminating the Rayleigh noise 1s obtained.

Preferably, the ratio of the Stokes light flux to the anti-Stokes light flux in the

optical fiber 1s:

«t( / | [ A .
VI E Ps(/) = (C exp hAV eXP (st - Has )

¢as([) \kBTJ)

in the Step (2), the Stokes light and anti-Stokes light attenuation coefficient

?

difference equation 1s:

o U)o
In (I(T1)) '

in the Step (2), the attenuation difference-temperature fitting curve equation 1s:

Aa:kT+b;and

in the Step (3), the temperature demodulation equation introducing the fitting

attenuation difference i1s:
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wherein ¢4 1s a Stokes light flux; ¢as 15 an anti-Stokes light tflux; /1s a distance of a
certain measuring point on the optical fiber; L 1s a total length of a temperature
measuring optical fiber; C 1s a constant including a detection efficiency of the detector,
a relative Raman gain and the like; Kg 1s a Boltzmann constant; h 1s a Planck constant;
Av 1s a Raman frequency shift; og 1s the Stokes light attenuation coetficient; ags 1s the
anti-Stokes light attenuation coefticient; T 1s the measured temperature value; and k and
b are multinomial coefficients of the fitting curve.

Preferably, 1n the Step (4), the relationship equation between the Stokes light flux

and the Rayleigh noise 1s:
¢sl'(] ) — ¢m (Z ) + ¢rst‘

and the relationship equation between the anti-Stokes light flux and the Rayleigh

Nno1se 18:
¢as(1) — @as(l) + Qsms ; and

1in the Step (6), the final temperature demodulation equation introducing the fitting

attenuation difference and further eliminating the Rayleigh noise 1s:

Y Y IR
Ti={ K5 g P =P [ pillo) = s IAat+loAqu] + 1!

[In| Zoned Bl f —
hAV \ ¢ds(l) — ¢ras ﬁls(l()) — ﬂas ), 770

wherein ¢ 1s the Rayleigh noise in the Stokes light, and ¢uws 15 the Rayleigh noise

2

in the anti-Stokes light.

Compared with the prior art, the temperature seltf-correction method has the
beneficial effects that:

in the mvention, the Stokes light and anti-Stokes light attenuation coefficient
difference equation is obtained through the temperature demodulation principle; the
attenuation coetticient difference-temperature fitting curve equation 1s obtained through
the fitting curve; the temperature demodulation equation 1s obtained through the fitting
curve equation and the ratio of the light fluxes; after demodulation, primary correction
of the temperature 1s realized; then, the Rayleigh noise 1s solved by combining with the

relationship between the Stokes light and anti-Stokes light signals and the Rayleigh
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noise; a corrected temperature demodulation formula 1s further obtained; and
re-correction 1s realized aftter demodulation. Compared with a conventional method for
eliminating the Rayleigh noise, the temperature self-correction method has the
advantages that a temperature correction amount 1s improved; the precise measurement
of the temperature 1s realized; an error problem caused by processing by regarding that
Stokes light and anti-Stokes light attenuation coetficients are approximately equal 1s
solved; and the requirement of precise detection of the temperature in a goaf and an

adjacent old goaf of a coal mine 1s met.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s flow diagram of a temperature self-correction method by using a fitting
attenuation difference 1n a distributed optical fiber Raman temperature measuring
System,;

FIG. 2 1s a device logical connection diagram of the temperature self-correction
method by using the fitting attenuation ditference 1n the distributed optical fiber Raman
temperature measuring system;

FIG. 3 1s an attenuation difference fitting curve diagram of the temperature
self-correctton method by using the fitting attenuation difference in the distributed
optical fiber Raman temperature measuring system; and

FIG. 4 1s a temperature correction diagram of the temperature self-correction
method by using the fitting attenuation ditference in the distributed optical fiber Raman
temperature measuring system.

In the drawings, each reference number represents following parts:

1. industrial control computer, 2. high-speed pulse light source, 3. 1*3 Raman
wavelength division multiplexer, 4. double-channel DTS special APD module, 5.
high-speed data acquisition card, 6. sensing optical fiber, 7. constant-temperature water

bath box, 8. optical fiber section I, and 9. optical fiber section II.

DETAILED DESCRIPTION
The following further explains and describes the i1nvention through specific
embodiments.

The invention provides a temperature self-correction method by using a fitting
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attenuation difference in a distributed optical fiber Raman temperature measuring
system. As shown in FIG.1-FIG .4, the temperature self-correction method by using the
fitting attenuation difference 1n the distributed optical fiber Raman temperature
measuring system 1s provided. The temperature correction method comprises the
following steps that:

Step (1): a single-mode optical fiber with a total length being L 1s taken to be used
as a sensing optical fiber 6; an optical fiber section I 8 and an optical fiber section II 9
with the same length on the sensing optical fiber 6 are put into a thermostat 7, a distance
from a center point of the optical fiber section I 8 to a head end of the sensing optical
fiber 6 1s 1dentical to a distance from a center point of the optical fiber section II 9 to a
taill end of the sensing optical fiber 6, and other parts of the sensing optical fiber 6 are
put in a room temperature environment, a temperature control range of the thermostat 7
1S set; a temperature 1s sequentially increased from a minimum value of the temperature
control range to a maximum value of the temperature control range according to the
same temperature interval; and corresponding output signal values after each time of
temperature change are measured by the distributed optical fiber Raman temperature
measuring system;

Step (2): according to a ratio of a Stokes light flux to an anti-Stokes light flux in the
optical fiber section I 8 and the optical fiber section II 9, a Stokes light and anti-Stokes
light attenuation coefficient difference equation 1s obtained; according to the output
signal values and the attenuation diftference equation, a relationship diagram between an
attenuation difference and a temperature 1s obtained; and after fitting, an attenuation
difference-temperature fitting curve equation 1s obtained;

Step (3): according to the ratio of the Stokes light flux to the anti-Stokes light flux
and the attenuation difference-temperature fitting curve equation, a temperature
demodulation equation introducing a fitting attenuation difference can be obtained, and
measured temperature values of the two optical fiber sections are obtained through the
equation;

Step (4): located environments of the optical fiber section I 8 and the optical fiber
section II 9 are 1dentical, so that Rayleigh noise attenuation coefficient change caused
by environment change 1s avoided; after parameters of a pulse light source, a located

environment of a detector and a type of the optical fiber are determined, Rayleigh noise
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in Stokes light and anti-Stokes light can be regarded as a constant value, so that a
relationship equation between the Stokes light flux and the Rayleigh noise, and a
relationship equation between the anti-Stokes light flux and the Rayleigh noise are
obtained;

Step (5): according to positions of the optical fiber section I 8 and the optical fiber
section II 9, three groups of data in the output signal values, and a demodulated
temperature value, through the temperature demodulation equation introducing the
fitting attenuation difference and the relationship equations between the light fluxes and
the Rayleigh noise, a Rayleigh noise value 1s obtained; and

Step (6): according to the temperature demodulation equation introducing the fitting
attenuation difference and the relationship equation between the light fluxes and the
Rayleigh noise, by combining with the Rayleigh noise value, a final temperature
demodulation equation introducing the fitting attenuation difference and further
eliminating the Rayleigh noise 1s obtained. The Stokes light and anti-Stokes light
attenuation coefficient difference equation 1s obtained through the temperature
demodulation principle; the attenuation coettficient diftference-temperature fitting curve
equation 1s obtained through the fitting curve; the temperature demodulation equation 1s
obtained through the fitting curve equation and the ratio of the light fluxes; after
demodulation, primary correction of the temperature 1s realized; then, the Rayleigh
noise 1s solved by combining with the relationship between the Stokes light and
anti-Stokes light signals and the Rayleigh noise; a corrected temperature demodulation
formula 1s further obtained; and re-correction 1s realized after demodulation, and the
goal of temperature self-correction 1s achieved. Compared with a conventional method
for eliminating the Rayleigh noise, the temperature self-correction method has the
advantages that a temperature correction amount 1s improved; the precise measurement
of the temperature 1s realized; an error problem caused by processing by regarding that
Stokes light and anti-Stokes light attenuation coefficients are approximately equal 1s
solved; and the requirement of precise detection of the temperature 1n a goat and an
adjacent old goat of a coal mine 1s met.

The ratio of the Stokes light flux to the anti-Stokes light tflux 1n the optical fiber 1s:

[(Th) = () = Cexp| e eXP (OLst-Clas)l
([)as(l) \ ksTh y,
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in the Step (2), the Stokes light and anti-Stokes light attenuation coefficient
difference equation 1s:

Ost — Olas = ln(I(T]““’)) (L —210)
In (/(7)) |

in the Step (2), the attenuation difference-temperature fitting curve equation is:
Aa = kT+b;a11d

in the Step (3), the temperature demodulation equation introducing the fitting

attenuation difference 1s:

17 :{kB [In ) IAoa+ loAaus |- : [
I77ANY [(]}0) 110

2

wherein ¢ 15 a Stokes light flux; ¢as1s an anti-Stokes light flux; / 1s a distance of a
certain measuring point on the optical fiber; L 1s a total length of a temperature
measuring optical fiber; C 1s a constant including a detection efficiency of the detector,
a relative Raman gain and the like; Kg1s a Boltzmann constant; h 1s a Planck constant;
Av 1s a Raman frequency shift; ag 1s the Stokes light attenuation coefficient; ousis the
anti-Stokes light attenuation coefficient; T 1s the measured temperature value; and k and
b are multinomial coefticients of the fitting curve;

in the Step (4), the relationship equation between the Stokes light flux and the

Rayleigh noise is:

¢Sl([) — ¢M' (l) - ¢rs!'

?

and the relationship equation between the anti-Stokes light flux and the Rayleigh

¢as(] ) — ¢Ias(l ) + ¢ras . an d

in the Step (6), the final temperature demodulation equation introducing the fitting

attenuation difference and further eliminating the Rayleigh noise 1s:

(AT PRSI '
1o R [ A= | plo)— s L

PR TP RO T P _IAau+ loAan] +
hAvV \ (bas(l ) — &as ¢ds(l O) — ¢ras y 17

wherein ¢ 18 the Rayleigh noise in the Stokes light, and ¢ms 15 the Rayleigh noise

?

1n the anti-Stokes light.
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In a use process, an industrial control computer controls a high-speed pulse light
source 2 through a serial port. Pulse light output by the high-speed pulse light source 2
1s 1njected 1nto the sensing optical fiber 6 through a wavelength division multiplexing
coupling wave filtering module. Through the optical fiber section I and the optical fiber
section II put into the thermostat 7, various weak backscattering light 1s generated 1n the
sensing optical fiber 6. After the separation by the wavelength division multiplexing
coupling wave filtering module of a 1x3 Raman wavelength division multiplexer 3,
temperature-sensitive anti-Stokes Raman scattering light and temperature-insensitive
Stokes Raman scattering light are obtained. A double-channel DTS special APD
module 4 converts two kinds of received weak scattering light signals into electric
signals and amplifies the electric signals. When sending out the pulse light, the
high-speed pulse light source 2 triggers a high-speed data acquisition card 5. The
high-speed data acquisition card 5 starts to collect signals output by the double-channel
DTS special APD module 4, and then transmits the two paths of collected electric
signals to the industrial control computer 1 tor temperature demodulation operation.

Based on the above, according to the embodiment of the invention, the Stokes light
and anti-Stokes light attenuation coeftficient difference equation 1s obtained through the
temperature demodulation principle; the attenuation coefficient difference-temperature
fitting curve equation 1s obtained through the fitting curve;, the temperature
demodulation equation 1s obtained through the fitting curve equation and the ratio of the
light fluxes; after demodulation, the primary correction of the temperature 1s realized;
then, the Rayleigh noise 1s solved by combining with the relationship between the
Stokes light and anti-Stokes light signals and the Rayleigh noise; the corrected
temperature demodulation formula 1s further obtained; and re-correction 1s realized after
demodulation. Compared with the conventional method for eliminating the Rayleigh
noise, the temperature self-correction method has the advantages that the temperature
correction amount 18 improved; the precise measurement of the temperature 1s realized;
the error problem caused by processing by regarding that the Stokes light and
ant1-Stokes light attenuation coefficients are approximately equal 1s solved; the
requirement of precise detection of the temperature in the goat and the adjacent old goaf
of the coal mine 1s met; and the error problem caused by processing by regarding that

the two attenuation coetticients are approximately equal 1s solved.
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The above scheme 1s subjected to feasibility verification by combining with
concrete experument data hereafter, and detail descriptions are shown as follows:

According to a venification experiment of the invention, the optical fiber section I
and the optical fiber section II, respectively having distances being 25 m from the head
end and the tail end, on the temperature measuring optical fiber 6 with the total length
being 170 m are used and are put into the thermostat 7; the thermostat 1s used for
controlling the temperature to be sequentially raised to obtain the output signal values;
the attenuation coetficient difference 1s obtained through demodulation; and after fitting,
the attenuation difference-temperature fitting curve equation 1s obtained:

Ao(T)=7.8508107T-1.3532x10".

The temperature obtained through demodulation by using the temperature
demodulation tformula introducing the fitting attenuation difference 1s shown as a curve
b in FIG. 4. A curve a 1s a temperature curve obtained through demodulation by
processing by regarding that the attenuation differences are approximately equal. The
solved Rayleigh noise ¢ 15 62.5517, and the solved Rayleigh noise ¢ 15 28.7723. A
final temperature curve obtained through demodulation after fitting attenuation
difference introduction and further Rayleigh noise elimination 1s shown as a curve d in
the FIG. 4. A curve ¢ 1s a temperature curve obtained through demodulation after
Rayleigh noise elimination and after the processing by regarding that the attenuation
diftferences are approximately equal.

As shown 1n the FIG. 4, we can see that compared with a condition of not
introducing the fitting attenuation difference, the condition of introducing the fitting
attenuation difference realizes the obvious temperature rise; and compared with a
condition of eliminating the Rayleigh noise without fitting attenuation difference
introduction, the condition of eliminating Rayleigh noise after fitting attenuation
difference introduction realizes the temperature more similar to a real value, and the
measured temperature 1s corrected. The feasibility of the method 1s verified.

It 1s apparent to a person skilled in the art that the invention 1s not limited to details
in the foregoing exemplary embodiments, and the invention can be implemented 1n
another specific form without departing from the spirit or basic features of the invention.
Therefore, the embodiments should be considered to be exemplary 1n all respects and

not limitative. The scope of the invention 1s not defined by the foregoing description but
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by the appended claims. The invention 1s intended to include all the variations that are
equivalent 1n significance and scope to the claims. No reference numerals 1n the claims
should be considered as limitations to the related claims.

In addition, 1t should be understood that, although this specification 1s described
according to each implementation, each implementation may not include only one
independent technical solution. The description manner of this specification 1s merely
for clarity. This specification should be considered as a whole by a person skilled 1n the
art, and the technical solution 1n each embodiment may also be properly combined, to

form other implementations that can be understood by the person skilled 1n the art.
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CONCLUSIES

1. Een temperatuur-zelfcorrectiemethode voor het aanpassen van het
dempingsverschil via een Raman-temperatuurmeetsysteem met gedistribueerde optische
vezel, met als kenmerk dat de temperatuurcorrectiemethode de volgende stappen omvat:

Stap 1: Neem een single-mode vezel met een totale lengte van L als de waarnemende
vezel. Plaats het vezelsegment I en het vezelsegment II, van dezelfde lengte, op de
waarnemende vezel 1n een thermostaat, waarbi) de afstand tussen het middelpunt van het
vezelsegment I en het voorste uiteinde van de waarnemende vezel en de afstand tussen
het middelpunt van het vezelsegment II en het uiteinde van de waarnemende vezel geljjk
ziin en de andere delen van de waarnemende vezel worden op kamertemperatuur
geplaatst. Stel vervolgens het temperatuurregelbereik van de thermostaat 1n en verhoog
de mmmimumwaarde van het temperatuurregelbereik tot de maximale waarde by hetzeltde
temperatuurinterval en meet de overeenkomstige waarde van het uitgangssignaal na elke
temperatuurverandering door het Raman-temperatuurmeetsysteem met gedistribueerde
optische vezel;

Stap 2: Verknjg de dempingcoéttficiéntverschilvergelijking van het Stokes-licht en
het anti-Stokes-licht volgens de lichtstroomverhouding van het Stokes-licht en het anti-
Stokes-licht 1n vezelsegment I en vezelsegment II en verkryyg de relatie tussen het
dempingsverschil en de temperatuur volgens de waarde van het uitgangssignaal en de
dempingsverschilvergelyjking en verkryjg de gepaste curververgelyjking van het
dempingsverschil met betrekking tot de temperatuur na het aanpassen;

Stap 3: Volgens de gepaste curververgelijking van de lichtstroomverhouding van het
Stokes-licht en het anti-Stokes-licht en het dempingsverschil, met betrekking tot
temperatuur, kan een temperatuurdemodulatievergelijking worden verkregen door een
passend dempingsverschil in te voeren en kan de temperatuurwaarde gemeten door twee
vezelsegmenten worden verkregen door deze vergelijking;

Stap 4: Het vezelsegment I en het vezelsegment II bevinden zich in dezeltde
omgeving, wat de verandering van de verzwakkingscoéfficiént van Rayleigh-ruis
veroorzaakt door veranderingen in de omgeving vermijdt en, nadat de parameters van de
pulslichtbron, de omgeving waarin de detector zich bevindt en het type optische vezel
zljn bepaald, kan de Rayleigh-ruis in het Stokes-licht en het anti-Stokes-licht worden
beschouwd als een vaste waarde, zodat de relatievergelyking tussen de Stokes-

lichtstroom en anti-Stokes-lichtstroom en Rayleigh-ruis wordt verkregen;
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Stap 5: Volgens de posities van vezelsegment I en vezelsegment II, dne
gegevensreeksen 1n de uitgangssignaalwaarde en de gedemoduleerde temperatuurwaarde,
door een temperatuurdemodulatievergelijjking te introduceren die past b1} het
dempingsverschil en de relationele vergelijking tussen de lichtstroom en de Rayleigh-
ruis, kan de Rayleigh-ruiswaarde worden verkregen;

Stap 6: Volgens de temperatuurdemodulatievergelijking, die het gepaste
dempingsverschil introduceert en de relationele vergelijking tussen de lichtstroom en de
Rayleigh-ruis, gecombineerd met de Rayleigh-ruiswaarde, kan de uiteindelijke
temperatuurdemodulatievergelyking die het gepaste dempingsverschil introduceert en
verder Rayleigh-ruis elimineert worden verkregen en door deze demodulatievergelijking
kan de temperatuur-zelfcorrectie worden voltooid.

2. Een temperatuur-zelfcorrectiemethode voor het aanpassen van het
dempingsverschil via een Raman-temperatuurmeetsysteem met gedistribueerde optische
vezel volgens conclusie 1, met als kenmerk dat de lichtstroomverhouding van het Stokes-

licht en het anti-Stokes-licht in vezelsegment I en vezelsegment II de volgende 1s:

4 \
[(17) = P(!) = (C exp hAv exp (st - Oas)!

tas([) ksl

en de dempingcoétticiéntverschilvergelyjking van het Stokes-licht en het anti-

2

Stokes-licht in stap 2 de volgende 1s:

st — las = s /(L — 2/0)

en de gepaste curververgelyking van het dempingsverschil met betrekking tot de

temperatuur 1n stap 2 de volgende 1s:
Aad=kT+b

en de temperatuurdemodulatievergelijking door een passend dempingsverschil 1n te

voeren 1n stap 3 de volgende 1s:

1T1=14 s [In I Aot + loA o] : [
aA\v  I(Tw) T

>

waarb1) ¢s de Stokes-lichtstroom 1s, ¢as de anti-Stokes-lichtstroom 1s, /1 de atstand
1s van een meetpunt op de vezel, L de totale lengte van de temperatuurmeetvezel 1s en C
een constante 1s, inclusief de detectie-etficiéntie en relatieve Raman-versterking van de

detector, Kg de Boltzmann-constante 1s, h de Planck-constante 1S, Av de Raman-
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frequentieverschuiving 1s, og de verzwakkingscoéfficiént van Stokes licht 1s, aas de
verzwakkingscoéfficiént van anti-Stokes licht 1s, T de gemeten temperatuurwaarde 1s en
k en b polynoomcoéfticiénten zijn van de gepaste curve.

3. Een temperatuur-zelfcorrectiemethode voor het aanpassen van het
dempingsverschil via een Raman-temperatuurmeetsysteem met gedistribueerde optische

vezel volgens conclusie 1, met als kenmerk dat de relatievergelijking tussen de Stokes-

lichtstroom en de anti-Stokes-lichtstroom en Rayleigh-ruis in stap 4 de volgende 1s:

b(]) = Gt (1) + G

b

) = (1) + s

en de uiteindelyjke temperatuurdemodulatievergeliyjking die het gepaste
dempingsverschil introduceert en verder Rayleigh-ruis elimineert 1n stap 6 de volgende

1S

' 4 _ I N A )
= L [In &t([) -------- Pt [Pl =t | Ao+ loAaus |+ : |
hAv \ @s(! ) — ¢ras ¢as([ 0) — ¢ras y 116

waarb1) ¢r de Rayleigh-ruis in het Stokes-licht 1s en ¢r;s de Rayleigh-ruis 1in het anti-

>

Stokes-licht 1s.



According to a ratio of a Stokes light flux to an anti-Stokes light flux 1n two optical
fiber sections, obtain a Stokes light and anti-Stokes light attenuation coefficient
difference equation

Through output signal values and an attenuation difference equation, obtain a
relationship diagram between an attenuation difference and a temperature, and after
fitting, obtain an attenuation difference-temperature fitting curve equation

Solve a temperature demodulation equation introducing a fitting attenuation difference,
obtain measured temperature values of two optical fiber sections through the
temperature demodulation equation, and obtain a Rayleigh noise value according to
positions of the two optical fiber sections, three groups of output signal values, and a
demodulated temperature value through the temperature demodulation equation and a
relationship equation between the light fluxes and the Rayleigh noise

Obtain a final temperature demodulation equation introducing the fitting attenuation
difference and further Rayleigh noise elimination, and realize temperature self-
correction by using the temperature demodulation equation

FIG. 1

FIG. 2
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Onderdeel | Basis van de Schriftelijke Opinie

1. Deze schriftelike opinie is opgesteld op basis van de meest recente conclusies ingediend voor aanvang van het
onderzoek.

2. Met betrekking tot nucleotide en/of aminozuur sequenties die genoemd worden Iin de aanvraag en relevant
Zijn voor de uitvinding zoals beschreven in de conclusies, Is dit onderzoek gedaan op basis van:

a. type materiaal:

LI seguentie opsomming

[1 tabel met betrekking tot de sequentie lijst

b. vorm van het materiaal:

LI op papier

| in elektronische vorm

c. moment van indiening/aanlevering:

[1 opgenomen in de aanvraag zoals ingediend

[l samen met de aanvraag elektronisch ingediend

[1 later aangeleverd voor het onderzoek

3. L In geval er meer dan één versie of kopie van een sequentie opsomming of tabel met betrekking op een
seguentie Is ingediend of aangeleverd, zijn de benodigde verklaringen ingediend dat de informatie in de
latere of additionele kopieen identiek is aan de aanvraag zoals ingediend of niet meer informatie bevatten
dan de aanvraag zoals oorspronkelijk werd ingediend.

4. Qverige opmerkingen:
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Onderdeel V  Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en industriele
toepasbaarheid

1. Verklaring
Nieuwheid Ja: Conclusies 1-3
Nee: Conclusies
Inventiviteit Ja: Conclusies 1-3
Nee: Conclusies
Industriéle toepasbaarheid Ja: Conclusies 1-3

Nee: Conclusies

2. Citaties en toelichting:

Zie aparte bladzijde

Onderdeel VIl Overige opmerkingen

De volgende opmerkingen met betrekking tot de duidelijkheid van de conclusies, beschrijving, en figuren, of met
betrekking tot de vraag of de conclusies nawerkbaar zijn, worden gemaakt:

Zie aparte bladzijde
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Re ltem Vil
Certain observations on the application (Clarity)
1 Claim 1 is not clear.

1.1 Step 1 in the method of claim 1 refers to the output signal ("het
uitgangssignaal”). This features lacks a proper antecedent; it is not clear what
the output signal is and where and how It Is measured.

1.2 The formulation in steps 3-6 Is such that it is not clear wether the steps are
actually performed. Step 3, e.g., reads: "Volgens de gepaste curvevergelijking
[...] kKan een temperatuurdemodulatievergelijking worden verkregen”. In the
Inventive step analysis it is assumed that the intention of step 3 Is such as to
define that the temperature demodulation equation is (and not merely can be)
obtained. The same applies to all definitions in steps 3-6.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Documents
2 Reference is made to the following documents:
D1 CN 109 580 033 A (UNIV CHINA THREE GORGES) 5 april 2019
D2 NICK VAN DE GIESEN ET AL: "Double-Ended Calibration of Fiber-
Optic Raman Spectra Distributed Temperature Sensing Data",
SENSORS, deel 12, nr. 12, 27 april 2012, pp. 5471-5485
D3 US 8 496 376 B2 ( SENSORTRAN INC) 30 juli 2013

Inventive Step

3 The present application meets the criteria of patentability, because the subject-
matter of claims 1-3 involves an inventive step.

3.1 Document D1 is regarded as being the prior art closest to the subject-matter of
claim 1, and discloses:

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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Een temperatuur-zeltcorrectiemethode voor het aanpassen van het
dempingsverschil via een Raman-temperatuurmeetsysteem met
gedistribueerde optische vezel, met als kenmerk dat de
temperatuurcorrectiemethode de volgende stappen omvat:

Stap 1: Neem een single-mode vezel met een totale lengte van L als de
waarnemende vezel (see fig.2). Plaats het vezelsegment | (point 1 in fig.2) en
het vezelsegment Il (point 2 In fig.2), van dezeltde lengte, op de waarnemende
vezel In een thermostaat, waarbi] de afstand tussen het middelpunt van het
vezelsegment | en het voorste uiteinde van de waarnemende vezel en de
afstand tussen het middelpunt van het vezelsegment |l en het uiteinde van de
waarnemende vezel gelijk zijn (this follows from the setup of fig.2) en de andere
delen van de waarnemende vezel worden op kamertemperatuur geplaatst. Stel
vervolgens het temperatuurregelbereik van de thermostaat in en verhoog de
minimumwaarde van het temperatuurregelbereik tot de maximale waarde bi
hetzeltde temperatuurinterval en meet de overeenkomstige waarde van het
uitgangssignaal na elke temperatuurverandering door het Raman-
temperatuurmeetsysteem met gedistribueerde optische vezel (par.[88]);

The subject-matter of claim 1 therefore ditfers from the method of D1 in that
steps 2-6 are carried out and is therefore new.

3.2 As In the invention, document D1 is concerned with correcting fiber-optic
Raman-based distributed temperature measurements for the difference in
attenuation coefficient a between the Stokes (ag) and the anti-Stokes (0 4)

back-scattering signals. In D1, this correction is based on a reference position
Lo where a corresponding reference temperature T, is measured. Because of

the back-folded constitution of the fiber it is possible to have two reference
points at the same temperature. This way a value for Aa (= o - 0,5) IS obtained,

where It iIs assumed that the two attenuation coefficients (and hence their
difference Aa) Is constant over the length of the fiber. The determined value for
Aa 1s used In the temperature demodulation equation. The thermostat at
different consecutive temperatures in D1 (par.[88]) is used for testing the
accuracy/eftectiveness of the correction; the actual correction is based on a
single reference temperature value.

According to the invention, a function is estimated of Aavs T and it is this
function that is used for obtaining the temperature demodulation equation.

The problem solved can therefore be regarded as providing an alternative
manner of correcting for the ditference in attenuation coetficient between the
Stokes light and the anti Stokes light (due to their difference in wavelengths).

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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3.3 The solution to this problem proposed in claim 1 of the present application is
considered as involving an inventive step for the following reasons:

There is nothing in D1 that points the skilled person in the direction of obtaining
a Aa vs T equation. The solution can further not be found in the further prior art
documents D2 and D3, which both describe other solutions to deal with the
problem of attenuation coefficient difference.

3.4 Claims 2 and 3 are dependent on claim 1 and as such also meet the
requirements of novelty and inventive step.

Form NL237-3 (separate sheet) (July 2006) (sheet 3)
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