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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an exhaust gas
temperature analysis apparatus, analysis method, and
analysis program.

2. Description of the Related Art

[0002] A conventional apparatus passes a laser beam
through an exhaust gas and determines the concentra-
tion and temperature of specific gas components from
the transmittance of the specific component (refer to, for
example, Japanese Patent Application Publication No.
2004-117259 (JP-A-2004=117259)).
[0003] In particular, JP-A-2004-117259 describes
processing units, such as a personal computer mounted
within an automobile that analyze the concentration of
gas components contained in, and the temperature of,
the engine exhaust gas.
[0004] In the technology described in JP-A-
2004-117259, the signal strength ratio I/Io of the intensity
Io of light of a reference laser beam with the intensity I of
transmitted light of a measurement laser beam is meas-
ured. When calculating the concentration of a gas com-
ponent based on this signal strength ratio, it is necessary
to determine the absorbance of the gas component. In
calculating the gas component concentration based on
the signal strength ratio, therefore, it is first necessary to
analyze the temperature of the gas component.
[0005] In conventional temperature analysis of a gas
component, for example as shown in FIG. 8, the meas-
ured spectrum M of H2O is measured, and a theoretical
spectrum R1, which is the closest to the measured spec-
trum M is determined, that is, fitting is performed to de-
termine the temperature. The theoretical spectrum R1 is
a spectrum that is uniquely determined by the tempera-
ture. For example, at a temperature T I the theoretical
spectrum is R1, and at a temperature T2 the theoretical
spectrum is R2.
[0006] In the conventional method of fitting, from the
theoretical spectra R1, R2, and so on, the absorption
amount of various theoretical spectra is integrated to cal-
culate and determine the theoretical spectrum that is
closest to the measured spectrum M, and, in some cases,
a determination is made using a calculation by taking into
consideration the level of coincidence of the peak wave-
lengths.
[0007] With regard to the calculation, if it is desired to
determine the temperature to the nearest degree Kelvin
within the range of 1000K (Kelvin), for example, it is nec-
essary to perform fitting among 1000 different spectra to
determine the one that is closest to the measured spec-
trum M.
[0008] The time required to perform these calculations

presents an obstacle to performing the gas component
analysis quickly and accurately, and there is a need to
reduce the calculation time. Also, when performing cal-
culations with a high resolution using conventional tech-
nology, for example, in the case of determining the tem-
perature in units of 0.1K, because the number of theo-
retical spectra for fitting increases even more, it becomes
an even more serious problem to reduce the calculation
time.
[0009] Other prior art related to the determination of
temperature of exhaust gas, related to the creation of an
absorption coefficient database, and related to temper-
ature determination by spectral analysis are disclosed in
DE102005036525 B3, DE19832837 A1, and
US6244743 B1

SUMMARY OF THE INVENTION

[0010] The present invention provides an approach for
reducing the calculation time for calculating a tempera-
ture by fitting a measured spectrum to a theoretical spec-
trum
[0011] A first aspect of the present invention relates to
a method for analyzing the temperature of the exhaust
gas. The method fits a measured spectrum of a measured
gas to theoretical spectra predefined for a series of tem-
peratures and pressures wherein the temperature of the
measured gas is defined as that of the theoretical spec-
trum that most closely fits the measured spectrum, and
calculates an approximate temperature at least one time
by fitting the measured spectrum to a portion of theoret-
ical spectra defined in association with a first temperature
range using a temperature calculated in an immediately
preceding temperature analysis as a reference, and de-
termining a calculated temperature by fitting the meas-
ured spectrum to all the theoretical spectra over a second
temperature range that is narrower than the first temper-
ature range, using the approximate temperature as a ref-
erence.
[0012] According to the first aspect of the present in-
vention, if there is a difference between a pressure of the
theoretical spectra referred to in the fitting and a pressure
of the measured gas, the method may perform a discrete-
calculation correction on the calculated temperature with
respect to the pressure difference to calculate a corrected
temperature.
[0013] In the first aspect, the temperature calculated
in the immediately preceding temperature analysis may
be one of an approximate temperature determined in an
immediately preceding temperature analysis, a calculat-
ed temperature determined in an immediately preceding
temperature analysis, or a corrected temperature deter-
mined in an immediately preceding temperature analy-
sis.
[0014] A second aspect of the present invention is an
exhaust gas temperature analysis apparatus that fits the
measured spectrum of the measured gas to all theoretical
spectra defined for a series of temperatures and pres-
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sures, wherein the temperature of the measured gas is
defined as that of the theoretical spectrum that most
closely fits the measured spectrum. The apparatus of the
second aspect includes: a first fitting device that at least
one time fits the measured spectrum to a portion of the
theoretical spectra defined in association with a first tem-
perature range having a temperature determined in an
immediately preceding time as a reference; and a second
fitting device that fits the measured spectrum to all the-
oretical spectra defined in association with a second tem-
perature range that is narrower than the first temperature
range to determine a calculated temperature.
[0015] The second aspect of the present invention may
further include a discrete-calculation correction device
that performs a discrete-calculation correction on the cal-
culated temperature with respect to the pressure differ-
ence to determine the corrected temperature when there
is a pressure difference between the pressure in a the-
oretical spectrum referenced in the fitting and the meas-
ured pressure.
[0016] In the second aspect of the present invention,
the temperature determined in the immediately preced-
ing temperature analysis may be one of an approximate
temperature determined in the immediately preceding
temperature analysis, a calculated temperature deter-
mined in the immediately preceding temperature analy-
sis, or a corrected temperature determined in the imme-
diately preceding temperature analysis.
[0017] A third aspect of the present invention is an ex-
haust gas temperature analysis program that may be ex-
ecuted by a computer to fit a measured spectrum of a
measured gas to theoretical spectra that are pre-defined
for a series of temperatures and pressures, wherein the
temperature of the measured gas is defined as that of
the theoretical spectrum that most closely fits the meas-
ured spectrums. The program has instructions for calcu-
lating an approximate temperature at least once by fitting
the measured spectrum to a portion of the theoretical
spectra defined in association with a first temperature
range using a temperature determined in the immediately
preceding temperature analysis as a reference, and de-
termining a calculated temperature by fitting the meas-
ured spectrum to all the theoretical spectra defined in
association with a second temperature range that is nar-
rower than the first temperature range, using the approx-
imate temperature as a reference.
[0018] A program of the third aspect may include in-
structions for performing a discrete-calculation correction
on the calculated temperature with respect to a pressure
difference when there is a difference between the pres-
sure in a theoretical spectrum referenced in the fitting
and the measured pressure of the measured gas to de-
termine a corrected temperature.
[0019] In the program of the third aspect, the temper-
ature determined in the immediately preceding temper-
ature analysis may be one of an approximate tempera-
ture determined in an immediately preceding tempera-
ture analysis, a calculated temperature determined in an

immediately preceding temperature analysis, or a cor-
rected temperature determined in an immediately pre-
ceding temperature analysis.
[0020] According to the first, second, and third aspects
of the present invention, it is possible to reduce the
number of times to fit the measured spectrum to the the-
oretical spectra and to more quickly perform gas compo-
nent analysis by reducing the calculation time, that is, by
enabling real-time temperature analysis. Also, by ena-
bling the collection of a large amount of data, it is possible
to perform analysis with higher accuracy.
[0021] According to the above-described aspects of
the present invention, by performing discrete-calculation
correction, it is possible to eliminate the influence of pres-
sure difference. Thus, data may be obtained with higher
reliability.
[0022] According to the above-described aspects of
the present invention, when it is desired to obtain infor-
mation regarding the approximate temperature in a short
period of time (approximate temperature) and when it is
desired to obtain information regarding the temperature
with relative good accuracy in a short period of time (cal-
culated temperature), and when there is a reserve of
processing capacity available and it is desired to reliably
perform analysis with high accuracy (corrected temper-
ature), the temperature that is used in the subsequent
temperature analysis may be selected in accordance with
the particular situation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The forgoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements, and wherein:

FIG 1 is a drawing showing an overview of an em-
bodiment of an analysis apparatus;
FIG. 2 is a drawing showing the configuration of a
laser light transmitting/receiving controller;
FIG. 3 is a drawing showing the flow of calculation
of the temperature of a measured gas;
FIG. 4 is a drawing showing the contents of a theo-
retical spectrum database;
FIG. 5 is a drawing showing a low-level view of the
concept of the number of fittings (matchings);
FIG. 6 is a drawing showing the concept of transition
from the first temperature range to the second tem-
perature range;
FIG. 7 is a drawing showing an example of discrete-
calculation correction; and
FIG. 8 is a drawing showing the relationship between
a measured spectrum and a theoretical spectrum.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0024] An example embodiment of the present inven-
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tion is described with respect to the drawings. FIG. 1
shows an overview of an analyzer 1 utilized in an em-
bodiment of the present invention. The analyzer 1 that
irradiates an exhaust gas with an infrared laser beam 10,
and includes an annular sensor base 6 interposed be-
tween an exhaust pipe 5A of an engine 3 mounted on an
engine bench 2 and an exhaust pipe 5B connected to an
exhaust manifold 4a of an engine 4 mounted on board a
vehicle, and a light-transmitting optical fiber 7 and a light-
receiving optical fiber 8 that are provided on the sensor
base 6.
[0025] As shown in FIG. 1, the sensor base 6 may be,
for example, interposed between the flange portions of
exhaust pipes 5a, 5b. The sensor base 6 has a through
hole 6a that has substantially the same inner diameter
as the exhaust pipe 5A (5B). To pass the exhaust gas
smoothly, the surface of the through-hole 6a is a reflect-
ing surface 6b for introducing an infrared laser beam 10
from the light-transmitting optical fiber 7 into the light-
receiving optical fiber 8. The sensor base 6 is provided
with a pressure sensor 9 to detect the pressure of the
exhaust gas passing through the through-hole 6a.
[0026] As shown in FIG. 1, the light-transmitting optical
fiber 7 and the light-receiving optical fiber 8 are connected
to a laser light transmitting/receiving controller 30. The
laser light transmitting/receiving controller 30, is shown
in FIG. 2, and serves as a multiple-wavelength infrared
laser that supplies signals at a plurality of frequencies
from a signal generator 31, such as a function generator,
to each of a plurality of laser diodes LD1 1 to LD5. The
signals of the plurality of frequencies output from the sig-
nal generator 31 are supplied to the laser diodes LD 1 to
LD5, which emit infrared laser light of wavelengths cor-
responding to the frequencies. The wavelength of the
infrared laser used is, for example, in the range of ap-
proximately from 1300 to 1700 nm.
[0027] The wavelength of the infrared laser passed
through the exhaust gas in the sensor base 6 is set in
accordance with the exhaust gas component to be de-
tected. Thus, to carbon monoxide (CO), carbon dioxide
(CO2), ammonia (NH3), methane (CH4), and water
(H2O), infrared lasers of five different wavelengths are
used. For example, 1530 nm is a suitable wavelength for
detecting ammonia, 1560 nm is a suitable wavelength
for detecting carbon monoxide, 1570 nm is a suitable
wavelength for detecting carbon dioxide, 1680 nm is a
suitable wavelength for detecting methane, and 1350 nm
is a suitable wavelength for detecting water. Additionally,
in order to detect other exhaust gas components, infrared
lasers of additional wavelengths may need to be used.
The number of laser diodes required corresponds to the
number of exhaust gas components to be analyzed.
[0028] The infrared light emitted from the laser diodes
LD1 to LD5 passes through the optical fibers 32 and is
input to the light splitters 33, which divide the light into
the measurement laser I and the reference laser Io. The
measurement laser I passes through the optical fiber 34A
and the light mixer 35, and then through the light-trans-

mitting fiber 7 that guides the light to the sensor base 6.
Measurement laser I is sequentially emitted from the light
mixer 35 at prescribed intervals. The number of the laser
diodes LD1 to LD5 provided corresponds to the number
of gas components to be analyzed. For example, in the
case of analyzing five gas components, five laser diodes
would be provided, and in the case of analyzing ten gas
components, ten laser diodes would be provided. The
reference laser Io passes through the optical fiber 34B
and is guided to the light mixer 36.
[0029] Laser light that is sequentially emitted from the
light-transmitting optical fiber 7 and attenuated through
the exhaust gas passes through the light-receiving opti-
cal fiber 8 provided in the sensor base 6 and is received
by the photodiode PD1. The output of the photodiode
PD1 is amplified, for example, by a pre-amplifier (not
shown), passes through an A/D converter, and is input
to the processing unit 20. The reference laser Io that is
input to the light mixer 36 passes through an optical fiber
39 and is directly received by the photodiode PD2, the
output of the photodiode PD2 being input to the process-
ing unit 20.
[0030] The processing unit 20 synchronizes the se-
quentially emitted measurement laser I and the reference
laser Io to correspond to the laser diodes LD1 to LD5,
that is, to correspond to the gas components to be ana-
lyzed, the absorption spectrum (measured spectrum) of
each gas component being measured, and the signal
strength ratio (I/Io) between the intensity of the reference
laser Io and the intensity of the transmitted measurement
laser I also being measured. The processing unit 20 also
fits the measured spectrum to theoretical spectra.
[0031] By doing the above, the signal strength ratio of
each gas component is calculated, and the temperature
of the exhaust gas at the time of the calculation is calcu-
lated so as to calculate the concentration of each gas
component. This embodiment is directed to the calcula-
tion of the temperature of the exhaust gas, as such the
description regarding the calculation of the concentration
being omitted.
[0032] Next, the calculation of the temperature of the
exhaust gas will be described. The exhaust gas temper-
ature calculation may be performed separately for each
gas component contained in the exhaust gas. For exam-
ple, the temperature of a gas component such as H2O,
which has an absorption spectrum with a prominent peak,
is calculated and may be used as a representative tem-
perature of the exhaust gas as a whole, thereby obtaining
temperature values having high reliability.
[0033] In this embodiment, as shown in FIG. 3 to FIG.
7, the exhaust gas temperature analysis method used is
that of fitting the measured spectrum to theoretical spec-
tra for each temperature TA to TB and each pressure P1,
P2 and so on, and setting a temperature defined in as-
sociation with a theoretical spectrum selected by the fit-
ting as the temperature of the exhaust gas. The above-
noted fitting has step (S1 and S2) of calculating an ap-
proximate temperature Tα (the second temperature Tb
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in this embodiment) at least once by fitting the measured
spectrum to a portion of theoretical spectra defined in
association with a first temperature range (TC to TD) us-
ing a temperature determined in the immediately preced-
ing temperature analysis as a reference, and a step (S3
and S4) of determining a calculated temperature Tβ (the
third temperature Tc in this embodiment) by fitting the
measured spectrum to all the theoretical spectra over a
second temperature range (TE to TF) that is narrower
than the first temperature range, using the approximate
temperature Tα as a reference.
[0034] If there is a pressure difference ∆p between the
pressure of the theoretical spectrum referenced in the
above-noted fitting (matching) and the measured pres-
sure P, a discrete-calculation correction is performed in
step S5 on the calculated temperature Tβ with respect
to the pressure difference ∆p to determine a corrected
temperature Tγ (fourth temperature Td).
[0035] The temperature determined in the immediately
preceding temperature analysis may be the approximate
temperature Tα determined in the immediately preceding
temperature analysis, the calculated temperature T de-
termined in the immediately preceding temperature anal-
ysis, or the corrected temperature Tγ determined in the
immediately preceding temperature analysis.
[0036] More specifically, the exhaust gas temperature
analysis method used is that of fitting (matching) the
measured spectrum to theoretical spectra for each tem-
perature TA to TB and each pressure P1, P2, and so on,
and setting the temperature defined in association with
the theoretical spectrum selected by the fitting (matching)
as the temperature of the exhaust gas. In step S 1, a first
temperature Ta is selected from the overall temperature
range TA to TB with which the theoretical spectra are
defined in association. In step S2, it is performed to fit
(match) the measured spectrum to a plurality of theoret-
ical spectra that are associated with the first temperature
range TC to TD having the first temperature Ta as a ref-
erence and that are also defined in association with a
representative pressure P2 at which the pressure differ-
ence ∆p with respect to the measured pressure P is min-
imum, to select a theoretical spectrum Rb in which the
fitting deviation (matching deviation) ∆s2 with respect to
the measured spectrum is minimum. In step S3, it is per-
formed to fit (match) the measured spectrum to a plurality
of theoretical spectra that are associated with the second
temperature range TE to TF having the second temper-
ature Tb as a reference and that also are defined in as-
sociation with a representative pressure P2 at which the
pressure difference ∆p with respect to the measured
pressure P is minimum, to select a theoretical spectrum
Rc in which the fitting deviation ∆s3 with respect to the
measured spectrum is minimum. In step S4, the third
temperature Tc, defined in association with the theoret-
ical spectrum Rc selected in step S3, is determined as
the temperature of the measured gas.
[0037] If there is a pressure difference ∆p between the
measured pressure P and the representative pressure

P2, a discrete-calculation correction is performed on the
third temperature Tc determined in step S4 with regard
to the pressure difference ∆p in step S5, and the fourth
temperature Td, defined by the discrete-calculation cor-
rection performed in step S5, is determined as the tem-
perature of the measured gas in step S6.
[0038] In step S7, one of the second temperature Tb
defined in association with the theoretical spectrum Rb
selected in the second step S2, the third temperature Tc
defined in association with the theoretical spectrum Tc
selected in the third step S3, or the fourth temperature
Td determined as the temperature of the measured gas
in the sixth step S6, is defined as a selection candidate
for the first temperature Ta in the first step S1 of the suc-
ceeding temperature analysis.
[0039] By doing the above, it is possible to reduce the
number of times to fit (match) the measured spectrum to
the theoretical spectra, making it possible to perform gas
component analysis at high speed by reducing the cal-
culation time. In addition, the method also facilitates more
precise analysis by allowing the collection of a large
amount of data. By performing discrete-calculation cor-
rection, it is possible to eliminate the influence of the pres-
sure difference ∆p, thereby improving reliability of result-
ant data obtained.
[0040] Each step of the method will be described in
detail below. First, in step S1, as shown in FIG. 4 to FIG.
6, a first temperature Ta is selected from the overall tem-
perature range TA to TB in which the theoretical spectra
are defined. The overall temperature range may be, for
example, 0K to 1000K.
[0041] The first temperature Ta may be one of the sec-
ond temperature Tb determined in step S2, the third tem-
perature Tc determined in step S3, or the fourth temper-
ature Td determined in step S6 in the flow of the imme-
diately preceding temperature analysis. In this manner,
in step S 1 the temperatures Tb, Tc, and Td determined
in the preceding temperature analysis are referenced.
Also, in the first temperature analysis, because there are
no temperatures Tb, Tc, and Td to reference, instead of
performing a fitting within the first temperature range TC
to TD in step S2, fitting is performed over the entire tem-
perature range TA to TB.
[0042] As shown in FIG 4, the theoretical spectra are
uniquely defined beforehand for a series of temperatures
and pressures for gas components such as H2O that has
a prominent peak in its absorption spectrum, and are
formed into a temperature/pressure factor database, for
example, shown by table 50. For example, at a pressure
P2 and a temperature Tb, the theoretical spectrum Rb is
uniquely defined. The database is created, for example,
in increments of 1K in temperature and increments of 0.1
Mpa (megapascals) in pressure. In this manner, by form-
ing a database beforehand, comparing with the configu-
ration in which a theoretical spectrum is calculated every
time it is needed, because it is possible to perform fitting
by referencing the theoretical spectra, the present em-
bodiment greatly reduces the calculation time.
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[0043] Next, in step S2, as shown in FIG. 5 and FIG.
6, a first temperature range TC to TD is established using
the first temperature Ta as a reference. For example, if
the first temperature Ta is 357K, the first temperature
range TC to TD is set equal to the range of �50K from
the first temperature Ta, that is, 307K to 407K. The form
in which this is done is not particularly limited to the above
described method. For example, it is possible to refer-
ence only the first two digits, thereby making the temper-
ature range TC to TD to be the range of 350K � 50K, or
the temperature range TC to TD may be obtained in-
creasing the range to � 100K.
[0044] In step S2, as shown in FIG. 4, a representative
pressure P2 at which the pressure difference ∆p with
respect to the measured pressure P is minimum, is se-
lected from the pressures P1, P2, and so on, which are
established in the table 50. The measured pressure P
may be measured by the pressure sensor 9 (refer to FIG.
1). The table 50 may be stored beforehand in the process-
ing unit 20 and referenced when fitting (matching) is per-
formed.
[0045] In step S2, as shown in FIG. 4, it is performed
to fit the measured spectrum to a plurality of theoretical
spectra. The plurality of theoretical spectra are defined
in association with the first temperature range TC to TD,
using a first temperature Ta as a reference. The plurality
of theoretical spectra are also defined in association with
a representative pressure P2 at which the pressure dif-
ference ∆p with respect to the measured pressure P is
minimum. Then, a theoretical spectrum Rb in which the
fitting deviation ∆s2 with respect to the measured spec-
trum is minimum is selected. In this fitting, of the theoret-
ical spectra in the line of P2, which is the representative
pressure, in the table 50, the spectra that are associated
with the first temperature range TC to TD are referenced,
and fitting is performed with the measured spectrum. The
measured spectrum is measured by the processing unit
20. The method of the fitting is performed in a manner
similar to the related art described with reference to FIG
8, in which the absorption amount curve is integrated and
a theoretical spectrum is determined for which the sur-
face area difference (which, in this case, is the fitting de-
viation ∆s2) is at a minimum when compared to the meas-
ured spectrum, and also in which the calculation is per-
formed taking into consideration the level of coincidence
with the peak wavelength in making this determination.
However, there are no particular restrictions to the meth-
od used.
[0046] Additionally, for example, if the theoretical
spectrum is defined in increments of 1K and the first tem-
perature range TC to TD has a span of 100K (the � 50K
case noted above), if an attempt is made to fit the meas-
ured spectrum to all the theoretical spectra, the calcula-
tion must be performed 100 times, this number of calcu-
lations presenting a great load. Given this, for example,
ten theoretical spectra are selected in 10K units starting
at the lowest temperature in association with the first tem-
perature range TC to TD, and it is performed to fit the

measured spectrum to the ten selected theoretical spec-
tra only, thereby enabling a great reduction in the number
of calculations, and a shortening of the calculation time.
[0047] That is, the theoretical spectra that are the tar-
gets of fitting in step S2 are set as a portion of the theo-
retical spectra defined in association with the first tem-
perature range TC to TD, for example, taken at a pre-
scribed temperature interval (10K intervals in this exam-
ple), to select theoretical spectra and reduce the number
of fittings. By using a prescribed temperature interval, it
is possible for the theoretical spectrum to represent the
theoretical spectra corresponding to the surrounding
temperatures, thereby enabling extraction with little dis-
persion from the first temperature range TC to TD, which
the superset of temperatures, and enabling an improve-
ment in reliability.
[0048] Next, in step S3, as shown in FIG. 5 and FIG 6
(lower part), the second temperature range TE to TF is
first established with the second temperature Tb that is
defined in association with the theoretical spectrum Rb
selected in step S2 as a reference temperature. For ex-
ample, if the second temperature Tb is 372K, the second
temperature range TE to TF may be taken as �10K, that
is, as the range 362K to 382K. In this manner, the second
temperature range TE to TD in the third step S3 is es-
tablished in accordance with condition that the temper-
ature range thereof is narrower than the first temperature
range in the second step S2. As long as this condition is
satisfied, the form of establishing the second temperature
range TE to TF is not particularly restricted to the method
described herein. For example, it is possible to reference
only the first two digits, thereby making the second tem-
perature range TE to TF to be a � 10K range about 370K,
or the second temperature range TE to TD may be taken
as � 5K with respect the reference temperature.
[0049] In step S3, as shown in FIG. 4, it is performed
to fit the measured spectrum to a plurality of theoretical
spectra. The plurality of theoretical spectra are defined
in association with the second temperature range TE to
TF, using a second temperature Tb as a reference, and
are also defined in association with a representative pres-
sure P2 at which the pressure difference ∆p with respect
to the measured pressure P is minimum. Then, a theo-
retical spectrum Rc in which the fitting deviation ∆s3 with
respect to the measured spectrum is minimum is select-
ed. In this fitting, of the theoretical spectra in the line of
P2, which is the representative pressure, in the table 50,
the spectra that are associated with the first temperature
range TE to TF are referenced, and fitting is performed
with the measured spectrum. The measured spectrum
is measured by the processing unit 20. The fitting is per-
formed by integrating the absorption amount curve and
determining a theoretical spectrum for which the surface
area difference (which, in this case, is the fitting deviation
∆s3) is at a minimum when compared to the measured
spectrum, and also by performing the calculation that
takes into consideration the level of coincidence with the
peak wavelength in making this determination, although
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there are no particular restrictions to this method.
[0050] With regard to the fitting in step S3, for example,
when the theoretical spectra are defined in increments
of 1K, if the span of second temperature range TE to TF
is 20K (the case of � 10K described above), fitting of the
measured spectrum is performed to all the theoretical
spectra, and narrowing down is performed based on the
minimum temperature unit (in this example, 1K) that en-
ables fitting by theoretical spectra.
[0051] That is, the theoretical spectra that are the tar-
gets of fitting in step S3 are all the theoretical spectra
that are defined in association with the second temper-
ature range TE to TF.
[0052] Next, as shown in FIG. 3, in step S4, the third
temperature Tc, defined in the theoretical spectrum Rc,
is taken as the temperature of the measured gas. Be-
cause the temperature Tc of the measured gas that is
determined at this stage does not take into consideration,
in the calculation process, the pressure difference ∆p be-
tween the measured pressure P and the representative
pressure P2, and, because the temperature Tc is a dis-
cretely calculated value, a discrete-calculation correction
is then performed in step S5.
[0053] That is, as shown in FIG. 3, in step S5, if there
is a pressure difference ∆p between the measured pres-
sure P and the representative pressure P2, a discrete-
calculation correction is performed on the third temper-
ature Tc and in step S6, the fourth temperature Td, de-
fined by the discrete-calculation correction performed in
step S5, is taken as the temperature of the measured gas.
[0054] The discrete-calculation correction performed
in step S5, for example, as shown in FIG 7, establishes
a temperature offset amount αK based on the pressure
difference ∆p between the measured pressure P and the
representative pressure P2, and adds the temperature
offset amount α to the third temperature Tc. In the ex-
ample shown in FIG. 7, the measured pressure P is 0.03
Mpa higher than the representative pressure P2, and a
corresponding temperature offset amount α is used.
[0055] The relationship between the "pressure differ-
ence ∆p" and the "temperature offset amount" is evalu-
ated and calculated beforehand with regard to the meas-
ured gas components for the purpose of measuring the
temperature, and is stored as a function N in the process-
ing unit 20. If the order of the function N stored in this
manner in the processing unit 20 is small, it is possible
to reduce the load of the calculations required to perform
discrete-calculation correction of the pressure. The dis-
crete-calculation correction of the pressure is not restrict-
ed to this embodiment. For example, the temperature
may be corrected by multiplying the third temperature Tc
by the pressure correction coefficient, which corresponds
to the "pressure difference ∆p" stored in the processing
unit 20.
[0056] Next, as shown in FIG. 3, in step S7, the fourth
temperature Td which was taken as the temperature of
the measured gas in step S6, is defined as a candidate
for selection as the first temperature Ta for step S1 in the

subsequent temperature analysis. By doing this, it is pos-
sible to use the fourth temperature Td that was corrected
and calculated by a highly accurate analysis in the sub-
sequent step S1.
[0057] As shown in FIG. 3, in step S7, either of the
second temperature Tb defined in association with the
theoretical spectrum Rb selected in step S2 or the third
temperature Tc defined in association with the theoretical
spectrum Rc selected in step S3 may be defined as a
candidate for selection as the first temperature Ta in step
S 1 of the subsequent temperature analysis. This may
be effectively used to determine the approximate tem-
perature (approximate temperature Tα, that is, second
temperature Tb) at the end of step S2 when information
regarding the approximate temperature needs to be ob-
tained in a short period of time (case C1). In the same
manner, this may also be used to determine the temper-
ature (calculated temperature Tβ, that is, third tempera-
ture Tc) at the end of step S4 when relatively accurate
information regarding the temperature needs to be ob-
tained in a short period of time (case C2). When there is
reserve of processing capacity and it is desirable to per-
form analysis with increased accuracy, the corrected
temperature Tγ (fourth temperature Td) may be deter-
mined.
[0058] In the processing unit 20, the temperatures T1,
T2, and T3 (Tb, Tc, and Td) may be continuously moni-
tored in real time, and the temperatures may be refer-
enced effectively in response to the situation.
[0059] Additionally, a previously determined second
temperature Tb may be used to detect errors in the cal-
culation process and mechanical errors. For example, if
the second temperature Tb coincides with a border value
of the first temperature range TC to TD, the second tem-
perature Tb will differ greatly from the first temperature
Ta, and this fact may be used to identify a discontinuous
change in the temperature and perform error detection.
[0060] Also, step S2 may be executed a plurality of
times. That is, in step S3, when determining the second
temperature Tb used for theoretical spectrum referenc-
ing, the narrowing down of the second temperature Tb
is performed by executing, in step-wise fashion, a step
such as the second step S2 a plurality of times.
[0061] With regard to the above-described method, the
design can be made in accordance with the required anal-
ysis time, and by changing the design it is possible to
accommodate the required analysis time.
[0062] Additionally, with regard to reducing the number
of fittings and the calculation time, in the case of, for ex-
ample, a different embodiment, there is a need to fit the
measured spectrum to all the theoretical spectra over the
overall temperature range TA to TB. All regions surround-
ed by TA, TB, and Tc until finally reaching the third tem-
perature Tc may be regarded as a calculation load. In
contrast, according to this embodiment, the region sur-
rounding by TC, TE, Tc, TF, and TD may be regarded
as the calculation load. Thus, it is possible to reduce the
calculation load with regard to the regions A1 and A2.
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[0063] With regard to the specific number of fittings in
the overall temperature range TA to TB of 1000K, for
example, if the theoretical spectra are defined in incre-
ments of 1K, a simple calculation shows that there is a
need to perform fitting 1000 times. In contrast, in this
embodiment it is possible to narrow down to the third
temperature Tc by performing the fitting a total of 20
times, specifically by performing fitting 10 times in the
first temperature range TC to TD in step S2, and per-
forming fitting 10 times in the second temperature range
TE to TF in step S3. If it is desired to perform temperature
analysis with higher accuracy, this can be done by in-
creasing the number of theoretical spectra that are fitted,
and the number of fittings can be set in response to the
required accuracy.
[0064] The above-noted analysis may be implemented
using an apparatus having the following constitution.
Specifically, the apparatus may be an exhaust gas tem-
perature analysis apparatus that fits a measured spec-
trum of a measured gas to theoretical spectra for each
temperature TA to TB and each pressure P1, P2, and so
on, and sets a temperature that is defined in association
with a theoretical spectrum selected by performing fitting
as the temperature of the measured gas. The exhaust
gas temperature analysis apparatus includes a first de-
vice that fits the measured spectrum to a portion of the
theoretical spectra defined in association with the first
temperature range (TC to TD) at least one time, using a
temperature determined in the immediately preceding
time (Ta, Tb, Tc, Td) as a reference, and that determines
an approximate temperature Tα (in this embodiment, the
second temperature Tb), and a second device that fits
the measured spectrum to all theoretical spectra defined
in association with the second temperature range (TE to
TF) that is narrower than the first temperature range, and
that determines a calculated temperature Tβ (in this em-
bodiment, the third temperature Tc).
[0065] The above apparatus has a discrete-calculation
correction device that performs a discrete-calculation
correction on the calculated temperature Tβ with regard
to the pressure difference ∆p if there is a pressure differ-
ence ∆p between the pressure in a theoretical spectrum
referenced in the fitting and the measured pressure P of
the measured gas, to determine the corrected tempera-
ture Tγ.
[0066] More specifically, as shown in FIG 3 to FIG. 7,
the apparatus is an exhaust gas temperature analysis
apparatus that fits the measured spectrum to theoretical
spectra for each temperature TA to TB and each pressure
P1, P2 and so on, and sets the temperature, defined in
association with the theoretical spectrum selected by the
fitting, as the temperature of the measured gas. The ap-
paratus includes a storage device that stores a plurality
of theoretical spectra that are uniquely defined for a se-
ries of temperatures and pressures; a first device that
selects a first temperature Ta from an overall temperature
range TA to TB that is associated with the theoretical
spectra stored in the above-noted storage device; a sec-

ond device that fits the measured spectrum to a plurality
of theoretical spectra that are defined in association with
the first temperature range TC to TD, using the first tem-
perature Ta as a reference and that also are defined in
association with a representative pressure P2 at which
the pressure difference ∆p with respect to the measured
pressure P is minimum, to select a theoretical spectrum
Rb in which the fitting deviation ∆s2 with respect to the
measured spectrum is minimum; a third device that fits
the measured spectrum to a plurality of theoretical spec-
tra that are associated with the second temperature
range TE to TF having the second temperature Tb, which
is defined in association with the theoretical spectrum Rb
selected by the second device, as a reference and that
also are defined in association with a representative pres-
sure P2 at which the pressure difference ∆p with respect
to the measured pressure is minimum, to thereby select
a theoretical spectrum Rc in which the fitting deviation
As3 with respect to the measured spectrum is minimum;
and a fourth device that sets the third temperature Tc
defined in association with the theoretical spectrum Rc
as the temperature of the measured gas.
[0067] If there is a pressure difference ∆p between the
measured pressure P and the representative pressure
P2, a fifth device performs a discrete-calculation correc-
tion on the third temperature Tc with regard to the pres-
sure difference ∆p, and a sixth device sets the fourth
temperature Td as the temperature of the measured gas.
[0068] There is also a seventh device that defines any
one of the second temperature Tb defined in association
with the theoretical spectrum Rb selected by the second
device, the third temperature Tc defined in association
with the theoretical spectrum Tc selected by the third
device, or the fourth temperature Td set as the temper-
ature of the measured gas by the sixth device, as a se-
lection candidate for the first temperature Ta in the first
device in the subsequent temperature analysis.
[0069] The function of the above-noted apparatus may
be implemented in the processing unit 20 of this embod-
iment. Specifically, the above devices may be implement-
ed in a computer that combines a CPU, memory, and a
database, and also be a dedicated microprocessing unit.
It is also possible to access a dedicated database via a
network to reference the table 50, and diverse variations
are implementable utilizing widely known art.
[0070] The above-noted arrangement may also be im-
plemented by a program.
[0071] Specifically, this may be an exhaust gas tem-
perature analysis program that includes instructions for
fitting a measured spectrum to theoretical spectra de-
fined in association with each temperature TA to TB and
each pressure P1, P2 and so on, and setting a temper-
ature, defined in association with the theoretical spec-
trum selected by the fitting, as the temperature of the
measured gas. The temperature analysis program uses
a computer to, at least one time, fits the measured spec-
trum to a portion of the theoretical spectra defined in as-
sociation with the first temperature range (TC to TD),
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using a temperature (Ta, Tb, Tc, or Td) determined in
the immediately preceding analysis as a reference, and
to determine an approximate temperature Tα (in this em-
bodiment, the second temperature Tb), and to fit the
measured spectrum to all theoretical spectra defined in
association with the second temperature range (TE to
TF) that is narrower than the first temperature range, and
then to determine a calculated temperature Tβ (in this
embodiment, the third temperature Tc).
[0072] The above-noted program has an exhaust gas
temperature analysis block that causes the computer to
function as a discrete-calculation correction device that
performs a discrete-calculation correction on the calcu-
lated temperature Tβ with regard to the pressure differ-
ence ∆p if there is a pressure difference ∆p between the
pressure in a theoretical spectrum referenced in the fitting
and the measured pressure P of the measured gas, to
determine the corrected temperature Tγ (the fourth tem-
perature Td).
[0073] More specifically, as shown in FIG 3 to FIG. 7,
the program is an exhaust gas temperature analysis pro-
gram for the purpose of fitting a measured spectrum to
theoretical spectra defined in association with each tem-
perature TA to TB and each pressure P1, P2 and so on,
and setting a temperature defined in association with the
theoretical spectrum selected by the fitting as the tem-
perature of the measured gas, this program instructs a
computer to function as a storage device that stores a
plurality of theoretical spectra that are uniquely defined
for a series of temperatures and pressures, a first device
that selects a first temperature Ta from an overall tem-
perature range TA to TB that are associated with the
theoretical spectra stored in the above-noted storage de-
vice, a second device fits the measured spectrum to a
plurality of theoretical spectra that are defined in associ-
ation with the first temperature range TC to TD, using the
first temperature Ta as a reference and that also are de-
fined in association with a representative pressure P2 at
which the pressure difference ∆p with respect to the
measured pressure P is minimum, to select a theoretical
spectrum Rb in which the fitting deviation ∆s2 with re-
spect to the measured spectrum is minimum, a third de-
vice that fits the measured spectrum to a plurality of the-
oretical spectra that are associated with the second tem-
perature range TE to TF having the second temperature
Tb, which is defined in association with the theoretical
spectrum Rb selected by the second device, as a refer-
ence and that also are defined in association with a rep-
resentative pressure P2 at which the pressure difference
∆p with respect to the measured pressure is minimum,
to select a theoretical spectrum Rc in which the fitting
deviation ∆s3 with respect to the measured spectrum is
minimum, and a fourth device that sets the third temper-
ature Tc, defined in association with the theoretical spec-
trum Rc, as the temperature of the measured gas.
[0074] The exhaust gas temperature analysis program
instructs the computer to execute the functions of a fifth
device that performs a discrete-calculation correction on

the third temperature Tc with regard to the pressure dif-
ference ∆p if there is a pressure difference ∆p between
the measured pressure P and the representative pres-
sure P2, and a sixth device that sets the fourth temper-
ature Td as the temperature of the measured gas.
[0075] The exhaust gas temperature analysis program
uses the computer as a seventh device that may define
one of the second temperature Tb defined in association
with the theoretical spectrum Rb, the third temperature
Tc defined in association with the theoretical spectrum
Tc, or the fourth temperature Td set as the temperature
of the measured gas by the sixth device, as a candidate
for the first temperature Ta used in the first device in a
subsequent temperature analysis.
[0076] According to the above-described temperature
analysis program, it is possible to implement high-speed
processing, and also to implement highly accurate ex-
haust gas analysis.

Claims

1. A method for determining a temperature of exhaust
gas by fitting a measured spectrum of a measured
gas to pre-defined theoretical spectra defined for a
series of temperatures (TA to TB) and pressures (P1,
P2, P3, P4), wherein the temperature of the meas-
ured gas is defined as that of the theoretical spectrum
that most closely fits the measured spectrum where-
in the measured spectrum and the theoretical spec-
trum are derived from laser light absorbed in the ex-
haust gas and
wherein a laser light that is irradiated to the exhaust
gas is an infrared laser light, the method character-
ized by comprising:

calculating an approximate temperature (Tα) at
least once by fitting the measured spectrum and
a portion of the theoretical spectra defined in
association with a first temperature range (TC
to TD) using a temperature, determined in an
immediately preceding temperature analysis, as
a reference, and
determining a calculated temperature (Tβ) by fit-
ting the measured spectrum to all the theoretical
spectra over a second temperature range (TE
to TF) that includes the approximate tempera-
ture (Tα) and that is narrower than the first tem-
perature range (TC to TD).

2. The method for temperature analysis of exhaust gas
according to claim 1, characterized by further com-
prising:

performing a discrete-calculation correction on
the calculated temperature (Tβ) with respect to
a pressure difference (∆p) when there is a dif-
ference between a pressure of the theoretical
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spectra referred in the fitting and a measured
pressure of the measured gas to determine a
corrected temperature (Tγ).

3. The method for temperature analysis of exhaust gas
according to claim 1 or 2, wherein the temperature
calculated in the immediately preceding temperature
analysis is one of an approximate temperature (Tα)
determined in the immediately preceding tempera-
ture analysis, a calculated temperature (Tβ) deter-
mined in the immediately preceding temperature
analysis, or a corrected temperature (Tγ) determined
in the immediately preceding temperature analysis.

4. An exhaust gas temperature analysis apparatus (1)
that is adapted to fit the measured spectrum of a
measured gas to all theoretical spectra defined for
a series of temperatures (TA to TB) and pressures
(P1, P2, P3, P4), wherein the temperature of the
measured gas is defined as that of the theoretical
spectrum that most closely fits the measured spec-
trum wherein the measured spectrum and the theo-
retical spectrum are derived from laser light ab-
sorbed in the exhaust gas and
wherein a laser light that is irradiated to the exhaust
gas is an infrared laser light, the apparatus charac-
terized by comprising:

a first device that is adapted to fit a measured
spectrum to a portion of the theoretical spectra,
defined in association with a first temperature
range (TC to TD) having a temperature deter-
mined in the immediately preceding analysis as
a reference; and
a second device that is adapted to fit the meas-
ured spectrum to all theoretical spectra defined
in a second temperature range (TE to TF) that
is narrower than the first temperature range (TC
to TD), to determine a calculated temperature
(Tβ).

5. The exhaust gas temperature analysis apparatus ac-
cording to claim 4, characterized by further com-
prising:

a discrete-calculation correction device that per-
forms a discrete-calculation correction on the
calculated temperature (Tβ) with respect to a
pressure difference (∆p) if there is a difference
between the pressure in a theoretical spectrum
referenced in the fitting and the measured pres-
sure, to determines a corrected temperature
(Tγ).

6. The exhaust gas temperature analysis apparatus ac-
cording to either claim 4 or claim 5, wherein the tem-
perature determined in the immediately preceding
temperature analysis is one of an approximate tem-

perature (Tα) determined in the immediately preced-
ing temperature analysis, a calculated temperature
(Tβ) determined in the immediately preceding tem-
perature analysis, or a corrected temperature (Tγ)
determined in the immediately preceding tempera-
ture analysis.

7. A computer-readable storage medium that stores an
exhaust gas temperature analysis program execut-
able by a computer to fit a measured spectrum of a
measured gas to theoretical spectra that are pre-
defined for a series of temperatures (TA to TB) and
pressures (P1, P2, P3, P4), wherein the temperature
of the measured gas is defined as that of the theo-
retical spectrum that most closely fits the measured
spectrum wherein the measured spectrum and the
theoretical spectrum are derived from laser light ab-
sorbed in the exhaust gas and
wherein a laser light that is irradiated to the exhaust
gas is an infrared laser light, the program charac-
terized by comprising instructions for:

calculating an approximate temperature (Tα) at
least once by fitting the measured spectrum to
a portion of the theoretical spectra defined in
association with a first temperature (TC to TD)
range using a temperature, determined in the
immediately preceding temperature analysis, as
a reference, and
determining a calculated temperature (Tβ) by fit-
ting the measured spectrum to all the theoretical
spectra defined in association with a second
temperature range (TE to TF) that is narrower
than the first temperature range (TC to TD), us-
ing the approximate temperature (Tα) as a ref-
erence.

8. The computer-readable storage medium according
to claim 7, which stores an exhaust gas temperature
analysis program, the program characterized by
further comprising instructions for:

performing a discrete-calculation correction on
the calculated temperature (Tβ) with respect to
a pressure difference (∆p) when there is a dif-
ference between the pressure in a theoretical
spectrum referenced in the fitting and the meas-
ured pressure of the measured gas to determine
a corrected temperature (Tγ).

9. The computer-readable storage medium according
to claim 7 or claim 8, which stores an exhaust gas
temperature analysis program, wherein the temper-
ature determined in the immediately preceding tem-
perature analysis is one of an approximate temper-
ature (Tα) determined in the immediately preceding
temperature analysis, a calculated temperature (Tβ)
determined in the immediately preceding tempera-
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ture
analysis, or a corrected temperature (Tγ) determined
in the immediately preceding temperature analysis.

Patentansprüche

1. Verfahren zum Bestimmen einer Temperatur eines
Abgases durch Anpassen eines Messspektrums ei-
nes Messgases auf vordefinierte theoretische Spek-
tren, die für eine Reihe von Temperaturen (TA bis
TB) und Drükken (P1, P2, P3, P4) definiert sind, wo-
bei die Temperatur des Messgases als die des theo-
retischen Spektrums definiert ist, das am stärksten
an das Messspektrum angepasst ist, wobei das
Messspektrum und das theoretische Spektrum aus
in dem Abgas absorbierten Laserlicht hergeleitet
wird und wobei ein Laserlicht, mit dem das Abgas
bestrahlt wird, Infrarotlaserlicht ist, wobei das Ver-
fahren dadurch gekennzeichnet ist, dass es fol-
gende Schritte beinhaltet:

Berechnen einer genäherten Temperatur (Tα)
zumindest einmal durch Anpassen des
Messspektrums und eines Bereichs der theore-
tischen Spektren, die in Verbindung mit einem
ersten Temperaturbereich (TC bis TD) definiert
werden, unter Verwendung einer Temperatur,
die in einer unmittelbar vorangegangenen Tem-
peraturanalyse bestimmt wird, als eine Refe-
renz, und
Bestimmen einer berechneten Temperatur (Tβ)
durch Anpassen des Messspektrums an alle
theoretischen Spektren über einem zweiten
Temperaturbereich (TE bis TF), der die genä-
herte Temperatur (Tα) beinhaltet und enger ist
als der erste Temperaturbereich (TC bis TD).

2. Verfahren für eine Temperaturanalyse eines Abga-
ses nach Anspruch 1, dadurch gekennzeichnet,
dass es ferner beinhaltet:

Ausführen einer diskret berechneten Korrektur
an der berechneten Temperatur (Tβ) in Bezug
auf eine Druckdifferenz (∆p), wenn eine Diffe-
renz zwischen einem Druck der theoretischen
Spektren, die beim Anpassen herangezogen
werden, und einem Messdruck des Messgases
vorliegt, um eine korrigierte Temperatur (Tγ) zu
bestimmen.

3. Verfahren für eine Temperaturanalyse eines Abga-
ses nach Anspruch 1 oder 2, wobei die in der unmit-
telbar vorangegangenen Temperaturanalyse be-
rechnete Temperatur entweder einer genäherte
Temperatur (Tα), die in der unmittelbar vorangegan-
genen Temperaturanalyse bestimmt wird, eine be-
rechnete Temperatur (Tβ), die in der unmittelbar vor-

angegangenen Temperaturanalyse bestimmt wird,
oder eine korrigierte Temperatur (Tγ) ist, die in der
unmittelbar vorangegangenen Temperaturanalyse
bestimmt wird.

4. Abgastemperaturanalysevorrichtung (1), die geeig-
net ist, um das Messspektrum eines Messgases an
alle theoretischen Spektren anzupassen, die für eine
Reihe von Temperaturen (TA bis TB) und Drücken
(P1, P2, P3, P4) definiert sind, wobei die Temperatur
des Messgases als die des theoretischen Spektrums
definiert ist, das am stärksten an das Messspektrum
angepasst ist, wobei das Messspektrum und das
theoretische Spektrum aus in dem Abgas absorbier-
tem Laserlicht hergeleitet werden und wobei ein La-
serlicht, mit dem das Abgas bestrahlt wird, Infrarot-
laserlicht ist, wobei die Vorrichtung dadurch ge-
kennzeichnet ist, dass sie aufweist:

eine erste Vorrichtung, die geeignet ist, ein
Messspektrum an einen Bereich der theoreti-
schen Spektren anzupassen, die in Verbindung
mit einem ersten Temperaturbereich (TC bis
TD) definiert werden, der eine Temperatur, die
in einer unmittelbar vorangegangenen Tempe-
raturanalyse bestimmt wird, als eine Referenz
aufweist; und
eine zweite Vorrichtung, die geeignet ist, das
Messspektrum an alle theoretischen Spektren
anzupassen, die in einem zweiten Temperatur-
bereich (TE bis TF) definiert sind, der enger ist
als der erste Temperaturbereich (TC bis TD),
um eine berechnete Temperatur (Tβ) zu bestim-
men.

5. Abgastemperaturanalysevorrichtung nach An-
spruch 4, dadurch gekennzeichnet, dass die Vor-
richtung ferner aufweist:

eine Diskrete-Berechnungs-Korrekturvorrich-
tung, die eine diskret berechnete Korrektur an
der berechneten Temperatur (Tβ) in Bezug auf
eine Druckdifferenz (∆p) ausführt, wenn eine
Differenz zwischen dem Druck in einem theore-
tischen Spektrum, das beim Anpassen heran-
gezogen wird, und dem Messdruck vorliegt, um
eine korrigierte Temperatur (Tγ) zu bestimmen.

6. Abgastemperaturanalysevorrichtung nach An-
spruch 4 oder Anspruch 5, wobei die in der unmit-
telbar vorangegangenen Temperaturanalyse be-
rechnete Temperatur entweder einer genäherte
Temperatur (Tα), die in der unmittelbar vorangegan-
genen Temperaturanalyse bestimmt wird, eine be-
rechnete Temperatur (Tβ), die in der unmittelbar vor-
angegangenen Temperaturanalyse bestimmt wird,
oder eine korrigierte Temperatur (Tγ) ist, die in der
unmittelbar vorangegangenen Temperaturanalyse
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bestimmt wird.

7. Computerlesbares Speichermedium, das ein Abga-
stemperaturanalyse-Programm speichert, das
durch einen Computer ausführbar ist, um ein
Messspektrum eines Messgases an theoretische
Spektren anzupassen, die für eine Reihe von Tem-
peraturen (TA bis TB) und Drücken (P1, P2, P3, P4)
definiert sind, wobei die Temperatur des Messgases
als die des theoretischen Spektrums definiert ist, das
am stärksten an das Messspektrum angepasst ist,
wobei das Messspektrum und das theoretische
Spektrum aus in dem Abgas absorbiertem Laserlicht
hergeleitet werden und wobei ein Laserlicht, mit dem
das Abgas bestrahlt wird, Infrarotlaserlicht ist, wobei
das Programm dadurch gekennzeichnet ist, dass
es folgende Anweisungen aufweist:

Berechnen einer genäherten Temperatur (Tα)
zumindest einmal durch Anpassen des
Messspektrums und eines Bereichs der theore-
tischen Spektren, die in Verbindung mit einem
ersten Temperaturbereich (TC bis TD) definiert
werden, unter Verwendung einer Temperatur,
die in der unmittelbar vorangegangenen Tem-
peraturanalyse bestimmt wird, als eine Refe-
renz, und
Bestimmen einer berechneten Temperatur (Tβ)
durch Anpassen des Messspektrums an alle
theoretischen Spektren, die in Verbindung mit
einem zweiten Temperaturbereich (TE bis TF)
definiert werden, der enger ist als der erste Tem-
peraturbereich (TC bis TD), unter Verwendung
der genäherten Temperatur (Tα) als eine Refe-
renz.

8. Computerlesbares Speichermedium nach Anspruch
7, das ein Abgastemperaturanalyseprogramm spei-
chert, wobei das Programm dadurch gekennzeich-
net ist, dass es ferner Anweisungen beinhaltet zum:

Ausführen einer diskret berechneten Korrektur
an der berechneten Temperatur (Tβ) in Bezug
auf eine Druckdifferenz (∆p), wenn eine Diffe-
renz zwischen dem Druck in einem theoreti-
schen Spektrum, der beim Anpassen herange-
zogen wird, und einem Messdruck des Messga-
ses vorliegt, um eine korrigierte Temperatur (Tγ)
zu bestimmen.

9. Computerlesbares Speichermedium nach Anspruch
7 oder 8, das ein Abgastemperaturanalysepro-
gramm speichert, wobei die in der unmittelbar vor-
angegangenen Temperaturanalyse bestimmte
Temperatur entweder eine genäherte Temperatur
(Tα), die in der unmittelbar vorangegangenen Tem-
peraturanalyse bestimmt wird, eine berechnete
Temperatur (Tβ), die in der unmittelbar vorangegan-

genen Temperaturanalyse bestimmt wird, oder eine
korrigierte Temperatur (Tγ) ist, die in der unmittelbar
vorangegangenen Temperaturanalyse bestimmt
wird.

Revendications

1. Procédé de détermination d’une température de gaz
d’échappement en faisant correspondre un spectre
mesuré d’un gaz mesuré à des spectres théoriques
prédéfinis qui sont définis pour une série de tempé-
ratures (TA à TB) et de pressions (P1, P2, P3, P4),
dans lequel la température du gaz mesuré est définie
comme étant celle du spectre théorique qui corres-
pond le plus étroitement au spectre mesuré, dans
lequel le spectre mesuré et le spectre théorique sont
déduits d’une lumière laser absorbée dans le gaz
d’échappement, et dans lequel une lumière laser qui
est rayonnée vers le gaz d’échappement est une lu-
mière laser infrarouge, le procédé étant caractérisé
en ce qu’il consiste à :

calculer une température approximative (Tα) au
moins une fois en faisant correspondre le spec-
tre mesuré à une partie des spectres théoriques
définis en association avec une première plage
de température (TC à TD) en utilisant une tem-
pérature, déterminée dans une analyse de tem-
pérature immédiatement précédente, en tant
que référence, et
déterminer une température calculée (Tβ) en
faisant correspondre le spectre mesuré à tous
les spectres théoriques dans une deuxième pla-
ge de température (TE à TF) qui comprend la
température approximative (Tα) et qui est plus
étroite que la première plage de température
(TC à TD).

2. Procédé d’analyse de température de gaz d’échap-
pement selon la revendication 1, caractérisé en ce
qu’il consiste en outre à :

appliquer une correction de calcul discrète à la
température calculée (Tβ) par rapport à une dif-
férence de pression (∆p) lorsqu’il y a une diffé-
rence entre une pression des spectres théori-
ques référencés lors de la mise en correspon-
dance et une pression mesurée du gaz mesuré
pour déterminer une température corrigée (Tγ).

3. Procédé d’analyse de température de gaz d’échap-
pement selon la revendication 1 ou 2, dans lequel la
température calculée dans l’analyse de température
immédiatement précédente est l’une d’une tempé-
rature approximative (Tα) déterminée dans l’analyse
de température immédiatement précédente, d’une
température calculée (Tβ) déterminée dans l’analy-

21 22 



EP 2 062 020 B1

13

5

10

15

20

25

30

35

40

45

50

55

se de température immédiatement précédente, ou
d’une température corrigée (Tγ) déterminée dans
l’analyse de température immédiatement précéden-
te.

4. Appareil d’analyse de température de gaz d’échap-
pement (1) qui est conçu pour faire correspondre le
spectre mesuré d’un gaz mesuré à tous les spectres
théoriques définis pour une série de températures
(TA à TB) et de pressions (P1, P2, P3, P4), dans
lequel la température du gaz mesuré est définie com-
me étant celle du spectre théorique qui correspond
le plus étroitement au spectre mesuré, dans lequel
le spectre mesuré et le spectre théorique sont dé-
duits d’une lumière laser absorbée dans le gaz
d’échappement, et dans lequel une lumière laser qui
est rayonnée vers le gaz d’échappement est une lu-
mière laser infrarouge, l’appareil étant caractérisé
en ce qu’il comprend :

un premier dispositif qui est conçu pour faire cor-
respondre un spectre mesuré à une partie des
spectres théoriques, définis en association avec
une première plage de température (TC à TD)
ayant une température déterminée dans l’ana-
lyse de température immédiatement précéden-
te en tant que référence ; et
un deuxième dispositif qui est conçu pour faire
correspondre le spectre mesuré à tous les spec-
tres théoriques définis dans une deuxième pla-
ge de température (TE à TF) qui est plus étroite
que la première plage de température (TC à TD),
pour déterminer une température calculée (Tβ).

5. Appareil d’analyse de température de gaz d’échap-
pement selon la revendication 4, caractérisé en ce
qu’il comprend en outre :

un dispositif correction de calcul discrète qui ap-
plique une correction de calcul discrète à la tem-
pérature calculée (Tβ) par rapport à une diffé-
rence de pression (∆p) lorsqu’il y a une différen-
ce entre la pression dans un spectre théorique
référencé lors de la mise en correspondance et
la pression mesurée, pour déterminer une tem-
pérature corrigée (Tγ).

6. Appareil d’analyse de température de gaz d’échap-
pement selon l’une ou l’autre de la revendication 4
ou de la revendication 5, dans lequel la température
déterminée dans l’analyse de température immédia-
tement précédente est l’une d’une température ap-
proximative (Tα) déterminée dans l’analyse de tem-
pérature immédiatement précédente, d’une tempé-
rature calculée (Tβ) déterminée dans l’analyse de
température immédiatement précédente, ou d’une
température corrigée (Tγ) déterminée dans l’analyse
de température immédiatement précédente.

7. Support de mémorisation pouvant être lu par un or-
dinateur qui mémorise un programme d’analyse de
température de gaz d’échappement pouvant être
exécuté par un ordinateur pour faire correspondre
un spectre mesuré d’un gaz mesuré à des spectres
théoriques qui sont prédéfinis pour une série de tem-
pératures (TA à TB) et de pressions (P1, P2, P3,
P4), dans lequel la température du gaz mesuré est
définie comme étant celle du spectre théorique qui
correspond le plus étroitement
au spectre mesuré, dans lequel le spectre mesuré
et le spectre théorique sont déduits d’une lumière
laser absorbée dans le gaz d’échappement, et dans
lequel une lumière laser qui est rayonnée vers le gaz
d’échappement est une lumière laser infrarouge, le
programme étant caractérisé en ce qu’il comprend
des instructions pour :

calculer une température approximative (Tα) au
moins une fois en faisant correspondre le spec-
tre mesuré à une partie des spectres théoriques
définis en association avec une première plage
de température (TC à TD) en utilisant une tem-
pérature, déterminée dans l’analyse de tempé-
rature immédiatement précédente, en tant que
référence, et
déterminer une température calculée (Tβ) en
faisant correspondre le spectre mesuré à tous
les spectres théoriques définis en association
avec une deuxième plage de température (TE
à TF) qui est plus étroite que la première plage
de température (TC à TD), en utilisant la tem-
pérature approximative (Tα) en tant que réfé-
rence.

8. Support de mémorisation pouvant être lu par un or-
dinateur selon la revendication 7, qui mémorise un
programme d’analyse de température de gaz
d’échappement, le programme étant caractérisé en
ce qu’il comprend en outre des instructions pour :

appliquer une correction de calcul discrète à la
température calculée (Tβ) par rapport à une dif-
férence de pression (∆p) lorsqu’il y a une diffé-
rence entre la pression dans un spectre théori-
que référencé lors de la mise en correspondan-
ce et la pression mesurée du gaz mesuré pour
déterminer une température corrigée (Tγ).

9. Support de mémorisation pouvant être lu par un or-
dinateur selon la revendication 7 ou la revendication
8, qui
mémorise un programme d’analyse de température
de gaz d’échappement, dans lequel la température
déterminée dans l’analyse de température immédia-
tement précédente est l’une d’une température ap-
proximative (Tα) déterminée dans l’analyse de tem-
pérature immédiatement précédente, d’une tempé-
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rature calculée (Tβ) déterminée dans l’analyse de
température immédiatement précédente, ou d’une
température corrigée (Tγ) déterminée dans l’analyse
de température immédiatement précédente.
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