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(57) Abstract: The present invention relates to a process for determining the state of an exhaust-gas purification device. The ex -
haust-gas purification device is one which can store gas and/or particles. By means of the proposed process, it is for example pos -
sible for the loading state of the exhaust-gas attertreatment system, for example the oxygen storage state of a catalytic converter
which is provided with an oxygen-storing material, such as for example a three-way catalytic converter, to be analysed. The present
process operates contactlessly through the analysis of resonances which arise upon the excitation of the catalytic converter using the
purification device as microwave cavity resonator
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METHOD FOR CONDITION DETERMINATION OF AN EXHAUST - GAS
PURIFICATION SYSTEM

The present invention relates to a process for determining the state of an exhaust-gas
purification device. The exhaust-gas purification device is one which can store gas
and/or particles. By means of the proposed process, it is for example possible for the
loading state of the exhaust-gas aftertreatment system, for example the oxygen
storage state of a catalytic converter which is provided with an oxygen-storing material,
such as for example a three-way catalytic converter, to be analysed. The present
process operates contactlessly through the analysis of resonances which arise upon

the excitation of the catalytic converter with high-frequency electromagnetic waves.

Ever more stringent exhaust-gas laws together with the pressure to reduce fuel
consumption necessitate new concepts both for the internal combustion engine and
also for exhaust-gas purification. This also demands new concepts for the control and

monitoring of exhaust-gas purification systems.

For example, in the case of the stoichiometrically operated applied-ignition engine (so-
called "» =1 engine"), the air/fuel ratio A (also referred to as the air number) of the
untreated exhaust gas is detected by means of a first & probe. In the event of a control
deviation from the setpoint value A = 1, the air/fuel ratio is then corrected. It is
necessary for approximately & = 1 to be adhered to on average over time. Owing to the
oxygen storage capacity of the so-called "three-way catalytic converter" arranged
downstream of the first & probe, optimum conversion takes place for as long as the
catalytic converter is still in a good state. With decreasing catalytic converter quality,
which is manifested in a reduction of the conversion rate and a rise in the light-off
temperature, the capability of the catalytic converter to store oxygen also decreases. A
second A probe arranged downstream of the catalytic converter can detect this. For
such an indirect process, in which the state of the oxygen-storing catalytic converter is
inferred from the signals of the two A probes, highly complex modelling is necessary,
which necessitates in particular an engine operating state model, see for example J.
Riegel et al., “Exhaust gas sensors for automotive emission control”, Solid State lonics
152-153 (2002), 783-800.

This is addressed by processes which determine the operating state and the quality of
a catalytic converter which stores gases such as for example oxygen. In particular, it is

possible with said processes to determine the extent to which the oxygen store of the
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catalytic converter is filled or where the oxygen loading front in the catalytic converter is
situated, as shown for example in R. Moos, M. Wedemann, M. Spdrl, S. Reil3, G.
Fischerauer, “Direct Catalyst Monitoring by Electrical Means: An Overview on
Promising Novel Principles”, Topics in Catalysis, 52 (2009), 2035-2040. Of particularly
simple design here are so-called high-frequency-based systems such as are described
for example in DE102008012050 or in DE10358495.

In said processes, an electromagnetic microwave resonance is excited in the interior
space of the catalytic converter housing formed as a cavity resonator, and the shift of
the resonance frequency and/or quality is observed. The change in the resonance
frequency is taken for example as a measure for the oxygen loading of the storage
material of the catalytic converter. DE102008012050 proposes regulation based on
this. When a predefinable value of the resonance frequency is attained, a regeneration
is carried out. As already indicated in DE102008012050 and also presented therein for
example on the basis of Figure 8, the temperature of the system plays a significant role
because the temperature causes a shift of the resonance frequencies. Even with
knowledge of the catalytic converter temperature, however, it is not possible by means
of the measurement system to directly derive important variables such as for example
the oxygen loading. The background to this is that firstly the resonance frequencies are
dependent on the geometry, and secondly the temperature dependency of the loading
is unknown. Specifically the geometry aspect also prevents a high-frequency-based
measurement system installed in the exhaust tract from being able to be used without
further calibration, because the component variance with regard to geometric
dimensions and with regard to a layer thickness variance of the coating and with regard
to the reproducibility of the electrical properties of the ceramic substrate (of the
honeycomb body) can lead to variance in the resonance frequencies, which variance is

of the order of magnitude of the measurement effect.

It is the problem of the present invention to eliminate the stated disadvantages of the
methods of the prior art. In particular, the process according to the invention should be
capable, through a type of calibration, of for example minimizing the abovementioned

external influences on the resonance signal.

This problem and other problems which emerge in an obvious manner from the prior

art are solved by means of a method having the features of the present Claim 1.
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Preferred embodiments of the method according to the invention can be found in the

subclaims which are dependent on Claim 1.

By virtue of the fact that, in a process for calibrating a measurement device for
determining the electrical properties of a component for exhaust-gas aftertreatment,
which component accumulates or stores exhaust-gas constituents and is arranged in a
metallic housing of an exhaust-gas aftertreatment system of a vehicle, wherein the
electrical properties are detected by means of microwaves which are coupled in and/or
coupled out by means of at least one antenna arranged in the housing at the inflow
side and/or at the outflow side, a measurement at low temperature of the component
for exhaust-gas aftertreatment serves as a basis for the calibration of the measurement
device, and a correction of the measurement device takes place on the basis thereof,
wherein low temperatures are characterized in that a distinction can no longer be made
between different loading or storage states of the component, one arrives in an
extremely simple but no less advantageous manner at the solution to the stated
problem. By means of the process described here, it is possible for a gas- and/or
particle-storing exhaust-gas purification device (2) to be inspected contactlessly with
regard to its present electrical properties, in particular electrical conductivity, in order

thereby for example to be able to infer its present storage state.

The determination of the electrical properties and the calibration of the measurement
device may be carried out not only through the use of the resonance frequency but
rather also by means of further signal features such as amplitude, the quality of the

resonator or else variables based thereon (also in different frequency ranges).

The calibration process of the high-frequency measurement device may be used in
particular for three-way catalytic converters for the detection of the oxygen loading but
also for further catalytic converter types such as NO, storage catalytic converters (NOy
loading), SCR catalytic converters (NH; loading) and diesel particle filters (soot loading)
which store gases or soot particles if, at a sufficiently low temperature, a distinction can
no longer be made between the laden and unladen state. The unladen state can also

be induced deliberately in this case.

By means of suitable extrapolation, the temperature dependency of a base
measurement can be taken as a basis, whereby the electrically insulating state is
known and can be updated over the service life on the basis of the calibration

measurement.
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By means of a suitable mathematical relationship, the difference between the laden
and unladen state can be calculated and thus also taken into consideration in the on-
board diagnosis as a measurement variable for the overall storage capacity of the

component of the exhaust-gas aftertreatment device in relation to the new state.

The component and the antennae may be surrounded at the inflow side and at the

outflow side by a microwave reflector for delimiting the resonator volume.

It is a special characteristic of the present process that the proposed process can be
used not only for calibration and application but rather also within the regulation of

engines.

The present process is particularly advantageously suitable for determining the state of
a gas- and/or particle-storing exhaust-gas purification device (2) which is arranged in a
metallic housing (1) of an exhaust-gas aftertreatment system of a vehicle, the state of
which exhaust-gas purification device is detected, by means of microwaves which are
coupled in and/or coupled out by means of at least one antenna (5, 6) arranged in the

housing at the inflow side and/or at the outflow side, in that:

a) as a base measurement, the temperature dependency of a resonance characteristic

of the system below a threshold temperature is determined,;

b) in operating situations of the vehicle in which the exhaust system lies below the

threshold temperature, a resonance characteristic is measured;

c) the difference between the measurement of the value from b) and the corresponding

base measurement in a) is determined; and

d) from the resonance characteristic determined in certain driving situations in which
the exhaust system is above the threshold temperature, incorporating the difference
from c), the state of the exhaust-gas purification device (2) is analysed. By means of
the embodiment of the invention described here, it is possible for a gas- and/or particle-
storing exhaust-gas purification device (2) to be inspected contactlessly with regard to
its present electrical conductivity, in order thereby to be able to infer for example its
present storage state or possible damage. The system is thus firstly calibrated against
the base measurement before the electrical properties of the component are inferred

from the then determined and corrected value for the resonance characteristic.
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The essential aspect of the present method is the fact that, below a threshold
temperature Tg, the resonance characteristics of the system are evidently independent
of the state of the gas- and/or particle-storing exhaust-gas purification device (2) (see
Figure 4). This fact makes it possible for the reference characteristics below said
threshold temperature to be taken into consideration as a calibration benchmark. The
present fill level or capacity of the gas- and/or particle-storing exhaust-gas purification
device (2) is normally not known. Therefore, the calibration of the system on the basis
of said described independence of the resonance characteristic below the threshold
temperature can be carried out in a simple manner. It is only above the threshold
temperature that the resonance characteristics differ as a function of the temperature
and for example the loading (see Figure 4). The threshold temperature is thus
characterized in that, below said temperature, corresponding resonance characteristics
lie approximately on one curve regardless of the fill level of the gas- and/or particle-

storing exhaust-gas purification device (2), and thus no longer differ.

Accordingly, it is provided according to the invention that, in a first step, a base
measurement is carried out, wherein special resonance characteristics at least below
the threshold temperature are measured. The base measurement should take place as
early as possible after the assembly of the exhaust-gas purification system. Here, the
gas- and/or particle-storing exhaust-gas purification device (2) has often not yet
experienced any aging, damage or other influences. When the vehicle with the gas-
and/or particle-storing exhaust-gas purification device (2) is then in normal operation, a
resonance characteristic is measured regularly in operating states in which the exhaust
system and therefore also the gas- and/or particle-storing exhaust-gas purification
device (2) are below the threshold temperature. From the comparison with the
corresponding base measurement, it is now possible if appropriate to detect a
difference arising from aging, damage or other influences but not from the degree of
loading. Correspondingly utilizable operating states arise whenever the temperature of
the exhaust system is low. This is the case for example upon start-up or during long
idle periods of the vehicle. The difference discussed above is then taken into
consideration as a corrective value for every further measurement during normal
driving operation, when the exhaust system is often above the threshold temperature.
Only on the basis of the thus determined and correspondingly corrected value is the
further analysis of the gas- and/or particle-storing exhaust-gas purification device (2)

then carried out.
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A person skilled in the art is familiar with which states should advantageously be
inspected for the exhaust-gas purification devices being considered here. First of all,
the expression "state of the exhaust-gas purification device (2)" is to be understood to
mean a variable selected from the group comprising loading state, storage capacity
and aging state. It is very particularly preferable for the present loading state or the
present storage capacity of the exhaust-gas purification device (2) to be inspected. The
loading state is important because it allows conclusions to be drawn regarding when
the exhaust-gas purification device must possibly be regenerated, or for example how
the air/fuel ratio of the exhaust gas should be adapted to be able to attain a certain fill
level of the storage material. For example, it is known that a three-way catalytic
converter functions particularly well when its oxygen store is neither completely full nor
completely discharged. Said three-way catalytic converter is then capable of
compensating relatively small fluctuations in the air/fuel ratio and thus providing a
constantly expedient A value of approximately 1. With regard to the storage capacity, it
is noted that in particular gas-storing materials in the exhaust-gas purification device
(2) are subject to aging inter alia owing to the high temperatures which prevail at times.
Said aging process is characterized in that the material in the aged state is less
capable of filtering corresponding gas components out of the exhaust gas of the
vehicle. Consequently, it must be noted that the storage capacity of a device of said
type decreases with progressive running time of the vehicle, for example as a result of
aging or other damage, which is manifested in changed curve profiles for the
temperature dependency of the fully laden and definedly discharged exhaust-gas
purification device (2), compared with the base measurement. It is therefore important
for the correct functioning of the exhaust-gas purification device (2) that the storage
capacity of the gas-storing material be continuously monitored. In the case of too low a
storage capacity, the corresponding exhaust-gas purification device can then be

changed during the course of a service.

In particular the abovementioned state variables of the exhaust-gas purification system
(2) are dependent on the present driving situation of the vehicle and in particular on the
temperature of the exhaust system. To obtain a meaningful assessment of the state
variables, it is therefore necessary to correct the presently measured resonance
characteristic in accordance with the invention. During driving operation, the exhaust-
gas purification system (2) is often operated above the threshold temperature. A
comparison of the presently measured value of the resonance characteristic with a

corresponding value below the threshold temperature is not possible because the
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resonance characteristics of the system are subject to at least a certain system-
dependent temperature dependency (see Figure 4). Accordingly, it is advantageous for
the presently measured value of the resonance characteristic to be compared with a
value for the resonance characteristic which was determined or measured at the same
temperature (as in Figure 4). A person skilled in the art is now familiar with various
possibilities as regards how he can attain such values above the threshold temperature
mentioned in the introduction. It is possible, for example, for the reference
characteristics, measured in the fresh state (as in the case of the base measurement),
for a definedly laden or definedly discharged gas- and/or particle-storing exhaust-gas
purification device (2) to be taken into consideration as reference values. In such a
case, one obtains curves such as are illustrated by way of example in Figure 4 for the
oxygen-storing material in a three-way catalytic converter. The curves illustrated here,
which were determined, as described above, in the fresh state (possibly after the
assembly of the exhaust system in a new vehicle), may be stored in the ECU and thus
taken into consideration as comparative values. It is however also possible for said
curves to be determined in some other way. In this regard, a person skilled in the art is
familiar with measures by which he can estimate or mathematically determine said
values, in particular on the basis of the base measurement. The difference between the
laden and unladen state can be calculated by means of a suitable mathematical
relationship. Said difference can thus also be taken into consideration in the on-board
diagnosis as a measurement variable for the overall storage capacity of the component

of the exhaust-gas aftertreatment device in relation to the new state.

According to the invention, resonance characteristics determined in the present
process are compared with one another. It is self-evident that the comparisons are
carried out only between like, and thus corresponding, resonance characteristics. As
such, a person skilled in the art will give consideration in particular to variables selected
from the group comprising resonance frequency, amplitude, the magnitude of the
reflection parameter Sq¢(fes), the magnitude of the transmission factor or the width of
the resonance peak or of the resonance trough or other variables derived from the S
parameters (in this regard, see DE102008012050). Particularly preferable in this
context is the resonance frequency or magnitude of the reflection parameter Sq¢ or Sy,.
Very particularly preferable in this context is the evaluation by means of the resonance

frequency (see Figures 2 and 3).
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As already indicated further above, the present process is based on the fact that the
resonance characteristics change for example with progressive aging and/or the
loading state of the exhaust-gas purification system (2). For example, the increasing
loading evidently results in the conductivity or the dielectric constant of the material of
the exhaust-gas purification system (2) being modified. As a result, with increasing
loading, it is for example the case that the resonance frequencies shift toward higher
frequencies. The exhaust-gas purification system (2) being considered here
encompasses primarily gas- and/or particle-storing devices. As such, all devices which
a person skilled in the art would take into consideration for this purpose can be
checked in accordance with the invention. Devices are preferable which are selected
from the group comprising three-way catalytic converter provided with an oxygen
storage material, if appropriate catalytically coated diesel particle filter, NOx storage
catalytic converter, SCR catalytic converter with NH; storage function. Particularly
preferable in this connection is the three-way catalytic converter provided with an

oxygen storage material.

As already indicated in the introduction, there is a threshold temperature Ts below
which the curves for the reference characteristics converge on one curve. Accordingly,
a threshold temperature Tg is advantageously defined such that, below said
temperature, the corresponding reference characteristics in the (arbitrarily) laden and
(arbitrarily) unladen state of the gas- and/or particle-storing exhaust-gas purification
device (2) differ by less than 10%. The corresponding reference characteristics
particularly preferably differ by less than 5%, very particularly preferably by less than
3%.

In a preferred embodiment of the present invention, the three-way catalytic converter
(2) and the antenna(e) (5, 6) at the inflow and outflow side are surrounded by a
microwave reflector. Suitable for this purpose are all materials which oppose the
exhaust-gas flow with the lowest possible counterpressure, but which are capable of
reflecting the microwaves which are used. A person skilled in the art knows which
devices can be taken into consideration here. In case of doubt, simple metallic grates

may be of assistance.

The invention will be described in more detail on the basis of the following exemplary
and non-restrictive explanations. Three-way catalytic converters with corresponding

storage capabilities are well known to a person skilled in the art (see for example J.
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Kaspar et al., Automotive catalytic converters: current status and some perspectives,
Catalysis Today 77 (2003) 419-449). Said catalytic converters are generally positioned
in a metallic housing, which conducts the electrical current, in the exhaust tract. It is
pointed out that the three-way catalytic converter need not imperatively be mounted in
a metallic housing, as long as it is ensured that said three-way catalytic converter is
accommodated in a device which serves as a resonance body for the high-frequency

electromagnetic radiation (microwave range) envisaged here.

The antennae may be selected as specified by a person skilled in the art. Such
equipment, and also the signal detection unit and the corresponding analysis unit, are
well known to a person skilled in the art (for example from P.S. Neelakanta, Handbook
of Electromagnetic Materials. CRC Press, Boca Raton etc., 1995 and from S.H. Chao,
Measurements of microwave conductivity and dielectric constant by the cavity
perturbation method and their errors, IEEE Transactions on Microwave Theory and
Techniques 33 (1985) 519-526, or from the literature cited therein).

The present loading values of the oxygen storage material which are inter alia to be
measured by means of the present process are important for the engine control, but it
has been found that targeted filling of the storage material with oxygen up to a defined
fraction of the storage capacity is preferable for the stoichiometric operation of a motor
vehicle with applied-ignition engine (DE10103772). A person skilled in the art knows
here, too, how he can correspondingly implement the engine control by means of an
ECU. In this regard, reference is made also to DE102008012050.

In the figures:

Fig. 1 shows the basic design of an exhaust-gas aftertreatment system having a
housing part (1) into which are installed a three-way catalytic converter (2), a
measurement system having two antennae (5, 6), one of which is optional, activation
(7) and evaluation electronics (8) and an optional temperature sensor (see
DE102008012050) and optional reflector (3, 4);

Fig. 2 shows the value of the reflection factor Sy of the resonator at different

temperatures in the fully oxygen-laden state;

Fig. 3 shows the value of the reflection factor Sy of the resonator at different

temperatures in the fully reduced state; and
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Fig. 4 shows the resonance frequency versus the temperature, in each case in the fully

oxygen-laden state and with the catalytic converter fully reduced.

The calibration can basically be carried out with any signal feature of the high-
frequency measurement. As can be seen from figures 2 and 3 and as indicated further
above, there is for example a plurality of resonance frequencies expedient for the
analysis of the three-way catalytic converter (2). The selection of the best resonance
frequency is always significantly dependent on the ambient conditions, and should be
determined in each individual situation. It is advantageously possible in the present
case, for the determination of the resonance frequencies, to take into consideration a
minimum of the magnitude of the reflection factor Sy1 of the resonator between 1200
and 1300 MHz.

The frequency-dependent scattering matrix S, which also includes the reflection

112
t

parameter Sq¢(f), links the complex wave amplitudes a; (in Watt"™) of the waves

entering the two gates with those of the exiting waves, b;:

b, a,) \Sxu(f) Sxp(f)) \a,
At the resonance frequencies of the cavity resonator, the transmission factor

magnitudes |S12| and |Sz4| have local maxima, whereas the reflection factor magnitudes

|S11] and |S2,| have local minima.

This is however illustrated here by way of example on the basis of the resonance
frequency fes. The resonance frequency fesmeasured(70) IS @ resonance frequency
measured on the present three-way catalytic converter. It is important here that said
frequency is measured below a certain temperature (To < Tg). As is clear from Fig. 4, it
is only above a certain temperature, which differs between individual situations, that the
resonance frequencies for the definedly oxygen-laden catalytic converter and the
definedly discharged catalytic converter diverge (threshold temperature). According to
the invention, said temperature is reached when the resonance frequencies in the
definedly laden and definedly discharged three-way catalytic converter differ as

described further above.

Said resonance frequency is subsequently compared with the resonance frequency

fresiean{To) from Fig. 4 (corresponds to the base measurement of the gas- and/or
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particle-storing exhaust-gas purification device (2)) and the difference is determined.
Said difference is then taken into consideration as an aid for establishing new curves
for the present three-way catalytic converter in the present environment, by virtue of
the curves being formed by extrapolation from the curves of the base measurement
(Fig. 4) on the basis of the determined difference. One thus arrives at a resonance
frequency curve for the definedly laden (fesmi(7T)) catalytic converter (2) and the

definedly discharged (fes empty( 7)) catalytic converter (2).

If the presently measured actual values of the resonance frequency for the three-way
catalytic converter (2) are now measured during operation of the vehicle, possible
damage to or aging of the catalytic converter can be inferred from the deviations of the
new curves with the actual values if the setpoint values which exist at a certain
temperature are generally no longer attained for the definedly laden state and the

definedly discharged state.

An exhaust-gas aftertreatment and measurement system such as is of interest for the
present invention is illustrated in Fig. 1. The metallic housing of the catalytic converter
acts as a (filled) cavity resonator which in this case can, by way of example, be
operated as a single-gate resonator (only one antenna active). Here, the honeycomb
body of length Ly, is inserted into the resonator of length Lg. The antennae are situated
in each case between the honeycomb body and the (optional) shielding grates. For
frequency-independent and connection pipe-independent, reproducible specification of
the resonance volume, it may be advantageous (although not imperatively necessary
for the method; see DE102008012050 Fig. 4a and Fig. 4b) for reflectors, for example
metallic grates, to be provided on the ends of the catalytic converter housing, which
reflectors do not inadmissibly hinder the exhaust-gas flow but act as electrical short-
circuits for electromagnetic waves in the frequency range up to a few GHz. The
antennae should be designed to be capable of withstanding high temperatures.
Arrangements are for example suitable which have a metallic hollow cylinder as an
outer conductor and, coaxial with respect thereto, a metallic inner conductor which is
mounted via ceramic discs as spacers and which is longer than the outer conductor
such that it protrudes into the resonance chamber (capacitive coupling). Likewise, a
metal- or wire-filled insulating ceramic pipe, the filling of which is longer than the pipe,
together with the conductive wall of the catalytic converter housing, or a small
conductor loop, the end of which is connected in conducting fashion to the catalytic

converter housing (magnetic coupling), may serve as an antenna. To detect changes in
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the honeycomb body, use may be made, as measurement signals, inter alia of

amplitude, resonance frequency, half width or quality.

For the test described here, in principle only one antenna is required. From the
externally measured S parameter Sy4, which is in principle of complex value, of the
cavity resonator (see above), features are extracted continuously as described above,
said features having a clear relationship with the state of interest of the catalytic
converter. A highly suitable feature is the resonance frequency, that is to say for
example the frequency of the local minimum of the magnitude of Sy, in Fig. 2 or Fig. 3.
As already mentioned above, the measurement and calibration process may also be

carried out with other measurement variables of the high-frequency measurement.

For the following tests, the catalytic converter temperature was varied while a gas flow
remained consistent. In the test whose result is shown in Fig. 2, a three-way catalytic
converter was heated to different temperatures externally by means of a heating
sleeve. The test was carried out with a constant gas flow with an air number of
approximately 1.48 with a gas composition of 6 % O,, 10 % CO; and 5 % H,O in N,.
This lean gas mixture leads to oxygen loading of the catalytic converter, and therefore
to a very low electrical conductivity of the catalytic converter material (electrically
insulating). In the test whose result is shown in Fig. 3, a three-way catalytic converter
was heated as described above to different temperatures, wherein a constant gas flow
with air number A = 0.96, with 1.5 % CO, 1500 ppm CsHg, 10 % CO, and 5 % H,O in N,
was conducted through. As a result of the rich gas mixture, the oxygen storage
component in the catalytic converter is reduced, that is to say the catalytic converter is

emptied and the electrical conductivity of the catalytic converter material rises.

It is readily apparent from Fig. 2 or Fig. 3 that the feature "Resonance frequency of
S+" (for example first minimum in the frequency spectrum at approximately 1.25 GHz)
is highly dependent on the temperature, specifically both in lean conditions (Fig. 2) and
also in rich conditions (Fig. 3). At the same time, it is readily apparent from the
comparison of Fig. 2 or Fig. 3 that the feature of resonance frequency also shifts with
the oxygen loading. At the same time, the resonance frequency also shifts with the
geometry, that is to say relatively small deviations in the dimensions cause a shift in the
resonance frequency of a wave guide system, as is known for example from "R. F.
Harrington, Time-Harmonic Electromagnetic Fields, The IEEE Press Series on

Electromagnetic Wave Theory, Wiley Verlag (2001), pages 317-321". The geometry
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itself is also dependent on the temperature owing to the coefficient of thermal

expansion of the catalytic converter housing and of the catalytic converter monolith.

With the aid of the behaviour, hitherto not understood, in Fig. 4, there is now the
expedient possibility of a calibration in the vehicle. The measured first resonance
frequency in lean conditions and in rich conditions (between approximately 1200 and
1300 MHz depending on the temperature) is plotted, in each case as a function of the
temperature, in Fig. 4. It is clear here that the curves overlap at low temperature,
whereas the curves diverge only at high temperature. In particular, the points are

congruent at room temperature.

By means of these measurement results, a calibration can now be carried out. This will
be explained here by way of example for the case of the resonance frequencies as a

signal feature.

Firstly, the resonance frequency fiesmeasured( To) i measured at a known temperature T,
which lies below the temperature at which the curves start to diverge. T, may be for
example the ambient temperature when the vehicle is at a standstill. The resonance
frequency fies measured(To) Will lie exactly on the curve in Fig. 4 only in rare cases. Said
resonance frequency however defines a basic state. In Fig. 4 it is possible to see, for a
certain geometry, the general temperature dependency of the resonance frequency in
the lean state (that is to say the profile of the resonance in the "oxygen-laden" state)
fresiean{T) @nd in the rich state fes ricn(7) (resonance of the state without oxygen loading).
The resonance frequency fiesmeasured( To) Measured at T, can now be set in relation to
the resonance frequency in lean conditions at Ty, that is to say to fiesjean(T0). FOr

example, a corrective factor Ky may be defined as follows:

fres,measured(TO) = K1 X fres,lean(TO) (1 )

By means of said corrective factor, the profile of the basic state fesnn(T) in the fully

oxygen-filled case can then be defined as follows:

fres,fuII(T) = Ky x fres,lean(T) (2)

The same applies for fesempty(T). FoOr increased accuracy, such a factor K; may
however also be temperature-dependent (K{(T7)). As an alternative to the corrective
factor, a resonance frequency difference may also be taken into consideration for the

calibration:
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fres,measured(TO) = Afres + fres,lean(TO) (3)

The profile of the basic state fi.srn(7) in the fully oxygen-filled state would then be

calculated in accordance with equation (4):

fres,fuII(T) = Afres + fres,lean(T) (4)

This applies correspondingly for fesempty(T). The oxygen-filled basic state (100 %
oxygen loading, electrically insulating) is thus defined. Based on the establishment
from Fig. 4 that there is a profile for the behaviour in the emptied state (fesricn(7)), a
calibration for the oxygen-depleted case can be defined analogously to that described

above.

The state of the catalytic converter component can thus be traced back to the curve in
Fig. 4, which can then serve for example as a basis for the analysis and regulation of
the exhaust-gas aftertreatment system. The curve in Fig. 4 may be of different
appearance in terms of the absolute values for different engine types. With the concept
according to the invention, it is nevertheless possible in any case for the behaviour to

be transferred to a curve as in Fig. 4.

The method becomes even more precise if a point, which arises in any case during
driving operation, at which the catalytic converter is either definedly laden with oxygen
or definedly reduced occurs and said point is likewise taken into consideration as a
node. At a known temperature T,, the lean curves fesiean(Tn) Or the curves in the
emptied state fesricn(7n) can then be adapted. An example for an oxygen-laden
operating state may be an operating phase of suitable duration after an overrun fuel
cut-off. An emptied state may analogously arise after an enrichment phase of suitable
type and duration. From this it is possible to derive a function for the on-board
diagnosis, because a comparison with the new state of the catalytic converter yields a
representation of the aging over the service life. As already explained in the
introduction, the oxygen storage capacity is coupled to the state of the catalytic
converter, such that a high storage capacity indicates a catalytic converter which is still

functioning well.

It is important to point out here that a signal feature may be not only the resonance
frequency of the reflection factor Sy; but rather also other variables derived therefrom

such as for example the damping in the case of resonance, the damping at a certain
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frequency or the width of a resonance point. Equations (1) to (4) must then be

correspondingly adapted.

Other parameters which describe the high-frequency characteristics may also be used.
Examples here are the further S parameters or else combinations of S parameters or
combinations of features extracted from a plurality of S parameters. Mentioned here as
an example are the losses. In this case, too, equations (1) to (4) must then be

correspondingly adapted.

It is additionally pointed out here that, according to the invention, in principle all
resonance points are suitable for a correction as described above. Furthermore,
different features measured at different resonance points (in different frequency

ranges) may also be combined.

In the method according to the invention, reproducible conditions are important. The
fact that the mentioned installation of reflection grates may be advantageous here has
already been shown in the above-cited document DE102008012050. In both cases, the
magnitude of the forward transfer function Sy, of the resonator was measured, once
without the reflection grate and once with the reflection grate. The sequence of maxima
and minima of the measurement with reflection grates is clearer and less erratic. Owing
to the shielding action of the reflection grate, the field no longer penetrates, or
penetrates to a lesser extent, into the region of the connection pipes. The result is a
resonator which, from a high frequency aspect, is more clearly defined and
independent of the form of the connection pipes. This may be advantageous because
the conical transitions between the catalytic converter housing and the connection
pipes, in particular at the gas inlet, are designed according to flow aspects, for example

such that the ceramic honeycomb body is flushed through uniformly by the gas.

Operation without the reflection grate is possible but may under some circumstances
lead to increased outlay for the inversion of the relationship between the catalytic

converter state and the measured S parameters.

This calibration process according to the invention of the high-frequency measurement
system is also expedient for the detection of the loading of other catalytic converter
types which store gases or soot particles, such as for example NO, storage catalytic

converters, SCR catalytic converters or diesel particle filters, if, at sufficiently low
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temperatures, a distinction can no longer be made between the laden and unladen

states.
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Patent Claims

Process for calibrating a measurement device for determining the electrical
properties of a component for exhaust-gas aftertreatment, which component
accumulates or stores exhaust-gas constituents and is arranged in a metallic
housing of an exhaust-gas aftertreatment system of a vehicle, wherein the
electrical properties are detected by means of microwaves which are coupled in
and/or coupled out by means of at least one antenna arranged in the housing at
the inflow side and/or at the outflow side, wherein a measurement at low
temperature of the component for exhaust-gas aftertreatment serves as a basis
for the calibration of the measurement device, and a correction of the
measurement device takes place on the basis thereof,

characterized in that,

at low temperatures, a distinction can no longer be made between different

loading or storage states of the component.

Process according to Claim 1,

characterized in that

the determination of the electrical properties and the calibration of the
measurement device can be carried out not only through the use of the
resonance frequency but rather also by means of further signal features such as
amplitude, the quality of the resonator or else variables based thereon (also in

different frequency ranges).

Process according to one of the preceding claims,

characterized in that

said calibration process of the high-frequency measurement system can be used
in particular for three-way catalytic converters for the detection of the oxygen
loading but also for further catalytic converter types such as NO, storage catalytic
converters (NOy loading), SCR catalytic converters (NH; loading) and diesel
particle filters (soot loading) which store gases or soot particles if, at a sufficiently
low temperature, a distinction can no longer be made between the laden and

unladen state.

Process according to one of the preceding claims,
characterized in that,

by means of suitable extrapolation, the temperature dependency of a base
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measurement can be taken as a basis, and therefore the electrically insulating
state is known and can be updated over the service life on the basis of the

calibration measurement.

Process according to one of the preceding claims,

characterized in that,

by means of a suitable mathematical relationship, the difference between the
laden and unladen state can be calculated and thus also taken into consideration
in the on-board diagnosis as a measurement variable for the overall storage
capacity of the component of the exhaust-gas aftertreatment device in relation to

the new state.

Process according to one of the preceding claims,
characterized in that
the component and the antennae at the inflow side and at the outflow side are

surrounded by a microwave reflector for delimiting the resonator volume.

Process according to one of the preceding claims,
characterized in that
the process proposed in Claim 1 can be used not only for calibration and

application but rather also within the regulation of engines.
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AMENDED CLAIMS
received by the International Bureau on 12 September 2012 (12.09.2012)

Process for calibrating a measurement sytem for determining the electrical
properties of a component for exhaust-gas aftertreatment, which component
accumulates or stores exhaust-gas constituents and is arranged in a metallic
housing of an exhaust-gas aftertreatment system of a vehicle, wherein the
electrical properties are detected by means of microwaves which are coupled in
and/or coupled out by means of at least one antenna arranged in the housing at
the inflow side and/or at the outflow side, wherein a measurement at low
temperature of the component for exhaust-gas aftertreatment serves as a basis for
the calibration of the measurement device, and a correction of the measurement
device takes place on the basis thereof,

characterized in that,

at low temperatures where a distinction can no longer be made between different

loading or storage states of the component.

2.  Process according to Claim 1,

characterized in that

the determination of the electrical properties and the calibration of the
measurement system can be carried out not only through the use of the resonance
frequency but rather also by means of further signal features such as amplitude,
the quality of the resonator or else variables based thereon, also in different

frequency ranges.

3.  Process according to one of the preceding claims,

characterized in that

said calibration process of the measurement system can be used in particular for
three-way catalytic converters for the detection of the oxygen loading but also for
further catalytic converter types such as NO, storage catalytic converters (NO,
loading), SCR catalytic converters (NH; loading) and diesel particle filters (soot
loading) which store gases or soot particles if, at a sufficiently low temperature, a
distinction can no longer be made between the laden and unladen state.

AMENDED SHEET (ARTICLE 19)
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Process according to one of the preceding claims,

characterized in that,

by means of suitable extrapolation, the temperature dependency of a base
measurement can be taken as a basis, and therefore the electrical properties of a
component for exhaust-gas aftertreatment is known and can be updated over the
service life of the component for exhaust-gas aftertreatment on the basis of the

calibration measurement.

Process according to one of the preceding claims,

characterized in that,

by means of a suitable mathematical relationship, the difference between the laden
and unladen state can be calculated and thus also taken into consideration in an
on-board diagnosis as a measurement variable for the overall storage capacity of
the component of the exhaust-gas aftertreatment device in relation to the new

state.

Process according to one of the preceding claims,

characterized in that
the component and the antennae at the inflow side and/or at the outflow side are

surrounded by a microwave reflector for delimiting the resonator volume.

Process according to one of the preceding claims,
characterized in that
the process can be used for the regulation of engines.

AMENDED SHEET (ARTICLE 19)
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