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(54) Title: IR-SENSOR, PARTICULARLY A CO, SENSOR

(54) Bezeichnung: IR-SENSOR, INSBESONDERE CO,-SENSOR

(57) Abstract: The invention relates to an IR-sensor (1), particularly a CO, sensor, comprising a filter arrangement (6) behind which
a detector arrangement (7) is placed, and comprising an evaluating device (8) that is connected to said detector arrangement (7). The
filter arrangement (6) has a first filter (9) and a second filter (10), which are configured as bandpass filters, each have a pass band,
and of which the first filter (9) permits the passage of a predetermined IR band while the second filter (10) does not. The detector
arrangement has two detectors (14, 15) each assigned to a respective filter (9, 10). The aim of the invention is to simplify an IR-sensor
of the aforementioned type. To this end, the pass band of one filter (10) is located inside the pass band of the other filter (9), and the
I~ evaluating device (8) subtracts the signals (S1, S2) of the detectors (14, 15) and adapts the difference to the signal (S1) of a detector

- (14).

o

51 A

(57) Zusammenfassung: Es wird ein IR-Sensor (1), insbesondere CO,-Sensor, angegeben mit einer Filteranordnung (6), hinter der
eine Detektoranordnung (7) angeordnet ist, und einer Auswerteeinrichtung (8), die mit der Detektoranordnung (7) verbunden ist,
wobei die Filteranordnung (6) einen ersten Filter (9) und einen zweiten Filter (10), die als BHandpa[3-Filter ausgebildet sind und
jeweils ein DurchlaB und aufweisen und von denen der erste Filter (9) ein vorbestimmtes IR-Band durchldf3 und der zweite Filter
(10) nicht, und die Detektoranordnung zwei Detektoren (14, 15) aufweist, von denen jeder einem Filter (9, 10) zugeordnet ist. Man
mochte die Anwendung eines derartigen IR-Sensors
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IR-SENSOR, PARTICULARLY A CO, SENSOR

Background of the Invention

The invention relates to an IR sensor, especially a CO, sensor, having a filter
arrangement, downstream of which there is arranged a detector arrangement, and an
evaluating device which is connected to the detector arrangement, the filter arrange-
ment having a first filter and a second filter, which are configured as bandpass filters
and each have a passband and of which the first filter allows passage of a predeter-
mined IR band and the second filter does not, and the detector arrangement has two

detectors, each of which is associated with a filter.

The invention is described below with reference to an IR sensor for IR-absorbing

gases, but can also be used for other purposes, as will be explained hereinbelow.

Such a sensor, which is configured as a gas sensor, is known, for example, from
US 5,081,998 A. An IR radiation source is provided therein, which acts upon a total
of four detectors by way of a filter arrangement. The filter arrangement has two
filters having different pass characteristics. A first filter has a passband for IR
radiation that is absorbed by CO,. That filter is therefore also referred to as a "CO;
filter". The detectors arranged downstream are designated CO, detectors. The other
filter has a passband different therefrom which serves for determining a reference
quantity. The detectors arranged downstream of that reference filter are referred to as
reference detectors. Between the IR source and the two filters there 1s arranged a
third filter which is referred to as a natural density filter and overlaps half of the first
filter and half of the second filter. Accordingly, one of the two CO; detectors and
one of the reference detectors receives only IR radiation that has passed both through
the natural density filter and through either the CO; filter or the reference filter. In
the evaluating device, the difference of the output signals of the two CO, detectors
and the difference of the two reference detectors is formed. The two differences are
then divided by one another. Such a CO; sensor is required, for example, for
determining CO, in a patient's breath so as to be better able to monitor the patient

during anaesthesia.
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Another field of use for gas sensors, especially CO, sensors, is described in
US 6,369,716 Bl. The CO, sensor therein i1s used for determining the CO, content

(carbon dioxide content) in a room in order to be able to control the room climate

with the aid of that measured quantity.

The CO;, concentration in a room should be between 800 ppm and 1200 ppm,
because higher concentrations can give rise to fatigue symptoms. The natural
concentration in built-up areas is normally about 400 ppm. With the aid of a CO;
sensor it 1s possible to determine how much fresh air needs to be supplied in order to
achieve a desired CO; concentration. The same considerations apply also to other
gases for which a specific content should not be exceeded, for example CO (carbon

monoxide) or the like.

As mentioned above, the invention is described below with reference to the measure-

ment of CO,, but it is also suitable for use for other gases.

One way of measuring CO; in the air is based on gas-phase-based sensors in which
non-dispersive infrared spectroscopy (NDIR) is used. Such a method of determining
the CO, content proceeds on the basis that CO, absorbs infrared radiation, that is to
say the content of IR radiation in a specific, narrowly defined wavelength range is a

quantity that can be used for determining the CO, concentration.

A disadvantage of such sensors is that they have a relatively high power requirement.
The arrangement known from US 5,081,998 A requires a source of radiation which,
in any case for prolonged use, makes it unsuitable for battery-operated use.
Furthermore, such an IR source generally requires a certain heating-up period, so
that without a degree of prior preparation it is not always possible to carry out

measurements when desired.

Summary of the Invention

The problem underlying the invention is to simplify the use of an IR sensor.
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That problem is solved by a gas sensor of the kind mentioned at the beginning
wherein the passband of one filter is arranged within the passband of the other filter
and the evaluating device forms the difference of the signals of the detectors and

normalises it to the signal ot a detector.

That configuration makes it possible to evaluate substantially more IR radiation. The
IR radiation is therefore not divided into two separate ranges, with each detector
detecting only one range. Instead, one detector detects IR radiation having a pre-set
spectral range, which also includes, for example, the absorption spectrum ot the gas
being determined, here CO,. The other detector detects an IR spectrum from a sub-
range thereof, which does not include the absorption spectrum of the gas being
determined. The sensitivity of the sensor is thus considerably increased, that 1s to say
only relatively low demands are made for the supply of IR radiation to the sensor.
Because the difference between the output signals of the detectors 1s formed, an
interfering signal, for example background noise or the like, is eliminated. The
normalisation of the difference to the output signal of a detector enables fluctuations
in the intensity of the IR radiation to be compensated. It 1s also possible to use more
than two sensors with a correspondingly greater number of filters, the individual
pass ranges then overlapping accordingly. With such a sensor it 1s also poséible to
obtain other information, for example relating to temperature, to movement 1n the
room, to the number of persons in the room, efc.. Because it is possible to detect
substantially more radiation, the power consumption can be reduced, so that the
necessary power can also be supplied by a battery. That in turn gives greater freedom

in terms of local mounting and use. The sensor can transmit its signals wirelessly.

The passband of the first filter is preferably larger than the passband of the second
filter. Accordingly, the first filter, in addition to including the spectral range allowed

to pass by the second filter, also includes the spectral range in which IR radiation 1s

absorbed.
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The two filters preferably have a common cut-off wavelength. That simplifies
evaluation. The difference between the output signals of the detectors can then
readily be formed without additional calculation steps being necessary. The cut-ott
wavelengths are the wavelengths that define, that is to say limit, the passbands. They

are referred to as "start wavelength" and "end wavelength".

It is preferred here that both filters have the same start wavelength. The "start
wavelength" is the wavelength from which the filters allow passage of radiation. The
"same" start wavelength need not be identical in the mathematical sense. Customary
tolerances, for example 5 %, are entirely permissible. Although such tolerances do

influence the measurement result, that influence 1s acceptable.

Both filters are preferably formed by filter elements in series, one filter element
being the same for both filters and defining a cut-off wavelength. The two filter
elements are therefore arranged one after the other in the radiation direction, that 1s
to say between the source(s) for IR radiation and the detectors. It is also possible to
configure the filter arrangement so that the "start wavelength" is defined by the filter
element which is the same for both filters, and the "end wavelength" which limits the
passband is defined by the two other filter elements. That is a simple measure by
means of which the passbands of the two filters can be fixed with comparatively

high accuracy.

The first filter advantageously has a passband that is from 0.3 to 0.7 um greater than
the passband of the second filter. It is desirable for the first filter to cover basically
only a relatively narrow wavelength range or spectral range of the IR spectrum,
namely the range in which IR radiation is absorbed by CO;. The range indicated 1s

sufficient for this. The risk that absorption by other gases will have an adverse etftect

on the measurement result and falsify that result 1s kept small.

It is preferable here for the first filter to have a passband in the range of from 3.6 to

4.5 um and the second filter to have a passband in the range of from 3.6 to 4.0 pm.
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Generally it can be said that the common spectral range 1s approximately half the
size of the spectral range allowed to pass by the first filter. In dependence upon the
gases or other quantities being detected, those spectral ranges can of course also be

shifted. It has been found, however, that those wavelength ranges are advantageous

for CO».

In an especially preferred configuration, the sensor uses the natural IR radiation from
the environment. There is therefore no need for a source of radiation that needs a
separate power supply and accordingly has a certain power requirement. IR radiation
1s generally present everywhere, even when there is no incident sunlight. In principle
every body has a certain amount of thermal radiation. Because it 1s then possible to
do without an IR radiation source, the "measurement range" is also broadened, that is
to say it is possible to monitor relatively large areas of a room for the content of the
gas in question. This facilitates the monitoring and establishment of a "personal
room climate” or the indoor air quality. It is unnecessary first to conduct the air 1n
the room to a sensor where it is passed between the source of IR radiation and the
detectors with upstream filters. It is sufficient for the sensor to be arranged at a point
in the room where it can, as it were, "survey" the volume of air to be monitored. In
that case, the gas sensor can, as it were, detect the averaged gas concentration 1n a
simple way. The sensor therefore determines an average value, which, particularly
for the personal room climate, constitutes a substantially better measurement result.
Of course, it is also possible to use the sensor to improve the technology of sensors
that operate with lamps or other means of lighting. When natural or ambient IR
radiation is used, the energy of the light means can be reduced. That results in longer

maintenance intervals and a longer service life.

The evaluating device preferably normalises the difference to the signal of the first
detector. In other words, for normalisation the signal containing the CO, content 1s

used. That procedure results in a somewhat greater dynamic performance.



CA 02569164 2011-01-20

-6 -
The filters preferably contain CaF,, germanium or silicon. The silicon preferably has

an anti-reflective coating in order to improve transmission.

In accordance with one aspect of the present invention, there is provided an IR
sensor having a filter arrangement, downstream of which there is arranged a detector
arrangement, and an evaluating device which i1s connected to the detector
arrangement, the filter arrangement having a first filter and a second filter, which are
configured as bandpass filters and each having a passband, wherein the first filter
allows passage of a predetermined IR band and the second filter does not, and the
detector arrangement having a first detector and a second detector, each of which is
associated with one of the first filter and the second filter, the passband of the second
filter being arranged within the passband of the first filter and the evaluating device
forming a difference of signals of the first detector and the second detector, wherein
the first filter and second filter are formed by filter elements in serics, one filter
element being the same for both the first filter and the second filter and defining a
common cut-off wavelength and the evaluating device normalising the difference of
signals of the first detector and the second detector to the signal of one of the first

detector and the second detector.

Brief Description of the Drawings

The invention will be described hercinbelow with reference to a preferred exemplary

embodiment in conjunction with the drawings.

Fig. 1 is a diagrammatic view for explaining the operating principle of the present

Invention;

Fig. 2 shows, in diagrammatic form, two passbands of two filters:

Fig. 3 shows, in diagrammatic form, the amount of energy that can be detected by

detectors;

Fig. 4 is a block circuit diagram for explaining the structure of the gas sensor;
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Fig. 5 shows, in diagrammatic form, the pass range of two filters, and
Fig. 6 1s a diagrammatic view of a preliminary stage of an evaluation signal.

Detailed Description of Preferred Embodiments

Fig. 1 shows a diagrammatic view of a gas sensor 1 for determining the CO, content
(carbon dioxide content) in a measurement region 2. The measurement region may
be, for example, a room or the portion of a room in which the personal room climate
s to be regulated. A sun symbol 3 represents a natural IR source. The sun symbol 3
serves here merely for explanation purposes. The gas sensor 1 also operates in the
absence of sunlight, because in principle virtually any body radiates heat and thus

generates IR rays.

A large number of CO, molecules are present in the measurement region 2, the CO,
molecules being represented herein by small circles. The gas molecules 4 absorb IR

rays in a specific spectral range, as represented by arrows 5. The greater the concen-
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tration of CO,, the lower the energy in a specific spectral range that can be detected

in the gas sensor 1.

Fig. 4 shows, in diagrammatic form, a block circuit diagram for explaining the
structure of the gas sensor 1. The gas sensor 1 has a filter arrangement 6, a detector
arrangement 7 and an evaluating device 8. Further details, such as the housing,

fixing means or the like, are not shown herein.

The filter arrangement has a first filter 9 and a second filter 10. The two filters have
different pass characteristics, which are shown in Fig. 2. The first filter has a
passband F1. The second filter has a passband F2. The two passbands F1, F2 begin
at the same lower limit L, but have different upper limits, the pass range F1 having
an upper limit Ul and the pass range F2 having an upper limit U2. The distance
between the upper limit U1 of the first passband F1 and the upper limit U2 1s in the

order of magnitude of from about 0.3 to about 0.7 pm, for example 0.5 pm.

In the range in which the passband F1 of the first filter 9 is greater than the passband

F2 of the second filter 10, there is a spectral range A (CO;) in which IR radiation i1s
absorbed by CO,. That spectral range is located at about from 4.2 to 4.3 pm.
Accordingly, the upper limit Ul of the first passband F1 can be arranged at about
4.5 um, the upper limit U2 of the second passband F2 at about 4.0 pm and the lower

limit L, which is common to both passbands F1, F2, at 3.6 um.

This can be implemented in a relatively simple way by the first filter 9 having a first
filter element 11 which defines the upper limit Ul of the passband F1. The second
filter 10 has a second filter element 12 which defines the upper limit U2 of the
second passband F 2. For the two filters 9, 10 in common, a third filter element 13 1s
provided, which defines the lower limit L of the two passbands F1, F2. The third
filter element 13 has an upper pass limit beyond the upper limit U1 of the passband
F1 of the first filter 9. The first and the second filter elements have a lower pass limit

which lies below the lower limit L of the third filter element 13.
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Accordingly, in the range of the first filter 9 the filter arrangement 6 allows passage
of IR radiation having an energy indicated by reference letter A in Fig. 3. That
energy is reduced by an amount C which is absorbed by CO;. In the range of the
second filter 10 the filter arrangement 6 allows passage of energy which is labelled

with reference letter B in Fig. 3. That energy is virtually constant, because it 1s not

affected by CO,.

The different energies are then detected by the detector arrangement 7. The detector
arrangement 7 has a first detector 14 which detects the IR radiation which passes
through the first filter 9, and a second detector 15 which detects the IR radiation
which passes through the second filter 10. The two detectors 14, 15 can be 1n the
form of thermoelectric elements which are also known as "thermopiles". In
dependence upon the IR radiation that occurs, each detector generates a voltage or a
current, that is to say an electrical quantity, which is the greater the more IR
radiation is incident. Accordingly, the first detector 14 generates a signal S1 and the

second detector 15 generates a signal S2.

A thermopile sensor is obtainable, for example, from PerkinElmer Optoelectronics

GmbH, D-65199 Wiesbaden, Germany.

Because, in a thermopile sensor, usually a temperature measurement is carried out

(because the output signal varies with temperature), measurement of the temperature
around the sensor has already been incorporated. As it is conceivable that the
radiation temperature of the room is also obtainable by means of the sensor, 1t 1s
possible on the basis of those two measurements simultaneously to obtain directly an
operating temperature which can then be used for controlling the room temperature

or something quite different.

In connection with IR it is also conceivable that measurement of a movement in the

room is directly possible with the sensor, which can then be used, for example, for
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controlling a ventilating system, which, for example, is activated only in the event of
a movement indicating that there is someone in the room. On the basis of various
movement measurements it is also conceivable that it would be possible to estimate
the number of people in the room, such an estimate also being usable for control
purposes, so that the room temperature or the ventilation is controlled/moditfied in

dependence upon the number of people in the room.

The two signals S1, S2 are supplied to the evaluating device 8, both signals contain-
ing an interfering component. It is assumed that the interfering component 1is

substantially the same for both detectors 14, 15. Accordingly, this gives

S1 :a(ICO2+I,,)
S2 =a (Iref_l_ In)

where Ioo, is the electrical quantity, for example the current or the voltage,

containing the information relating to the IR radiation, while I,.f 1s the reference

quantity that is not affected by the IR radiation. In the case of I;,, the index n denotes

noise. When the difference between S1 and S2 is formed, for which purpose a

difference former 16 is shown diagrammatically , the following quantity 1s obtained:
S1-S2=a (]C'O‘2 _Iref)

in which the noise component has disappeared.

That difference S1 — S2 is normalised to the output signal S1 of the first detector 14,

so that a signal S3 1s obtained.

- SI-82  a(lcoy —Iref)

S3
ST a(lcoy + In)
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Although that output signal S3 is in turn affected by the interfering value I, that

interference is negligible. The information obtained relating to the CO; content of

the measurement region 2 is very rehable, however.

Fig. 5 shows again the different pass ranges F1, F2 of the two filters 9, 10, from

which the differences between the two pass ranges can clearly be seen.

Fig. 6 shows the difference from the two pass ranges F1, F2 and, indicated therein,

the absorption spectrum 17 for COs.

The gas sensor is able reliably to determine CO; concentrations in the range of from

about 300 to about 1500 ppm.

When other gases are to be determined, for example nitrogen, nitric oxides, oxygen
or CO, the passbands must be shifted accordingly. In every case, however, 1t should
be ensured that the passbands overlap in order to allow the greatest possible energy

yield to pass to the detectors 14, 135.

It 1s also possible for a collecting device, that 1s to say a device that gathers or
focuses IR radiation, for example a collimator, to be arranged upstream of the

sensor. That also improves the sensor.

It is also possible to use such a sensor directly for waste gas monitoring. For that
purpose, it is installed in the chimney or exhaust. Particularly in the case of heating
systems, combustion can then be controlled with the aid of the output signals of the

sensor (or of a plurality of sensors).
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What is Claimed is:

]. An IR sensor having a filter arrangement, downstrcam of which there is
arranged a detector arrangement, and an evaluating device which 1s
connected to the detector arrangement, the filter arrangement having a first
filter and a second filter, which are configured as bandpass filters and each
having a passband, wherein the first filter allows passage of a
predetermined IR band and the second filter does not, and the detector
arrangement having a first detector and a second detector, each of which 1s
associated with one of the first filter and the second filter, the passband of the
second filter being arranged within the passband of the first filter and the
evaluating device forming a difference of signals of the first detector and the
second detector, wherein the first filter and second filter are formed by filter
elements in series, one filter element being the same for both the first filter
and the second filter and defining a common cut-off wavelength and the
evaluating device normalising the difference of signals of the first detector
and the second detector to the signal of one of the first detector and the

second detector.

2. The IR sensor according to claim 1, wherein the two filters have the same

start wavelength.

3. The IR sensor according to claim 1, wherein the first filter has a passband

that is from 0.3 to 0.7 um larger than the passband of the second filter.

4, The IR sensor according to claim 3, wherein the first filter has a passband in
the range of from 3.6 to 4.5 um and the second filter has a passband in the

range of from 3.6 to 4.0 um.

. The IR sensor according to claim 1, wherein the IR sensor uses the natural IR

radiation from the environment.
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The IR sensor according to claim 1, wherein the evaluating device normalises

the difference to the signal of the first detector.

The IR sensor according to claim 1, wherein the filters contain CaFs,

germanium or silicon.

The IR sensor of any one of claims 1 to 7, wherein the sensor i1s a CO;

SCNSOT.
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