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Description

[0001] The invention is defined in claims 1 and 11 and
relates to the measurement of a variable of a sample
using an optical behaviour, namely a luminescence ef-
fect, of a sensor substance, and specifically to the cali-
bration of such a measurement.

[0002] The UK patent application 8333822, published
as GB 2 132 348 A, refers to a method and apparatus
for determining the presence of oxygen. A sensor ele-
ment is formed by incorporating a luminescent material
whose intensity and lifetime of luminescence are quench-
able by oxygen into a carrier material permeable to oxy-
gen. A reference element is provided by incorporating
the same luminescent material into a carrier material im-
permeable to oxygen; the reference element can have a
wedge shape or hold the luminescent material at a con-
centration varying along the reference element. Sensor
element and reference element are exposed to a sample
to be analysed and are illuminated. Evaluation is done
by the eye or an electronic device. An image is not re-
corded.

[0003] German translation DE 697 09 921 T2 of Euro-
pean patent EP 0 901 620 B1 relates to a detection ap-
paratus for chemical analysis. In one embodiment, a
sample container is divided into three chambers, one
chamber for holding a sample to be analysed, the further
two chambers holding reference solutions. For each var-
iable of the sample to be measured, three separate op-
tical readout setups are provided, one for each chamber,
each readout setup including a light source and a pho-
toelectric sensor. Signals from the photoelectric sensors
of the readout setups for those chambers holding refer-
ence solutions are used to interpret the signals from the
photoelectric sensor of the readout setup for the chamber
holding the sample, i.e. for calibration of the measure-
ment performed on the sample.

[0004] International patent application
PCT/IB2011/051797, published as WO 2011/138705 A2,
relates to a sensing device for optically detecting a sub-
stance in a fluid. The method of detection is based on
total internal reflection at an interface, this total internal
reflection depends on a number of magnetic particles
present at the interface, which number in turn depends
on a variable of a sample, here the concentration of the
substance. The sensing device comprises a sensing re-
gion for generating a sensing signal depending on the
substance, a reference region for providing a reference
signal, and a reference element covering the reference
region. The reference element is adapted to shield the
reference region from the substance and to allow the fluid
to penetrate the reference element. This reduces the in-
fluence of the reference signal by the substance and,
since the reference element is adapted to allow the fluid
to penetrate the reference element, differences regard-
ing properties of the fluid at the sensing region and of the
reference element at the reference region can be re-
duced.
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[0005] International patent application
PCT/US2003/025702, published as WO 2004/017374
A2, discloses a method and corresponding apparatus for
determining a variable of a sample, more precisely the
concentration of a substance. The method is based on
fluorescent tags binding to molecules to be detected. Flu-
orescent arrays are analyzed by a reader constructed to
employ dark field illumination of the array, and mapping
an image of the array onto a solid state sensor array with
image dimensions of the same order magnitude as the
dimensions of the fluorescent array. High intensity illu-
mination is employed, non uniformities of which being
compensated by normalization employing intensity cali-
bration features in the array itself, that are sensed during
imaging of the array.

[0006] European patent application 13154017, pub-
lished as EP 2 762 066 A1, relates to the determination
of oxygen in blood. A marker is placed on a person’s skin.
The marker has two marker areas which transmit light at
afirst and at a second wavelength, respectively. The de-
termination is based on the difference in absorption of
the first and second wavelength by oxygenated haemo-
globin and by reduced haemoglobin.

[0007] The article "Ratiometric luminescence 2D in vi-
vo imaging and monitoring of mouse skin oxygenation"
by Julian Hofmann et al. in Methods and Applications in
Fluorescence, vol. 1,n0.4, 12 August 2013, page 045002
shows the application of planar sensor films in ratiometric
luminescence imaging for measuring oxygen concentra-
tion. The sensor film is calibrated prior to the measure-
ment.

[0008] The article "Micro-patterning and characteriza-
tion of PHEMA-co-PAM-based optical chemical sensors
forlab-on-a-chip applications" by Haixin Zhu et al. in Sen-
sors and Actuators B: Chemical, vol. 173, 07 August
2012, pages 817 - 823 discloses the application of sensor
substances for oxygen sensing and for pH-sensing onto
a chip in a patterned manner.

[0009] The article "Simultaneous Photographing of
Oxygen and pH in Vivo Using Sensor Films" by Robert
J Meier et al. in Angewandte Chemie International Edi-
tion, vol. 50, no. 46, 11 November 2011, pages 10893 -
10896 describes the imaging of two parameters (pH,
pO,) in a single image, exploiting the three colour chan-
nels of a digital camera and using a sensor film.

[0010] Measurements of a variable of a sample based
on an optical behaviour of a sensor substance in principle
are well known, numerous approaches exist, as well as
suitable sensor elements and sensor substances for
such measurements. Some of these methods and/or
sensor elements are described for example in published
German patent applications DE 102011 055272 A1, DE
10 2013 109 010 A1, DE 10 2010 061 182 A1, DE 10
2014 107 837 A1, German patent DE 10 2013 108 659
B3, and references cited therein. The measurement prin-
ciples and approaches described in this prior art can also
be applied in the context of the present invention. The
sensor substance may in particular be a chemical com-
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pound directly affected by the variable of the sample to
be measured, or may be a mixture of several compounds.
Forexample, the sensor substance may be afluorophore
in a buffer solution, where the fluorophore is affected in-
directly by the variable to be measured via a change of
a pH-value of the buffer solution, with an optical behav-
iour of the fluorophore depending on pH-value, and the
pH-value of the buffer solution for example changed by
carbon dioxide, thus making possible a measurement of
a partial pressure of carbon dioxide. Numerous such ex-
amples are known in the prior art, and the invention is in
no way limited to the specific examples just mentioned.
[0011] Measurements, to be reliable, require calibra-
tion of the measurement setup. Calibration is an extra
step, usually performed prior to the measurement proper,
requiring additional effort on the part of a user of the
measurement setup. If a measurement setup has been
calibrated and reliable measurements are to be per-
formed with it, it must be assured that the measurements
are performed at conditions which do not render the cal-
ibration useless, or at least corrections for deviations
from the calibration conditions must be taken into ac-
count. This requires determining the relevant conditions
at which the measurement is performed and deviations
from the calibration conditions. Therefore, taking into ac-
count calibration for correct measurements amounts to
significant additional effort.

[0012] Itis an object of the presentinvention to provide
a method for calibrated measurement of at least one var-
iable of a sample, wherein the effort for calibration is re-
duced in comparison with the prior art.

[0013] This object is achieved by a method according
to claim 1.

[0014] Claim 11 relates to a corresponding measure-
ment system.

[0015] Inthe method according to the invention for cal-
ibrated measurement of at least one variable of asample,
a contact between the sample and at least one sensor
substance is established. Each of the atleast one sensor
substance exhibits an optical behaviour which is a lumi-
nescence effect and is dependent on at least one of the
at least one variable of the sample. The contact between
a respective sensor substance and the sample must be
such that the optical behaviour of the respective sensor
substance can be affected by the sample. For example,
the at least one variable of the sample may be a concen-
tration of a substance, a partial pressure of a substance,
a pH-value, a pressure, or a temperature. In case the
variable is a concentration or partial pressure of a sub-
stance, this substance must be able to reach the sensor
substance. If the variable is a pressure, the contact must
be such thatthe sensor substance is exposed to the pres-
sure. If the variable is temperature, then heat exchange
between the sensor substance and the sample must be
possible. As non-limiting examples, the method may be
used to determine partial pressure of gases like oxygen
or carbon dioxide in a gas or liquid environment, or a
concentration of ions like ammonium or of certain mole-
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culesinaliquid. By the method according to the invention
measurements may also be performed on liquid layers
adhered to or emanating from a solid object or on gases
diffusing out of a solid object.

[0016] Itis possible that the optical behaviour of a sen-
sor substance depends on more than one variable of the
sample. It is possible that two or more different sensor
substances are used, all of which have a respective op-
tical behaviour that depends on the same variable of the
sample. For each variable of the sample to be measured
there must be at least one sensor substance with an op-
tical behaviour that depends on the respective variable
of the sample.

[0017] Accordingtothe method, atleastone calibration
area is defined. Each such calibration area is associated
with at least one sensor substance used in the method;
here the association is such that the respective calibra-
tion area is used for calibration of a measurement involv-
ing the respective at least one sensor substance. There
can be more than one calibration area per sensor sub-
stance. Also, if a sensor substance is used for measuring
more than one variable of the sample, then for this sensor
substance there can be one or more calibration areas for
each variable of the sample in the measurement of which
the respective sensor substance is used. Each such cal-
ibration area is defined by exposing a portion of the at
least one sensor substance to defined ambient condi-
tions, wherein such defined ambient conditions include
a pre-determined value of at least one of the at least one
variable of the sample.

[0018] Further according to the method, at least one
image is recorded. Each of the at least one image cap-
tures at least a portion of at least one of the at least one
sensor substance and at least a portion of at least one
of the at least one calibration area. The image preferen-
tially is recorded with a camera.

[0019] The at least one image is a digital image and
the value of the at least one variable of the sample is
determined from the at least one image. Image data as-
sociated with the atleast one sensor substance, e.g. pixel
values of pixels which in the image represent the at least
one sensor substance, i.e. which represent an area or
region of space in which the sensor substance is present
and in contact with the sample, and image data associ-
ated with the at least one calibration area, e.g. pixel val-
ues of pixels which in the image represent the at least
one calibration area, are used to determine the value of
the at least one variable of the sample.

[0020] Determining the value of a variable of the sam-
ple is to be understood to include the determination of
the value of the variable up to error bounds known in the
art, but is also to include determining whether the value
of the variable is within a given range, where this range
can have only an upper bound or only a lower bound or
both an upper bound and a lower bound.

[0021] Image data associated with a calibration area
are used for calibrating the measurement, as will be de-
tailed further below. Thus each recorded image not only
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holds sensor output in the form of image data associated
with at least one sensor substance, but also calibration
data in the form of image data associated with at least
one calibration area. The effort for calibration therefore
is reduced in comparison with prior art methods; record-
ing one of the at least one image is a single step, but
yields both sensor output and calibration data, which sub-
sequently can be evaluated automatically. Furthermore,
any changes in ambient conditions, like e.g. temperature
or salinity, that may affect the optical behaviour of the at
least one sensor substance in addition to the atleast one
variable which is to be measured using the sensor sub-
stance, also affect the at least one calibration area in a
similar fashion. Therefore, deviations from calibration
conditions are taken into account automatically, making
calibrated measurements easier than in prior art.
[0022] The optical behaviour of a sensor substance is
a luminescence effect. Luminescence includes both
phosphorescence and fluorescence. For example, the
intensity, colour, or polarisation of luminescence light
emitted by the sensor substance upon suitable excitation
may depend on at least one variable of the sample. Fur-
ther examples include that a decay time of luminescence
intensity or luminescence polarisation depends on at
least one variable of the sample. Measurement ap-
proaches exploiting such dependencies are well known,
and also described in the cited prior art.

[0023] In particular, the at least one image may be re-
corded with a handheld device. Use of a handheld device
makes the measurement method especially easy to use
and particularly suitable for field work.

[0024] In an embodiment, at least one of the at least
one sensor substance is provided embedded in a sensor
element or attached to the surface of a sensor element.
The contact between the sensor substance and the sam-
ple is established by bringing the sensor element into
contact with the sample. The sensor element may for
example include a polymer matrix into which the sensor
substance is embedded, and which is permeable to a
substance to be measured using the respective sensor
substance. The sensor elements can be manufactured
in suitable sizes and shapes, for example by punching
or cutting sensor elements from a polymer matrix holding
the sensor substance. The sensor elements are not lim-
ited to including a polymer matrix. Sensor elements of
various constitutions and ways to produce them are
known in the art. While, in principle, one or more sensor
substances used in the inventive method can be mixed
with the sample, having one or more sensor substances
embedded in or attached to a sensor element has the
advantage of providing the sensor substance(s) at a de-
fined position in the sample, just by suitably positioning
the sensor element. Furthermore, by use of a sensor el-
ement, properties like thickness of a layer holding one or
more sensor substances can easily be fixed, as such
properties are determined by manufacture of the sensor
elements.

[0025] Inan embodimentof the method employing one
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or more sensor elements, the one or more sensor ele-
ments may be identified in the at least one image by the
position, size, or shape of the sensor element. For ex-
ample, if a first sensor element is used to measure a first
variable of a sample, e.g. pH-value, and a second ele-
ment is used to measure a second variable of the sample,
e.g. partial pressure of oxygen, then the first sensor el-
ement may be shaped as a square, while the second
sensor element may be shaped as a triangle, so the sen-
sor elements can be distinguished by their shape. It
should be clear that the choice of square and triangle is
merely an example and in no way a limitation of the in-
vention.

[0026] As stated above, both image data associated
with at least one sensor substance and image data as-
sociated with at least one calibration area are used for
determining the at least one variable of the sample. The
at least one calibration area is defined by exposing a
portion of at least one sensor substance to defined am-
bient conditions, wherein such defined ambient condi-
tions include a pre-determined value of at least one of
the at least one variable of the sample. For example, if
the calibration area is to be used to calibrate a measure-
ment of a pH-value, then the calibration area is defined
by exposing a portion of the sensor substance used for
the measurement of the pH-value to a defined pH-value.
Of course, when recording the at least one image for
measurement, apart from the portion of the sensor sub-
stance in the calibration area, or part thereof, also a por-
tion of the sensor substance exposed to the variable of
the sample to be measured, in the example to the pH-
value of the sample, must be recorded.

[0027] Inanembodiment, at least one calibration area
is defined by a calibration element. A calibration element
in this embodiment is analogous to a sensor element
discussed above, and therefore has at least one sensor
substance embedded within the calibration element or
attached on a surface of the calibration element. In con-
trast to a sensor element holding the same sensor sub-
stance, the sensor substance in the calibration element
is exposed to defined ambient conditions, as described
above in the general context of a calibration area. For
the example of a pH-measurement, the calibration ele-
ment, sealed against the sample, may contain the sensor
substance used for pH-measurement in a solution of de-
fined pH-value, for example embedded in a polymer ma-
trix. A calibration area, or a calibration element, in em-
bodiments is exposed to the defined ambient conditions
only when a measurement is to be performed. In such a
case it is possible to change, between measurements,
the range of the value of the variable to be measured for
which calibration is done, by choosing suitable ambient
conditions to which the calibration area is exposed.
[0028] The calibration approach is based on exposing
different portions of one and the same sensor substance,
respectively, to the sample and to defined conditions. By
exposing the sensor substance to defined conditions, an
optical behaviour corresponding to the defined condi-
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tions obviously is achieved.

[0029] In an embodiment, a calibration area may be
identified in the at least one image by position, size, or
shape of the calibration area. For example, for the meas-
urement of a specific variable of a sample, two calibration
elements may be provided, afirst calibration element cor-
responding to an expected upper bound of the variable
of the sample, and a second calibration element corre-
sponding to an expected lower bound of the variable of
the sample. The first calibration element may be shaped
as a circle, the second calibration element may be
shaped as a square, and thus the first and the second
calibration element can be distinguished in the at least
one image by their shape. It should be clear that the
choice of circle and square is a mere example, and in no
way a limitation of the invention.

[0030] In an embodiment, at least one of the at least
one sensor substance and at least one of the at least one
calibration area are provided on a common carrier. For
example, the carrier may act as common support for one
or more sensor elements, and for one or more calibration
elements which correspond to the sensor elements, i.e.
which are used to calibrate the measurements for which
the sensor elements are used. Sensor elements and cal-
ibration elements for example may be realised as defined
portions of the common carrier or may be attached as
separately manufactured elements to the carrier.
[0031] In an embodiment a plurality of images is re-
corded, and at least two of the recorded images differ
with respect to the wavelength region of light recorded
in the respective images. This may for example be
achieved by using suitable optical filters.

[0032] In an embodiment a first image and a plurality
of second images are recorded. The first and the plurality
of second images all capture the same portion of at least
one of the at least one sensor substance and the same
portion of at least one of the at least one calibration area.
For example, the first and all of the second images may
fully show one and the same carrier, this carrier holding
a number of sensor elements and corresponding calibra-
tion elements. At least one variable of the sample is de-
termined based on image data associated with the at
least one of the at least one calibration area in the first
image and on image data associated with the at least
one of the at least one sensor substance in the plurality
of second images. Alternatively, at least one variable of
the sample is determined based on image data associ-
ated with the at least one of the at least one calibration
area in the firstimage and on image data associated with
the at least one of the at least one sensor substance in
the firstimage and in the plurality of second images. Put
differently, for determining the at least one variable, im-
age data associated with the sensor substance is used
from the second images and optionally additionally from
the first image, while calibration of the measurements is
based only on image data from the first image.

[0033] In an embodiment a plurality of images is re-
corded, each image capturing the same portion of atleast
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one of the at least one sensor substance and the same
portion of at least one of the at least one calibration area.
For example, all images of the plurality of images may
fully show one and the same carrier, this carrier holding
anumber of sensor elements and corresponding calibra-
tion elements. At least one variable of the sample is de-
termined for each of the plurality of images based on
image data associated with the at least one of the at least
one calibration area and on image data associated with
the at least one of the at least one sensor substance in
the respective image. Put differently, the atleast one var-
iable is determined separately for each image, based on
image data from the respective image.

[0034] In an embodiment, at least a portion of at least
one sensor substance and at least a portion of at least
one calibration area are exposed to light of at least one
pre-defined wavelength range in order to probe the op-
tical behaviour of the at least one of the at least one sen-
sor substance and/or to record at least one of the at least
one image. Probing the optical behaviour of a sensor
substance here means exciting a luminescence of the
sensor substance.

[0035] For atleastone variable the value of the at least
one variable may be determined in a space-resolved
manner, i.e. the method may capture, record and evalu-
ate a variation of the value of the at least one variable
across the sample or across a portion of the sample. This
can for example be achieved using a sensor element
which covers a respective portion of the sample or by
distributing a plurality of sensor elements across the re-
spective portion of the sample.

[0036] The measurement system according to the in-
vention for calibrated measurement of at least one vari-
able of a sample may be used in carrying out one or more
embodiments of the method according to the invention.
The measurement system includes a camera and a con-
trol and evaluation unit. According to the invention, the
measurement system includes an arrangement of at
least one sensor area and of at least one calibration area;
this arrangement, in embodiments, is provided on a car-
rier. Each of the atleast one sensor area contains at least
one sensor substance. Each of the at least one sensor
substance exhibits an optical behaviour which is a lumi-
nescence effect and is dependent on at least one of the
at least one variable of the sample. Each of the at least
one calibration area is associated with at least one of the
at least one sensor substance; the association is such
that the respective calibration area is used for calibrating
a measurement in which the at least one of the at least
one sensor substance is used. If provided on a carrier,
a sensor area and a calibration area may be realised as
defined respective portions of the carrier or be attached
to the carrier as separate elements. Each calibration area
includes atleast one of the at least one sensor substance
under defined ambient conditions, wherein such defined
ambient conditions include a pre-determined value of at
least one of the at least one variable of the sample.
[0037] The control and evaluation unit is configured to
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control the measurement system to record at least one
image of at least a portion of the arrangement of at least
one sensor area and of at least one calibration area with
the camera, and to determine at least one of the at least
one variable of the sample from the atleast one recorded
image, based on image data of the at least one recorded
image associated with the at least one sensor substance
and on image data of the at least one recorded image
associated with the at least one calibration area. Here it
is clear that the at least one image has to contain appro-
priate image data, i.e. image data associated with atleast
one sensor substance and image data associated with
a calibration area associated with the at least one sensor
substance. If the arrangement is provided on a carrier,
at least one image of the carrier may be recorded. How-
ever, it is also conceivable to define the sensor area by
a volume occupied by the sample which is mixed with at
least one sensor substance. It is also conceivable that
the sensor area and/or calibration area are provided as
separate sensor elements and calibration elements, re-
spectively, to be distributed on or in the sample.

[0038] In an embodiment, the measurement system
includes a light source configured to emit, under control
by the control and evaluation unit, light of at least one
pre-defined wavelength range in order to probe the op-
tical behaviour of the at least one of the at least one sen-
sor substance and/or to record at least one of the at least
oneimage. In a non-limiting example of the measurement
system, the light source includes one or more light-emit-
ting diodes (LEDs). In another non-limiting example of
the measurement system, the light source includes one
or more lasers. In case a laser is used as light source of
the measurement system, the wavelength range of the
light used to probe the optical behaviour of the at least
one of the at least one sensor substance may be defined
by the line-width of the laser.

[0039] In an advantageous embodiment, the camera
and the control and evaluation unitare included in a hand-
held device. In a specific embodiment, also a light source
for the measurement system, as described above, is in-
cluded in the handheld device.

[0040] Below, the invention and its advantages are il-
lustrated in further detail with reference to the accompa-
nying drawings.

Figure 1  shows a schematic setup for performing the
method according to the invention.

Figure 2  shows an example of an image of a sensor
element and calibration elements.

Figure 3 illustrates the concept of calibration.

Figure 4  shows an example of an image of sensor el-
ements and calibration elements.

Figure 5 shows afurther example of an image of sen-

sor elements and calibration elements.
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Figure 6 shows a carrier with a sensor element for
space-resolved measurements.

Figure 7 shows a carrier and an area of which an im-
age is taken.

Figure 8 shows a handheld device according to an
embodiment of the invention.

[0041] The figures show only examples of the invention

and are not to be interpreted as a limitation of the inven-
tion to the specific embodiments shown in the figures.

[0042] Fig. 1 shows an example of a schematic setup
for performing the method according to the invention, us-
ing a measurement system 1 according to the invention.
The measurement system 1, in the embodiment shown,
includes a carrier 50, a camera 110, light sources 120,
and a control and evaluation unit 130. A sample 200 is
contained within a sample container 201. In the example
shown, carrier 50 is placed inside the sample container
201, on a wall of the sample container 201. The sample
container 201 can be an arbitrary container suitable for
holding the sample, and, dependent on the context of a
particular use of the invention, may for example be a
beaker, a bottle holding a beverage, or a bag for holding
medical samples like urine or blood. The carrier 50 in-
cludes at least one sensor substance (not shown) and
at least one calibration area (not shown). Light sources
120 are provided for emitting light 121, to probe an optical
behaviour, i.e. to excite a luminescence, of the at least
one sensor substance, and, as the case may be, of the
at least one calibration area. Light 111 from the at least
one sensor substance and the at least one calibration
area reaches camera 110 used to record at least one
image, the image here capturing at least a portion of the
carrier 50 including at least a portion of at least one of
the at least one sensor substance and at least a portion
of atleastone ofthe atleast one calibration area. It should
be clear that in the example shown at least the wall of
the sample container 201 holding the carrier 50 must be
transparent to light 121 from the light sources 120 and
light 111 from the at least one sensor substance and the
at least one calibration area. "Transparent" here means
that the wall of the sample container 201 lets pass an
amount of light sufficient for conducting the measure-
ment. Control and evaluation unit 130 controls the oper-
ation of light sources 120 and camera 110, and is used
to evaluate image data of the at least one recorded image
to determine a value of atleast one variable of the sample
200. The sample 200 may for example be a liquid oragas.
[0043] Fig. 2 shows an example of an image 100 re-
corded according to the method according to the inven-
tion. The image 100 is of a portion of a sample, and the
image 100 captures a sensor element 10, as well as a
first calibration element 21 and a second calibration el-
ement 22. The sensor element 10 and the first and sec-
ond calibration elements 21, 22 differ by their shape. The
sensor element 10 is shaped as a rectangle, the first cal-
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ibration element 21 is shaped as a triangle, and the sec-
ond calibration element 22 is shaped as a circle. An em-
bodiment of the method according to the invention can
distinguish these shapes in the image 100 by image anal-
ysis, and therefore identify the sensor element 10, the
first calibration element 21 and the second calibration
element 22 in the image 100. Preferentially, distinguish-
ing the shapes and identification of the sensor element
10, the first calibration element 21 and the second cali-
bration element 22 inthe image 100 can be accomplished
independently of the orientation of the image, so that a
precise alignment between sample or sensor element 10
and calibration elements 21, 22 on the one hand, and
image recording equipment, e.g. camera 110 of Fig. 1,
on the other hand, is not required. This is a general ad-
vantage, but of particular interest in cases in which a
handheld device is used for recording the image 100.
[0044] The image analysis may, for example, in a first
step identify areas of interest in the recorded image, de-
fined by pixels having pixel values above a pre-defined
threshold. Such areas of interest are taken to correspond
to sensor areas/elements and calibration areas/ele-
ments. By determining for example sets of distances
along various directions, in terms of pixel positions, be-
tween pixels at the boundaries of areas of interest, the
shape and size of the respective areas of interest can be
inferred, in particularifreferred to pre-determined criteria,
stored for example in control and evaluation unit 130
shown in Fig. 1. In this way, the areas of interest can be
identified as sensor elements and calibration elements,
in the example of Fig. 2 in particular sensor element 10
and calibration elements 21, 22 can be distinguished.
Position of the sensor areas/elements and calibration ar-
eas/elements can be determined based on the positions
of the pixels representing the respective areas/elements
in the image 100. Different methods of image analysis
may of course also be used.

[0045] Asanexample,the sensorelement 10 may hold
a luminescent substance the luminescence intensity of
which depends on a value of a variable of the sample.
The first calibration element 21 may show, independently
of the value of the variable of the sample, aluminescence
intensity which is equal to the luminescence intensity of
the luminescent substance in the sensor element 10 at
a value of the variable of the sample that is an expected
minimum value of the variable of the sample. The second
calibration element 22 may show, independently of the
value of the variable of the sample, a luminescence in-
tensity which is equal to the luminescence intensity of
the luminescent substance in the sensor element 10 at
a value of the variable of the sample that is an expected
maximum value of the variable of the sample.

[0046] Instead of the luminescence intensity, a decay
time of the luminescence may for example be used, of
course both for the sensor element 10 and for the first
calibration element 21 and the second calibration ele-
ment 22.

[0047] Thesensorelement 10 containsthe sensorsub-
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stance in such a way that the sensor substance is in
contact with the sample, where this contact is such that
the optical behaviour, i.e. luminescence, of the sensor
substance, used for measuring a variable of the sample,
can be affected by this variable of the sample. The first
calibration element 21 and the second calibration ele-
ment 22 contain the same sensor substance, however,
in such a way that the sensor substance is held within
the calibration elements 21, 22 atrespective defined con-
ditions, where such defined conditions include a defined
value of the variable of the sample to be measured with
the sensor element 10. The first calibration element 21
and the second calibration element 22 may, however, be
in such a contact with the sample that the sensor sub-
stance they contain is affected by other conditions of the
sample. For example, if the sensor element 10 is used
to measure pH-value, the sensor substance in the sensor
element 10 is in such a contact with the sample that the
sensor substance in the sensor element 10 is exposed
to the pH-value of the sample. The sensor substance in
the calibration elements 21 and 22 is held at defined pH-
values but may still be in thermal contact with the sample,
and thus take into account automatically changes of the
temperature of the sample for calibration. A further ex-
ample may be that the sensor element 10 is used to
measure the partial pressure of carbon dioxide, in which
case the sensor substance in the calibration elements
21 and 22 is held at defined values of the partial pressure
of carbon dioxide, but the sensor substance in the cali-
bration elements 21 and 22 may still be in such contact
with the sample that the sensor substance in the calibra-
tion elements 21 and 22 is affected by concentrations of
certain ions in the sample; the sensor substance in the
sensor element 10 is of course in such contact with the
sample that the sensor substance in the sensor element
10 is affected by the partial pressure of carbon dioxide
inthe sample. In this way, cross-sensitivities of the sensor
substance to the concentrations of these ions are taken
into account automatically for calibration.

[0048] Generally, in embodiments in which both the
sensor element 10 and the calibration elements 21, 22
hold the same sensor substance, any cross-sensitivity
of the sensor substance may affect both the sensor ele-
ment 10 and the calibration elements 21, 22. In this case,
this cross-sensitivity is taken into account automatically
in the calibration and requires no separate steps.
[0049] By analysing image data of the image 100, in
particular values of pixels of the image 100 which corre-
spond, respectively, to the sensor element 10 and the
first calibration element 21 and the second calibration
element 22, a calibrated measurement of the at leastone
variable of the sample can be performed.

[0050] Fig.3illustrates calibration. Inthe example, four
calibration elements 21, 22, 23, and 24 are shown. For
the sake of concreteness, but not as a limitation, all cal-
ibration elements 21, 22, 23, 24 shown are assumed to
hold a sensor substance showing a luminescence be-
haviour with a decay time that depends on the partial
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pressure of oxygen. Each of the calibration elements 21,
22, 23, 24 contains the sensor substance exposed to a
different, pre-defined value of the partial pressure of ox-
ygen. A coordinate system with abscissa 310 and ordi-
nate 320 is shown. The abscissa 310 gives values of the
partial pressure of oxygen, the ordinate 320 correspond-
ing values of a quantity characterising the optical behav-
iour of the sensor substance, here in particular charac-
terising the decay time of the luminescence, for instance
the ratio of two integrals of decaying luminescence sig-
nals, the integrals evaluated over defined time intervals
during the decay of the luminescence; such ratiometric
measurements as well as alternative approaches are de-
scribed further in the cited prior art. Each of the calibration
elements 21, 22, 23, 24 with a known pre-defined value
of the partial pressure of oxygen and a measured ratio
of integrals of luminescence signals yields a point in the
coordinate system. As indicated by the arrows, calibra-
tion element 21 yields point 301, calibration element 22
yields point 302, calibration element 23 yields point 303,
and calibration element 24 yields point 304. These points
301, 302, 203, 304 define a curve 300, here a straight
line, to which ratios of integrals of luminescence signals,
obtained for example from a sensor element 10, can be
referred in order to find the corresponding partial pres-
sure of oxygen. More precisely, the ratio from the sensor
element 10 is measured, and a point 305 on the line 300
is found with a value on the ordinate 320 which corre-
sponds to this ratio. The abscissa of this point 305 gives
the value of the partial pressure of oxygen. By processing
image data from both sensor elements and calibration
elements, the method according to the invention
achieves a calibrated measurement of at least one var-
iable of the sample, in the example just discussed of the
partial pressure of oxygen.

[0051] In case measurements using calibration ele-
ments 21, 22, 23, 24 and sensor element 10 are per-
formed at different temperatures, at different tempera-
tures different lines 300 may result, as the relaxation time
of the sensor substance used may not only depend on
the partial pressure of oxygen, but also on temperature.
However, in such a case, also the ratio obtained from the
sensor element 10 will be referred to the respective line
300 produced for the respective temperature. The prin-
ciple just explained for the example of temperature also
applies to other parameters of the ambient conditions,
for example salinity or pH-value. Therefore, in the inven-
tive method, by using image data associated with a sen-
sor substance, here in sensor element 10, and image
data associated with at least one calibration area, here
calibration elements 21, 22, 23, 24, a calibration correct-
ed for ambient conditions can automatically be taken into
account in the measurements. In the same manner, con-
ditions affecting the recording of images of the sensor
element 10 and the calibration elements 21, 22, 23, 24
are taken into account in the calibration. Such conditions
include, for example, ambient lighting, distance between
sample and recording equipment, e.g. camera, size of
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sensor element 10 and of calibration elements 21, 22,
23, 24.

[0052] Fig. 4 shows an example of an image 100 re-
corded in the method according to the invention. The
image 100 shows three sensor elements 11, 13, 15 and
six calibration elements 21, 22, 23, 24, 25, 26. The sensor
element 11 is used to measure a first variable of the sam-
ple, the sensor element 13 is used to measure a second
variable of the sample, the sensor element 15 is used to
measure a third variable of the sample. Calibration areas
21 and 22 are used to calibrate measurements of the first
variable, i.e. measurements for which sensor element 11
is used. Calibration areas 23 and 24 are used to calibrate
measurements of the second variable, i.e. measure-
ments for which sensor element 13 is used. Calibration
areas 25 and 26 are used to calibrate measurements of
the third variable, i.e. measurements for which sensor
element 15 is used. In this way, embodiments of the
method according to the invention can determine, by a
calibrated measurement, the values of a plurality of var-
iables of the sample, by processing image data of an
image 100 capturing sensor elements which correspond
to each of the plurality of variables and their associated
calibration elements.

[0053] In the image 100 shown, the sensor elements
11, 13, 15 and the calibration elements 21, 22, 23, 24,
25, 26 may be distinguished based on their respective
positions.

[0054] Fig. 5 shows an example of an image 100 re-
corded in the method according to the invention. The
image 100 shows three calibration elements 21, 22, 23,
which can be distinguished by their shape, and a plurality
of sensor elements 10, which can be distinguished by
their position. In the example shown, all the sensor ele-
ments 10 are used for measuring the same variable of
the sample at different positions of the sample, and the
calibration elements 21, 22, 23 are used for calibration
of these measurements. In a specific case, the sample
may comprise a plurality of separate portions, for exam-
ple, in a microtiter plate each well of the microtiter plate
may hold a portion of the sample and one of the sensor
elements 10. In this case, by recording image 100 and
analysing the image data from sensor elements 10 and
calibration elements 21, 22, 23, calibrated measure-
ments of the variable may be performed in parallel for
each well of the microtiter plate captured in the image
100. This embodiment can also be considered a special
case of a space-resolved measurement of the variable.
[0055] Fig. 6 shows an example of a carrier 50. The
carrier 50 includes a sensor element 10, to be used for
space resolved measurements. In the example shown,
the sensor element 10 includes three sensor substances,
each sensor substance showing an optical behaviourthat
depends on a different variable of a sample. Each of the
three sensor substances is distributed homogeneously
over the area of the sensor element 10. For concrete-
ness, but without limiting the invention, a first sensor sub-
stance shows an optical behaviour that depends on a
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pH-value of the sample, a second sensor substance
shows an optical behaviour that depends on a partial
pressure of oxygen of the sample, and a third sensor
substance shows an optical behaviour that depends on
a partial pressure of carbon dioxide of the sample. For
calibration of these measurements, three groups of cal-
ibration elements are provided, one group for each var-
iable. The calibration elements 21 are shaped as
squares, form the first group, and are used to calibrate
measurements of pH-value. The calibration elements 22
are shaped as triangles, form the second group, and are
used to calibrate measurements of the partial pressure
of oxygen. The calibration elements 23 are shaped as
circles, form the third group, and are used to calibrate
measurements of the partial pressure of carbon dioxide.
In the example of a carrier 50 shown in Fig. 6, the carrier
50 furthermore includes a length scale 60.

[0056] For performing a measurement, the carrier 50
is brought into contact with a sample, for example in the
manner shown in Fig. 1. The sensor substances in the
sensor element 10 then are in contact with the sample.
An image of the carrier 50 is recorded, this image thus
capturing the sensor element 10 and the calibration ele-
ments 21, 22, 23. Image data from the image, in particular
corresponding to the sensor element 10 and the calibra-
tion elements 21, 22, 23 are processed, as described
above, to obtain calibrated measurement values of the
three variables of the sample, in the example mentioned
of pH-value, partial pressure of oxygen, and partial pres-
sure of carbon dioxide.

[0057] Across the part of the sample in contact with
the sensor element 10 each of the three variables of the
sample mentioned may vary, and therefore, for each of
the three sensor substances, different portions of the
sensor substance may be exposed to different values of
the variable of the sample for the measurement of which
the sensor substance is used. Therefore, the optical be-
haviour of each sensor substance may vary across the
sensor element 10, corresponding to a variation of the
respective variable of the sample. This can be exploited
for space-resolved measurement of each of the three
variables.

[0058] The result of such a space resolved measure-
ment for one variable may for example be shown on a
display as a colour-coded distribution of the values of the
respective variable over the area covered by the sensor
element 10. A user may switch between the variables to
be displayed. As an alternative, an average value of each
variable across the area of the sensor element 10 may
be calculated and displayed to the user. Displaying val-
ues of the measured variables to a user is an option that
of course also exists if no space-resolved measurement
is conducted in the first place, forexample in cases where
sensor elements like those shown in Figs. 2 and 4 are
used.

[0059] In order to measure more than one variable,
light from the sensor substances and the calibration el-
ements may be split into different wavelength ranges,
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where the different wavelength ranges correspond to dif-
ferent variables. This may be achieved for example by
suitable optical filters or other known optical elements. It
may also be possible to record more than one image,
wherein for each image illumination from a different
wavelength range is used. This option may for example
be chosen if the optical behaviour, i.e. luminescence, of
different sensor substances requires different wave-
lengths to be probed, and it is preferred to avoid mutual
perturbations of the evaluation of the luminescence be-
haviour of one sensor substance by the luminescence
behaviour of the other sensor substances.

[0060] Fig. 7 shows a carrier 50 including a sensor
element 10 for measuring a variable of a sample and
calibration elements 21 and 22 for calibrating the meas-
urement of this variable. Also shown, by dashed lines, is
an area of which an image 100 is taken, in order to eval-
uate the image data for determining the variable of the
sample. As can be seen, in the example shown, only
calibration element 22 is captured fully by the image 100,
while of calibration element 21 and sensor element 10
only a portion is captured by the image 100. Depending
on the image analysis and measurement principle used,
such an image 100 may still be useful for measurement.
If, for example, the sensor substance in sensor element
10 shows a luminescence the decay time of which de-
pends on the variable to be measured, and this depend-
ence is used for measurement, then, although only a por-
tion of the sensor element 10 and only a portion of the
calibration element 21 are captured by the image 100,
the measurement can still be performed successfully.
[0061] Onthe other hand, if the measurementis based
on luminescence intensity, a successful measurement
may require more elaborate image analysis. For exam-
ple, the method may recognize, by image analysis, that
only a portion of sensor element 10 and calibration ele-
ment 21 have been captured, in particular identify the
captured portions of the sensor element 10 and the cal-
ibration element 21 as such, and determine the value of
the variable based on an average intensity, correspond-
ing to an average pixel value, of the pixels corresponding
to, respectively, the captured portions of sensor element
10 and of calibration element 21, and to the entire cali-
bration element 22.

[0062] Fig. 8 shows a handheld device 400, which can
be used, together with one or more sensor substances,
for example in one or more sensor elements, and one or
more calibration areas, for example realised as one or
more calibration elements, to perform the method ac-
cording to the invention. The handheld device 400 has a
display 410, a handle 420, and control elements 430, for
example buttons. The display 410 can for example show
results of measurements in text form, e.g. a text identi-
fying a measured variable and a corresponding meas-
urement value for the respective variable. Alternatively,
the display 410 may show a spatial distribution 412 of a
variable of the sample, for example obtained using a sen-
sor element 10 as shown in Fig. 6, as e.g. a colour-coded
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distribution, along with a colour-scale 414, relating col-
ours shown in the distribution 412 to values of the meas-
ured variable. Using control elements 430, the user can
switch between display modes, start further measure-
ments, or perform further functions like transmitting re-
sults to external devices or storing results in a memory.
Such a handheld device 400 may, with reference to Fig.
1, include a camera 110, a control-and evaluation unit
130, and optionally also light sources 120.

List of Reference Signs:

[0063]

1 measurement system
10 sensor element

1 sensor element

13 sensor element

15 sensor element

21 calibration area / calibration element
22 calibration area / calibration element
23 calibration area / calibration element
24 calibration area / calibration element
25 calibration area / calibration element
26 calibration area / calibration element
50 carrier

60 length scale

100 image

110 camera

111 light

120  light source

121 light

130  control and evaluation unit
200 sample

201  sample container
300 curve

301  point

302 point

303  point

304 point

305 point

310 abscissa

320 ordinate

400 handheld device
410 display

412  spatial distribution
414  colour scale

420 handle

430  control element

Claims

1. Method for calibrated measurement of at least one
variable of a sample (200), including the steps:

a) establishing a contact between the sample
(200) and a portion of at least one sensor sub-
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stance, each of the at least one sensor sub-
stance exhibiting an optical behaviour which is
a luminescence effect and which is dependent
on at least one of the at least one variable of the
sample (200);

b) defining at least one calibration area (21, 22,
23, 24, 25, 26) associated with at least one of
the at least one sensor substance by exposing
a different portion of the at least one of the at
least one sensor substance to defined ambient
conditions, wherein such defined ambient con-
ditionsinclude a pre-determined value of atleast
one of the at least one variable of the sample
(200);

c) recording at least one image (100), each of
the at least one image (100) capturing at least
aportion of atleast one of the atleast one sensor
substance in contact with the sample (200) and
at least a portion of at least one of the at least
one calibration area (21, 22, 23, 24, 25, 26) as-
sociated with the at least one of the at least one
sensor substance in contact with the sample
(200);

d) determining a value of the atleast one variable
of the sample (200) from the at least one record-
ed image (100) based on image data of the at
least one recorded image (100) associated with
the at least one of the at least one sensor sub-
stance in contact with the sample (200) and on
image data of the at least one recorded image
(100) associated with the at least one of the at
leastone calibrationarea (21, 22, 23, 24, 25, 26).

Method according to claim 1, wherein the at least
one image (100) is recorded with a handheld device
(400).

Method according to one of the previous claims,
wherein a portion of at least one of the at least one
sensor substance is provided embedded in a sensor
element (10, 11, 13, 15) or attached to the surface
of a sensor element (10, 11, 13, 15), and the sensor
element (10, 11, 13, 15) is brought into contact with
the sample (200).

Method according to claim 3, wherein the sensor el-
ement (10, 11, 13, 15) is identified in the at least one
image by at least one of the following geometrical
properties of the sensor element (10, 11, 13, 15):
position, size, shape.

Method according to one of the previous claims,
wherein the atleast one of the atleast one calibration
area is defined by a calibration element (21, 22, 23,
24,25, 26), having the different portion of the at least
one of the at least one sensor substance embedded
within the calibration element (21, 22, 23, 24, 25, 26)
or attached on a surface of the calibration element



19 EP 3 510 379 B1

(21, 22, 23, 24, 25, 26).

Method according to one of the previous claims,
wherein the atleastone of the at least one calibration
area (21, 22, 23, 24, 25, 26) is identified in the at
least one image by at least one of the following ge-
ometrical properties of the calibration area (21, 22,
23, 24, 25, 26): position, size, shape.

Method according to one of the previous claims,
wherein a plurality of images (100) is recorded, at
least two of the recorded images (100) differing with
respect to the wavelength region of light recorded in
the respective images (100).

Method according to one of the previous claims,
wherein of a portion of at least one of the at least
one sensor substance in contact with the sample
(200) and of a portion of at least one of the at least
one calibration area (21, 22, 23, 24, 25, 26) a first
image and a plurality of secondimages are recorded,
and wherein at least one of the at least one variable
of the sample (200) is determined based on image
data associated with the at least one of the at least
one calibration area (21, 22, 23, 24, 25, 26) in the
firstimage and on image data associated with the at
least one of the at least one sensor substance in
contact with the sample (200) in the plurality of sec-
ond images or is determined based on image data
associated with the at least one of the at least one
calibration area (21, 22, 23, 24, 25, 26) in the first
image and onimage data associated with the atleast
one of the at least one sensor substance in contact
with the sample (200) in the first image and in the
plurality of second images, or wherein of a portion
of at least one of the at least one sensor substance
in contact with the sample (200) and of a portion of
at least one of the at least one calibration area (21,
22, 23, 24, 25, 26) a plurality of images (100) are
recorded, and wherein at least one of the at least
one variable of the sample (200) is determined for
each image (100) of the plurality of images (100)
based on image data associated with the at least
one of the at least one calibration area (21, 22, 23,
24, 25, 26) and on image data associated with the
at least one of the at least one sensor substance in
contactwith the sample (200)in the respectiveimage
(100).

Method according to one of the previous claims,
wherein at least a portion of at least one of the at
least one sensor substance in contact with the sam-
ple (200) and at least a portion of at least one of the
at least one calibration area (21, 22, 23, 24, 25, 26)
are exposed to light (121) of at least one pre-defined
wavelength range in order to probe the optical be-
haviour of the at least one of the at least one sensor
substance and/or to record atleast one of the atleast
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20
one image (100).

Method according to one of the previous claims,
wherein the value of at least one of the at least one
variable is determined in a space-resolved manner.

Measurement system (1) for calibrated measure-
ment of at least one variable of a sample (200), the
measurement system (1) including a camera (110),
a control and evaluation unit (130), and an

arrangement of atleast one sensor area (10, 11,
13, 15) and of at least one calibration area (21,
22,23, 24, 25, 26) different from the at least one
sensor area, each of the atleast one sensorarea
(10, 11, 13, 15) containing at least one sensor
substance, each of the at least one sensor sub-
stance exhibiting an optical behaviour which is
a luminescence effect and is dependent on at
least one of the at least one variable of the sam-
ple (200), and each of the atleast one calibration
area (21, 22, 23, 24, 25, 26) including at least
one of the at least one sensor substance under
defined ambient conditions, wherein such de-
fined ambient conditions include a pre-deter-
mined value of at least one of the at least one
variable of the sample (200); wherein

the control and evaluation unit (130) is config-
ured to control the camera (110) to record at
least one image (100) of at least a portion of the
arrangement of the at least one sensorarea (10,
11, 13, 15) and of the at least one calibration
area (21, 22, 23, 24, 25, 26), and is further con-
figured to determine at least one of the at least
one variable of the sample (200) from the atleast
onerecorded image (100), based onimage data
of the at least one recorded image associated
with the at least one sensor substance in the at
least one sensor area and on image data of the
at least one recorded image associated with the
at least one calibration area (21, 22, 23, 24, 25,
26) associated with the at least one sensor sub-
stance.

Measurement system (1) according to claim 11,
wherein the measurementsystem (1) includes alight
source (120) configured to emit, under control by the
control and evaluation unit (130), light (121) of at
least one pre-defined wavelength range in order to
probe the optical behaviour of at least one of the at
least one sensor substance and/or to record at least
one of the at least one image (100).

Measurement system (1) according to claim 11 or
12, wherein the camera (110) and the control and
evaluation unit (130) are included in a handheld de-
vice (400).
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Patentanspriiche

Verfahren zur kalibrierten Messung mindestens ei-
ner Variable einer Probe (200), die folgenden Schrit-
te umfassend:

a) Herstellen eines Kontakts zwischen der Pro-
be (200) und einem Abschnitt mindestens einer
Sensorsubstanz, wobei jede von der mindes-
tens einen Sensorsubstanz ein optisches Ver-
halten zeigt, bei dem es sich um einen Lumines-
zenzeffekt handelt und das von mindestens ei-
ner von der mindestens einen Variable der Pro-
be (200) abhangig ist;

b) Definieren mindestens eines Kalibrierungs-
bereichs (21,22, 23, 24, 25, 26), der mindestens
einer von der mindestens einen Sensorsub-
stanz zugeordnet ist, durch Exponieren eines
anderen Abschnitts der mindestens einen von
der mindestens einen Sensorsubstanz gegen-
Uber definierten Umgebungsbedingungen, wo-
bei diese definierten Umgebungsbedingungen
einen vordefinierten Wert mindestens einer von
der mindestens einen Variable der Probe (200)
umfassen;

c) Aufnehmen mindestens eines Bildes (100),
wobei jedes von dem mindestens einen Bild
(100) mindestens einen Abschnitt mindestens
einer von der mindestens einen Sensorsub-
stanz in Kontakt mit der Probe (200) und min-
destens einen Abschnitt mindestens eines von
dem mindestens einen Kalibrierungsbereich
(21, 22, 23, 24, 25, 26), welcher der mindestens
einen von der mindestens einen Sensorsub-
stanz in Kontakt mit der Probe (200) zugeordnet
ist, erfasst;

d) Bestimmen eines Werts der mindestens ei-
nen Variable der Probe (200) anhand des min-
destens einen aufgenommenen Bildes (100) auf
Grundlage von Bilddaten des mindestens einen
aufgenommenen Bildes (100), die der mindes-
tens einen von der mindestens einen Sensor-
substanz in Kontakt mit der Probe (200) zuge-
ordnet sind, und von Bilddaten des mindestens
einen aufgenommenen Bildes (100), die dem
mindestens einen von dem mindestens einen
Kalibrierungsbereich (21, 22, 23, 24, 25, 26) zu-
geordnet sind.

Verfahren nach Anspruch 1, wobei das mindestens
eine Bild (100) mit einer Handvorrichtung (400) auf-
genommen wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei ein Abschnitt mindestens einer von der
mindestens einen Sensorsubstanz in ein Sensore-
lement (10, 11, 13, 15) eingebettet oder an der Ober-
flache eines Sensorelements (10, 11, 13, 15) ange-
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bracht bereitgestellt wird und das Sensorelement
(10, 11, 13, 15) in Kontakt mit der Probe (200) ge-
bracht wird.

Verfahren nach Anspruch 3, wobei das Sensorele-
ment (10, 11, 13, 15) in dem mindestens einen Bild
durch mindestens eine der folgenden geometri-
schen Eigenschaften des Sensorelements (10, 11,
13, 15) identifiziert wird: Position, GréRRe, Form.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der mindestens eine von dem mindes-
tens einen Kalibrierungsbereich durch ein Kalibrie-
rungselement (21, 22, 23, 24, 25, 26) definiert wird,
das den innerhalb des Kalibrierungselements (21,
22,23, 24, 25, 26) eingebetteten oder an einer Ober-
flache des Kalibrierungselements (21, 22, 23, 24,
25, 26) angebrachten anderen Abschnitt der min-
destens einenvondermindestens einen Sensorsub-
stanz aufweist.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei der mindestens eine von dem mindes-
tens einen Kalibrierungsbereich (21, 22, 23, 24, 25,
26) in dem mindestens einen Bild durch mindestens
eine der folgenden geometrischen Eigenschaften
des Kalibrierungsbereichs (21, 22, 23, 24, 25, 26)
identifiziert wird: Position, Gr6Re, Form.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei eine Vielzahl von Bildern (100) aufge-
nommen wird, wobei sich mindestens zwei der auf-
genommenen Bilder (100) in Bezug auf den Wellen-
langenbereich von in den jeweiligen Bildern (100)
aufgenommenem Licht unterscheiden.

Verfahren nach einem der vorhergehenden Anspri-
che, wobei von einem Abschnitt mindestens einer
von der mindestens einen Sensorsubstanz in Kon-
takt mit der Probe (200) und von einem Abschnitt
mindestens eines von dem mindestens einen Kali-
brierungsbereich (21, 22, 23, 24, 25, 26) ein erstes
Bild und eine Vielzahl von zweiten Bildern aufge-
nommen werden, und wobei mindestens eine von
der mindestens einen Variable der Probe (200) auf
Grundlage von Bilddaten, die dem mindestens einen
von dem mindestens einen Kalibrierungsbereich
(21,22,23, 24, 25, 26) in dem ersten Bild zugeordnet
sind, und von Bilddaten, die der mindestens einen
von der mindestens einen Sensorsubstanz in Kon-
takt mit der Probe (200) in der Vielzahl von zweiten
Bildern zugeordnet sind, bestimmt wird oder auf
Grundlage von Bilddaten, die dem mindestens einen
von dem mindestens einen Kalibrierungsbereich
(21,22,23, 24, 25, 26) in dem ersten Bild zugeordnet
sind, und von Bilddaten, die der mindestens einen
von der mindestens einen Sensorsubstanz in Kon-
takt mit der Probe (200) in dem ersten Bild und in
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der Vielzahl von zweiten Bildern zugeordnet sind,
bestimmt wird, oder wobei von einem Abschnitt min-
destens einer von der mindestens einen Sensorsub-
stanz in Kontakt mit der Probe (200) und von einem
Abschnitt mindestens eines von dem mindestens ei-
nen Kalibrierungsbereich (21,22, 23, 24, 25, 26) eine
Vielzahl von Bildern (100) aufgenommen wird, und
wobei mindestens eine von der mindestens einen
Variable der Probe (200) fiir jedes Bild (100) der Viel-
zahl von Bildern (100) auf Grundlage von Bilddaten,
die dem mindestens einen von dem mindestens ei-
nen Kalibrierungsbereich (21, 22, 23, 24, 25, 26) zu-
geordnet sind, und von Bilddaten, die der mindes-
tens einen von der mindestens einen Sensorsub-
stanz in Kontakt mit der Probe (200) in dem jeweili-
gen Bild (100) zugeordnet sind, bestimmt wird.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei mindestens ein Abschnitt mindestens ei-
ner von der mindestens einen Sensorsubstanz in
Kontakt mit der Probe (200) und mindestens ein Ab-
schnitt mindestens eines von dem mindestens einen
Kalibrierungsbereich (21, 22, 23, 24, 25, 26) mit Licht
(121) mit mindestens einem vordefinierten Wellen-
langenbereich belichtet werden, um das optische
Verhalten der mindestens einen von der mindestens
einen Sensorsubstanz zu sondieren und/oder um
mindestens eines von dem mindestens einen Bild
(100) aufzunehmen.

Verfahren nach einem der vorhergehenden Ansprii-
che, wobei der Wert mindestens einer von der min-
destens einen Variable auf ortsaufgeldste Weise be-
stimmt wird.

Messsystem (1) zur kalibrierten Messung mindes-
tens einer Variable einer Probe (200), wobei das
Messsystem (1) eine Kamera (110), eine Steuer-
und Auswertungseinheit (130) und eine Anordnung
aus mindestens einem Sensorbereich (10, 11, 13,
15) und aus mindestens einem Kalibrierungsbereich
(21, 22,23, 24, 25, 26), der sich von dem mindestens
einen Sensorbereich unterscheidet, umfasst,

wobei jeder von dem mindestens einen Sensor-
bereich (10, 11, 13, 15) mindestens eine Sen-
sorsubstanz enthalt, jede von der mindestens
einen Sensorsubstanz ein optisches Verhalten
zeigt, bei dem es sich um einen Lumineszenz-
effekthandeltund das von mindestens einervon
der mindestens einen Variable der Probe (200)
abhangig ist, und jeder von dem mindestens ei-
nen Kalibrierungsbereich (21, 22, 23, 24, 25, 26)
mindestens eine von der mindestens einen Sen-
sorsubstanz unter definierten Umgebungsbe-
dingungen umfasst, wobei diese definierten
Umgebungsbedingungen einen vordefinierten
Wert mindestens einer von der mindestens ei-
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nen Variable der Probe (200) umfassen;
wobeidie Steuer-und Auswertungseinheit (130)
dazuausgelegtist, die Kamera (110) zu steuern,
um mindestens ein Bild (100) von mindestens
einem Abschnitt der Anordnung aus dem min-
destens einen Sensorbereich (10, 11, 13, 15)
und aus dem mindestens einen Kalibrierungs-
bereich (21, 22, 23, 24, 25, 26) aufzunehmen,
und ferner dazu ausgelegt ist, mindestens eine
von der mindestens einen Variable der Probe
(200) anhand des mindestens einen aufgenom-
menen Bildes (100) auf Grundlage von Bildda-
ten des mindestens einen aufgenommenen Bil-
des, die der mindestens einen Sensorsubstanz
in dem mindestens einen Sensorbereich zuge-
ordnet sind, und von Bilddaten des mindestens
einen aufgenommenen Bildes, die dem mindes-
tens einen Kalibrierungsbereich (21, 22, 23, 24,
25, 26) zugeordnet sind, welcher der mindes-
tens einen Sensorsubstanz zugeordnet ist, zu
bestimmen.

Messsystem (1) nach Anspruch 11, wobei das Mess-
system (1) eine Lichtquelle (120) umfasst, die dazu
ausgelegt ist, gesteuert durch die Steuer- und Aus-
wertungseinheit (130) Licht (121) mit mindestens ei-
nem vordefinierten Wellenlangenbereich abzuge-
ben, um das optische Verhalten mindestens einer
von der mindestens einen Sensorsubstanz zu son-
dieren und/oder um mindestens eines von dem min-
destens einen Bild (100) aufzunehmen.

Messsystem (1) nach Anspruch 11 oder 12, wobei
die Kamera (110) und die Steuer- und Auswertungs-
einheit (130) in einer Handvorrichtung (400) enthal-
ten sind.

Revendications

1.

Procédé de mesure étalonnée d’au moins une va-
riable d’'un échantillon (200), incluant les étapes
suivantes :

a) I'établissement d’'un contact entre I'échan-
tillon (200) et une portion d’au moins une subs-
tance de capteur, chacune de I'au moins une
substance de capteur présentant un comporte-
ment optique qui est un effet de luminescence
et qui dépend d’au moins une parmi I'au moins
une variable de I'échantillon (200) ;

b) la définition d’au moins une zone d’étalonna-
ge (21, 22, 23, 24, 25, 26) associée a au moins
une parmil'au moins une substance de capteur
en exposant une portion différente de I'au moins
une parmil'au moins une substance de capteur
a des conditions ambiantes définies, dans le-
quel ces conditions ambiantes définies incluent
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une valeur prédéterminée d’au moins une parmi
I'au moins une variable de I'’échantillon (200) ;

c) I'enregistrement d’au moins une image (100),
chacune de I'au moins une image (100) captu-
rant au moins une portion d’au moins une parmi
I'au moins une substance de capteur en contact
avec I'échantillon (200) et au moins une portion
d’au moins une parmil’au moins une zone d’éta-
lonnage (21, 22, 23, 24, 25, 26) associée a I'au
moins une parmi I'au moins une substance de
capteur en contact avec I'échantillon (200) ;

d) la détermination d’une valeur de I'au moins
une variable de I'échantillon (200) a partirde 'au
moins une image (100) enregistrée sur la base
de données d'image de I'au moins une image
(100) enregistrée associées a I'au moins une
parmi 'au moins une substance de capteur en
contact avec I'échantillon (200) et sur la base
de données d'image de I'au moins une image
(100) enregistrée associées a I'au moins une
parmil’au moins une zone d’étalonnage (21, 22,
23, 24, 25, 26).

Procédé selon la revendication 1, dans lequel I'au
moins une image (100) est enregistrée avec un dis-
positif portatif (400).

Procédé selon I'une des revendications précéden-
tes, dans lequel une portion d’au moins une parmi
I'au moins une substance de capteur est prévue in-
corporée dans un élément de capteur (10, 11, 13,
15) ou fixée a la surface d’'un élément de capteur
(10, 11, 13, 15), et 'élément de capteur (10, 11, 13,
15) est amené au contact de I'échantillon (200).

Procédé selon la revendication 3, dans lequel I'élé-
ment capteur (10, 11, 13, 15) est identifié dans I'au
moins une image par au moins une des propriétés
géométriques suivantes de I'élément de capteur (10,
11, 13, 15) : la position, la taille, la forme.

Procédé selon I'une des revendications précéden-
tes, dans lequel I'au moins une parmil’au moins une
zone d’étalonnage est définie par un élément d’éta-
lonnage (21, 22, 23, 24, 25, 26), ayant la portion
différente de I'au moins une parmi I'au moins une
substance de capteur incorporée au sein de I'élé-
ment d’étalonnage (21, 22, 23, 24, 25, 26) ou fixée
sur une surface de I'élément d’étalonnage (21, 22,
23, 24, 25, 26).

Procédé selon I'une des revendications précéden-
tes, dans lequel I'au moins une parmil’au moins une
zone d’étalonnage (21, 22, 23, 24, 25, 26) est iden-
tifiee dans I'au moins une image par au moins l'une
des propriétés géométriques suivantes de la zone
d’étalonnage (21, 22, 23, 24, 25, 26) : la position, la
taille, la forme.
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Procédé selon I'une des revendications précéden-
tes, dans lequel une pluralité d’'images (100) sont
enregistrées, au moins deux des images (100) en-
registrées différant par rapport a la région de lon-
gueur d’onde de lumiére enregistrée dans les ima-
ges (100) respectives.

Procédé selon I'une des revendications précéden-
tes, dans lequel une premiére image et une pluralité
de secondes images d’une portion d’au moins une
parmi 'au moins une substance de capteur en con-
tact avec I'échantillon (200) et d’'une portion d’au
moins une parmi I'au moins une zone d’étalonnage
(21, 22, 23, 24, 25, 26) sont enregistrées, et dans
lequel au moins une parmi I'au moins une variable
de I'échantillon (200) est déterminée sur la base de
données d’'image associées a I'au moins une parmi
I'au moins une zone d’étalonnage (21, 22, 23, 24,
25, 26) dans la premiére image et sur la base de
données d’'image associées a I'au moins une parmi
I’'au moins une substance de capteuren contactavec
I’échantillon (200) dans la pluralité de secondes ima-
gesou estdéterminée surlabase de données d’ima-
ge associées a I'au moins une parmil’au moins une
zone d’étalonnage (21, 22, 23, 24, 25, 26) dans la
premiere image et sur la base de données d’'image
associées a I'au moins une parmi I'au moins une
substance de capteur en contact avec I'échantillon
(200) dans la premiére image et dans la pluralité de
secondes images, ou dans lequel une pluralité
d’images (100) d’'une portion d’au moins une parmi
I’'au moins une substance de capteuren contactavec
I’échantillon (200) et d’une portion d’au moins une
parmi’au moins une zone d’étalonnage (21, 22, 23,
24, 25, 26) sont enregistrées, et dans lequel au
moins une parmil’au moins une variable de I'échan-
tillon (200) est déterminée pour chaque image (100)
de la pluralité d'images (100) sur la base de données
d’image associées a I'au moins une parmil'au moins
une zone d’étalonnage (21, 22, 23, 24, 25, 26) et sur
la base de données d’image associées a I'au moins
une parmi I'au moins une substance de capteur en
contact avec I'échantillon (200) dans I'image (100)
respective.

Procédé selon I'une des revendications précéden-
tes, dans lequel au moins une portion d’au moins
une parmi I'au moins une substance de capteur en
contact avec I'’échantillon (200) et au moins une por-
tion d’au moins une parmil’au moins une zone d’éta-
lonnage (21, 22, 23, 24, 25, 26) sont exposées a une
lumiere (121) d’au moins une plage de longueurs
d’onde prédéfinie afin de sonder le comportement
optique de I'au moins une parmil’au moins une subs-
tance de capteur et/ou d’enregistrer au moins une
parmi I'au moins une image (100).

10. Procédé selon I'une des revendications précéden-
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tes, dans lequel la valeur d’au moins une parmi l'au
moins une variable est déterminée de maniere ré-
solue dans I'espace.

Systeme de mesure (1) pour la mesure étalonnée
d’au moins une variable d’'un échantillon (200), le
systéme de mesure (1) incluant une caméra (110),
une unité de commande et d’évaluation (130), et un
agencement d’au moins une zone de capteur (10,
11,13, 15) etd’au moins une zone d’étalonnage (21,
22,23, 24, 25, 26) différente de I'au moins une zone
de capteur, chacune de I'au moins une zone de cap-
teur (10, 11, 13, 15) contenant au moins une subs-
tance de capteur, chacune de I'au moins une subs-
tance de capteur présentant un comportement opti-
que qui est un effet de luminescence et qui dépend
d’au moins une parmi I'au moins une variable de
I’échantillon (200), et chacune de I'au moins une zo-
ne d'étalonnage (21, 22, 23, 24, 25, 26) incluant au
moins une parmi I'au moins une substance de cap-
teur dans des conditions ambiantes définies, dans
lequel ces conditions ambiantes définies incluent
une valeur prédéterminée d’au moins une parmil'au
moins une variable de I'échantillon (200) ; dans le-
quel

I'unité de commande et d’évaluation (130) est con-
figurée pour commander la caméra (110) afin d’en-
registrer au moins une image (100) d’au moins une
portion de 'agencement de I'au moins une zone de
capteur (10, 11, 13, 15) et de I'au moins une zone
d’étalonnage (21, 22, 23, 24, 25, 26), et est en outre
configurée pour déterminer au moins une parmi 'au
moins une variable de I'échantillon (200) a partir de
I'au moins une image (100) enregistrée, sur la base
de données d'image de I'au moins une image enre-
gistrée associées a I'au moins une substance de
capteur dans I'au moins une zone de capteur et sur
la base de données d’'image de I'au moins une image
enregistrée associées a I'au moins une zone d’éta-
lonnage (21,22, 23, 24, 25, 26) associée a 'au moins
une substance de capteur.

Systeme de mesure (1) selon la revendication 11, le
systéme de mesure (1) incluant une source lumineu-
se (120) configurée pour émettre, sous lacommande
de l'unité de commande et d’évaluation (130), une
lumiere (121) d’au moins une plage de longueurs
d’onde prédéfinie afin de sonder le comportement
optique d’au moins une parmi I'au moins une subs-
tance de capteur et/ou d’enregistrer au moins une
parmi I'au moins une image (100).

Systeme de mesure (1) selon la revendication 11 ou
12, dans lequel la caméra (110) et I'unité de com-
mande et d’évaluation (130) sont incluses dans un
dispositif portatif (400).
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