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Method of evaluating the quality of a color reference card

Technical Field

The present invention refers to a method of evaluating the quality of a color reference card
and a method for determining the concentration of an analyte in a bodily fluid. The invention
further relates to a mobile device having a camera, to a kit comprising said mobile device
and a color reference card, to a computer program and a computer-readable storage medium.
The methods and devices as well as the computer program and the computer-readable stor-
age medium specifically may be used in medical diagnostics, in order to for example quan-
titatively and/or qualitatively detect one or more analytes in one or more body fluids, such
as for detecting blood glucose in blood and/or interstitial fluid. Other fields of application of

the present invention, however, are feasible.

Background art

In the field of medical diagnostics, in many cases, one or more analytes have to be detected
in samples of a body fluid, such as blood, interstitial fluid, urine, saliva or other types of
body fluids. Examples of analytes to be detected are glucose, triglycerides, lactate, choles-
terol or other types of analytes typically present in these body fluids. According to the con-
centration and/or the presence of the analyte, an appropriate treatment may be chosen, if
necessary. Without narrowing the scope, the invention specifically may be described with
respect to blood glucose measurements. It shall be noted, however, that the present invention

may also be used for other types of analytical measurements using test elements.

Generally, devices and methods known to the skilled person make use of test elements com-
prising one or more test chemicals, which, in presence of the analyte to be detected, are
capable of performing one or more detectable detection reactions, such as optically detecta-
ble detection reactions. With regard to the test chemicals comprised in test elements, refer-
ence may be made e.g. to J. Hoenes et al.. The Technology Behind Glucose Meters: Test

Strips, Diabetes Technology & Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-
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26. Other types of test chemistry are possible and may be used for performing the present
invention.

In analytical measurements, specifically analytical measurements based on color formation
reactions, one technical challenge resides in the evaluation of the color change which is due
to the detection reaction. Besides using dedicated analytical devices, such as handheld blood
glucose meters, the use of generally available electronics such as smart phones and portable
computers or other mobile devices has become more and more popular over the recent years.
Thus, a camera comprised by these mobile devices may be used to measure the color change
of the detection reaction. Generally, products on the market make use of color reference for
photometric measurements, for example to compensate for different lighting conditions dur-
ing the measurement. One or more images of a color reference having color reference fields
with known reference color values may be captured by using the camera of the mobile de-
vice. A transformation algorithm may be determined by relating the measured reference

color values to the known reference color values.

For example, US 2019/0137405 A1 describes a system in the field of monitoring air quality,
and more specifically, the field of identification of the presence of gaseous chemical pollu-
tants such as volatile organic compounds, in an enclosed environment. The system includes:
a substrate; a gaseous chemical pollutant sensor; and at least one colorimetric marker of a
predetermined colour situated on the substrate.

US 2012/0189509 A1 discloses an automatic analyzing method for test strips including steps
of: providing a test strip unit at least having a reacting region and an image calibration re-
gion; capturing an image of the test strip unit; analyzing the image so as to obtain a first
image signal of an image calibration region and a second image signal of a reacting region,;
comparing the first image signal with a standard signal so as to obtain image signal calibra-
tion parameters; calibrating the second image signal by applying the image signal calibration
parameters so as to obtain a third image signal; and comparing the third image signal with
data in a database so as to obtain a corresponding parameter values. Therein, an automatic

analyzing method for test strips is also provided.

WO02019/162496 A1 describes methods, computer programs and systems for calibrating and
using a camera for detecting an analyte in a sample. The calibration method for calibrating
a camera for detecting an analyte in a sample comprises: a. providing a set of color coordi-
nate systems, the set of color coordinate systems comprising a plurality of different color

coordinate systems configured for describing a color of an object; b. providing a set of test
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samples having known concentrations of the analyte; c. applying the test samples to a set of
test elements, each test element having at least one test field comprising at least one test
chemical configured for performing an optically detectable detection reaction with the ana-
lyte, thereby creating at least one colored test field for each of the test samples; d. acquiring
images of the colored test fields by using the camera; e. generating color coordinates for the
images of the colored test fields, by using the color coordinate systems of the set of color
coordinate systems, thereby creating a set of color coordinates for the test samples and for
the color coordinate systems; f. providing a set of coding functions, the set of coding func-
tions comprising a plurality of coding functions for transforming color coordinates of a test
field into a corresponding concentration of the analyte in the sample; g. transforming the set
of color coordinates generated in step e. into a set of measured concentrations by using the
set of coding functions; and h. comparing the set of measured concentrations with the known
concentrations of the test samples of the set of test samples and determining a best match
color coordinate system of the set of color coordinate systems and a best match coding func-
tion of the set of coding functions for which the set of measured concentrations best matches

with the known concentrations.

Despite the advantages achieved by the known methods and devices, several technical chal-
lenges remain. Specifically, the color reference may have to be replaced on a regular basis
to avoid negative influences on the performance of the analytical measurement, such as due
to a fatigue of the color reference. As a precaution, the color reference may be replaced in
short time intervals independently from the actual degradation of the color reference. Fur-
ther, the reliability of the color reference and the derived color correction may not be verified
prior to or during application. For example, a damaged color reference, such as a color ref-
erence damaged by scratches or other mechanical influence, may result in a defective color
correction of the captured image. Thus, the defective color correction may lead to an inac-
curate analytical measurement when determining the analyte concentration based on a color

formation reaction.

Problem to be solved

It is therefore desirable to provide devices and methods which at least partially address the
above-mentioned challenges. Specifically, it is desirable to provide devices and methods
which allow for a user-friendly mobile-based determination of a concentration of at least one
analyte in a bodily fluid while assuring a high accuracy and reliability of the analytical meas-

urement.
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Summary

This problem is addressed by a method of evaluating the quality of a color reference card
and by a method for determining the concentration of an analyte in a bodily fluid. Further,
by a mobile device having a camera, by a kit comprising said mobile device and a color
reference card, by a computer program and by a computer-readable storage medium, with
the features of the independent claims. Advantageous embodiments which might be realized

in an isolated fashion or in any arbitrary combinations are listed in the dependent claims.

2
>

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary gram-
matical variations thereof are used in a non-exclusive way. Thus, these terms may both refer
to a situation in which, besides the feature introduced by these terms, no further features are
present in the entity described in this context and to a situation in which one or more further
features are present. As an example, the expressions “A has B”, “A comprises B” and “A
includes B” may both refer to a situation in which, besides B, no other element is present in
A (i.e. asituation in which A solely and exclusively consists of B) and to a situation in which,
besides B, one or more further elements are present in entity A, such as element C, elements

C and D or even further elements.

Further, it shall be noted that the terms “at least one”, “one or more” or similar expressions
indicating that a feature or element may be present once or more than once typically will be
used only once when introducing the respective feature or element. In the following, in most
cases, when referring to the respective feature or element, the expressions “at least one” or
“one or more” will not be repeated, non-withstanding the fact that the respective feature or
element may be present once or more than once. Further, it shall be noted that the term “at
least some” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to “one or more” items
introduced by this term, specifically to two or more of said items.

Further, as used in the following, the terms "preferably", "more preferably", "particularly",
"more particularly", "specifically", "more specifically" or similar terms are used in conjunc-
tion with optional features, without restricting alternative possibilities. Thus, features intro-
duced by these terms are optional features and are not intended to restrict the scope of the
claims in any way. The invention may, as the skilled person will recognize, be performed by

using alternative features. Similarly, features introduced by "in an embodiment of the inven-
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tion" or similar expressions are intended to be optional features, without any restriction re-
garding alternative embodiments of the invention, without any restrictions regarding the
scope of the invention and without any restriction regarding the possibility of combining the
features introduced in such way with other optional or non-optional features of the invention.

In a first aspect of the invention, a method of evaluating the quality of a color reference card
is disclosed, the color reference card comprising a plurality of color reference fields having
known reference color values. The method comprises the following steps which, as an ex-
ample, may be performed in the given order. It shall be noted, however, that a different order
may generally also be possible. Further, it may also be possible to perform one or more of
the method steps once or repeatedly. Further, it may be possible to perform two or more of
the method steps simultaneously or in a timely overlapping fashion. The method may com-

prise further method steps which are not listed.

The method comprises:

i. capturing at least one image of at least a part of the color reference card by using at
least one camera of at least one mobile device;

ii.  determining measured reference color values for at least some of the color reference
fields from the image, i.e. for one or more of the color reference fields, specifically for
at least two of the color reference fields;

iii. determining a relationship between at least some of the measured reference color val-
ues, i.e. for one or more of the measured reference color values, specifically for at least
two of the measured reference color values, and the corresponding known reference
color values; and

iv.  deriving at least one item of quality information on the quality of the color reference
card by using the relationship of step iii.

The term “evaluating the quality of a color reference card” as used herein is a broad term
and is to be given its ordinary and customary meaning to a person of ordinary skill in the art
and is not to be limited to a special or customized meaning. The term specifically may refer,
without limitation, to a process of quantitatively and/or qualitatively assessing the quality of
a color reference card, in its entirety or partially, such as by determining at least one item of
quality information qualifying the quality of the color reference card and/or quantifying the
quality of the color reference card or a part thereof, such as of at least one color reference
field or of one or more color reference fields out of a plurality of color reference fields of

the color reference card. The item of quality information, as an example, may be or may
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comprise a binary value, indicating a sufficient quality or an insufficient quality. Addition-
ally or alternatively, the item of quality information may be or may comprise at least one
numerical value characterizing a degree of quality of the color reference card, such as on a
predetermined quality scale. As used herein, the term “quality of a color reference card”
specifically may refer to a state of the color reference card indicating whether or not the
color reference card may be used for a method for determining the concentration of an ana-
lyte in a bodily fluid and/or the degree of suitability or the degree of reliability of the color
reference card for being used for the method for determining the concentration of the analyte
in the bodily fluid. The latter, as outlined above, may, as an example, indicate a degree of
confidence or another numerical value indicating the degree of suitability or the degree of
reliability of the color reference card for being used for the method for determining the con-
centration of the analyte in the bodily fluid. Possible details of the method for determining
the concentration of the analyte in the bodily fluid will be explained below. The result of the
evaluation of the quality of a color reference card may be or may comprise, as outlined
above, at least one item of quality information on the quality of the color reference card.
Thus, the state of the color reference card may be derived using the at least one item of
quality information on the color reference card. Further, the result of the evaluation of the
quality of the reference card may also comprise a plurality of items of quality information
on the quality of the color reference fields comprised by the color reference card. Thus, the
evaluation may also result in an admission of color reference fields having a high quality
and/or an exclusion of color reference fields having a low quality for determining the rela-

tionship in step iii.

The term “color reference card” as used herein is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a
special or customized meaning. The term specifically may refer, without limitation, to an
arbitrary item having, disposed therein or disposed thereon, such as on at least one surface,
at least one color reference field having known color properties or optical properties, such
as having one or more colored fields having known color coordinates. As an example, the
color reference card may be a flat card comprising at least one substrate having, on at least
one surface and/or disposed therein, at least one color reference field having known color
coordinates. The substrate, specifically, may have a flat surface with the color reference
fields disposed thereon. The substrate, as an example, may be or may comprise one or more
of a paper substrate, a cardboard substrate, a plastic substrate, a ceramic substrate or a metal
substrate. Laminate substrates are also possible. The substrate, as an example, may be sheet-
like or flexible. It shall be noted, however, that the substrate may also be implemented into

an article of use, such as into a wall of a box, a vial, a container, a medical consumable, such
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as a test strip, or the like. Thus, the color reference card may also fully or partially be inte-
grated into an optical test strip, as will be outlined in further detail below. Thus, the at least
one image of at least a part of the color reference card may fully or partially comprise an
image of at least one part of the optical test strip having at least one reagent test region.

Further, the color reference card may comprise at least one marker. The at least one marker,
as an example, may be or may comprise at least one of: an identifier for identifying the color
reference card and/or the type of the color reference card, such as at least one of a label, a
barcode or a QR-code; a specifier specifying details of the color reference card, such as
reference color values or the like, such as by using at least one of a label, a barcode or a QR-
code; a position marker and/or orientation marker, such as at least one of a fiducial mark, an
ArUco code or the like. Specifically, the at least one marker may be arranged in at least one
corner of the color reference card. Thus, the mobile device may be configured for detecting
and/or reading the marker, specifically by optically detecting the marker on the at least one
image captured in step i., and optionally retrieving information from the marker, such as

information on the type, the properties or the orientation of the color reference card.

The term “color reference field” as used herein is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a
special or customized meaning. The term specifically may refer, without limitation, to an
arbitrary item having known optical properties, such as a known reference color value. Spe-
cifically, a color reference field comprised by the color reference card may be a 2-dimen-
sional structure, such as a rectangle, a square, a polygon, a circle and/or an ellipse, with a
uniform color value. The color value of the color reference field specifically may be one or
more of predetermined, known or determinable. The color reference field may be comprised
by a surface of the color reference card and/or disposed therein, specifically in such a way
that the at least one color reference field may be visible in the image captured in step i..
Further, the color reference fields may have color values in a subspace of the color coordi-
nate system corresponding to the color space of the color formation reaction of the reagent
test region. The color reference fields of the color reference card specifically may be ar-
ranged in a regular pattern on the surface of the color reference card, such as in a rectangular
pattern, e.g. a rectangular matrix pattern. The pattern arrangement specifically may enable
identifying the color reference fields, such as by searching at a predetermined distance in an

x- and/or y-direction from one or more of the markers.

The term “color value” as used herein is a broad term and is to be given its ordinary and

customary meaning to a person of ordinary skill in the art and is not to be limited to a special
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or customized meaning. The term specifically may refer, without limitation, to a numerical
indication of a color of a pixel, an object or the like. Specifically, the color value may be or
may comprise at least one color coordinate in a color coordinate system. The term “color
coordinate system” as used herein is a broad term and is to be given its ordinary and custom-
ary meaning to a person of ordinary skill in the art and is not to be limited to a special or
customized meaning. The term specifically may refer, without limitation, to an arbitrary co-
ordinate system by which a color of an object, such as a color of a test field or a color of an
image recorded by a camera, may be characterized, such as mathematically or physically.
Various color coordinate systems are generally known to the skilled person, such as color
coordinate systems defined by CIE. The color coordinates, in their entirety, may span or
define a color space, such as by defining three or four basis vectors. For example, the color
coordinates may comprise R, G, B color coordinates. Thus, the color value may be a color
triple having R, G, B color coordinates. Color coordinates in other color coordinate systems,

such as color coordinate system defined by CIE, are also feasible.

The term “known reference color value” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limita-
tion, to a predetermined, real or true color value of a color reference field. Specifically, the
known reference color value may comprise at least three color coordinates, such as at least
one color coordinate for each R, G, B color. The known reference color value for each color
reference field may be stored on a data storage device of the mobile device, for example by
alook-up table, a register, a database or the like. The known reference color values may have
been determined by measuring the respective color values, specifically by measuring the
color values in a controlled laboratory environment, such as by using a photospectrometer.
The measurement of the color reference fields using a photospectrometer may define the

respective known reference color values.

Further, the known reference color values of one or more second color reference fields may
also be determined from the known reference color value of a first color reference field.
Specifically, a predetermined and/or known relationship may relate the known reference
color value of the first color referenced field to the known reference color value of the second
reference field. Thus, the color reference card may comprise color reference fields having
known reference color values, wherein the known reference color values may be related to
each other. For example, the second color reference field may have a known reference color

value comprising at least one color coordinate, such as one of the R, G, B color coordinates,
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which is 10 percent higher than at least one color coordinate comprised by the known refer-
ence color value of the first color reference field. Further, a third color reference field may
have a known reference color value comprising at least one color coordinate, such as one of
the R, G, B color coordinates, which is 20 percent higher than at least one color coordinate
comprised by the known reference color value of the first color reference field. Thus, the
known reference color value of the first color reference field may be known and may further
be used for determining the known reference color values of one or more second color ref-
erence fields.

As outlined above, step 1. comprises capturing the at least one image of at least a part of the
color reference card by using the camera of the mobile device. The term “mobile device” as
used herein is a broad term and is to be given its ordinary and customary meaning to a person
of ordinary skill in the art and is not to be limited to a special or customized meaning. The
term specifically may refer, without limitation, to a mobile electronics device, more specif-
ically to a mobile communication device such as a cell phone or smartphone. Additionally
or alternatively, as will be outlined in further detail below, the mobile device may also refer

to a tablet computer or another type of portable computer having at least one camera.

The term “camera” as used herein is a broad term and is to be given its ordinary and custom-
ary meaning to a person of ordinary skill in the art and is not to be limited to a special or
customized meaning. The term specifically may refer, without limitation, to a device having
at least one imaging element configured for recording or capturing spatially resolved one-
dimensional, two-dimensional or even three-dimensional optical data or information. As an
example, the camera may comprise at least one camera chip, such as at least one CCD chip
and/or at least one CMOS chip configured for recording images. As used herein, without
limitation, the term “image” specifically may relate to data recorded by using a camera, such
as a plurality of electronic readings from the imaging device, such as the pixels of the camera
chip.

The camera, besides the at least one camera chip or imaging chip, may comprise further
elements, such as one or more optical elements, e.g. one or more lenses. As an example, the
camera may be a fix-focus camera, having at least one lens which is fixedly adjusted with
respect to the camera. Alternatively, however, the camera may also comprise one or more
variable lenses which may be adjusted, automatically or manually. The invention specifically
shall be applicable to cameras as usually used in mobile applications such as notebook com-
puters, tablets or, specifically, cell phones such as smartphones. Thus, specifically, the cam-

era may be part of a mobile device which, besides the at least one camera, comprises one or
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more data processing devices such as one or more data processors. Other cameras, however,
are feasible.

The camera specifically may be a color camera. Thus, such as for each pixel, color infor-
mation may be provided or generated, such as color values for three colors R, G, B. A larger
number of color values is also feasible, such as four color values for each pixel, for example
R, G, G, B. Color cameras are generally known to the skilled person. Thus, as an example,
the camera chip may consist of a plurality of three or more different color sensors each, such
as color recording pixels like one pixel for red (R), one pixel for green (G) and one pixel for
blue (B). For each of the pixels, such as for R, G, B, values may be recorded by the pixels,
such as digital values in the range of 0 to 255, depending on the intensity of the respective
color. Instead of using color triples such as R, G, B, as an example, quadruples may be used,
such as R, G, G, B. The color sensitivities of the pixels may be generated by color filters or
by appropriate intrinsic sensitivities of the sensor elements used in the camera pixels. These

techniques are generally known to the skilled person.

The term “capturing at least one image” as used herein is a broad term and is to be given its
ordinary and customary meaning to a person of ordinary skill in the art and is not to be
limited to a special or customized meaning. The term specifically may refer, without limita-
tion, to one or more of imaging, image recording, image acquisition, image capturing. The
term “capturing at least one image” may comprise capturing a single image and/or a plurality
of images such as a sequence of images. For example, the capturing of the image may com-
prise recording continuously a sequence of images such as a video or a movie. The capturing
of the at least one image may be initiated by the user action or may automatically be initiated,
e.g. once the presence of the at least one object within a field of view and/or within a prede-
termined sector of the field of view of the camera is automatically detected. These automatic
image acquisition techniques are known e.g. in the field of automatic barcode readers, such
as from automatic barcode reading apps. The capturing of the images may take place, as an
example, by acquiring a stream or “live stream” of images with the camera, wherein one or
more of the images, automatically or by user interaction such as pushing a button, are stored
and used as the at least one first image or the at least one second image, respectively. The
image acquisition may be supported by a processor of the mobile device, and the storing of

the images may take place in a data storage device of the mobile device.

As outlined above, step ii. comprises determining measured reference color values for at
least some of the color reference fields from the image. The term “measured reference color

value” as used herein is a broad term and is to be given its ordinary and customary meaning
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to a person of ordinary skill in the art and is not to be limited to a special or customized
meaning. The term specifically may refer, without limitation, to a color value determined by
measurement, specifically, by using the camera of the mobile device, more specifically from
the image captured in step i.. Thus, the measured color value may be or may comprise at
least one color value of at least one color reference field measured by using the camera of
the mobile device and optionally at least one processor of the mobile device for evaluating
the image. For example, the color reference field disposed on the color reference card may
be identified on the image captured in step i., such as by one or more of a computer vision
process and/or an image analysis, and the color value of the color reference field may be
determined by the at least one color sensor comprised by the camera of the mobile device.
Specifically, the camera of the mobile device may comprise at least three color sensors, such
as pixelated color sensors or color pixels, e.g. at least one color sensor for R, G, B colors,
and, thus, the measured color value may comprise at least three color coordinates, more
specifically at least one color coordinate for each R, G, B color, which may be derived from

sensor signals of the color sensors.

Further, the method comprises in step iii. determining a relationship between the measured
reference color values and the corresponding known reference color values. The term “rela-
tionship” as used herein is a broad term and is to be given its ordinary and customary mean-
ing to a person of ordinary skill in the art and is not to be limited to a special or customized
meaning. The term specifically may refer, without limitation, to a predetermined or determi-
nable transformation between color information derived from the image, such as measured
reference color values, and corresponding known color information, such as known refer-
ence color values. Specifically, the relationship may be or may comprise a mathematical
transformation. Thus, the term “relationship” specifically may refer, without limitation, to a
predetermined or determinable transformation algorithm for transforming at least one item
of color information derived from the image, also referred to as a “measured item of color
information”, such as at least one measured reference color value, into at least one “real
world”, “real”, “expected” or “true” item of color information, such as one or more items of
known color information, specifically known reference color values. The relationship spe-
cifically may be or may comprise an invertible or reversible transformation or algorithm.
Thus, in the following, whenever reference is made to the relationship, no differentiation is
made between the relationship itself and its inverse. Thus, as an example and as the skilled
person will recognize, the relationship may be used for transforming the measured item of
color information into the true item of color information, and the inverse relationship may
be used for the opposite direction, or vice versa. Specifically, in case at least one color trans-

formation matrix is used as or as a part of the relationship, the inverse relationship may be
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or may comprise the inverse color transformation matrix. Thus, the relationship between
color information derived from the image, such as measured reference color values, and
corresponding known color information, such as known reference color values, may be in-
vertible such that the relationship may transform color information derived from the image
into corresponding known color information or vice versa. For example, the relationship
may be or may comprise a linear transformation, represented by a matrix, specifically by a
color transformation matrix. The color transformation matrix may be a linear transformation
from one predetermined color coordinate system, such as the measured R, G, B color coor-
dinate system, to another color coordinate system, such as true R, G, B color coordinate
system. Thus, as an example, the relationship between at least some of the measured refer-
ence color values Ryeqsured> Gmeasured aNd Byeasurea and the corresponding known refer-
ence color values Rpeqr, Greqr and Breq; may be or may comprise at least one color trans-

formation matrix:

RReal CCMll CCMlZ CCM13 RMeasured (1)
GReal = CCMZl CCMZZ CCM23 GMeasured
CCM3;; CCMs, CCMss

BReal BMeasured

The coefficients may determine the relationship. The coefficients CCM;; of the color trans-
formation matrix may be determined by solving the linear equations derived from equation
(1). For determining the coefficients and, thus, the relationship, the color coordinates
Ryreasured> Gumeasured and Byeqsureq for a plurality of color reference fields may be meas-
ured and equation (1) may be solved correspondingly. In case a plurality of color coordinates
for a plurality of color reference fields are measured, equation (1) may be overdetermined,
and statistical results may be derived, such as a best fit for the coefficients, including statis-
tical information on uncertainties or deviations, such as standard deviations or deviations of

results from expected values, as will be outlined in further detail below.

It shall be noted, however, that, besides a color transformation matrix, other relationships

are also possible.

As outlined above, the method comprises in step iv. deriving the at least one item of quality
information. The term “item of quality information” as used herein is a broad term and is to
be given its ordinary and customary meaning to a person of ordinary skill in the art and is
not to be limited to a special or customized meaning. The term specifically may refer, with-
out limitation, to an item of information qualifying or quantifying the quality of the color

reference card or a part thereof, with the definition of “quality” as given above. Specifically,
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the item of quality information may comprise numerical information specifying the quality.
Thus, the item of quality information may comprise digital information describing the qual-
ity of a color reference card. Specifically, the item of quality information may be or may
comprise a numerical value indicating the quality of a color reference card. The item of
quality information may also comprise information on the quality of at least one color refer-
ence field comprised by the color reference card. The item of quality information may spe-
cifically be derived by using the relationship between measured reference color values and
corresponding known reference color values which is determined in step iii. For example, as
outlined above, the relationship, such as the matrix of eq. (1), may be derived by using sta-
tistical methods or fitting. The item of quality information may be derived by using infor-
mation on the quality of the fitting, such as at least one of a fit residuum or a standard devi-
ation, quantifying the quality of the fitting of the relationship. As another example, the item
of quality information may comprise a deviation of color values of the color reference fields.
Specifically, the deviation may be a difference in color values comparing expected reference
color values with known reference color values. As used herein, the term “expected reference
color value” may refer to an anticipated reference color value of the color reference field.
Specifically, the expected reference color value may refer to an anticipated measured refer-
ence color value obtained by transforming the known color reference value of the color ref-
erence field using the relationship determined in step iii.. Alternatively and/or additionally,
the expected reference color value may also refer to an anticipated reference color value
obtained by transforming the measured color value of the color reference field using the

relationship determined in step iii.

The item of quality information may further indicate a color reference field-specific quality
of the color reference card. Thus, the item of quality information may comprise a plurality
of quality information or a plurality of items of quality information indicating the quality of
each color reference field comprised by the color reference card. Specifically, the method
may comprise in step iv. deriving the at least one item of quality information for each color
reference field of the color reference card. The item of quality information may comprise a
quantitative measure for each color reference field on the degree of suitability for being used
for a method for determining the concentration of an analyte in a bodily fluid. As an example,
the item of quality information may indicate damage of a specific color reference field. For
example, the item of quality information may indicate whether the color reference field is
damaged, scratched and/or faded, and, thus, whether the color value of the color reference
field is distorted. As another example, the item of quality information may indicate a color

reference field which cannot be evaluated reasonably, for example because of interfering
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environmental influences, such as interfering lighting conditions. In both examples, the re-
spective color reference field may be excluded from determining the relationship in step iii..
Thus, summarizing, as an example, the at least one item of quality information specifically
may comprise at least one of: an indication of damage of a specific color reference field,
specifically indication whether the color reference field is at least one of damaged, scratched,
faded or distorted; indication of reasons preventing evaluation of a specific color reference
field, specifically indication whether the color reference field is subject to interfering envi-
ronmental influences, more specifically indication whether the color reference field is sub-

ject to interfering lighting conditions.

As outlined above, step iii. of the method comprises determining a relationship between the
measured reference color values and the corresponding known reference color values. Spe-
cifically, the determination of the relationship may comprise fitting the measured reference
color values to the corresponding known reference color values. The fitting may comprise a
mathematical relationship between the measured reference color values and the correspond-
ing known reference color values. Thus, deriving of the quality information in step iv. may
comprise determining at least one fit residuum quantifying the quality of the fitting. As used
herein, the term “fit residuum” may refer to a statistical value indicating the deviation of at
least one measured quantity to a mathematical relationship describing the measured quantity.
Specifically, the fit residuum may quantify the deviation of measured reference color values
to the relationship fitted in step iii. of the method. For example, the fit residuum may be or

may comprise at least one sum of squared residuals.

As outlined above, the measured color reference values and the known reference color values
specifically, each, may comprise color coordinates in a predetermined color coordinate sys-
tem, specifically R, G, B color coordinates. The predetermined color coordinate systems
may be provided automatically or by human action. For example, the predetermined color
coordinate system may be a SRGB color space, wherein “sRGB” stands for “standard Red-
GreenBlue”. As another example, the predetermined color coordinate system may be a CIE-
XYZ color space. However, other options are also feasible. The predetermined color coor-
dinate system may be predetermined by using the camera of the mobile device, and thus,
may be provided automatically by using the mobile device. As another example, the color
coordinate system may be changed by human action, such as by action of a user of the mobile

device.
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The relationship between the measured reference color values and the known reference color
values, as outlined above, specifically may comprise a color transformation matrix, specifi-
cally a color correction matrix, more specifically a color transformation matrix transforming
color coordinates of the measured color reference values into color coordinates of the known
reference color values or vice a versa. The color transformation matrix may represent a linear

transformation and may be invertible.

The at least one item of quality information derived in step iv. may at least partially be de-
rived by using the relationship determined in step iii. and by transforming measured color
coordinates of at least one first color reference field into expected color coordinates of at
least one second color reference field by using the relationship. By further comparing the
expected color coordinates of the second color reference field with measured color coordi-
nates of the second color reference field, the at least one item of quality information may be
derived. Specifically, expected color coordinates of the at least one second color reference
field may be obtained by transforming measured color coordinates of the at least one first
color reference field by using the relationship determined in step iii.. The first and second
color reference fields may have similar color reference values, and, thus, may allow com-
paring the expected color coordinates of the second color reference field with measured color

coordinates of the second color reference field.

Further, the at least one item of quality information may be determined by selectively leaving
out measured reference color values of at least one selected color reference field in step iii.,
whereas color coordinates of other color reference fields are taken into account in step iii..
The at least one selected color reference field may specifically be left out for determining
the relationship, such as the color transformation matrix, in step iii. The at least one item of
quality information, for example the at least one fit residuum, may be derived for this par-
ticular set of color reference fields without the at least one first selected color reference field.
In order to evaluate the derived item of quality information, a second set of color reference
fields may be used to determine the relationship, specifically without a second selected color
reference field, specifically being different from the first selected color reference field. For
evaluating the quality of the color reference card, specifically of the color reference fields,
each of the color reference fields may be selected once to be left out for determining the

relationship in step iii.

Thereby, a plurality of items of quality information may be determined by selectively leaving
out measured reference color values of a plurality of selected color reference fields, respec-

tively, wherein the items of quality information may be compared in order to identify color
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reference fields having a low quality, specifically for identifying damaged color reference
fields. Thus, when comparing the plurality of items of quality information, a worst offender
of color reference fields may be identified by determining the set of color reference fields
having a high quality compared to the other sets of color reference fields, specifically by
identifying the set of color reference fields having the lowest fit residuum. The worst of-

fender of color reference fields may be left out in step iii.

Thus, generally, a cross-validation of the quality of one or more color reference fields may
be performed, by using one or more other color reference for determining at least one ex-
pected value and comparing the expected value with a real value of the respective color
reference field. Thereby, such as iteratively, the quality of one or more or even all of the
color reference fields of the color reference card may be determined. Specifically, damaged

or deteriorated color reference fields may be identified.

Thus, color reference fields having a low quality may be marked and may be left out in step
iii. The quality of the relationship may be enhanced by selectively leaving out color reference
fields having a low quality. The relationship in step iii. may be determined by using only

those color reference fields having a high quality, specifically having a low fit residuum.

The color reference card may be configured for being used in a method for determining a
concentration of an analyte in a bodily fluid by using a mobile device having a camera.
Therein, at least one image of a reagent test region of an optical test strip having a sample of
the bodily fluid applied thereto may be captured by the camera. The analyte concentration
may be determined based on a color formation reaction of the reagent test region.

In a further aspect of the invention, thus, a method for determining a concentration of an
analyte in a bodily fluid is disclosed. The method comprises using a mobile device having
at least one camera, the method further comprises using at least one optical test strip and at
least one color reference card comprising a plurality of color reference fields having known

reference color values.

The method comprises the following steps which, as an example, may be performed in the
given order. It shall be noted, however, that a different order is also possible. Further, it is
also possible to perform one or more of the method steps once or repeatedly. Further, it is
possible to perform two or more of the method steps simultaneously or in a timely overlap-

ping fashion. The method may comprise further method steps which are not listed.
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The method further comprises:

a.  evaluating the quality of the reference card using the method according to the present
invention, such as according to any one of the embodiments disclosed above and/or
according to any one of the embodiments disclosed in further detail below;

b.  capturing at least one image of at least one reagent test region of the optical test strip
having a sample of the bodily fluid applied thereto by using the camera; and

¢.  determining the analyte concentration based on a color formation reaction of the rea-

gent test region, taking into account the result of step a.

The term “determining the concentration of an analyte in a bodily fluid”, also referred to as
an “analytical measurement”, as used herein is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a
special or customized meaning. The term specifically may refer, without limitation, to a
quantitatively and/or qualitatively determination of at least one analyte in an arbitrary sample
or aliquot of bodily fluid. For example, the bodily fluid may comprise one or more of blood,
interstitial fluid, urine, saliva or other types of body fluids. The result of the determining of
the concentration, as an example, may be a concentration of the analyte and/or the presence
or absence of the analyte to be determined. Specifically, as an example, the determination
may be a blood glucose measurement, thus the result of the determination may for example
be a blood glucose concentration. In particular, an analytical measurement result value may

be determined by the analytical measurement.

Consequently, the term “analyte concentration value”, often also referred to as “analytical
measurement result value”, as used herein, is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to a numerical

indication of an analyte concentration in a sample.

The at least one analyte, as an example, may be or may comprise one or more specific chem-
ical compounds and/or other parameters. As an example, one or more analytes may be de-
termined which take part in metabolism, such as blood glucose. Additionally or alternatively,

other types of analytes or parameters may be determined, e.g. a pH value.

The method for determining a concentration of an analyte in a bodily fluid further comprises
using the mobile device having the at least one camera. Further, the method comprises using

at least one optical test strip.
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The term “optical test strip” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to an arbitrary
element or device configured for performing a color-change detection reaction. The optical
test strip may also be referred to as test strip or test element, wherein all three terms may
refer to the same element. The optical test strip may particularly have a test field containing
at least one test chemical for detecting at least one analyte. The optical test strip, as an ex-
ample, may comprise at least one substrate, such as at least one carrier, with the at least one
test field applied thereto or integrated therein. In particular, the optical test strip may further
comprise at least one white area, such as a white field, specifically in a proximity to the test
field, for example enclosing or surrounding the test field. The white area may be a separate
field independently arranged on the substrate or carrier. However, additionally or alterna-
tively, the substrate or carrier itself may be or may comprise the white area. As an example,
the at least one carrier may be strip-shaped, thereby rendering the test element a test strip.
These test strips are generally widely in use and available. One test strip may carry a single
test field or a plurality of test fields having identical or different test chemicals comprised

therein.

As further used herein, the term “reagent test region”, also referred to as “test field”, is a
broad term and is to be given its ordinary and customary meaning to a person of ordinary
skill in the art and is not to be limited to a special or customized meaning. The term specifi-
cally may refer, without limitation, to a coherent amount of the test chemical, such as to a
field or a region, e.g. a field of round, polygonal or rectangular shape, having one or more
layers of material, with at least one layer of the test field having the test chemical comprised
therein.

The method comprises determining the analyte concentration value based on a color for-
mation of the reagent test region. Thus, the method may be an analytical measurement in-
cluding inducing a test reaction between the test chemical and a sample of the bodily fluid
or a part thereof, such as the at least one analyte, specifically an analyte-specific test reaction,
wherein the test reaction includes a color change of the reagent test region indicative of a
degree of the test reaction and/or indicative of a presence or a concentration of the analyte.
The color formation may include an arbitrary change of at least one optical property of the
optical test strip or, specifically, of the reagent test region, which change may be measured
or determined optically by using the camera. Specifically, the analytical measurement may
be or may comprise a color formation reaction in the presence of the at least one analyte to

be determined. The term “color formation reaction” as used herein is a broad term and is to
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be given its ordinary and customary meaning to a person of ordinary skill in the art and is
not to be limited to a special or customized meaning. The term specifically may refer, with-
out limitation, to a chemical, biological or physical reaction during which a color, specifi-
cally areflectance, of at least one element involved in the reaction, changes with the progress
of the reaction. The color formation may be detected by the mobile device, such as by a
processor of the mobile device, and may be evaluated quantitatively, such as by deriving,
from the at least one image, at least one parameter quantifying or characterizing the color
formation of the reagent test region due to the presence of the analyte in the sample of the
bodily fluid. As an example, one or more of the above-mentioned color coordinates may be
used. Thus, the mobile device and specifically the processor of the mobile device may be
configured for determining a color change by determining a change of one or more color

coordinates taking place due to the detection reaction.

The at least one analyte concentration value is determined from the color formation of the
reagent test region. For this purpose, the at least one image may be used. The analyte con-
centration value, as an example, may be a numerical value indicator of a result of the ana-
lytical measurement, such as indicative of the concentration of at least one analyte in the

sample, such as a blood glucose concentration.

As an example, when capturing the at least one image of the reagent test region, the at least
one color reference card may be in the field of view of the camera and, thus, at least a part
of the color reference card may be visible in the at least one image of the at least one part of
the reagent test region. As an example, the optical test strip may be placed on top of the color
reference card, and/or the color reference card may comprise one or more windows, wherein
the color reference card, with the one or more windows, is placed on top of the optical test
strip such that the reagent test region is visible through the window. Alternatively, however,
it is also possible to capture separate images of the at least one reagent test region and the
color reference card.

The use of the color reference card specifically may allow for correcting camera specific or
device specific changes in the at least one image of the color of the reagent test region. Thus,
typically, cameras and/or mobile devices, without notifying the user, apply one or more eval-
uation or pre-evaluation algorithms to the image, such as gamma corrections, which have to
be taken into account when evaluating the images and determining the at least one analyte
concentration value. Specifically, the at least one evaluation or pre-evaluation algorithm may
be applied to the captured image in step i.. Thus, the subsequent steps of the method of
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evaluating the quality of the color reference card may specifically take into account an in-
tensity-corrected image, wherein the intensity correction may comprise the at least one eval-
uation or pre-evaluation algorithm, such as a gamma correction. Further, steps ii., iii. and iv.
of the method of evaluating the quality of the color reference card may be applied to an
image having acceptable linear properties, in particular to an image being homogeneously
lightened, for example an image without shadows, and/or to an image being intensity-cor-
rected, for example by a gamma correction. By using the at least one color reference card
having known optical properties, the mobile device may be set up for calibrating and/or
correcting the image, thus taking into account the internal processes of the camera and/or the
mobile device when or before determining the at least one analyte concentration value. As
outlined above, the method for determining the concentration of an analyte in a bodily fluid
comprises the result of the method of evaluating the quality of the color reference card.
Therein, a relationship may be used to correct the measured color values of the captured
image. Specifically, a relationship having a high quality may be used for the analytical meas-

urement in step c..

In a further aspect of the present invention, a mobile device is disclosed, the mobile device
having at least one camera, the mobile device further having at least one processor, wherein
the mobile device is configured for performing the method of evaluating the quality of a
color reference card according to the present invention, such as according to any one of the
embodiments disclosed above and/or according to any one of the embodiments disclosed in
further detail below.

The mobile device may further be configured for determining the concentration of an analyte
in a bodily fluid by using the at least one optical test strip, by performing steps b. and c. of
the method for determining a concentration of an analyte in a bodily fluid according to the
present invention, such as according to any one of the embodiments disclosed above and/or
according to any one of the embodiments disclosed in further detail below.

The term “processor” as used herein is a broad term and is to be given its ordinary and
customary meaning to a person of ordinary skill in the art and is not to be limited to a special
or customized meaning. The term specifically may refer, without limitation, to an arbitrary
logic circuitry configured for performing basic operations of a computer or system, and/or,
generally, to a device which is configured for performing calculations or logic operations.
In particular, the processor may be configured for processing basic instructions that drive
the mobile device, computer or system. As an example, the processor may comprise at least

one arithmetic logic unit (ALU), at least one floating-point unit (FPU), such as a math co-
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processor or a numeric coprocessor, a plurality of registers, specifically registers configured
for supplying operands to the ALU and storing results of operations, and a memory, such as
an L1 and L2 cache memory. In particular, the processor may be a multi-core processor.
Specifically, the processor may be or may comprise a central processing unit (CPU). Addi-
tionally or alternatively, the processor may be or may comprise a microprocessor, thus spe-
cifically the processor’s elements may be contained in one single integrated circuitry (IC)
chip. Additionally or alternatively, the processor may be or may comprise one or more ap-
plication-specific integrated circuits (ASICs) and/or one or more field-programmable gate
arrays (FPGAs) or the like.

The processor may specifically be configured, such as by software programming for per-
forming and/or supporting one or more of the method steps of the method of evaluating the
quality of a color reference card. Specifically, the processor may be configured for support-
ing the capturing of the image of at least a part of the color reference card, such as by prompt-
ing the user to capture the image and/or by detecting the color reference card in a field of
view and automatically capturing the image. Further, the processor may be configured for
identifying color reference fields on the captured image and for determining measured ref-
erence color values thereof. The processor may be configured for assigning known reference
color values to the corresponding measured color reference fields. Thus, the processor may
be configured for determining a relationship between measured reference color values and
corresponding known reference color values, for example by fitting the measured reference
color values to the corresponding known reference color values. The processor may deter-
mine the relationship, for example the linear transformation such as the color transformation
matrix, using a linear optimization approach. Further, the processor may be configured for
deriving the at least one item of quality information on the quality of the color reference card
by using the relationship.

Further, the processor may be configured, such as by software programming, for performing
and/or supporting the method steps of the method for determining the concentration of an
analyte in a bodily fluid. Specifically, the processor may be configured for supporting the
capturing of the at least one image of the at least one reagent test region of the optical test
strip having the sample of the bodily fluid applied thereto by using the camera of the mobile
device. The processor may further be configured for determining at least one analyte con-
centration value from color formation of the reagent test region, such as by evaluating the
image, deriving the change of one or more color coordinates taking place due to the color

formation reaction and transforming the change of one or more color coordinates into the at
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least one analyte concentration value. The processor specifically may be configured for sup-
porting one or more or all of steps b. and c. of the method for determining the concentration
of an analyte in a bodily fluid, such as for capturing the at least one image as well as for
further providing the indication to the user that the capturing of the at least one image re-
quires capturing of at least one image of at least one color reference card and for determining
the analyte concentration. The processor may further be configured for supporting sample
application to the optical test strip, such as by providing user guidance, e.g. in a visual format
or in an audible format. The processor may further be configured for supporting the capturing
of the at least one image, e.g. by automatically detecting the optical test strip or a part thereof

in a field of view and/or by prompting the user to capture the image.

In a further aspect of the present invention, a kit is disclosed, the kit comprising at least one
mobile device according to the present invention, such as according to any one of the em-
bodiments disclosed above and/or according to any one of the embodiments disclosed in
further detail below, further comprising at least one color reference card, the color reference
card comprising a plurality of color reference fields having known reference color values.
The term “kit” as used herein is a broad term and is to be given its ordinary and customary
meaning to a person of ordinary skill in the art and is not to be limited to a special or cus-
tomized meaning. The term specifically may refer, without limitation, to a combination of
at least two items which might as an example, may be supplied conjointly in a package,

which may interact in order to fulfill at least one common purpose.

The kit may further comprise the at least one optical test strip having the at least one reagent
test region.

In a further aspect of the invention, a computer program is disclosed, the computer program
comprising instructions which, when the program is executed by the mobile device accord-
ing to the present invention, such as according to any one of the embodiments disclosed
above and/or according to any one of the embodiments disclosed in further detail below,
cause the processor of the mobile device to perform the method of evaluating the quality of
a color reference card according to the present invention, such as according to any one of the
embodiments disclosed above and/or according to any one of the embodiments disclosed in
further detail below.

The computer program may further comprise instructions which, when the program is exe-
cuted by the mobile device, may cause the processor of the mobile device to perform steps

b. and c. of the method for determining the concentration of an analyte in a bodily fluid.
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In a further aspect of the invention, a computer-readable storage medium is disclosed, the
computer-readable storage medium comprising instructions which, when the program is ex-
ecuted by the mobile device according to the present invention, such as according to any one
of the embodiments disclosed above and/or according to any one of the embodiments dis-
closed in further detail below, cause the processor of the mobile device to perform the
method of evaluating the quality of a color reference card according to the present invention,
such as according to any one of the embodiments disclosed above and/or according to any

one of the embodiments disclosed in further detail below.

The computer-readable storage medium may further comprise instructions which, when the
program is executed by the mobile device, may cause the processor of the mobile device to
perform steps b. and c. of the method for determining the concentration of an analyte in a
bodily fluid.

As used herein, the term “computer-readable storage medium” specifically may refer to a
non-transitory data storage means, such as a hardware storage medium having stored there-
on computer-executable instructions. The computer-readable data carrier or storage medium
specifically may be or may comprise a storage medium such as a random-access memory
(RAM) and/or a read-only memory (ROM).

The computer program may also be embodied as a computer program product. As used
herein, a computer program product may refer to the program as a tradable product. The
product may generally exist in an arbitrary format, such as in a paper format, or on a com-
puter-readable data carrier and/or on a computer-readable storage medium. Specifically, the
computer program product may be distributed over a data network.

As an example, the at least one item of quality information may be or may comprise a fit
residuum quantifying the quality of the fitting. A high value of the fit residuum may indicate
a non-linear transformation between the measured and the known reference color values.
Therefore, the color correction of the image by using the color transformation matrix may

be invalid.

Additionally or alternatively, the at least one item of quality information may be or may
comprise at least one item of quality information derived by assessing the quality of the color
correction by using one or more test fields having known reference color values. The meas-

ured color value of the test field may be transformed using the relationship, such as the color
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transformation matrix, and, thus, the transformed color values may be compared to the
known reference value of the test field. The test field may be an additional color field com-
prised by the color reference card and/or may be selected from the plurality of color reference
fields. The test fields may also be selected dynamically from the plurality of color reference
fields, for example in such a way, that the color value of the selected color reference fields
may be similar to the color value of the reagent test region. Therefore, the evaluation of the
color correction may be in accordance with the color formation of the reagent test region.
Thus, the quality and the accuracy of the color correction may be assessed by using the item
of quality information comprising the deviation of the transformed color value of the test

field to the corresponding known reference color value.

The usability of one or more single color reference fields for the color correction may be
assessed using an exemplary embodiment of the method of evaluating the quality of the color
reference card. As an example, one or more of the color reference fields may be selectively
left out when determining the relationship, specifically the color transformation matrix. The
relationship, specifically the color transformation matrix, may be determined using the re-
maining color reference fields, specifically without the selected color reference field. The
color reference field that has been left out may be used as a test field. The color transfor-
mation matrix may be determined by selecting each of the color reference fields as a test
field at least once.

For each set of color reference fields and test fields, the at least one item of quality infor-
mation may be derived, such as the fit residuum and the deviation of the transformed color
value of test field to the test field’s known color reference value. The item of quality infor-
mation may allow for an evaluation of the quality of the color correction regarding each of
the color reference fields. In case, a damaged color reference field may be left out in the
determination of the color transformation matrix, the corresponding fit residuum will be
lower compared to the each other set of fit residuum and the deviation of the expected ref-
erence color value from the known color value will increase for the corresponding color
reference field. Color reference fields having a low value of the item of quality information,
such as below a threshold, may be left out for the determination of the color transformation
matrix. Alternatively and/or additionally, the analyte measurement may be cancelled due to

a defect color reference card and/or bad image quality.

The method of evaluating the quality of the color reference card may be comprised by the
method for determining the concentration of an analyte in a bodily fluid using the camera of

the mobile device. The method may further comprise using the at least one optical test strip,
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wherein the optical test strip, specifically the reagent test region, may undergo a color for-
mation reaction when a sample of a bodily fluid is applied thereto. The color subspace of the
corresponding color formation reaction may be determined using a photospectrometer. The
color values of the color reference fields may be selected from the color subspace of the

color formation reaction.

The relationship between measured reference color values and known reference color values,
as outlined above, may be determined by using the at least one color transformation matrix.
The fit residuum quantifying the quality of the fitting may be used to evaluate the quality of

the color transformation matrix.

In Table 1, an exemplary embodiment of the method of evaluating the quality of the color
reference card is shown. Each of the color reference fields has been selected as a test field
and, thus, has been left out for determining the color transformation matrix. The correspond-
ing fit residuum and the deviation of the transformed measured color value of the test field
to its known reference color value has been calculated. In this example, the color reference
card has no visible damages and, thus, the color reference card may have a high quality

which may be seen in a low fit residuum and a low deviation.

Field | Field | Field | Field Field Field | Field | Field
No. No. No. No.4 | No.5 | No. No. No.
1 2 3 6 7 8

Deviation of test field from true | 1.3 092 | 1.8 0.64 1.3 1.6 1.8 3.1
value

Fit residuum in matrix fitting 1.2 1.2 1.0 1.2 1.1 11 11 0.9
(all other fields)

Table 1: An exemplary embodiment of assessing the quality of a color reference card or of
a part thereof, the color reference card comprising a plurality of color reference fields, and,

in this example, having a high quality.

Further, Table 2 shows an example of a color reference card comprising at least partially
damaged color reference fields. In this example, color reference fields no.5 and no.6 may be
damaged. The result of the method the evaluation of the quality of color reference card are
shown in the two upper rows of Table 2. The deviation of the transformed measured color

values of the damaged color reference fields to their known reference color values are high
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compared to each of the other color reference fields. Further, the fit residuum may be low-
ered in case the damaged color reference fields is excluded from the determination of the
color transformation matrix. Defect color reference fields may be determined by identifying
the color reference fields having a low quality, e.g. a lower fit residuum and a higher devia-
tion. In case, one of the worst offender may be excluded from the fitting, the fit residuum
and the deviation may be improved. It may be also possible to exclude one or even more of
the defect color reference fields to improve the quality of the fitting of the color transfor-

mation matrix.

Fields ex- Field | Field | Field | Field | Field | Field | Field | Field

cluded No. No. No. No. No. No. No. No.
1 2 3 4 5 6 7 8

None Deviation of test field | 20.4 | 19.7 | 16.3 | 20.9 | 74.2 | 30.8 | 20.2 | 19.0

from true value

Fit residuum in matrix | 23.6 | 23.9 | 24.0 | 23.8 | 9.9 18.5 | 23.6 | 234
fitting (all other

fields)
Worst of- Deviation 1.3 8.3 7.0 8.6 - 40.3 | 12.4 | 13.2
fender Fit residuum 114 | 111 111 | 111 |- 14 | 11.0 | 112
Two worst | Deviation 3.7 2.0 1.7 2.3 - - 1.0 2.5
offenders - -

Fit residuum 1.0 1.3 1.4 1.3 - - 1.5 1.3

Table 2: An exemplary embodiment of assessing the quality of a color reference card or of
a part thereof, the color reference card comprising a plurality of color reference fields, and,

in this example, having a low quality, such as due to damaged color reference fields.

The methods and devices according to the present invention provide a large number of ad-
vantages over similar methods and devices known in the art. The methods and devices de-
scribed herein may provide a user-friendly and reliable method of determining the concen-
tration of at least one analyte in a bodily fluid while ensuring a high accuracy of the analytical
measurement. Specifically, the color reference card may be used for correcting the measured
color values by taking into account the relationship, specifically the color transformation
matrix. Thus, the color correction, specifically the color correction of the captured image of
the reagent test region, may enhance the accuracy of the analytical measurement.

Further, the quality of the color reference card may be checked by using the method of eval-

uating the quality of the color reference card. Specifically, the color reference card may be
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checked before or when it is used for the analytical measurement. The present methods and
devices may ensure a high reliability of the color reference card and, thus, a high accuracy
of the analytical measurement.

Moreover, color reference cards having a defect may be identified. Color reference cards
may be sorted out and/or only a limited number of color reference fields may be used for the
actual analytical measurement. Specifically, one or more color reference fields which are not
intact, for example damaged color reference fields, may be excluded from the analytical
measurement. Thus, the present methods and devices enhance safety over known methods

and devices.

Further, the methods and devices according to the present invention enable the use of a
greater variety of models of mobile devices for the analytical measurement. By using the
quality checked color reference card, the analytical measurement may provide means for an
accurate analytical measurement of the analyte concentration in a bodily fluid even for a

great variety of different mobile devices.

Summarizing and without excluding further possible embodiments, the following embodi-

ments may be envisaged:

Embodiment 1: A method of evaluating the quality of a color reference card, the color ref-
erence card comprising a plurality of color reference fields having known reference color
values, the method comprising the following steps:
i. capturing at least one image of at least a part of the color reference card by using
at least one camera of at least one mobile device;
ii.  determining measured reference color values for at least some of the color ref-
erence fields from the image;
iii.  determining a relationship between at least some of the measured reference color
values and the corresponding known reference color values; and
iv.  deriving at least one item of quality information on the quality of the color ref-

erence card by using the relationship of step iii.

Embodiment 2: The method according to the preceding embodiment, wherein the determin-
ing of the relationship in step iii. comprises fitting the measured reference color values to

the corresponding known reference color values.
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Embodiment 3: The method according to the preceding embodiment, wherein the deriving
of the quality information in step iv. comprises determining at least one fit residuum quanti-
fying the quality of the fitting.

Embodiment 4: The method according to any one of the preceding embodiments, wherein
the measured color reference values and the known reference color values each comprise
color coordinates in a predetermined color coordinate system, specifically R, G, B color
coordinates.

Embodiment 5: The method according to any one of the preceding embodiments, wherein
the relationship between the measured reference color values and the known reference color
values comprises a color transformation matrix, specifically a color correction matrix, more
specifically a color transformation matrix transforming color coordinates of the measured
color reference values into color coordinates of the known reference color values or vice a

versa.

Embodiment 6: The method according to any one of the preceding embodiments, wherein
the at least one item of quality information in step iv. at least partially is derived by using
the relationship determined in step iii. and by transforming measured color coordinates of at
least one first color reference field into expected color coordinates of at least one second
color reference field by using the relationship and by further comparing the expected color
coordinates of the second color reference field with measured color coordinates of the second
color reference field.

Embodiment 7: The method according to any one of the preceding embodiments, wherein
the at least one item of quality information is determined by selectively leaving out measured
reference color values of at least one selected color reference field in step iii., whereas color

coordinates of other color reference fields are taken into account in step iii..

Embodiment 8: The method according to the preceding embodiment, wherein a plurality of
items of quality information is determined by selectively leaving out measured reference
color values of a plurality of selected color reference fields, respectively, wherein the items
of quality information are compared in order to identify color reference fields having a low

quality, specifically for identifying damaged color reference fields.
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Embodiment 9: The method according to any one of the preceding embodiments, wherein
the color reference card is configured for being used in a method for determining a concen-
tration of an analyte in a bodily fluid by using a mobile device having a camera, wherein at
least one image of a reagent test region of an optical test strip having the a sample of the
bodily fluid applied thereto is captured by the camera, and wherein the analyte concentration

is determined based on a color formation reaction of the reagent test region.

Embodiment 10: A method for determining the concentration of an analyte in a bodily fluid,

the method comprising using a mobile device having at least one camera, the method further

comprising using at least one optical test strip and at least one color reference card compris-

ing a plurality of color reference fields having known reference color values, wherein the

method comprises:

a.  evaluating the quality of the reference card using the method according to any of the
embodiments 1 to 9;

b.  capturing at least one image of at least one reagent test region of the optical test strip
having a sample of the bodily fluid applied thereto by using the camera; and

c.  determining the analyte concentration based on a color formation reaction of the rea-

gent test region, taking into account the result of step a.

Embodiment 11: A mobile device having at least one camera, the mobile device further hav-
ing at least one processor, wherein the mobile device is configured for performing the

method of evaluating the quality of a color reference card according to embodiment 10.

Embodiment 12: The mobile device according to the preceding embodiment, wherein the
mobile device is further configured for determining the concentration of an analyte in a bod-
ily fluid by using at least one optical test strip, by performing steps b. and c. of the method

according to embodiment 10.

Embodiment 13: A kit, comprising at least one mobile device according to any one of the
two preceding embodiments, further comprising at least one color reference card, the color
reference card comprising a plurality of color reference fields having known reference color

values.

Embodiment 14: The kit according to the preceding embodiment, the kit further comprising

at least one optical test strip having at least one reagent test region.
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Embodiment 15: A computer program comprising instructions which, when the program is
executed by the mobile device according to any one of embodiment 11 to 12, cause the
processor of the mobile device to perform the method of evaluating the quality of a color
reference card according to any one of embodiments 1 to 9.

Embodiment 16: The computer program according to the preceding embodiment, further
comprising instructions which, when the program is executed by the mobile device, cause
the processor of the mobile device to perform steps b. and c. of the method according to
embodiment 10.

Embodiment 17: A computer-readable storage medium comprising instructions which,
when the program is executed by the mobile device according to any one of embodiments
11 to 12, cause the processor of the mobile device to perform the method of evaluating the

quality of a color reference card according to any one of embodiments 1 to 9.

Embodiment 18: The computer-readable storage medium according to the preceding embod-
iment, further comprising instructions which, when the program is executed by the mobile
device, cause the processor of the mobile device to perform steps b. and c. of the method

according to embodiment 10.

Short description of the Figures

Further optional features and embodiments will be disclosed in more detail in the subsequent
description of embodiments, preferably in conjunction with the dependent claims. Therein,
the respective optional features may be realized in an isolated fashion as well as in any arbi-
trary feasible combination, as the skilled person will realize. The scope of the invention is
not restricted by the preferred embodiments. The embodiments are schematically depicted
in the Figures. Therein, identical reference numbers in these Figures refer to identical or

functionally comparable elements.

In the Figures:

Figure la-b  show embodiments of a color reference card in a perspective view;

Figure 2 shows an embodiment of a mobile device and of a kit comprising the mobile

device, a color reference card and an optical test strip, in a perspective view;



10

15

20

25

30

35

WO 2021/228730 PCT/EP2021/062244

-31-

Figure 3 shows a flow chart of an embodiment of a method of evaluating the quality
of a color reference card; and

Figure 4 shows a flow chart of an embodiment of a method for determining the con-

centration of at least one analyte in a bodily fluid.

Detailed description of the embodiments

In Figures 1a-b, exemplary embodiments of a color reference card 110 are shown in a per-
spective view. The color reference card 110 comprises a plurality of color reference fields
112 having known reference color values. The color reference fields 112 may be in an intact
state, as it is visible in Figure 1a. The color reference fields 112 may also be at least partially
in a defective state, for example by being damaged, scratched or the like, as symbolically

depicted by the defective color reference fields 113 in Figure 1b.

The color reference fields 112 may be arranged on the surface of the color reference card
110, such as on a substrate of the color reference card 110. In particular, the color reference
fields 112 may be distributed equally over the surface of the color reference card 110, spe-
cifically in such a way that the plurality of color reference fields 112 may be distributed over
the entire surface of the color reference card 110. As an example, the color reference fields
112 may be arranged in matrix pattern, such as a rectangular matrix pattern. However, the
color reference fields 112 may also be arranged in other ways, such as separately from each
other. For example, the color reference card 110 may comprise a plurality of gray color
reference fields 114 surrounding the color reference fields 112. The color reference fields
112 and the gray color reference fields 114 may not overlap each other. In an exemplary
embodiment of the color reference card 110, the color reference fields 112 and the gray color
reference fields 114 may be printed on a pre-printed gray colored background of the color
reference card 110. Thus, the color reference fields 112 may overlap with the gray colored

background of the color reference card 110.

The color reference card 110 may further comprise at least one window 116. Thus at least
one optical test strip 118 or a part thereof may be visible through the window 116 when the
color reference card 110 is placed on top of the optical test strip 118. Specifically, at least
one reagent test region 120 comprised by the optical test strip 118 may be visible through
the window 116 of the color reference card 110. As another example, the color reference

card 110 may comprise the optical test strip 118 having at least one reagent test region 120,
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specifically in such a way that the at least one reagent test region 120 is accessible and visi-
ble.

Further, the color reference card 110 may comprise at least one marker 122. The marker 122
may be or may, as an example, comprise at least one of a position marker, such as an ArUco
code, a barcode, a QR-code, a label or a combination thereof. In Figures 1a and 1b, the
marker 122 specifically may comprise one or more ArUco codes, such as in the corners of a
rectangular matrix comprising the color reference fields 112. Thus, generally, the marker
122 may be arranged in at least one corner 124 of the color reference card 110. For example,
at least one marker 122 may be arranged in each of the corners 124 of the color reference
card 110, specifically in such a way that the marker 122 may be visible together with the
plurality of color reference fields 112. Further, the marker 122 may comprise information

about the orientation of the color reference card 110.

In Figures la and 1b, the color reference fields 112 may comprise fields having different
colors, for example, color reference fields 112 having a black color (denoted by reference
number 148), color reference fields 112 having one or more gray colors (denoted by refer-
ence number 150), color reference fields 112 having a white color (denoted by reference
number 152) and/or color reference fields 112 having one or more colors, such as a blue
color, a green color, a red color and/or a mixed color thereof (denoted by reference number
154). The gray color reference fields 114 may comprise, similar to the color reference fields

112, fields having one or more gray colors (denoted by reference number 150).

In Figure 2, an exemplary embodiment of a kit 126 is shown in a perspective view. The kit
126 comprises at least one mobile device 128 and at least one color reference card 110.
Further, the kit 126 may comprise the at least one optical test strip 118.

The mobile device 128 may be or may comprise at least one of a cell phone, a smartphone,
a tablet computer or the like. Further, the mobile device 128 has at least one camera 130.
The camera 130 of the mobile device 128 may be configured for recording images, specifi-
cally color images. Thus, the camera 130 may be a color camera and may comprise at least

three color sensors, such as at least one color sensor for the R, G, B colors.

Further, the mobile device 128 may comprise at least one processor 132. The processor132
may be configured, specifically by software programming, to perform one or more of the
method steps of the method of evaluating the quality of the color reference card 110. Further,

the processor 132 may be configured for supporting one or more of steps b. and c. of the
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method for determining the concentration of an analyte in a bodily fluid. Exemplary embod-
iments of the above-mentioned methods are shown in Figures 3 and 4, respectively, and will
be described in further detail below. Thus, reference may be made to the description of Fig-
ures 3 and 4.

The processor 132 may specifically be configured for supporting the capturing of at least
one image of the color reference card 110. Specifically, the processor 132 may prompt a user
of the mobile device 128 to capture the image. Additionally or alternatively, the processor
132 may be configured for automatically capturing the image of the color reference card

110, specifically when the color reference card 110 may be in a field of view.

The color reference card 110 specifically may be embodied according to any one of the
embodiments disclosed in Figures 1a-b as described in further detail above. The color refer-
ence card 110 comprises the plurality of color reference fields 112 having known reference
color values. Further, the color reference card 110 may comprise the at least one window
116. Thus, the optical test strip 118 may be visible through the window 116 of the color
reference card 110, specifically when the color reference card 110 may be placed on top of
the optical test strip 118 such that both, the color reference card 110 and the optical test strip
118, may be visible on the at least one image captured by the camera 130 of the mobile
device 128. Specifically, the at least one reagent test region 120 of the optical test strip 118

may be visible through the window 116 of the color reference card 110.

The color reference card 110 may further comprise the at least one marker 122. The marker
122 may be arranged on at least one surface of the color reference card 110 such that the
marker 122 may be detectable by the camera 130 of the mobile device 128. The at least one
marker 122 may be used for identifying the orientation of the color reference card 110. Spe-
cifically, the processor 132 of the mobile device 128 may be configured for detecting the
marker 122 on an image captured by the camera 130 and for further retrieving information
about the orientation of the color reference card 110.

Figure 3 shows a flow chart of an exemplary embodiment of a method of evaluating the
quality of a color reference card 110 (reference number 134 in Figures 3 and 4). The method
comprises the following steps, which may specifically be performed in the given order. Still,
a different order may also be possible. It may be possible to perform two or more of the
method steps fully or partially simultaneously. It may further be possible to perform one,
more than one or even all of the method steps once or repeatedly. The method may comprise

additional method steps that are not listed.



10

15

20

25

30

35

WO 2021/228730 PCT/EP2021/062244

-34 -

The method comprises:

1. (denoted with reference number 136) capturing at least one image of at least a part of
the color reference card 110 by using the at least one camera 130 of the at least one
mobile device 128;

ii.  (denoted with reference number 138) determining measured reference color values for
at least some of the color reference fields 112 from the image;

iii.  (denoted with reference number 140) determining a relationship between at least some
of the measured reference color values and the corresponding known reference color
values; and

iv.  (denoted with reference number 142) deriving at least one item of quality information

on the quality of the color reference card 110 by using the relationship of step iii.

In step i., the capturing of the at least one image of at least a part of the color reference card
110 may be initiated by the processor 132 of the mobile device 128. For example, the pro-
cessor 132 may be configured for prompting the user to capture the image of the color ref-
erence card 110. As another example, the processor 132 may be configured for detecting the
color reference card 110 in a field of view and further for automatically capturing the image
by using the camera 130 of the mobile device 128.

The marker 122, which may be comprised by the color reference card 110, may be visible
on the image captured in step i.. Thus, the processor 132 may be configured for retrieving
information about the orientation of the color reference card 110. Further, a computer vision
process and/or an image analysis may be used to identify the color reference fields 112 com-
prised by the color reference card 110 and may determine measured reference color values
for at least some of the color reference fields 112. For example, the measured reference color
values may comprise color coordinates in a predetermined color coordinate system, specifi-
cally R, G, B color coordinates. By identifying color reference fields 112 on the color refer-
ence card 110, known reference color values may be assigned to the measured color refer-
ence fields 112. Thus, the mobile device 128 may comprise a data storage device which
specifically may be configured for storing the known reference color values of the plurality
of color reference fields 112. The known reference color values may also comprise color
coordinates in a predetermined color coordinate system, for example R, G, B color coordi-

nates.

Further, in step iii., the relationship between measured reference color values and the corre-

sponding known reference color values is determined. Thus, step iii. may comprise fitting
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the measured reference color values to the corresponding known reference color values. For
example, the relationship may be or may comprise a linear transformation, represented by a
matrix, such as a color transformation matrix. The color transformation matrix may be used
for correcting measured color values by transforming measured color values into true color
values. Specifically, the color transformation matrix may be determined in step iii. by fitting
the measured reference color values to the corresponding known color reference values. The
color transformation matrix determined in step iii. may be used for a method of determining

the concentration of an analyte in a bodily fluid as will be described in further detail below.

In step iv., the at least one item of quality information on the quality of the color reference
card 110 is derived by using the relationship of step iii., specifically the color transformation
matrix. As an example, step iv. may comprise determining at least one fit residuum quanti-
fying the quality of the fitting. Specifically, the fit residuum may quantify a deviation of the
fitting to measured reference color values. For example, the fit residuum may be or may

comprise a sum of squared residuals.

As another example, the at least one item of quality information may at least partially be
derived by using the relationship in step iii. and by transforming measured color coordinates
of at least one first color reference field 112 into expected color coordinates of at least one
second color reference field 112 by using the relationship, specifically by using the color
transformation matrix. Thus, the item of quality information may at least partially be derived
by comparing the expected color coordinates of the second color reference field 112 with

measured color coordinates of the second color reference field 112.

As a further example, the at least one item of quality information may be derived by selec-
tively leaving out measured color values of at least one selected color reference field 112 in
step iii.. The color coordinates of other color reference fields 112 may be taken into account
in step iii.. Thus, a fit residuum may be derived for a set of color reference fields 112 leaving
out the one selected color reference field 112. This may be repeated at least once, twice or
even more than twice, specifically in such a way that each of the color reference fields 112
may be selected once to be left out. Thereby, a plurality of items of quality information may
be determined by selectively leaving out measured reference color values of a plurality of
selected color reference fields 112. Thus, the items of quality information may be compared
in order to identify color reference fields 112 having a low quality, specifically for identify-
ing damaged color reference fields 112. Damaged color reference fields 112 and/or color
reference fields 112 having a low quality may be excluded from determining the relationship

in step iii..
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The method of evaluating the quality of a color reference card 110 may be at least partially
computer implemented. Specifically, the mobile device 128 may be configured for executing
a computer program comprising instructions which, when the program is executed by the
mobile device 128, cause the processor 132 of the mobile device 128 to perform the method

of evaluating the quality of a color reference card 110.

In Figure 4, a flow chart of an exemplary embodiment of a method for determining the ana-
lyte concentration in a bodily fluid is shown. The method comprises using the at least one
mobile device 128 having the at least one camera 130. The method further comprises using
the at least one optical test strip 118 and the at least one color reference card 110 comprising

a plurality of color reference fields 112 having known reference color values.

The method comprises the following steps, which specifically may be performed in the given
order. Still, a different order may also be possible. It may be possible to perform two or more
of the method steps fully or partially simultaneously. It may further be possible to perform
one, more than one or even all of the method steps once or repeatedly. The method may

comprise additional method steps that are not listed.

The method comprises:

a.  (denoted with reference number 134) evaluating the quality of the reference card 110
using the method of evaluating the quality of a color reference card 110;

b.  (denoted with reference number 144) capturing at least one image of at least one rea-
gent test region 120 of the optical test strip 118 having a sample of the bodily fluid
applied thereto by using the camera 130; and

¢.  (denoted with reference number 146) determining the analyte concentration based on
a color formation reaction of the reagent test region 120, taking into account the result
of step a.

In particular, evaluating the quality of the color reference card 110 in step a. of the method
may comprise the method according to the exemplary embodiment described in Figure 3
above. Thus, the following steps of the analytical measurement, specifically steps b. and c.,
may be performed in case the quality of the color reference card 110 has been evaluated as
being a high quality. Specifically, the analytical measurement may be performed in case the
item of quality information indicates that the color reference card 110 is of a high quality

and, thus, the relationship determined in step iii. may be a highly accurate relationship.
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Thus, the processor 132 of the mobile device 128 may receive and/or process the item of
quality information derived in step iv. of the method of evaluating the quality of the color
reference card 110. The processor 132 may further initiate the analytical measurement, in
particular steps b. and c., in case the item of quality information indicates a high quality of
the color reference card 110. For example, the processor 132 may initiate the further method
steps by prompting the user to apply the sample of bodily fluid onto the reagent test region
120 of the optical test strip 118.

In step b., the capturing of the image of the reagent test region 120 may be performed by the
processor 132, for example by prompting the user to capture the image and/or by automati-

cally capturing the image.

Further, the analytical measurement may comprise detecting a color value of the reagent test
region 120 having the sample of the bodily fluid applied thereto and determining the analyte
concentration based on the color formation reaction of the reagent test region 120, taking
into account the result of step a.. Specifically, the relationship determined in step iii. may be
used to correct measured color values of the color formation reaction, for example by using
the color transformation matrix. The analyte concentration may be determined by using the

corrected color values.

The method for determining the concentration of an analyte in a bodily fluid may at least
partially be computer implemented, specifically steps b. and c. of the method. The mobile
device 128 may specifically be configured for executing the computer program, which when
executed by the mobile device 128, cause the processor 132 of the mobile device 128 to
perform steps b. and c. of the method. The processor 132 may specifically be configured for
capturing the at least one image of the reagent test region 120, such as by prompting the user
to capture the at least one image and/or by automatically capturing the at least one image.
For example, the image captured in step b. of the method for determining the analyte con-
centration of a bodily fluid may be identical to the image captured in step i. of the method
of evaluating the quality of the color reference card 110. Thus, the at least one captured
image may comprise at least part of the color reference card 110 and the at least one reagent

test region 120 of the optical test strip 118.

Further, the processor 132 may be configured, specifically by software programming, for
determining the analyte concentration based on the color formation reaction of the reagent
test region 120. The processor 132 may be configured for determining the analyte concen-

tration by evaluating the captured image, deriving a change of one or more color coordinates
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taking place during the color formation reaction and transforming the change of the at least
one color coordinate into the analyte concentration value. Specifically, the processor 132
may be configured for using the relationship determined in step iii. of the method of evalu-
ating the quality of the color reference card 110 for deriving a true color value from the
captured image. Thus, the processor 132 may correct the measured color values of the cap-
tured image by transforming measured color values into true color values using the color
transformation matrix determined in step iii. of the method of evaluating the quality of the

color reference card 110.



WO 2021/228730

110
112
113
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154

-39-

List of reference numbers

color reference card
color reference field
defective color reference fields
gray color reference field
window

optical test strip

reagent test region
marker

corner

kit

mobile device

camera

processor

evaluating the quality of a color reference card

PCT/EP2021/062244

capturing at least one image of at least a part of the color reference card

determining measured reference color values

determining a relationship

deriving at least one item of quality information

capturing at least one image of at least one reagent test region

determining the analyte concentration
fields of black color

fields of gray color

fields of white color

fields of color



