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Methods and devices for performing an analytical measurement

Technical Field

The present application refers to a determination method of determining a dynamic coeffi-
cient of variation limit for assessing validity of an optical test strip usable for an analytical
measurement based on a color formation reaction. The invention further relates to a meas-
urement method of performing an analytical measurement. The invention further relates to
a determination system for determining a dynamic coefficient of variation limit for assessing
validity of an optical test strip usable for an analytical measurement based on a color for-
mation reaction. The invention further relates to a mobile device, computer programs and
computer-readable storage media. The present invention may be used in medical diagnostics,
specifically in order to qualitatively or quantitatively detect one or more analytes in one or
more body fluids. However, other fields of application of the present invention are also fea-
sible.

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 or saliva. Examples of
analytes to be detected are glucose, triglycerides, lactate, cholesterol or other types of ana-
lytes typically present in these body fluids. According to the concentration and/or the pres-
ence 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 meas-
urements. 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 chemistries, 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 these test chemistries, reference may be made e.g. to

J. Hoenes et al.: The Technology Behind Glucose Meters: Test Strips, Diabetes Technology
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& Therapeutics, Volume 10, Supplement 1, 2008, S-10 to S-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 consumer-electronics such as smart phones,
tablets 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.

KR 2019/0091325 A discloses a method, device and system for detecting the gastrointestinal
(GI) tract.

WO 2013/062487 A1 discloses embodiments relating to a method to identify an object com-
prising: receiving an image, the image having an object in front of a background; segmenting
the image into a segmented image using a segmentation technique, the segmented image
having a foreground component showing at least a part of the object and a background com-
ponent showing at least a part of the background; determining at least one property of the
foreground component of the segmented image; and matching the at least one property of
the foreground component with a database of identified objects having the corresponding at

least one property to identify the object.

Despite the advantages achieved by the known methods and devices, several technical chal-
lenges remain. Typically, mobile devices such as smart phones or tablets are not specifically
dedicated to analytical measurements. They normally are private consumer-electronics ful-
filling a variety of purposes. Only one of the many purposes a mobile device may be used
for may be taking images. For this reason, the quality of such images typically is lower
compared to analytical measurement setups. Further, not every user may use the same type
of mobile device, e.g. the same smart phone, and properties of the mobile devices may vary
from device to device. Thus, specifically, the image noise may vary for different mobile
devices. As an example, the resolution of cameras of different smart phones may vary, so
that analytical measurements may be subject to systematic deviations. Even when using the
same mobile device, the quality of the images captured with the camera of the mobile device
may vary, e.g. due to different illumination. Thus, the quality of the images may depend on

varying environmental conditions in a user’s everyday life. Specifically, the environmental
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conditions in a user’s everyday life may also often not be suitable for capturing high quality
images. All these factors can negatively impact accuracy and reliability of the analytical

measurements.

Problem to be solved

It is therefore desirable to provide methods and devices which at least partially address the
above-mentioned technical challenges. Specifically, it is desirable to provide user-friendly
methods and devices which ensure accurate and reliable analytical measurements when us-
ing mobile devices such as consumer-electronics.

Summary

This problem is addressed by methods and devices 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 as well as throughout the specifi-
cation.

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.
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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-
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 present invention, a determination method of determining a dynamic
coefficient of variation limit (CvTr, 1im) for assessing validity of an optical test strip usable
for an analytical measurement based on a color formation reaction is disclosed. The deter-
mination 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 may generally also be pos-
sible. 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 simulta-
neously or in a timely overlapping fashion. The determination method may comprise further

method steps which are not listed.

The determination method comprises:

a) providing a training set of optical test strips, each optical test strip having a reagent
test region, wherein at least two of the optical test strips are non-corrupted and
wherein at least two of the optical test strips are corrupted,

b) providing a training set of mobile devices, each mobile device having at least one
camera,

¢) providing at least one color reference card having a plurality of color reference fields
having known reference color values;

d) capturing, by using the mobile devices of the training set of mobile devices, a training
set of images, wherein each image of the training set of images comprises at least a
part of at least one reagent test region of an optical test strip of the training set of
optical test strips and at least a part of at least one color reference field of the color
reference card,;

e) determining, specifically by using at least one processor, more specifically at least
one processor of the mobile device, for at least one color channel of the cameras of



10

15

20

25

30

35

WO 2023/152207 PCT/EP2023/053168

-5-

the mobile devices of the training set of mobile devices, a training set of pairs of
reagent test region coefficients of variation (Cvrr) and corresponding minimum color
reference field coefficients of variation (Cvrr, min), wherein each reagent test region
coefficient of variation (Cvrr) is determined by measuring a color variation within
the reagent test region, wherein each color reference field coefficient of variation
(Cvrr) is determined by measuring a color variation within the color reference field,
wherein a minimum color reference field coefficient of variation (Cvrr, min) for the
corresponding reagent test region coefficient of variation (Cvrr) is determined by
comparing the color reference field coefficients of variation (Cvrr) of the color ref-
erence fields of which a common image was captured together with the correspond-
ing reagent test region; and

f) deriving, from the training set of pairs of reagent test region coefficients of variation
(Cvrr) and corresponding minimum color reference field coefficients of variation
(Cvrr, min), a relation for determining the dynamic coefficient of variation limit (Cvrg,
1im) for the respective reagent test region by using the corresponding measured mini-
mum color reference field coefficient of variation (Cvrr, min), wherein the dynamic
coefficient of variation limit (Cvrr, im) defines a maximum coefficient of variation

(Cvrtr, max) for reagent test regions of non-corrupted optical test strips.

The term “variation” as used herein is a broad term and is to be given its ordinary and cus-
tomary 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 at least one of a
statistical uncertainty, a statistical width of a distribution and a dispersion of a distribution
or to fluctuations or deviations within a distribution. The variation may be described by var-
ious mathematical parameters which are generally known to the skilled person in the field
of statistics. The distribution may for instance comprise a distribution over a 1-dimensional
or a multi-dimensional space, such as a 2-dimensional or a 3-dimensional space, or a distri-
bution over time or a distribution over space and time. Specifically, the variation may com-
prise a spatial color variation over an image. Thus, the distribution may refer to a spatial
color distribution within an image, wherein color values, e.g. expressed by using the RGB
color space or any other color coordinate space, may spatially vary over pixels of the image.
The variation may specifically be expressed quantitatively, e.g. by any statistical parameter
describing the variation. As an example, the variation may be described by using at least one
parameter describing a statistical deviation of the color values from an average of the distri-
bution. The average may for instance comprise a mean, e.g. an arithmetic mean or a root

mean square, or a median. As an example, for a color distribution within an image, one color
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channel, e.g. a red channel within the RGB color space, may be considered and a mean red
value may be determined by using the red values of all pixels within the image. Other color
channels, other color spaces or other stochastic evaluation methods may also be applicable
and are known to the skilled person. The variation may further generally be expressed quan-
titatively by using a variance of a distribution, as commonly applied in the field of stochas-
tics, or a quantity derived from the variance such as a standard deviation . Specifically, the
variation may be expressed quantitatively by using a coefficient of variation also referred to
as relative standard deviation. Further options may also be feasible.

The term “coefficient of variation” (Cv) 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 standardized measure of dispersion of a distribution, wherein the coefficient of
variation may specifically be standardized by using a mean of the distribution. Further, the
coefficient of variation may specifically be a relative measure of dispersion of a distribution,
specifically relative to a mean of the distribution. The coefficient of variation may specifi-
cally be a dimensionless number. More specifically, the coefficient of variation may be de-
fined as a ratio of a standard deviation ¢ of a distribution divided by a mean p of the distri-
bution:

(o}

Cv=

Other statistical parameters may also be used as the coefficient of variation, as the skilled
person will know. Thus, the coefficient of variation may generally describe a variation, e.g.
a color variation in an image as indicated above, e.g. in one or more dimensions. As further
indicated, in an image, a mean and a standard deviation may be determined for a color chan-
nel e.g. by using RGB values of pixels of the image or similar methods. Then, as an example,
the coefficient of variation for the image may be determined by dividing the determined

standard deviation by the determined mean.

The term “limit” 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 at least one of a
threshold, a boundary, a margin, a limitation and a restriction of an entity. The entity may
comprise at least one physical quantity or at least one quantity derived therefrom, specifi-

cally the coefficient of variation. Thus, the coefficient of variation limit may specifically
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refer to a limit of the coefficient variation. The coefficient of variation limit may separate
optical test strips fit for being used for the analytical measurement from optical test strips
unfit for being used for the analytical measurement. The coefficient of variation limit may
limit or restrict the coefficient of variation, specifically upwards. The coefficient of variation
limit may comprise at least one extreme value, specifically a maximum value, for the coef-
ficient of variation. Generally, the limit may comprise at least one including endpoint mean-
ing that an entity is allowed to be equal to the limit. Additionally or alternatively, the limit
may comprise at least one excluding endpoint meaning that an entity is not allowed to be
equal to the limit. The limit may be a dynamic limit. The limit may be a defined limit. Spe-
cifically, the limit may be defined by using at least one relation, e.g. a function, as will be
outlined in further detail below. Thus, the limit may be a function output depending on at
least one input variable, wherein the limit may specifically change with a varying input var-
iable.

The term “dynamic” as used herein is a broad term and is to be given its ordinary and cus-
tomary 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 being at least
one of variable, adaptable, adjustable, customizable, changeable and modifiable. In contrast
to a static or fixed entity, a dynamic entity may be subject to change, specifically if required
or if desired. Specifically, the dynamic entity may be adaptable according to varying envi-
ronmental conditions. Thus, the dynamic entity may specifically be able to better respond to
varying environmental conditions. As indicated, the dynamic entity, e.g. a dynamic limit,
may be a relation relating the dynamic entity with at least one environmental condition. Spe-
cifically, the dynamic entity may be a function depending on at least one input variable. The
input variable may specifically represent at least one environmental condition. Additionally
or alternatively, specifically in the context of the dynamic coefficient of variation limit de-
scribed in further detail below, the input variable may specifically be a type of a mobile
device. Generally, the environmental condition may relate to an arbitrary entity influencing

or affecting the dynamic entity.

Consequently, the term “dynamic coefficient of variation limit” 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 dynamic limit of a coefficient of variation. The dynamic coef-

ficient of variation limit may specifically allow adapting to changing environmental condi-



10

15

20

25

30

35

WO 2023/152207 PCT/EP2023/053168

-8-

tions in order to better respond to a present situation. Generally, different coefficient of var-
iation limits may be better suited for different situations. It may thus be detrimental to use a
static coefficient of variation irrespective of varying environmental conditions. As an exam-
ple, two images may be captured and used for assessing validity of an optical test strip usable
for an analytical measurement based on a color formation reaction: a first image and a second
image. The first image may for instance have lower image noise or be sharper than the sec-
ond image, e.g. because it was captured with a different camera having a higher resolution
or because it was captured under better illumination. A first coefficient of variation may be
determined for the first image and a second coefficient of variation may be determined for
the second image as indicated above. A static coefficient of variation limit may then limit
both the first coefficient of variation and the second coefficient of variation equally. A dy-
namic coefficient of variation limit may treat the first image and the second image differ-
ently, specifically while considering different environmental conditions which were present
when the images were captured, e.g. a use of different cameras or a different illumination.
For assessing validity of an optical test strip usable for an analytical measurement based on
a color formation reaction, the dynamic coefficient of variation limit may specifically set an
appropriate limit corresponding to a present situation. Thus, specifically corrupted optical
test strips leading to false measurement results may be identified more accurately by using
a dynamic coefficient, which can, specifically in the context of blood glucose measurements,

possibly be life-saving.

The term “validity” as used herein is a broad term and is to be given its ordinary and cus-
tomary 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 admissibility
or a permissibility of an entity. The validity may be or comprise at least one criterion, e.g. a
quality criterion, assessing the entity. Depending on the outcome of the assessment, the en-
tity may be regarded as valid or admissible, e.g. for one or more follow-up processes, if the
entity fulfills the criterion, or the entity may be regarded as invalid or inadmissible, if the
entity does not fulfill the criterion. Assessing the validity may specifically comprise a com-
parison, e.g. with at least one limit, specifically with the dynamic coefficient of variation
limit. Specifically, assessing the validity may comprise determining whether a coefficient of
variation is below the dynamic coefficient of variation limit, at the dynamic coefficient of
variation limit, or above the dynamic coefficient of variation limit. As an example, a coeffi-
cient of variation above the dynamic coefficient of variation limit, or optionally also at the
dynamic coefficient of variation limit, may be regarded as invalid, which may result in abort-

ing a process, e.g. using an optical test strip for an analytical measurement. Thus, corrupted
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optical test strips may be identified preventing them from being used for analytical measure-

ments.

The term “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 limita-
tion, to a quantitative and/or qualitative determination of at least one analyte in an arbitrary
sample or aliquot of bodily fluid. Specifically, the analytical measurement may comprise
determining the concentration of an analyte in a body fluid. The term “body fluid” may also
be referred to as “bodily fluid”. For example, the body fluid may comprise one or more of
blood, interstitial fluid, urine, saliva or other types of body fluids. The result of the deter-
mining 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 deter-
mination 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. The analytical measurement may

specifically be performed by using at least one optical test strip.

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 formation 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 reagent test region, also referred
to as test field, comprising at least one test chemical for detecting at least one analyte. The
optical test strip, as an example, 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, specifi-
cally 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. How-
ever, additionally or alternatively, 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.
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As indicated, the optical test strip may be corrupted or, otherwise, non-corrupted. The term
“corrupted” 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 being at least one
of damaged, defective or faulty. Thus, the term “non-corrupted” may specifically refer to
being at least one of intact, undamaged or faultless, specifically at least up to a predefined
tolerance. A corrupted entity, specifically a corrupted optical test strip, may specifically be
negatively affected to a non-tolerable extent.

A corrupted optical test strip, specifically, may be a test strip having at least one parameter
being out of a predetermined or determinable tolerance range defining non-corrupted optical
test strips. The parameter may be an intrinsic or extrinsic parameter. Therein, an intrinsic
parameter may, as an example, refer to a property of the optical test strip itself, whereas an
extrinsic parameter may, as an example, refer to a parameter describing a handling of the
optical test strip or a use of the optical test strip. Consequently, a corrupted test strip may be
corrupted per se and/or may be corrupted by inappropriate handling. The inappropriate han-
dling, as an example, may refer to storage conditions, such that the extrinsic parameter may,
as an example, refer to a parameter describing one or more storage conditions, such as a
storage temperature and/or a storage time. Additionally or alternatively, the inappropriate
handling may refer to a time which has passed since an application of at least one sample of
at least one bodily fluid to the optical test strip, specifically to the at least one reagent test
region. As an example, the time elapsed between applying the sample to the reagent test
region and capturing at least one image comprising at least a part of the at least one reagent
test region having the sample applied thereto may have to be in a predetermined tolerance
range. Thus, as soon as the time is outside the tolerance range, the optical test strip is cor-
rupted, e.g. as soon as the time which has elapsed since applying the sample has passed a
time window within which a tolerable measurement has to take place, i.e. within which at

least one image is supposed to be captured.

Thus, generally, a corrupted optical test strip may, without limitation, be an optical test strip
which is a priori or per se corrupted, and/or a test strip which is being handled incorrectly,
e.g. by using the test strip in a non-compliant manner, such as by capturing the respective
image at an inappropriate point in time. Therein, two situations of corruption are generally

conceivable, which may also occur in combination:
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a) the optical test strip being corrupted per se, such as by degradation, faulty material
properties, impact of detrimental environmental effects, such as humidity, expiry of
shelf life or the like; and/or

b) the optical test strip being corrupted by inappropriate handling and/or use, such as by
being used in a measurement performed with one or more measurement parameters
out of at least one tolerance range, such as by capturing at least one image comprising
at least a part of at least one test region of the optical test strip at an inappropriate
point in time, such as outside a tolerance range of times, e.g. with a time elapsed
between sample application and capturing of the image being greater than a maxi-
mum delay, and/or due to a pre-use of the optical test strip being dedicated for single-

use only.

As an example, a corrupted optical test strip may have been subject to a harmful environment
negatively affecting the optical test strip. As an example, a corrupted optical test strip may
have been subject to pre-use, wherein the pre-use may specifically render the optical test
strip unusable for an accurate and reliable analytical measurement. Further examples and
further details will be given below. The harmful environment may have changed at least one
property of the optical test strip, specifically of a reagent test region of the optical test strip,
which may make the optical test strip unsuitable for reliable analytical measurements. A
non-corrupted optical test strip may lead to accurate and reliable results if being used for
analytical measurements. A corrupted optical test strip may lead to false and misleading
results if being used for analytical measurements. Thus, identifying corrupted optical test
strips and aborting analytical measurements before providing potentially false results can

often be crucial.

The term “reagent test region” 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 co-
herent amount of the test chemical, such as to a field or a region, e.g. a field of round, po-
lygonal 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 reagent test region may also

be referred to as test field.

As indicated, the analytical measurement may specifically be based on a color formation of
the reagent test region. Thus, the analytical measurement may comprise inducing a test re-

action between the test chemical and a sample of the bodily fluid or a part thereof, such as
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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, specif-
ically, of the reagent test region, which change may be measured or determined optically by
using a 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 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 chemical, biological or physical reaction during which a color, specifically a re-
flectance, of at least one element involved in the reaction, changes with the progress of the
reaction. The color formation may be detected by a 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. The
mobile device and specifically the processor of the mobile device may be configured for
determining a color change taking place due to the detection reaction. For such purpose, at
least one of the above-mentioned color spaces, e.g. the RGB color space, may be used. As
an example, the processor may be configured for determining and processing RGB values
of pixels of an image. Further options, specifically alternative color spaces, may also be
feasible. At least one analyte concentration value may be determined from the color for-
mation of the reagent test region. The analyte concentration value, as an example, may be a
numerical value indicator of a result of the analytical measurement, such as indicative of the

concentration of at least one analyte in the sample, such as a blood glucose concentration.

As said, the determination method comprises providing a training set of optical test strips.
The term “training” as used herein is a broad term and is to be given its ordinary and cus-
tomary 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
determining, specifically by experiment, at least one relation, specifically by learning and/or
determining at least one parameter of the relation, such as for instance parameters of a func-
tion equation. The term “training” may further specifically refer, without limitation, to a
process of building a model such as a trainable model, in particular determining parameters,

in particular weights, of the model. As will be outlined in further detail below, the relation
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may for instance comprise a look-up table or a model or a function. As an example, a look-
up table may be determined by writing down values which belong together. As a further
example, a model may be determined by determining weights of the model or regression
parameters. As a further example, a function may be determined by determining a function
equation. Generally, the training may comprise at least one optimization process or tuning
process or fitting process, wherein a parameter combination is determined, specifically by

using a training set.

The term “training set” 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 data used or
usable for training purposes. The training set may be known or predetermined. Specifically,
the training set may be or may comprise historical experimental data such as previously
experimentally determined data. Additionally or alternatively, the training set may comprise
theoretical data such as theoretically calculated data, specifically simulated data. As an ex-
ample, the training set may comprise known function pairs meaning elements of a domain
of the function and corresponding elements of a codomain of the function. Based on this, a
function mapping the function pairs may be determined by fitting the functions pairs to e.g.
a polynomial such as a linear function by using known regression analysis methods. A vari-
ety of other options is also feasible and generally known to the skilled person. As the skilled
person will further already know, the training set may specifically be a sufficiently large
training set, e.g. comprise many function pairs, for better training, e.g. for determining a
function with less statistical deviation from the function pairs. Specifically, the training set
may comprise more than only one entity, since this may specifically render fitting impossi-
ble. The training set of optical test strips comprises providing at least two non-corrupted
optical test strips and at least two corrupted optical test strips. Thus, at least two non-cor-
rupted optical test strips and at least two corrupted optical test strips may be usable for train-
ing purposes. This may specifically be suitable for adequate training based on sufficient sta-

tistics.

The determination method further comprises providing a training set of mobile devices. The
training set of mobile devices may specifically comprise at least two mobile devices, each
mobile device having at least one camera. Thus, at least two mobile devices may be usable
for training purposes. Specifically, at least two mobile devices of the training set of mobile
devices may differ with respect to image noise. More specifically, at least two mobile de-

vices of the training set of mobile devices which are of different type, e.g. two smart phones
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of different type, may differ with respect to image noise. Thus, the mobile devices of the
training set of mobile devices may specifically lead to varying minimum color reference
field coefficients of variation (Cvrr, min) within the training set of pairs of reagent test region
coefficients of variation (Cvrr) and corresponding minimum color reference field coeffi-
cients of variation (CVrr, min). 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 specifically to a mobile communi-
cation device such as a cell phone or smart phone. 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 mobile device may spe-
cifically comprise a consumer electronics device such as a consumer electronics device used

by private users in daily life.

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 image itself, thus, may comprise pixels, the pixels of the image e.g. correlating to
pixels of the camera chip. Consequently, when referring to "pixels", reference is either made
to the units of image information generated by the single pixels of the camera chip or to the
single pixels of the camera chip directly. The image may comprise raw pixel data. For ex-
ample, the image may comprise data in the RGB or RGGB space, single color data from one
of R,G or B pixels, a Bayer pattern image or the like. The image may comprise evaluated
pixel data such as a full-color image or an RGB image. The raw pixel data may be evaluated
for example by using demosaicing algorithms and/or filtering algorithms. These techniques

are generally known to the skilled person.

The camera, besides the at least one camera chip or imaging chip, may comprise one or more

further elements, such as one or more optical elements, e.g. one or more lenses. As an ex-
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ample, the camera may be a fix-focus camera, having at least one lens which is fixedly ad-
justed with respect to the camera. Alternatively, however, the camera may also comprise one
or more lenses, such as variable lenses, which may be adjusted, automatically or manually.
The invention specifically shall be applicable to cameras as usually used in mobile applica-
tions such as notebook computers, tablets or, specifically, cell phones such as smart phones.
Thus, specifically, the camera may be part of a mobile device which, besides the at least one
camera, comprises one or 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 dif-
ferent number, such as 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 mobile device may further, besides the camera, comprise at least one processor. 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 cus-
tomized 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, gen-
erally, 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
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-processor or a numeric
co-processor, 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 pro-
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cessor may be or may comprise a central processing unit (CPU). Additionally or alterna-
tively, the processor may be or may comprise a microprocessor, thus specifically the proces-
sor’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 application-specific inte-
grated circuits (ASICs) and/or one or more field-programmable gate arrays (FPGAs) and/or
one or more tensor processing unit (TPU) and/or one or more chip, such as a dedicated ma-
chine learning optimized chip, or the like. The processor specifically may be configured,

such as by software programming, for performing one or more evaluation operations.

The determination method further comprises providing at least one reference card having a
plurality of color reference fields, the color reference fields having known reference color
values. 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 limita-
tion, 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 prop-
erties, such as having one or more colored fields having known color such as a known color
value or 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 a known color value or color coordinate. 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 card-
board substrate, a plastic substrate, a ceramic substrate or a metal substrate. Laminate sub-
strates 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 as a test strip, or the
like. Thus, the color reference card may also fully or partially be integrated 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-
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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 at least one im-
age, 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 an image captured of the color
reference card. Further, the color reference fields may have color values in a subspace of the
color coordinate 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 arranged in a regular pattern on the surface of the color reference card, such as in a rec-
tangular 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 dis-

tance 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
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 value of 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 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 an arbitrary coordinate 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 mathemat-

ically or physically. Various color coordinate systems are generally known to the skilled
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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 the color coordinate system defined by CIE 1931 or the like, 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 one or more known color coordinates, such as at
least three known 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 a look-up table, a register, a data-
base 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 labor-
atory 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 reference 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,
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
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be used for determining the known reference color values of one or more second color ref-

erence fields.

The term “color channel” 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 primary
color of a color space, wherein the primary color may be used for storing an image digitally,
e.g. a wavelength in which the image was captured. By using, specifically by combining or
mixing, the primary colors of a color space, the further colors of the color space may gener-
ated. As an example, the RGB color space comprises 3 color channels: a red color channel
(R), a green color channel (G) and a blue color channel (B). Other options are feasible.

The determination method further comprises capturing a training set of images by using the
mobile devices of the training set of mobile devices. The term “capturing a training set of
images” or any grammatical variation thereof 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 capturing images forming a training set of images. Specifically, the images of
the training set of images may be captured by using different mobile devices of the training
set of mobile devices, specifically at least two mobile devices of the training set of mobile
devices. More specifically, each mobile devices of the training set of mobile devices may be
used for capturing at least one image of the training set of images. As an example, all mobile
devices of the training set of mobile devices may contribute the same number of images to
the training set of images. However, the mobile devices of the training set of mobile devices
may also at least partially contribute a different number of images to the training set of im-
ages. As an example, the training set of mobile devices may comprise 3 mobile devices,
wherein a first mobile device and a second mobile device may each contribute 10 images to
the training set of images and wherein a third mobile device may contribute 20 images to the
training set of images. Specifically, the training set of images may comprise at least one
captured image for each mobile devices of the training set of mobile devices. Other options

are feasible.

The term “capturing at least one image” or any grammatical variation thereof as used herein
is abroad 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-
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cally may refer, without limitation, to one or more of imaging, image recording, image ac-
quisition, 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 comprise recording continuously a sequence of images such as
avideo 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 predetermined sector of the field of view of the camera is au-
tomatically 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 cap-
turing 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 pro-
cessor of the mobile device, and the storing of the images may take place in a data storage
device of the mobile device.

Each image of the training set of images comprises at least a part of at least one reagent test
region of an optical test strip of the training set of optical test strips. Each image of the
training set of images further comprises at least a part of at least one color reference field of
the color reference card. Specifically, each image of the training set of images may comprise
a complete reagent test region and at least one complete color reference field. More specifi-
cally, each image of the training set of images may comprise a complete reagent test region
and a complete color reference card. A color reference card may for instance comprise 20
color reference fields. As an example, when capturing the image, the reagent test region and
the color reference card may be in the field of view of the camera and, thus, at least a part of
the reagent test region and at least a part of the color reference card may be visible in the at
least one image. When capturing an image, the optical test strip and the color reference card
may specifically be positioned next to each other, e.g. adjacent to each other. As an example,
the optical test strip may be placed on top of the color reference card, and/or the color refer-
ence 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. As will also be outlined below, an optical test strip

may more specifically be attached to a color reference card before capturing an image.

The determination method further comprises determining, for at least one color channel of

the cameras of the mobile devices of the training set of mobile devices, a training set of pairs
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of reagent test region coefficients of variation (Cvir) and corresponding minimum color
reference field coefficients of variation (Cvrr, min). As said, each image of the training set of
images comprises at least a part of at least one reagent test region of an optical test strip of
the training set of optical test strips. The at least one part of the image showing the at least
one part of the at least one reagent test region of the optical test strip may be identified, e.g.
by image recognition. Specifically, for each image of the training set of images, a reagent
test region coefficient of variation (Cvrr) may be determined. The reagent test region coef-
ficient of variation (Cv1r) is determined by measuring a color variation within the reagent
test region. As an example, RGB values of pixels of the image may be used for this purpose
as outlined above, e.g. red color values for a red color channel. Thus, as outlined above, the
at least one part of the image showing the at least one part of the at least one reagent test
region of the optical test strip may be identified, e.g. by image recognition, and the color
variation within said part of the respective image may be determined. Analogously, as said,
each image of the training set of images further comprises at least a part of at least one color
reference field of the color reference card. Specifically, for each image of the training set of
images, a minimum color reference field coefficient of variation (Cvrr, min) may be deter-
mined. Additionally or alternatively, as an example, for each image of the training set of
images, an average color reference field coefficient of variation (CVrr, ave) may be deter-
mined an used further on. Other indicators besides a minimum and an average are also fea-
sible. However, without narrowing the scope, the invention specifically may be described
with respect to a minimum color reference field coefficient of variation (Cvrr, min). The color
reference field coefficient of variation (Cvrr) is determined by measuring a color variation
within the color reference field. The color reference field coefficient of variation (Cvrr) may
specifically be determined analog to the reagent test region coefficient of variation (Cvtr).
As an example, again, the at least one part of the image showing the at least one part of the
at least one color reference field of the color reference card may be identified, e.g. by image
recognition, and the color variation within said part may be determined. However, another
method may also be applicable in principle. As indicated, a color reference card may com-
prise more than one color reference field. Thus, a color reference field coefficient of varia-
tion (Cvrr) may specifically be determined for every color reference field of the color card

or at least every color reference field in the image.

A minimum color reference field coefficient of variation (Cvrr, min) for the corresponding
reagent test region coefficient of variation (Cvr) is determined by comparing the color ref-
erence field coefficients of variation (Cvrr) of the color reference fields of which a common

image was captured together with the corresponding reagent test region. Specifically, for
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each image of a reagent test region together with a color reference card, one minimum color
reference field coefficient of variation (Cvrr, min) may be determined for the color reference
fields of the color reference card. This minimum color reference field coefficient of variation
(Cvrr, min) may then be assigned to the in parallel determined reagent test region coefficient
of variation (Cv1r), thereby forming a pair of a reagent test region coefficient of variation
(Cv1r) and a corresponding minimum color reference field coefficient of variation (Cvrr,

min) .

The determination method further comprises deriving, from the training set of pairs of rea-
gent test region coefficients of variation (Cvir) and corresponding minimum color reference
field coefficients of variation (CVrr, min), a relation for determining the dynamic coefficient
of variation limit (CvTr, 1im) for the respective reagent test region by using the corresponding
measured minimum color reference field coefficient of variation (Cvrr, min). Thus, eventu-
ally, arelation may be determined which may allow to determine, e.g. to calculate, a dynamic
coefficient of variation limit (CvTr, 1im) based on a measured minimum color reference field
coefficient of variation (Cvrr, min). The term “relation” 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 allocation or an assignment of at least one first entity to at least one
second entity. As will also be outlined below, the relation may specifically comprise at least
one of a lookup-table, a model, an algorithm and a function, specifically a linear function.
Specifically, the determination method may determine a function equation for determining
a dynamic coefficient of variation limit (Cvrr,1im) based on a measured minimum color ref-
erence field coefficient of variation (Cvrr, min) used as function variable. However, other

options are also feasible.

The dynamic coefficient of variation limit (Cvrtr, 1im) defines a maximum coefficient of var-
iation (Cvrr, max) for reagent test regions of non-corrupted optical test strips. Thus, the max-
imum coefficient of variation (Cvr, max) may specifically be or comprise a maximum value
for a reagent test region coefficient of variation (Cvrr) of an optical test strip, which may be
considered to be allowable for using the optical test strip for an analytical measurement.
Further, the maximum coefficient of variation (CvTr, max) may specifically be or comprise a
minimum value for a reagent test region coefficient of variation (Cvir) of an optical test
strip, which may be considered to be non-allowable for using the optical test strip for an
analytical measurement. Specifically, a reagent test region coefficient of variation (Cvir)

below the dynamic coefficient of variation limit (Cv1r,1im) may be considered to be allowable
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for an analytical measurement. A reagent test region coefficient of variation (Cvir) above
the dynamic coefficient of variation limit (Cv1r, im) may be considered to be non-allowable
for an analytical measurement. A reagent test region coefficient of variation (Cvr) equal to
the dynamic coefficient of variation limit (Cvrr. 1im) may be considered to be either allowable

or non-allowable for an analytical measurement depending on predefined default settings.

As indicated, the dynamic coefficient of variation limit (CvTr, 1im) is derived by using the
training set of pairs of reagent test region coefficients of variation (Cvir) and corresponding
minimum color reference field coefficients of variation (Cvrr, min). As further indicated, the
determination method comprises providing a training set of optical test strips, wherein at
least two of the optical test strips are non-corrupted and wherein at least two of the optical
test strips are corrupted. Specifically, corrupted optical test strips may yield pairs of reagent
test region coefficients of variation (Cvrr) and corresponding minimum color reference field
coefficients of variation (Cvrr, min) which are distinguishable from pairs of reagent test re-
gion coefficients of variation (Cvrr) and corresponding minimum color reference field co-
efficients of variation (Cvrr, min) of non-corrupted optical test strips. In other words, pairs of
reagent test region coefficients of variation (Cvrr) and corresponding minimum color refer-
ence field coefficients of variation (Cvrr, min) of corrupted optical test strips may be distin-
guishable from pairs of reagent test region coefficients of variation (Cvrr) and corresponding
minimum color reference field coefficients of variation (Cvrr, min) of non-corrupted optical
test strips, €.g. by using a trainable model such as a decision tree classifier model, a support
vector machine model or an artificial neural network. Further options, specifically in the

field of machine-learning, are feasible and are generally known to the skilled person.

Specifically, reagent test region coefficients of variation (Cvir) of corrupted optical test
strips may be distinguishable from reagent test region coefficients of variation (Cvrtr) of
non-corrupted optical test strips. More specifically, reagent test region coefficients of varia-
tion (Cvir) of corrupted optical test strips may be larger compared to reagent test region
coefficients of variation (Cvrtr) of non-corrupted optical test strips. Corrupted optical test
strips, as an example, may be optical test strips selected from the group consisting of’ optical
test strips having been stored under inappropriate conditions, such as under an elevated tem-
perature, under inappropriately high moisture or the like; optical test strips having exceeded
a predetermined shelf lifetime; impure optical test strips; optical test strips which are not
unused and/or which have been pre-used. Other ways of corrupting the optical test strips,
thereby rendering the optical test strips unfit for usage in analysis, are feasible, such as by

subjecting, prior to use for the analytical measurement, the optical test strips to any treatment
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deviating from a predetermined standard treatment, such as predetermined storage and/or
handling conditions. As an example, a corrupted optical test strip may be an optical test strip
which was already used previously, specifically by applying a sample of a bodily fluid, e.g.
blood, to the reagent test region. This may again increase a color inhomogeneity of the rea-
gent test region. Typically, applied blood produces a grid pattern at the, in this case pre-used,
reagent test region. Eventually, this may result in an increased reagent test region coefficient
of variation (Cvir) of the corrupted optical test strip. As will also be outlined below, the
pairs of reagent test region coefficients of variation (Cvir) and corresponding minimum
color reference field coefficients of variation (Cvrr, min) may also already be labelled with
information on whether the respective optical test strip of the training set of optical test strips
is corrupted or non-corrupted.

Further, pairs of reagent test region coefficients of variation (Cvrr) and corresponding min-
imum color reference field coefficients of variation (Cvrr, min), specifically of non-corrupted
optical test strips, may cluster, specifically for different mobile devices of the training set of
mobile devices, e.g. for different smart phone cameras. Additionally or alternatively, similar
environmental conditions such as similar illumination when capturing images may also con-
tribute to cluster formation. Specifically, minimum color reference field coefficients of var-
iation (Cvrr, min) may be distinguishable for different mobile devices. As an example, a first
smart phone camera with a higher image noise may lead to a larger minimum color reference
field coefficient of variation (Cvrr, min) compared to a second smart phone camera with a
lower image noise. This reflects that different minimum color reference field coefficients of
variation (Cvrr, min) may indicate different environmental conditions relevant for determin-
ing an adequate dynamic coefficient of variation limit (Cvrr, 1im). Thus, an adequate dynamic
coefficient of variation limit (Cvrr, 1im) may specifically be based on a present measured

minimum color reference field coefficient of variation (CVRF, min).

Overall, pairs of reagent test region coefficients of variation (Cvrr) and corresponding min-
imum color reference field coefficients of variation (Cvrr, min) of corrupted optical test strips
may be identifiable and, analogously, pairs of reagent test region coefficients of variation
(Cvr) and corresponding minimum color reference field coefficients of variation (CVRF, min)
of non-corrupted optical test strips may be identifiable. Thus, for each minimum color ref-
erence field coefficient of variation (Cvrr, min), a dynamic coefficient of variation limit (Cvrr,
1im) may be derived which excludes at least most of the pairs of reagent test region coeffi-
cients of variation (Cvrr) and corresponding minimum color reference field coefficients of

variation (Cvrr, min) of corrupted optical test strips and which permits at least most of the
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pairs of reagent test region coefficients of variation (Cvrr) and corresponding minimum
color reference field coefficients of variation (Cvrr, min) of non-corrupted optical test strips,
e.g. by using at least one trainable model, specifically a regression model. Further options,
specifically in the field of machine-learning, are feasible and are generally known to the
skilled person. As will also be outlined below, default settings may for instance be defined
on how many of the pairs of reagent test region coefficients of variation (Cvrr) and corre-
sponding minimum color reference field coefficients of variation (Cvrr, min) of corrupted
optical test strips the dynamic coefficient of variation limit (Cvrr, 1im) shall exclude or on
how many of the pairs of reagent test region coefficients of variation (Cvtr) and correspond-
ing minimum color reference field coefficients of variation (Cvrr, min) of non-corrupted op-

tical test strips the dynamic coefficient of variation limit (Cvr, 1im) shall permit.

The determination method may further comprise step g) of applying a sample of bodily fluid
to the reagent test region of the optical test strip. Step g) may specifically be performed
before step d). Thus, steps d) to f) may be performed by using reagent test regions having,
specifically recently, a sample of a bodily fluid applied thereto. Specifically, step g) of ap-
plying a sample of bodily fluid to the reagent test region of the optical test strip may be
performed less than a 1 minute before capturing an image of the reagent test region according
to step d), more specifically less than 30 seconds, most specifically less than 10 seconds.
Specifically, the bodily fluid applied in step g) may be of interest for at least one embodiment
of a measurement method of performing an analytical measurement based on a color for-
mation reaction by using a mobile device having a camera and a processor as disclosed below
in further detail. As an example, the bodily fluid applied in step g) may be blood which may
be of interest for blood glucose measurements which may be performed at a later point in
time as analytical measurements, wherein the blood glucose measurements may be per-

formed by using the described determination method.

The determination method may further comprise step h) of attaching at least one optical test
strip of the training set of optical test strips to the color reference card comprising a plurality
of color reference fields having known reference color values. Step h) may be performed
before step d) and optionally before step g). The color reference card may comprise at least
one receiving portion for the optical test strip. The color card may comprise at least window.
The window and/or the receiving portion may be arranged such that the test reagent region
is visible through the window, when the optical test strip is received in the receiving portion.
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The corrupted optical test strip may be corrupted by at least one of: a previous appliance of
a fluid sample, specifically a sample of bodily fluid; a previous exposure to at least one
corruptive environment for more than 10 minutes, specifically for more than 2 hours, more
specifically for more than 1 day; a time elapsed since application of a fluid sample being out
of a tolerance range, specifically a time between sample application and capturing of an
image. The previous appliance of the fluid sample, in contrast to step g) of applying a sample
of bodily fluid to the reagent test region of the optical test strip, may specifically be per-
formed unintentionally and/or may be performed long before capturing an image of the rea-
gent test region according to step d), specifically more than 15 minutes before, more specif-
ically more than 1 hour before, more specifically more than 1 day before. Specifically, the
previous appliance of the fluid sample may refer to a previous and already completed ana-
lytical measurement. As an example, a diabetes patient, e.g. an elderly and forgetful person,
may perform a first blood glucose measurement by using an optical test strip. At a later point
in time, e.g. after a day, the diabetes patient may by accident want to perform a second blood
glucose measurement by using the optical test strip again, which could however lead to a
false and misleading result, since the optical test strip is corrupted by the previous appliance
of blood in the first blood glucose measurement. Thus, stopping and warning the diabetes
patient at the second blood glucose measurement may be desirable in this exemplary case.
As said, the optical test strip may also be corrupted by a previous exposure to at least one
corruptive environment. The corruptive environment may be selected from the group con-
sisting of: a humid environment, specifically an environment having a humidity of more than
60%, more specifically a humidity of more than 80%, and a bright environment, specifically
an environment having an illuminance of more than 1000 Im/m?, more specifically an illu-

minance of more than 1500 Im/m?2.

Step e) may further comprise labelling the pairs of reagent test region coefficients of varia-
tion (Cvtr) and corresponding minimum color reference field coefficients of variation (Cvrr,
min) Of the training set of pairs of reagent test region coefficients of variation (Cvrr) and
corresponding minimum color reference field coefficients of variation (CvrF, min) with infor-
mation on whether the respective optical test strip of the training set of optical test strips was
corrupted or non-corrupted. The labelling may specifically be taken into consideration in
step f). The term “labelling” including any grammatical variation thereof 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 specifi-
cally may refer, without limitation, to providing at least one entity with at least one item of

information on at least one property of the entity. The at least one item of information on at
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least one property of the entity is also referred to as the “label”. The at least one property of
the entity, as an example, may be or may comprise at least one of a recognition sign, an
identification sign and an information sign, which may all also be referred to as label. The
label may comprise at least one item of information on at least one property of the labeled
entity, wherein the item of information may specifically identify the labeled entity. The label
may specifically be or may comprise a digital label. Thus, when deriving the relation for
determining the dynamic coefficient of variation limit (CvTr, 1im) in step f), it may not be
required anymore to initially classify pairs of reagent test region coefficients of variation
(Cv1r) and corresponding minimum color reference field coefficients of variation (CVRE, min)

of corrupted optical test strips and non-corrupted optical test strips, respectively.

Thus, step f) may comprise using at least one of a supervised and a semi-supervised learning
architecture, e.g. by using a machine learning model and/or a trainable model, specifically
at least one deep learning architecture. Further details, specifically with respect to the train-
able model, will be given below. The term “deep learning” 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 method of using artificial intelligence (AI) for automatic model
building. Deep learning may specifically comprise at least one neural network, wherein the
neural network may comprise at least one input layer, one output layer and at least one hid-
den layer between the input layer and the output layer. The term “supervised learning” 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 deep learning method using a completely
labeled training dataset. The term “semi-supervised learning” 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 learning method using a partially labeled training dataset, so that a

part of the training dataset may have to be assigned independently based on a built model.

Besides using machine learning, however, other options are also feasible. Thus, as an exam-
ple, other methods using manual, automatic or semi-automatic methods may be used for

deriving the relation in step f).

In step f), the dynamic coefficient of variation limit (Cvrr, im) may exclude at least 90%,

specifically at least 95%, more specifically at least 99%, of the corrupted optical test strips
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of the training set of optical test strips. In step f), the dynamic coefficient of variation limit
(Cvrr,1im) may permit acceptance of at least 80%, specifically at least 90%, more specifically
at least 95%, more specifically at least 97%, more specifically at least 99%, of the non-
corrupted optical test strips of the training set of optical test strips. In other words, in step f),
the dynamic coefficient of variation limit (Cv1r, 1im) may not exclude more than 5%, specif-
ically more than 3%, more specifically more than 1%, of the non-corrupted optical test strips
of the training set of optical test strips. Thus, in step f), predefined default settings may be
used, specifically as boundary conditions, when deriving the relation for determining the
dynamic coefficient of variation limit (Cv1r, iim). The term “exclude” including any gram-
matical variation thereof 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 rejecting or
discarding or eliminating or disqualifying an entity. Specifically, excluding a corrupted op-
tical test strip may refer to classifying or rating the corrupted optical test strip as invalid for
an accurate and reliable analytical measurement. Thus, the analytical measurement which
may use the corrupted optical test strip may be aborted in order to prevent a user from re-
ceiving potentially false and misleading measurement results. The term “permit” including
any grammatical variation thereof as used herein is a broad term and is to be given its ordi-
nary 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
allowing or authorizing or admitting an entity. Specifically, permitting a non-corrupted op-
tical test strip or permitting acceptance of a non-corrupted optical test strip may refer to
classifying or rating the non-corrupted optical test strip as valid or admissible or suitable for
an accurate and reliable analytical measurement. Thus, the analytical measurement may sub-

sequently be carried out by using the non-corrupted optical test strip.

The relation derived in step f) may comprise at least one of a look-up table, a model, an
algorithm and a function, including e.g. one or more one-, two or three-dimensional graphs
or surfaces, e.g. one or more hypersurfaces. As an example, the look-up table may hold
minimum color reference field coefficients of variation (Cvrr, min) and derived dynamic co-
efficients of variation limit (Cvrr, 1im), €.2. in two columns or rows of the look-up table,
specifically in two linked or connected columns or rows of the look-up table. As already
indicated, the model may specifically comprise at least one of a regression model and a
classifier model. The model may specifically comprise at least one trainable model. Further
details on the trainable model will be outlined below. The algorithm may specifically com-

prise instructions for determining a dynamic coefficient of variation limit (Cvrg, 1im) based
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on a measured minimum color reference field coefficient of variation (Cvrr, min). The in-
struction may for example comprise at least one of a calculation operation, e.g. an addition
or multiplication, and a comparison operation, e.g. a comparison between two entities or a

request if a specific criterion is met for an entity.

As said, the relation derived in step f) may comprise a function. The term “function” 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 relation assigning one or more elements from
a first set to elements from at least one second set, wherein each element of the first set is
related to exactly one element of the second set. The first set may be referred to as domain
of the function. The second set may be referred to as codomain of the function. As already
indicated, the function may comprise at least one mathematical function, specifically at least
one function equation. The function equation may define at least one calculation operation,
e.g. an addition or a multiplication. The function, specifically the function equation, may use
a measured minimum color reference field coefficient of variation (Cvrr, min) as a function
variable for determining a dynamic coefficient of variation limit (Cvir, 1im) as function out-
put. The function may be graphically representable, e.g. as graph in a two- or three- dimen-
sional coordinate system. The function may be a linear function. Thus, the function may be

graphically representable as a geometrical line. The function may specifically be as follows:
CvrRlim = @* CVRpmin +D,

wherein be the parameter “a” may be a slope of the function, wherein the parameter “b” may
be an offset of the function. As indicated, the parameters “a” and “b” may be determined by
using the training set of images, specifically by using the training set of pairs of reagent test
region coefficients of variation (Cvrr) and corresponding minimum color reference field
coefficients of variation (Cvrr, min). Further, as an example, at least one machine learning
algorithm may be used for determining the parameters “a” and “b”. The linear function may
have a slope of 1. Thus, the parameter “a” may be equal to 1. Thus, the dynamic coefficient
of variation limit (Cvtr, 1im) may specifically be determined by adding an offset to the meas-

ured minimum color reference field coefficient of variation (CVRF, min).

The dynamic coefficient of variation limit (Cv1r, 1im) may comprise a predefined maximum

coefficient of variation limit (CVIR, max, predefined) fOr reagent test regions which is not exceed-
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able. In other words, the predefined maximum coefficient of variation limit (CvTR, max, prede-
fined) may be a maximum limit for the dynamic coefficient of variation limit (CvTr, 1im), such
that the dynamic coefficient of variation limit (CvTr, im) can at most be as large as the pre-
defined maximum coefficient of variation limit (CVTR, max, predefined). Thus, in case the dynamic
coefficient of variation limit (Cvtr, im) may follow a relation which may, at least for one
minimum color reference field coefficients of variation (Cvrr, min), output a dynamic coeffi-
cient of variation limit (Cvrr, 1im) larger than the predefined maximum coefficient of varia-
tion limit (CVTR, max, predefined), the dynamic coefficient of variation limit (Cv1r, im) may be set
back to the predefined maximum coefficient of variation limit (CvTR, max, predefined). This may

again ensure accurate and reliable analytical measurements.

Step f) may comprise using at least one machine-learning algorithm, specifically by training
a trainable model by using the training set of pairs of reagent test region coefficients of
variation (Cvir) and corresponding minimum color reference field coefficients of variation
(CVRF, min). The term “trainable model” 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 mathematical model for data interpretation, e.g. data classification and/or data eval-
uation, wherein the trainable model is trainable on at least one training set. In the trainable
model, one or more parameters may still be variable, and the setting of the parameters is up
to a training process. The trainable model may provide a model of an environment, and the
model may be adapted for reacting to stimuli from the environment in an adequate fashion
and for adjusting the model in accordance with observed deviations such that, in a subse-
quent run, the model reacts to stimuli in a more adequate fashion. The trainable model may
be trained on at least one training set and may be configured for predicting at least one target
variable for at least one input variable, such that, as an example, the at least one input vari-
able forms a stimulus, and the output target variable forms the response of the trainable
model. A plurality of trainable models is generally known to the skilled person and is further
mentioned throughout this application. Further, the term “trainable model” specifically may
refer, without limitation, to a model for predicting accuracy which can be trained on at least
one training set, also denoted training data. The method may comprise at least one training
step, wherein, in the training step, the trained model is trained on the at least one training
set. The trained model may comprise at least one model selected from the group consisting
of: a linear regression model, e.g. comprising transformed features, such as log-transformed
or polynomial; at least one non-linear Artificial Neural Network (ANN), in particular at least
one deep learning architecture such as Convolutional NN, Recurrent NN, Long Short Term
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Memory NN, and the like; at least one Support Vector Machine (SVM); at least one kernel
based method; Tree regression; Random Forest. The trainable model, after performing the

training step, may also be referred to as a “trained model”.

Thus, step f) may comprise training a trainable model by using the training set of pairs of
reagent test region coefficients of variation (Cvrr) and corresponding minimum color refer-
ence field coefficients of variation (Cvrr, min). As an example, step f) may comprise classi-
fying the pairs of reagent test region coefficients of variation (Cvrr) and corresponding min-
imum color reference field coefficients of variation (Cvrr, min) as being related to corrupted
optical test strips or as being related to non-corrupted optical test strips, specifically in case
the pairs of reagent test region coefficients of variation (Cvir) and corresponding minimum
color reference field coefficients of variation (Cvrr, min) may not be labeled. Thus, as an
example, step f) may for instance comprise applying a classifier model to the pairs of reagent
test region coefficients of variation (Cvrr) and corresponding minimum color reference field
coefficients of variation (Cvrr, min) for classifying them as being related to corrupted optical
test strips or as being related to non-corrupted optical test strips. Further, as an example, step
f) may comprise determining a relation for a dynamic coefficient of variation limit (Cvrr,
1im) by applying at least one regression model to the classified or labeled pairs of reagent test
region coefficients of variation (Cvir) and corresponding minimum color reference field

coefficients of variation (CVRF, min).

In step e), the pairs of reagent test region coefficients of variation (Cvrr) and corresponding
minimum color reference field coefficients of variation (Cvrr, min) may be determined for
at least two color channels, specifically for at least two color channels selected from the
group consisting of: a green color channel, a blue color channel and a red color channel.
More specifically, the pairs of reagent test region coefficients of variation (Cvrr) and corre-
sponding minimum color reference field coefficients of variation (Cvrr, min) may be deter-
mined for the green color channel and/or for the red color channel. In step f), the dynamic
coefficient of variation limit (Cvrr, 1im) may be derived for the at least two color channels for
which the pairs of reagent test region coefficients of variation (Cvir) and corresponding
minimum color reference field coefficients of variation (Cvrr, min) are determined in step e).
As an example, in step e), the pairs of reagent test region coefficients of variation (Cvir) and
corresponding minimum color reference field coefficients of variation (Cvrr, min) may be
determined for the green color channel and, in step f), the dynamic coefficient of variation
limit (Cvrr, 1im) may be derived for the green color channel. Additionally or alternatively, as
an example, in step e), the pairs of reagent test region coefficients of variation (Cvrr) and
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corresponding minimum color reference field coefficients of variation (Cvrr, min) may be
determined for the red color channel and, in step f), the dynamic coefficient of variation limit
(Cvrr, 1im) may be derived for the red color channel. In case, in step f), the dynamic coeffi-
cient of variation limit (CvTr, 1im) is derived for two or more color channels, e.g. the green
color channel and the red color channel, a minimum dynamic coefficient of variation limit
(CvTr, 1im) of the determined dynamic coefficients of variation limit (CvTr, 1im) for the respec-
tive color channels may be used for defining a maximum coefficient of variation (CvIR, max)
for reagent test regions of non-corrupted optical test strips. As an example, for each color
channel an individual dynamic coefficient of variation limit (Cvrr, 1im) may at first be de-
rived, wherein the individual dynamic coefficient of variation limits (Cvrr, 1im) may subse-

quently be compared with each other.

However, specifically, for each color channel, an individual dynamic coefficient of variation
limit (Cvrr, im) may be derived, wherein, for each color channel, the reagent test region
coefficient of variation (Cvrr) may be compared to the individual dynamic coefficient of
variation limit (Cvrr, iim) of the color channel, wherein, for a non-corrupted optical test strip,
the reagent test region coefficients of variation (Cvir) may have to be smaller than, or op-
tionally equal to, the individual dynamic coefficient of variation limit (Cv1r, 1im) of the color
channel for all color channels. In other words, for a corrupted optical test strip, the reagent
test region coefficients of variation (Cvir) may have to be larger than, or optionally equal
to, the individual dynamic coefficient of variation limit (Cv1r, 1im) of at least one color chan-
nel. As an example, the green color channel and the red color channel may be considered.
Then, as an example, for a non-corrupted optical test strip, the coefficient of variation (Cvir)
of the green color channel may have to be smaller than, or optionally equal to, the individual
dynamic coefficient of variation limit (Cvir, 1im) of the green color channel and the coeffi-
cient of variation (Cvtr) of the red color channel may have to be smaller than, or optionally
equal to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of the red color
channel. In other words, for a corrupted optical test strip, the coefficient of variation (Cvir)
of the green color channel may have to be larger than, or optionally equal to, the individual
dynamic coefficient of variation limit (Cv1r,1im) of the green color channel or the coefficient
of variation (Cvir) of the red color channel may have to be larger than, or optionally equal
to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of the red color channel.
Further options are also feasible.

The determination method may at least partially be computer-implemented, specifically at
least one of steps e) and f). Referring to the computer-implemented aspects of the invention,
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one or more of the method steps or even all of the method steps of the determination method
according to one or more of the embodiments disclosed herein may be performed by using
a computer or computer network. Thus, generally, any of the method steps including provi-
sion and/or manipulation of data may be performed by using a computer or computer net-
work. Generally, these method steps may include any of the method steps, typically except
for method steps requiring manual work, such as providing the samples and/or certain as-

pects of performing the actual measurements.

In a further aspect of the present invention, a measurement method of performing an analyt-
ical measurement based on a color formation reaction by using a mobile device having a
camera and a processor is disclosed. The measurement 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 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
measurement method may comprise further method steps which are not listed.

The measurement method comprises:

i)  providing at least one optical test strip having at least one reagent test region,
wherein the optical test strip specifically is of the same type of optical test strips
as the optical test strips of the training set used in step a) of the determination
method according to any one of the embodiments described above or below in
further detail referring to a determination method,

ii)  providing at least one color reference card having a plurality of color reference
fields having known reference color values;

ili) capturing, by using the camera, at least one image of at least a part of the reagent
test region having at least one sample of at least one bodily fluid applied thereto
and at least a part of at least one of the color reference fields of the color refer-
ence card;

iv) determining, specifically by using the processor, for at least one color channel
of the camera of the mobile device, a color reference field coefficient of variation
(Cvrr) for at least one of the color reference fields by using the image, wherein
the color reference field coefficient of variation (Cvrr) is determined by meas-
uring a color variation within the at least one color reference field,;

v)  determining, specifically by using the processor, a minimum color reference

field coefficient of variation (Cvrr, min) for the color reference card by using the
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at least one color reference field coefficient of variation (Cvrr) determined in
step iv);

vi) determining, specifically by using the processor, a dynamic coefficient of varia-
tion limit (Cvrr, 1im) for the reagent test region by using the minimum color ref-
erence field coefficient of variation (Cvrr, min) determined in step v) and by using
a relation for determining the dynamic coefficient of variation limit (CvTRr, 1im),
wherein the relation is determined by performing the determination method ac-
cording to any one of the embodiments described above or below in further detail
referring to a determination method,

vii) determining, specifically by using the processor, for the at least one color chan-
nel, a reagent test region coefficient of variation (Cvir) of the reagent test region
by using the image, wherein the reagent test region coefficient of variation
(Cv1r) is determined by measuring a color variation within the reagent test re-
gion;

viii) comparing, for the at least one color channel, the reagent test region coefficient
of variation (Cvrr) to the determined dynamic coefficient of variation limit
(Cvrr, 1im) for the reagent test region;

ix) if the reagent test region coefficient of variation (Cv1r) is larger than the dy-
namic coefficient of variation limit (Cvrr, 1im), considering the optical test strip
to be corrupted and aborting the measurement method; and

x)  if the reagent test region coefficient of variation (Cvir) is smaller than the dy-
namic coefficient of variation limit (Cvrr, 1im), considering the optical test strip
to be non-corrupted and determining a concentration of at least one analyte in
the sample of bodily fluid by using, for the at least one color channel, at least
one color formation value for a color formation of the reagent test region having
at least one sample of at least one bodily fluid applied to the reagent test region

of the optical test strip.

As outlined above, the determination method specifically may be performed under con-
trolled conditions, e.g. by a manufacturer or a provider, using the training set of optical test
strips and using the training set of mobile devices. The measurement method, on the other
hand, may be performed by a user in the field, specifically by using his or her personal mo-
bile device and one or more optical test strips. The personal mobile device, as an example,
may be of a specific type being amongst the one or more types of mobile devices of the
training set of mobile devices used in the determination method. The method, as an example,

may make sure that this is the case, e.g. by checking if the personal mobile device of the user
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is listed in a list of admissible mobile devices. The method may even comprise aborting the
measurement and/or may comprise providing a warning to the user method if this is not the
case. Additionally or alternatively, the personal mobile device may be of a specific type not
being amongst the one or more types of mobile devices of the training set of mobile devices
used in the determination method. The method may still make sure that the personal mobile
device is usable for reliable and accurate analytical measurements, e.g. by checking if the
personal mobile device of the user is listed in a list of inadmissible mobile devices.

As said, in step ix), the optical test strip is considered to be corrupted if the reagent test
region coefficient of variation (Cvrr) is larger than the dynamic coefficient of variation limit
(Cvrtr, 1im). As further said, in step x), the optical test strip is considered to be non-corrupted
if the reagent test region coefficient of variation (CvTr) is smaller than the dynamic coeffi-
cient of variation limit (Cvrr, 1im). Thus, if the reagent test region coefficient of variation
(Cvrr) is equal to the dynamic coefficient of variation limit (CvTr, 1im), the optical test strip
may be considered to be corrupted or the optical test strip may be considered to be non-
corrupted, e.g. depending on a predefined default setting. In other words, the measurement
method may comprise, if the reagent test region coefficient of variation (Cvir) is equal to
the dynamic coefficient of variation limit (Cv1r, 1im), considering the optical test strip to be
corrupted and aborting the measurement method, or, considering the optical test strip to be
non-corrupted and determining a concentration of at least one analyte in the sample of bodily
fluid by using, for the at least one color channel, at least one color formation value for a
color formation of the reagent test region having at least one sample of at least one bodily

fluid applied to the reagent test region of the optical test strip.

The measurement method may further comprise at least one step of applying the at least one
sample of the at least one bodily fluid to the reagent test region of the optical test strip,
wherein the measurement method may be performed according to one of the following ways:
— the dynamic coefficient of variation limit (Cvtr, iim) in step vi) is determined by using
a relation derived when performing the determination method according to any one
of the embodiments disclosed above or below in further detail referring to a determi-
nation method having at least one sample of the at least one bodily fluid applied to
the reagent test regions of the optical test strips of the training set of optical test strips,
wherein the measurement method comprises applying the sample of the bodily fluid

to the reagent test region of the optical test strip before performing step iii); or
— the dynamic coefficient of variation limit (CvTr, 1im) in step vi) is determined by using

a relation derived when performing the determination method according to any one
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of the embodiments disclosed above or below in further detail referring to a determi-
nation method having no sample of the at least one bodily fluid applied to the reagent
test regions of the optical test strips of the training set of optical test strips, wherein
the measurement method comprises performing steps iii) to viii) with no sample of
the at least one bodily fluid applied to the reagent test region of the optical test strip,
and wherein the method further comprises applying the at least one sample of the
bodily fluid to the reagent test region of the optical test strip before or during per-
forming step x).

Thus, the determination method may be performed with the sample of the bodily fluid ap-
plied to the reagent test region, e.g. as described in optional step g) of the determination
method, and the measurement method may be performed by using a relation for determining
the dynamic coefficient of variation limit (CvTr, 1im) derived in the determination method.
Alternatively, the determination method may be performed without the sample of the bodily
fluid applied to the reagent test region and the measurement method may be performed by
using a relation for determining the dynamic coefficient of variation limit (Cvrr, im) derived
in the determination method, wherein, for determining a concentration of at least one analyte
in the sample of the bodily fluid, the sample of the bodily fluid may be applied to the reagent
test region after comparing a measured reagent test region coefficient of variation (Cvir) to
the determined dynamic coefficient of variation limit (Cvrr, 1im). In such way, the measured
reagent test region coefficient of variation (Cvrr) may specifically only be compared to an
adequate dynamic coefficient of variation limit (Cv1r, 1im). Thus, the measured reagent test
region coefficient of variation (Cvrr) of a reagent test region having a sample of bodily fluid
applied thereto may only be compared to a dynamic coefficient of variation limit (CvTr, tim)
derived by using reagent test regions having a sample of bodily fluid applied thereto. Further,
the measured reagent test region coefficient of variation (Cvtr) of a reagent test region hav-
ing no sample of bodily fluid applied thereto may only be compared to a dynamic coefficient
of variation limit (Cvrr, 1im) derived by using reagent test regions having no sample of bodily

fluid applied thereto.

The measurement method may further comprise step xi) of attaching the optical test strip to

the color reference card. Step xi) may be performed before step iii)

The measurement method may at least partially be computer-implemented, specifically at
least one of steps iv) to x). Referring to the computer-implemented aspects of the invention,

one or more of the method steps or even all of the method steps of the measurement method
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according to one or more of the embodiments disclosed herein may be performed by using
a computer or computer network. Thus, generally, any of the method steps including provi-
sion and/or manipulation of data may be performed by using a computer or computer net-
work. Generally, these method steps may include any of the method steps, typically except
for method steps requiring manual work, such as providing the samples and/or certain as-
pects of performing the actual measurements.

For further definitions and/or embodiments regarding the measurement method, reference
may be made to the definitions and/or embodiments regarding the determination method.

In a further aspect of the present invention, a determination system for determining a dy-

namic coefficient of variation limit (Cv1r, 1im) for assessing validity of an optical test strip

usable for an analytical measurement based on a color formation reaction is disclosed. The
determination system comprises:

A) atraining set of optical test strips, each optical test strip having a reagent test region,
wherein at least two of the optical test strips are non-corrupted and wherein at least
two of the optical test strips are corrupted;

B) atraining set of mobile devices, each mobile device having at least one camera,

C) at least one color reference card having a plurality of color reference fields having
known reference color values;

D) atleast one processor, the processor being configured for

- retrieving a training set of images, the training set of images comprising images cap-
tured with the camera, wherein each image of the training set of images comprises at
least a part of a reagent test region of an optical test strip of the training set of optical
test strips and at least a part of at least one color reference field of the color reference
card;

- determining, for at least one color channel of the cameras of the mobile devices of the
training set of mobile devices, a training set of pairs of reagent test region coefficients
of variation (Cvrr) and corresponding minimum color reference field coefficients of
variation (Cvrr, min), Wherein each reagent test region coefficient of variation (Cvir) is
determined by measuring a color variation within the reagent test region, wherein each
color reference field coefticient of variation (Cvrr) is determined by measuring a color
variation within the color reference field, wherein a minimum color reference field
coefficient of variation (Cvrr, min) for the corresponding reagent test region coefficient
of variation (Cvtr) is determined by comparing the color reference field coefficients
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of variation (Cvrr) of the color reference fields of which a common image was cap-
tured together with the corresponding reagent test region; and

- deriving, from the training set of pairs of reagent test region coefficients of variation
(Cvtr) and corresponding minimum color reference field coefficients of variation
(Cvrr, min), a relation for determining the dynamic coefficient of variation limit (Cvrr,
1im) for the respective reagent test region by using the corresponding measured mini-
mum color reference field coefficient of variation (Cvrr, min), wherein the dynamic
coefficient of variation limit (Cvrr, 1im) defines a maximum coefficient of variation

(Cvrtr, max) for reagent test regions of non-corrupted optical test strips.

The term “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 set
of interacting or interdependent components or parts forming a whole. Specifically, the com-
ponents may interact with each other in order to fulfill at least one common function. The at
least two components may be handled independently or may be coupled or connectable.
Consequently, the term “determination system” 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 system configured for performing at least one determination operation. The
determination system may be configured for being used in the determination method accord-
ing to any one of the embodiments disclosed above or below in further detail referring to a
determination method, specifically for performing at least steps e) and f) of the determination
method according to any one of the embodiments disclosed above or below in further detail

referring to a determination method.

As said, the determination system may comprise at least one processor. The processor may
be configured for being connected to the mobile devices of the training set of mobile devices
and/or for reading out the mobile devices of the training set of mobile devices, specifically
for retrieving the training set of images. A processing of the training set of images may at
least partially be cloud based. Thus, the determination system or at least parts thereof, spe-
cifically the processor or at least parts thereof, may be cloud based. The term “cloud based”
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 outsourcing of a system or device



10

15

20

25

30

35

WO 2023/152207 PCT/EP2023/053168

-39.-

or parts thereof to interconnected external devices, specifically computers or computer net-
works having larger computing power and/or data storage volume. The external devices may
be arbitrarily spatially distributed. The external devices may vary over time, specifically on
demand. The external devices may be interconnected, e.g. by using the internet. The external
devices may each comprise at least one interface, such as a wireless interface and/or a wire-
bound interface, specifically at least one communication interface. Thus, as an example, the
processor may at least partially be comprised by one or more mobile devices, e.g. by one or
more mobile devices of the training set of mobile device. However, the processor may also
be a computer, e.g. a computer used in a laboratory. Other options are feasible.

For further definitions and/or embodiments regarding the determination system, reference
may be made to the definitions and/or embodiments regarding the determination method

and/or the measurement method.

In a further aspect of the present invention, a computer program is disclosed, the computer
program comprising instructions which, when the program is executed by a determination
system, specifically by the determination system according to any one of the embodiments
described above or below in further detail referring to a determination system, cause the
determination system to carry out at least steps e) and f) of the determination method ac-
cording to any one of the embodiments described above or below in further detail referring

to a determination method.

The computer program may further comprise instructions which, when the program is exe-
cuted by a determination system, specifically by the determination system according to any
one of the embodiments described above or below in further detail referring to a determina-
tion system, control the performing of step d) of the determination method according to any
one of the embodiments described above or below in further detail referring to a determina-
tion method. The computer program may further comprise instructions which, when the pro-
gram is executed by a determination system, specifically by the determination system ac-
cording to any one of the embodiments described above or below in further detail referring
to a determination system, cause the determination system to prompt a user to perform steps
a) to ¢) of the determination method according to any one of the embodiments described

above or below in further detail referring to a determination method.

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
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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.

In a further aspect of the present invention, a computer-readable storage medium is dis-
closed, the computer-readable storage medium comprising instructions which, when exe-
cuted by a determination system, specifically by the system according to any one of the
embodiments described above or below in further detail referring to a determination system,
cause the determination system to carry out at least steps e) and f) of the determination
method according to any one of the embodiments described above or below in further detail
referring to a determination method.

The term “computer-readable storage medium” 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 non-transitory data storage means, such as a hardware storage medium having
stored thereon computer-executable instructions. The computer-readable data carrier or stor-
age medium specifically may be or may comprise a storage medium such as a random-access

memory (RAM) and/or a read-only memory (ROM) and/or a flash memory.

The computer-readable storage medium may further comprise instructions which, when ex-
ecuted by a determination system, specifically by the determination system according to any
one of the embodiments described above or below in further detail referring to a determina-
tion system, control the performing of step d) of the determination method according to any
one of the embodiments described above or below in further detail referring to a determina-
tion method. The computer-readable storage medium may further comprise instructions
which, when executed by a determination system, specifically by the determination system
according to any one of the embodiments described above or below in further detail referring
to a determination system, cause the determination system to prompt a user to perform steps
a) to ¢) of the determination method according to any one of the embodiments described

above or below in further detail referring to a determination method.

In a further aspect of the present invention, a mobile device having at least one camera and
at least one processor is disclosed, the mobile device being configured for performing at
least steps iv) to x) of the measurement method according to any one of the embodiments

described above or below in further detail referring to a measurement method.
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For further definitions and/or embodiments regarding the mobile device, reference may be
made to the definitions and/or embodiments regarding the determination method and/or the

measurement method and/or the determination system.

In a further aspect of the present invention, a computer program is disclosed, the computer
program comprising instructions which, when the program is executed by a mobile device
having a camera and a processor, specifically by a mobile device according to any one of the
embodiments described above or below in further detail referring to a mobile device, cause
the mobile device to carry out at least steps iv) to x) of the measurement method according
to any one of the embodiments described above or below in further detail referring to a

measurement method.

The computer program may further comprise instructions which, when the program is exe-
cuted by a mobile device, specifically by the mobile device according to any one of the
embodiments described above or below in further detail referring to a mobile device, control
the performing of step iii) of the measurement method according to any one of the embodi-
ments described above or below in further detail referring to a measurement method. The
computer program may further comprise instructions which, when the program is executed
by a mobile device, specifically by the mobile device according to any one of the embodi-
ments described above or below in further detail referring to a mobile device, cause the mo-
bile device to prompt a user to perform steps i) and ii) of the measurement method according
to any one of the embodiments described above or below in further detail referring to a

measurement method.

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.

In a further aspect of the present invention, a computer-readable storage medium is dis-
closed, the computer-readable storage medium comprising instructions which, when exe-
cuted by a mobile device having a camera and a processor, specifically by a mobile device

according to any one of the embodiments described above or below in further detail referring
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to a mobile device, cause the mobile device to carry out at least steps iv) to x) of the meas-
urement method according to any one of the embodiments described above or below in fur-

ther detail referring to a measurement method.

The computer-readable storage medium may further comprise instructions which, when ex-
ecuted by a mobile device, specifically by the mobile device according to any one of the
embodiments described above or below in further detail referring to a mobile device, control
the performing of step iii) of the measurement method according to any one of the embodi-
ments described above or below in further detail referring to a measurement method. The
computer-readable storage medium may further comprise instructions which, when executed
by a mobile device, specifically by the mobile device according to any one of the embodi-
ments described above or below in further detail referring to a mobile device, cause the mo-
bile device to prompt a user to perform steps i) and ii) of the measurement method according
to any one of the embodiments described above or below in further detail referring to a

measurement method.

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. First of all, the methods and
devices described herein may be particularly user-friendly, since they may allow a user to
perform an analytical measurement, e.g. a blood glucose measurement, by using a mobile
device, e.g. a personal smart phone or tablet. Moreover, the methods and devices described
herein may specifically facilitate accurate and reliable analytical measurements when using
such mobile devices. Thus, the methods and devices described herein may generally increase
measurement safety, specifically by providing an effective fail safe mechanism, specifically
for identifying corrupted optical test strips. Corrupted optical test strips, such as optical test
strips which have already been used, may lead to false and misleading results of analytical
measurements. This may be prevented by using the proposed methods and devices. Specifi-
cally, the methods and devices described herein may comprise preventing a determination
of a concentration of an analyte in a bodily fluid if an optical test strip used for this purpose
is identified as being corrupted. Specifically with respect to blood glucose measurements or
similar health related analytical measurements, this may prevent severe health damages and

potentially be life saving.

The methods and devices described herein may further be widely applicable, e.g. for a vari-
ety of different mobile devices such as different smart phones having different cameras. The

methods and devices may further consider varying environmental conditions, e.g. a varying
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illumination when taking an image. Thus, the proposed methods and devices may specifi-
cally be individually applicable for each analytical measurement. Specifically, they may al-
low an individual reliability and safety assessment for each analytical measurement. Further,
the proposed methods and devices may allow for an improved user handling and improved
user friendliness of analytical measurements by allowing a safe analytical measurement to
be performed by only capturing one image, instead of capturing at least two images. Specif-
ically, the overall time necessary for performing the analytical measurement may be de-
creased compared to known methods and devices. Further, the proposed methods and de-
vices may reduce requirements on a user regarding performing an analytical measurement,

which may specifically be significant with respect to users in poor health or elderly users.

Summarizing and without excluding further possible embodiments, the following embodi-
ments may be envisaged:

Embodiment 1: A determination method of determining a dynamic coefficient of variation

limit (Cvir, 1im) for assessing validity of an optical test strip usable for an analytical meas-

urement based on a color formation reaction, the method comprising:

a) providing a training set of optical test strips, each optical test strip having a reagent
test region, wherein at least two of the optical test strips are non-corrupted and

wherein at least two of the optical test strips are corrupted,

b) providing a training set of mobile devices, each mobile device having at least one
camera,
c) providing at least one color reference card having a plurality of color reference fields

having known reference color values;

d) capturing, by using the mobile devices of the training set of mobile devices, a training
set of images, wherein each image of the training set of images comprises at least a
part of at least one reagent test region of an optical test strip of the training set of
optical test strips and at least a part of at least one color reference field of the color
reference card;

e) determining, specifically by using at least one processor, more specifically at least
one processor of the mobile device, for at least one color channel of the cameras of
the mobile devices of the training set of mobile devices, a training set of pairs of
reagent test region coefficients of variation (Cvrr) and corresponding minimum color
reference field coefficients of variation (Cvrr, min), wherein each reagent test region
coefficient of variation (Cvrr) is determined by measuring a color variation within

the reagent test region, wherein each color reference field coefficient of variation
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(Cvrr) is determined by measuring a color variation within the color reference field,
wherein a minimum color reference field coefficient of variation (CVRF, min) for the
corresponding reagent test region coefficient of variation (Cvrr) is determined by
comparing the color reference field coefficients of variation (Cvrr) of the color ref-
erence fields of which a common image was captured together with the correspond-
ing reagent test region; and

f) deriving, from the training set of pairs of reagent test region coefficients of variation
(Cvrr) and corresponding minimum color reference field coefficients of variation
(CvRF, min), a relation for determining the dynamic coefficient of variation limit (Cvrr,
1im) for the respective reagent test region by using the corresponding measured mini-
mum color reference field coefficient of variation (Cvrr, min), wherein the dynamic
coefficient of variation limit (CvTr, 1im) defines a maximum coefficient of variation

(Cvrtr, max) for reagent test regions of non-corrupted optical test strips.

Embodiment 2: The determination method according to the preceding embodiment, wherein
the method further comprises step g) of applying a sample of bodily fluid to the reagent test
region of the optical test strip, wherein step g) specifically is performed before step d).

Embodiment 3: The determination method according to any one of the preceding embodi-
ments, wherein the method further comprises step h) of attaching at least one optical test
strip of the training set of optical test strips to the color reference card comprising a plurality
of color reference fields having known reference color values, wherein step h) is performed

before step d) and optionally before step g).

Embodiment 4: The determination method according to any one of the preceding embodi-
ments, wherein the corrupted optical test strip is corrupted by at least one of: a previous
appliance of a fluid sample, specifically a sample of bodily fluid; a previous exposure to at
least one corruptive environment for more than 10 minutes, specifically for more than 2
hours, more specifically for more than 1 day; a time elapsed since application of a fluid
sample being out of a tolerance range, specifically a time between sample application and

capturing of an image.

Embodiment 5: The determination method according to the preceding embodiment, wherein
the corruptive environment is selected from the group consisting of: a humid environment,
specifically an environment having a humidity of more than 60%, more specifically a hu-

midity of more than 80%, and a bright environment, specifically an environment having an
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illuminance of more than 1000 Im/m?, more specifically an illuminance of more than 1500

Im/m?2.

Embodiment 6: The determination method according to any one of the preceding embodi-
ments, wherein step e) further comprises labelling the pairs of reagent test region coefficients
of variation (Cvrr) and corresponding minimum color reference field coefficients of varia-
tion (Cvrr, min) of the training set of pairs of reagent test region coefficients of variation
(Cv1r) and corresponding minimum color reference field coefficients of variation (CVRE, min)
with information on whether the respective optical test strip of the training set of optical test
strips was corrupted or non-corrupted, wherein the labelling specifically is taken into con-
sideration in step f).

Embodiment 7: The determination method according to any one of the preceding embodi-
ments, wherein in step f) the dynamic coefticient of variation limit (Cvrr, im) excludes at
least 90%, specifically at least 95%, more specifically at least 99%, of the corrupted optical
test strips of the training set of optical test strips.

Embodiment 8: The determination method according to any one of the preceding embodi-
ments, wherein in step f) the dynamic coefficient of variation limit (Cvrr, im) permits ac-
ceptance of at least 80%, specifically at least 90%, more specifically at least 95%, more
specifically at least 97%, more specifically at least 99%, of the non-corrupted optical test

strips of the training set of optical test strips.

Embodiment 9: The determination method according to any one of the preceding embodi-
ments, wherein the relation derived in step f) comprises at least one of a look-up table, a

model, an algorithm and a function.

Embodiment 10: The determination method according to according to any one of the pre-
ceding embodiments, wherein the relation derived in step f) comprises a function, wherein

the function is a linear function.

Embodiment 11: The determination method according to the preceding embodiment,

wherein the linear function has a slope of 1.

Embodiment 12: The determination method according to any one of the preceding embodi-

ments, wherein the dynamic coefficient of variation limit (Cvrr, im) comprises a predefined
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maximum coefficient of variation limit (CVTRr, max. predefined) for reagent test regions which is

not exceedable.

Embodiment 13: The determination method according to any one of the preceding embodi-
ments, wherein step f) comprises using at least one machine-learning algorithm, specifically
by training a trainable model by using the training set of pairs of reagent test region coeffi-
cients of variation (Cvrr) and corresponding minimum color reference field coefficients of

variation (CVRF, min).

Embodiment 14: The determination method according to any one of the preceding embodi-
ments, wherein in step e) the pairs of reagent test region coefficients of variation (Cvrr) and
corresponding minimum color reference field coefficients of variation (Cvrr, min) are deter-
mined for at least two color channels, specifically for at least two color channels selected
from the group consisting of: a green color channel, a blue color channel and a red color
channel.

Embodiment 15: The determination method according to the preceding embodiment,
wherein in step f) the dynamic coefficient of variation limit (Cvrr, 1im) is derived for the at
least two color channels for which the pairs of reagent test region coefficients of variation
(Cv1r) and corresponding minimum color reference field coefficients of variation (CVRE, min)

are determined in step e).

Embodiment 16: A measurement method of performing an analytical measurement based on
a color formation reaction by using a mobile device having a camera and a processor, the
method comprising:

i) providing at least one optical test strip having at least one reagent test region,
wherein the optical test strip specifically is of the same type of optical test strips as
the optical test strips of the training set used in step a) of the determination method
according to any one of the preceding embodiments;

i) providing at least one color reference card having a plurality of color reference
fields having known reference color values;

iii) capturing, by using the camera, at least one image of at least a part of the reagent
test region having at least one sample of at least one bodily fluid applied thereto
and at least a part of at least one of the color reference fields of the color reference
card;
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determining, specifically by using the processor, for at least one color channel of
the camera of the mobile device, a color reference field coefficient of variation
(Cvrr) for at least one of the color reference fields by using the image, wherein the
color reference field coefficient of variation (Cvrr) is determined by measuring a
color variation within the at least one color reference field;

determining, specifically by using the processor, a minimum color reference field
coefficient of variation (Cvrr, min) for the color reference card by using the at least
one color reference field coefficient of variation (Cvrr) determined in step iv);
determining, specifically by using the processor, a dynamic coefficient of variation
limit (Cvrr, 1im) for the reagent test region by using the minimum color reference
field coefficient of variation (Cvrr, min) determined in step v) and by using a relation
for determining the dynamic coefficient of variation limit (Cvir, 1im), wherein the
relation is determined by performing the determination method according to any
one of the preceding embodiments;

determining, specifically by using the processor, for the at least one color channel,
a reagent test region coefficient of variation (Cvir) of the reagent test region by
using the image, wherein the reagent test region coefficient of variation (Cvtr) is
determined by measuring a color variation within the reagent test region;
comparing, for the at least one color channel, the reagent test region coefficient of
variation (Cvrr) to the determined dynamic coefficient of variation limit (CvTr, im)
for the reagent test region;

if the reagent test region coefficient of variation (Cvrr) is larger than the dynamic
coefficient of variation limit (Cv1r, 1im), considering the optical test strip to be cor-
rupted and aborting the measurement method; and

if the reagent test region coefficient of variation (Cvir) is smaller than the dynamic
coefficient of variation limit (Cvrr, 1im), considering the optical test strip to be non-
corrupted and determining a concentration of at least one analyte in the sample of
bodily fluid by using, for the at least one color channel, at least one color formation
value for a color formation of the reagent test region having at least one sample of

at least one bodily fluid applied to the reagent test region of the optical test strip.

Embodiment 17: The measurement method according to the preceding embodiment, further

comprising at least one step of applying the at least one sample of the at least one bodily

fluid to the reagent test region of the optical test strip, wherein the measurement method is

performed according to one of the following ways:
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the dynamic coefficient of variation limit (Cvir, 1im) in step vi) is determined by using
a relation derived when performing the determination method according to any one
of the preceding embodiments referring to a determination method having at least
one sample of the at least one bodily fluid applied to the reagent test regions of the
optical test strips of the training set of optical test strips, wherein the measurement
method comprises applying the sample of the bodily fluid to the reagent test region
of the optical test strip before performing step iii); or

the dynamic coefficient of variation limit (Cvir. 1im) in step vi) is determined by using
a relation derived when performing the determination method according to any one
of the preceding embodiments referring to a determination method having no sample
of the at least one bodily fluid applied to the reagent test regions of the optical test
strips of the training set of optical test strips, wherein the measurement method com-
prises performing steps iii) to viii) with no sample of the at least one bodily fluid
applied to the reagent test region of the optical test strip, and wherein the method
further comprises applying the at least one sample of the bodily fluid to the reagent
test region of the optical test strip before or during performing step x).

Embodiment 18: The measurement method according to any one of the preceding embodi-

ments referring to a measurement method, wherein the measurement method further com-

prises step xi) of attaching the optical test strip to the color reference card, wherein step xi)

is performed before step iii).

Embodiment 19: A determination system for determining a dynamic coefficient of variation

limit (Cvr, 1im) for assessing validity of an optical test strip usable for an analytical meas-

urement based on a color formation reaction, comprising:

A)

B)
0

D)

atraining set of optical test strips, each optical test strip having a reagent test region,
wherein at least two of the optical test strips are non-corrupted and wherein at least
two of the optical test strips are corrupted,

a training set of mobile devices, each mobile device having at least one camera;

at least one color reference card having a plurality of color reference fields having
known reference color values;

at least one processor, the processor being configured for

retrieving a training set of images, the training set of images comprising images
captured with the camera, wherein each image of the training set of images com-
prises at least a part of a reagent test region of an optical test strip of the training set
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of optical test strips and at least a part of at least one color reference field of the
color reference card;

- determining, for at least one color channel of the cameras of the mobile devices of
the training set of mobile devices, a training set of pairs of reagent test region coef-
ficients of variation (Cv1r) and corresponding minimum color reference field coef-
ficients of variation (Cvrr, min), wherein each reagent test region coefficient of var-
iation (Cvtr) is determined by measuring a color variation within the reagent test
region, wherein each color reference field coefficient of variation (Cvrr) is deter-
mined by measuring a color variation within the color reference field, wherein a
minimum color reference field coefficient of variation (Cvrr, min) for the corre-
sponding reagent test region coefficient of variation (Cvrr) is determined by com-
paring the color reference field coefficients of variation (Cvrr) of the color refer-
ence fields of which a common image was captured together with the corresponding
reagent test region; and

- deriving, from the training set of pairs of reagent test region coefficients of variation
(Cv1r) and corresponding minimum color reference field coefficients of variation
(Cvrr, min), a relation for determining the dynamic coefficient of variation limit
(Cvrr, 1im) for the respective reagent test region by using the corresponding meas-
ured minimum color reference field coefficient of variation (Cvrr, min), wherein the
dynamic coefficient of variation limit (Cv1g, 1im) defines a maximum coefficient of

variation (CvTr, max) for reagent test regions of non-corrupted optical test strips.

Embodiment 20: The determination system according to the preceding embodiment, wherein
the determination system is configured for being used in the determination method according
to any one of the preceding embodiments referring to a determination method, specifically
for performing at least steps €) and f) of the determination method according to any one of

the preceding embodiments referring to a determination method.

Embodiment 21: A computer program comprising instructions which, when the program is
executed by a determination system, specifically by the determination system according to
any one of the preceding embodiments referring to a determination system, cause the deter-
mination system to carry out at least steps e) and f) of the determination method according

to any one of the preceding embodiments referring to a determination method.

Embodiment 22: A computer-readable storage medium comprising instructions which, when

executed by a determination system, specifically by the system according to any one of the
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preceding embodiments referring to a determination system, cause the determination system
to carry out at least steps e) and f) of the determination method according to any one of the

preceding embodiments referring to a determination method.

Embodiment 23: A mobile device having at least one camera and at least one processor, the
mobile device being configured for performing at least steps iv) to x) of the measurement
method according to any one of the preceding embodiments referring to a measurement
method.

Embodiment 24: A computer program comprising instructions which, when the program is
executed by a mobile device having a camera and a processor, specifically by a mobile de-
vice according to the preceding embodiment, cause the mobile device to carry out at least
steps iv) to x) of the measurement method according to any one of the preceding embodi-

ments referring to a measurement method.

Embodiment 25: A computer-readable storage medium comprising instructions which, when
executed by a mobile device having a camera and a processor, specifically by a mobile de-
vice according to any one of the preceding embodiments referring to a mobile device, cause
the mobile device to carry out at least steps iv) to x) of the measurement method according

to any one of the preceding embodiments referring to a measurement method.

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 1 schematically shows an exemplary embodiment of a determination system

according to the present invention;
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Figure 2 schematically shows an exemplary embodiment of a mobile device according
to the present invention;

Figure 3 shows a flow chart of an embodiment of a determination method according
to the present invention;

Figure 4 shows experimental data referring to an embodiment of a determination

method according to the present invention;

Figure 5 shows a flow chart of an embodiment of a measurement method according to
the present invention; and

Figure 6 shows experimental data referring to an embodiment of a measurement

method according to the present invention.

Detailed description of the embodiments

Figure 1 schematically shows an exemplary embodiment of a determination system 110 for
determining a dynamic coefficient of variation limit (Cvir, 1im) for assessing validity of an
optical test strip 112 usable for an analytical measurement based on a color formation reac-
tion. The determination system 110 comprises a training set 111 of optical test strips 112.
Each optical test strip 112 has a reagent test region 114. At least two of the optical test strips
112 are non-corrupted. At least two of the optical test strips 112 are corrupted. Figure 1
exemplarily shows two non-corrupted optical test strips 116 and two corrupted optical test
strips 118. In principle, the training set 111 of optical test strips 112 may specifically com-
prise an even larger number of optical test strips 112, specifically for better statistics. Figure
1 exemplarily indicates a grid pattern 120 in the reagent test region 114 of the corrupted
optical test strips 118. Typically, applied blood produces such a grid pattern 120 in the rea-
gent test region 114 if there already has been blood applied on the reagent test region 114
previously, which increases an inhomogeneity of the reagent test region 114. In other words,
the grid pattern 120 typically shows up, when a previously used optical test strip 112 is used
again. Thus, the grid pattern 120 typically indicates a previous use corrupting the optical test
strip 112. However, other options are also conceivable. As an example, the grid pattern 120
may also be a result of an intense light exposure which may also corrupt the optical test strip
112.



10

15

20

25

30

WO 2023/152207 PCT/EP2023/053168

-52-

Generally, the corrupted optical test strip 118 may be corrupted by at least one of: a previous
appliance of a fluid sample, specifically a sample of bodily fluid;a previous exposure to at
least one corruptive environment for more than 10 minutes, specifically for more than 2
hours, more specifically for more than 1 day; a time elapsed since application of a fluid
sample being out of a tolerance range, specifically a time between sample application and
capturing of an image. The corruptive environment may be selected from the group consist-
ing of: a humid environment, specifically an environment having a humidity of more than
60%, more specifically a humidity of more than 80%, and a bright environment, specifically
an environment having an illuminance of more than 1000 Im/m?2, more specifically an illu-

minance of more than 1500 Im/m?2.

The determination system 110 further comprises a training set 121 of mobile devices 122.
Each mobile device 122 has at least one camera 124. In principle, the training set 121 of
mobile devices 122 may specifically comprise an even larger number of mobile devices 122,
specifically for better statistics. The mobile device 122 may be or may comprise at least one
of a cell phone, a smart phone, a tablet computer or the like. The camera 124 of the mobile
device 128 may be configured for recording images, specifically 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.

The determination system 110 further comprises at least one color reference card 126. The
color reference card 126 has a plurality of color reference fields 128. The color reference
fields 128 have known reference color values. The color reference fields 128 may be ar-
ranged on a surface of the color reference card 126, such as on a substrate of the color refer-
ence card 126. In particular, the color reference fields 112 may be distributed equally over
the surface of the color reference card 126, specifically in such a way that the plurality of
color reference fields 126 may be distributed over the entire surface of the color reference
card 126. As an example, the color reference fields 128 may be arranged in matrix pattern,
such as a rectangular matrix pattern. However, the color reference fields 128 may also be
arranged in other ways, such as separately from each other. For example, the color reference
card 126 may comprise a plurality of gray color reference fields 130 surrounding the color
reference fields 128. The color reference fields 128 and the gray color reference fields 130
may not overlap each other. In an exemplary embodiment of the color reference card 126,

the color reference fields 128 and the gray color reference fields 130 may be printed on a
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pre-printed gray colored background of the color reference card 126. Thus, the color refer-
ence fields 128 may overlap with the gray colored background of the color reference card
126.

The color reference card 126 may further comprise at least one window 132. Thus, at least
one optical test strip 112 or a part thereof may be visible through the window 132 when the
color reference card 126 is placed on top of the optical test strip 112. Specifically, at least
one reagent test region 114 comprised by the optical test strip 112 may be visible through
the window 132 of the color reference card 126. As another example, the color reference
card 126 may comprise an optical test strip 112 having a reagent test region 114, specifically
in such a way that the reagent test region 112 is accessible and visible. Specifically, the
optical test strip 112 may be attached to the color reference card 126 in such a way that the
reagent test region 114 is accessible and visible. In such way, the color reference card 126
and the reagent test region 114 may both be in a field of view of a mobile device 122 for
capturing an image comprising at least a part of the reagent test region 114 and at least a part
of at least one color reference field 128 of the color reference card 126.

Further, the color reference card 126 may comprise at least one marker 134. The marker 134
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. The marker 134 may be ar-
ranged in at least one corner 136 of the color reference card 126. For example, at least one
marker 134 may be arranged in each of the corners 136 of the color reference card 126,
specifically in such a way that the marker 134 may be visible together with the plurality of
color reference fields 128. Further, the marker 134 may comprise information about an ori-
entation of the color reference card 126. For further details relating to the color reference
card 126, reference may also be made to international publication number WO 2021/228730
Al.

The determination system 110 further comprises at least one processor 138. As an example,
the at least one processor 138 may at least partially be comprised by at least one computer
140. Additionally or alternatively, the at least one processor 138 may at least partially be
comprised by at least one mobile device 122. The at least one processor 138 may be cloud
based. Thus, the at least one processor 138 may, as an example, be distributed over at least
one computer 140 and/or at least one mobile device 122. The at least one computer 140

and/or the at least one mobile device may at least partially be interconnected, such as by at
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least one connection 142. The at least one connection 142 may be wire bound and/or wire-
less. As an example, the at least one computer 140 may be designated for evaluating images
captured by the mobile devices 122. Thus, as an example, the at least one computer 140 may
be connected to the mobile devices 122 by connections 142, specifically for retrieving im-
ages from the mobile devices 122. The processor 138, specifically when at least partially
comprised by at least one mobile device 122, may be configured for supporting capturing of
at least one image. As an example, the processor 138 may prompt a user of the mobile device
122 to capture the image. Additionally or alternatively, the processor 138 may be configured
for automatically capturing the image, e.g. when a reagent test region 114 and/or the color
reference card 126 may be in a field of view.

The processor 138 is configured for retrieving a training set of images. The training set of
images comprises images captured with the camera 124. Each image of the training set of
images comprises at least a part of a reagent test region 114 of an optical test strip 112 of the
training set of optical test strips 112 and at least a part of at least one color reference field
128 of the color reference card 126. Specifically, as indicated in Figure 1, an image of an
entire color reference card 126 having an optical test strip 112 attached such that a reagent
test region 114 of the optical test strip 112 is visible through a window 132 of the color
reference card 126 may be captured by using a mobile device 122. Thus, each image of the
training set of images may specifically comprise an entire a reagent test region 114 and an

entire color reference card 126.

The processor 138 is further configured for determining, for at least one color channel of the
cameras 124 of the mobile devices 122 of the training set 121 of mobile devices 122, a
training set of pairs of reagent test region coefficients of variation (Cvir) and corresponding
minimum color reference field coefficients of variation (Cvrr, min). Each reagent test region
coefficient of variation (Cvir) is determined by measuring a color variation within the rea-
gent test region 114. Each color reference field coefficient of variation (Cvrr) is determined
by measuring a color variation within the color reference field 128. A minimum color refer-
ence field coefficient of variation (Cvrr, min) for the corresponding reagent test region coef-
ficient of variation (Cv1r) is determined by comparing the color reference field coefficients
of variation (Cvrr) of the color reference fields 128 of which a common image was captured
together with the corresponding reagent test region 114. Specifically, as indicated in Figure
1, an image of an entire color reference card 126 having an optical test strip 112 attached
such that a reagent test region 114 of the optical test strip 112 is visible through a window

132 of the color reference card 126 may be captured by using a mobile device 122. In this
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case, a minimum color reference field coefficient of variation (Cvrr, min) may specifically be

determined for the entire color reference card 126.

The processor 138 is further configured for deriving, from the training set of pairs of reagent
test region coefficients of variation (Cvrr) and corresponding minimum color reference field
coefficients of variation (Cvrr, min), a relation for determining the dynamic coefficient of
variation limit (Cvir, 1im) for the respective reagent test region by using the corresponding
measured minimum color reference field coefficient of variation (Cvrr, min). The dynamic
coefficient of variation limit (Cvrr, iim) defines a maximum coefficient of variation (Cvrr,
max) for reagent test regions 114 of non-corrupted optical test strips 116. The determination
system 110 may specifically be configured for being used in the determination method ac-
cording to any one of the embodiments disclosed above or below in further detail referring
to a determination method, specifically for performing at least steps e) and f) of the determi-
nation method according to any one of the embodiments disclosed above or below in further
detail referring to a determination method.

Figure 2 schematically shows an exemplary embodiment of a mobile device 122 as proposed
herein. The mobile devices 122 has at least one processor 138. The mobile device 122 is
configured for performing at least steps iv) to x) of the measurement method according to
any one of the embodiments disclosed above or below in further detail referring to a meas-
urement method. The mobile device 122 for performing the measurement method typically
is not identical to any one of the mobile devices 122 of the training set of mobile devices of
the determination system 110. However, the mobile device 122 for performing the measure-
ment, such as the mobile device 122 depicted in Figure 2, may, as an example, be of the
same type as at least one of the mobile devices 122 of the training set 121 of mobile devices
122 depicted in Figure 1. The mobile device 122 depicted in Figure 2 may, however, also be
identical to one of the mobile devices 122 of the training set 121 of mobile devices 122
depicted in Figure 1. Additionally or alternatively, the mobile device 122 depicted in Figure
2 may be of a specific type not being amongst the one or more types of mobile devices 122

of the training set 121 of mobile devices 122 depicted in Figure 1.

Figure 3 shows a flow chart of an embodiment of a determination method of determining a
dynamic coefficient of variation limit (CvTr, 1im) for assessing validity of an optical test strip
112 usable for an analytical measurement based on a color formation reaction. The determi-
nation 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 may generally also be possible.
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Further, it may also be possible to perform one or more of the method steps once or repeat-

edly. Further, it may be possible to perform two or more of the method steps simultaneously

or in a timely overlapping fashion. The determination method may comprise further method

steps which are not listed.

The determination method comprises:

a)

b)

d)

(denoted with reference number 144) providing a training set 111 of optical test
strips 112, each optical test strip 112 having a reagent test region 114, wherein
at least two of the optical test strips 112 are non-corrupted and wherein at least
two of the optical test strips 112 are corrupted;

(denoted with reference number 146) providing a training set 121 of mobile de-
vices 122, each mobile device 122 having at least one camera 124;

(denote with reference sign 148) providing at least one color reference card 126
having a plurality of color reference fields 128 having known reference color
values;

(denoted with reference number 150) capturing, by using the mobile devices 122
of the training set 121 of mobile devices 122, a training set of images, wherein
each image of the training set of images comprises at least a part of at least one
reagent test region 114 of an optical test strip 112 of the training set 111 of opti-
cal test strips 112 and at least a part of at least one color reference field 128 of
the color reference card 126;

(denoted with reference number 152) determining, specifically by using at least
one processor 138, more specifically at least one processor 138 of the mobile
device 122, for at least one color channel of the cameras 124 of the mobile de-
vices 122 of the training set 121 of mobile devices 122, a training set of pairs of
reagent test region coefficients of variation (Cvir) and corresponding minimum
color reference field coefficients of variation (Cvrr, min), wherein each reagent
test region coefficient of variation (Cvrr) is determined by measuring a color
variation within the reagent test region 114, wherein each color reference field
coefficient of variation (Cvrr) is determined by measuring a color variation
within the color reference field 128, wherein a minimum color reference field
coefficient of variation (Cvrr, min) for the corresponding reagent test region co-
efficient of variation (Cv1r) is determined by comparing the color reference field
coefficients of variation (Cvrr) of the color reference fields 128 of which a com-
mon image was captured together with the corresponding reagent test region
114:
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f)  (denoted with reference number 154) deriving, from the training set of pairs of
reagent test region coefficients of variation (Cvir) and corresponding minimum
color reference field coefficients of variation (Cvrr, min), a relation for determin-
ing the dynamic coefficient of variation limit (CvTr, 1im) for the respective reagent
test region 114 by using the corresponding measured minimum color reference
field coefficient of variation (Cvrr, min), wherein the dynamic coefficient of var-
iation limit (Cv1r, 1im) defines a maximum coefficient of variation (Cvrr, max) for

reagent test regions 113 of non-corrupted optical test strips 116.

The determination method may further comprise step g) (denoted with reference number
156) of applying a sample of bodily fluid to the reagent test region 114 of the optical test
strip 112. Step g) may specifically be performed before step d). The determination method
may further comprise step h) (denoted with reference number 158) of attaching at least one
optical test strip 112 of the training set 111 of optical test strips 112 to the color reference
card 126 comprising a plurality of color reference fields 128 having known reference color
values. Step h) may be performed before step d) and optionally before step g).

Step e) may further comprise labelling the pairs of reagent test region coefficients of varia-
tion (Cvrr) and corresponding minimum color reference field coefficients of variation (Cvrr,
min) Of the training set of pairs of reagent test region coefficients of variation (Cvir) and
corresponding minimum color reference field coefficients of variation (Cvrr, min) with infor-
mation on whether the respective optical test strip 112 of the training set 111 of optical test
strips 112 was corrupted or non-corrupted. The labelling may specifically be taken into con-
sideration in step f). In step f), the dynamic coefficient of variation limit (Cvrtr, 1im) may
exclude at least 90%, specifically at least 95%, more specifically at least 99%, of the cor-
rupted optical test strips 118 of the training set 111 of optical test strips 112. In step f), the
dynamic coefficient of variation limit (Cvir, 1im) may permit acceptance of at least 80%,
specifically at least 90%, more specifically at least 95%, more specifically at least 97%, more
specifically at least 99%, of the non-corrupted optical test strips 116 of the training set 111
of optical test strips 112. In other words, in step f), the dynamic coefficient of variation limit
(Cvr,1im) may not exclude more than 5%, specifically more than 3%, more specifically more
than 1%, of the non-corrupted optical test strips 116 of the training set 111 of optical test
strips 112. The relation derived in step f) may comprise at least one of a look-up table, a
model, an algorithm and a function. The relation derived in step f) may comprise a function.

The function may be a linear function. The linear function may have a slope of 1.
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The dynamic coefficient of variation limit (CvTr, 1im) may comprise a predefined maximum
coefficient of variation limit (CVTR, max, predefined) fOr reagent test regions 114 which is not
exceedable. Step f) may comprise using at least one machine-learning algorithm, specifically
by training a trainable model by using the training set of pairs of reagent test region coeffi-
cients of variation (Cvrr) and corresponding minimum color reference field coefficients of
variation (Cvrr, min). In step €), the pairs of reagent test region coefficients of variation (Cvir)
and corresponding minimum color reference field coefficients of variation (Cvrr, min) may
be determined for at least two color channels, specifically for at least two color channels
selected from the group consisting of: a green color channel, a blue color channel and a red
color channel. In step f), the dynamic coefficient of variation limit (Cv1r, 1im) may be derived
for the at least two color channels for which the pairs of reagent test region coefficients of
variation (Cvtr) and corresponding minimum color reference field coefficients of variation
(Cvrr, min) may be determined in step €). As an example, for each color channel an individual
dynamic coefficient of variation limit (Cvrr, 1im) may at first be derived, wherein the individ-
ual dynamic coefficient of variation limits (Cvrtr, im) may subsequently be compared with
each other.

However, specifically, for each color channel, an individual dynamic coefficient of variation
limit (Cv1r, 1im) may be derived, wherein, for each color channel, the reagent test region
coefficient of variation (Cvrr) may be compared to the individual dynamic coefficient of
variation limit (Cvrr, 1im) of the color channel, wherein, for a non-corrupted optical test strip
116, the reagent test region coefficients of variation (Cvrr) may have to be smaller than, or
optionally equal to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of the
color channel for all color channels. In other words, for a corrupted optical test strip 118, the
reagent test region coefficients of variation (Cvrr) may have to be larger than, or optionally
equal to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of at least one color
channel. As an example, the green color channel and the red color channel may be consid-
ered. Then, as an example, for a non-corrupted optical test strip 116, the coefficient of vari-
ation (Cvrr) of the green color channel may have to be smaller than, or optionally equal to,
the individual dynamic coefficient of variation limit (Cvir, 1im) of the green color channel
and the coefficient of variation (Cvrr) of the red color channel may have to be smaller than,
or optionally equal to, the individual dynamic coefficient of variation limit (Cv1r, iim) of the
red color channel. In other words, for a corrupted optical test strip 118, the coefficient of
variation (CvTr) of the green color channel may have to be larger than, or optionally equal
to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of the green color channel
or the coefficient of variation (Cvtr) of the red color channel may have to be larger than, or
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optionally equal to, the individual dynamic coefficient of variation limit (Cvrr, 1im) of the red

color channel. Further options are also feasible.

Figure 4 shows experimental data referring to an embodiment of a determination method
according to the present invention. Specifically, Figure 4 graphically illustrates pairs of rea-
gent test region coefficients of variation (Cvir) and corresponding minimum color reference
field coefficients of variation (CVrr, min) used for deriving a relation for determining the dy-
namic coefficient of variation limit (Cvtr, 1im) by using a measured minimum color reference
field coefficient of variation (Cvrr, min). As said, the relation may be a function, specifically
a linear function, which is the case here. In Figure 4, measured reagent test region coeffi-
cients of variation (Cvtr) are plotted against measured corresponding minimum color refer-
ence field coefficients of variation (Cvrr, min). Specifically, a color reference card 126 com-
prising 20 color reference field 128 was used for this purpose, wherein, by using different
mobile devices 122 of a training set 121 of mobile devices 122, a training set of images was
captured, each image comprising the entire color reference card 126 together with different
reagent test regions 114 of different optical test strips 112 of a training set 111 of optical test
strips 112. Figure 4 specifically indicates three clouds of data points which may specifically,
at least partially, refer to different mobile devices 122 of the training set 121 of mobile de-
vices 122, more specifically to different types of mobile devices 122 of the training set 121
of mobile devices 122 such as different smart phones types. The optical test strips 112 used
for the experiments shown in Figure 4 were labelled as either corrupted or non-corrupted.
Data referring to non-corrupted optical test strips 116 are indicated by dots in Figure 4.
Crosses indicate data referring to corrupted optical test strips 118 or to data referring to non-
corrupted optical test strips 116 in Figure 4. Specifically, the crosses may refer to so called
provocation experiments which may comprise using non-corrupted optical test strips 116 or
corrupted optical test strips 118. Thus, for one provocation experiment either a non-cor-
rupted optical test strip 116 or a corrupted optical test strip 118 may be used. The provocation
experiments may mainly use corrupted optical test strips 118. Specifically, at least 70% of
the provocation experiments may use corrupted optical test strips 118, more specifically, at
least 80% of the provocation experiments may use corrupted optical test strips 118, most
specifically at least 90% of the provocation experiments may use corrupted optical test strips
118. Thus, at least some of the crosses shown in Figure 4, specifically crosses below a
derived dynamic coefficient of variation limit (CvTr, im), may in fact refer to non-corrupted
optical test strips 116. Based on this data, the following relation for the dynamic coefficient

of variation limit (Cv1r, 1im) was derived:
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CVrRrlim = CVREmin + 0.045.

The dynamic coefficient of variation limit (Cvrr, 1im) is plotted as geometrical line denoted
with reference number 160 in Figure 4. Further, a range above the geometrical line 160 is
denoted with reference number 159 and a range below the geometrical line 160 is denoted
with reference number 161 in Figure 4. Thus, the dynamic coefficient of variation limit
(Cvrtr, 1im) in form of the geometrical line 160 separates the range 159 from the range 161.
With respect to a later use for a measurement method of performing an analytical measure-
ment, the range 159 may specifically refer to optical test strips 112 invalid for analytical
measurements and the range 161 may specifically refer to optical test strips 112 valid for
analytical measurements. As can be seen, the determined dynamic coefficient of variation
limit (CvTr, 1im) excludes a large extent of data points which may refer to corrupted optical
test strips 118 (indicated by crosses in Figure 4), while specifically allowing all data points
which certainly refer to non-corrupted optical test strips 116 (indicated by dots in Figure 4).
Thus, the determined dynamic coefficient of variation limit (CvTr, 1im) can be well used for
identifying corrupted optical test strips 118 and for assessing validity of an optical test strip

112 for analytical measurements.

Figure 5 shows a flow chart of an embodiment of a measurement of performing an analytical
measurement based on a color formation reaction by using a mobile device 122 having a
camera 124 and a processor 138. The measurement 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 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

measurement method may comprise further method steps which are not listed.

The measurement method comprises:

i)  (denoted with reference number 162) providing at least one optical test strip 112
having at least one reagent test region 114, wherein the optical test strip 112
specifically is of the same type of optical test strips 112 as the optical test strips
112 of the training set used in step a) of the determination method according to
any one of the embodiments described above or below in further detail referring
to a determination method,
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(denoted with reference number 164) providing at least one color reference card
126 having a plurality of color reference fields 128 having known reference color
values;

(denoted with reference number 166) capturing, by using the camera 124, at least
one image of at least a part of the reagent test region 114 having at least one
sample of at least one bodily fluid applied thereto and at least a part of at least
one of the color reference fields 128 of the color reference card 126;

(denoted with reference number 168) determining, specifically by using the pro-
cessor 138, for at least one color channel of the camera 124 of the mobile device
122, a color reference field coefficient of variation (Cvrr) for at least one of the
color reference fields 128 by using the image, wherein the color reference field
coefficient of variation (Cvrr) is determined by measuring a color variation
within the at least one color reference field 128;

(denoted with reference number 170) determining, specifically by using the pro-
cessor 138, a minimum color reference field coefficient of variation (CVRF, min)
for the color reference card 126 by using the at least one color reference field
coefficient of variation (Cvrr) determined in step iv);

(denoted with reference number 172) determining, specifically by using the pro-
cessor 138, a dynamic coefficient of variation limit (Cvir, 1im) for the reagent test
region 114 by using the minimum color reference field coefficient of variation
(Cvrr, min) determined in step v) and by using a relation for determining the dy-
namic coefficient of variation limit (Cvrr, 1im), wherein the relation is determined
by performing the determination method according to any one of the embodi-
ments described above or below in further detail referring to a determination
method;

(denoted with reference number 174) determining, specifically by using the pro-
cessor 138, for the at least one color channel, a reagent test region coefficient of
variation (Cvir) of the reagent test region 114 by using the image, wherein the
reagent test region coefficient of variation (Cvir) is determined by measuring a
color variation within the reagent test region 114;

(denoted with reference number 176) comparing, for the at least one color chan-
nel, the reagent test region coefficient of variation (Cv1r) to the determined dy-
namic coefficient of variation limit (Cv1r, 1im) for the reagent test region 114;
(denoted with reference number 178) if the reagent test region coefficient of var-
iation (Cvrr) is larger than the dynamic coefficient of variation limit (CvTr, lim),
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considering the optical test strip 112 to be corrupted and aborting the measure-
ment method; and

x)  (denoted with reference number 180) if the reagent test region coefficient of var-
iation (Cv1r) is smaller than the dynamic coefficient of variation limit (CvTr, 1im),
considering the optical test strip 112 to be non-corrupted and determining a con-
centration of at least one analyte in the sample of bodily fluid by using, for the
at least one color channel, at least one color formation value for a color formation
of the reagent test region 114 having at least one sample of at least one bodily

fluid applied to the reagent test region 114 of the optical test strip 112.

As indicated above in the context of the determination method, the dynamic coefficient of
variation limit (CvTr, im) separates possible reagent test region coefficients of variation
(Cvrr) into two possible cases: Firstly, the range 161 below the dynamic coefficient of var-
iation limit (CvTr, 1im) in Figure 4, i.e. below the geometrical line 160, denoting optical test
strips 112 validly usable for the measurement method of performing the analytical measure-
ment and, secondly, the range 159 above the dynamic coefficient of variation limit (Cvrr,
1im) in Figure 4, 1.e. above the geometrical line 160, denoting optical test strips 112 not validly
usable for the measurement method of performing the analytical measurement. The dynamic
coefficient of variation limit (Cvir, 1im) in Figure 4, i.e. the geometrical line 160, itself, may
be counted as being part of range 159, as being part of range 161, or none. Thus, generally,
steps ix) and x) of the method as described imply checking in which of ranges 159 and 161
the test strip 112 intended for the actual run of the measurement method actually is located,
thereby deciding if the test strip 112 actually may be validly used, e.g. being corrupted or
not, and, depending on said decision, taking the appropriate further steps as listed in steps

ix) and x).

The measurement method may further comprise at least one step of applying the at least one
sample of the at least one bodily fluid to the reagent test region 114 of the optical test strip
112, wherein the measurement method is performed according to one of the following ways:
— the dynamic coefficient of variation limit (CvTr, 1im) in step vi) is determined by using

a relation derived when performing the determination method according to any one

of the embodiments disclosed above or below in further detail referring to a determi-

nation method having at least one sample of the at least one bodily fluid applied to

the reagent test regions 114 of the optical test strips 112 of the training set 111 of



10

15

20

25

30

35

WO 2023/152207 PCT/EP2023/053168

-63 -

optical test strips 112, wherein the measurement method comprises applying the sam-
ple of the bodily fluid to the reagent test region 114 of the optical test strip 112 before
performing step iii); or

— the dynamic coefficient of variation limit (CvTr,1im) in step vi) is determined by using
a relation derived when performing the determination method according to any one
of the embodiments disclosed above or below in further detail referring to a determi-
nation method having no sample of the at least one bodily fluid applied to the reagent
test regions 114 of the optical test strips 112 of the training set 111 of optical test
strips 112, wherein the measurement method comprises performing steps iii) to viii)
with no sample of the at least one bodily fluid applied to the reagent test region 114
of the optical test strip 112, and wherein the method further comprises applying the
at least one sample of the bodily fluid to the reagent test region 114 of the optical test
strip 112 before or during performing step x).

The measurement method may further comprise step xi) (denoted by reference number 182)
of attaching the optical test strip to the color reference card. Step xi) may be performed

before step iii).

Figure 6 shows experimental data referring to an embodiment of a measurement method
according to the present invention. Specifically, Figure 6 show a consensus error grid, also
referred to as Parkes error grid, which is a tool for evaluating an accuracy of blood glucose
measurements. For further details regarding consensus error grids, reference may be made
to Journal of Diabetes Science and Technology, Volume 7, Issue 5, September 2013 © Dia-
betes Technology Society, “Technical Aspects of the Parkes Error Grid”, Andreas Pfiitzner,
M.D., Ph.D,, David C. Klonoff, M.D., Scott Pardo, Ph.D_, and Joan L. Parkes, Ph.D.. Figure
6 plots a measured blood glucose (MBG) level against an actual blood glucose (ABG) level
of a user, wherein the blood glucose level was measured according to the measurement
method of the present invention. In simplified terms, the consensus error grid shows different
standardized zones ranging from a practically non-critical zone A to a highly critical zone E
for a user administering insulin depending on a measured blood glucose level. A large dis-
crepancy between a measured blood glucose level and an actual blood glucose level may
result in an unsuitable insulin administration and can thus be highly critical and even life
threatening for the user. The consensus error grid comprises data obtained by using non-
corrupted optical test strips 116 as well as corrupted optical test strips 118. The large circles
plotted in the consensus error grid refer to data which could be detected by using a dynamic

coefficient of variation limit (Cvrr, 1im) determined according to the above-derived function
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CVTR,lim = CVRF,min + 0.045.

Thus, specifically, a plurality of rather critical blood glucose measurements, e.g. in zone C,
could be identified and the corresponding measurements could have been aborted in time.
Contrarily, a static coefficient of variation limit of 0.09 would have detected only 1 data
point.
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List of reference numbers

determination system
training set of optical test strips
optical test strip

reagent test region
non-corrupted optical test strip
corrupted optical test strip
grid pattern

training set of mobile devices
mobile device

camera

color reference card

color reference field

gray color reference field
window

marker

corner

processor

computer

connection

determination method step a)
determination method step b)
determination method step ¢)
determination method step d)
determination method step e)
determination method step f)
determination method step g)
determination method step h)
range above geometrical line
geometrical line

range below geometrical line
measurement method step 1)
measurement method step ii)
measurement method step iii)

measurement method step iv)
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measurement method step v)
measurement method step vi)
measurement method step vii)
measurement method step viii)
measurement method step ix)
measurement method step x)

measurement method step xi)
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Claims

1. A determination method of determining a dynamic coefficient of variation limit (Cvir,

1im) for assessing validity of an optical test strip (112) usable for an analytical meas-

urement based on a color formation reaction, the method comprising:

a)

b)

d)

providing a training set (111) of optical test strips (112), each optical test strip
(112) having a reagent test region (114), wherein at least two of the optical test
strips (112) are non-corrupted and wherein at least two of the optical test strips
(112) are corrupted,

providing a training set (121) of mobile devices (122), each mobile device (122)
having at least one camera (124);

providing at least one color reference card (126) having a plurality of color ref-
erence fields (128) having known reference color values;

capturing, by using the mobile devices (122) of the training set (121) of mobile
devices (122), a training set of images, wherein each image of the training set of
images comprises at least a part of at least one reagent test region (114) of an
optical test strip (112) of the training set (111) of optical test strips (112) and at
least a part of at least one color reference field (128) of the color reference card
(126);

determining, for at least one color channel of the cameras (124) of the mobile
devices (122) of the training set (121) of mobile devices (122), a training set of
pairs of reagent test region coefficients of variation (Cvrr) and corresponding
minimum color reference field coefficients of variation (Cvrr, min), wherein each
reagent test region coefficient of variation (Cvir) is determined by measuring a
color variation within the reagent test region (114), wherein each color reference
field coefficient of variation (Cvrr) is determined by measuring a color variation
within the color reference field (128), wherein a minimum color reference field
coefficient of variation (Cvrr, min) for the corresponding reagent test region co-
efficient of variation (Cv1r) is determined by comparing the color reference field
coefficients of variation (Cvrr) of the color reference fields (128) of which a
common image was captured together with the corresponding reagent test region
(114); and
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f)  deriving, from the training set of pairs of reagent test region coefficients of var-
iation (Cvrr) and corresponding minimum color reference field coefficients of
variation (CVRF, min), a relation for determining the dynamic coefficient of varia-
tion limit (Cv1r, 1im) for the respective reagent test region (114) by using the cor-
responding measured minimum color reference field coefficient of variation
(CvRr, min), wherein the dynamic coefficient of variation limit (CvTr, 1im) defines
a maximum coefficient of variation (Cv1r, max) for reagent test regions (114) of
non-corrupted optical test strips (116).

The determination method according to the preceding claim, wherein the method fur-
ther comprises step g) of applying a sample of bodily fluid to the reagent test region
(114) of the optical test strip (112).

The determination method according to any one of the preceding claims, wherein the
method further comprises step h) of attaching at least one optical test strip (112) of the
training set (111) of optical test strips (112) to the color reference card (126) compris-
ing a plurality of color reference fields (128) having known reference color values,

wherein step h) is performed before step d).

The determination method according to any one of the preceding claims, wherein the
corrupted optical test strip (118) is corrupted by at least one of: a previous appliance
of a fluid sample; a previous exposure to at least one corruptive environment for more
than 10 minutes; a time elapsed since application of a fluid sample being out of a tol-

erance range.

The determination method according to the preceding claim, wherein the corruptive
environment is selected from the group consisting of: a humid environment and a

bright environment.

The determination method according to any one of the preceding claims, wherein step
e) further comprises labelling the pairs of reagent test region coefficients of variation
(Cvrr) and corresponding minimum color reference field coefficients of variation
(Cvrr, min) of the training set of pairs of reagent test region coefficients of variation

(Cvir) and corresponding minimum color reference field coefficients of variation
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(Cvrr, min) with information on whether the respective optical test strip (112) of the

training set (111) of optical test strips (112) was corrupted or non-corrupted.

The determination method according to any one of the preceding claims, wherein in
step f) the dynamic coefficient of variation limit (Cvrr, im) excludes at least 90% of
the corrupted optical test strips (118) of the training set (111) of optical test strips
(112).

The determination method according to any one of the preceding claims, wherein in
step f) the dynamic coefficient of variation limit (Cvrr, 1im) permits acceptance of at
least 80% of the non-corrupted optical test strips (116) of the training set (111) of
optical test strips (112).

The determination method according to any one of the preceding claims, wherein the

relation derived in step f) comprises a linear function.

A measurement method of performing an analytical measurement based on a color
formation reaction by using a mobile device (122) having a camera (124) and a pro-
cessor (138), the method comprising:

1)  providing at least one optical test strip (112) having at least one reagent test re-
gion (114);

i1)  providing at least one color reference card (126) having a plurality of color ref-
erence fields (128) having known reference color values;

iili) capturing, by using the camera (124), at least one image of at least a part of the
reagent test region (114) having at least one sample of at least one bodily fluid
applied thereto and at least a part of at least one of the color reference fields
(128) of the color reference card (126);

iv)  determining, for at least one color channel of the camera (124) of the mobile
device (122), a color reference field coefficient of variation (Cvrr) for at least
one of the color reference fields (128) by using the image, wherein the color
reference field coefficient of variation (Cvrr) is determined by measuring a color
variation within the at least one color reference field (128);

v)  determining a minimum color reference field coefficient of variation (CVRF, min)
for the color reference card (126) by using the at least one color reference field

coefficient of variation (Cvrr) determined in step iv);
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determining a dynamic coefficient of variation limit (Cv1r, 1im) for the reagent
test region (114) by using the minimum color reference field coefficient of var-
iation (Cvrr, min) determined in step v) and by using a relation for determining
the dynamic coefficient of variation limit (Cv1r, 1im), wherein the relation is de-
termined by performing the determination method according to any one of the
preceding claims;

determining, for the at least one color channel, a reagent test region coefficient
of variation (Cvrr) of the reagent test region (114) by using the image, wherein
the reagent test region coefficient of variation (Cvrr) is determined by measuring
a color variation within the reagent test region (114);

comparing, for the at least one color channel, the reagent test region coefficient
of variation (Cvir) to the determined dynamic coefficient of variation limit
(Cvrr, 1im) for the reagent test region (114);

if the reagent test region coefficient of variation (Cvrr) is larger than the dy-
namic coefficient of variation limit (Cvir, iim), considering the optical test strip
(112) to be corrupted and aborting the measurement method; and

if the reagent test region coefficient of variation (Cvrr) is smaller than the dy-
namic coefficient of variation limit (Cvrr, 1im), considering the optical test strip
(112) to be non-corrupted and determining a concentration of at least one analyte
in the sample of bodily fluid by using, for the at least one color channel, at least
one color formation value for a color formation of the reagent test region (114)
having at least one sample of at least one bodily fluid applied to the reagent test
region (114) of the optical test strip (112).

The measurement method according to the preceding claim, further comprising at least

one step of applying the at least one sample of the at least one bodily fluid to the

reagent test region (114) of the optical test strip (112), wherein the measurement

method is performed according to one of the following ways:

the dynamic coefficient of variation limit (CvTr, 1im) in step vi) is determined
by using a relation derived when performing the determination method accord-
ing to any one of the preceding claims referring to a determination method
having at least one sample of the at least one bodily fluid applied to the reagent
test regions (114) of the optical test strips (112) of the training set (111) of

optical test strips (112), wherein the measurement method comprises applying
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the sample of the bodily fluid to the reagent test region (114) of the optical test
strip (112) before performing step iii); or

the dynamic coefficient of variation limit (Cv1r, 1im) in step vi) is determined
by using a relation derived when performing the determination method accord-
ing to any one of the preceding claims referring to a determination method
having no sample of the at least one bodily fluid applied to the reagent test
regions (114) of the optical test strips (112) of the training set (111) of optical
test strips (112), wherein the measurement method comprises performing steps
ii1) to viii) with no sample of the at least one bodily fluid applied to the reagent
test region (114) of the optical test strip (112), and wherein the method further
comprises applying the at least one sample of the bodily fluid to the reagent
test region (114) of the optical test strip (112) before or during performing step

X).

A determination system (110) for determining a dynamic coefficient of variation limit

(Cvrr, 1im) for assessing validity of an optical test strip (112) usable for an analytical

measurement based on a color formation reaction, comprising:

A)

B)

C)

D)

atraining set (111) of optical test strips (112), each optical test (112) strip having
a reagent test region (114), wherein at least two of the optical test strips (112)
are non-corrupted and wherein at least two of the optical test strips (112) are
corrupted;

a training set (121) of mobile devices (122), each mobile device (122) having at
least one camera (124),

at least one color reference card (126) having a plurality of color reference fields
(128) having known reference color values;

at least one processor (138), the processor (138) being configured for

retrieving a training set of images, the training set of images comprising images
captured with the camera (124), wherein each image of the training set of images
comprises at least a part of a reagent test region (114) of an optical test strip
(112) of the training set (111) of optical test strips (112) and at least a part of at
least one color reference field (128) of the color reference card (126);
determining, for at least one color channel of the cameras (124) of the mobile
devices (122) of the training set (121) of mobile devices (122), a training set of
pairs of reagent test region coefficients of variation (Cvrr) and corresponding

minimum color reference field coefficients of variation (Cvrr, min), wherein each
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reagent test region coefficient of variation (Cvrr) is determined by measuring a
color variation within the reagent test region (114), wherein each color reference
field coefficient of variation (Cvrr) is determined by measuring a color variation
within the color reference field (128), wherein a minimum color reference field
coefficient of variation (Cvrr, min) for the corresponding reagent test region co-
efficient of variation (CvTr) is determined by comparing the color reference field
coefficients of variation (Cvrr) of the color reference fields (128) of which a
common image was captured together with the corresponding reagent test region
(114); and

- deriving, from the training set of pairs of reagent test region coefficients of var-
iation (Cvrr) and corresponding minimum color reference field coefficients of
variation (CVrF, min), a relation for determining the dynamic coefficient of varia-
tion limit (Cv1r, 1im) for the respective reagent test region (114) by using the cor-
responding measured minimum color reference field coefficient of variation
(CVRF, min), wherein the dynamic coefficient of variation limit (CvTr, 1im) defines
a maximum coefficient of variation (Cvrr, max) for reagent test regions (114) of

non-corrupted optical test strips (116).

A computer-readable storage medium comprising instructions which, when executed
by a determination system (110), cause the determination system (110) to carry out at
least steps e) and f) of the determination method according to any one of the preceding

claims referring to a determination method.

A mobile device (122) having at least one camera (124) and at least one processor
(138), the mobile device (122) being configured for performing at least steps iv) to x)
of the measurement method according to any one of the preceding claims referring to

a measurement method.

A computer-readable storage medium comprising instructions which, when executed
by a mobile device (122) having a camera (124) and a processor (138), cause the mo-
bile device to carry out at least steps iv) to x) of the measurement method according to

any one of the preceding claims referring to a measurement method.



