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Method for evaluating a suitability of lighting conditions for detecting an analyte in a

sample using a camera of a mobile device

Technical Field

The present application refers to a method for evaluating a suitability of lighting conditions
for detecting an analyte in a sample using a camera of a mobile device and a detection
method for detecting an analyte in a sample by using a camera of a mobile device. The
invention further relates to a computer program with program means for executing the
methods according to the invention. Further, the invention refers to a mobile device. Meth-
ods, computer programs and mobile devices according to the present invention may be
used in medical diagnostics, in order to qualitatively or quantitatively detect one or more
analytes in one or more body fluids. Other ficlds of application of the present invention,

however, are possible.

Background art

In the field of medical diagnostics, in many cases, one¢ or more analytes have to be detected
in samples of a body fluid, such as blood, interstitial fluid, urine, saliva or other types of
body fluids. Examples of analytes to be detected are glucose, triglycerides, lactate, choles-
terol or other types of analytes typically present in these body fluids. According to the con-
centration and/or the presence of the analyte, an appropriate treatment may be chosen, if

necessary.

Generally, devices and methods known to the skilled person make use of test elements
comprising 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
detectable 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, Diabe-
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tes Technology & 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 electronics such as smart phones and
portable computers has become more and more popular over the recent years. WO
2012/131386 Al discloses a testing apparatus for performing an assay, the testing appa-
ratus comprising: a receptacle containing a reagent, the reagent being reactive to an applied
test sample by developing a color or pattern variation; a portable device, e.g. a mobile
phone or a laptop, comprising a processor and an image capture device, wherein the pro-
cessor is configured to process data captured by the image capture device and output a test
result for the applied test sample.

WO 2014/025415A2 discloses a method and device for performing color-based reaction
testing of biological materials. The method includes capturing and interpreting digital im-
ages of an unexposed and later exposed instrument within an automatically calibrated envi-
ronment. The instrument includes a Unique Identification (UID) label, Reference Color
Bar (RCB) providing samples of standardized colors for image color calibration, and sev-
eral test specific sequences of Chemical Test Pads (CTP). The method further includes
locating the instrument in the image, extracting the UID, extracting the RCB, and locating
the plurality of CTP in each image. The method further reduces image noise in the CTP
and calibrates the image automatically according to lighting measurements performed on
the RCB. The method further determines test results by comparing the color of the CTP
image to colors in a Manufacturer Interpretation Color Chart (MICC). The method shows
these results in graphical or quantified mode.

EP 1801568 Al discloses a test strip and method for measuring analyte concentration in a
biological fluid sample. The method involves positioning a camera at a test strip for picto-
rially detecting a color indicator and a reference color area. A measured value is deter-
mined for the relative position between the camera and the strip and compared with a de-
sired value area. The camera is moved to reduce deflection relative to the strip during the
deflection between the measured value and the desired value. An image area assigned to
the indicator is localized in a colored image that is detected by the camera. An analyte con-
centration is determined in a sample by a comparison value.
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EP 1963828 B1 discloses a method for measurement of the concentration of at least one
analyte which is contained in a sample of a biological fluid, a) wherein a test strip is pre-
pared, which has at least one test point, at least one time indicator and at least one refer-
ence color range which comprises the color white and/or a color scale, b) wherein the fluid
sample is brought into contact with the test point and the time indicator, ¢) wherein a color
indicator is arranged at the test point as a function of the concentration of the analyte, d)
wherein the color of the time indicator is changed as a function of the time duration for
which the fluid has been brought into contact with the test point and independently of the
concentration of the at least one analyte, e) wherein a camera is positioned on the test strip,
f) wherein at least one measured value for the relative position between the camera and the
test strip is determined, and is compared with a nominal value range, g) wherein, if there is
a discrepancy between the measured value and the nominal value range, the camera is
moved relative to the test strip in order to reduce the discrepancy, and steps f) and g) are
repeated, h) wherein the camera is used to record a color image on which at least the color
indicator, the time indicator and the reference color range are imaged, j) wherein the image
areas which are associated with the color indicator, the time indicator and the reference
color range are localized in the color image, and the color values of these image areas are
determined, k) wherein the time duration between the fluid sample being brought into con-
tact with the test point and the recording of the color image is determined on the basis of
the color value determined for the time indicator, with the aid of predetermined reference
values, and 1) wherein the analyte concentration in the sample is determined on the basis of
the color values determined for the color indicator and the reference color range and on the

basis of the time duration, with the aid of predetermined comparison values.

Reliability and accuracy of the analytical measurement using mobile computing devices
generally depends on a large number of technical factors. Specifically, a huge number of
mobile devices having cameras is available on the market, all having different technical
and optical properties which have to be considered for the analytical measurement. WO
2007/079843 A2 describes a method for measuring a concentration of an analyte contained
in a sample of a biological fluid. In said method, a test strip is provided which comprises at
least one test point and at least one reference color section encompassing the color white
and/or a color scale. The fluid sample is brought in contact with the test point, and a color
indicator is disposed on the test point in accordance with the concentration of the analyte.
A camera is placed on the test strip. At least one measured value is detected for the relative
position between the camera and the test strip and is compared to a set value range. If the
measured value deviates from the set value range, the camera is moved relative to the test

strip to reduce the deviation. A colored image on which at least the color indicator and the
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reference color section are represented is detected with the aid of the camera. The image
areas assigned to the color indicator and the color matching section are located, and the
color values of said image areas are determined. The analyte concentration in the sample is
determined based on the color values with the aid of predefined comparative values. EP 3
108 244 A1 and WO 2015/120819 A1 describe a test strip module including a case, a test
strip in the case, and a position anchor extending down past a mating surface to a face of a
mobile computing device. The position anchor has a shape matching a feature on the face
of the mobile computing device.

US 2015/233898 A1 describes a test strip module which includes a case, a test strip in the
case, and a position anchor extending down past a mating surface to a face of a mobile
computing device. The position anchor has a shape matching a feature on the face of the

mobile computing device.

Despite the advantages involved in using mobile computing devices for the purpose of
performing an analytical measurement, several technical challenges remain. Specifically,
reliability and accuracy of the measurements need to be enhanced and ensured. Reliability
and accuracy of the analytical measurement may significantly depend on lighting condi-
tions during capturing of images of a test strip for analytical measurement when using the
camera of a mobile phone. Specifically, ambient light may have a significant impact on the
lighting conditions, for example, due to various illumination means being present at differ-
ent specific locations and/or depending where the image is captured and at which day or
night time the image is captured. Particularly, ambient light may interfere with evaluation
of the color formed on a reagent field of a test strip.

Problem to be solved

It is therefore desirable to provide methods and devices which address the above-
mentioned technical challenges of analytical measurements using mobile devices such as
consumer-clectronics mobile devices, specifically multipurpose mobile devices which are
not dedicated to analytical measurements such as smart phones or tablet computers. Specif-
ically, methods and devices shall be proposed which ensure reliability and accuracy of the

measurements.

Summary
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This problem is addressed by a method for evaluating a suitability of lighting conditions
for detecting an analyte in a sample using a camera of a mobile device, a detection method
for detecting an analyte in a sample by using a camera of a mobile device method, a com-
puter program and a mobile device with the features of the independent claims. Advanta-
geous embodiments which might be realized in an isolated fashion or in any arbitrary com-

binations are listed in the dependent claims.

As used in the following, the terms “have”, “comprise” or “include” or any arbitrary
grammatical 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. a situation 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 clement. 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.

"non " on

Further, as used in the following, the terms "preferably”, "more preferably”, "particularly”,
"more particularly”, "specifically”, "more specifically” or similar terms are used in con-
junction with optional features, without restricting alternative possibilities. Thus, features
introduced 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 per-
formed by using alternative features. Similarly, features introduced by "in an embodiment
of the invention" or similar expressions are intended to be optional features, without any
restriction regarding 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.
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In a first aspect, a method for evaluating a suitability of lighting conditions for detecting an
analyte in a sample using a camera of a mobile device is disclosed. The method comprises
the following steps which, as an example, may be performed in the given order. It shall be
noted, however, that a different order is also possible. Further, it is also possible to perform
one or more of the method steps once or repeatedly. Further, it is possible to perform two
or more of the method steps simultaneously or in a timely overlapping fashion. The meth-
od may comprise further method steps which are not listed.

The method comprises the following steps:

a) capturing at least one first image of at least one test strip, wherein the test strip
is adapted for detecting the analyte in the sample, the test strip having at least one test
field comprising at least one test chemical for performing an optical detection reaction
in the presence of the analyte, wherein, during the capturing of the first image, an illu-
mination source of the mobile device is turned off;

b) capturing at least one second image of the test strip, wherein, during the captur-
ing of the second image, the illumination source of the mobile device is turned on;

c) comparing the first and second images captured in steps a) and b), thereby de-
termining a difference in lighting conditions between the first image and the second
image; and

d) deriving at least one suitability information from the comparison in step c¢), wherein the
suitability information comprises information on a suitability of the lighting conditions

for analyte detection.

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 spe-
cial or customized meaning. The term specifically may refer, without limitation, to a mo-
bile electronics device, more specifically to a mobile communication 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 term “test strip” 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 arbitrary
element or device configured for performing a color-change detection reaction. The test
strip may particularly have a test ficld containing at least one test chemical for detecting
the at least one analyte. The test strip, as an example, may comprise at least one substrate,
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such as at least one carrier, with the at least one test field applied thereto or integrated
therein. 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. The test strip may have at least one sample applied there-
to.

As further used herein, the term “test field” is a broad term and is to be given its ordinary
and customary meaning to a person of ordinary skill in the art and is not to be limited to a
special or customized meaning. The term specifically may refer, without limitation, to a
coherent amount of the test chemical, such as to a field, e.g. a field of round, polygonal or
rectangular shape, having one or more layers of material, with at least one layer of the test
field having the test chemical comprised therein. Other layers may be present providing
specific optical properties such as reflective properties, providing spreading properties for
spreading the sample or providing separation properties such as for separating of particu-
late components of the sample, such as cellular components.

The term “test chemical” 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 spe-
cial or customized meaning. The term specifically may refer, without limitation, to a chem-
ical compound or a plurality of chemical compounds such as a mixture of chemical com-
pounds suited for performing a detection reaction in the presence of the analyte, wherein
the detection reaction is detectable by specific means, such as optically. The detection re-
action specifically may be analyte-specific. The test chemical, in the present case, specifi-
cally may be an optical test chemical, such as a color-change test chemical which changes
in color in the presence of the analyte. The color change specifically may depend on the
amount of analyte present in the sample. The test chemical, as an example, may comprise
at least one enzyme, such as glucose oxidase and/or glucose dehydrogenase. Additionally,
other components may be present, such as one or more dyes, mediators and the like. Test
chemicals are generally known to the skilled person and reference may be made to J.
Hones et al.; Diabetes Technology and Therapeutics, Vol. 10, Supplement 1, 2008, pp.10-

26. Other test chemicals, however, are feasible, too.

The term “analyte” 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 one or more
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specific chemical compounds and/or other parameters to be detected and/or measured. As
an example, the at least one analyte may be a chemical compound which takes part in me-
tabolism, such as one or more of glucose, cholesterol or triglycerides. Additionally or al-
ternatively, other types of analytes or parameters may be determined, e.g. a pH value.

The term “detecting an analyte in a sample” as used herein is a broad term and is to be giv-
en its ordinary and customary meaning to a person of ordinary skill in the art and is not to
be limited to a special or customized meaning. The term specifically may refer, without
limitation, to a quantitatively and/or qualitatively determination of at least one analyte in
an arbitrary sample. For example, the sample may comprise a body fluid, such as blood,
interstitial fluid, urine, saliva or other types of body fluids. The result of the analytical
measurement, 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 analytical meas-
urement may be a blood glucose measurement, thus the result of the analytical measure-

ment may for example be a blood glucose concentration.

The term “suitability” may refer, without limitation, to a property of an element or device
for performing one or more predetermined functions and to appropriateness of ambient
conditions for ensuring reliability and accuracy of detecting the analyte in the sample.
Thus, the term refers to one or both of properties of the device and ambient conditions. The
suitability may be qualified and/or quantified by determining whether a predetermined
requirement is fulfilled. The predetermined requirement, for example at least one thresh-
old, may be derived, as an example, from experiments or from boundary conditions deter-
mined e.g. by the precision to be achieved. The term “suitability information” may refer,
without limitation, to an indication or information regarding the suitability, specifically in
the present case of the suitability of lighting conditions for the purpose of performing the
analytical measurement. The item of suitability information, as an example, may be Boole-
an or digital information, such as indicating “suited” or “not suited”/”unsuited”. Addition-
ally or alternatively, however, the suitability information may comprise a quantitative re-
sult, such as a degree of suitability. For example, the suitability information may comprise
information about sufficiency of light intensity originating from the illumination source of
the mobile device for illuminating the test strip. Specifically, the suitability information
may comprise information about sufficiency of light intensity originating from the illumi-
nation source of the mobile device for illuminating the test strip in relation to and/or in

comparison to ambient light intensities and/or ambient light conditions.
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As used herein, the term “evaluating a suitability of lighting conditions” refers to testing
and/or determining and/or assessing and/or estimating lighting conditions. As used herein,
the term “lighting conditions” refers to image capturing conditions, specifically both of
ambient light conditions and light intensities provided by the illumination source of the
mobile device. The term “lighting conditions” furthermore refers to reflection conditions,
in particular reflections properties of the test strip, for example due to material of the test
strip. The terms “ambient light” or “ambient light conditions” refer to light from available
natural or artificial light sources illuminating the test strip independent from the illumina-
tion provided by the illumination source of the mobile device. The ambient light may be
generated and/or provided by artificial light sources such as room light, e.g. lamps, and/or
natural light sources such as the sun, the moon, starlight, lightning. The lighting conditions
may depend on time, in particular day or night time. The lighting condition may depend on
location, in particular if the image is captured outdoor or indoor or on geographical loca-
tion. In particular for outdoor measurements, the lighting conditions may depend on
weather conditions. For indoor measurements, the lighting conditions may depend on room
lightings, which may differ dependent on activity such as in homes, supermarkets, theaters,
etc.

The term “camera” 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 device
having at least one imaging element configured for recording or capturing spatially re-
solved one-dimensional, a two-dimensional or even three-dimensional optical 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. For example,
the camera may be a color camera, as will be described in detail below, comprising at least
three color pixels. The camera may be a color CMOS camera. For example, the camera
may comprise black and white pixels and color pixels. The color pixels and the black and
white pixels may be combined internally in the camera. The camera may comprise at least
one color camera and at least one black and white camera, such as a black and white
CMOS. The camera may comprise at least one black and white CMOS chip. The camera
generally may comprise a one-dimensional or two-dimensional array of image sensors,
such as pixels. As an example, the camera may comprise at least 10 pixels in at least one
dimension, such as at least 10 pixels in each dimension. It shall be noted, however, that
other cameras are also feasible. The camera may be a camera of a mobile communications
device. The invention specifically shall be applicable to cameras as usually used in mobile
applications such as notebook computers, tablets or, specifically, cell phones such as smart
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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, besides at least one camera
chip or imaging chip, may comprise further elements, such as one or more optical ele-
ments, e.g. one or more lenses. As an example, the camera may be a fix-focus camera, hav-
ing at least one lens which is fixedly adjusted with respect to the camera. Alternatively,
however, the camera may also comprise one or more variable lenses which may be adjust-

ed, automatically or manually.

The camera specifically may be a color camera. Thus, such as for each pixel, color infor-
mation may be provided or generated, such as color values for three colors R, G, B. A
larger number of color values is also feasible, such as four colors for each pixel. Color
cameras are generally known to the skilled person. Thus, as an example, each pixel of the
camera chip may have three or more different color sensors, 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, suchas C, M, Y, K
or RGGB, BGGR, RGBG, GRGB, RGGB or the like. The color sensitivities of the pixels
may be generated by color filters, such as color filter arrays, for example by at least one
Bayer filter, or by appropriate intrinsic sensitivities of the sensor elements used in the cam-
era pixels. These techniques are generally known to the skilled person.

As used herein, without limitation, the term “image” specifically may relate to data record-
ed by using a camera, such as a plurality of electronic readings from an imaging device,
such as the pixels of the camera chip. The image itself, thus, may comprise pixels, the pix-
els of the image 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 example, the image may comprise data in the RGGB space,
single color data from one of R, G or B pixels, a Bayer pattern image or the like. The im-
age 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 fil-

tering algorithms. These techniques are generally known to the skilled person.

The term “capturing at least one image” refers to one or more of imaging, image recording,

image acquisition, image capturing. The term “capturing at least one image” may comprise
2 y
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capturing a single image and/or a plurality of images such as a sequence of images. 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 automatically detected.
These automatic image acquisition techniques are known e.g. in the field of automatic bar-

code readers, such as from automatic barcode reading apps.

As used herein, the term “the illumination source of the mobile device” refers to an arbi-
trary light source of the mobile device. The term “illumination source” refers to at least one
device adapted to generate light for illuminating the object. As used herein, the term
“light” generally refers to electromagnetic radiation in one or more of the visible spectral
range, the ultraviolet spectral range and the infrared spectral range. The term “visible spec-
tral range” generally refers to a spectral range of 380 nm to 780 nm. Preferably, light as
used within the present invention is light in the visual spectral range. The illumination
source may comprise at least one light-emitting diode integrated in the mobile device. In
particular, the illumination source may be a backlighting of the mobile device, in particular
of the mobile phone. The mobile device may comprise further illumination devices such as
at least one illumination source illuminating the display and/or the display may be de-
signed as further illumination source itself.

The illumination source may have two states, an on-state in which it generates light beam
for illuminating the test strip and an off-state in which the illumination source is off. As
used herein, the term “is turned on” refers to that the illumination source is activated and/or
switched on to illuminate the test strip. The term “is turned off” refers to that the illumina-
tion source is within an off-state or is actively switched off. As outlined above, in step a) a
first image is captured wherein the illumination source of the mobile device is turned off.
This may allow capturing an image comprising light intensities of ambient light sources
only and independent from illumination provided by the illumination source of the mobile
device. In step b) the illumination source is turned on such that it may be possible to de-
termine the second image comprising illumination intensities from both ambient light and

from the illumination by the illumination source of the mobile device.

The illumination source may comprise at least one light-emitting diode (LED) integrated in
the mobile device. The illumination source may comprise at least one white light LED. The
white light LED may be controlled using a short current pulse such that the white light
LED may be adapted to generate a bright flash of light. The illumination source may be
adapted to illuminate the test strip all the time during capturing of the image. In contrast to
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electron flashes, flash duration of the white light LED may take several 100 ms. This may
allow that the illumination source illuminates the test strip all the time during capturing of
the image in a flash-mode of the LED. Alternatively, the LED may be adapted to be per-

manently illuminating the test strip in a non-flash mode.

The illumination source may be adapted to outshine in brightness ambient light. The illu-
mination source may be an essentially dominant light source when capturing the image in
step b) of the test strip. The term “essentially dominant” refers to that illuminance of the
illumination source exceeds illuminance of ambient light, wherein low lighting from ambi-
ent light is possible. Illuminance of flashes generated by the white light LED used in mo-
bile devices may be from 80 to 300 lux at an object distance of 1m. Thus, at an object dis-
tance of 0.1 m, illuminance of flashes generated by the white light LED may be from 8000
to 30000 lux. For comparison, full daylight may have 10752 lux, an overcast day may have
1075 lux, a very dark day may have 107 lux, and twilight may have 10.8 lux, see
https://www.noao.edu/education/QLTkit/ACTIVITY Documents/Safety/LightLevels outd
oor+indoor.pdf. The illumination source may be adapted to generate at least one light beam
for illuminating the test strip comprising light intensities above light intensities of ambient
light. The light intensities of the illumination generated by the illumination source may
exceed the light intensities of ambient light by a factor of two, preferably by a factor of 10
and more preferably by a factor of 100.

Step ¢) comprises comparing the first and second images captured in steps a) and b), there-
by determining a difference in lighting conditions between the first image and the second
image. As outlined above, each pixel of the camera chip may have three or more different
color sensors, such as color recording pixels like one pixel for red (R), one pixel for green
(G) and one pixel for blue (B). Each of the color sensors and/or of the color recording pix-
els may be adapted to generate a single signal or a plurality of sensor signals in response to
illumination. The sensor signal may be or may comprise at least one electrical signal, such
as at least one analogue electrical signal and/or at least one digital electrical signal. Further,
either raw sensor signals may be used, or processed or preprocessed, such as preprocessed
by filtering or the like, sensor signals may be used. The camera may be adapted to capture
the first and second images in steps a) and b) in at least one color channel, in particular at
least one color channel selected from the group consisting of R channel, G channel and B
channel. The camera may be adapted to capture the first and second images in steps a) and
b) in each of the color channels. As used herein, the term “color channel” refers to color
recording pixels of the camera chip for the same color. The camera and/or the processor, in
particular the processor of the mobile device, may be adapted to determine from the first
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image at least one first intensity distribution and from the second image at least one second
intensity distribution for at least one of the color channels. Preferably, a first intensity dis-
tribution and a second intensity distribution may be determined for each of the color chan-
nels. For at least one color channel, the camera and/or the processor, in particular the pro-
cessor of the mobile device, may be adapted to determine from the respective first intensity
distribution a first intensity spectrum of the respective color channel and from the respec-
tive second intensity distribution a second intensity spectrum of the respective color chan-
nel. As used herein, the term “intensity spectrum” refers to an intensity distribution as a
function of wavelength. The term “comparing the first and second images” refers to com-
paring the first intensity distribution and the second intensity distribution of at least one of
the color channels and/or comparing the first intensity spectrum and the second intensity
spectrum of at least one of the color channels. The comparing may comprise at least one
mathematical operation such as subtracting the respective sensor signals generated by the
color recording pixels of one color channel and/or subtracting intensity distributions of one
color channel and/or subtracting the intensity spectra of one color channel, and/or dividing
the respective sensor signals of one color channel and/or dividing the intensity distributions
of one color channel and/or dividing the intensity spectra of one color channel. For exam-
ple, the comparing may comprise determining a difference between the first intensity dis-
tribution and the second intensity distribution of at least one of the color channels. Specifi-
cally, for the R, G and B channels the difference A may be determined by

Aco]or = IcolorLEDON _ IcolorLEDOFFJ

with color = R, G, B, wherein Acolor is the difference in the respective color channel, Teol-
o BPON ig the intensity distribution of the second image of the respective color channel and
Leolo"EPOFF ig the intensity distribution of the first image of the respective color channel.
Additionally or alternatively, the comparing may comprise determining a quotient by di-
viding the first intensity distribution and the second intensity distribution and/or by divid-
ing multiples and/or dividing linear combinations of the first intensity distribution and the
second intensity distribution at least one of the color channels. Specifically, for the R, G
and B channels the quotient may be determined by

QCO]OI = IcolorLEDON / IcolorLEDOF F ,

with color = R, G, B, wherein Qcolor is the quotient in the respective color channel, Teol-
o"FPON g the intensity distribution of the second image of the respective color channel and

LEDOFF

Leotor is the intensity distribution of the first image of the respective color channel.

The camera and/or the processor in particular the processor of the mobile device, may be
adapted to perform the named operations, preferably by using at least one data processing
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device and, more preferably, by using at least one processor and/or at least one application-
specific integrated circuit. Thus, as an example, the mobile device may comprise at least
one data processing device having a software code stored thereon comprising a number of
computer commands. The mobile device may provide one or more hardware elements for
performing one or more of the named operations and/or may provide one or more proces-
sors with software running thereon for performing one or more of the named operations.
The term “difference” may refer to deviations, in particular in intensity spectrum, of the
first and second images. Specifically, the term “difference” refers to deviations above sta-
tistical fluctuations. The illumination source of the mobile device may have a known or
predetermined spectral composition. The term “spectral composition” refers to an intensity
spectrum of the illumination generated by the illumination source. In particular, at least
one distribution of light intensities as a function of wavelength for each of the R, G, B
channels may be known or predetermined. Specifically, an emission spectrum of the white
light LED may be known or may be determined empirically. The spectral composition may
be stored in a table or a lookup table and may be determined e.g. empirically and may, as
an example, be stored in at least one data storage device of the mobile device, e.g. by soft-
ware, specifically by the app downloaded from an app store or the like. Generally, the il-
luminated test strip may absorb light in a specific wavelength range whereas the non-
absorbed light is reflected and captured by the camera. Thus, a spectral characteristic or
composition of the light illuminating the test strip may have direct impact on the resulting
RGB-values of the captured image. Since the spectral composition of the illumination
source is known or is predetermined, it may be possible to determine the amount of light
intensity used for illumination of the test strip which originates from the illumination
source. The mobile device may comprise at least one processor which may be adapted to
compare the first image and the second image.

The first image and the second image may be captured prior to an application of the sam-
ple. Additionally or alternatively, the method may comprise at least one sample application
step, wherein in the sample application step a sample may be applied to the test strip. Spe-
cifically, the sample may be applied to the test strip prior to steps a) and/or b).

Step d) comprises deriving the at least one suitability information from the comparison in
step ¢). The deriving the suitability information in step d) may comprise comparing the
difference in lighting conditions determined in step ¢) with at least one threshold value.
Only in case the difference in lighting conditions between the second image and the first
image at least equals the threshold value, the suitability information may be set to indicate
a suitability of the lighting conditions for analyte detection. The threshold value may de-
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pend on ambient light conditions. For example, the user and/or the processor may be
adapted to adjust and/or select the threshold value dependent on ambient light conditions.
The threshold value may be stored in a table or a lookup table and may be determined e.g.
empirically and may, as an example, be stored in at least one data storage device of the
mobile device, e.g. by software, specifically by the app downloaded from an app store or
the like. For example, the suitability information may be set to indicate a suitability of the
lighting conditions for subsequent analyte detection only in case at least 70% of light in-
tensity used for illumination of the test strip originates from the illumination source. For
example, the suitability information may be set to indicate a suitability of the lighting con-
ditions for subsequent analyte detection only in case at least 80% of light intensity used for
illumination of the test strip originates from the illumination source. Other thresholds may
be possible. For example, the suitability information may be set to indicate a suitability of
the lighting conditions for subsequent analyte detection only in case 90% of light intensity

used for illumination of the test strip originates from the illumination source.

Light conditions can be indicated as suitable, even in case of bright ambient light source, if
a composition of the ambient light essentially corresponds to an expected composition of
the illumination generated by the illumination source. The term “composition” refers to
color composition of the illumination, in particular a composition of intensity distributions
of the respective color channels. The term “expected composition” predetermined spectral

composition

The term “essentially corresponds to” refers to conditions wherein the composition of the
ambient light corresponds to the expected composition of the illumination generated by the
illumination source with a tolerance of £30% or less, preferably with a tolerance of +20%
or less, most preferably with a tolerance of =10% or less. The light conditions may be indi-
cated as suitable if IgAmbient/JAmbient/TpAmbient < ¢ (TRLEDON/JLEDON/JRLEDONY jg fyifilled,
wherein [gAmbient [gAmbient  [pAmbient are the intensity distributions of the respective color

LEDON ' [GLEDON ' [gLEDON gre the intensity dis-

channels for illumination by ambient light, Ir , Ig
tributions of the respective color channels for illumination generated by the illumination

source and & < 0.3, preferably & < 0.2, most preferably ¢ <0.1.

The method may further comprise checking and/or evaluating whether or not the illumina-
tion source provides for sufficient illumination intensity. The checking and/or evaluating
whether or not the illumination source is configured for providing sufficient illumination
may use at least one threshold method. The sufficiency of the illumination intensity may
depend on surface properties of the test strip and/or ambient light conditions. In particular,
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in case the test strip having high reflection properties lower light intensity may be suffi-
cient compared to dark or low reflection properties. Further, in case of bright ambient light
conditions, for example due to sunlight, higher intensity may be required compared to
shielded ambient light conditions.

In a further aspect of the present invention, a detection method for detecting an analyte in a
sample by using a camera of a mobile device is disclosed. The method comprises the fol-
lowing steps which, as an example, may be performed in the given order. It shall be noted,
however, that a different order is also possible. Further, it is also possible to perform one or
more of the method steps once or repeatedly. Further, it is possible to perform two or more
of the method steps simultaneously or in a timely overlapping fashion. The method may
comprise further method steps which are not listed. The method comprising the following
steps:

i)  evaluating lighting conditions by using the method for evaluating a suitability
of lighting conditions according to one of the preceding embodiments;

ii)  if the suitability information on the suitability of the lighting conditions indi-
cates the lighting conditions to be suitable for analyte detection, performing the
following steps:

A) providing at least one test strip for detecting the analyte in the sample, the test
strip having at least one test field comprising at least one test chemical for per-
forming an optical detection reaction in the presence of the analyte;

B) applying at least one sample to the test field of the test strip;

C) capturing at least one image of the test field by using the camera, wherein dur-
ing said capturing the illumination source of the mobile device is turned on;
and

D) determining, from the image captured in step C), the analyte concentration in
the sample.

With respect to embodiments and definition of the detection method reference is made to
the description of the method for evaluating a suitability of lighting conditions above and
as described in further detail below. In particular, with respect to method step 1), reference
may be made to the description of the method for evaluating a suitability of lighting condi-

tions above.

The determining of the analyte concentration may comprise an optical detection. As used
herein, the term “optical detection” refers to a detection of a reaction using an optical test
chemical, such as a color-change test chemical which changes in color in the presence of
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the analyte. The color change specifically may depend on the amount of analyte present in
the sample. Step D) may comprise analyzing the color of a spot on the test field of the test
strip, said spot at least partially comprising the sample. Techniques for determining the
analyte by optical detection and in particular analyzing color of the spot on the test filed
are generally known to the skilled person. For evaluating the at least one image and deriv-
ing the at least one analytical information thereof, several algorithms may be used which
generally are known to the skilled person in the field of analytics, such as in the field of
blood glucose monitoring. Thus, as an example, a color of the test element, such as a color
of at least one test field having at least one test chemical, may be evaluated. As an exam-
ple, when evaluating the image, a region of interest may be defined within the image of the
test element, such as a region of interest within a test field of the test element, and an anal-
ysis of the color may be performed, such as a statistical analysis. As an example, a rectan-
gular, square, polygonal, oval or circular region of interest may be defined within the part
of the image which is recognized to be an image of the test field. Subsequently, a statistical
analysis of the color of the pixels within the region of interest may be performed. As an
example, one or more color coordinates may be derived for the pixels, and a statistical
analysis of the color coordinates may be performed over the region of interest. As an ex-
ample, the center of the distribution of the at least one color coordinate may be determined.
The term “color coordinate” 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 the
coordinate of an arbitrary color coordinate system used for describing a color using coor-
dinates. Several color coordinate systems are generally known to the skilled person and
may also be used in the context of the present invention. Thus, as an example, a colorimet-
ric coordinate system or a coordinate system may be used which is based on the human
perception, such as the CIE 1964 color space, the Munsell color system or other coordinate
systems, suchas R, G, B,L, a, b.

Thus, for deriving the analytical information from the image, as an example, a predeter-
mined or determinable relationship between the at least one color coordinate of the test
clement, such as the test ficld, may be monitored. As outlined above, statistical analysis
may be performed over the test element or a part thereof, such as over a test field contain-
ing the at least one test chemical and/or over a region of interest within the test field con-
taining the at least one test chemical. Thus, as an example, the at least one test field within
the image of the test element may be recognized, preferably automatically, e.g. by pattern
recognition and/or other algorithms as described in examples below. Again, one or more

regions of interest may be defined within the partial image of the test field. Over the region



10

15

20

25

30

35

WO 2019/238501 PCT/EP2019/064675

S18 -

of interest, color coordinates, e.g. again blue color coordinates and/or other color coordi-
nates, may be determined, e.g. again by using one or more histograms. The statistical anal-
ysis may comprise fitting one or more fitting curves, such as described above, to the at
least one histogram, thereby e.g. determining a center of a peak. Thus, the color formation
reaction may be monitored by using one or more images, wherein, for the one or more im-
ages, by using statistical analysis, the center of the peak may be determined, thereby de-
termining a color shift within the at least one coordinate. Once the color formation reaction
is finished or has reached a predetermined or determinable endpoint, as the skilled person
generally knows e.g. from blood glucose monitoring, the shift in the at least one color co-
ordinate or an endpoint color coordinates may be determined and may be transformed into
e.g. a concentration of the analyte in the sample by using a predetermined or determinable
correlation between the color coordinate and the concentration. The correlation, as an ex-
ample a transformation function, a transformation table or a lookup table, may be deter-
mined e.g. empirically and may, as an example, be stored in at least one data storage de-
vice of the mobile device, ¢.g. by the software, specifically by the app downloaded from an
app store or the like.

In case the evaluating of lighting conditions in step i) is not set to indicate that the lighting
conditions are suitable, the mobile device may be adapted to abort and/or to prevent detect-
ing the analyte in the sample. Additionally or alternatively, in case the evaluating of light-
ing conditions in step i) is not set to indicate that the lighting conditions are suitable, the
mobile device may be adapted to generate at least one warning. Additionally or alternative-
ly, in case the evaluating of lighting conditions in step 1) is not set to indicate that the light-
ing conditions are suitable, the mobile device may be adapted to repeat step 1). Additional-
ly or alternatively, in case the evaluating of lighting conditions in step 1) is not set to indi-
cate that the lighting conditions are suitable, the mobile device may be adapted to generate
at least one prompt to the user to change ambient light conditions, for example to move to
a different location and/or to switch off disturbing light sources.

After step D) the lighting conditions may be evaluated by using the method for evaluating
a suitability of lighting conditions according to the present invention. The determined ana-
lyte concentration may be rejected if the suitability information on the suitability of the
lighting conditions indicates the lighting conditions not to be suitable for analyte detection.
The mobile device may be adapted to generate a warning to the user, such as a visual warn-

ing on a display of the mobile device and/or at least one acoustical warning.
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Step C) may comprise providing visual indication for the user to position the test strip rela-
tive to the camera such that the test field at least partially is located in a target area. As
used herein, the term “target area” refers to a predetermined or pre-specified region in
which the test field of the test strip may be supposed to be located during capturing the
image. A visual indication such as visual guidance may be given to the user prior to captur-
ing the image. The visual indication may comprise at least one instruction such as a text
message and/or a graphical instruction. For example, the visual indication may comprise a
visualization of the test strip or parts of the test strip such as a contour and/or outline of the
test strip. The visual indication may comprise an outline of the test strip or a reference re-
gion on the test strip, for example a frame which corresponds to a shape of the test strip,
superimposed on the display of the mobile device, providing visual guidance for position-
ing the camera relative to the test strip. The capturing of the at least one image may be ini-
tiated automatically in case it is determined that the sharpness criterion and/or the spatial
criterion may be fulfilled, in particular in case it is determined that the outline of the test
strip of the visual indication overlays the test strip. The visual indication may depend on
the test strip used. For example, the visual indication such as a contour and/or outline of
the test strip may be determined empirical and/or may be stored in at least one lookup table
and/or in at least one data storage of the mobile device, e.g. by software, specifically by at
least one app downloaded from an app store or the like. Additionally or alternatively, audio
guidance or other type of guidance may be given.

As will be outlined in further detail below, the method for evaluating a suitability of light-
ing conditions and the detection method may fully or partially be computer implemented,
specifically on a computer of the mobile device, such as a processor of the mobile device.
Thus, specifically, the methods may comprise using at least one processor and software
instructions for performing at least method steps c) and d) of the method for evaluating a
suitability of lighting conditions and/or method step D) of the detection method. Specifi-
cally, the methods may fully or partially be implemented as so-called apps, e.g. for An-
droid or i0S, and may, as an example, be downloadable from an app store. The software
instructions, specifically the app, further may provide user instructions, e.g. by one or more
of a display, by audio instructions or other instructions, in order to support the method
steps of the method for evaluating a suitability of lighting conditions and/or the detection
method. Therein, as indicated above, method steps a) and b) may also fully or partially be
computer implemented, ¢.g. by automatically taking the first and second image of the at
least one test strip by using the camera once the test strip is within a field of view of the
camera and/or within a certain range within the field of view. The processor for performing
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the method for evaluating a suitability of lighting conditions method and/or the detection
method specifically may be part of the mobile device.

As outlined above, the mobile device specifically may be a mobile computer and/or a mo-
bile communications device. Thus, specifically, the mobile device may be selected from
the group consisting of: a mobile communications device, specifically a smart phone; a
portable computer, specifically a notebook; a tablet computer.

As indicated above, further method steps may be computer implemented or computer as-
sisted, specifically by a processor of the mobile device.

In a further aspect of the present invention, a computer program including computer-
executable instructions for performing the method for evaluating a suitability of lighting
conditions according to any one of the embodiments as described herein is disclosed. Spe-
cifically the computer- executable instructions may be suited for performing one or more
of method steps a), b), ¢) and d). In particular, the program is executed on a computer or a
computer network, specifically on a processor of a mobile device having at least one cam-

cra.

Thus, generally speaking, disclosed and proposed herein is a computer program including
computer-executable instructions for performing the method for evaluating a suitability of
lighting conditions according to the present invention in one or more of the embodiments
enclosed herein when the program is executed on a computer or computer network. Specif-
ically, the computer program may be stored on a computer-readable data carrier. Thus,
specifically, one, more than one or even all of method steps as indicated above may be
performed by using a computer or a computer network, preferably by using a computer
program. The computer specifically may be fully or partially integrated into the mobile
device, and the computer programs specifically may be embodied as a software app. Alter-
natively, however, at least part of the computer may also be located outside the mobile

device.

Further disclosed and proposed herein is a data carrier having a data structure stored there-
on, which, after loading into a computer or computer network, such as into a working
memory or main memory of the computer or computer network, may execute the method
for evaluating a suitability of lighting conditions according to one or more of the embodi-
ments disclosed herein, specifically one or more of the method steps mentioned above.



10

15

20

25

30

35

WO 2019/238501 PCT/EP2019/064675

221 -

Further disclosed and proposed herein is a computer program product with program code
means stored on a machine-readable carrier, in order to perform the method for evaluating
a suitability of lighting conditions according to one or more of the embodiments disclosed
herein, when the program is executed on a computer or computer network. As used herein,
a computer program product refers 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 computer-readable
data carrier. Specifically, the computer program product may be distributed over a data

network.

Finally, disclosed and proposed herein is a modulated data signal which contains instruc-
tions readable by a computer system or computer network, for performing the method for
evaluating a suitability of lighting conditions according to one or more of the embodiments
disclosed herein, specifically one or more of the steps of the method for evaluating a suita-
bility of lighting conditions as mentioned above.

Specifically, further disclosed herein are:

- a computer or computer network comprising at least one processor, wherein the
processor is adapted to perform the method for evaluating a suitability of lighting
conditions according to one of the embodiments described in this description,

- acomputer loadable data structure that is adapted to perform the method for evalu-
ating a suitability of lighting conditions according to one of the embodiments de-
scribed in this description while the data structure is being executed on a computer,

- a computer program, wherein the computer program is adapted to perform the
method for evaluating a suitability of lighting conditions according to one of the
embodiments described in this description while the program is being executed on a
computer,

- a computer program comprising program means for performing the method for
evaluating a suitability of lighting conditions according to one of the embodiments
described in this description while the computer program is being executed on a
computer or on a computer network,

- acomputer program comprising program means according to the preceding embod-
iment, wherein the program means are stored on a storage medium readable to a
computer,

- a storage medium, wherein a data structure is stored on the storage medium and
wherein the data structure is adapted to perform the method for evaluating a suita-
bility of lighting conditions according to one of the embodiments described in this



10

15

20

25

30

35

WO 2019/238501 PCT/EP2019/064675

-0

description after having been loaded into a main and/or working storage of a com-
puter or of a computer network, and

- a computer program product having program code means, wherein the program
code means can be stored or are stored on a storage medium, for performing the
method for evaluating a suitability of lighting conditions according to one of the
embodiments described in this description, if the program code means are executed

on a computer or on a computer network.

In a further aspect of the present invention, a computer program including computer-
executable instructions for performing the detection method according to any one of the
embodiments as described herein is disclosed. Specifically the computer-executable in-
structions may be suited for performing one or more of method steps i) and ii). In particu-
lar, the program is executed on a computer or a computer network, specifically on a pro-

cessor of a mobile device having at least one camera.

Thus, generally speaking, disclosed and proposed herein is a computer program including
computer-executable instructions for performing the detection method according to the
present invention in one or more of the embodiments enclosed herein when the program is
executed on a computer or computer network. Specifically, the computer program may be
stored on a computer-readable data carrier. Thus, specifically, one, more than one or even
all of method steps as indicated above may be performed by using a computer or a com-
puter network, preferably by using a computer program. The computer specifically may be
fully or partially integrated into the mobile device, and the computer programs specifically
may be embodied as a software app. Alternatively, however, at least part of the computer
may also be located outside the mobile device.

Further disclosed and proposed herein is a data carrier having a data structure stored there-
on, which, after loading into a computer or computer network, such as into a working
memory or main memory of the computer or computer network, may execute the detection
method according to one or more of the embodiments disclosed herein, specifically one or

more of the method steps mentioned above.

Further disclosed and proposed herein is a computer program product with program code
means stored on a machine-readable carrier, in order to perform the detection method ac-
cording to one or more of the embodiments disclosed herein, when the program is executed
on a computer or computer network. As used herein, a computer program product refers to

the program as a tradable product. The product may generally exist in an arbitrary format,
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such as in a paper format, or on a computer-readable data carrier. Specifically, the comput-

er program product may be distributed over a data network.

Finally, disclosed and proposed herein is a modulated data signal which contains instruc-

tions readable by a computer system or computer network, for performing the detection

method according to one or more of the embodiments disclosed herein, specifically one or

more of the steps of the detection method as mentioned above.

Specifically, further disclosed herein are:

a computer or computer network comprising at least one processor, wherein the
processor is adapted to perform the detection method according to one of the em-
bodiments described in this description,

a computer loadable data structure that is adapted to perform the detection method
according to one of the embodiments described in this description while the data
structure is being executed on a computer,

a computer program, wherein the computer program is adapted to perform the de-
tection method according to one of the embodiments described in this description
while the program is being executed on a computer,

a computer program comprising program means for performing the detection meth-
od according to one of the embodiments described in this description while the
computer program is being executed on a computer or on a computer network,

a computer program comprising program means according to the preceding embod-
iment, wherein the program means are stored on a storage medium readable to a
computer,

a storage medium, wherein a data structure is stored on the storage medium and
wherein the data structure is adapted to perform the detection method according to
one of the embodiments described in this description after having been loaded into
a main and/or working storage of a computer or of a computer network, and

a computer program product having program code means, wherein the program
code means can be stored or are stored on a storage medium, for performing the de-
tection method according to one of the embodiments described in this description,

if the program code means are executed on a computer or on a computer network.

In a further aspect of the present invention, a mobile device for performing an analytical

measurement is disclosed. The mobile devices comprises

at least one camera;

at least one illumination source; and
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- -at least one processor, comprising program means for performing the method for
evaluating a suitability of lighting conditions according to one of the preceding em-
bodiments.

For most of the terms used herein and possible definitions, reference may be made to the
description of the methods above.

The processor further may comprise program means for performing the detection method
according to any one of the preceding embodiments. The mobile device may be a mobile

communications device.

The methods and devices according to the present invention may provide a large number of
advantages over known methods and devices for analytical measurements. The present
invention may improve a reliability and accuracy of the process of performing an analyti-
cal measurement, compared to processes known from the art. Specifically, the present in-
vention may improve the reliability and accuracy of an application, e.g. an app, including
computer-executable instructions for performing an analytical measurement, compared to
known apps or computer programs. In particular, the present invention may allow ensuring
robust image capturing conditions independent of ambient light conditions and for differ-
ent mobile devices. Specifically this may be ensured by avoiding and/or significantly re-
ducing the impact of ambient light.

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

ments may be envisaged:

Embodiment 1: A method for evaluating a suitability of lighting conditions for detecting an
analyte in a sample using a camera of a mobile device, comprising the following steps:

a) capturing at least one first image of at least one test strip, wherein the test strip is
adapted for detecting the analyte in the sample, the test strip having at least one test field
comprising at least one test chemical for performing an optical detection reaction in the
presence of the analyte, wherein, during the capturing of the first image, an illumination
source of the mobile device is turned off;

b) capturing at least one second image of the test strip, wherein, during the capturing of the
second image, the illumination source of the mobile device is turned on;

c¢) comparing the first and second images captured in steps a) and b), thereby determining a
difference in lighting conditions between the first image and the second image; and
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d) deriving at least one suitability information from the comparison in step c), wherein the
suitability information comprises information on a suitability of the lighting conditions for
analyte detection.

Embodiment 2: The method according to the preceding embodiment, wherein the illumina-

tion source has a known or predetermined spectral composition.

Embodiment 3: The method according to any one of the preceding embodiments, wherein
the illumination source is adapted to outshine in brightness ambient light.

Embodiment 4: The method according to any one of the preceding embodiments, wherein
the first image and the second image are captured prior to an application of the sample.

Embodiment 5: The method according to any one of the preceding embodiments, wherein
the method comprises at least one sample application step, wherein in the sample applica-
tion step a sample is applied to the test strip, wherein the sample is applied to the test strip
prior to steps a) and/or b).

Embodiment 6: The method according to any one of the preceding embodiments, wherein
deriving the suitability information in step d) comprises comparing the difference in light-
ing conditions determined in step c) with at least one threshold value.

Embodiment 7: The method according to the preceding embodiment, wherein, only in case
the difference in lighting conditions between the second image and the first image at least
equals the threshold value, the suitability information is set to indicate a suitability of the
lighting conditions for analyte detection.

Embodiment 8: The method according to any one of the preceding embodiments, wherein
the suitability information is set to indicate a suitability of the lighting conditions for sub-
sequent analyte detection only in case at least 80% of light intensity used for illumination

of the test strip originates from the illumination source.

Embodiment 9: The method according to any one of the preceding embodiments, wherein
the method further comprises checking and/or evaluating whether or not the illumination

source provides for sufficient illumination intensity.
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Embodiment 10: The method according to any one of the preceding embodiments, wherein

the camera is the camera of a mobile communications device.

Embodiment 11: The method according to any one of the preceding embodiments, wherein
the illumination source of the mobile device comprises at least one light-emitting diode
integrated in the mobile device.

Embodiment 12: A detection method for detecting an analyte in a sample by using a cam-
era of a mobile device, the method comprising:

1) Evaluating lighting conditions by using the method for evaluating a suitability
of lighting conditions according to any one of the preceding embodiments;

ii) if the suitability information on the suitability of the lighting conditions indi-
cates the lighting conditions to be suitable for analyte detection, performing
the following steps:

A) providing at least one test strip for detecting the analyte in the sample, the test strip
having at least one test field comprising at least one test chemical for performing an
optical detection reaction in the presence of the analyte;

B) applying at least one sample to the test field of the test strip;

C) capturing at least one image of the test field by using the camera, wherein during
said capturing the illumination source of the mobile device is turned on; and

D) determining, from the image captured in step C), the analyte concentration in the

sample.

Embodiment 13:The detection method according to the preceding embodiment, wherein
step D) comprises analyzing the color of a spot on the test field of the test strip, said spot at
least partially comprising the sample.

Embodiment 14: The detection method according to any one of the two preceding embod-
iments, wherein step C) comprises providing visual indication for the user to position the
test strip relative to the camera such that the test field at least partially is located in a target

arca.

Embodiment 15: The detection method according to any one of the two preceding embod-
iments, wherein after step D) the lighting conditions are evaluated by using the method for
evaluating a suitability of lighting conditions according to any one of the preceding em-
bodiments, wherein the determined analyte concentration is rejected if the suitability in-
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formation on the suitability of the lighting conditions indicates the lighting conditions not
to be suitable for analyte detection.

Embodiment 16: A computer program comprising program means for performing the
method for evaluating a suitability of lighting conditions according to one of the preceding
embodiments referring to a method for evaluating a suitability of lighting conditions while
the computer program is being executed on a computer or on a computer network, specifi-

cally on a processor of the mobile device.

Embodiment 17: A computer program comprising program means for performing the de-
tection method according to one of the preceding embodiments referring to a detection
method while the computer program is being executed on a computer or on a computer
network, specifically on a processor of the mobile device.

Embodiment 18: A mobile device, comprising:

- at least one camera;

- at least one illumination source; and

- at least one processor, comprising program means for performing the method for evaluat-
ing a suitability of lighting conditions according to one of the preceding embodiments re-
ferring to a method for evaluating a suitability of lighting conditions.

Embodiment 19: The mobile device according to the preceding embodiment, wherein the
processor further comprises program means for performing the detection method according
to any one of the preceding embodiments referring to a detection method.

Embodiment 20: The mobile device according to any one of the two preceding embodi-

ments, wherein the mobile device is a mobile communications device.

Short description of the Figures

Further optional features and embodiments will be disclosed in more detail in the subse-
quent 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 arbitrary feasible combination, as the skilled person will realize. The scope of the in-
vention is not restricted by the preferred embodiments. The embodiments are schematically
depicted in the Figures. Therein, identical reference numbers in these Figures refer to iden-

tical or functionally comparable elements.
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In the Figures:
Figure 1 shows a flow chart of a method for evaluating a suitability of lighting
conditions and a method for detecting an analyte;
Figure 2 shows a perspective view of an embodiment of a mobile device for per-

forming the method for evaluating the suitability of lighting conditions;

and

Figures 3A to 3G show relative spectral power distributions of standard illuminant and

experimental results of impact of ambient light on camera image.

Detailed description of the embodiments

Figure 1 shows a flow chart of a method 110 for evaluating a suitability of lighting condi-
tions for detecting an analyte in a sample using a camera 112 of a mobile device 114 and of
a method for detecting an analyte 115. The method 110 for evaluating the suitability com-
prises the following steps:

a) (denoted with reference number 117) capturing at least one first image of at least one
test strip 116, wherein the test strip 116 is adapted for detecting the analyte in the sample,
the test strip 116 having at least one test field 118 comprising at least one test chemical for
performing an optical detection reaction in the presence of the analyte, wherein, during the
capturing of the first image, an illumination source 120 of the mobile device 114 is turned
off;

b) (denoted with reference number 122) capturing at least one second image of the test
strip 116, wherein, during the capturing of the second image, the illumination source 120
of the mobile device 114 is turned on;

c¢) (denoted with reference number 124) comparing the first and second images captured in
steps a) 117 and b) 122, thereby determining a difference in lighting conditions between
the first image and the second image; and

d) (denoted with reference number 126) deriving at least one suitability information from
the comparison in step c) 124, wherein the suitability information comprises information

on a suitability of the lighting conditions for analyte detection.

In Figure 2 the mobile device 114 for performing the method 110 for evaluating the suita-
bility of lighting conditions is shown in a perspective view. The mobile device 114 may be
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a mobile electronics device, more specifically a mobile communication device such as a
cell phone or smart phone. Additionally or alternatively, the mobile device 114 may also
refer to a tablet computer or another type of portable computer having at least one camera.
Furthermore, the at least one test strip 116 is shown. The test strip 118 has the test field
118 containing at least one test chemical for detecting the at least one analyte. The test
strip 116, as an example, may comprise at least one substrate, such as at least one carrier,
with the at least one test field 118 applied thereto or integrated therein.

The mobile device 114 comprises the at least one camera 112. The camera 112 may com-
prise at least one camera chip, not shown here, such as at least one CCD chip and/or at
least one CMOS chip configured for recording images. The camera 112 generally may
comprise a one-dimensional or two-dimensional array of image sensors, such as pixels.
The camera 112 may be a camera of a mobile communications device. The camera 112
specifically may be a color camera. The camera 112 may be adapted to generate color val-
ues for at least three colors, e.g. for red (R), green (G), blue (B). As an example, each pixel
of the camera chip may have three or more different color sensors, such as color recording

pixels like one pixel for R, one pixel for G, one pixel for B.

The method 110 for evaluating the suitability of lighting conditions may comprise deter-
mining an impact of ambient light on image capturing with the camera 112 of the mobile
device 114. For example, the suitability information may comprise information about suf-
ficiency of light intensity originating from the illumination source 120 of the mobile device
114 for illuminating the test strip 116. Specifically, the suitability information may com-
prise information about sufficiency of light intensity originating from the illumination
source 120 of the mobile device 114 for illuminating the test strip 116 in relation to and/or
in comparison to ambient light intensities and/or ambient light conditions. The ambient
light may be generated and/or provided by artificial light sources such as room light, e.g.
lamps, and/or natural light sources such as the sun, the moon, starlight, lightning. The
lighting conditions may depend on time, in particular day or night time. The lighting condi-
tion may depend on location, in particular if the image is captured outdoor or indoor or on
geographical location. In particular for outdoor measurements, the lighting conditions may
depend on weather conditions. For indoor measurements, the lighting conditions may de-
pend on room lightings, which may differ dependent on activity such as in homes, super-
markets, theaters, etc.

The illumination source 120 may comprise at least one light-emitting diode integrated in
the mobile device 114. In particular, the illumination source 120 may be a backlighting of
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the mobile device 114, in particular of the mobile phone. The mobile device 114 may
comprise further illumination devices such as at least one illumination source illuminating
at least one display 128 and/or the display 128 may be designed as further illumination
source itself.

The illumination source 120 may have two states, an on-state in which it generates light
beam for illuminating the test strip 116 and an off-state in which the illumination source
120 is off. As outlined above, in step a) 117 a first image is captured wherein the illumina-
tion source 120 of the mobile device 114 is turned off. This may allow capturing an image
comprising light intensities of ambient light sources only and independent from illumina-
tion provided by the illumination source 120 of the mobile device 114. In step b) 122 the
illumination source 120 is turned on such that it may be possible to determine the second
image comprising illumination intensities from both ambient light and from the illumina-

tion by the illumination source 120 of the mobile device 114.

The light-emitting diode integrated in the mobile device 114 may comprise at least one
white light LED. The white light LED may be controlled using a short current pulse such
that the white light LED may be adapted to generate a bright flash of light. The illumina-
tion source 120 may be adapted to illuminate the test strip 116 all the time during capturing
of the image. In contrast to electron flashes, flash duration of the white light LED may take
several 100 ms. This may allow that the illumination source 120 illuminates the test strip
116 all the time during capturing of the image in a flash-mode of the LED. Alternatively,
the LED may be adapted to be permanently illuminating the test strip in a non-flash mode,
in which the LED is adapted to generate continuously at least one light beam for illuminat-
ing the test strip 116.

The illumination source 120 may be adapted to outshine in brightness ambient light. The
illumination source 120 may be an essentially dominant light source when capturing the
image in step b) 122 of the test strip 116. Illuminance of flashes generated by the white
light LED used in mobile devices may be from 80 to 300 lux at an object distance of 1m.
Thus, at an object distance of 0.1 m, illuminance of flashes generated by the white light
LED may be from 8000 to 30000 Iux. For comparison, full daylight may have 10752 lux,
an overcast day may have 1075 lux, a very dark day may have 107 lux, and twilight may
have 10.8 lux, see
https://www.noao.edu/education/QLTkit/ACTIVITY Documents/Safety/LightLevels outd
oor+indoor.pdf. The illumination source 120 may be adapted to generate at least one light
beam 130 for illuminating the test strip 116 comprising light intensities above light intensi-
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ties of ambient light. The light intensities of the light beam 130 generated by the illumina-
tion source 120 may exceed the light intensities of ambient light by a factor of two, prefer-
ably by a factor of 10 and more preferably by a factor of 100.

Step ¢) 124 comprises comparing the first and second images captured in steps a) 117 and
b) 122, thereby determining a difference in lighting conditions between the first image and
the second image. As outlined above, each pixel of the camera chip may have three or
more different color sensors, such as color recording pixels like one pixel for red (R), one
pixel for green (G) and one pixel for blue (B). For example, the camera 112 may comprise
at lcast one Bayer sensor. The camera chip may be adapted to generate at least one sensor
signal for each of the R, G, B channels. The camera chip may be adapted to determine an
intensity spectrum of the respective R, G, B channel. The camera 112 may be adapted to
capture the first and second images in steps a) 117 and b) 122 in at least one color channel,
in particular at least one color channel selected from the group consist-ing of R channel, G
channel and B channel. The camera 112 may be adapted to capture the first and second
images in steps a) 117 and b) 122 in each of the color channels. The mobile device 114
comprises at least one processor 132. The camera 112 and/or the processor 132 may be
adapted to determine from the first image at least one first intensity distribution and from
the second image at least one second intensity distribution for at least one of the color
channels. Preferably, a first intensity distribution and a second intensity distribution may
be determined for each of the color channels. For at least one color channel, the camera
112 and/or the processor 132 may be adapted to determine from the respective first intensi-
ty distribution a first intensity spectrum of the respective color channel and from the re-
spective second intensity distribution a second intensity spectrum of the respective color
channel. For example, the comparing may comprise determining a difference between the
first intensity distribution and the second intensity distribution of at least one of the color
channels. Specifically, for the R, G and B channels the difference A may be determined by

Acclor = IcolorLEDON — Icol()rLEDOFF’

with color = R, G, B, wherein Acolor is the difference in the respective color channel, Tcol-
o FPON ig the intensity distribution of the second image of the respective color channel and
Leolo™POFF ig the intensity distribution of the first image of the respective color channel.
Additionally or alternatively, the comparing may comprise determining a quotient by di-
viding the first intensity distribution and the second intensity distribution and/or by divid-
ing multiples and/or dividing linear combinations of the first intensity distribution and the
second intensity distribution at least one of the color channels. Specifically, for the R, G

and B channels the quotient may be determined by
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Qcolor = Ic010rLEDON / IcolorLEDOFF,

with color = R, G, B, wherein Qcolor is the quotient in the respective color channel, Tcol-
o BPON ig the intensity distribution of the second image of the respective color channel and

IcolorLEDOFF

is the intensity distribution of the first image of the respective color channel.
The processor 132 may comprise computing means adapted for comparing the first and

second images.

The illumination source 120 of the mobile device 114 may have a known or predetermined
spectral composition. In particular, at least one distribution of light intensities as a function
of wavelength for each of the R, G, B channels may be known or predetermined. Specifi-
cally, an emission spectrum of the white light LED may be known or may be determined
empirically. The spectral composition may be stored in a table or a lookup table and may
be determined e.g. empirically and may, as an example, be stored in at least one data stor-
age device of the mobile device, e.g. by software, specifically by the app downloaded from
an app store or the like. Since the spectral composition of the illumination source 120 is
known or is predetermined, it may be possible to determine the amount of light intensity
used for illumination of the test strip 116 which originates from the illumination source
120.

The first image and the second image may be captured prior to an application of the sam-
ple. Additionally or alternatively, the method may comprise at least one sample application
step, wherein in the sample application step a sample may be applied to the test strip 116.
Specifically, the sample may be applied to the test strip 116 prior to steps a) 117 and/or b)
122.

Step d) 126 comprises deriving the at least one suitability information from the comparison
in step ¢) 124. Deriving the suitability information in step d) 126 may comprise comparing
the difference in lighting conditions determined in step c) 124 with at least one threshold
value. Only in case the difference in lighting conditions between the second image and the
first image at least equals the threshold value, the suitability information may be set to in-
dicate a suitability of the lighting conditions for analyte detection. The threshold value may
depend on ambient light conditions. For example, the user and/or the processor 132 may be
adapted to adjust and/or select the threshold value dependent on ambient light conditions.
The threshold value may be stored in a table or a lookup table and may be determined e.g.
empirically and may, as an example, be stored in at least one data storage device of the

mobile device, e.g. by software, specifically by the app downloaded from an app store or
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the like. For example, the suitability information may be set to indicate a suitability of the
lighting conditions for subsequent analyte detection only in case at least 80% of light in-
tensity used for illumination of the test strip 116 originates from the illumination source
120. For example, the suitability information may be set to indicate a suitability of the
lighting conditions for subsequent analyte detection only in case 90% of light intensity
used for illumination of the test strip 116 originates from the illumination source 120.

Figure 3A shows a relative power distribution of CIE standard illuminants A, B, C from
380 nm to 780 nm, see https://en.wikipedia.org/wiki/Standard illuminant. Figure 3B
shows intensity I of determined RGB-signals as a function of wavelength & in nm for a
blood sample of 100 mg/dl being illuminated with standard illuminant A. Figure 3C shows
intensity I of the determined RGB-signals as a function of wavelength % in nm for a blood
sample of 100 mg/dl being illuminated with standard illuminant B. Figure 3D shows inten-
sity I of the determined RGB-signals as a function of wavelength A in nm for a blood sam-
ple of 100 mg/dl being illuminated with standard illuminant C. Tt is observed that the inten-
sity of determined RGB-signals as a function of wavelength change depending on the illu-
mination by the respective illuminant A, B or C. Figure 3E shows intensity I of the deter-
mined RGB-signals as a function of wavelength A in nm for a blood sample of 100 mg/dl,
wherein the sample is illuminated with 10% light intensity from standard illuminant A and
with 90% light intensity from illumination source 120, in this case a light emitting diode of
a Samsung Galaxy® J7 smartphone. It is observed that the intensity of determined RGB-
signals as a function of wavelength is independent on illumination by the respective illu-
minant. The illumination originating from the illumination source 120 dominates the light-

ing condition.

Referring to Figure 1, the detection method 115 comprises step i) 134, wherein lighting
conditions by using the method for evaluating the suitability of lighting conditions are
evaluated. The detection method 115 comprises step ii) 136, wherein, if the suitability in-
formation on the suitability of the lighting conditions indicates the lighting conditions to be
suitable for analyte detection, the following steps are performed:

A) (indicated with reference number 138) providing the at least one test strip 116 for de-
tecting the analyte in the sample, the test strip 116 having the at least one test field 118
comprising at least one test chemical for performing an optical detection reaction in the
presence of the analyte;

B) (indicated with reference number 140) applying at least one sample to the test field 118
of the test strip 116;
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C) (indicated with reference number 142) capturing at least one image of the test field 118
by using the camera 112, wherein during said capturing the illumination source 120 of the
mobile device is turned on; and

D) (indicated with reference number 144) determining, from the image captured in step C),

the analyte concentration in the sample.

Step C) 142 may comprise providing visual indication for the user to position the test strip
116 relative to the camera 112 such that the test field 118 at least partially is located in a
target area. The visual indication such as visual guidance may be given to the user prior to
capturing the image. The visual indication may comprise at least one instruction such as a
text message and/or a graphical instruction. For example, the visual indication may com-
prise a visualization of the test strip 116 or parts of the test strip 116 such as a contour
and/or outline of the test strip 116. The visual indication may comprise an outline of the
test strip 116 or a reference region on the test strip 116, for example a frame which corre-
sponds to a shape of the test strip 116, superimposed on the display 128 of the mobile de-
vice 114, providing visual guidance for positioning the camera 112 relative to the test strip
116.

In case the evaluating of lighting conditions in step i) 134 is not set to indicate that the
lighting conditions are suitable, the mobile device 114 may be adapted to abort and/or to
prevent detecting the analyte in the sample. Additionally or alternatively, in case the evalu-
ating of lighting conditions in step 1) 134 is not set to indicate that the lighting conditions
are suitable, the mobile device 114 may be adapted to generate at least one warning. Addi-
tionally or alternatively, in case the evaluating of lighting conditions in step i) 134 is not
set to indicate that the lighting conditions are suitable, the mobile device 114 may be
adapted to repeat step i) 134. Additionally or alternatively, in case the evaluating of light-
ing conditions in step i) is not set to indicate that the lighting conditions are suitable, the
mobile device 114 may be adapted to generate at least one prompt to the user to change
ambient light conditions, for example to move to a different location and/or to switch off
disturbing light sources.

After step D) 144 the lighting conditions may be evaluated by using the method 110 for
cvaluating a suitability of lighting conditions as described above. The determined analyte
concentration may be rejected if the suitability information on the suitability of the lighting
conditions indicates the lighting conditions not to be suitable for analyte detection. The
mobile device 114 may be adapted to generate at least one error message if the suitability
information on the suitability of the lighting conditions indicates the lighting conditions
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have not been suitable during analyte detection. The mobile device 114 may be adapted to
generate a warning to the user, such as a visual warning on the display 128 of the mobile

device 114 and/or at least one acoustical warning.
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List of reference numbers

method for evaluating a suitability of lighting conditions
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Claims

A method (110) for evaluating a suitability of lighting conditions for detecting an
analyte in a sample using a camera (112) of a mobile device (114), comprising the
following steps:

a)  (117) capturing at least one first image of at least one test strip (116), wherein
the test strip (116) is adapted for detecting the analyte in the sample, the test
strip (116) having at least one test field (118) comprising at least one test
chemical for performing an optical detection reaction in the presence of the an-
alyte, wherein, during the capturing of the first image, an illumination source
(120) of the mobile device (114) is turned off;

b)  (122) capturing at least one second image of the test strip (116), wherein, dur-
ing the capturing of the second image, the illumination source (120) of the mo-
bile device (114) is turned on;

¢)  (124) comparing the first and second images captured in steps a) (117) and b)
(122), thereby determining a difference in lighting conditions between the first
image and the second image; and

d)  (126) deriving at least one suitability information from the comparison in step
¢) (124), wherein the suitability information comprises information on a suita-

bility of the lighting conditions for analyte detection.

The method (110) according to the preceding claim, wherein the illumination

source (120) has a known or predetermined spectral composition.

The method (110) according to any one of the preceding claims, wherein the illu-
mination source (120) is adapted to outshine in brightness ambient light.

The method (110) according to any one of the preceding claims, wherein the first
image and the second image are captured prior to an application of the sample.

The method (110) according to any one of the preceding claims, wherein the method
comprises at least one sample application step, wherein in the sample application
step a sample is applied to the test strip (116), wherein the sample is applied to the
test strip (116) prior to steps a) (117) and/or b) (122).
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The method (110) according to any one of the preceding claims, wherein deriving the
suitability information in step d) (126) comprises comparing the difference in light-
ing conditions determined in step c) (124) with at least one threshold value.

The method (110) according to any one of the preceding claims, wherein the suitabil-
ity information is set to indicate a suitability of the lighting conditions for subsequent
analyte detection only in case at least 80% of light intensity used for illumination of
the test strip (116) originates from the illumination source (120).

The method (110) according to any one of the preceding claims, wherein the method
(110) further comprises checking and/or evaluating whether or not the illumination
source (120) provides for sufficient illumination intensity.

The method (110) according to any one of the preceding claims, wherein the illumi-
nation source (120) of the mobile device (114) comprises at least one light-emitting
diode integrated in the mobile device (114).

A detection method for detecting an analyte in a sample by using a camera (112) of a

mobile device (114), the method comprising:

i)  Evaluating lighting conditions by using the method for evaluating a suitability
of lighting conditions according to any one of the preceding claims;

ii)  if the suitability information on the suitability of the lighting conditions indi-
cates the lighting conditions to be suitable for analyte detection, performing the
following steps:

A) providing at least one test strip (116) for detecting the analyte in the
sample, the test strip (116) having at least one test field (118) compris-
ing at least one test chemical for performing an optical detection reac-
tion in the presence of the analyte;

B) applying at least one sample to the test field (118) of the test strip (116);

C) capturing at least one image of the test field (118) by using the camera
(112), wherein during said capturing the illumination source (120) of
the mobile device (114) is turned on; and

D) determining, from the image captured in step C), the analyte concentra-

tion in the sample.
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A computer program comprising program means for performing the method (110)
for evaluating a suitability of lighting conditions according to one of the preceding
claims referring to a method for evaluating a suitability of lighting conditions while
the computer program is being executed on a computer or on a computer network,

specifically on a processor of the mobile device.

A computer program comprising program means for performing the detection meth-
od (115) according to one of the preceding claims referring to a detection method
while the computer program is being executed on a computer or on a computer net-

work, specifically on a processor of the mobile device.

A mobile device (114), comprising:

- at least one camera (112);

- at least one illumination source (120); and

- at least one processor (132), comprising program means for performing the
method (110) for evaluating a suitability of lighting conditions according to one
of the preceding claims referring to a method for evaluating a suitability of light-
ing conditions.

The mobile device (114) according to the preceding claim, wherein the processor
(132) further comprises program means for performing the detection method (115)
according to any one of the preceding claims referring to a detection method.

The mobile device (114) according to any one of the two preceding claims, wherein

the mobile device (114) is a mobile communications device.



