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CHROMATOGRAPHIC READER DEVICES FOR BIODETECTION

Summary

[0001] This disclosure is directed generally to biodetection, and more specifically, to reader devices
configured to perform biodetection. Lateral flow devices (LFDs), paper-based diagnostic test trips,
immunochromatographic test strips, and other types of test strips that provide biological chromatographic
assays are often used for rapid, on-site diagnostic tests to determine the presence/absence of a variety of
analytes related to human health. Examples of analytes that can be detected using biological
chromatographic test strips include serologic analytes (e.g., serum antibodies), fertility and pregnancy-
associated hormones, allergens, microbes and other infectious disease agents, cancer biomarkers, etc.
Biological chromatographic test strips are often relatively small devices that include recognition elements
which are conjugated or otherwise paired to a signal-generating tag (i.c., a fluorescent label, colorimetric
nanoparticle, a magnetic particle, etc.). The signal-generating tag typically outputs an indication, visible
to the unaided eye, of whether the test’s target analyte is present at a detectable level in a test sample
placed on the biological chromatographic test strip.

[0002] This disclosure is directed to reader devices that automate a reading process of biological
chromatographic test strips. Existing test strip reading, which is done by eye, is subject to variation in
interpretation between different observers. Additionally, the reader devices of this disclosure may enable
quantitative biological chromatographic assay result collection, by forming and outputting estimates of
target analyte quantity and/or concentration in a given test sample. Reader devices of this disclosure may
also enable the collection of potentially valuable metadata. For example, a reader device of this
disclosure may incorporate detection systems that execute mapping functions to perform quantitative
measurements using one or more features of the biological chromatographic output signal that vary with
analyte concentration. Reader devices of this disclosure may include, be coupled to, or activate varying
numbers of sensors in different use case scenarios, and may sometimes utilize additional sensors to
automate aspects of results generation and/or to integrate metadata with the generated result(s).

[0003] The device configurations and techniques of this disclosure provide various technical
improvements in the technical field of biodetection devices. Biological chromatographic test strips are
being used increasingly for diagnostic tests due their ease of use, portability, relatively quick time-to-
result, and other convenience-related factors. The signal-gencrating tags in a biological chromatographic
test strip are usually localized to certain areas of the device membrane, and create visible lines that
indicate analyte presence, assay completion, or other results. Determining the presence or absence of
result lines on biological chromatographic test strips by eye 1s subjective, which can lead to
misinterpretation when the lines are faint. Even as biological chromatographic test strips are being
designed to detect a broader range of analytes, their qualitative and subjective nature continues to limit

their wider adoption and limit their impact on interventions and care paradigms. The lack of metadata
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associated with biological chromatographic test strips is another reason for their limited or slowed
adoption.
[0004] The reader devices of this disclosure overcome these limitations of existing biological
chromatographic assay technology by making result interpretation consistent and agnostic to different
visual capabilities and other person-to-person variations among observers. Moreover, the reader devices
of this disclosure may leverage features of the biological chromatographic test strip output signals to
determine or at least estimate the quantity of the analyte in the submitted test sample. In some examples,
the reader devices of this disclosure are configured to extract or infer metadata relating to the test results
as well. In some examples, the reader devices may locally implement or may be connected to a
repository or database, thereby automating the storage of biological chromatographic assay results for
future reference and for the creation of auditable test records. By automating test strip output signal
interpretation, the reader devices of this disclosure may also facilitate greater biological chromatographic
test strip throughput in labs or similar environments. In some examples, multiple reader devices of this
disclosure may form a networked system that collectively reduce the overall time-to-result and improve
biological chromatographic test strip-associated workflows by allowing for distributed test locations.
[0005] The details of one or more examples of the invention are set forth in the accompanying drawings
and the description below. Other features and advantages will be apparent from the description and

drawings, and from the claims.

Brief Description of the Drawings

[0006] FIG. 1 is a conceptual diagram illustrating different test results as detected by a reader device of
this disclosure from various biological chromatographic test strips.

[0007] FIG. 2 is a conceptual diagram illustrating different test results detected by a reader device of this
disclosure from various biological chromatographic test strips.

[0008] FIG. 3 is a conceptual diagram illustrating a longitudinal cross-section of a reader device of this
disclosure.

[0009] FIG. 4 is a diagram illustrating an example of colorimetric intensity calculation that reader
devices of this disclosure may perform as part of the automated test strip reading techniques of this
disclosure.

[0010] FIG. 5 is a graph illustrating colorimetric intensity variance of control, hook, and test lines
displayed via the output signal area of the biological chromatographic test strip of FIG. 4 with
corresponding variation in target analyte concentration in the test sample submitted via the biological
chromatographic test strip.

[0011] FIG. 6 is a conceptual diagram that illustrates a data-consuming human-machine interface (HMI)

of this disclosure.
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[0012] FIG. 7 is a conceptual diagram that illustrates a user interface (UI) that the HMI of FIG. 6 or
another user-facing device coupled to the HMI of FIG. 6 may output to inform users of the test results of
the biological chromatographic test strips shown in FIG. 6.
[0013] FIG. 8 is a conceptual diagram that illustrates a Ul that the HMI of FIG. 6 or another user-facing
device coupled to the HMI of FIG. 6 may output to inform users of the test results of the biological
chromatographic test strips shown in FIG. 6.
[0014] FIGS. 9 and 10 illustrate examples in which the automated biological chromatographic test strip
reading functionalities of this disclosure are incorporated into a mobile computing device.
[0015] FIG. 11 illustrates an automated workflow for analyte testing and data processing in accordance
with aspects of this disclosure.
[0016] FIGS. 12A & 12B illustrate graphs that show aspects of the automated reading processes that
reader devices and/or mobile computing devices may be configured to perform in accordance with
aspects of this disclosure.
[0017] FIGS. 13A-13C are graphs that illustrate the individual colorimetric intensities of the control,
hook, and test lines displayed via the output signal arca of the biological chromatographic test strip of
FIG. 4, with analyte concentration-correlated variance.
[0018] FIGS. 13D-13F are graphs illustrating relative intensities shown as ratios between respective
pairs of the individual colorimetric intensity plots of FIGS. 13A-13C, also with analyte concentration-
correlated variance.
[0019] FIG. 14 illustrates a graph that shows the colorimetric intensity residuals as they vary with
analyte concentration.
[0020] FIG. 15 illustrates a graph that shows the accuracy of analyte concentration outputs during a
training phase of a model that reader devices and/or mobile computing devices may perform in
accordance with the quantification techniques of this disclosure.
[0021] FIG. 16 is a flowchart illustrating an example process that reader devices and/or mobile
computing devices of this disclosure may perform, in accordance with aspects of this disclosure.
[0022] FIG. 17 illustrates additional examples of biological chromatographic test strips that reader
devices and/or mobile computing devices of this disclosure may be configured to analyze for qualitative
and/or quantitative results, according to aspects of this disclosure.

[0023] FIGS. 18A-18F are graphs illustrating colorimetric intensity transitions of the control dot and test
dot of various biological chromatographic test strips that produce negative results and that produce
positive results based on a one (1) picomolar target analyte concentration.

[0024] FIGS. 19A-19F are graphs illustrating colorimetric intensity transitions of the control dot and test
dot of various biological chromatographic test strips that produce negative results and that produce
positive results based on a five (5) picomolar target analyte concentration.

[0025] FIG. 20 illustrates additional examples of biological chromatographic test strips that reader
devices of this disclosure may be configured to analyze for quantitative results, according to aspects of

this disclosure.
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Detailed Description

[0026] In the following detailed description of example embodiments, reference is made to specific
example embodiments by way of drawings and illustrations. These examples are described in sufficient
detail to enable those skilled in the art to practice what is described, and serve to illustrate how elements
of these examples may be applied to various purposes or embodiments. Other embodiments exist, and
logical, mechanical, electrical, and other changes may be made.

[0027] Features or limitations of various embodiments described herein, however important to the
example embodiments in which they are incorporated, do not limit other embodiments, and any reference
to the elements, operation, and application of the examples serve only to define these example
embodiments. Features or elements shown in various examples described herein can be combined in
ways other than shown in the examples, and any such combinations is explicitly contemplated to be
within the scope of the examples presented here. The following detailed description does not, therefore,
limit the scope of what is claimed.

[0028] FIG. 1 is a conceptual diagram illustrating different test results as detected by a reader device of
this disclosure from various biological chromatographic test strips. FIG. 1 is described in the context of
biological chromatographic test strips 204, 206, and 208 representing three instances of similarly
constructed test strips. It will be appreciated, however, that the reader devices of this disclosure are
compatible with multiple types of biological chromatographic test strips, such as LFDs,
immunochromatographic test strips, food safety-related test strips, whether paper-based (cellulose-based),
plastic-based, film-based, etc. The respective output signal areas of each of test strips 204-208 include
areas for three indicator lines, namely, a control (*C’) line, a hook (‘H’) line, and a test (*T”) line.
Biological chromatographic test strip 204 is illustrated in a state that indicates a positive test result, while
biological chromatographic test strip 206 is illustrated in a state that indicates a negative test result.
[0029] The control line shown in the respective output signal areas of biological chromatographic strips
204 and 206 is consistently present in the illustrated use case scenarios. The control line provides a
reference sub-image that the reader devices of this disclosure may use to determine the presence/absence
and (if present) the intensity of other lines that may appear in the output signal areas depending on the
detection of a target analyte in a submitted test sample. The hook line shown in the respective output
signal areas of biological chromatographic strips 204 and 206 is a consistently present, based on the
respective test samples being of an appropriate concentration to perform analysis with respect to the target
analyte.

[0030] By detecting the presence of the hook line in both of the use case scenarios illustrated by way of
biological chromatographic test strips 204 and 206, the reader devices of this disclosure may determine
that the test samples submitted via biological chromatographic test strips 204 and 206 are of appropriate
concentrations to determine whether or not the target analyte is present in the respective test sample at a
detectable amount (e.g., at at lcast a threshold concentration). The states of the output signal arcas of

biological chromatographic test strips 204 and 206 differ in that the test line is present in the case of
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biological chromatographic test strip 204, while the test line is absent in the case of biological
chromatographic test strip 206.
[0031] The reader devices of this disclosure may leverage attributes of the detected control line, and
optionally, attributes of the detected hook line, to determine the presence of the test line in the case of
biological chromatographic test strip 204 and the absence of the test line in the case of biological
chromatographic test strip 206. In some examples, the reader devices of this disclosure may also use
comparative attributes between respective line pairs formed from the detected control line, the detected
hook line, and (in the case of biological chromatographic test strip 204) the detected test line to discemn
the quantity of the target analyte in the submitted test sample.
[0032] In FIG. 1, biological chromatographic test strip 208 is illustrated in a state that indicates that the
submitted test sample was invalid in terms of generating a result for testing for the target analyte. As
shown in FIG. 1, the output signal area of biometric chromatographic test strip 208 shows the control line
as being present, but with the hook line and test line both being absent. In the case of biological
chromatographic test strip 208, the reader devices of this disclosure may use color intensities at the
expected locations of the hook line and (optionally) the test line to determine the inconclusive result of
the test sample submitted via biological chromatographic test strip 208. In accordance with aspects of
this disclosure, the reader devices may also use intensity ratios between the control line and hook line,
and (optionally) ratios between the intensities of the test line and the control line to determine the absence
of the test line. Consistent with other aspects of this disclosure, reader devices of this disclosure (or
computing systems coupled thereto) may use other functions of the intensities, such as the ratios
described above, or any other functions consistent with the data received.
[0033] Based on detecting the absence of the hook line using individual line intensities and relative line
intensities in the use case scenario shown by way of biological chromatographic test strip 208, the reader
devices of this disclosure may determine that the test sample submitted via biological chromatographic
test strip 208 is defective in some way. For example, the reader devices may determine that the submitted
test sample is overloaded (e.g., with too much of the target analyte, and should be diluted), is of
insufficient quantity (e.g., the test sample was not deposited on biological chromatographic test strip 208
or was deposited in too small of a quantity to be tested for the target analyte), was over-diluted (e.g., with
too much water or other diluting agent), or is defective in some other way.

[0034] As described in greater detail below, the reader devices of this disclosure may use the individual
color intensities of the control line, hook line, and test line, as well as ratios between the color intensities
of various pairs of these lines to determine: (i) the presence/absence of a target analyte in the submitted
test sample; and (i1) if present, an approximate quantity (e.g., concentration expressed in parts per million)
of the target analyte in the submitted test sample. In this way, the reader devices of this disclosure
provide one or more technical improvements in the technical field of biodetection. As one example of a
technical improvement in the technical ficld of biodetection, the reader devices of this disclosure may
reduce or potentially even eliminate the subjectivity of presence/absence determinations made by

inspecting biological chromatographic strips by eye.
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[0035] A potential data precision improvement provided by the reader devices of this disclosure is the
elimination of implicit biases of human test strip readers, such as provider bias, which might skew
medical diagnoses and could, coupled with the subjective nature of reading a biological test strip, lead to
the under- or over-identification of a particular test result outcome. As another example of a technical
improvement in the technical field of biodetection, the reader devices of this disclosure derive and
provide data indicating the quantity of the target analyte in the test sample, as opposed to existing
technologies that only provide a binary determination of whether a target analyte is present in or absent
from the test sample.
[0036] FIG. 2 is a conceptual diagram illustrating different test results detected by a reader device of this
disclosure from various biological chromatographic test strips. FIG. 2 is described in the context of
biological chromatographic test strips 302, 304, 306, 308, 310, 312, and 314, each of which represents an
individual instance of various test strips of similar construction. It will be appreciated, however, that the
reader devices of this disclosure are compatible with multiple types of biological chromatographic test
strips, such as LFDs, immunochromatographic test strips, food safety-related test strips, whether paper-
based (cellulose-based), plastic-based, film-based, etc. As in the example of FIG. 1, the respective output
signal areas of each of test strips 302-312 include areas for three indicator lines, namely, a control (‘C’)
line, a hook (*H’) line, and a test (“T") line.
[0037] Biological chromatographic test strip 302 is illustrated in a state that indicates a defective test,
biological chromatographic test strip 304 is illustrated in a state that indicates a negative test result, each
of biological chromatographic test strips 306-312 is illustrated in a state that indicates a positive test
result, and biological chromatographic test strip 314 is illustrated in a state that indicates an invalid (e.g.,
inconclusive) test result. The invalid test result in the case biological chromatographic test strip 314 may
be due to various issues with respect to the submitted test sample, including, but not limited to, the
various types of defects described above with respect to biological chromatographic test strip 208 of FIG.
1, such as a target analyte concentration exceeding an upper threshold for generating valid test results.
The negative test result in the case biological chromatographic test strip 304 may be due to reasons
including, but not limited to, reasons described above with respect to biological chromatographic test strip
206 (e.g., sub-lower threshold concentration of the target analyte) of FIG. 1. The defective state in the
case of biological chromatographic test strip 302 may be due to one or more of various factors, such as
structural damage to biological chromatographic test strip 302, flow issue caused by solids in the test
sample or any other obstructions of capillary action within the working of biological chromatographic test
strip 302, chemical or biochemical changes in the conjugate material or the bound chemicals, etc.
[0038] In the instances of biological chromatographic test strips 306-312, the reader devices of this
disclosure may usc the individual color intensities of the respective test lines and the relative color
intensities of the respective test lines with one or both of the control and/or hook lines of the same strip to
determine a range in which the concentration of the target analyte in the test sample that triggered the
positive test result falls. In the case of biological chromatographic test strip 306, the reader devices of

this disclosure analyze the individual and relative color intensities of the test line to determine that the
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target analyte is present in the test sample in a range of two (2) to ten (10) parts per million (ppm).
[0039] In the case of biological chromatographic test strip 308, the reader devices of this disclosure
analyze the individual and relative color intensities of the test line to determine that the target analyte is
present in the test sample in a range of ten (10) to fifty (50) ppm. In the case of biclogical
chromatographic test strip 310, the reader devices of this disclosure analyze the individual and relative
color intensities of the test line to determine that the target analyte is present in the test sample in a range
of fifty (50) to one thousand (1,000) ppm. In the case of biological chromatographic test strip 312, the
reader devices of this disclosure analyze the individual and relative color intensities of the test line to
determine that the target analyte is present in the test sample in a range of over one thousand (1,000) ppm,
but within an upper threshold concentration.
[0040] To generate the results described above with respect to biological chromatographic test strips
306-312, the reader devices described herein may implement one or more quantitative signal-to-analyte
algorithms of this disclosure. The reader devices of this disclosure represent signal-detecting devices
configured to detect one or more of colorimetric signals, fluorescent signals, magnetic signals, thermal
signals, chemical signals, or other signals output by biodetection test strips that are indicative of the
presence or absence. Again, the reader devices of this disclosure leverage various qualities of these
signals to discern the quantity (or a range thereof) of the target analyte in the test sample submitted via the
biodetection test strip. This disclosure primarily describes examples in which the reader devices use
optical (whether visible to the human eye or not) signals, such as colorimetric and/or fluorescent signals.
[0041] In various use case scenarios consistent with aspects of this disclosure, the reader devices may be
execute a model that is trained or formed using a qualitative or quantitative analyte-associated result
manually entered by a user, that is automatically generated, or via a hybrid approach of the two.
Irrespective of the approach utilized to obtain the result template, the reader devices of this disclosure
may use one or more control or reference area(s) in the output signal area of the biological
chromatographic test strips to scale the signal (e.g., lines detected via colorimetric or fluorescence
detection based techniques) detected in the output signal area. The reader devices may implement
(whether locally or via cloud computing) logic that uses some combination of target analyte indicator
signals and/or signals from other control or reference area(s) to define a test result that is invalid.
[0042] The logic implemented by the reader devices of this disclosure may execute an algorithm to (or
may enable an end-user to) compare the detected result against a qualitative or quantitative reference
template or function and perform a calculation. In some examples, the logic implemented by the reader
devices may execute a trained model (e.g., an artificial neural network) to draw an inference from
signal(s) detected from the output signal areas of biological chromatographic test strips 306-312. In
mnstances in which the reader device incorporates or is coupled to a camera or other optical signal detector
for output signal-reading purposes, the logic may use one or more images, one or more red-green-blue
(RGB) triplets, or other data representative of an example positive result scale, and/or negative result

scale, and/or mnvalid result scale.
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[0043] In various embodiments, reader devices of this disclosure may include, be, or be part of an
apparatus capable of connecting to or integrating one or more biological chromatographic test strips and
to automate the process of reading results from the integrated biological chromatographic test strip(s).
The reader devices and configurations thereof as described in this disclosure provide technical
improvements in the technical fields of bioassays and biodetection by neutralizing obscurities arising out
of inter-observer variation, thereby reducing or eliminating at least one source of potential human error.
The reader devices and configurations thereof as described in this disclosure also enable quantitative
analyte measurement, as shown by way of biological chromatographic test strips 306-312.
[0044] Because biological chromatographic test strips compatible with the reader devices of this
disclosure may output fluorescent, colorimetric, or other optical signals (whether discernible to the human
eye or not), the reader devices may incorporate or be coupled to signal detector hardware that may
include, be, or be part of one or more of camera hardware, photodiode hardware, photocell hardware,
luminometer hardware, or any other type of signal detector hardware that provides optical signal detection
capabilities consistent with the output signals of the biological chromatographic test strips under analysis.
In some examples, the reader devices of this disclosure may be constructed such that one or more of the
optical signal detectors are further combined with signal-enhancement hardware, such as a film, and/or
hardware filter(s), and/or software filter(s). Each signal detector may be configured as a point or as an
area detector acting over some or all of the respective signal output area of a biological chromatographic
test strip (e.g., an LFD or LFD cassette/cartridge/case), and each signal detector may be configured to
ingest the optical signal output from the biological chromatographic test strip for some or all of the time-
to-result window.
[0045] FIG. 3 is a conceptual diagram illustrating a longitudinal cross-section of a reader device 400 of
this disclosure. Reader device 400 represents a dedicated reader that is configured to receive one or more
biological chromatographic test strips for individual result analysis. For example, reader device 400 may
receive one or more biological chromatographic test strips via dedicated insertion slots. In the particular
example of FIG. 3, reader device 400 includes a camera board 402, a light source 404, an on-board
computing system 406, a visual filter 408, and a light cavity 412. Reader device 400 is configured to
receive a biological chromatographic test strip 410, and may also be configured to receive multiple
instances of biological chromatographic test strip 410 over overlapping periods of time.
[0046] Camera board 402 may include one or more “primary” signal-detecting devices or units, which
may include still camera hardware and/or camera hardware capable of capturing moving pictures (in the
case of colorimetric signal detection), and/or photodiode hardware (in the case of fluorescence-based
signal detection). In some implementations, camera board 402 may be constructed such that the primary
signal-detecting device(s) are supplemented with additional detectors of the same or different type. In
some examples, reader device 400 may include one or more components configured to detect
supplemental signals including, but not limited to, environmental conditions, result-gencration
parameters, metadata tags, etc. Examples of environmental conditions include, but are not limited to,

ambient temperature (which may be measured by thermometer hardware of reader device 400), humidity



10

15

20

25

30

35

WO 2022/049436 PCT/1B2021/057612
9

(which may be measured by hygrometer hardware of reader device 400), or location (which may be
determined using global positioning system (GPS) coordinates obtained using triangulation hardware),
ete.
[0047] Result-generation parameters include one or more of (but are not limited to) signal-to-noise ratio
information (e.g., signal ROI detection), test strip presence recognition, inoculation initiation detection,
ctc. For example, reader device 400 may determine whether or not biological chromatographic test strip
410 1s properly inserted into the slot as part of a test strip presence recognition preprocessing step of the
automated biological chromatographic test strip reading processes of this disclosure. Again, biological
chromatographic test strip 410 may be paper-based, film-based, may be a cassette or cartridge encasing a
stack of paper-based or film-based strips (e.g., an LFD cassctte or LFD cartridge), or any other
biodetection assay that outputs an optical signal or multiple optical signals. One example of a test-
validity parameter for which reader device 400 may assess biological chromatographic test strip 410 1s a
membrane-to-indicator signal-to-noise ratio (SNR), which reader device 400 may use to detect defective
samples, such as an overly concentrated sample deposited on biological chromatographic test strip 410.
[0048] Reader device 400 may be configured to evaluate other test-validity parameters in addition to or
instead of membrane-to-indicator SNR as well, in various examples in accordance with aspects of this
disclosure. In some examples, biological chromatographic test strip 410 may be equipped or
supplemented with one or more metatags that provide metadata pertaining to biological chromatographic
test strip 410 or to the test sample submitted via biological chromatographic test strip 410. In various
examples, biological chromatographic test strip 410 may be equipped with one or more of a near-field
communication (NFC) tag, a quick response (QR) code, a barcode, text, icon(s), or information in another
machine-readable format. Reader device 400 may invoke camera board 402 and on-board computing
system 406 to extract metadata such as information regarding test type, target analyte identification,
device lot number, or the like.
[0049] In this way, reader device 400 may, in some examples, implement preprocessing steps that
improve the data precision and reduce the computing resource footprint with respect to the automated
reading process of biological chromatographic test strip 410. As an example of data precision
improvement, by checking for the proper insertion (e.g., to correct depth, right-side-up, etc.) of biological
chromatographic test strip 410 as a preprocessing step and eliminating scenarios of improper strip
insertion or absent strips, reader device 400 eliminates false positives and false negatives that on-board
computing system 406 may produce in cases of performing the automated reading process with
improperly inserted or absent test strips. As an example of resource footprint reduction, by checking for
the proper insertion of biological chromatographic test strip 410 as a preprocessing step and eliminating
scenarios of improper strip insertion or absent strips, reader device 400 eliminates mstances in which on-
board computing device 406 would otherwise perform the automated reading process unnecessarily and
in a resource-wasteful way.
[0050] In some implementations, on-board computing system 406 may represent a single-board

computer that interfaces with camera board 402 and other components of reader device 400. On-board
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computing system 406 may include a system on a chip (SoC), which represents an integrated circuit (IC)
that combines one or more central processing units (CPUs), one or more memory units, input/output (I/0)
interfaces or ports, and secondary storage hardware on a single substrate or microchip. In some
examples, on-board computing system 406 may combine the SoC with a CPU (e.g., an ARM-compatible
CPU) and/or a graphics processing unit (GPU), such as in examples in which on-board computing system
406 represents a Raspberry Pi® single-board computer. In other examples, on-board computing system
406 may represent a multi-board computer. In any event, on-board computing system 406 represents a
computing system that can be integrated into reader device 400 without the need for additional
peripherals to facilitate the integration.
[0051] As such, on-board computing system 406 equips reader device 400 with processing circuitry,
which may include programmable processing circuitry and/or fixed-function circuitry, and in various non-
limiting examples, may be embodied in one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, application specific integrated circuits (ASICs),
field programmable logic arrays (FPGAs), or other equivalent integrated or discrete logic circuitry.
Accordingly, the terms “processing circuitry” and/or “processor” may refer to any of the foregoing
structure or any other structure suitable for implementation of the techniques described. In addition
functionalities described with respect to on-board computing system 406 may be provided within
dedicated hardware modules and/or dedicated modules of hardware programmed with suitable software.
In some examples, the functionalities attributed to on-board computing system 406 may be fully
implemented in one or more circuits or logic elements, which are generally described as “processing
circuitry” herein.
[0052] In various examples, on-board computing system 406 may implement certain functionalities
described herein on an integrated circuit (IC) or a set of ICs (e.g., a chip set). In various implementations,
on-board computing system 406 may combine various units in a hardware unit or a collection of
interoperative hardware units, including one or more processors or units of processing circuitry as
described above, in conjunction with suitable software and/or firmware.
[0053] Visual filter 408 may include, be, or be part of various types of hardware, materials, or logic
configured to block certain wavelengths of light. In some examples, visual filter 408 may include a heat-
absorbing filter, such as an infrared (IR) filter that blocks certain IR wavelengths from passing through,
while allowing other wavelengths (e.g., visible light) to pass through. In some examples, visual filter 408
may include an ultraviolet (UV) filter that blocks certain UV wavelengths from passing through, while
allowing other wavelengths (e.g., visible light) to pass through. In several examples, visual filter 408
represents a film or coating applied to lens hardware of camera board 402 to limit the wavelength band(s)
that are allowed to pass through for capture and image analysis. In various implementations, visual
filter 408 may be positioned in front of light source 404, may be positioned in front of lens or photodiode
hardware of camera board 402, etc. In other words, in various implementations, reader device 400 may
be configured to modify the captured image data at the capture intake stage and/or at the input-generation

stage.



10

15

20

25

30

35

WO 2022/049436 PCT/1B2021/057612
11

[0054] In examples in which reader device 400 is configured to implement the automated reading
processes of this disclosure with respect to fluorescence-based optical signals output by biological
chromatographic test strip 410, camera board 402 may be equipped with and may use photodiodes to
capture the fluorescence-based optical signal(s). For instance, camera board 402 may include one or
more (one-dimensional or two-dimensional) arrays of photodiodes, such that the photodiodes are
positioned over the expected location of output signal arca of biological chromatographic test strip 410,
once biological chromatographic test strip 410 is properly inserted into the receiving slot.
[0055] For instance, as a power-saving mechanism, camera board 402 may activate the photodiode
array(s) in response to determining that a mechanical pin is engaged by way of biological
chromatographic test strip 410 being inserted properly in the receiving slot. Based on the particular part
of the output signal area over which e¢ach photodiode array is positioned when biological
chromatographic test strip 410 is inserted, each photodiode array may be equipped with a particular filter
(which may differ across two or more of the photodiode arrays, or may partially or completely match
across two or more of the photodiode arrays). Because of the respective filter films/coatings, each
photodiode array may configured to filter light based on one of two polarization states, namely, either a
bound fluorescent tag or an unbound fluorescent tag.
[0056] Depending on the construction of camera board 402, the photodiode arrays are either mounted on
a circuit board, or are communicatively coupled to a microcontroller of reader device 400. On-board
computing system 406 may measure or calculate the ratio of signal (as expressed by way of electrical
current, e.g., in units of milliamps) associated with each polarization state in the input data relayed by
each photodiode array. Using these signal ratios, on-board computing system 406 may calculate the
analyte concentration (or range band thereof) that caused biological chromatographic test strip 410 to
output the fluorescent signal corresponding to a test line.
[0057] That is, in the case of available fluorescence at the test line, on-board computing system 406 may
use the amount of fluorescence to determine analyte concentration range. Similarly, on-board computing
system 406 may use any available fluorescence at the hook line of the output signal area of biological
chromatographic test strip 410 to determine test validity. Similarly to the colorimetric examples
described above, on-board computing system 406 may use both individual fluorescence values at the
expected line locations of the output signal area of biological chromatographic test strip 410, as well as
relative fluorescence values between the line locations to determine one or more of test validity, analyte
presence, or analyte concentration.
[0038] Reader device 400 also includes light source 404. Light source 404 is positioned to function as a
spotlight on the output signal area of biological chromatographic test strip 410 upon proper insertion into
the receiving slot of reader device 400. Light source 404 may be configured to emit light in visible or
non-visible wavelength bands. In various examples, light source 404 may include or represent one or
more semiconductor light sources, such as one or more light emitting diodes (LEDs). In LED-based
examples, the color of the light emitted by light source can be attenuated using the band gap crossing
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in that light source 404 is configured to emit IR wavelength light. In other implementations, light source
404 may be configured to emit visible light, and in other implementations still, light source 404 may be
configured to emit UV light. In any event, light source 404 is configured to illuminate the output signal
arca of biological chromatographic test strip 410 to aid camera board 402 in capturing data that can be
more accurately and efficiently analyzed by on-board computing system 406 for analyte detection and
quantification.
[0059] In the implementation illustrated in FIG. 3, reader device 400 includes light cavity 412. Light
cavity 412 represents an optional feature, and reader device 400 may activate a light source positioned at
the distal end of light cavity 412 to backlight the output signal arca of biological chromatographic test
strip 410. Similar to light source 404, a backlighting light source positioned at the distal end of light
cavity 412 may include various types of light-emitting devices, such as LEDs or other types, and may be
configured to emit light of various wavelengths, whether in the visible color spectrum or not. When
activated, light cavity 412 enables a backlighting light source to accentuate or clarify the output signal
arca of biological chromatographic test strip 410 to aid camera board 402 in capturing data that can be
more accurately and efficiently analyzed by on-board computing system 406 for analyte detection and
quantification.
[0060] FIG. 4 is a diagram illustrating an example of colorimetric intensity calculation that reader
devices of this disclosure may perform as part of the automated test strip reading techniques of this
disclosure. The functionalities described with respect to FIG. 4 are described as being performed by on-
board computing system 406 of reader device 400 and biological chromatographic test strip 410 of FIG. 3
as a non-limiting example, although it will be appreciated that a variety of devices are compatible with
being configured to perform the techniques of this disclosure, including the colorimetric intensity
calculations described with respect to FIG. 5.
[0061] In accordance with aspects of this disclosure, on-board computing system 406 performs the
colorimetric intensity calculations of this disclosure along each respective color channel of the red-green-
blue (RGB) color space. ‘C’, ‘H’, and “T” labels are used to denote values pertaining to the control, hook,
and test lines respectively. Image 422 illustrates the full color intensities as they are distributed across the
output signal area of biological chromatographic test strip 410. The full color intensities are more
pronounced along the control, hook, and test lines than they are in the four “background” regions that are
formed by these three lines.
[0062] On-board computing system 406 is configured to decompose the full color intensities into
colorimetric intensities along each of the red, green, and blue color channels of the RGB color space.
Image 424 illustrates the colorimetric intensities that on-board computing system 406 obtains in the red
color channel, image 426 illustrates the colorimetric intensitics that on-board computing system 406
obtains in the green color channel, and image 428 illustrates the colorimetric intensities that on-board
computing system 406 obtains in the blue color channel.
[0063] On-board computing system 406 may determine a “background fit” that indicates an expected

colorimetric intensity for a given color channel in a corresponding background region of the output signal
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area. In various use case scenarios, on-board computing system 406 may determine the background fit
using user input, based on heuristic data, using data obtained from a trained machine learning model, or
from any other available source. The dashed line shown in each of images 424—428 tracks the
predetermined background fit of the corresponding color channel. The solid line indicates the actual
colorimetric intensity observed by on-board computing system 406 from the image data obtained via
camera board 402.
[0064] As shown in images 424-428, the actual colorimetric intensity for each color channel tracks the
background fit closely in the four background regions, but deviates from the background fit at cach of the
control, hook, and test lines (collectively, the “output lines™). On-board computing system 406 may
calculate the respective deltas from the background fit line to the trough of the curve formed by the
observed intensity at cach of the displayed lines to determine the intensity of cach displayed line. In turn,
on-board computing system 406 may determine ratios between the test line intensitics in cach color space
to determine the analyte concentration in the test sample submitted via biological chromatographic test
strip 410,
[0065] For example, on-board computing system 406 may associate particular minima values of a curve
in each color space with particular concentration ranges for a given analyte-test strip combination. Based
on the observed troughs of the colorimetric intensities fall within an acceptable range of the
predetermined minima for each color space, on-board computing system 406 may determine that the
analyte concentration is in the corresponding quantity range. In this way, reader device 400 of this
disclosure provides technical improvements in this technical field of biodetection assays by providing a
granular output (by way of providing a quantity or quantity range) with respect to an analyte that is
deemed present, and enhances output accuracy by using relative colorimetric intensities in multiple color
channels to generate the result.
[0066] FIG. 5 is a graph 500 illustrating colorimetric intensity variance of the control, hook, and test
lines displayed via the output signal area of biological chromatographic test strip 410 with corresponding
variation in target analyte concentration in the test sample submitted via biological chromatographic test
strip 410. Graph 500 is associated with an example of immunochromatographic testing. For instance, in
the example of FIG. 5, biological chromatographic test strip 410 may be configured to detect a pathogen
(e.g., avirus, such as the influenza virus, coronavirus strains associated with COVID-19, etc.) by
detecting one or more antigens that are customarily present on the outside of the target pathogen. Graph
500 may be described in some cases as a semi-quantitative representation of the test result shown in FIG.
2, which shows that features of the lines follow a trend depending on analyte concentration in the
submitted test sample.
[0067] The horizontal (x-) axis of graph 500 plots the concentration of the antigen being tested for in
units of parts per million (ppm). The vertical (y-) axis plots line intensity in relative units. The relative
units may express one or more components of colorimetric intensity, such as one or more of luminance
values, chromaticity values, etc. Graph 500 may apply to one or more of the RGB color channels for

which on-board computing system 402 evaluates the image data received from camera board 402.
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[0068] As shown in FIG. 5, the colorimetric intensity of the control line is roughly proportional to the
antigen concentration, in that the colorimetric intensity of the control line increases with increasing
antigen concentration. The colorimetric intensity of the hook line is approximately inversely proportional
to the antigen concentration, in that the colorimetric intensity of the hook line decreases with increasing
antigen concentration. The colorimetric intensity of the test line varies with the antigen concentration in a
manner that generally resembles a non-monotonic distribution.
[0069] The individual plot lines shown in graph 500 represent the individual colorimetric intensitics of
the control, hook, and test lines. In accordance with aspects of this disclosure, on-board computing
system 406 may evaluate the ratios between respective pairs of plots along these lines to determine the fit
of the observed line intensities with respect to target analyte concentrations known to produce line
intensities in a given range. While FIG. 5 illustrates an immunochromatographic test as an example, it
will be appreciated that reader device 400 may also implement the techniques of this disclosure with
respect to other types of tests, such as enzymatic assays (¢.g., to test for horseradish peroxidase as the
target analyte), proteomic assays, allergen assays, fusion proteins engineered to react with certain targets
(e.g. fusion proteins that react with a nuclear protein of the COVID-19 coronavirus strains), and others.
[0070] FIG. 6 is a conceptual diagram that illustrates a data-consuming human-machine interface (HMI)
of this disclosure. HMI 600 of FIG. 6, in various examples, may include, be, or be part of reader device
400 of FIG. 3. HMI 600 outputs qualitative results in the illustrated example. In the use case scenario
shown in FIG. 6, the biological chromatographic test strip at the left produces a negative result, the
biological chromatographic test strip positioned in the middle produces an invalid result (e.g., due to
defects in sample submission, strip insertion, etc.), and the biological chromatographic test strip at the
right produces a positive result. The negative result indicates that the target analyte is not present in the
test sample at a discernible level, while the positive test result indicates that the target analyte was
detected in the test sample. HMI 600 may also interface with or represent a data management devices or
a data management service host for processing automated readouts of biological chromatographic test
results. In cases of HMI 600 interfacing with a remote (e.g., cloud-based) system, HMI 600 enables
remote monitoring of analyte detection as well as data centralization for subsequent data and analysis
thereof, and/or generation of audit-ready data.

[0071] FIG. 7 is a conceptual diagram that illustrates a user interface (UI) 700 that HMI 600 or another
user-facing device coupled to HMI 600 may output to inform users of the test results of the biological
chromatographic test strips shown in FIG. 6. UI 700 is an interactive Ul in that UI 700 represents a
sample data-entry and consumption dashboard. FIG. 7 shows target analyte quantification functionalities
of this disclosure. In the case of the negative test result, HMI 600 outputs, via UI 700, a “no antigens” to
indicate a zero or indetectable quantity of the target analyte in the test sample. In the case of the positive
test result, HMI 600 outputs, via UI 700, a concentration (expressed in units of ppm) of the target analyte
in the test sample submitted via the biological chromatographic test strip. In this way, HMI 600

implements techniques of this disclosure to determine a concentration (or a range thereof) of the target
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analyte in the submitted test sample by implementing image analysis techniques of this disclosure to the
output signal areas of individual biological chromatographic test strips.
[0072] FIG. 8 is a conceptual diagram that illustrates a user interface (UI) 800 that HMI 600 or another
user-facing device coupled to HMI 600 may output to inform users of the test results of the biological
chromatographic test strips shown in FIG. 6. UI 800 is an interactive Ul similar to UI 700 of FIG. 7, but
also provides sample data-control capabilities in addition to a sample data-entry and consumption
dashboard. FIG. 7 shows target analyte quantification functionalities of this disclosure. HMI 600
outputs, via UI 800, historical data read for cach target analyte. In the example of FIG. §, HMI 600
outputs a one-week sum of the readings. The time period may be attenuated based on user input, or based
on different configurations of HMI 600 in different use case scenarios.
[0073] Various implementations of this disclosure incorporate the use of one or more data management
devices. Data management devices consistent with this disclosure may include or otherwise make use of
one or more of local data storage, cloud computing resources, network drives, or any combination(s)
thereof. The systems of this disclosure may implement data transfer to and/or from the data management
device using various types of wired and/or wireless connections, including, but not limited to, near-field
communication (NFC), universal serial bus (USB), Wi-Fi®, Bluetooth®, Ethernet®, combinations
thercof, or various. The data management device(s) of this disclosure may provide auto-sync capabilities,
or may sync if triggered by user input provided via HMI 600, dashboards such as those shown in Uls 700
and 800, or other application programming interface (API). The interface with one or more instances of
reader device 400 may include, but is not limited to, manual-triggering of signal-detection activities and
may be on HMI 600, via a dashboard provided by UI 700 or 800, or any other suitable mechanism.
[0074] As shown in the example of FIG. 8, the data management device(s) may auto-populate metadata
such as upload/download time. Other example of metadata that the data management device(s) of this
disclosure may auto-populate may include the origination source, location thereof, etc. The data
management device(s) may provide one or more entry and data-consumption feature in the form of
HMI(s), dashboards, mobile device application alerts, etc. The data-entry features may include
documentation of meta-data relevant to previously read test samples or test samples being read currently,
such as target analyte, physical location of sample collection, user ID, test strip lot number, etc.
[0075] The data management device(s) of this disclosure may provide the data-entry (and optionally,
data consumption) functionalities via HMI 600 or a remote dashboard, such as the dashboards provided
by way of Uls 700 and 800. As shown in FIGS. 7 and 8, data-consumption features provided by the data
management device(s) of this disclosure may include qualitative and/or quantitative test results, historical
data trends, and/or or the results of analytics performed on the collected data. In some examples, data-
consumption features of this disclosure may also include providing indicators of test validity and/or
suggested remediation/mitigation action(s).
[0076] FIGS. 9 and 10 illustrate examples in which the automated biological chromatographic test strip
reading functionalities of this disclosure are incorporated into a mobile computing device. In the

particular example of FIGS. 9 and 10, smartphone 902 is configured to implement the automated
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biological chromatographic test strip reading functionalities of this disclosure. In other examples, other
types of computing devices may be configured to implement the automated biological chromatographic
test strip reading functionalities of this disclosure, such as tablet computers, personal digital assistants
(PDAs), smart watches, smart glasses, other types of wearable devices, laptop computers, so-called
“netbook™ computers, etc.
[0077] Inthe example of FIG. 9, smartphone 902 is configured to perform the automated test strip
reading techniques of this disclosure with the aid of a lightbox 904. Lightbox 904 represents a device
designed to accentuate or normalize contrast of the output signal arca of biological chromatographic test
strip 410 to enhance image capture by camera hardware of smartphone 902. For example, lightbox 904
may block light “pollution” from light sources external to smartphone 902 and lightbox 904, thereby
limiting the illumination of the output signal arca biological chromatographic test strip 410 to light
sourced by smartphone 902 and/or lightbox 904.
[0078] As shown in FIG. 9, lightbox 904 is equipped with a slot into which biological chromatographic
test strip 410 may be inserted. In one example, lightbox 904 may limit the illumination of the output
signal area of biological chromatographic test strip 410 to spotlighting provided by a flash LED (or other
flash light source) positioned near the lens hardware of rear-facing camera infrastructure of smartphone
904. In another example, lightbox 904 may provide backlighting of the output signal arca of biological
chromatographic test strip 410 in a way similar to the light cavity-aided backlighting functionalities
described above with respect to FIG. 4.
[0079] In another example, lightbox 904 may be equipped with a reflective inner surface that reflects the
flash source to provide backlighting to the output signal area of biological chromatographic test strip 410.
In various examples, lightbox 904 may combine two or more of the lighting-related functionalities
described above. While shown in FIG. 9 as being constructed to aid smartphone 902 in capturing image
data using a rear-facing camera as an example, it will be appreciated that, in other examples, lightbox 904
may be constructed to aid smartphone 902 in capturing image data using a front-facing camera or other
image capture hardware.
[0080] FIG. 10 shows an exploded view of FIG. 9. As described with respect to FIG. 10, smartphone
902 may be configured to perform the automated test strip reading techniques of this disclosure without
the aid of lightbox 904, in accordance with various aspects of this disclosure. In the example of FIG. 10,
smartphone 902 may capture image data representing the output signal area of biological
chromatographic test strip 410 using rear-facing camera hardware, front-facing camera hardware, or any
other image capture hardware. Smartphone 902 may be configured to capture the image data at varying
distances, pre-process the image data to normalize for various external idiosyncrasies, and may perform
1mage processing to determine qualitative and/or quantitative aspects of the test for the target analyte.
[0081] Inthe examples shown in FIGS. 9 and 10, smartphone 902 may be configured to perform one or
more of the image processing techniques described above with respect to FIGS. 4 and 5. For example,
smartphone 902 may evaluate the individual colorimetric intensitics of the control, hook, and test lines

displayed in the output signal area of biological chromatographic test strip 410 to determine qualitative,
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and in some examples, quantitative information associated with the target analyte in the test sample
submitted via biological chromatographic test strip 410.
[0082] FIG. 11 illustrates an automated workflow for analyte testing and data processing in accordance
with aspects of this disclosure. In the example of system 1100, multiple instances of HMI 600 are
mtegrated to form HMI array 1102. HMI array 1102 may be deployed at a single location or spread
across different locations in various examples. HMI array 1102 combines resources of multiple instances
of HMI 600 to provide greater throughput in terms of analyte test data collection and cataloging. HMI
array 1102 may upload data in a continuous manner or in a batched manner to form contextual metadata
1004, which may be stored to any one or more of the data management devices or systems described
above.
[0083] In turn, the data management devices/systems of this disclosure may format contextual metadata
1004 to enable users or other systems to extract audit ready data 1006 and/or process analytics 1108.
System 1100 may be particularly useful in instances of requiring rapid upscaling of data collection and
processing, such as in cases of outbreaks/epidemics/pandemics (e.g., COVID-19 or other infectious
diseases), widespread food contamination (e.g., with common allergens), etc. The automated reading
techniques of this disclosure, when implemented in a distributed system such as system 110 with the use
of contextual metadata 1004, may potentially enable early detection of outbreaks in a community
indicated by various factors, such as the number of positive test results, the percentage of tests returned
positive, and/or the average analyte load per sample for a given population.
[0084] FIGS. 12A & 12B illustrate graphs 1200 and 1220 that show aspects of the automated reading
processes that reader device 400 or smartphone 902 may perform in accordance with aspects of this
disclosure. Graphs 1200 and 1220 illustrate aspects of individual colorimetric intensity and relative
colorimetric intensity evaluations that reader device 400 or smartphone 902 may perform to provide
qualitative and/or quantitative results with respect to a target analyte in a test sample submitted via
biological chromatographic test strip 410. Reader device 400 and/or smartphone 902 may automate the
detection of one or more of the test, hook, or control zones of the output signal area of biological
chromatographic test strip using the techniques described herein with respect to FIGS. 12A & 12B.
[0085] Reader device 400 or smartphone 902 may use techniques illustrated by way of graphs 1200 and
1220 to perform automated detection of the control, hook, and test zones of the output signal area of
biological chromatographic test strip 410, in accordance with aspects of this disclosure. In various
examples, reader device 400 or smartphone 902 may preprocess the captured image data in one or more
ways, such as by checking for complete insertion of biological chromatographic test strip 410 in the
receiver slot of reader device 400 or lightbox 902, checking for adequately stationary placement of
biological chromatographic test strip 410 in non-lightbox-based implementations using smartphone 902,
etc. Other examples of preprocessing that reader device 400 or smartphone 902 may perform in
accordance with aspects of this disclosure include adjusting for the test paper background or test film
background, adjusting for the background for the test solution if the solution is not colorless and

transparent, adjusting for blemishes in the readable surface (e.g., denting caused by fingernails), etc.
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[0086] In the case of graphs 1200 and 1220, reader device 400 or smartphone 902 may check the
captured image data for a possible three lines of colorimetric deltas. Reader device 400 or smartphone
902 may scan the captured image data for background regions, of which there are four (separated by the
three lines), provided that all three of the test, hook, and control lines are. Reader device 400 or
smartphone 902 may fit the detected luminance values for each color channel of the RGB color space
across the captured image of the output signal area to these background regions. With the possible
exceptions of variation due to fluid overspill or lighting geometry idiosyncrasies, the background regions
gencrally adhere (at least approximately if not exactly) to the same colorimetric intensitics. Reader device
400 or smartphone 902 may move the four background fit regions across the captured image of the output
signal arca of biological chromate graphic test strip 410 until the best available fit 1s detected or until
encountering a sufficient offset from the top of the image where the background regions produce the best
fit for the color channel under investigation (e.g., as produced by nitrocellulose or other material used).
[0087] Graph 1200 illustrates an unsuccessful background fit, as shown by the deviations (labeled as
“scores”) from the background fit lines to the actual detected intensities in the background regions. In
contrast, graph 1220 shows a successful fit, as shown by the closeness or even coincidence of the
background fit lines with respect to the actual detected intensities in the background regions. Upon
detecting the best available fit in this manner, the dashed background fit lines plotted in graph 1220 are
relatively close to their true brightness values in the respective RGB color channels in the background
regions of the output signal area of biological chromatographic test strip 410. Reader device 400 or
smartphone 902 may examine gaps between these regions to search for signals corresponding to any of
the three lines listed above. In the test line window, the offset shown by the depths of the troughs of the
true channel brightness in comparison to the background fit brightness provide the colorimetric intensity
of the test line. Reader device 400 or smartphone 902 may use a similar trough-based offset calculation
to detect the hook line and/or the test line, provided that these signals are detectable from the test.
[0088] In the example of graph 1220, the difference between the brightness (or luminance) at the hook
line (which is 0.4) and the brightness of the background fit region (which is 0.77) yields a 0.37 brightness
delta for the hook brightness in the green channel. Reader device 400 or smartphone 902 may add the
brightness delta detected in the green channel for the hook line to the red channel brightness delta and
blue channel brightness delta at the hook line location to obtain the overall colorimetric brightness delta
for the hook line. Reader device 400 or smartphone 902 may implement similar processing to detect the
control and test lines in a first pass by deriving offset values.
[0089] In the particular use case scenario shown in graph 1220, the hook line shows significantly greater
colorimetric intensity than the control line or the test line, as shown by the deeper troughs of the hook line
vis-a-vis the control and test lines in corresponding color channels. Reader device 400 or smartphone 902
may reflect the curve across the x-axis to obtain a residual, and subtract the background fit (dashed) line
in the corresponding color channel from the trough of the observed intensity to determine the initial
location of the lines. In turn, reader device 400 or smartphone 902 may perform a thorough sweep with

windows of pixels that are at the expected width from the manufactured geometry of the test strip.
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[0090] In examples in which biological chromatographic test strip 410 is an LFD, antibodies lay down in
a thickness of approximately one twentieth (1/20th) of the nitrocellulose strip of the LFD. On-board
computing system 406 or computing logic of smartphone 902 may pass a window over the captured
image of the output signal area of biological chromatographic test strip 410 and search for a window of a
size that is 1/20th of the lateral distance the image in which the difference between the true brightness and
the background fit are the greatest. If needed, on-board computing system 406 or computing logic of
smartphone 902 may can shift the luminance values in a given color channel based on LED brightness.
[0091] By implementing these techniques of this disclosure, reader device 400 and smartphone 902
provide the advantage of enabling detection of a given line’s absence in cases in which not all three lines
are present in a use case scenario. That is, because reader device 400 and smartphone 902 are configured
according to aspects of this disclosure to have information indicating where each line is expected to be
positioned (or at least an approximation thercof). In cases in which reader device 400 or smartphone 902
detect both the control line and hook line, reader device 400 or smartphone 902 can derive information on
the expected location and brightness (in each color channel) of the test line.
[0092] While techniques of this disclosure are described above within the closed universe of a single
color channel of the RGB color space for ease of discussion, it will be appreciated that reader device 400
and smartphone 902 may implement the image analysis aspects described above in an aggregated way.
For instance, on-board computing system 406 and computing logic of smartphone 902 may discerm color
change in each color channel, and sum the differences to obtain a full-color delta. In an example in which
on-board computing system 406 or computing logic of smartphone 902 detect a color change of 20% in
the red channel, 30% in the green channel, and 20% in the blue channel, reader device 400 or smartphone
902 may calculate a 70% (or 0.7) sum with respect to the overall color change for a line.
[0093] In detecting color change, reader device 400 or smartphone 902 may use a median pixel value
over the output signal area (or “indicator region”) in a cropped image of biological chromatographic test
strip 410. For instance, reader device 400 or smartphone 902 may use the median RGB values (keeping
the color channels distinct) in each column of pixels of the cropped image, after detecting and
disregarding any blemishes or imperfections (e.g., fingernail damage). Based on the orientation shown in
FIG. 12, the techniques are described as being implemented with respect to “columns”™ due to parallel
orientation with respect to the control, hook, and test lines, although in a different orientation, the
techniques may be described as being performed with respect to “rows” of pixels.
[0094] On-board computing system 406 or computing logic of smartphone 902 may use uncompressed
images of the output signal area of biological chromatographic test strip 410 to implement the techniques
described above. In some implementations, reader device 400 and/or smartphone 902 may be configured
to measure and average values extracted from multiple images taken over a period of time. In this way,
reader device 400 and smartphone 902 may be configured according to this disclosure to improve data
precision by reducing noise and climinating randomly occurring outlicr data.
[0095] That is, reader device 400 and/or smartphone 902 may use a series or multiple series of captured

images instead of a snapshot, which tends to represent a timeframe of 1/15th of a second. In some
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examples, reader device 400 and/or smartphone 902 may average values for images taken at regular
intervals or sporadic intervals over a period of twenty (20) seconds to discern colorimetric intensity
transitions. In some examples, reader device 400 and/or smartphone 902 may use multiple series of
captured images, such as multiple twenty (20)-second series over five (5) minutes or fifteen (15) minutes
to detect colorimetric intensity transitions. In these implementations, reader device 400 and/or
smartphone 902 produce positive results earlier than the ending of the image series time window, if a
sufficient colorimetric intensity transition is detected for the test line. The time from the start of the
image analysis to the generation of a positive result is referred to as a “time to result window™ or an
“inoculation period” herein.
[0096] Because spotlighting and/or backlighting may vary due to environmental factors or other reasons,
reader device 400 and/or smartphone 902 may apply filtering, whether on the light-providing side or on
the image capture side. In this way reader device 400 and/or smartphone 902 may normalize for
environmental conditions or customize the lighting to suit the particular appearance or composition of
biological chromatographic test strip 410 for better image capture. The “scores” illustrated in FIG. 12
represent background fit-to-actual intensity variations produced by plot differentials on graph 1220. In
general, by implementing the techniques described with respect to FIG. 12, reader device 400 and/or
smartphone 902 may, in accordance with aspects of this disclosure, improve low-end sensitivity, and may
compensate for variations in manufacturer or manufacture specifications of biological chromatographic
test strip 410 and/or for variations in insertion characteristics with respect to biological chromatographic
test strip 410.
[0097] FIGS. 13A-13C are graphs that illustrate the individual colorimetric intensities of the control,
hook, and test lines displayed via the output signal area of biological chromatographic test strip 410, with
analyte concentration-correlated variance. FIGS. 13D-13F are graphs illustrating relative intensities
shown as ratios between respective pairs of the individual colorimetric intensity plots of FIGS. 13A-13C,
also with analyte concentration-correlated variance. Reader device 400 and smartphone 902 may
implement the techniques of this disclosure to output qualitative and quantitative target analyte results by
leveraging all of the illustrated indicator lines” colorimetric intensities as well as the ratios between the
colorimetric intensities of respective pairs of the illustrated indicator lines. FIG. 5 discussed above may
also be described as a simplified version of a combination of any one or more of the graphs of FIGS.
13A-13F.
[0098] FIG. 14 illustrates graph 1400 that shows the colorimetric intensity residuals as they vary with
analyte concentration. Graph 1400 shows the variation of each individual indicator line’s colorimetric
intensity residuals, as well as the residuals between respective pairs of these indicator lines. The solid
line shows the average (e.g., mean, median, or mode) of all of the plots. The plot lines in graph 1400
illustrate aggregate intensity deltas across all three color channels in the RGB color space.  The x-axis
plots target analyte concentration values ranging from zero (0) ppm to two thousand (2000) ppm. Graph
1400 shows three line intensities of a single test and three line intensity ratios relative to that particular

line’s or ratio’s respective solid curve shown in FIGS. 13A-13F. As such, graph 1400 relates to a single
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test in which reader device 400 or smartphone 902 checks that particular test against a model (e.g. the
collection of data shown in FIGS. 13A-13F) to find that particular test’s most accurate or closest
concentration estimate.
[0099] The colorimetric intensity residuals corresponding to each indicator line pair (between an
observed and a trained model) changes based on the analyte concentration, as shown by the variation in
the y-coordinates corresponding to shifts along the x-axis. Reader device 400 and smartphone 902 may
leverage the colorimetric intensity shift for each line with analyte concentration to perform the analyte
quantification techniques of this disclosure. Graph 1400 shows a trend in line colorimetric intensity
residuals and also a trend in the variance between the lines” colorimetric intensity residuals. Reader
device 400 and/or smartphone 902 may generate the most probable analyte concentration that would
produce the particular set of intensities and intensity variations given by a trained model (e.g. as trained
using data from FIGS. 13) from a single test sample.
[0100] In some examples, devices of this disclosure may train a model (e.g., lincar regression, neural
network, etc.) on a sufficient set of analyte-related and colorimetric intensity-related data, and load the
trained model to reader 400 and/or smartphone 902 (and/or a cloud-connected system) for the execution
phase. The solid-line “average” curve represents the sum of all of the various dashed-line curves, with
each of the dashed-line curves representing the probabilities of the colorimetric intensities (or ratios
derived therefrom) being produced by a particular concentration of the target analyte under examination.
Graph 1400 is an example in which reader device 400 or smartphone 902 may analyze results of a test of
unknown concentration to generate a 2 ppm estimate via the estimation processes described herein. In
this particular example, the minima of the “average™ curve represents the most likely spot at which the
average colorimetric intensity value coincides with a 2 ppm concentration, and with the respective
minimas of the remaining cures representing the most likely points at which the individual colorimetric
intensity (or intensity variation, as the case may be) produced the intensity/variation. As such, the
quantification techniques of this disclosure use all three intensities and all three ratios, with a less accurate
trained model if any individual intensity or variation used in the training or execution input is excluded.
[0101] FIG. 15 illustrates graph 1500 that shows the accuracy of analyte concentration outputs during
a training phase of a model that reader device 400 and/or smartphone 902 may perform in accordance
with the quantification techniques of this disclosure. Each dot shows the actual accuracy, with the vertical
lines (bounded by a respective floor and a respective ceiling) showing the accuracy of the estimates. The
training device of this disclosure may also discern standard deviation and variance values form the
accuracy of the training-phase estimates.

[0102] Again, while several mobile computing device-based techniques of this disclosure are described
herem as being performed by smartphone 902, it will be appreciated that smartphone 902 is only one non-
limiting example of mobile computing devices that may be configured to perform various techniques of
this disclosure. Other examples of mobile computing devices that may be configured to perform various
techniques attributed to smartphone 902 in this disclosure include, but are not limited to, tablet

computers, wearable devices (e.g., smartwatches or smart glasses), personal digital assistants (PDAs), etc.
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[0103] FIG. 16 is a flowchart illustrating an example process 1600 that reader device 400 or
smartphone 902 may perform, in accordance with aspects of this disclosure. As part of process 1600,
reader device 400 or smartphone 902 identifies background regions of the output signal area of biological
chromatographic test strip 410 based on background fit-to-observed intensity delta (1602). For instance,
reader device 400 or smartphone 902 may identify the background regions using the techniques described
above with respect to FIGS. 13.
[0104] Reader device 400 or smartphone 902 may measure the deltas at the indicator lines of the
output signal area of biological chromatographic test strip 410 (1604). For instance, reader device 400 or
smartphone 902 may measure the “scores™ illustrated in FIG. 13B. Based on the deltas measured at the
indicator lines, reader device 400 or smartphone 902 may determine the target analyte concentration in
the test sample submitted via biological test strip 410 (1606). In some examples, reader device 400 or
smartphone 902 may determine a concentration range in which the target analyte concentration falls.
[0105] FIG. 17 illustrates biological chromatographic test strips 1702—1706 that reader device 400 or
smartphone 902 may be configured to analyze for quantitative results, according to aspects of this
disclosure. The output signal areas of biological chromatographic test strips 1702—1706 are of a different
form factor than those of other biological chromatographic test strips, in that the respective output signal
arca of each of biological chromatographic test strips 17021706 includes two dots, namely, one control
dot and one test dot. In the example shown 1n FIG. 17, biological chromatographic test strips 1702-1706
may be configured such that each of the control dot and the test dot changes color based on the
concentration of the target analyte in the submitted test sample. Biological chromatographic test strips
1702-1706 are described herein as being used to test for the COVID-19 virus in human saliva test
samples, with the concentration of the target analyte being expressed in picomolars (pM).
[0106] Biological chromatographic test strip 1702 is shown as outputting a readout for a negative
result caused by a zero (0) pM concentration of the target analyte in the submitted test sample.
Biological chromatographic test strip 1704 is shown as outputting a readout for a positive result caused by
an approximately one (1) pM concentration of the target analyte in the submitted test sample. Biological
chromatographic test strip 1706 is shown as outputting a readout for positive result caused by an
approximately one thousand (1000) pM concentration of the target analyte in the submitted test sample.
“C” denotes a control dot and “T” denotes a test dot in each respective output signal area of biological
chromatographic test strips 1702-1706.
[0107]  The colorimetric facets of the respective control dots and test dots of biological
chromatographic test strips 1702-1706 may change with target analyte concentrations in test samples, as
shown by way of the three non-limiting examples illustrated in FIG. 17. Reader device 400 or
smartphone 902 may analyze the color intensity values of the control and test dots as well as ratios
between the control and test dots of a single output area examined concurrently (or substantially
concurrently) to determine the concentration of the target analyte in the submitted test sample.
[0108] Reader device 400 and smartphone 902 may be configured to implement “dot finder” logic to

determine the locations of the control dot and the test dot in captured images representing the output
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signal areas of each of biological chromatographic test strips 1702-1706. The dot finder logic enables
reader device 400 and smartphone 902 to search the captured image and identify solid circles (or solid
shapes of substantially circular shape) that have a radius within a predefined range. In one non-limiting
example, the dot finder logic may recognize a control or test dot based on detecting a circle having a
radius between ten (10) and fifty-five (55) pixels. By using a specified range of acceptable radii, the dot
finder logic enables reader device 400 and smartphone 902 to eliminate false positives that might be
caused by imperfections, errant aberrations, or other noise in the appearance of the output signal arca of
any of biological chromatographic test strips 1702—-1706. For example, the dot finder may search for
pixel groupings that fall within the predefined radius range.
[0109]  Using the captured image (¢.g., a preprocessed version thereof, a grayscale version thercof,
etc.), the dot finder logic locates substantially circular regions having a radius in the specified range in
which the pixcls vary in one or more color channel intensity from the rest of the image so as to constitute
an indicator circle rather than noise. Upon identifying two such circular or substantially circular regions
in the image using the dot finder logic, reader device 400 or smartphone 902 may evaluate colorimetric
intensity values associated with the two dots (and ratios and/or other comparative indicators
therebetween) to determine the concentration of the target analyte in the submitted test sample.
[0110] Reader device 400 and/or smartphone 902 may analyze imaggs of biological chromatographic
test strips 1702—-1706 in various scenarios in which biological chromatographic test strips 1702-1706
follow different color schemes. For instance, reader device 400 and/or smartphone 902 may perform the
techniques described herein whether the background of any of biological chromatographic test strips
1702-1706 may be white, gray, black, or any other color. In some examples, reader device 400 and/or
smartphone 902 may perform the techniques described herein regardless of various color schemes to
which the control dot and test dot conform (e.g., light blue and light green for negative results, darker
blue and darker green for 1pM results, even darker blue and even darker green for 1,000pM results, etc.).
[0111]  Although described herein with respect to analyzing output signal areas that display a control
dots, it will be appreciated that, in other examples consistent with this disclosure, reader device 400
and/or smartphone 902 may analyze biological chromatographic test strips that output other types of
output signals, such as regular polygons including rectangles, etc. In these examples, reader device 400
and/or smartphone 902 may implement polygon finder logic that identifics the output signal polygon
using one or more dimensional descriptors of the pixel grouping, such as area, length, width, diagonal
length (e.g., in the case of a rectangle), etc.
[0112]  Also, while reader device 400 and smartphone 902 are described as analyzing control dots that
change color and/or colorimetric intensity with target analyte presence/ in the examples of biological
chromatographic test strips 1702-1706, it will be appreciated that reader device 400 and/or smartphone
902 may be configured to analyze biological chromatographic test strips that output control dots that
maintain a generally consistent color in a variety of scenarios, and sometimes, generally match the color
and/or colorimetric intensity of the test dot in a particular test result scenario (e.g., negative, or at a

particular target analyte concentration range for positive test results).
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[0113] Additionally, while reader device 400 and smartphone 902 are described as analyzing change
color and/or colorimetric intensity data with respect to biological chromatographic test strips 1702-1706,
it will be appreciated that reader device 400 and/or smartphone 902 may be configured to analyze
fluorescence-based signals from biological chromatographic test strips, as well, with respect to dots or
differently shaped output signals. Additionally, while reader device 400 and smartphone 902 are
described as analyzing biological chromatographic test strips 1702—1706 for quantitative results, it will be
appreciated that reader device 400 and/or smartphone 902 may, in some examples, analyze biological
chromatographic test strips 1702—1706 for qualitative results (e.g., a binary positive vs. negative decision
regarding target analyte presence in the test sample, etc.). Reader device 400 and/or smartphone 902 may
implement, with respect to biological chromatographic test strips that output indicator signals of rounded
shapes or polygon-based shapes, techniques generally corresponding to any one or more of the techniques
described above with respect to FIGS. 1-16.
[0114] FIGS. 18A-18F are graphs illustrating colorimetric intensity transitions of the control dot and
test dot of various biological chromatographic test strips that produce negative results and that produce
positive results based on a one (1) pM target analyte concentration. Biological chromatographic test
strips 1702 and 1704 may be included in the data points that produce the colorimetric intensity transitions
shown in FIGS. 18A-18F. FIGS. 18A, 18B, and 18C illustrate colorimetric intensity transitions in the
red, green, and blue color channels, respectively, of the RGB color space. FIGS. 18D, 18E, and 18F
illustrate colorimetric intensity transitions in the hue, saturation, and value color channels, respectively.
As used herein: (1) “hue” refers to similarity to one of red, orange, yellow, green, blue, or purple on a
color spectrum; (ii) “saturation” refers to similarity to pure color (or alternatively, difference from gray);
and (iii) “value” refers to brightness or luminance ranging from black to white.
[0115] In the particular example of FIGS. 18 A—18F, which illustrate a quantitative result of 1pM for
the positive test as opposed to a negative (OpM) test, the hue channel yields the most reliable detection
scheme. The overlap value of 0.29 shown in FIG. 18D indicates a test accuracy of 71% in the hue
channel. In this scenario, reader device 400 or smartphone 902 may assign a greater weight to the hue
channel than to the remaining channels in performing image-based quantitative analysis. In some
examples, reader device 400 or smartphone 902 may assign a lesser weight or may disregard less reliable
color channels for a particular analysis, such as the saturation channel in the particular case of FIGS.
18A-18F.
[0116] FIGS. 19A-19F are graphs illustrating colorimetric intensity transitions of the control dot and
test dot of various biological chromatographic test strips that produce negative results and that produce
positive results based on a five (5) pM target analyte concentration. FIGS. 19A, 19B, and 19C illustrate
colorimetric intensity transitions in the red, green, and blue color channels, respectively, of the RGB color
space. FIGS. 19D, 19E, and 19F illustrate colorimetric intensity transitions in the hue, saturation, and
value color channels, respectively. In the particular example of FIGS. 19A-19F, which illustrate a

quantitative result of 5pM for the positive test as opposed to a negative (OpM) test, the hue channel yields
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the most reliable detection scheme. The overlap value of 0.02 shown in FIG. 19D indicates a test
accuracy of 98% in the hue channel.
[0117]  Inthe particular example of FIGS. 19A—19F, the red channel yields the second most reliable
detection scheme. The overlap value of 0.07 shown in FIG. 19D indicates a test accuracy of 93% in the
hue channel. In this scenario, reader device 400 or smartphone 902 may assign greater weights to the hue
channel and the red channel than to the remaining channels in performing image-based quantitative
analysis. For example, FIGS. 19A-19F may represent colorimetric intensity transition end states for
control and test dots that, in one case, absorb red light well, while in the other case, reflect red light well.
In some examples, reader device 400 or smartphone 902 may assign a lesser weight or may disregard less
reliable color channels for a particular analysis, such as the blue channel and/or the saturation channel in
the particular case of FIGS. 19A—19F.
[0118]  FIG. 20 illustrates biological chromatographic test strips 2002 and 2004 that reader device 400
or smartphone 902 may be configured to analyze for quantitative results, according to aspects of this
disclosure. The output signal areas of biological chromatographic test strips 2002 and 2004 differ from
the output signal areas of biological chromatographic test strips 1702—1706 in a number of ways. As one
example, the negative test result (or pre-sample-submission state) of biological chromatographic test strip
2002 does not show any readily visible output signals. As another example, the positive test result of
biological chromatographic test strip 2004 includes only one visible output signal, namely, a test dot. In
some examples, reader device 400 or smartphone 902 may implement the dot finder logic described
above to identify the test dot in biological chromatographic test strip 2004. In other examples, reader
device 400 or smartphone 902 may implement the background fit-based techniques described above to
identify the test dot in biological chromatographic test strip 2004. In various examples, reader device 400
or smartphone 902 may detect the test dot of biological chromatographic test strip 2004 at varying levels
of colorimetric transition granularity (e.g. by distinguishing off-white from white, in a relatively sensitive
example).
[0119] In various examples, reader device 400 and/or smartphone 902 may represent “universal
readers” in that reader device 400 and/or smartphone 902 can be configured to analyze images of output
areas of different form factors (e.g., as shown by way of biological chromatographic test strips 1702—
1706, biological chromatographic test strips 2002 & 2004, or biological chromatographic test strips 302—
314). In some examples, reader device 400 and/or smartphone 902 may provide an interactive user
interface (UI) that accepts user input specifying the form factor the output signal area(s) to be read. In
some examples, reader device 400 and/or smartphone 902 may provide an interactive Ul that accepts user
mput specifying further details of the output signal area(s) to be read, such as the number of lines to be
searched, the number of dots to be searched, the lower threshold for a dot radius, the upper threshold for a
dot radius, etc. In some examples, reader device 400 and/or smartphone 902 may provide an interactive
UI that accepts user input that elicits outputs specifying test parameters, such as the limit of detection

(c.g., the lowest concentration at which the target analyte can be detected, the highest concentration at



10

15

20

25

30

35

WO 2022/049436 PCT/1B2021/057612
26

which the target analyte can be detected, a choice between a binary positive/negative result and a
quantitative result, etc.).
EXAMPLE
[0120] FIG. 2 illustrates different test results detected by various biological chromatographic test strips
of similar construction. Biological chromatographic test strips 302-314 each represents an individual test
result as described below. As in the example of FIG. 1, the respective output signal arcas of each of test
strips 302-312 include areas for three indicator lines, namely, a control (‘C’) line, a hook (‘H’) line, and a
test (“T7) line.
[0121] Biological chromatographic test strip 302 indicates a defective test. Biological
chromatographic test strip 304 indicates a negative test result, and each of biological chromatographic test
strips 306—-312 indicates a positive test result. Biological chromatographic test strip 314 indicates an
mvalid (e.g., inconclusive) test result. The invalid test result in the case of biological chromatographic test
strip 314 may be due to various issues with the submitted test sample, including, but not limited to, the
various types of defects described above with respect to biological chromatographic test strip 208 of FIG.
1, such as a target analyte concentration exceeding an upper threshold for generating valid test results.
The negative test result in the case biological chromatographic test strip 304 may be due to reasons
including, but not limited to, reasons described above with respect to biological chromatographic test strip
206 (e.g., sub-lower threshold concentration of the target analyte) of FIG. 1. The defective state in the
case of biological chromatographic test strip 302 may be due to one or more of various factors, such as
structural damage to biological chromatographic test strip 302, flow issue caused by solids in the test
sample or any other obstructions of capillary action within the working of biological chromatographic test
strip 302, chemical or biochemical changes in the conjugate material or the bound chemicals, etc.
[0122] Inthe instances of biological chromatographic test strips 306-312, the reader uses the
individual color intensities of the respective test lines and the relative color intensities of the respective
test lines with one or both of the control and/or hook lines of the same strip to determine a range in which
the concentration of the target analyte in the test sample that triggered the positive test result falls. In the
case of biological chromatographic test strip 306, the reader analyzes the individual and relative color
intensities of the test line to determine that the target analyte is present in the test sample in a range of two
(2) to ten (10) ppm.
[0123] Inthe case of biological chromatographic test strip 308, the reader analyzes the individual and
relative color intensities of the test line to determine that the target analyte is present in the test sample in
a range of ten (10) to fifty (50) ppm. In the case of biological chromatographic test strip 310, the reader
analyzes the individual and relative color intensities of the test line to determine that the target analyte is
present in the test sample in a range of fifty (50) to one thousand (1,000) ppm. In the case of biological
chromatographic test strip 312, the reader analyzes the individual and relative color intensitics of the test
line to determine that the target analyte 1s present in the test sample in a range of over one thousand

(1,000) ppm, but within an upper limit or upper threshold concentration.
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[0124] The reader uses optical signals, such as colorimetric and/or fluorescent signals to generate the
results described above with respect to biological chromatographic test strips 306312, by implementing
a quantitative signal-to-analyte algorithm using one or more red-green-blue (RGB) triplets to discem the
quantity (or a range thercof) of the target analyte in the test sample submitted via the biodetection test
strip.
[0125] Inthis example, the reader uses one or more control or reference arca(s) in the output signal
arca of the biological chromatographic test strips to scale the signal (e.g., lines detected via colorimetric
or fluorescence detection-based techniques) detected in the output signal area. The reader implements
logic that uses a combination of target analyte indicator signals and signals from other control or
reference area(s) to define a test result that 1s invalid. In this example, the logic implemented by the
reader devices also executes a trained model (e.g., an artificial neural network) to draw an inference from
signal(s) detected from the output signal arcas of biological chromatographic test strips 306-312.
[0126] Example 1A: A reader device comprising: a camera board configured to capture image data
associated with an output signal area of a biological chromatographic test strip; processing circuitry in
communication with the camera board, the processing circuitry being configured to: determine, based on
the image data captured by the camera board, (1) an intensity of a control line displayed in the output
signal area of the biological chromatographic test strip, (i1) an intensity of a hook line displayed in the
output signal area of the biological chromatographic test strip, and (ii1) an intensity of a test line displayed
in the output signal area of the biological chromatographic test strip; determine a relative intensity
between the test line and at least one of the hook line or control line using the intensity of the test line and
at least one of the intensity of the hook line or the intensity of the control line; and detect, based on the
relative intensity, a presence of a target analyte in a test sample submitted via the biological
chromatographic test strip.
[0127] Example 2A: The reader device of Example 1A, the processing circuitry being further
configured to determine, based on the relative intensity, a concentration of the target analyte in the test
sample submitted via the biological chromatographic test strip.
[0128] Example 3A: The reader device of any of Examples 1A or 2A, the reader device further
comprising a receiving slot, the processing circuitry being further configured to:
[0129]  determine that the biological chromatographic test strip is properly inserted into the receiving
slot; and
[0130] determine the respective intensities of the control line, the hook line, and the test line based on
the biological chromatographic test strip being properly inserted into the receiving slot.
[0131] Example 4A: The reader device of Example 3A, the processing circuitry being configured to
determine that the biological chromatographic test strip is properly inserted into the receiving slot based
on a mechanical pin of the reader device is engaged.
[0132] Example 5A: The reader device of any of Examples 1A—4A, wherein the respective intensities

of the control line, the hook ling, and the test line represent colorimetric intensities.
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[0133] Example 6A: The reader device of Example 5A, wherein the colorimetric intensities represent
intensities along individual color channels of an RGB color space.
[0134] Example 7A: The reader device of any of Examples 1A—6A, wherein the respective intensities
of the control line, the hook line, and the test line represent fluorescence intensitics.
[0135] Example 1B: A reader device comprising: a camera board configured to capture image data
associated with an output signal arca of a biological chromatographic test strip; processing circuitry in
communication with the camera board, the processing circuitry being configured to determine, based on
the image data captured by the camera board, a concentration of a target analyte in a test sample
submitted via the biological chromatographic test strip; and an interface in communication with the
processing circuitry, the interface being configured to output data indicative of the concentration of the
target analyte determined by the processing circuitry.
[0136] Example 2B: The reader device of Example 1B, wherein to determine the concentration of the
target analyte in the test sample, the processing circuitry is configured to: determine, based on the image
data captured by the camera board, (i) an intensity of a control line displayed in the output signal area of
the biological chromatographic test strip, (i1) an intensity of a hook line displayed in the output signal arca
of the biological chromatographic test strip, and (ii1) an intensity of a test line displayed in the output
signal area of the biological chromatographic test strip; determine a relative intensity between the test line
and at least one of the hook line or control line using the intensity of the test line and at least one of the
intensity of the hook line or the intensity of the control line; and determine the concentration of the target
analyte based on the relative intensity.
[0137] Example 1C: An integrated circuit (IC) configured to determine, based on image data
associated with an output signal area of a biological chromatographic test strip, a concentration of a target
analyte in a test sample submitted via the biological chromatographic test strip.
[0138] Example 2C: The IC of Example 1C, wherein to determine the concentration of the target
analyte in the test sample, the IC is configured to: determine, based on the image data captured by the
camera board, (1) an intensity of a control line displayed in the output signal area of the biological
chromatographic test strip, (i1) an intensity of a hook line displayed in the output signal area of the
biological chromatographic test strip, and (iii) an intensity of a test line displayed in the output signal area
of the biological chromatographic test strip; determine a relative intensity between the test line and at
least one of the hook line or control line using the intensity of the test line and at least one of the intensity
of the hook line or the intensity of the control line; and determine the concentration of the target analyte
based on the relative intensity.
[0139] Devices and systems of this disclosure may include, in addition to processors or processing
circuitry (¢.g., fixed function circuitry and/or programmable circuitry), various types of memory.
Memory devices or components of this disclosure may include a computer-readable storage medium or
computer-readable storage device. In some examples, the memory includes one or more of a short-term
memory or a long-term memory. The memory may include, for example, RAM, DRAM, SRAM,

magnetic discs, optical discs, flash memories, or forms of EPROM, or EEPROM. In some examples, the
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memory is used to store program instructions for execution by processors or processing circuitry (e.g.,
fixed function circuitry and/or programmable circuitry), communicatively coupled thereto. The memory
may be used by software or applications running on various devices or systems to temporarily store
information during program execution.
[0140] Ifimplemented in software, the techniques may be realized at least in part by a computer-
readable medium comprising instructions that, when executed in a processor, performs one or more of the
methods described above. The computer-readable medium may comprise a tangible computer-readable
storage medium and may form part of a computer program product, which may include packaging
materials. The computer-readable storage medium may comprise random access memory (RAM) such as
synchronous dynamic random access memory (SDRAM), read-only memory (ROM), non-volatile
random access memory (NVRAM), electrically erasable programmable read-only memory (EEPROM),
FLASH memory, magnetic or optical data storage media, and the like. The computer-readable storage
medium may also comprise a non-volatile storage device, such as a hard-disk, magnetic tape, a compact
disk (CD), digital versatile disk (DVD), Blu-ray disk, holographic data storage media, or other non-
volatile storage device.
[0141] The term “processor,” as used herein may refer to any of the foregoing structure or any other
structure suitable for implementation of the techniques described herein. In addition, in some aspects, the
functionality described herein may be provided within dedicated software modules or hardware modules
configured for performing the techniques of this disclosure. Even if implemented in software, the
techniques may use hardware such as a processor to execute the software, and a memory to store the
software. In any such cases, the computers described herein may define a specific machine that is capable
of executing the specific functions described herein. Also, the techniques could be fully implemented in
one or more circuits or logic elements, which could also be considered a processor or processing circuitry
(e.g., fixed function circuitry and/or programmable circuitry).
[0142] In one or more examples, the functions described may be implemented in hardware, software,
firmware, or any combination thereof. If implemented in software, the functions may be stored on or
transmitted over, as one or more instructions or code, a computer-readable medium and executed by a
hardware-based processing unit. Computer-readable media may include computer-readable storage
media, which corresponds to a tangible medium such as data storage media, or communication media
including any medium that facilitates transfer of a computer program from one place to another, ¢.g.,
according to a communication protocol. In this manner, computer-readable media generally may
correspond to (1) tangible computer-readable storage media, which is non-transitory or (2) a
communication medium such as a signal or carrier wave. Data storage media may be any available media
that can be accessed by one or more computers or one or more processors to retrieve instructions, code
and/or data structures for implementation of the techniques described in this disclosure. A computer
program product may include a computer-readable medium.
[0143] By way of example, and not limitation, such computer-readable storage media can comprise

RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk storage, or other magnetic
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storage devices, flash memory, or any other medium that can be used to store desired program code in the
form of instructions or data structures and that can be accessed by a computer. Also, any connection is
properly termed a computer-readable medium. For example, if instructions are transmitted from a
website, server, or other remote source using a coaxial cable, fiber optic cable, twisted pair, digital
subscriber line (DSL), or wireless technologies such as infrared, radio, and microwave, then the coaxial
cable, fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium. It should be understood, however, that computer-
readable storage media and data storage media do not include connections, carrier waves, signals, or other
transient media, but are instead directed to non-transient, tangible storage media. Disk and disc, as used,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy disk and Blu-ray
disc, where disks usually reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above should also be included within the scope of computer-readable media.
[0144] Instructions may be executed by one or more processors, such as one or more digital signal
processors (DSPs), general purpose microprocessors, processing circuitry (¢.g., fixed function circuitry
and/or programmable circuitry), application specific integrated circuits (ASICs), ficld programmable
logic arrays (FPGAs), or other equivalent integrated or discrete logic circuitry. Accordingly, the term
“processor”, as used may refer to any of the foregoing structure or any other structure suitable for
implementation of the techniques described. In addition, in some aspects, the functionality described may
be provided within dedicated hardware and/or software modules. Also, the techniques could be fully
implemented in one or more circuits or logic elements.
[0145] The techniques of this disclosure may be implemented in a wide variety of devices or
apparatuses, including a wireless handset, an integrated circuit (IC) or a set of ICs (e.g., a chip set).
Various components, modules, or units are described in this disclosure to emphasize functional aspects of
devices configured to perform the disclosed techniques, but do not necessarily require realization by
different hardware units. Rather, as described above, various units may be combined in a hardware unit
or provided by a collection of interoperative hardware units, including one or more processors as
described above, in conjunction with suitable software and/or firmware.
[0146] Itis to be recognized that depending on the example, certain acts or events of any of the
methods described herein can be performed in a different sequence, may be added, merged, or left out
altogether (e.g., not all described acts or events are necessary for the practice of the method). Moreover,
in certain examples, acts or events may be performed concurrently, e.g., through multi-threaded
processing, interrupt processing, or multiple processors, etc. In some examples, a computer-readable
storage medium includes a non-transitory medium. The term “non-transitory” indicates, in some
examples, that the storage medium is not embodied in a carrier wave or a propagated signal. In certain
examples, a non-transitory storage medium stores data that can, over time, change (e.g., in RAM or
cache). rather than sequentially.
[0147]  Although specific embodiments have been illustrated and described herein, any arrangement

that achieve the same purpose, structure, or function may be substituted for the specific embodiments
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shown. This application is intended to cover any adaptations or variations of the example embodiments
of the invention described herein. These and other embodiments are within the scope of the following

claims and their equivalents.



10

15

20

25

30

35

WO 2022/049436 PCT/IB2021/057612
32
Claims
WHAT IS CLAIMED IS:
1. A reader device comprising:
a camera board configured to capture image data associated with an output signal area of a
biological chromatographic test strip;
processing circuitry in communication with the camera board, the processing circuitry being
configured to:
determine, based on the image data captured by the camera board, (1) an intensity of a
control line displayed in the output signal area of the biological chromatographic test strip, (i1) an
intensity of a hook line displayed in the output signal area of the biological chromatographic test
strip, and (ii1) an intensity of a test line displayed in the output signal areca of the biological
chromatographic test strip;
determine a relative intensity between the test line and at least one of the hook line or
control line using the intensity of the test line and at least one of the intensity of the hook line or
the intensity of the control line; and
detect, based on the relative intensity, a presence of a target analyte in a test sample

submitted via the biological chromatographic test strip.

2. The reader device of claim 1, the processing circuitry being further configured to determine,
based on the relative intensity, a concentration of the target analyte in the test sample submitted via the

biological chromatographic test strip.

3. The reader device of any of claims 1 or 2, the reader device further comprising a receiving slot,
the processing circuitry being further configured to:

determine that the biological chromatographic test strip is properly inserted into the receiving
slot; and

determine the respective intensities of the control line, the hook line, and the test line based on the

biological chromatographic test strip being properly inserted into the receiving slot.

4. The reader device of claim 3, the processing circuitry being configured to determine that the
biological chromatographic test strip is properly inserted into the receiving slot based on a mechanical pin

of the reader device is engaged.

5. The reader device of any of claims 1 or 2, wherein the respective intensities of the control line,

the hook line, and the test line represent colorimetric intensities.

6. The reader device of claim 5, wherein the colorimetric intensities represent intensitics along

individual color channels of an RGB color space.



10

15

20

25

30

35

WO 2022/049436 PCT/1IB2021/057612
33

7. The reader device of any of claims 1 or 2, wherein the respective intensities of the control line,

the hook line, and the test line represent fluorescence intensities.

8. A reader device comprising;

a camera board configured to capture image data associated with an output signal area of a
biological chromatographic test strip;

processing circuitry in communication with the camera board, the processing circuitry being
configured to determine, based on the image data captured by the camera board, a concentration of a
target analyte in a test sample submitted via the biological chromatographic test strip; and

an interface in communication with the processing circuitry, the interface being configured to

output data indicative of the concentration of the target analyte determined by the processing circuitry.

9. The reader device of claim 8, wherein to determine the concentration of the target analyte in the
test sample, the processing circuitry is configured to:

determine, based on the image data captured by the camera board, (i) an intensity of a control line
displayed in the output signal arca of the biological chromatographic test strip, (i1) an intensity of a hook
line displayed in the output signal area of the biological chromatographic test strip, and (ii1) an intensity
of a test line displayed in the output signal area of the biological chromatographic test strip;

determine a relative intensity between the test line and at least one of the hook line or control line
using the intensity of the test line and at least one of the intensity of the hook line or the intensity of the
control line; and

determine the concentration of the target analyte based on the relative intensity.

10. An integrated circuit (IC) configured to determine, based on image data associated with an output
signal area of a biological chromatographic test strip, a concentration of a target analyte in a test sample

submitted via the biological chromatographic test strip

11. The IC of claim 10, wherein to determine the concentration of the target analyte in the test
sample, the IC is configured to:

determine, based on the image data captured by the camera board, (i) an intensity of a control line
displayed in the output signal area of the biological chromatographic test strip, (i) an intensity of a hook
line displayed in the output signal area of the biological chromatographic test strip, and (ii1) an intensity
of a test line displayed in the output signal area of the biological chromatographic test strip;

determine a relative intensity between the test line and at least one of the hook line or control line
using the intensity of the test line and at least one of the intensity of the hook line or the intensity of the
control line; and

determine the concentration of the target analyte based on the relative intensity.
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