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DETERMINING A PRESENCE OF AUTO-FLUORESCENT BIOLOGICAL
SUBSTANCES THROUGH AN ARTICLE

FIELD
[0001] The present application generally relates to detecting a presence of
biological substances. More specifically, the present application relates to detecting a
presence and amount of bodily exudate in an absorbent article such as a diaper.
BACKGROUND
[0002] Existing solutions for determining a presence of bodily exudate in an
absorbent article (e.g., a diaper) can sometimes be unreliable. For example, solutions
that rely on volatile organic compound (VOC) sensors are not always able to
disambiguate detecting bodily exudate from other gases.
BRIEF DESCRIPTION OF THE DRAWINGS
[0003] Features, embodiments, and advantages of the present disclosure are
better understood when the following Detailed Description is read with reference to the
accompanying drawings.
[0004] Figure 1 depicts an example of a system for detecting a presence of a
biological substance through an article, according to an aspect of the present disclosure.
[0005] Figure 2 illustrates an example of a process for detecting a presence of
an auto-fluorescent biological substance, according to an aspect of the present
disclosure.
[0006] Figure 3 depicts excitation and emission spectra for a substance,
according to an aspect of the present disclosure.
[0007] Figure 4 depicts an additional example of a system for detecting a
presence of a biological substance through an article, according to an aspect of the
present disclosure.
[0008] Figure 5 depicts excitation and emission spectra of a substance
commonly used in an absorbent article, according to an aspect of the present disclosure.
[0009] Figure 6 illustrates an additional example of a process for detecting a
presence of an auto-fluorescent biological substance by using a multiple-excitation and
single emission approach, according to an aspect of the present disclosure.
[0010] Figure 7 is a diagram depicting an exemplary computing system for
implementing functions relating to detecting a presence of a biological substance,

according to an embodiment of the present disclosure.
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[0011] These illustrative examples are mentioned not to limit or define the
scope of this disclosure, but rather to provide examples to aid understanding thereof.
Mlustrative examples are discussed in the Detailed Description, which provides further
description. Advantages offered by various examples may be further understood by
examining this specification.
DETAILED DESCRIPTION

[0012] Disclosed solutions detect a presence of a substance by transmitting light
through an article and measuring the returned light. Examples of articles are common
disposable diapers, reusable cloth diapers, pantiliners, and adult diapers. Detectable
substances include substances that fluoresce, for example biological structures such as
chlorophyll, bilirubin, and porphyrin. Auto-fluorescence refers to a natural emission of
light of certain substances in response to absorbing light (e.g., being stimulated with a
light source). A molecule that exhibits fluorescence is called a fluorophore. Disclosed
solutions can adjust a wavelength of the transmitted light to maximize fluorescence of
the substance to be detected and to minimize an effect of other objects or substances
fluorescing.

[0013] Disclosed solutions provide improvements relating to substance
detection. For example, existing systems can sometimes be prone to erroneous
measurements due to movement of a wearer of the absorbent article. In other cases,
existing systems are unable to detect bodily exudate through a diaper. In contrast,
disclosed solutions can detect a presence of a substance, e.g., bodily exudate, when a
wearer of a diaper is moving.

[0014] A given fluorophore has a spectra of light at which it will absorb energy
(some of which can be emitted) and a spectra that is emitted when it fluoresces and
therefore may be characterized by an excitation curve and an emission curve. An
excitation curve specific to a particular wavelength represents an amount of light
emitted at the particular wavelength for a range of excitation wavelengths. For example,
a particular chemical may emit light when excited by incoming light with a peak
wavelength substantially at 600 or 650 nm, where the light emitted when excited at the
peak wavelength of 600 nm is greater in intensity than the light emitted when excited
at 650 nm. Therefore, the substance is said to absorb more energy at 600 nm than at

650 nm. An absorption curve for a given fluorophore represents the amount of energy
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that 1s absorbed for the particular wavelength. The absorption and excitation spectra are
distinct, but often overlap.

[0015] An emission curve represents a range of wavelengths of light that are
emitted for a given excitation wavelength. For example, an excitation curve for a
chemical when stimulated with light with a peak wavelength of 420 nm may output a
peak intensity at 630 nm and lower intensity light at other wavelengths. Typically, the
most efficient excitation wavelength is close to the maximum peak of the absorption
spectra. The difference between the peak excitation wavelength and the peak emission
wavelength is called the Stokes’ shift.

[0016] Disclosed solutions can adjust the wavelength(s) of emitted light to
maximize a response of the substance to be detected and to minimize fluorescence of
the article or any other substances. For example, an excitation wavelength with a lower
absorption can sometimes result in a lower total intensity of emission, but there is not
necessarily a direct linear correlation. This property can be leveraged to minimize
background fluorescence by choosing an excitation spectra that includes peaks
representing wavelengths that are poorly absorbed by any background material,
including any undesired fluorophores, and high for the substance of interest.
Alternatively, a ratio-based approach of sensing can be done by using multiple
excitation wavelengths and measuring the difference in response.

[0017] In an example, light with one or more peak wavelengths is provided to
an article. In turn, light emitted at one or more ranges of emission wavelengths can be
detected. For example, disclosed solutions can excite a substance by providing light
that includes two different peak wavelengths, each of which corresponds to an
excitation wavelength of a biological substance that is to be detected. In an example,
light with a first peak emission wavelength is first emitted, followed by a first
measurement of the response, then light that includes a second peak emission
wavelength is emitted, followed by a second measurement of a subsequent response.
By analyzing an intensity of the measurements and/or a ratio of the measurements,
disclosed solutions can detect a presence of a biological substance. Any number of
excitation wavelengths and/or emission wavelengths can be used. The peak
wavelengths can be identical or different. The peak wavelengths can overlap or not

overlap, e.g., be mutually exclusive. Different combinations are possible.
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[0018] Turning now to the Figures, Figure 1 depicts an example of a system for
detecting a presence of a biological substance through an article, according to an aspect
of the present disclosure. Figure 1 depicts sensing environment in which detection
system 101 detects a presence or an absence of substance 160 on article 150 by emitting
light 140, causing substance 160 (if present) to fluoresce, and measuring returned light
148. Returned light 148 can include light caused by the fluorescence of substance 160
(if present) and can include contributions from other sources. Based on a measurement
of the returned light, detection system 101 identifies a presence or absence of substance
160. Examples of biological substances include bodily exudate such as feces and urine.
Urine can be differentiated from feces based on urine and feces having different
fluorescent emission peaks.

[0019] Monitor 120 can cause an alarm, such as an audible beep or other sound
to be emitted, e.g., via a speaker, based on a threshold level of substance 160 being
detected. Monitor 120 can also cause a transmission of an alert to another device, for
example, operated by a caretaker. For example, monitor 120 can include a transmitter
or transceiver capable of transmitting a radio signal to an external device. Monitor 120
can also log events, such as when bodily exudate is detected, to memory for later
transmission to a caregiver. Detection system 101 can maintain a log for later
transmission to monitor 120.

[0020] Detection system 101 can include one or more processors, light sources,
photodetectors, wireless transmitters, analog-to-digital converters, or digital-to-analog
converters (not depicted). Detection application 110 executes on detection system 101.
Light source 102 can emit light at a particular wavelength or range of wavelengths.
Examples of light sources include Light Emitting Diodes (LEDs), incandescent lights,
and laser diodes. Photodetector 104 measures light at one or more wavelengths and
provides a signal indicative of a strength of the measured light to detection application
110.

[0021] More particularly, photodetector 104 can be any device that can detect
and measure light such as a photodiode, phototransistor, complementary metal-oxide—
semiconductor (CMOS) image sensor, charge-coupled device (CCD) sensor, or a
photo-resistor. Photodetector 104 receives light, including light reflected from article
150, whether ambient light or light emitted by light source 102, and generates sensor

signals based on that received light. Photodetector 104 can detect a wide spectrum of
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light and output information that indicates the detected light. Photodetector 104 can
provide three outputs e.g., a value that corresponds to red, another value for green, and
another value for blue. The values of the triplet correspond to the amplitude of light at
a range of wavelengths corresponding to a particular color. Therefore, a first value is
proportional to an amplitude of red in the received light, a second value is proportional
to an amplitude of green in the received light, and a third value is proportional to an
amplitude of blue in the received light.

[0022] In some cases, detection application 110 can perform ambient light
compensation by identifying contributions of any spectra of the measured light that is
caused by ambient light, e.g., by obtaining a separate measurement of light without
light source 102 activated. Even though ambient light can have different color spectra
depending on the ambient light source(s) present, detection application 110 can
electronically remove the contribution of such ambient light to light detected by the
photodetector and accurately detect light from other sources, such as the light emitted
by a fluorescent substance.

[0023] In a more specific example, detection application 110 causes light
source 102 to emit light 140. In some cases, a pulse of light is emitted. A pulse can vary
temporally, spectrally, and/or spatially. For example, a pulse can be a transmission of
light for a specific amount of time, and/or include a specific range of wavelengths of
light, and/or include light in one or more directions. In an example, a pulse of light may
last for 500 milliseconds. But pulses of different duration can be used. For example, a
duration can range from 100 milliseconds to five seconds. In turn, light 140 causes
substance 160, if present in article 150, to fluoresce. Detection application 110 receives,
from photodetector 104, an intensity of returned light 148. Any contributions of
ambient light are removed from the measurement of returned light 148. The amount of
returned light 148 at one or more particular wavelengths then indicates a presence and
amount of substance 160. The intensity of returned light 148 can be compared to a
threshold.

[0024] If the detected intensity is greater than a threshold, then detection
application 110 determines that substance 160 is present. Otherwise, detection
application 110 determines that substance 160 is absent. Upon the detection, detection
application 110 can perform one or more actions. For example, detection application

110 can transmit a notification to monitor 120, cause an audible or visual alert, or create
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a log of the presence of absence of substance 160. An example of a process performed
by detection application 110 to detect a presence or absence of a substance is discussed
further with respect to Figure. 2.

[0025] Detection system 101 can be placed on or in an article. For example,
detection system 101 can be integrated into a sensor package that is positioned on the
article. The sensor package can also be inserted into a pocket or pouch inside the
absorbent article. In this manner, the sensor package can be reused, for example,
removed and inserted in a new article. The sensor package can be covered with a
material or pouch that is washable or can be wiped. The sensor package can be inserted
into an absorbent article or adhered to the inside of the absorbent article. Such a pocket
or pouch can be hermetically sealed, for example, in transparent plastic that allows light
to pass through. The sensor package can also be permanently attached into an absorbent
article and discarded after a one-time use. The sensor package can also be adhered to
the outside of the absorbent article via hook and loop or similar material.

[0026] Figure 2 illustrates an example of a process 200 for detecting a presence
of an auto-fluorescent biological substance, according to an aspect of the present
disclosure. Process 200 can be implemented by detection system 101 or another system.
Process 200 describes a simplified example using one excitation wavelength and one
emission wavelength, but other configurations are possible. For example, the system
described with respect to Figure 4 can emit (and detect) multiple wavelengths of light.
[0027] At block 201, process 200 involves causing a light source to transmit,
through an article, light that includes a peak wavelength that corresponds to an
excitation wavelength of a biological substance. The peak wavelength can be selected
based on the substance to be detected.

[0028] In an example, certain aspects detect a presence of bodily exudate.
Bodily exudate can include fluorophores. For example, chlorophyll, secreted as a result
of digesting vegetables can be present in bodily exudate and therefore can be tested.
But for some human subjects, for example, babies, the detection of chlorophyll as a
proxy for detecting a bowel movement can lead to false negatives because young infants
do not eat solid foods. In contrast, porphyrins, which are also present in bowel
movements as a byproduct of the body making hemoglobin, are a more reliable
indicator that can be detected. Humans that are more efficient at manufacturing

hemoglobin may emit lower quantities of porphyrins, but porphyrins are nevertheless
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still present in bodily exudate. Porphyrins have a high emission at wavelengths of 630
and 700 nm. Man-made structures such as diapers can also fluoresce, as well as other
naturally occurring substances such as skin. Accordingly, contributions from other
sources of fluorescence can be separated from a measurement of bodily exudate. In the
case that chlorophyll and porphyrins are both present, the presence can be
disambiguated due to the different response curves.

[0029] Figure 3 depicts excitation and emission curves for a biological
substance. As depicted in the example of Figure 3, the substance has an excitation curve
as shown in graph 300 and an emission curve as shown in graph 310. The x-axis
represents wavelengths of light and the y-axis represents a relative intensity. As
depicted, the substance can be excited in various spectral regions ranging from violet
light (405 nm) to near-infrared (around 700 nm). In particular, the excitation curve has
peak 301 around 430 nm, which represents a wavelength at which a greater amount of
energy is absorbed given a light source of equal amplitude relative to other
wavelengths. The x-axis represents wavelengths of light and the y-axis represents a
relative intensity. As depicted, the emission curve includes a peak 311 around 630 nm
and second, smaller peak 312 around 700 nm.

[0030] Returning to Figure 2, at block 202, process 200 involves detecting a
measurement of light intensity at an emission wavelength (or a range of emission
wavelengths). Continuing the example, detection application 110 detects returned light
at 700 nm.

[0031] Atblock 203, process 200 involves identifying a presence of a substance
on the article by comparing the measurement of light intensity to a threshold. For
example, detection system 101 compares the amount of returned light at 630 nm to a
threshold. Based on the returned light being higher than a threshold, detection system
101 can identify a presence of a substance on the article, indicating that bodily exudate
is present on or in the article. If the amount of returned light is less than the threshold,
then detection system 101 can identify an absence of the substance. This presence or
absence can be transmitted to monitor 120.

[0032] Figure 4 depicts an additional example of a system for detecting a
presence of a biological substance through an article, according to an aspect of the
present disclosure. Figure 4 depicts sensing environment in which detection system 401

(which is an example of an implementation of detection system 101) detects a presence
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or an absence of substance 460 through article 450. Substance 460 can be any biological
substance such as bodily exudate. Substance 460 can be on the surface of skin 470,
which is the skin of the wearer of article 450, for example, an infant.

[0033] Detection system 401 also includes one or more processors 406 and
transceivers 422. Examples of processors are microprocessors, microcontrollers, signal
processors, and the like. Detection application 410 can execute on processor 406 and
can cause light sources 402a-n to activate or deactivate, obtain measurements from
photodetectors 404a-n, analyze signals representing received light, determine whether
substance 160 is present, and communicate with external systems or devices.
Transceiver 422 can be any wireless transceiver, for example, Bluetooth® or WiFi®.
Detection system 401 can transmit to or receive data from an external monitor, device,
system, or server.

[0034] For example, detection system 401 includes multiple light sources 402a-
n and multiple photodetectors 404a-n. Using multiple light sources and detectors offers
several benefits. Light source 402a-n can each be configured, for example, via an
optical filter, to emit light at a specific range of wavelengths and can be activated
simultaneously or in any sequence. Photodetectors 404a-n can be configured to detect
light at specific wavelengths or ranges of wavelengths. Optical filters can be made of
any suitable material such as plastic or glass.

[0035] Each of light source 402a-n includes a respective optical filter 411a-n.
Each optical filter 411a-n can remove certain wavelengths of light, thereby restricting
light emitted from the respective light source to a desired wavelength (e.g., an
absorption wavelength of substance 460). Each optical filter 411a-n is connected to a
waveguide 412a-n. The waveguides are optical waveguides that direct the emitted light
to one or more output points, e.g., on the exterior of a sensing device.

[0036] The peak wavelengths used by light sources 402a-n or emitted through
optical filters 411a-n can be tuned based on the articles or substances known to be
present in the detection environment. For example, at least one light source 402a-n in
conjunction with optical filter 411a-n can be matched to correspond to a known
absorption wavelength of the substance 460, thereby maximizing emission from
substance 460. Additionally, wavelengths used by the light sources 402a-n can be
selected to minimize emission from objects that are known to be present and do not

need to be detected, for example, a diaper or an infant’s skin.
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[0037] In other cases, ranges of wavelengths can also be selected to maximize
emission from undesired objects (e.g., an article or diaper) and to minimize emission
from the substance to be detected. This approach provides a reference for the amount
of undesired fluorophores present. The reference can then be used to adjust a
measurement that maximizes a fluorescence of the substance based on the amount of
interfering undesired fluorophores. For example, two ranges of emission wavelengths
can be detected, one that includes a peak emission of the substance to be detected (e.g.,
in the example of Figure 3, 630 nm or 700 nm) and one at an emission trough (e.g.,
considering Figure 3, 600 nm or 680 nm). In this approach, the emission when
stimulated at the trough level serves as a reference of the other fluorophores (e.g., article
450) in the area and emission when stimulated at the peak shows how much of
substance 460 has caused a deviation from that reference.

[0001] Each photodetector 404a-n can include an optical filter 413a-n. Optical
filters 413a-n remove certain wavelengths of light, thereby restricting the measured
light at the photodetector 404a-n to a desired wavelength (e.g., the emission wavelength
of substance 460). Each optical filter 413a-n is connected to a waveguide 414a-n. The
waveguides direct the light received from the article 450 and other substances from
receiving points, €.g., on the exterior of a sensing device. Waveguides 412a-n and 414a-
n are optional; in some cases, waveguides may not be needed. In other cases, the
functionality of waveguides 412a-n and 414a-n can be combined. For example, a
particular waveguide can alternatively be exiting the article or measuring the returned
light.

[0038] In an example, detection application 410 causes light source 402a and
optical filter 411a to emit light at 430 nm. The light 440 is transmitted through
waveguide 412a to article 450. Some of light 440 passes through article 450 as light
441. Some of light 440 is absorbed by article 450, some of which can cause a fluorescent
emission. Continuing the example, light 441 is transmitted to substance 460 and causes
substance 460 to fluoresce. Referring back to Figure 3, substance 460 would fluoresce
closely with the expected curves depicted in graph 310, with a higher amplitude peak
of emitted light at 630 nm (marked as 311 on graph 310) and a lower amplitude peak
of light at 700 nm (marked as 312 on graph 310).

[0039] As discussed, article 450 can also fluoresce, which can be measured by

detection application 410. Detection application 410 can determine a presence or
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amount of substance 460 based on a relative intensity of a contribution of fluorescence
from article 450 to a relative intensity of the fluorescence of substance 460.

[0040] Moreover, in some cases, substance 460 can absorb some of the
fluorescence of article 450. For example, bodily exudate is initially on the inside surface
and then is gradually absorbed into the absorbent article. When partially or wholly
absorbed, the bodily exudate can potentially block some of the excitation light from
reaching any fluorescent parts or layers of the absorbent article. A ratio of an amount
of returned light at a first range of wavelengths versus an amount of returned light at a
second range of wavelengths can therefore change based on how much of the bodily
exudate has been absorbed into the article. In some cases, a higher concentration of
substance, e.g., porphyrin, can cause an increase in returned light intensity relative to
the returned light intensity caused by the article alone. This change can be detected by
detection application 410.

[0041] Continuing the example, some of light 441 is passed through substance
460, as light 442, to skin 470, or passes around substance 460 (which may not be
uniform in density or present in all areas). Light 446 is a combination of light that
originates from skin 470, either as reflection or fluorescence from skin 470 and any
ambient light. Light 447 represents light that is reflected or emitted from substance 460
and includes any contributions from light 446. Returned light 448, which is a
combination of all reflected light from light 440 and other sources (including ambient
light), and any emitted light from article 450, substance 460, or skin 470, is fed back to
waveguides 414a and 414b.

[0042] The light from waveguides 414a-b passes to optical filter 413a, which is
configured to remove components outside 630 nm, and to filter 413b, which removes
components outside 700 nm. The returned light is measured by photodetectors 404a-b.
Photodetector 404a measures an amplitude of received light at 700 nm. The detected
amplitudes are provided to detection system 401.

[0043] Detection application 410 compares the received signals to thresholds.
Based on the light at 630 nm being greater than a threshold in amplitude and/or the light
at 700 nm being greater than a threshold in amplitude (which can be the same or a
different threshold), detection application 410 determines whether substance 460 is

present.
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[0044] By adjusting the peaks of the wavelengths of the emitted light to match
substance 460 and avoid other substances such as article 450 and skin 470, detection
system 401 can detect a presence or absence of substance 460, even in the presence of
other substances or objects such as skin 470, fluorescent or otherwise. For example,
article 450 and/or skin 470 can have emission or fluorescent properties which can be
similar to florescent properties of article 450. Color of skin 470 can vary by the wearer,
therefore in some cases, detection system 401 can adjust or calibrate based on skin
color.

[0045] Detecting a presence of a substance such as bodily exudate in an
absorbent article can involve disambiguating effects measured from multiple different
substances, each of which can have overlapping or additive characteristics. For
example, diapers can auto-fluoresce due to one or more substances therein. One
example is an optical brightener present in some diapers. For example, Benetex® OB
Plus, chemical name: 2,5—Thiophenediylbis(5—tert—butyl—1,3—benzoxazole) is a
fluorophore.

[0046] Figure 5 depicts excitation and emission spectra of a substance
commonly used in an absorbent article, according to an aspect of the present disclosure.
Graph 500 depicts the abortion and emission spectra of Benetex® OB Plus. As can be
seen, graph 501, which represents the absorption spectra, shows a maximum absorption
wavelength of approximately 375 nm. Graph 502, which represents the emission
spectra, illustrates a maximum fluorescence of 435 nm.

[0047] By carefully selecting the appropriate ranges of wavelengths of emitted
light, any auto-fluorescence from a diaper can be minimized, while auto-fluorescence
from bodily exudate maximized. Further, a diaper can absorb light and can absorb light
at different amounts for at different wavelengths. Consequently, an amount of light that
reaches the bodily exudate can be reduced, resulting in lower, or almost zero
fluorescence. In these cases, a measure of emitted light after stimulation can be
considered a reference measurement of the fluorescence of another object, e.g., a diaper.
In some aspects, longer wavelengths which can penetrate a diaper better can be included
in the ranges of wavelengths that are emitted.

[0048] Figure 6 illustrates an additional example of a process 600 for detecting
a presence of an auto-fluorescent biological substance by using a multiple-excitation

and single emission approach, according to an aspect of the present disclosure. As
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further discussed, a multiple-excitation, single-emission approach is one of many
approaches utilized by disclosed systems. With the multiple-excitation, single-emission
approach, process 600 identifies a first amount of light emitted at a specific range of
wavelengths when the substance is stimulated by light that includes a first excitation
wavelength. Process 600 further identifies a second amount of light emitted at a second
specific range of wavelengths when the substance is stimulated by light including a
second peak wavelength. In some cases, the operations performed in process 200 can
be combined with those operations in process 600.

[0049] Process 600 is discussed with respect to a Porphyrin, the curves for
which are illustrated in Figure 3. But process 600 can be used to detect other substances
by adjusting the peak wavelength(s) of the light sources and the emission wavelength
range(s).

[0050] At block 601, process 600 involves causing a light source to transmit,
through an article, light that includes a first peak wavelength that corresponds to a first
excitation wavelength of a biological substance. For example, detection application 410
can cause light source 402a and optical filter 411a to transmit light at 430 nm. As can
be seen in Figure 3, 430 nm corresponds to peak 301 on graph 300. Accordingly,
causing light to be emitted at 430 nm can stimulate the substance to fluoresce. However,
in some cases, light at 430 nm may not pass through the article, meaning that any
substance therein will not be excited. Therefore, any measured light caused in response
to the 430 nm excitation may solely be due to fluorescence of the article itself. In this
case, therefore, the returned light represents a measure of the fluorescence of the article,
which can be used as a baseline measurement.

[0051] Process 600 can also include ambient light detection and compensation.
For example, prior to block 602, process 600 can involve detecting a contribution of
ambient light, for example, with all light sources deactivated and quantifying the
contribution.

[0052] At block 602, process 600 involves detecting a first measurement of
light intensity within a range of emission wavelengths. Detection application 410
receives, from photodetector 404b, a first measure of light at 600 nm. Detection
application 410 can wait for a small time (e.g., on the order of nanoseconds) for residual

fluorescent effects to diminish. Accordingly, block 602 is executed after block 601. At

12



WO 2021/034427 PCT/US2020/042022

block 602, process 600 also involves removing an ambient light measurement from the
first measurement.

[0053] At block 603, process 600 involves causing a second light source to
transmit, through an article, light that includes a second peak wavelength that
corresponds to a second excitation wavelength of the biological substance. Detection
application 410 causes light source 402b and optical filter 411b to transmit light at 510
nm, which is expected to be absorbed by the substance (see graph 300).

[0054] Process 600 can also include ambient light detection and compensation.
For example, prior to block 604, process 600 can involve detecting a contribution of
ambient light, for example, with all light sources deactivated and quantifying the
contribution.

[0055] At block 604, process 600 involves detecting, at the photodetector, a
second measurement of light intensity at a second emission wavelength. Detection
application 410 receives, from photodetector 404b, a second measure of light at 600
nm. At block 604, process 600 also involves removing an ambient light measurement
from the second measurement.

[0056] Atblock 605, process 600 involves identifying a presence of a substance
on the article by comparing a ratio between the first measurement of light intensity and
the second measurement of light intensity against a threshold. Detection application
410 computes a ratio of the first measure to the second measure.

[0057] By using multiple wavelengths and deriving ratios of amplitudes of light
at the different wavelengths relative to a baseline, detection system 401 can
disambiguate contributions in returned light measured at photodetectors 404a-n caused
by, or are attributable to, substance 460 from contributions that are caused by, or
attributed to, other articles and detect a presence of substance 460 even when the wearer
of an article is moving. For example, detection application 410 can compare a ratio of
light intensity emitted at 700 nm when the substance is excited at 610 nm to a measure
of light intensity at 700 nm when the substance is excited at 430 nm, with a predefined,
or calibrated ratio established as a baseline when no substance 460 is known to be
present.

[0058] Further, a ratio can ensure that as sensors move, or move further away

from the diaper, detection can still occur. For example, while the intensity changes, the
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ratio between the two emission wavelengths remains similar, thereby enabling the
detection of the auto-fluorescence of the bodily exudate.

[0059] Returning to the example, detection application 410 determines a ratio
of light emitted at 700 nm when excited at 610 nm to light emitted at 600-700 nm when
excited at 430 nm of 5:1. Detection application 410 compares the ratio to a baseline
ratio, when no substance 460 is present, of 1:1. Based on the detected ratio being
greater, the detection application 410 determines that the substance 460 is present.
[0060] Exemplary Computing Systems

[0061] Figure 7 is a diagram depicting an exemplary computing system for
implementing functions relating to detecting a presence of a biological substance,
according to an embodiment of the present disclosure. Figure. 7 depicts computing
device 700, which is an example of detection system 101. Any suitable computing
system may be used for performing the operations described herein. The depicted
example of a computing device 700, includes a processor 702 communicatively coupled
to one or more memory devices 704. The processor 702 executes computer-executable
program code 730 stored in a memory device 704, accesses data 720 stored in the
memory device 704, or both. Program code 730 and/or data 720 can be from detection
application 110 or 410.

[0062] Examples of the processor 702 include a microprocessor, an application-
specific integrated circuit (“ASIC”), a field-programmable gate array (“FPGA”), or any
other suitable processing device. The processor 702 can include any number of
processing devices or cores, including a single processing device. The functionality of
the computing device may be implemented in hardware, software, firmware, or a
combination thereof.

[0063] The memory device 704 includes any suitable non-transitory, computer-
readable medium for storing data, program code, or both. Memory device 704 can
include data, program code, or both, for detection application 110 or 410. A computer-
readable medium can include any electronic, optical, magnetic, or other storage device
capable of providing a processor with computer-readable instructions or other program
code. Non-limiting examples of a computer-readable medium include a flash memory,
a ROM, a RAM, an ASIC, or any other medium from which a processing device can
read instructions. The instructions may include processor-specific instructions

generated by a compiler or an interpreter from code written in any suitable computer-

14



WO 2021/034427 PCT/US2020/042022

programming language, including, for example, C, C++, C#, Visual Basic, Java, or
scripting language.

[0064] The computing device 700 may also include a number of external or
internal devices, such as input or output devices. For example, the computing device
700 is shown with one or more input/output (“I/O”) interfaces 707. An I/O interface
707 can receive input from input devices or provide output to output devices. One or
more busses 707 are also included in the computing device 700. The bus 707
communicatively couples one or more components of a respective one of the computing
device 700.

[0065] The computing device 700 executes program code 730 that configures
the processor 702 to perform one or more of the operations described herein. For
example, the program code 730 causes the processor to perform the operations
described in Figures 2 or 6.

[0066] The computing device 700 also includes a network interface device 710.
The network interface device 710 includes any device or group of devices suitable for
establishing a wired or wireless data connection to one or more data networks. The
network interface device 710 may be a wireless device and have an antenna 714. The
computing device 700 can communicate with one or more other computing devices
implementing the computing device or other functionality via a data network using the
network interface device 710.

[0067] The computing device 700 can also include a display device 712.
Display device 712 can be a LCD, LED, touch-screen or other device operable to
display information about the computing device 700. For example, information could
include an operational status of the computing device, network status, etc.

[0068] General Considerations

[0069] While the present subject matter has been described in detail with
respect to specific aspects thereof, it will be appreciated that those skilled in the art,
upon attaining an understanding of the foregoing may readily produce alterations to,
variations of, and equivalents to such aspects. Accordingly, it should be understood
that the present disclosure has been presented for purposes of example rather than
limitation, and does not preclude inclusion of such modifications, variations, or
additions to the present subject matter as would be readily apparent to one of ordinary

skill in the art. Indeed, the methods and systems described herein may be embodied in
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a variety of other forms; furthermore, various omissions, substitutions and changes in
the form of the methods and systems described herein may be made without departing
from the spirit of the present disclosure. The accompanying claims and their
equivalents are intended to cover such forms or modifications as would fall within the
scope and spirit of the present disclosure.

[0070] Unless specifically stated otherwise, it is appreciated that throughout

29 LC

this specification, discussions utilizing terms such as “processing,” “computing,”
“calculating,” “determining,” and “identifying,” or the like, refer to actions or processes
of a computing device, such as one or more computers or a similar electronic computing
device or devices, that manipulate or transform data represented as physical electronic
or magnetic quantities within memories, registers, or other information storage devices,
transmission devices, or display devices of the computing platform.

[0071] The system or systems discussed herein are not limited to any particular
hardware architecture or configuration. A computing device can include any suitable
arrangement of components that provide a result conditioned on one or more inputs.
Suitable computing devices include multipurpose microprocessor-based computer
systems accessing stored software that programs or configures the computing system
from a general-purpose computing apparatus to a specialized computing apparatus
implementing one or more aspects of the present subject matter. Any suitable
programming, scripting, or other type of language or combinations of languages may
be used to implement the teachings contained herein in software to be used in
programming or configuring a computing device.

[0072] Aspects of the methods disclosed herein may be performed in the
operation of such computing devices. The order of the blocks presented in the examples
above can be varied—for example, blocks can be re-ordered, combined, or broken into
sub-blocks. Certain blocks or processes can be performed in parallel.

29

[0073] Conditional language used herein, such as, among others, “can,
“could,” “might,” “may,” “e.g.,” and the like, unless specifically stated otherwise, or
otherwise understood within the context as used, is generally intended to convey that
certain examples include, while other examples do not include, certain features,
elements, or steps. Thus, such conditional language is not generally intended to imply

that features, elements or steps are in any way required for one or more examples or

that one or more examples necessarily include logic for deciding, with or without author
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input or prompting, whether these features, elements or steps are included or are to be
performed in any particular example.

[0074] The terms “comprising,” “including,” “having,” and the like are
synonymous and are used inclusively, in an open-ended fashion, and do not exclude
additional elements, features, acts, operations, and so forth. Also, the term “or” is used
in its inclusive sense (and not in its exclusive sense) so that when used, for example, to
connect a list of elements, the term “or” means one, some, or all of the elements in the
list. The use of “adapted to” or “configured to” herein is meant as open and inclusive
language that does not foreclose devices adapted to or configured to perform additional
tasks or steps. Additionally, the use of “based on” is meant to be open and inclusive,
in that a process, step, calculation, or other action “based on” one or more recited
conditions or values may, in practice, be based on additional conditions or values
beyond those recited. Similarly, the use of “based at least in part on” is meant to be
open and inclusive, in that a process, step, calculation, or other action “based at least in
part on” one or more recited conditions or values may, in practice, be based on
additional conditions or values beyond those recited. Headings, lists, and numbering
included herein are for ease of explanation only and are not meant to be limiting.
[0075] The various features and processes described above may be used
independently of one another, or may be combined in various ways. All possible
combinations and sub-combinations are intended to fall within the scope of the present
disclosure. In addition, certain method or process blocks may be omitted in some
implementations. The methods and processes described herein are also not limited to
any particular sequence, and the blocks or states relating thereto can be performed in
other sequences that are appropriate. For example, described blocks or states may be
performed in an order other than that specifically disclosed, or multiple blocks or states
may be combined in a single block or state. The example blocks or states may be
performed in serial, in parallel, or in some other manner. Blocks or states may be added
to or removed from the disclosed examples. Similarly, the example systems and
components described herein may be configured differently than described. For
example, elements may be added to, removed from, or rearranged compared to the

disclosed examples.
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CLAIMS

That which is claimed is:

1. A method comprising:

causing, at a first time, a first light source to transmit, through an article, light
that includes a first peak wavelength that corresponds to a first excitation wavelength
of a biological substance, the biological substance comprising multiple excitation
wavelengths;

detecting, a first measurement of light intensity within a first range of emission
wavelengths of the biological substance;

causing, at a second time, a second light source to transmit, through the article,
light that includes a second peak wavelength that corresponds to a second excitation
wavelength of the biological substance;

detecting, a second measurement of light intensity within a second range of
emission wavelengths; and

responsive to comparing a ratio of the first measurement of light intensity and
the second measurement of light intensity against a threshold, identifying a presence of

the biological substance on the article.

2. The method of claim 1, wherein the first peak wavelength is different from the

second peak wavelength.

3. The method of any of claims 1-2, wherein the first excitation wavelength is

different from the second peak wavelength.

4. The method of any of claims 1-3, wherein identifying the presence of the
biological substance further comprises comparing the first measurement of light
intensity to a first threshold and comparing the second measurement of light intensity

to a second threshold.

5. The method of any of claims 2-4, wherein identifying the presence of the

biological substance further comprises calculating the ratio of the first measurement of
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light intensity to the second measurement of light intensity and comparing the ratio to

a third threshold.

6. The method of any of claims 1-5, wherein the first excitation wavelength and

the second excitation wavelength are between 405 and 720 nm.

7. The method of any of claims 1-6, wherein the first range of emission
wavelengths does not overlap with the second range of emission wavelengths, the first
range of emission wavelengths is between 600 — 720 nm, and the second range of

emission wavelengths is between 600 — 720 nm.

8. The method of any of claims 1-7, wherein the first excitation wavelength is
between 380 to 740 nm, the second excitation wavelength is between 380 to 740 nm,
and the first range of emission wavelengths and the second range of emission

wavelengths are between 600 and 720 nm.

0. The method of any of claims 1-8, wherein the first range of emission
wavelengths comprises at least one wavelength in common with the second range of

emission wavelengths.

10. The method of any of claims 1-9, wherein the first peak wavelength and the

second peak wavelength are between 380 and 720 nm.

11. The method of any of claims 1-10, wherein the range of emission wavelengths

is either 620 to 640 nm or 650 to 710 nm.

12. The method of any of claims 1-11, further comprising:

obtaining a baseline measurement of light intensity comprising a contribution
of ambient light; and

removing, from the first measurement of light intensity and from the second

measurement of light intensity, the baseline measurement of light intensity.

13.  An apparatus comprising:

19



WO 2021/034427 PCT/US2020/042022

the first light source that is configured to emit light that includes a first peak
wavelength that corresponds to a first excitation wavelength of a biological substance;

the second light source that is configured to emit light that includes a second
peak wavelength that corresponds to a second excitation wavelength of the biological
substance;

a photodetector that is configured to measure an intensity of light within a range
of emission wavelengths of the biological substance; and

a processor for carrying out the steps of claims 1-12.

14. A method comprising:

causing a light source to transmit, through an article, light that includes a peak
wavelength that corresponds to an excitation wavelength of a biological substance;

detecting a measurement of light intensity within a range of emission
wavelengths of the biological substance, wherein the biological substance has multiple
emission wavelengths; and

responsive to comparing the measurement of light intensity against a threshold,

identifying a presence of the biological substance on an article.
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