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7) ABSTRACT

A specimen analysis system includes at least one processor to
receive a set of image information that represents an image of
atleast a specimen validity portion of the specimen test article
which includes at least one optical specimen validity marker,
the color of which indicates the validity of the specimen;
determine a set of color component values for one or more of
aplurality of pixels of the image that are representative of the
specimen validity portion of the specimen test article, the set
of color component values including at least three color com-
ponent values; and assess at least one specimen validity char-
acteristic of the specimen based at least in part on each color
component value of the determined set of color component
values for the one or more of the plurality of pixels of the
image.
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SPECIMEN VALIDITY ANALYSIS SYSTEMS
AND METHODS OF OPERATION

BACKGROUND
[0001] 1. Technical Field
[0002] The present disclosure generally relates to specimen

analysis systems and, more particularly, to specimen analysis
systems that optically assess specimen test articles such as
lateral flow strips.

[0003] 2. Description of the Related Art

[0004] Specimen test articles may be used to determine a
presence or absence of a test subject substance in a specimen
(i.e., the principal substance for which the specimen is being
tested). In particular, certain specimen test articles (e.g., lat-
eral flow strips) include at least one optical test substance
marker that optically indicates at least the presence or absence
of' the test subject substance in the specimen. For example, a
color of the optical test substance marker may indicate the
presence or absence of the test subject substance within the
specimen. As one example, a color of the optical test sub-
stance marker may remain unchanged from a first color if the
specimen does not contain the test subject substance, while
the color of the optical test substance marker changes from
the first color to a second, different color if the test subject
substance is present within the specimen.

BRIEF SUMMARY

[0005] Specimen test articles may also include at least one
optical specimen validity marker in addition to the optical test
substance marker. A color of the optical specimen validity
marker indicates a validity of the specimen. As one example,
the optical specimen validity marker may change colors in the
presence of an adulterant, where the presence of an adulterant
renders the specimen invalid. As another example, the optical
specimen validity marker may remain the same color in the
absence of a particular substance in the specimen, where the
absence of the particular substance in the specimen renders
the specimen invalid.

[0006] As yet another example, the optical specimen valid-
ity marker may change colors to indicate a value or status of
aphysical characteristic of the specimen, such as pH, specific
gravity, temperature, or other characteristics. The validity of
the specimen may be inferable or determinable in view of the
indicated value or status of the physical characteristic.
[0007] Specimen test articles may also include a control
marker that simply indicates whether the specimen test article
properly absorbed or otherwise received the specimen.
[0008] A human tester using the specimen test article to test
for the test subject substance may manually view the speci-
men test article and attempt to determine the test results.
However, this requires the human tester to manually deter-
mine the respective colors of the test substance marker and the
specimen validity marker and to manually determine the
results of the test from such colors. Such process may resultin
an undesirably high number of errors. For example, the
human tester may incorrectly interpret the color of one or
more markers, particularly for markers that provide a plural-
ity or a spectrum of colors which indicate different results. As
another example, the human tester may confuse one marker
for another or otherwise incorrectly translate the colors of the
markers into results of the test. Therefore, specimen analysis
systems that automatically assess at least one specimen valid-
ity characteristic of a specimen are desirable.
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[0009] Specimen validity analysis systems and method of
operation of the present disclosure advantageously optically
assess specimen test articles to assess at least one specimen
validity characteristic of a specimen. In particular, one
example specimen analysis system includes at least one pro-
cessor to receive a set of image information that represents an
image of at least a specimen validity portion of the specimen
test article which includes at least one optical specimen valid-
ity marker, the color of which indicates the validity of the
specimen. The processor determines a set of color component
values for one or more of a plurality of pixels of the image that
are representative of the specimen validity portion of the
specimen test article and assesses at least one specimen valid-
ity characteristic ofthe specimen based at least in part on each
color component value of the determined set of color com-
ponent values for the one or more of the plurality of pixels of
the image.

[0010] According to an aspect of the present disclosure, the
set of color component values determined for the one or more
pixels representative of the specimen validity portion of the
specimen test article includes at least three color component
values. As one example, the set of color component values
includes a red color component value, a green color compo-
nent value, and a blue color component value. Through the
use of three or more color component values, for example, the
color of the specimen validity portion of the specimen test
article is more fully described than with use of two or fewer
color component values. For example, use of only two or
fewer color component values ignores or otherwise does not
permit description of a large number of colors. Therefore, use
of three or more color component values allows for more
exact analysis of the color of the specimen validity portion of
the specimen test article.

[0011] According to another aspect of the present disclo-
sure, the specimen analysis system respectively compares the
determined set of color component values with a plurality of
sets of reference color component values to identify a first set
of reference color component values that is closest or most
comparable to the determined set of color component values.
Each set of reference color component values can include at
least three reference color component values and can be logi-
cally associated (e.g., in a lookup table) with one or more
specimen validity characteristic results or statuses, physical
characteristic values, and/or other information. More particu-
larly, each set of reference color component values and its
corresponding relationships can have been determined
through testing or calibration of the corresponding variety of
specimen test article using reference specimens having
known specimen validity characteristics and/or physical
characteristic values.

[0012] Afteridentifying the first set of reference color com-
ponent values that is closest to the determined set of color
component values, the specimen analysis system can select
the specimen validity characteristic result or status, physical
characteristic value, or other information associated with
such first set of reference color component values as pertain-
ing to the specimen. For example, if the first set of reference
color component values is logically associated with a particu-
lar pH value, then the system can determine that the specimen
has such particular pH value and, for example, assess the
validity of specimen based on such particular pH value (e.g.,
by selecting a specimen validity status logically associated
with such particular pH value in a lookup table or by calcu-



US 2016/0225165 Al

lating a specimen validity status by inputting the particular
pH value into one or more analytical equations).

[0013] Thus, through the use of appropriately constructed
sets of reference color component values, the systems and
methods of the present disclosure enable determination of
specimen validity characteristics without requiring interpo-
lation of potential results. More particularly, it may be pos-
sible to identify two potential results and determine the test
result through interpolation of the two potential results.

[0014] However, interpolation of potential results may pro-
vide an erroneous result if the value or status of the charac-
teristic being tested does not change linearly between the two
potential results (e.g., if the color of the marker being
assessed does not change proportionally relative to the char-
acteristic being tested). In addition, if the increment or inter-
val between the two potential results is relatively large, inter-
polation of the two potential results may not accurately reflect
the true value or status of the specimen being tested. As such,
the systems and methods of the present disclosure advanta-
geously allow automatic assessment of at least one specimen
validity characteristic without requiring interpolation.

[0015] A specimen analysis system to analyze specimen
test articles which include at least one optical test subject
substance marker that indicates at least a presence or an
absence of a test subject substance in a specimen, and at least
one optical specimen validity marker, a color of which indi-
cates a validity of the specimen may be summarized as
including at least one processor; and at least one non-transi-
tory processor-readable medium that is communicatively
coupled to the at least one processor and that stores at least
one of processor-executable instructions or data that, when
executed by the at least one processor, cause the at least one
processor to: receive a set of image information that repre-
sents an image of at least a specimen validity portion of the
specimen test article which includes the at least one optical
specimen validity marker, the color of which indicates the
validity of the specimen; determine a set of color component
values for one or more of a plurality of pixels of the image that
are representative of the specimen validity portion of the
specimen test article, the set of color component values com-
prising at least three color component values, each of the
color component values representative of an amount of a
respective color component of a color of the corresponding
one or more of the plurality of pixels of the image; and assess
at least one specimen validity characteristic of the specimen
based at least in part on each color component value of the
determined set of color component values for the one or more
of the plurality of pixels of the image. To determine a set of
color component values, the processor may determine a red
color component value, a green color component value, and a
blue color component value. To assess at least one specimen
validity characteristic of the specimen, the processor may
assess the at least one specimen validity characteristic based
atleastin part on each of a red color component value, a green
color component value, and a blue color component value. To
assess at least one specimen validity characteristic of the
specimen, the processor may assess at least a first specimen
validity characteristic based at least in part on each of a first
red color component value, a first green color component
value, and a first blue color component value of a first one of
the at least one optical specimen validity marker, and may
assess at least a second specimen validity characteristic based
at least in part on each of a second red color component value,
a second green color component value, and a second blue

Aug. 4,2016

color component value of a second one of the at least one
optical specimen validity marker. Execution of the at least one
of'the processor-executable instructions or data may cause the
at least one processor to assess the presence or the absence of
one or more of oxidants, creatinine, nitrite, and aldehydes in
the specimen.

[0016] Execution of the at least one of the processor-ex-
ecutable instructions or data may further cause the at least one
processor to: assess the presence or the absence of the test
subject substance in the specimen based at least in part on the
at least one optical test subject substance marker. Execution
of'the at least one of the processor-executable instructions or
data may cause the at least one processor to assess the pres-
ence or the absence of alcohol, cocaine, marijuana, amphet-
amines, performance enhancing drugs, substances indicative
of'use of alcohol, cocaine, marijuana, amphetamines, or per-
formance enhancing drugs, or derivatives of alcohol, cocaine,
marijuana, amphetamines, or performance enhancing drugs
in the specimen. The specimen test article may be a lateral
flow strip, and the at least one optical test subject substance
marker that indicates at least the presence or the absence of
the test subject substance in the specimen may be spaced on
the lateral flow strip from the at least one optical specimen
validity marker, the color of which indicates the validity of the
specimen.

[0017] The specimen analysis system may further include
animage capture device that captures the image that depicts at
least the specimen validity portion of the specimen test
article, the image capture device communicatively coupled to
the at least one processor. To assess at least one specimen
validity characteristic, the processor may determine the valid-
ity of the specimen based at least in part on each color com-
ponent value of the determined set of color component values.
To assess at least one specimen validity characteristic, the
processor may select one of a plurality of potential values of
aphysical characteristic of the specimen based at least in part
on each color component value of the determined set of color
component values.

[0018] Execution of the at least one of the processor-ex-
ecutable instructions or data may further cause the at least one
processor to: determine the validity of the specimen based at
least in part on the selected one of the plurality of potential
values of the physical characteristic of the specimen. The
physical characteristic of the specimen may include one or
more of a pH of the specimen and a specific gravity of the
specimen.

[0019] The at least one non-transitory processor-readable
medium may further store at least one lookup table and to
assess at least one specimen validity characteristic, the pro-
cessor uses the lookup table to select a value of the at least one
specimen validity characteristic based at least in part on each
color component value of the set of color component values.

[0020] The set of color component values may include at
least a first color component value, a second color component
value, and a third color component value, the at least one
non-transitory processor-readable medium may further store
a plurality of sets of reference color component values, each
set of reference color component values comprising at least a
first reference color component value, a second reference
color component value, and a third reference color compo-
nent value, and to assess at least one specimen validity char-
acteristic, the processor identifies a first set of reference color
component values of the plurality of sets of reference color
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component values that is closest to the set of color component
values determined for the one or more of the plurality of
pixels.

[0021] To assess at least one specimen validity character-
istic, the processor may further assess the at least one speci-
men validity characteristic based at least in part on the iden-
tified first set of reference color component values. To
identify a first set of reference color component values, the
processor may determine a distance value for each of the
plurality of sets of reference color component values and
select the set of reference color component values with the
smallest distance value as the first set of reference color
component values. To determine a distance value for each of
the plurality of sets of reference color component values, the
processor respectively may input each of the plurality of sets
of reference color component values into a distance formula
with the set of color component values to determine the
distance value for such set of reference color component
values, the distance formula including a square root of a first
squared difference between the first color component value
and the first reference color component value of the inputted
set of reference color component values plus a second
squared difference between the second color component
value and the second reference color component value of the
inputted set of reference color component values plus a third
squared difference between the third color component value
and the third reference color component value of the inputted
set of reference color component values.

[0022] To assess at least one specimen validity character-
istic, the processor may further select a value of a physical
characteristic of the specimen associated with the first set of
reference color component values and execution of the at
least one of the processor-executable instructions or data may
further cause the at least one processor to determine the
validity of the specimen based at least in part on the selected
value of the physical characteristic. To determine the validity
of'the specimen, the processor may select a specimen validity
status associated with the selected value of the physical char-
acteristic in a lookup table.

[0023] A computer-implemented method to analyze speci-
men test articles which include at least one optical test subject
substance marker that indicates at least a presence or an
absence of a test subject substance in a specimen, and at least
one optical specimen validity marker, a color of which indi-
cates a validity of the specimen may be summarized as
including receiving, by one or more computing devices, a set
of image information that represents an image of at least a
specimen validity portion of the specimen test article which
includes the at least one optical specimen validity marker, the
color of which indicates the validity of the specimen; deter-
mining, by the one or more computing devices, a set of color
component values for one or more of a plurality of pixels of
the image that are representative of the specimen validity
portion of the specimen test article, the set of color compo-
nent values comprising at least three color component values,
each of the color component values representative of an
amount of a respective color component of a color of the
corresponding one or more of the plurality of pixels of the
image; and assessing, by the one or more computing devices,
at least one specimen validity characteristic of the specimen
based at least in part on each color component value of the
determined set of color component values for the one or more
of the plurality of pixels of the image. Determining a set of
color component values may include determining, by the one
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or more computing devices, a red color component value, a
green color component value, and a blue color component
value. Assessing at least one specimen validity characteristic
may include assessing, by the one or more computing
devices, the at least one specimen validity characteristic
based at least in part on each of a red color component value,
a green color component value, and a blue color component
value. Assessing at least one specimen validity characteristic
may include assessing, by the one or more computing
devices, at least a first specimen validity characteristic based
at least in part on each of a first red color component value, a
first green color component value, and a first blue color com-
ponent value of a first one of the at least one optical specimen
validity marker, and assessing, by the one or more computing
devices, at least a second specimen validity characteristic
based at least in part on each of a second red color component
value, a second green color component value, and the second
blue color component value of a second one of the at least one
optical specimen validity marker. Assessing at least one
specimen validity characteristic may include assessing, by
the one or more computing devices, the presence or the
absence of one or more of oxidants, creatinine, nitrite, and
aldehydes in the specimen.

[0024] The computer-implemented method may further
include assessing, by the one or more computing devices, the
presence or the absence of the test subject substance in the
specimen based at least in part on the at least one optical test
subject substance marker. Assessing the presence or absence
of'the test subject substance may include assessing, by the one
or more computing devices, the presence or absence of one or
more of alcohol, cocaine, marijuana, amphetamines, perfor-
mance enhancing drugs, substances indicative of use of alco-
hol, cocaine, marijuana, amphetamines, or performance
enhancing drugs, or derivatives of alcohol, cocaine, mari-
juana, amphetamines, or performance enhancing drugs in the
specimen. Receiving the set of image information may
include receiving, by the one or more computing devices, the
set of image information that represents the image of at least
the specimen validity portion of a lateral flow strip, and the at
least one optical test subject substance marker that indicates
at least the presence or the absence of the test subject sub-
stance in the specimen is spaced on the lateral flow strip from
the at least one optical specimen validity marker, the color
which indicates the validity of the specimen.

[0025] The computer-implemented method may further
include capturing, by an image capture device, the image that
depicts at least the specimen validity portion of the specimen
test article. Assessing at least one specimen validity charac-
teristic may include determining, by the one or more comput-
ing devices, the validity of the specimen based at least in part
on each color component value of the determined set of color
component values. Assessing at least one specimen validity
characteristic may include selecting, by the one or more com-
puting devices, one of a plurality of potential values of a
physical characteristic of the specimen based at least in part
on each color component value of the determined set of color
component values.

[0026] The computer-implemented method may further
include determining, by the one or more computing devices,
the validity of the specimen based at least in part on the
selected one of the plurality of potential values of the physical
characteristic of the specimen. Selecting one of a plurality of
potential values of a physical characteristic of the specimen
may include selecting, by the one or more computing devices,
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one of a plurality of potential pH values of the specimen or
selecting, by the one or more computing devices one of a
plurality of potential specific gravity values of the specimen.
Assessing at least one specimen validity characteristic may
include using, by the one or more computing devices, a
lookup table to select a value of the at least one specimen
validity characteristic based at least in part on each color
component value of the determined set of color component
values. Determining a set of color component values may
include determining, by the one or more computing devices,
at least a first color component value, a second color compo-
nent value, and a third color component value, and assessing
at least one specimen validity characteristic comprises iden-
tifying, by the one or more computing devices, a first set of
reference color component values from a plurality of sets of
reference color component values that is closest to the set of
color component values determined for the one or more of the
plurality of pixels, each set of reference color component
values including at least a first reference color component
value, a second reference color component value, and a third
reference color component value.

[0027] Assessing the at least one specimen validity charac-
teristic may further include assessing, by the one or more
computing devices, the at least one specimen validity char-
acteristic based at least in part on the identified first set of
reference color component values. Identifying a first set of
reference color component values may include determining,
by the one or more computing devices, a distance value for
each of the plurality of sets of reference color component
values and selecting, by the one or more computing devices,
the set of reference color component values with the smallest
distance value as the first set of reference color component
values. Determining a distance value may include respec-
tively inputting, by the one or more computing devices, each
of the plurality of sets of reference color component values
into a distance formula with the set of color component values
to determine the distance value for such set of reference color
component values, the distance formula comprising a square
root of a first squared difference between the first color com-
ponent value and the first reference color component value of
the inputted set of reference color component values plus a
second squared difference between the second color compo-
nent value and the second reference color component value of
the inputted set of reference color component values plus a
third squared difference between the third color component
value and the third reference color component value of the
inputted set of reference color component values.

[0028] Assessing the at least one specimen validity charac-
teristic may further include selecting, by the one or more
computing devices a value of a physical characteristic of the
specimen associated with the first set of reference color com-
ponent values and determining, by the one or more computing
devices, the validity of the specimen based at least in part on
the selected value of physical characteristic.

[0029] Determining the validity of the specimen may
include selecting, by the one or more computing devices, a
specimen validity status associated with the selected value of
the physical characteristic a lookup table.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0030] In the drawings, identical reference numbers iden-
tify similar elements or acts. The sizes and relative positions
of'elements in the drawings are not necessarily drawn to scale.
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For example, the shapes of various elements and angles are
not necessarily drawn to scale, and some of these elements
may be arbitrarily enlarged and positioned to improve draw-
ing legibility. Further, the particular shapes of the elements as
drawn, are not necessarily intended to convey any informa-
tion regarding the actual shape of the particular elements, and
may have been solely selected for ease of recognition in the
drawings.

[0031] FIG. 1 is block diagram of an example specimen
analysis system, according to at least one illustrated embodi-
ment.

[0032] FIG. 2 is a flow chart diagram showing an example
method to analyze specimen test articles, according to at least
one illustrated embodiment.

[0033] FIG. 3 is a flow chart diagram showing an example
method to assess at least one specimen validity characteristic,
according to at least one illustrated embodiment.

[0034] FIG. 4 is an example lookup table, according to at
least one illustrated embodiment.

[0035] FIG. 5 is an example lookup table, according to at
least one illustrated embodiment.

DETAILED DESCRIPTION

[0036] In the following description, certain specific details
are set forth in order to provide a thorough understanding of
various disclosed embodiments. However, one skilled in the
relevant art will recognize that embodiments may be prac-
ticed without one or more of these specific details, or with
other methods, components, materials, etc. In other instances,
well-known structures and methods (e.g., various compo-
nents of computing devices, principles of operation of a lat-
eral flow strip, etc.) have not been shown or described in detail
to avoid unnecessarily obscuring descriptions of the embodi-
ments.

[0037] Unless the context requires otherwise, throughout
the specification and claims that follow, the word “compris-
ing” is synonymous with “including,” and is inclusive or
open-ended (i.e., does not exclude additional, unrecited ele-
ments or method acts).

[0038] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment.
Thus, the appearances of the phrases “in one embodiment™ or
“in an embodiment” in various places throughout this speci-
fication are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments.

[0039] As used in this specification and the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. It
should also be noted that the term “or” is generally employed
in its broadest sense, that is, as meaning “and/or” unless the
context clearly dictates otherwise.

[0040] The headings and Abstract of the Disclosure pro-
vided herein are for convenience only and do not interpret the
scope or meaning of the embodiments.

[0041] FIG. 1 is block diagram of an example specimen
analysis system 100, according to at least one illustrated
embodiment. The system 100 includes a computing device
110, an image capture device 140, and an information output
device 160 communicatively coupled directly or over a net-
work 105. The system 100 analyzes specimen test articles,
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such as a specimen test article 150 shown in FIG. 1. In some
implementations, a single housing or assembly encloses the
computing device 110, the image capture device 140, and
information output device 160.

[0042] The specimen test article 150 is used to test for the
presence or absence of a test subject substance in a specimen.
As examples, the specimen test article 150 can test a specimen
for the presence or absence of alcohol, cocaine, marijuana
(THC), amphetamines, performance enhancing drugs, other
banned substances, other test subject substances indicative of
use of a particular substance, or combinations and/or deriva-
tives thereof. As examples, the specimen can take the form of
human or animal urine, blood, saliva, semen, or other bodily
fluids or bodily matter.

[0043] The specimen test article 150 includes at least one
optical test substance marker 152. The optical test substance
marker 152 indicates at least the presence or the absence of
the test subject substance in the specimen. For example, a
color of the optical test substance marker 152 indicates the
presence or absence of the test subject substance in the speci-
men. As one example, the color of the optical test substance
marker 152 remains unchanged from a first color if the speci-
men does not contain the test subject substance, while the
color of the optical test substance marker 152 changes from
the first color to a second, different color if the test subject
substance is present within the specimen.

[0044] In some implementations, presence of the test sub-
ject substance within the specimen may be defined as an
amount or concentration of the test substance that is greater
than a threshold value. Furthermore, in some implementa-
tions, the color of the optical test substance marker 152
changes along a spectrum or among a plurality of colors to
indicate an amount or a concentration of the test subject
substance within the specimen.

[0045] The specimen test article 150 also includes at least
one optical specimen validity marker 154 in addition to the
optical test substance marker 152. In some implementations,
the optical specimen validity marker 154 is spaced from the
optical test substance marker 152 (e.g., such that the two
markers 154 and 152 are readily distinguishable from each
other).

[0046] A color of the optical specimen validity marker 154
indicates a validity of the specimen. Thus, in contrast to the
test subject substance for which the specimen is principally
being tested, the specimen validity maker 154 provides an
indication of whether or not the specimen itself is valid or
authentic, and/or unadulterated or untampered. As an
example, where the optical test substance maker 152 may
indicate the presence or absence of cocaine within the speci-
men, the specimen validity maker 154 may indicate whether
the specimen itself is human urine.

[0047] As one example method of operation, the optical
specimen validity marker 154 changes colors in the presence
of an adulterant, where the presence of an adulterant renders
the specimen invalid. As another example, the optical speci-
men validity marker 154 may remain the same color in the
absence of a particular substance in the specimen, where the
absence of the particular substance in the specimen renders
the specimen invalid.

[0048] As yet another example, the color of the optical
specimen validity marker 154 may indicate a value or status
of a physical characteristic of the specimen. The validity of
the specimen is then inferable or otherwise determinable
from the indicated value or status of the physical character-
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istic. As examples, the physical characteristic can include a
pH of the specimen, a specific gravity of the specimen, a
salinity of the specimen, a temperature of the specimen, or
other physical characteristics or combinations of characteris-
tics.

[0049] Thus, the optical specimen validity marker 154 may
assess specimen validity according to many different meth-
ods of operation, including detection of an adulterant within
the specimen, absence of a substance expected to be found in
unadulterated specimens, specimen physical characteristics,
or other techniques or combinations thereof.

[0050] As one example, if the optical specimen validity
marker 154 indicates that the temperature of a specimen (e.g.,
human urine specimen) is less than a threshold temperature,
the specimen may be ruled invalid. Such may advantageously
detect submission by the donor of a specimen not produced
within a designated testing area or testing period.

[0051] As a further example, the optical specimen validity
marker 154 may test for the presence of acidic and/or alkaline
adulterants within a human urine specimen. In particular, the
color of the optical specimen validity marker 154 may indi-
cate a pH of the specimen. Human urine typically has pH
values that range from 4.0 to 9.0. Therefore, if the color of
specimen validity marker 154 indicates that the specimen has
a pH below 4.0 or above 9.0, the specimen may be ruled
invalid.

[0052] As another example, the optical specimen validity
marker 154 may test for dilution of a human urine specimen.
In particular, the color of the optical specimen validity marker
154 may indicate a specific gravity of the specimen. Human
urine typically has specific gravity values that range from
1.003 to 1.030. Therefore, if the color of specimen validity
marker 154 indicates that the specimen has a specific gravity
below 1.003 or above 1.030, the specimen may be ruled
invalid.

[0053] As another example, the optical specimen validity
marker 154 may test for the presence of oxidants, such as
bleach or peroxide, within a human urine specimen. In par-
ticular, the optical specimen validity marker 154 may turn a
blue or green color in the presence of oxidants. Therefore, if
the specimen validity marker 154 is the blue or green color,
the specimen may be ruled invalid.

[0054] As another example, the optical specimen validity
marker 154 may test for dilution of a human urine specimen
by indicating the presence or absence of creatinine, which is
a waste product of creatine and is typically present in human
urine. In particular, the color of the optical specimen validity
marker 154 may indicate the presence or absence of creati-
nine. For example, a donor may attempt to alter a test by
consuming excessive amounts of water or diuretics to “flush”
his or her urinary system. Therefore, if the color of the speci-
men validity marker 154 indicates an absence of creatinine
within the specimen (e.g., less than 5 mg/dl), the specimen
may be ruled invalid.

[0055] As another example, the color of the optical speci-
men validity marker 154 may indicate the presence or
absence of nitrites a human urine specimen. In particular,
nitrites are contained within many commercially available
urine adulterants and work by oxidizing a major cannabinoid
metabolite THC-COOH. Unadulterated urine does not nor-
mally contain any nitrites. Therefore, if the color of the speci-
men validity maker 154 indicates the presence of nitrites
within the specimen, the specimen may be ruled invalid.
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[0056] As yet another example, the color of the optical
specimen validity maker 154 may indicate the presence of
one or more aldehydes such as glutaraldehyde within a human
urine specimen. In particular, glutaraldehyde is contained
within many commercially available urine adulterants and
causes false negative screening results by disrupting an
enzyme used in some specimen test articles 150. Unadulter-
ated urine does not normally contain any aldehydes. There-
fore, if the color of the specimen validity maker 154 indicates
the presence of aldehydes within the specimen, the specimen
may be ruled invalid.

[0057] In some implementations, presence or absence of a
particular substance (e.g., an adulterant) within the specimen
may be defined as an amount or concentration of the sub-
stance that is greater than or less than a threshold value.
Furthermore, in some implementations, the color of the opti-
cal specimen validity maker 154 changes along a spectrum or
among a plurality of colors to indicate an amount or a con-
centration of a particular substance within the specimen or to
indicate a range of potential values of a physical characteristic
of the specimen. For example, the optical specimen validity
marker 154 may increasingly change from a first color to a
second color to indicate the pH of the specimen within a range
of potential pH values or may increasingly change from the
first color to the second color to indicate a concentration of,
for example, aldehydes within the specimen.

[0058] In some implementations, the specimen test article
150 includes two or more specimen validity markers 154
which operate to assess specimen validity according to dif-
ferent methods. In some of such implementations, if any of
the two or more markers 154 indicate that the specimen is
invalid, then the specimen may be ruled invalid. In others of
such implementations, if greater than or equal to some pre-
determined number of the two or more markers 154 (e.g., two,
three, all, etc.) indicate that the specimen is invalid, then the
specimen may be ruled invalid.

[0059] In some implementations, the specimen test article
150 additionally includes a control marker (not shown) that
simply indicates whether the specimen test article properly
absorbed or otherwise received the specimen. Further, in
some implementations, the specimen test article 150 includes
only the optical specimen validity marker 154 and not the
optical test substance marker 152. In some implementations,
the specimen test article 150 is a lateral flow strip.

[0060] In addition, although certain of the example test
subject substances discussed above are illicit or banned sub-
stances, the present disclosure is not limited to testing for
such category of substances. Instead, the systems and meth-
ods of the present disclosure can be used with any specimen
test article 150 that includes an optical specimen validity
marker 154 that indicates with its color a validity character-
istic of the specimen. As an example, the specimen analysis
system 100 can be used to assess a validity characteristic of a
specimen that is tested for one or more substances indicative
of various illnesses, diseases, genetic traits, or other medi-
cally pertinent information. Therefore, the specimen analysis
system 100 may be used in conjunction with or as a portion of
a diagnostic protocol. For example, the specimen test article
150 may be a diagnostic assay.

[0061] The image capture device 140 can be any device
capable of capturing an image. For example, the image cap-
ture device 140 can be one or more of many different types of
cameras, scanners, or other devices capable of capturing an
image or image data.
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[0062] As an example, the image capture device 140
includes a number of lenses 142 that modify, redirect, and/or
focus light entering the image capture device 140 through an
aperture. A light sensor 144 receives the light that passes
through the lenses 142 and outputs data representative of a
plurality of pixels of an image. For example, the light sensor
144 can output data representative of a color for each of the
plurality of pixels, as discussed further below.

[0063] The image capture device 140 also includes control
circuitry 146 that controls operation of the image capture
device 140. For example, the control circuitry 146 controls
image capture timing, image capture rate, image resolution,
or other parameters of image capture device 140. In some
implementations, the computing device 110 controls or pro-
vides instructions to the image capture device 140 directly or
via network 105.

[0064] The image capture device 140 captures an image of
afield of view 148 of the image capture device 140. As shown
in FIG. 1, the specimen test article 150 is positioned relative
to the image capture device 140 such that at least a specimen
validity portion of the specimen test article which includes the
at least one optical specimen validity marker 154 is included
within the field of view 148 and corresponding captured
image. The at least one optical test substance marker 152 may
be included within the field of view 148 and corresponding
captured image, as shown in FIG. 1, or may not be included
within the field of view 148 and corresponding captured
image.

[0065] Insome implementations, the image capture device
140 includes a structure or device that receives the specimen
test article 150 and positions the specimen validity portion of
the test article 150 within the field of view 148. As one
example, a cartridge that is insertable into the image capture
device 140 or an associated structure receives and holds the
specimen test article 150. Alternatively or additionally, sys-
tem 100 may include other means for placing the specimen
test article 150 in a known position and/or orientation relative
to the image capture device 140. Such may advantageously
allow the captured image to depict only the optical specimen
validity marker 154 or otherwise allow simplified identifica-
tion and/or isolation of the pixels of the captured image that
corresponds to the optical specimen validity marker 154.
[0066] In further implementations, the image capture
device includes one or more internal or external light sources
to illuminate the specimen test article 150 during image cap-
ture. For example, the light source(s) can include one or more
light emitting diodes, lamps, incandescent bulbs, infrared
light sources, light sources for inducing fluorescence from the
article 150 (e.g., from marker 152 and/or marker 154), or
other light sources.

[0067] The image capture device 140 outputs or otherwise
provides to the computing device 110 directly or over net-
work 105 a set of image information that represents the cap-
tured image of at least the specimen validity portion of the
specimen test article 150. For example, the set of image
information includes data representative of a plurality of pix-
els of'the image. In particular, the data includes three or more
color component values for each of the plurality of pixels.
Each of the color component values is representative of an
amount of a respective color component of a color of the
corresponding pixel.

[0068] As one example, the color component values for
each pixel include a red color component value, a green color
component value, and a blue color component value, thereby
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describing the color of such pixel within the RGB color space.
For example, each of such values may range from 0 to 255.
However, other color component value ranges may be used.
[0069] In other implementations, alternatively or in addi-
tion to the RGB color space, the color component values
included in the set of image information can describe colors
of pixels according to the RGBA color space, CMYK color
space, YIQ color space, YPbPr color space, xvYCC color
space, HSV color space, HSL color space, or other color
spaces or color models, or combinations thereof. The com-
puting device 110 uses the color component values to assess
the optical specimen validity maker 154, as discussed further
below.

[0070] The computing device 110 can be an embedded
computing device, a desktop computer, a laptop computer, a
tablet computer, a smartphone, one or more server computing
devices, or some combination thereof. The computing device
110 can perform computing operations according to any com-
puter architecture, including parallel, sequential, and/or dis-
tributed computing architectures.

[0071] Computing device 110 includes a processor 112 and
a memory 114. The processor 112 can be one processor or a
plurality of processors that are operatively coupled. The pro-
cessor 112 can be any processing device, such as a micropro-
cessor, microcontroller, integrated circuit, circuitry that
implements computer logic, or some combination thereof.
[0072] The memory 114 can include any non-transitory
information storage device, including, but not limited to,
RAM, ROM, hard drives, flash drives, optical media, other
memory devices, or some combination thereof. The memory
114 can store information accessible by processor 112,
including instructions 116 that can be executed by processor
112. The instructions 116 can be any set of instructions that
when executed by the processor 112, cause the processor 112
to provide desired functionality. The memory 114 can also
store data 118.

[0073] The computing device 110 includes a specimen
validity analyzer 122. The computing device 110 implements
the specimen validity analyzer 122 to assess at least one
specimen validity characteristic of the specimen. In some
implementations, the specimen validity analyzer 122
assesses the at least one specimen validity characteristic
based at least in part on a set of color component values
determined for one or more pixels of the image of the speci-
men test article 150. For example, computing device 110 can
implement specimen validity analyzer 122 to perform aspects
of methods 200 and 300 of FIGS. 2 and 3, respectively, as
discussed further below.

[0074] In some implementations, the specimen validity
analyzer 122 includes processor-executable instructions 116
stored in or loaded into memory 114 and executed by proces-
sor 112. In other implementations, the specimen validity ana-
lyzer 122 includes one or more circuits (e.g., integrated cir-
cuits), logic components, or other items of computer
hardware arranged to implement computer logic or perform
other functionality. In other implementations, the specimen
validity analyzer 122 can be implemented using some com-
bination of processor-executable instructions 116 or data 118
and circuitry.

[0075] In some implementations, the memory 114 also
stores one or more lookup tables 120. Each lookup table 120
stores information usable in association with one or more
particular varieties of specimen test articles 150. For
example, each different variety of specimen test article 150

Aug. 4,2016

may test for a different test substance or may test specimen
validity according to a different respective methods of opera-
tion.

[0076] The lookup table 120 for each particular variety of
specimen test article 150 provides a mapping of potential
colors of specimen validity marker 154 to particular respec-
tive test results indicated by such colors. More precisely, the
lookup table for each particular variety of specimen test
article 150 logically associates each of a plurality of sets of
reference color component values with a particular result or
value of at least one specimen validity characteristic. The
same or additional lookup tables can provide analogous infor-
mation for marker 152.

[0077] As an example, FIG. 4 is an example lookup table
400, according to at least one illustrated embodiment.
Lookup table 400 includes a plurality of sets of reference
color component values in a first column 402 and a plurality
of specimen validity characteristic results or values in a sec-
ond column 404. Each set of reference color component
values (e.g., sets 410, 412, and 414) is respectively logically
associated with a particular specimen validity characteristic
result (e.g., validity characteristic results 420, 422, and 424).
[0078] Referring againto FIG. 1, in some implementations,
the lookup table 120 for a particular specimen test article 150
logically associates each set of reference color component
values with a particular value of a physical characteristic of
the specimen. In some implementations, the lookup table 120
further logically associates each set of reference color com-
ponent values and/or each particular value of the physical
characteristic with a particular specimen validity status.
[0079] As an example, FIG. 5 is an example lookup table
500, according to at least one illustrated embodiment.
Lookup table 500 includes a plurality of sets of reference
color component values in a first column 502; a plurality of
specimen physical characteristic values in a second column
504; and a plurality of specimen validity status results or
values in a third column 506. Each set of reference color
component values (e.g., sets 510, 512, 514, and 516) is
respectively logically associated with a particular specimen
physical characteristic value (e.g., physical characteristic val-
ues 520, 522, 524, and 526). Furthermore, each set of refer-
ence color component values and/or each physical character-
istic value is respectively logically associated with a
particular specimen validity status (e.g., statuses 530, 532,
534, and 536).

[0080] Referring againto FIG. 1, in some implementations,
the specimen validity analyzer 122 uses the lookup tables 120
to assess at least one specimen validity characteristic of the
specimen. For example, the specimen validity analyzer 122
may use the lookup tables 120 to map a set of color compo-
nent values representative of a color of the specimen validity
marker 154 to a particular specimen validity characteristic
outcome, as discussed further below with respect to methods
200 and 300 of FIGS. 2 and 3, respectively.

[0081] Generally, the information stored within each
lookup table 120 (e.g., sets of reference color component
values, specimen validity characteristic values, physical char-
acteristic values, and/or specimen validity statuses) and their
associated relationships are predetermined through testing or
calibration of the corresponding variety of specimen test
article 150 with reference specimen samples having known
validity or physical characteristic values.

[0082] As one example, a particular variety of specimen
test articles 150 may test for the presence of acidic and/or



US 2016/0225165 Al

alkaline adulterants within human urine by indicating speci-
men pH, as discussed above. The pH values of unadulterated
human urine typically range from 4.0 to 9.0. Therefore, pH
values below 4.0 or above 9.0 for a specimen are indicative of
adulteration. As such, to generate the lookup table 120 for
such particular variety of specimen test articles 150, reference
specimen samples having known pH values may be respec-
tively placed on different specimen test articles 150 of such
variety. The resulting color of the optical specimen validity
marker 154 of each respective specimen test article 150 may
be determined (e.g., in the form of sets of reference color
component values) and logically associated with the known
pH of the reference specimen sample to which such test
article 150 was subjected.

[0083] Insome implementations, an operator of the system
100 performs such example calibration or testing process to
obtain the information and relationships stored in the lookup
tables 120. In other implementations, a manufacturer of a
particular variety of specimen test articles 150 provides the
lookup table 120 or the information stored within the lookup
table 120 (e.g., in the form of a computer-readable file or in
the form of a textual description that an operator of the system
100 inputs into the computing device 110).

[0084] Furthermore, the respective structures of the
example lookup tables 400 and 500 of FIGS. 4 and 5 are
provided as examples only. Lookup tables 120 may have
other, different structures, as well.

[0085] The particular reference color component values or
physical characteristic values contained within a lookup table
120 may be spaced along uniform intervals or may be spaced
along non-uniform intervals. For example, in some imple-
mentations, the reference color component values or physical
characteristic values included in a lookup table 120 may be
particularly grouped around values that correspond to transi-
tions between valid and invalid specimens. To continue the
example provided above, a lookup table 120 for specimen test
articles 150 that test for the presence of acidic and/or alkaline
adulterants within human urine via specimen pH value may
include relatively greater numbers of sets of reference color
component that respectively correspond to pH values
grouped around pH 4.0 and pH 9.0, thereby providing
increased testing granularity around the transitions between
valid and invalid human urine specimens.

[0086] System 100 further includes the information output
device 160. The information output device 160 provides
information regarding at least specimen validity characteris-
tic of the specimen that has been assessed by the system 100
to auser. For example, the information output device 160 can
be any display device to present or show the information,
including, for example, a monitor, a screen, a holographic
display, a projection display, a three-dimensional display, etc.
[0087] As another example, the information output device
160 can include a plurality of light emitting diodes, with each
of'the light emitting diodes corresponding to a different value
or outcome of the at least one specimen validity characteris-
tic. The system 100 can illuminate one or more light emitting
diodes to convey information regarding the assessed speci-
men validity characteristic.

[0088] As yet another example, the information output
device 160 can include a printer to print information, a
speaker to audibly output information, and/or a network inter-
face to transmit information regarding the assessed specimen
validity characteristic to one or more remote devices or sys-
tems via network 105.
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[0089] Network 105 can be any type of communications
network, such as a local area network (e.g., intranet), a wide
area network (e.g., Internet), or some combination thereof
and can include any number of wired or wireless links. In
general, communication between the components of system
100 via network 105 can be carried via any type of wired
and/or wireless connection, using a wide variety of commu-
nication protocols (e.g., TCP/IP, HTTP, SMTP, FTP), encod-
ings or formats (e.g., HITML, XML), and/or protection
schemes (e.g., VPN, secure HTTP, SSL). Thus, communica-
tions over network 105 can include direct, wired communi-
cation, wireless communications, or combinations thereof.
For example, network 105 can include a direct, wired com-
municative connection (e.g., wired USB connection) between
computing device 110 and image capture device 140.
[0090] FIG. 2 is a flow chart diagram showing an example
method 200 to analyze specimen test articles, according to at
least one illustrated embodiment. Although method 200 is
discussed herein with reference to the specimen validity ana-
lyzer 122 of FIG. 1, any suitable specimen analysis system
can perform method 200. Likewise, certain portions of
method 200 may be performed by other components of sys-
tem 100 alternatively or in addition to the specimen validity
analyzer 122. Method 200 begins at 202.

[0091] At 202, the specimen validity analyzer 122 receives
a set of image information that represents an image of at least
a specimen validity portion of a specimen test article. The
specimen validity portion of the test article includes the at
least one optical specimen validity marker, the color of which
indicates a validity of the specimen. For example, the speci-
men validity analyzer 122 can receive a set of image infor-
mation from the image capture device 140 that represents a
captured image of the specimen test article 150 which
includes the optical specimen validity marker 154.

[0092] Insome implementations, the set of image informa-
tion describes a plurality of pixels of the image. In particular,
the set of image information can include, for each of the
plurality of pixels, at least three color component values that
describe the color of such pixel. Each of the color component
values can represent an amount of a color component of the
color of the corresponding pixel. For example, the color com-
ponent values can describe colors according to according the
RGB color space, RGBA color space, CMYK color space,
YIQ color space, YPbPr color space, xvYCC color space,
HSV color space, HSL color space, or other color spaces or
color models, or combinations thereof.

[0093] At 204, the specimen validity analyzer 122 deter-
mines a set of color component values for one or more of a
plurality of pixels of the image that are representative of the
specimen validity portion of the specimen test article. The set
of color component values includes at least three color com-
ponent values.

[0094] In some implementations, the specimen validity
analyzer 122 determines the set of color component values at
204 by performing one or more preprocessing routines or
operations to isolate or otherwise identify the image data that
corresponds to pixels of the captured image that are represen-
tative of the optical specimen validity marker 154.

[0095] Asanexample, in some implementations, the speci-
men test article 150 includes an additional optically identifi-
able marker or symbol that indicates a known direction, has a
known size, and/or has a known position relative to the optical
specimen validity marker 154. The specimen validity ana-
lyzer 122 identifies the additional symbol; computes or oth-
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erwise determines the location and size of the optical speci-
men validity marker 154 within the image based on the size,
direction, and/or position of the additional symbol; and iso-
lates or otherwise identifies the image data that corresponds
to pixels of the captured image that are representative of the
optical specimen validity marker 154. In some implementa-
tions, the additional symbol is included or located within the
optical specimen validity marker 154.

[0096] As another example, in some implementations, the
specimen validity analyzer 122 identifies or determines an
outline or perimeter of the specimen test article 150; com-
putes or otherwise determines the location and size of the
optical specimen validity marker 154 within the image based
on the perimeter of the specimen test article 150; and isolates
or otherwise identifies the image data that corresponds to
pixels of the captured image that are representative of the
optical specimen validity marker 154. In other implementa-
tions, the specimen validity analyzer 122 directly identifies an
outline or perimeter of the optical specimen validity marker
154. In yet other implementations, the specimen validity ana-
lyzer 122 performs other, different preprocessing operations
in addition or alternatively to the above described operations.
[0097] In some implementations, the specimen validity
analyzer 122 determines the set of color component values for
the one or more pixels representative of the specimen validity
portion of the specimen test article at 204 by calculating a set
of average color component values (e.g. mean or median)
across all of such pixels. In further implementations, the
specimen validity analyzer can identify and disregard pixels
having outlying color component values.

[0098] Thus, at 204, the specimen validity analyzer deter-
mines a set of at least three color component values for one or
more pixels representative of the specimen validity portion of
the test article 150. For example, the set of determined color
component values can include a red color component value, a
blue color component value, and a green color component
value.

[0099] At 206, the specimen validity analyzer 122 assesses
at least one specimen validity characteristic of the specimen
based at least in part on each of the color component values of
the set of color component values determined at 204. As an
example, the specimen validity analyzer 122 can assess the
validity of the specimen based at least in part on each of the
color component values determined at 204. As another
example, the specimen validity analyzer 122 can determine a
value of a physical characteristic of the specimen based at
least in part on each of the color component values deter-
mined at 204. In some implementations, the specimen valid-
ity analyzer 122 further assesses the validity of the specimen
based at least in part on the determined value of the physical
characteristic.

[0100] As one example, FIG. 3 is a flow chart diagram
showing an example method 300 to assess at least one speci-
men validity characteristic, according to at least one illus-
trated embodiment. Although method 300 is discussed herein
with reference to the specimen validity analyzer 122 of FIG.
1, any suitable specimen analysis system can perform method
300. Likewise, certain portions of method 300 may be per-
formed by other components of system 100 alternatively or in
addition to the specimen validity analyzer 122. Method 300
begins at 302.

[0101] At 302, the specimen validity analyzer 122 obtains
an appropriate lookup table. For example, in some implemen-
tations, the computing device 110 stores a plurality of lookup
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tables 120 in memory 114. Each lookup table 120 is associ-
ated with a particular variety of specimen test articles 150. For
example, a particular variety of specimen test article 150 may
test for a particular test substance and/or test and indicate
specimen validity according to particular respective methods
of operation.

[0102] The lookup table 120 associated with each particu-
lar variety of specimen test article 150 includes, for example,
a set of reference color component values respectively logi-
cally associated with a plurality of specimen validity charac-
teristic values or results. Thus, to assess the at least one
specimen validity characteristic, the specimen validity ana-
lyzer 122 first obtains the particular lookup table 120 that is
appropriate for the particular specimen test article 150 being
analyzed.

[0103] Asanexample, in some implementations, the speci-
men test article 150 includes a machine-readable symbol or
textual, numeric, or graphical information that identifies the
specimen test article 150 or its particular variety. The speci-
men validity analyzer 122 uses such symbol or information to
identify the specimen test article 150 or its particular variety.
The specimen validity analyzer 122 then obtains the particu-
lar lookup table 120 that is appropriate for the identified
variety of specimen test article 150 from memory 114.
[0104] In other implementations, the specimen validity
analyzer 122 obtains the identity or particular variety of the
specimen test article 150 or the identity of the appropriate
lookup table 120 via user input.

[0105] At 304, the specimen validity analyzer 122 consid-
ers the next set of reference color component values. More
particularly, the lookup table obtained at 302 includes a plu-
rality of sets of reference color component values. Thus, at
304, the specimen validity analyzer 122 considers the next set
ofreference color component values. In such fashion, each set
of reference color component values is considered individu-
ally. Although method 300 shows the specimen validity ana-
lyzer considering the sets of reference color component val-
ues sequentially, in some implementations, the specimen
validity analyzer 122 considers the sets of reference color
component values in parallel.

[0106] At 306, the specimen validity analyzer 122 deter-
mines a distance value for the currently considered set of
reference color component values. For example, the speci-
men validity analyzer 122 inputs the currently considered set
of reference color component values into a distance formula
to determine the distance value for the current set of reference
color component values. The distance formula compares the
currently considered set of reference color component values
to the set of color component values determined for the one or
more pixels to provide the distance value for the current set of
reference color component values. In particular, the distance
value provided by the distance formula can indicate a “close-
ness” between the two inputted sets of color component val-
ues.

[0107] Asanexample, in some implementations, the speci-
men validity analyzer 122 uses the following example dis-
tance formula to determine the distance value at 306:

D= \/(Testl — Ref,)? + (Testy — Ref,)? + ... + (Testy — Refyy? 0

where D is the distance value; Test_ is a member of the set of
color component values determined for the one or more pixels
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representative of the specimen validity portion of the test
article; and Ref, is amember of the currently considered set of
reference color component values.

[0108] At 308, the specimen validity analyzer 122 deter-
mines whether additional sets of reference color component
values from the lookup table remain unconsidered. If the
specimen validity analyzer 122 determines at 308 that one or
more additional sets of reference color component values
remain, the specimen validity analyzer 122 returns to 304 and
considers the next set of reference color component values.
[0109] However, if specimen validity analyzer 122 deter-
mines at 308 that no additional sets of reference color com-
ponent values remain, then specimen validity analyzer 122
proceeds to 310. At 310, the specimen validity analyzer 122
selects the set of reference color component values that has
the smallest distance value.

[0110] At312, the specimen validity analyzer 122 assesses
at least one specimen validity characteristic based at least in
parton the set of reference color component values selected at
310. For example, the specimen validity analyzer 122 may
select a specimen validity characteristic value or result that is
logically associated with the set of reference color component
values selected at 310 in the lookup table obtained at 302.
[0111] As another example, the specimen validity analyzer
122 may select a physical characteristic value that is logically
associated with the set of reference color component values
selected at 310 in the lookup table obtained at 302. In some
implementations, at 312, the specimen validity analyzer 122
further selects a specimen validity status that is logically
associated with the selected set of reference color component
values or the selected physical characteristic value in the
obtained lookup table.

[0112] Insomeimplementations, after assessing the at least
one validity characteristic at 312, the system 100 outputs or
provides information regarding the assessed at least one
specimen validity characteristic via the information output
device 160.

[0113] In implementations in which the specimen test
article 150 includes two or more optical specimen validity
markers 154, the specimen validity analyzer 122 can perform
methods 200 and/or 300 with respect to each specimen valid-
ity marker 154 sequentially or in parallel.

[0114] Furthermore, although the specimen validity ana-
lyzer 122 is discussed in reference to method 300 as using a
lookup table 120 to select a set of reference color component
values and assess the specimen validity characteristic, in
some implementation, the specimen validity analyzer 122
uses other data structures to perform such operations, includ-
ing, for example, various forms of databases, indexes, com-
putations, or other structures.

[0115] Asanexample, in some implementations, the speci-
men validity analyzer 122 may input a selected set of refer-
ence color component values into one or more analytical
equations to obtain a physical characteristic value associated
with such set of reference color component values. Likewise,
in some implementations, the specimen validity analyzer 122
may input a determined physical characteristic value into one
or more analytical equations to obtain a specimen validity
status or characteristic result associated with such determined
physical characteristic value.

[0116] In addition, in some implementations, the specimen
validity analyzer 122 additionally performs methods similar
to methods 200 and 300 of FIGS. 2 and 3 with respect to the
optical test substance marker 152 to determine the presence or
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absence of the test substance within the specimen. For
example, the specimen validity analyzer 122 or a different
component of computing device 110 can determine a set of
color component values for one or more pixels of an image
that are representative of the optical test substance marker
152. The specimen validity analyzer 122 or a different com-
ponent of computing device 110 can assess the presence or
absence of a test subject substance within a sample based at
least in part on each of the determined color component
values. For example, the specimen validity analyzer 122 or a
different component of computing device 110 can use a dis-
tance formula to compare the determined set of color com-
ponent values with one or more sets of reference color com-
ponent values respectively associated with different test
subject substance characteristics (e.g., presence or absence).
Thus, each of the techniques described above with respect to
determination of specimen validity can be analogously
applied to determination of the presence of the test subject
substance.

[0117] Those of skill in the art will recognize that many of
the methods or algorithms set out herein may employ addi-
tional acts, may omit some acts, and/or may execute acts in a
different order than specified.

[0118] The various embodiments described above can be
combined to provide further embodiments. To the extent that
they are not inconsistent with the specific teachings and defi-
nitions herein, all of the commonly assigned U.S. patents,
U.S. patent application publications, U.S. patent applications
referred to in this specification, including but not limited to
U.S. Provisional Patent Application No. 62/111,418, filed
Feb. 3, 2015 are incorporated herein by reference, in their
entirety. Aspects of the embodiments can be modified, if
necessary, to employ systems, circuits and concepts of the
various patents, applications and publications to provide yet
further embodiments.

[0119] Theseand other changes can be madeto the embodi-
ments in light of the above-detailed description. In general, in
the following claims, the terms used should not be construed
to limit the claims to the specific embodiments disclosed in
the specification and the claims, but should be construed to
include all possible embodiments along with the full scope of
equivalents to which such claims are entitled. Accordingly,
the claims are not limited by the disclosure.

What is claimed is:

1. A specimen analysis system to analyze specimen test
articles which include at least one optical test subject sub-
stance marker that indicates at least a presence or an absence
of a test subject substance in a specimen, and at least one
optical specimen validity marker, a color of which indicates a
validity of the specimen, the specimen analysis system com-
prising:

at least one processor; and

at least one non-transitory processor-readable medium that

is communicatively coupled to the at least one processor

and that stores at least one of processor-executable

instructions or data that, when executed by the at least

one processor, cause the at least one processor to:

receive a set of image information that represents an
image of at least a specimen validity portion of the
specimen test article which includes the at least one
optical specimen validity marker, the color of which
indicates the validity of the specimen;

determine a set of color component values for one or
more of a plurality of pixels of the image that are
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representative of the specimen validity portion of the
specimen test article, the set of color component val-
ues comprising at least three color component values,
each of the color component values representative of
an amount of a respective color component of a color
of the corresponding one or more of the plurality of
pixels of the image; and

assess at least one specimen validity characteristic of the
specimen based at least in part on each color compo-
nent value of the determined set of color component
values for the one or more of the plurality of pixels of
the image.

2. The specimen analysis system of claim 1 wherein to
determine a set of color component values, the processor
determines a red color component value, a green color com-
ponent value, and a blue color component value.

3. The specimen analysis system of claim 1 wherein to
assess at least one specimen validity characteristic of the
specimen, the processor assesses the at least one specimen
validity characteristic based at least in part on each of a red
color component value, a green color component value, and a
blue color component value.

4. The specimen analysis system of claim 1 wherein to
assess at least one specimen validity characteristic of the
specimen, the processor assesses at least a first specimen
validity characteristic based at least in part on each of a first
red color component value, a first green color component
value, and a first blue color component value of a first one of
the atleast one optical specimen validity marker, and assesses
at least a second specimen validity characteristic based at
least in part on each of a second red color component value, a
second green color component value, and a second blue color
component value of a second one of the at least one optical
specimen validity marker.

5. The specimen analysis system of claim 1 wherein execu-
tion of the at least one of the processor-executable instruc-
tions or data cause the at least one processor to assess the
presence or the absence of one or more of oxidants, creati-
nine, nitrite, and aldehydes in the specimen.

6. The specimen analysis system of claim 1 wherein execu-
tion of the at least one of the processor-executable instruc-
tions or data further cause the at least one processor to:

assess the presence or the absence of the test subject sub-

stance in the specimen based at least in part on the at
least one optical test subject substance marker.

7. The specimen analysis system of claim 6 wherein execu-
tion of the at least one of the processor-executable instruc-
tions or data cause the at least one processor to assess the
presence or the absence of alcohol, cocaine, marijuana,
amphetamines, performance enhancing drugs, substances
indicative of use of alcohol, cocaine, marijuana, amphet-
amines, or performance enhancing drugs, or derivatives of
alcohol, cocaine, marijuana, amphetamines, or performance
enhancing drugs in the specimen.

8. The specimen analysis system of claim 6 wherein the
specimen test article is a lateral flow strip, and the at least one
optical test subject substance marker that indicates at least the
presence or the absence of the test subject substance in the
specimen is spaced on the lateral flow strip from the at least
one optical specimen validity marker, the color of which
indicates the validity of the specimen.

9. The specimen analysis system of claim 1, further com-
prising:
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an image capture device that captures the image that
depicts at least the specimen validity portion of the
specimen test article, the image capture device commu-
nicatively coupled to the at least one processor.

10. The specimen analysis system of claim 1 wherein to
assess at least one specimen validity characteristic, the pro-
cessor determines the validity of the specimen based at least
in part on each color component value of the determined set of
color component values.

11. The specimen analysis system of claim 1 wherein to
assess at least one specimen validity characteristic, the pro-
cessor selects one of a plurality of potential values of a physi-
cal characteristic of the specimen based at least in part on each
color component value of the determined set of color com-
ponent values.

12. The specimen analysis system of claim 11 wherein
execution of the at least one of the processor-executable
instructions or data further cause the at least one processor to:

determine the validity of the specimen based at least in part

on the selected one of the plurality of potential values of
the physical characteristic of the specimen.

13. The specimen analysis system of claim 11 wherein the
physical characteristic of the specimen comprises one or
more of a pH of the specimen and a specific gravity of the
specimen.

14. The specimen analysis system of claim 1 wherein the at
least one non-transitory processor-readable medium further
stores at least one lookup table and to assess at least one
specimen validity characteristic, the processor uses the
lookup table to select a value of the at least one specimen
validity characteristic based at least in part on each color
component value of the set of color component values.

15. The specimen analysis system of claim 1 wherein the
set of color component values comprises at least a first color
component value, a second color component value, and a
third color component value, the at least one non-transitory
processor-readable medium further stores a plurality of sets
of reference color component values, each set of reference
color component values comprising at least a first reference
color component value, a second reference color component
value, and a third reference color component value, and to
assess at least one specimen validity characteristic, the pro-
cessor identifies a first set of reference color component val-
ues of the plurality of sets of reference color component
values that is closest to the set of color component values
determined for the one or more of the plurality of pixels.

16. The specimen analysis system of claim 15 wherein to
assess at least one specimen validity characteristic, the pro-
cessor further assesses the at least one specimen validity
characteristic based at least in part on the identified first set of
reference color component values.

17. The specimen analysis system of claim 15 wherein to
identify a first set of reference color component values, the
processor determines a distance value for each of the plurality
of'sets of reference color component values and selects the set
of reference color component values with the smallest dis-
tance value as the first set of reference color component
values.

18. The specimen analysis system of claim 17 wherein to
determine a distance value for each of the plurality of sets of
reference color component values, the processor respectively
inputs each of the plurality of sets of reference color compo-
nent values into a distance formula with the set of color
component values to determine the distance value for such set
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of reference color component values, the distance formula
comprising a square root of a first squared difference between
the first color component value and the first reference color
component value of the inputted set of reference color com-
ponent values plus a second squared difference between the
second color component value and the second reference color
component value of the inputted set of reference color com-
ponent values plus a third squared difference between the
third color component value and the third reference color
component value of the inputted set of reference color com-
ponent values.
19. The specimen analysis system of claim 15 wherein to
assess at least one specimen validity characteristic, the pro-
cessor further selects a value of a physical characteristic of the
specimen associated with the first set of reference color com-
ponent values and wherein execution of the at least one of the
processor-executable instructions or data further cause the at
least one processor to determine the validity of the specimen
based at least in part on the selected value of the physical
characteristic.
20. The specimen analysis system of claim 19 wherein to
determine the validity of the specimen, the processor selects
a specimen validity status associated with the selected value
of the physical characteristic in a lookup table.
21. A computer-implemented method to analyze specimen
test articles which include at least one optical test subject
substance marker that indicates at least a presence or an
absence of a test subject substance in a specimen, and at least
one optical specimen validity marker, a color of which indi-
cates a validity of the specimen, the method comprising:
receiving, by one or more computing devices, a set of
image information that represents an image of at least a
specimen validity portion of the specimen test article
which includes the at least one optical specimen validity
marker, the color of which indicates the validity of the
specimen;
determining, by the one or more computing devices, a set
of color component values for one or more of a plurality
of pixels of the image that are representative of the
specimen validity portion of the specimen test article,
the set of color component values comprising at least
three color component values, each of the color compo-
nent values representative of an amount of a respective
color component of a color of the corresponding one or
more of the plurality of pixels of the image; and

assessing, by the one or more computing devices, at least
one specimen validity characteristic of the specimen
based at least in part on each color component value of
the determined set of color component values for the one
or more of the plurality of pixels of the image.

22. The computer-implemented method of claim 21
wherein determining a set of color component values com-
prises determining, by the one or more computing devices, a
red color component value, a green color component value,
and a blue color component value.

23. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
tic comprises assessing, by the one or more computing
devices, the at least one specimen validity characteristic
based at least in part on each of a red color component value,
a green color component value, and a blue color component
value.

24. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
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tic comprises assessing, by the one or more computing
devices, at least a first specimen validity characteristic based
at least in part on each of a first red color component value, a
first green color component value, and a first blue color com-
ponent value of a first one of the at least one optical specimen
validity marker, and assessing, by the one or more computing
devices, at least a second specimen validity characteristic
based at least in part on each of a second red color component
value, a second green color component value, and the second
blue color component value of a second one of the at least one
optical specimen validity marker.

25. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
tic comprises assessing, by the one or more computing
devices, the presence or the absence of one or more of oxi-
dants, creatinine, nitrite, and aldehydes in the specimen.

26. The computer-implemented method of claim 21, fur-
ther comprising:

assessing, by the one or more computing devices, the pres-

ence or the absence of the test subject substance in the
specimen based at least in part on the at least one optical
test subject substance marker.

27. The computer-implemented method of claim 26
wherein assessing the presence or absence of the test subject
substance comprises assessing, by the one or more computing
devices, the presence or absence of one or more of alcohol,
cocaine, marijuana, amphetamines, performance enhancing
drugs, substances indicative of use of alcohol, cocaine, mari-
juana, amphetamines, or performance enhancing drugs, or
derivatives of alcohol, cocaine, marijuana, amphetamines, or
performance enhancing drugs in the specimen.

28. The computer-implemented method of claim 26
wherein receiving the set of image information comprises
receiving, by the one or more computing devices, the set of
image information that represents the image of at least the
specimen validity portion of a lateral flow strip, and the at
least one optical test subject substance marker that indicates
at least the presence or the absence of the test subject sub-
stance in the specimen is spaced on the lateral flow strip from
the at least one optical specimen validity marker, the color
which indicates the validity of the specimen.

29. The computer-implemented method of claim 21, fur-
ther comprising:

capturing, by an image capture device, the image that

depicts at least the specimen validity portion of the
specimen test article.

30. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
tic comprises determining, by the one or more computing
devices, the validity of the specimen based at least in part on
each color component value of the determined set of color
component values.

31. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
tic comprises selecting, by the one or more computing
devices, one of a plurality of potential values of a physical
characteristic of the specimen based at least in part on each
color component value of the determined set of color com-
ponent values.

32. The computer-implemented method of claim 31, fur-
ther comprising:

determining, by the one or more computing devices, the

validity of the specimen based at least in part on the
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selected one of the plurality of potential values of the
physical characteristic of the specimen.

33. The computer-implemented method of claim 31
wherein selecting one of a plurality of potential values of a
physical characteristic of the specimen comprises selecting,
by the one or more computing devices, one of a plurality of
potential pH values of the specimen or selecting, by the one or
more computing devices one of a plurality of potential spe-
cific gravity values of the specimen.

34. The computer-implemented method of claim 21
wherein assessing at least one specimen validity characteris-
tic comprises using, by the one or more computing devices, a
lookup table to select a value of the at least one specimen
validity characteristic based at least in part on each color
component value of the determined set of color component
values.

35. The computer-implemented method of claim 21
wherein determining a set of color component values com-
prises determining, by the one or more computing devices, at
least a first color component value, a second color component
value, and a third color component value, and assessing at
least one specimen validity characteristic comprises identi-
fying, by the one or more computing devices, a first set of
reference color component values from a plurality of sets of
reference color component values that is closest to the set of
color component values determined for the one or more of the
plurality of pixels, each set of reference color component
values comprising at least a first reference color component
value, a second reference color component value, and a third
reference color component value.

36. The computer-implemented method of claim 35
wherein assessing the at least one specimen validity charac-
teristic further comprises assessing, by the one or more com-
puting devices, the at least one specimen validity character-
istic based at least in part on the identified first set of reference
color component values.

37. The computer-implemented method of claim 35
wherein identifying a first set of reference color component
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values comprises determining, by the one or more computing
devices, a distance value for each of the plurality of sets of
reference color component values and selecting, by the one or
more computing devices, the set of reference color compo-
nent values with the smallest distance value as the first set of
reference color component values.

38. The computer-implemented method of claim 37
wherein determining a distance value comprises respectively
inputting, by the one or more computing devices, each of the
plurality of sets of reference color component values into a
distance formula with the set of color component values to
determine the distance value for such set of reference color
component values, the distance formula comprising a square
root of a first squared difference between the first color com-
ponent value and the first reference color component value of
the inputted set of reference color component values plus a
second squared difference between the second color compo-
nent value and the second reference color component value of
the inputted set of reference color component values plus a
third squared difference between the third color component
value and the third reference color component value of the
inputted set of reference color component values.

39. The computer-implemented method of claim 35
wherein assessing the at least one specimen validity charac-
teristic further comprises selecting, by the one or more com-
puting devices a value of a physical characteristic of the
specimen associated with the first set of reference color com-
ponent values and determining, by the one or more computing
devices, the validity of the specimen based at least in part on
the selected value of physical characteristic.

40. The computer-implemented method of claim 39
wherein determining the validity of the specimen comprises
selecting, by the one or more computing devices, a specimen
validity status associated with the selected value of the physi-
cal characteristic a lookup table.
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