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ANALYZING IMAGE DATA TO DETERMINE RECTAL SAMPLE INFORMATION

RELATED APPLICATION
[0001] This application claims priority to U.S. Provisional Patent Application No. 62/807,079,
filed on February 18, 2019, and entitled “ANALYZING IMAGE DATA TO DETERMINE BOWEL
PREPARATION QUALITY,” the content of which is incorporated by reference herein in its entirety .

BACKGROUND

[0002] A colonoscopy is an endoscopic procedure that is commonly used to screen for colorectal
cancer or to detect other abnormalitics in the large intestine and rectum. In many cascs, a patient
consumes a bowel preparation agent to cleanse the bowel before undergoing a colonoscopy. A clean

bowel aids an endoscopist’s ability to visualize colonic mucosa.

SUMMARY
[0003] According to some implementations, a method may include obtaining, by a device, a first
image of a liquid in a receptacle; analyzing, by the device, the first image to determine a first set of
visual characteristics concerning the liquid; obtaining, by the device, a second image of a rectal
sample in the liquid in the receptacle, wherein the rectal sample originated from a bowel of a subject;
analyzing, by the device, the second image to determine a second set of visual characteristics
conceming the rectal sample; determining, by the device and based on the first set of visual
characteristics and the second set of visual characteristics, rectal sample information; and causing, by
the device, one or more actions to be performed based on the rectal sample information.
[0004] According to some implementations, a device may include one or more memories, and
one or more processors, communicatively coupled to the one or more memories, configured to:
obtain, from a user device, a first image of a liquid in a receptacle; analyze the first image to
determine a characteristic associated with the liquid; obtain, from the user device, a second image of a
rectal sample in the liquid in the receptacle; analyze the second image to determine a characteristic
associated with the rectal sample; determine, using one or more machine learning models and based
on the characteristic associated with the liquid and the characteristic associated with the rectal sample,
rectal sample information; and cause one or more actions to be performed based on the rectal sample
information.
[0005] According to some implementations, a non-transitory computer-readable medium may
store one or more instructions. The one or more instructions, when executed by one or more
processors of a user device, may cause the one or more processors to: cause display, on a display of

the user device, of a first instruction regarding capturing an image of a liquid in a receptacle; obtain,
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after causing display of the first instruction, a first image of the liquid; analyze the first image to
determine a first set of characteristics concerning the liquid; cause display, on the display of the user
device, of a second instruction regarding capturing an image of a rectal sample, of a user of the user
device, in the liquid in the receptacle; obtain, after causing display of the second instruction, a second
image of the rectal sample; analyze the second image to determine a second set of characteristics
concerning the rectal sample; determine, based on the first set of characteristics and the second set of
characteristics, rectal sample information; and automatically perform one or more actions based on

the rectal sample information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figs. 1A-1D are diagrams of example implementations described herein.

[0007] Fig. 2 is a diagram of an example environment in which systems and/or methods,
described herein, may be implemented.

[0008] Fig. 3 is a diagram of example components of one or more devices of Fig. 2.

[0009] Figs. 4-6 are flowcharts of example processes for analyzing image data to determine

rectal sample information.

DETAILED DESCRIPTION
[0010] The following detailed description of example implementations refers to the
accompanying drawings. The same reference numbers in different drawings may identify the same or
similar elements.
[0011] A colonoscopy is an endoscopic procedure commonly used to screen for colorectal cancer
or to detect other abnormalities in the colon of a patient. In many cases, a patient consumes a bowel
preparation agent to cleanse the patient’s bowel before undergoing a colonoscopy. A clean bowel
aids an endoscopist’s ability to visualize colonic mucosa while performing the colonoscopy. A
predictor of colonoscopy quality (e.g., whether the endoscopist is able to identify and diagnose lesions
in the bowel) is the quality of bowel preparation (e.g., how well bowel is cleaned so that colonic
mucosa can be visualized). In some cases, the quality of bowel preparation is poor (e.g., the bowel is
not sufficiently clean for the endoscopist to visualize the colonic mucosa). In such cases, the
colonoscopy is considered inadequate and commonly results in longer procedure time, increased risk
to patients, decreased quality, and/or an incomplete examination. As a result, the procedure
frequently needs to be repeated.
[0012] This may unnecessarily consume resources associated with scheduling and performing
the colonoscopy. For example, a device associated with scheduling colonoscopy appointments
unnecessarily uses resources (€.g., processing resources, memory resources, pOwer resources,

communication resources, and/or the like) to schedule an additional colonoscopy at a later time.
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Further, resources (e.g., processing resources, memory resources, communication resources, and/or
the like) associated with facilitating imaging of the patient’s colon may be unnecessarily used for a
colonoscopy that needs to be redone. Moreover, resources may be unnecessarily used to facilitate
cleaning and sterilizing of colonoscopy tools and equipment (e.g., a colonoscope, cleaning solution,
tubing, and/or the like) for a colonoscopy that needs to be redone.

[0013] According to some implementations described herein, a user device and/or an analyzing
platform obtains a first image of a liquid in a receptacle (e.g., water in a toilet) and analyzes the first
image to determine a first set of visual characteristics concerning the liquid. In some
implementations, the user device and/or analyzing platform obtains a second image of a rectal sample
(c.g., of the user) in the liquid in the receptacle (e.g., a rectal effluent, a rectal discharge, stool, and/or
the like in the water in the toilet) and analyzes the second image to determine a second set of visual
characteristics concerning the rectal sample. In some implementations, the user device and/or the
analyzing platform determines, based on the first set of visual characteristics and the second set of
visual characteristics, rectal sample information. For example, the user device and/or the analyzing
platform may determine one or more estimated biochemical measurements associated with the rectal
sample, a turbidity score of the rectal sample, information concerning estimated bowel cleanliness of
the bowel of the user, and/or the like. In some implementations, the user device and/or the analyzing
platform causes, based on the rectal sample information, one or more actions to be performed, such as
scheduling a time for a colonoscopy, a physical examination, a blood test, and/or the like; causing
display on a display of the user device of an instruction regarding consumption of a bowel preparation
agent by the user; and/or the like.

[0014] In this way, the user device and/or the analyzing platform mitigates unnecessary use of
resources associated with scheduling and performing the colonoscopy. For example, the user device
and/or the analyzing platform may increase a likelihood that the quality of bowel preparation of the
user is good, which increases a likelihood that the endoscopist can visualize colonic mucosa in the
user’s colon and identify abnormal findings. This increases a likelihood that a colonoscopy will be
successfully performed without having to perform another colonoscopy on the user prematurely.
Accordingly, device resources (e.g., processing resources, memory resources, power resources,
communication resources, and/or the like) will not be consumed to schedule another colonoscopy.
Further, imaging resources (e.g., processing resources, memory resources, POwer resources,
communication resources, and/or the like) and cleaning and sterilizing resources will not be wasted on
a colonoscopy that needs to be redone.

[0015] Further, the user device and/or the analyzing platform, based on the one or more
biochemical measurements, may be able to determine an estimated health condition of the user (e.g.,
that indicates whether the user has a gastrointestinal disease, whether the user is at risk of developing

a gastrointestinal disease, whether the user is anemic, whether the user is dehydrated, and/or the like),
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which may assist in determining a course of treatment for the user. Accordingly, resources, such as
device resources for scheduling tests, analyzing test results, and/or the like, that would have been used
to otherwise determine the estimated health condition of the user can be conserved.

[0016] Figs. 1A-1D arc diagrams of example implementations 100 described hercin. As shown
in Fig. 1A, example implementation 100 may include a user device and/or an analyzing platform. The
user device may be a communication and/or computing device, such as a mobile phone, a smartphone,
a laptop computer, a tablet computer, a smart toilet seat (¢.g., atoilet seat device with capabilities to
obtain and/or analyze images of rectal samples, as described herein), and/or the like. In some
implementations, the user device may include a camera device (e.g., one or more cameras) configured
to capture images. In some implementations, the camera device of the user device may support one or
more image resolutions. An image resolution may be represented as a number of pixel columns
(width) and a number of pixel rows (height), such as 1280x720, 1920x1080, 2592x1458, 3840x2160,
4128x2322, 5248x2952, 5312x2988, and/or the like, where higher numbers of pixel columns and
higher numbers of pixel rows are associated with higher image resolutions. In some implementations,
the user device may include one or more applications (e.g., provided by, or associated with, an entity,
such as a health care provider (e.g., a hospital, a doctor’s group, and/or the like)) capable of
facilitating image capturing. In some implementations, a user of the user device may activate the one
or more applications on the user device (e.g., cause the one or more applications to run on the user
device) to capture an image.

[0017] In some implementations, the camera device may be configured to capture hyperspectral
images (¢.g., images associated with infrared light, visible light, ultraviolet, and/or the like). In some
implementations, the camera device may include a filter (e.g., a bandpass filter) that is configured to
allow the camera device to capture images associated with a particular spectral range (e.g., images
associated with red light, green light, blue light, visible light, infrared light, ultraviolet light, and/or
the like). Additionally, or alternatively, the user device may be configured to filter images obtained
by the camera device (e.g., using the one or more applications) to allow the user device to modify the
images (e.g., to cause the images to include only image data associated with a particular spectral
range).

[0018] The analyzing platform may be a computing device, a server device, a cloud computing
device, and/or the like. In some implementations, the user device and/or the analyzing platform may
be connected via a network, such as a wired network (e.g., the Internet or another data network), a
wireless network (e.g., a wireless local area network, a wireless wide area network, a cellular network,
etc.), and/or the like.

[0019] Some example implementations described herein concern a single user device
communicating with a single analyzing platform. In some implementations, a plurality of user

devices may communicate with one or more analyzing platforms. In some implementations, one or
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more functions of the analyzing platform may be performed by the user device instead of, or in
addition to, being performed by the analyzing platform. In some implementations, one or more
functions of the user device may be performed by the analyzing platform instead of, or in addition to,
being performed by the user device.

[0020] As shown by reference number 102, the user device may obtain user information relating
to the user (¢.g., a subject whose rectal sample will be analyzed, as described herein). For example,
the user may interact, via a user interface of the user device, with the one or more applications
running on the user device to enter the user information into the user device. As another example, the
user device may communicate with a different device, such as a server device, to obtain the user
information. The user information may include an age of the user, a sex of the user, a health status of
the user, a health history of the user, information concerning medication consumed by the user,
information concerning a bowel preparation agent prescribed for the user (e.g., to cleanse the bowel of
the user for a bowel screening procedure for the user), information concerning the bowel screening
procedure for the user (e.g., a timing of the bowel screening procedure), and/or the like.

[0021] As shown by reference number 104, in some implementations, when the user has
consumed a bowel preparation agent in anticipation of a bowel screening procedure (e.g., a
colonoscopy, a virtual colonoscopy, a flexible sigmoidoscopy, and/or the like), the user device may
obtain consumption information concerning consumption of the bowel preparation agent by the user.
For example, the user may interact, via the user interface of the user device, with the one or more
applications running on the user device to enter the consumption information into the user device. As
another example, the user device may communicate with a different device, such as a server device, to
obtain the consumption information. The consumption information may include information
conceming a dosage of the bowel preparation agent, information conceming an amount of bowel
preparation agent consumed by the user, information concerning an amount of time since the amount
of bowel preparation agent was consumed by the user, information conceming a total amount of
bowel preparation agent consumed by the user, information concerning a time of an initial
consumption of the bowel preparation agent by the user, and/or the like.

[0022] As shown by reference number 106, the user device may send the user information and/or
the consumption information to the analyzing platform. In some implementations, the analyzing
platform may obtain the user information and/or the consumption information from the user device.
Additionally, or alternatively, the analyzing platform may communicate with a different device, such
as a server device, to obtain the user information and/or the consumption information.

[0023] As shown in Fig. 1B and by reference number 108, the user device (e.g., via the one or
more applications running on the user device) may display, on a display of the user device, a first
instruction regarding capturing an image of a liquid in a receptacle. For example, the one or more

applications may instruct a user to position the user device over the receptacle for the user device to



WO 2020/172073 PCT/US2020/018390

capture an image of the liquid in the receptacle. In some implementations, the receptacle may be a
container, such as a bottle, a sample tube, and/or the like. Additionally, or alternatively, the
receptacle may be a toilet, a bedpan, and/or the like. The liquid may be water (e.g., water in a toilet),
a chemical solution (e.g., a saline solution, a deodorizing solution, a solution with a colored dye,
and/or the like), and/or the like.

[0024] As shown by reference number 110, the user device may obtain a first image of the liquid
in the receptacle. In some implementations, the user may point the camera device of the user device
at the liquid in the receptacle and/or the camera device of the user device may automatically capture
the first image. Additionally, or alternatively, the user may point the camera device of the user device
at the liquid and/or the user may interact, via the user mterface of the user device, with the one or
more applications running on the user device (e.g., to select an option to capture an image) to cause
the camera device to capture the first image. The first image may include image data associated with
a particular spectral range (e.g., an image associated with red light, green light, blue light, visible
light, infrared light, ultraviolet light, and/or the like). The user device may cause the display of the
user device to display the first image after the user device captures the first image. As shown by
reference number 112, the user device may send the first image to the analyzing platform. In some
implementations, the analyzing platform may obtain the first image from the user device.

[0025] As shown by reference number 114, the analyzing platform may determine a set of
characteristics (e.g., visual characteristics) concerning the liquid. The set of characteristics may
include a color associated with the liquid; a light intensity associated with the liquid; a brightness
associated with the liquid; a spectral feature (e.g., a visible spectral feature, a near-infrared spectral
feature, and/or the like), a biochemical feature, a molecular feature, and/or the like of the liquid,
and/or the like. In some implementations, the analyzing platform may analyze and/or process (e.g.,
using one or more image analyzing techniques and/or one or more image processing techniques) the
first image to determine the set of characteristics. For example, the analyzing platform may determine
a color associated with the liquid by processing the first image using a color normalization technique.
The analyzing platform may analyze the first image, after color normalizing the first image, to
determine a light intensity associated with the liquid, a brightness associated with the liquid, and/or
the like. In some implementations, the analyzing platform may determine an area of the first image
associated with the liquid (e.g., using an object recognition technique) and may analyze and/or
process image data of the first image associated with the arca (e.g., only analyze and/or process image
data associated with the arca and not image data associated with the rest of the first image) to
determine the set of characteristics.

[0026] In some implementations, the user, after the user device obtains the first image, may
deposit a rectal sample (e.g., rectal effluent, rectal discharge, stool, and/or the like) in the liquid in the

receptacle (e.g., the user may evacuate the rectal sample from the bowel of the user into the
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receptacle). In some implementations, the rectal sample may be diluted in the receptacle (e.g., the
rectal sample may be mixed with the liquid in the receptacle, such as water in a toilet). In some
implementations, the user, the user device, another device, and/or the like may deposit a reagent (¢.g.,
a reactant, a solvent, a catalyst, and/or the like) in the receptacle with the rectal sample (e.g., to cause
a chemical reaction associated with the rectal sample).

[0027] As shown in Fig. 1C and by reference number 116, the user device (¢.g., via the one or
more applications running on the user device) may display a second instruction regarding capturing an
image of the rectal sample (¢.g., of the user) in the liquid in the receptacle in a similar manner as
described herein in relation to Fig. 1B. For example, the one or more applications may instruct the
user to position the user device over the receptacle for the user device to capture an image of the rectal
sample in the liquid in the receptacle.

[0028] As shown by reference number 118, the user device may obtain a second image of the
rectal sample in the receptacle in a similar manner as described herein in relation to Fig. 1B. For
example, the user may point the camera device of the user device at the rectal sample in the liquid in
the receptacle and/or the camera device of the user device may automatically capture the second
image. Additionally, or alternatively, the user may point the camera device of the user device at the
rectal sample and/or the user may interact, via the user interface of the user device, with the one or
more applications running on the user device (e.g., to select an option to capture an image) to cause
the camera device to capture the second image. The user device may cause the display of the user
device to display the second image after the user device captures the second image. The second
image may include image data associated with a particular spectral range (¢.g., an image associated
with red light, green light, blue light, visible light, infrared light, ultraviolet light, and/or the like).

The user device may cause the display of the user device to display the second image after the user
device captures the second image.

[0029] As shown by reference number 120, the user device may send the second image to the
analyzing platform in a similar manner as described herein in relation to Fig. 1B. In some
implementations, the analyzing platform may obtain the second image from the user device.

[0030] As shown by reference number 122, the analyzing platform may determine a set of
characteristics (e.g., visual characteristics) concerning the rectal sample in a similar manner as
described herein in relation to Fig. 1B. The set of characteristics may include a color associated with
the rectal sample; a light intensity associated with the rectal sample; a brightness associated with the
rectal sample; a spectral feature (e.g., a visible spectral feature, a near-infrared spectral feature, and/or
the like), a biochemical feature, a molecular feature, and/or the like of the liquid; a shape of the rectal
sample; and/or the like. In some implementations, the analyzing platform may analyze and/or process
(e.g., using one or more image analyzing techniques and/or one or more image processing techniques)

the second image to determine the set of characteristics. For example, the analyzing platform may
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determine a color associated with the rectal sample by processing the second image using a color
normalization technique. The analyzing platform may analyze the second image, after color
normalizing the second image, to determine a light intensity associated with the rectal sample, a
brightness associated with the rectal sample, and/or the like. In some implementations, the analyzing
platform may determine an area of the second image associated with the rectal sample (e.g., using an
object recognition technique) and may analyze and/or process image data of the second image
associated with the area (e.g., only process image data associated with the area and not image data
associated with the rest of the first image) to determine the set of characteristics.

[0031] As shown in Fig. 1D and by reference number 124, the analyzing platform may determine
one or more estimated biochemical measurements associated with the rectal sample. The one or more
biochemical measurements may include an estimated hemoglobin measurement associated with the
rectal sample (e.g., an estimated amount of hemoglobin in the rectal sample); an estimated protein
measurement associated with the rectal sample (e.g., an estimated amount of protein in the rectal
sample); an estimated fat measurement associated with the rectal sample (e.g., an estimated amount of
fat in the rectal sample); an estimated carbohydrate measurement associated with the rectal sample
(e.g., an estimated amount of carbohydrate in the rectal sample); an estimated nucleic acid
measurement associated with the rectal sample (e.g., an estimated amount of nucleic acid in the rectal
sample); an estimated acidity measurement associated with the rectal sample (e.g., an estimated pH
value of the rectal sample); and/or the like.

[0032] In some implementations, the analyzing platform may determine the one or more
estimated biochemical measurements associated with the rectal sample based on the set of
characteristics of the liquid (hereinafter the “first set of characteristics™) and/or the set of
characteristics of the rectal sample (hereinafter the “second set of characteristics™). In some
implementations, the analyzing platform may compare one or more elements of the first set of
characteristics (e.g., the color associated with the liquid, light intensity associated with the liquid, the
brightness associated with the liquid, and/or the like) and corresponding one or more clements of the
second set of characteristics (e.g., the color associated with the rectal sample, the light intensity
associated with the rectal sample, the brightness associated with the rectal sample, and/or the like) to
determine the one or more estimated biochemical measurements. For example, the analyzing
platform may compare the color associated with the liquid and the color associated with the rectal
sample and/or may use a colorimetric processing technique to determine the one or more estimated
biochemical measurements.

[0033] In some implementations, the analyzing platform may utilize one or more first models
(e.g., one or more machine learning models) to process and/or analyze the first set of characteristics
and/or the second set of characteristics to determine the one or more estimated biochemical

measurements associated with the rectal sample. The analyzing platform may train a first model (e.g.,
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one of the one or more first models, each of the one or more first models, and/or the like) based on
historical data (¢.g., historical information concerning first sets of characteristics, historical
information concerning second sets of characteristics, historical information concerning estimated
biochemical measurements, and/or the like). The analyzing platform may separate the historical data
into a training set, a validation set, a test set, and/or the like. The training set may be utilized to train
the first model. The validation set may be utilized to validate results of the trained first model. The
test set may be utilized to test operation of the first model.

[0034] In some implementations, the analyzing platform may train the first model using, for
example, an unsupervised training procedure and based on the historical data. For example, the
analyzing platform may perform dimensionality reduction to reduce the historical data to a minimum
feature set, thereby reducing resources (e.g., processing resources, memory resources, and/or the like)
to train the first model, and may apply a classification technique to the minimum feature set.

[0035] In some implementations, the analyzing platform may use a logistic regression
classification technique to determine a categorical outcome. Additionally, or alternatively, the
analyzing platform may use a naive Bayesian classifier technique. In this case, the analyzing platform
may perform binary recursive partitioning to split the historical data into partitions and/or branches
and use the partitions and/or branches to determine outcomes. Based on using recursive partitioning,
the analyzing platform may reduce utilization of computing resources relative to manual, linear
sorting and analysis of data points, thereby enabling use of thousands, millions, or billions of data
points to train the first model, which may result in a more accurate model than using fewer data
points.

[0036] Additionally, or alternatively, the analyzing platform may use a support vector machine
(SVM) classifier technique to generate a non-linear boundary between data points in the training set.
In this case, the non-linear boundary is used to classify test data into a particular class.

[0037] Additionally, or alternatively, the analyzing platform may train the first model using a
supervised training procedure that includes receiving input to the first model from a subject matter
expert, which may reduce an amount of time, an amount of processing resources, and/or the like to
train the first model relative to an unsupervised training procedure. The analyzing platform may use
one or more other model training techniques, such as a neural network technique, a latent semantic
indexing technique, and/or the like. For example, the analyzing platform may perform an artificial
neural network processing technique (e.g., using a two-layer feedforward neural network architecture,
a three-layer feedforward neural network architecture, and/or the like) to perform pattern recognition
with regard to patterns of the historical data. In this case, using the artificial neural network
processing technique may improve an accuracy of the trained first model generated by the analyzing

platform by being more robust to noisy, imprecise, or incomplete data, and by enabling the analyzing
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platform to detect patterns and/or trends undetectable to human analysts or systems using less
complex techniques.

[0038] In some implementations, rather than training the first model, the analyzing platform may
receive a trained first model from another device (¢.g., a server device). For example, the other
device may generate the first model based on having trained the first model in a manner similar to that
described above, and may provide the trained first model to the analyzing platform (e.g., may pre-load
the analyzing platform with the trained first model, may receive a request from the analyzing platform
for the first trained model, and/or the like).

[0039] Additionally, or alternatively, as shown by reference number 126, the analyzing platform
may determine information concerning estimated bowel cleanliness of the user (¢.g., to assist in
determining whether a bowel of the user is sufficiently clean to undergo a bowel screening
procedure). The information concerning estimated bowel cleanliness may indicate an estimated
degree of bowel visualization (¢.g., based on a bowel cleanliness rating scale, such as the Boston
Bowel Preparation Scale (BBPS)). In some implementations, the analyzing platform may determine
the information concerning estimated bowel cleanliness based on a turbidity score of the rectal sample
(c.g., that includes rectal effluent). The turbidity score may indicate a measure of turbidity of the
rectal sample (e.g., a relative clarity of the rectal sample). A high turbidity score may indicate that the
rectal sample has high turbidity, a low turbidity score may indicate that the rectal sample has low
turbidity, and/or the like.

[0040] In some implementations, the analyzing platform may determine the turbidity score based
on the first set of characteristics and/or the second set of characteristics. The analyzing platform may
compare one or more elements of the first set of characteristics (e.g., the color associated with the
liquid, the light intensity associated with the liquid, the brightness associated with the liquid, and/or
the like) and corresponding one or more elements of the second set of characteristics (e.g., the color
associated with the rectal sample, the light intensity associated with the rectal sample, the brightness
associated with the rectal sample, and/or the like) to determine the turbidity score. For example, the
analyzing platform may compare the light intensity associated with the liquid (e.g., after color
normalizing the first image) and the light intensity associated with the rectal sample (e.g., after color
normalizing the second image) to determine a light intensity value (e.g., a difference in the light
intensity associated with the liquid and the light intensity associated with the rectal sample). The
analyzing platform may determine the turbidity score based on the light intensity value (e.g., based on
a known relationship, such a linear relationship, an exponential relationship, an inverse relationship,
and/or the like, between turbidity scores and light intensity values).

[0041] In some implementations, the analyzing platform may utilize one or more second models
(e.g., one or more machine learning models) to process and/or analyze the first set of characteristics

and/or the second set of characteristics to determine the turbidity score. In some implementations, the
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analyzing platform may receive, generate, and/or train the second model in a similar manner as
described herein in relation to the first model. For example, the analyzing platform may train a
second model (¢.g., one of the one or more second models, each of the one or more second models,
and/or the like) based on historical data (e.g., historical information concerning first sets of
characteristics, historical information conceming second sets of characteristics, historical information
concerning turbidity scores, and/or the like). In some implementations, the analyzing platform may
perform a set of data manipulation procedures, perform a training operation, use a classification
technique, perform a recursive feature elimination procedure, and/or the like as described herein to
determine an association between a first set of characteristics, a second set of characteristics, and/or a
turbidity score.

[0042] In some implementations, the analyzing platform may determine the information
conceming estimated bowel cleanliness based on the turbidity score of the rectal sample, as well as
the user information, the consumption information, and/or the like. For example, the analyzing
platform may determine the information concerning estimated bowel cleanliness based on the age of
the user, the health status of the user, the information concerning the amount of bowel preparation
agent consumed by the user, the information concerning the time of consumption of the amount of
bowel preparation agent consumed by the user, and/or the turbidity score.

[0043] In some implementations, the analyzing platform may utilize one or more third models
(e.g., one or more machine learning models) to process and/or analyze the user information, the
consumption information, the turbidity score, and/or the like to determine the information concerning
estimated bowel cleanliness. In some implementations, the analyzing platform may receive, generate,
and/or train a third model in a similar manner as described herein in relation to the first model and/or
the second model. For example, the analyzing platform may train a third model (e.g., one of the one
or more third models, each of the one or more third models, and/or the like) based on historical data
(e.g., historical user information, historical consumption information, historical turbidity scores,
and/or the like). In some implementations, the analyzing platform may perform a set of data
manipulation procedures, perform a training operation, use a classification technique, perform a
recursive feature elimination procedure, and/or the like as described herein to determine an
association between user information, consumption information, a turbidity score, and/or information
conceming estimated bowel cleanliness.

[0044] As shown by reference number 128, the analyzing platform may send rectal sample
information to the user device. The rectal sample information may include the one or more estimated
biochemical measurements associated with the rectal sample, the turbidity score, the information
conceming estimated bowel cleanliness, and/or the like. In some implementations, the user device

may obtain the rectal sample information from the analyzing platform.
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[0045] As shown by reference number 130, the analyzing platform and/or the user device may
cause one or more actions. For example, the user device and/or the analyzing platform may cause at
least one estimated biochemical measurement, of the one or more estimated biochemical
measurements associated with the rectal sample, to be displayed on a display of the user device.
[0046] As another example, the user device and/or analyzing platform may determine that an
estimated biochemical measurement is outside a normal range (e.g., the estimated biochemical
measurement is less than a normal minimum measurement or greater than a normal maximum
measurement). The user device and/or the analyzing platform may determine, based on determining
that the estimated biochemical measure is outside the normal range, an estimated health condition of
the user (e.g., that indicates whether the user has a gastrointestinal disease, whether the user is at risk
of developing a gastrointestinal disease, whether the user is anemic, whether the user is dehydrated,
and/or the like). The user device and/or the analyzing platform may cause, based on the estimated
health condition of the user, a different device, such as a server device, to schedule an appointment
time for a bowel screening procedure, a blood test, a physical examination (¢.g., by a doctor), and/or
the like.

[0047] In another example, the analyzing platform may receive information concerning one or
more biochemical measurements from a different device (e.g., a laboratory technician may send, using
the different device, information concerning blood test results of the user to the analyzing platform).
The analyzing platform may cause the first model to be updated based on the first image, the second
image, the user information, the one or more estimated biochemical measurement, and/or the
information concerning one or more biochemical measurements.

[0048] In an additional example, the user device, based on the turbidity score and/or the
information concerning estimated bowel cleanliness, may generate one or more instructions
conceming consumption of a bowel preparation agent (e.g., for a bowel screening procedure) by the
user and cause the user device to display the one or more instructions on the display of the user
device. The one or more instructions may indicate that the user is to stop consuming the bowel
preparation agent, that the user is to take a particular amount of the bowel preparation agent at a
particular time, that the user is to contact a medical professional (e.g., a doctor, a nurse, and/or the
like) about consumption of the bowel preparation agent, and/or the like. In another example, the user
device may determine a dose of the bowel preparation agent to be consumed by the user, determine a
time the dose is to be consumed by the user, and cause the user device to display information
conceming the dose and the time on a display of the user device.

[0049] In an additional example, the user device and/or the analyzing platform may determine a
time range for commencing a bowel screening procedure for the user based on the user information,
the consumption information, the one or more estimated biochemical measurements associated with

the rectal sample, the turbidity score, and/or the information concerning estimated bowel cleanliness
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of the user. The user device may generate a message that includes the time range and send the
message to a different device, such as a server device, to cause the different device to schedule an
appointment time concerning the bowel screening procedure. In this way, the user device and/or the
analyzing platform can facilitate the bowel screening procedure occurring at a time when the bowel
has a high likelihood of being clean and/or being visualized. In a different example, the user device
may initiate a communication session with a communication device associated with a bowel screening
procedure for the user (e.g., the user device may automatically call a communication device
associated with a healthcare facility associated with the bowel screen procedure) to allow the user of
the user device to communicate with a representative to schedule an appointment time concerning the
bowel screening procedure.

[0050] In another example, the analyzing platform may receive information concerning turbidity
of effluent in the bowel of the user from a different device (e.g., an endoscopist may collect and
analyze effluent from the bowel of the user during the bowel screening procedure and send, using the
different device, information conceming turbidity of the effluent to the analyzing platform). The
analyzing platform may cause the second model to be updated based on the first image, the second
image, the user information, the consumption information, the turbidity score, and/or the information
concerning turbidity of effluent in the bowel of the user. In an additional example, the user device
may receive information concerning actual bowel cleanliness of the user from a different device (e.g.,
an endoscopist may grade the cleanliness of the bowel of the user during the bowel screening
procedure and send, using the different device, information concerning actual bowel cleanliness of the
user to the analyzing platform). The analyzing platform may cause the third model to be updated
based on the first image, the second image, the user information, the consumption information, the
turbidity score, the information conceming estimated bowel cleanliness of the user, and/or the
information concerning actual bowel cleanliness of the user.

[0051] In an additional example, the analyzing platform may receive feedback from the user of
the user device (e.g., the user may enter feedback into the user device after the bowel screening
procedure, and/or the user may use another device to enter the feedback, and send the feedback to the
analyzing platform). The feedback may concern the bowel preparation agent, consumption of the
bowel preparation agent, the bowel screening procedure, and/or the like. The analyzing platform may
cause the second model and/or the third model to be updated based on the feedback.

[0052] Some example implementations described herein concern the user device and/or the
analyzing platform obtaining and analyzing a first image and a second image to determine rectal
sample information. In practice, implementations include the user device and/or the analyzing
platform obtaining and analyzing multiple images, in a similar manner as described herein, to

determine the rectal sample information.
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[0053] Some example implementations described herein concern the analyzing platform
performing one or more functions (¢.g., determining the set of characteristics concerning the liquid,
determining the set of characteristics concerning the rectal sample, determining the one or more
estimated biochemical measurements associated with the rectal sample, determining the turbidity
score, determining the information concerning estimated bowel cleanliness of the user, causing the
one or more actions to be performed, and/or the like), but some implementations include the user
device performing at least one function of the one or more functions. For example, in some
implementations, the user device may not communicate with the analyzing platform and may perform
all of the one or more functions. Additionally, or altematively, some example implementations
described herein concern the user device performing one or more additional functions (e.g., obtaining
the user information, obtaining the consumption information, generating and/or causing display of
messages, causing the one or more actions to be performed, and/or the like), but some
implementations include the analyzing platform performing at least one additional function of the one
or more additional functions.

[0054] Some example implementations described herein concern the analyzing platform
performing and/or the user device determining one or more estimated biochemical measurements
associated with a rectal sample, determining a turbidity score associated with the rectal sample, and/or
the like. However, contemplated implementations include the analyzing platform and/or the user
device determining one or more estimated biochemical measurements associated with other bodily
fluids (e.g., urine, sputum, mucus, and/or the like), determining a turbidity score associated with other
bodily fluids, and/or the like. For example, a turbidity score associated with urine may indicate a
measure of specific gravity of a user’s urine. Further, the analyzing platform and/or the user device
may determine, based on the one or more estimated biochemical measurements and/or the turbidity
score associated with the urine, sputum, mucus, and/or the like, information concerning an estimated
indicator of health of the user. For example, the analyzing platform and/or user device may
determine, based on the one or more estimated biochemical measurements and/or the turbidity score
associated with the urine, information concerning an estimated hydration status of the user and/or
information conceming estimated kidney function of the user in a similar manner as described herein.
[0055] As indicated above, Figs. 1A-1D are provided merely as examples. Other examples may
differ from what is described with regard to Figs. 1A-1D.

[0056] Fig. 2 is a diagram of an example environment 200 in which systems and/or methods
described herein may be implemented. As shown in Fig. 2, environment 200 may include a user
device 210, a network 220, an analyzing platform 230 in a cloud computing environment 232 that
includes computing resources 234, and/or the like. Devices of environment 200 may interconnect via

wired connections, wireless connections, or a combination of wired and wireless connections.
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[0057] User device 210 includes one or more devices capable of receiving, generating, storing,
processing, analyzing, and/or providing information, such as information described herein. For
example, user device 210 may include a computer (¢.g., a desktop computer, a laptop computer, a
tablet computer, a handheld computer, a server device, etc.), a mobile phone (e.g., a smart phone, a
radiotelephone, etc.), an internet of things (IoT) device or smart appliance, or a similar device. User
device 210 may include a camera device and may be configured to capture an image using the camera
device. The camera device may be configured to capture hyperspectral images and may include a
filter that is configured to allow the camera device to capture images associated with a particular
spectral range. In some implementations, user device 210 may receive information from and/or
transmit information to analyzing platform 230, and/or the like.

[0058] Network 220 includes one or more wired and/or wireless networks. For example,
network 220 may include a cellular network (e.g., a long-term evolution (LTE) network, a code
division multiple access (CDMA) network, a 3G network, a 4G network, a 5G network, another type
of next generation network, etc.), a public land mobile network (PLMN), a local area network (LAN),
a wide area network (WAN), a metropolitan area network (MAN), a telephone network (e.g., the
Public Switched Telephone Network (PSTN)), a private network, an ad hoc network, an intranet, the
intemnet, a fiber optic-based network, a cloud computing network, a mesh network and/or the like,
and/or a combination of these or other types of networks.

[0059] Analyzing platform 230 includes one or more devices capable of determining one or more
estimated biochemical measurements associated with a rectal sample, determining a turbidity score of
the rectal sample, and/or determining information concerning estimated bowel cleanliness of a user.
In some implementations, analyzing platform 230 may be designed to be modular such that certain
software components may be swapped in or out depending on a particular need. As such, analyzing
platform 230 may be easily and/or quickly reconfigured for different uses. In some implementations,
analyzing platform 230 may receive information from and/or transmit information to user device 210,
such as via network 220.

[0060] In some implementations, as shown, analyzing platform 230 may be hosted in a cloud
computing environment 232. Notably, while implementations described herein describe analyzing
platform 230 as being hosted in cloud computing environment 232, in some implementations,
analyzing platform 230 may be non-cloud-based (i.c., may be implemented outside of a cloud
computing environment) or may be partially cloud-based.

[0061] Cloud computing environment 232 includes an environment that hosts analyzing platform
230. Cloud computing environment 232 may provide computation, software, data access, storage, etc.
services that do not require end-user knowledge of a physical location and configuration of system(s)

and/or device(s) that hosts analyzing platform 230. As shown, cloud computing environment 232
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may include a group of computing resources 234 (referred to collectively as “computing resources
2347 and individually as “computing resource 2347).

[0062] Computing resource 234 includes onc or more personal computers, workstation
computers, server devices, or other types of computation and/or communication devices. In some
implementations, computing resource 234 may host analyzing platform 230. The cloud resources
may mclude compute instances executing in computing resource 234, storage devices provided in
computing resource 234, data transfer devices provided by computing resource 234, etc. In some
implementations, computing resource 234 may communicate with other computing resources 234 via
wired connections, wireless connections, or a combination of wired and wireless connections.

[0063] As further shown in Fig. 2, computing resource 234 includes a group of cloud resources,
such as one or more applications (“APPs”) 234-1, one or more virtual machines (“VMs™) 234-2,
virtualized storage (“'VSs™) 234-3, one or more hypervisors (“HYPs™) 234-4, and/or the like.

[0064] Application 234-1 includes one or more software applications that may be provided to or
accessed by user device 210. Application 234-1 may eliminate a need to install and execute the
software applications on user device 210. For example, application 234-1 may include software
associated with analyzing platform 230 and/or any other software capable of being provided via cloud
computing environment 232. In some implementations, one application 234-1 may send/receive
information to/from one or more other applications 234-1, via virtual machine 234-2.

[0065] Virtual machine 234-2 includes a software implementation of a machine (c.g., a
computer) that executes programs like a physical machine. Virtual machine 234-2 may be either a
system virtual machine or a process virtual machine, depending upon use and degree of
correspondence to any real machine by virtual machine 234-2. A system virtual machine may provide
a complete system platform that supports execution of a complete operating system (“0OS”). A
process virtual machine may execute a single program, and may support a single process. In some
implementations, virtual machine 234-2 may execute on behalf of a user (e.g., a user of user device
210), and may manage infrastructure of cloud computing environment 232, such as data management,
synchronization, or long-duration data transfers.

[0066] Virtualized storage 234-3 includes one or more storage systems and/or onc or more
devices that use virtualization techniques within the storage systems or devices of computing resource
234, In some implementations, within the context of a storage system, types of virtualizations may
include block virtualization and file virtualization. Block virtualization may refer to abstraction (or
separation) of logical storage from physical storage so that the storage system may be accessed
without regard to physical storage or heterogeneous structure. The separation may permit
administrators of the storage system flexibility in how the administrators manage storage for end

users. File virtualization may eliminate dependencies between data accessed at a file level and a
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location where files are physically stored. This may enable optimization of storage use, server
consolidation, and/or performance of non-disruptive file migrations.

[0067] Hypervisor 234-4 may provide hardware virtualization techniques that allow multiple
operating systems (e.g., “guest operating systems™) to execute concurrently on a host computer, such
as computing resource 234. Hypervisor 234-4 may present a virtual operating platform to the guest
operating systems, and may manage the execution of the guest operating systems. Multiple instances
of a variety of operating systems may share virtualized hardware resources.

[0068] The number and arrangement of devices and networks shown in Fig. 2 are provided as
one or more examples. In practice, there may be additional devices and/or networks, fewer devices
and/or networks, different devices and/or networks, or differently arranged devices and/or networks
than those shown in Fig. 2. Furthermore, two or more devices shown in Fig. 2 may be implemented
within a single device, or a single device shown in Fig. 2 may be implemented as multiple, distributed
devices. Additionally, or alternatively, a set of devices (e.g., one or more devices) of environment
200 may perform one or more functions described as being performed by another set of devices of
environment 200,

[0069] Fig. 3 is a diagram of example components of a device 300. Device 300 may correspond
to user device 210, analyzing platform 230, computing resource 234, and/or the like. In some
implementations, user device 210, analyzing platform 230, computing resource 234, and/or the like
may include one or more devices 300 and/or one or more components of device 300. As shown in
Fig. 3, device 300 may include a bus 310, a processor 320, a memory 330, a storage component 340,
an input component 350, an output component 360, and a communication interface 370.

[0070] Bus 310 includes a component that permits communication among multiple components
of device 300. Processor 320 is implemented in hardware, firmware, and/or a combination of
hardware and software. Processor 320 is a central processing unit (CPU), a graphics processing unit
(GPU), an accelerated processing unit (APU), a microprocessor, a microcontroller, a digital signal
processor (DSP), a field-programmable gate array (FPGA), an application-specific integrated circuit
(ASIC), or another type of processing component. In some implementations, processor 320 includes
one or more processors capable of being programmed to perform a function. Memory 330 includes a
random access memory (RAM), a read only memory (ROM), and/or another type of dynamic or static
storage device (e.g., a flash memory, a magnetic memory, and/or an optical memory) that stores
information and/or instructions for use by processor 320.

[0071] Storage component 340 stores information and/or software related to the operation and
use of device 300. For example, storage component 340 may include a hard disk (e.g., a magnetic
disk, an optical disk, and/or a magneto-optic disk), a solid state drive (SSD), a compact disc (CD), a
digital versatile disc (DVD), a floppy disk, a cartridge, a magnetic tape, and/or another type of non-

transitory computer-readable medium, along with a corresponding drive.
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[0072] Input component 350 includes a component that permits device 300 to receive
information, such as via user input (¢.g., a touch screen display, a keyboard, a keypad, a mouse, a
button, a switch, and/or a microphone). Additionally, or alternatively, input component 350 may
include a component for determining location (¢.g., a global positioning system (GPS) component)
and/or a sensor (¢.g., an accelerometer, a gyroscope, an actuator, another type of positional or
environmental sensor, and/or the like). Output component 360 includes a component that provides
output information from device 300 (via, €.g., a display, a speaker, a haptic feedback component, an
audio or visual indicator, and/or the like).

[0073] Communication interface 370 includes a transceiver-like component (¢.g., a transceiver, a
separate receiver, a separate transmitter, and/or the like) that enables device 300 to communicate with
other devices, such as via a wired connection, a wireless connection, or a combination of wired and
wireless connections. Communication interface 370 may permit device 300 to receive information
from another device and/or provide information to another device. For example, communication
interface 370 may include an Ethernet interface, an optical interface, a coaxial interface, an infrared
interface, a radio frequency (RF) interface, a universal serial bus (USB) interface, a Wi-Fi interface, a
cellular network interface, and/or the like.

[0074] Device 300 may perform one or more processes described herein. Device 300 may
perform these processes based on processor 320 executing software instructions stored by a non-
transitory computer-readable medium, such as memory 330 and/or storage component 340. As used
herein, the term “computer-readable medium” refers to a non-transitory memory device. A memory
device includes memory space within a single physical storage device or memory space spread across
multiple physical storage devices.

[0075] Software instructions may be read into memory 330 and/or storage component 340 from
another computer-readable medium or from another device via communication interface 370. When
executed, software instructions stored in memory 330 and/or storage component 340 may cause
processor 320 to perform one or more processes described herein. Additionally, or alternatively,
hardware circuitry may be used in place of or in combination with software instructions to perform
one or more processes described herein. Thus, implementations described herein are not limited to
any specific combination of hardware circuitry and software.

[0076] The number and arrangement of components shown in Fig. 3 are provided as an example.
In practice, device 300 may include additional components, fewer components, different components,
or differently arranged components than those shown in Fig. 3. Additionally, or alternatively, a set of
components (¢.g., one or more components) of device 300 may perform one or more functions
described as being performed by another set of components of device 300.

[0077] Fig. 4 1s a flow chart of an example process 400 for analyzing image data to determine

rectal sample information. In some implementations, one or more process blocks of Fig. 4 may be
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performed by a user device (e.g., user device 210). In some implementations, one or more process
blocks of Fig. 4 may be performed by another device or a group of devices separate from or including
the user device, such as analyzing platform 230, and/or the like.

[0078] As shown in Fig. 4, process 400 may include obtaining a first image of a liquid in a
receptacle (block 410). For example, the user device (e.g., using processor 320, memory 330, storage
component 340, input component 350, output component 360, communication interface 370 and/or
the like) may obtain a first image of a liquid in a receptacle, as described above.

[0079] As further shown in Fig. 4, process 400 may include analyzing the first image to
determine a first set of visual characteristics concerning the liquid (block 420). For example, the user
device (e.g., using processor 320, memory 330, storage component 340, input component 350, output
component 360, communication interface 370 and/or the like) may analyze the first image to
determine a first set of visual characteristics concerning the liquid, as described above.

[0080] As further shown in Fig. 4, process 400 may include obtaining a second image of a rectal
sample in the liquid in the receptacle, wherein the rectal sample originated from a bowel of a subject
(block 430). For example, the user device (e.g., using processor 320, memory 330, storage
component 340, input component 350, output component 360, communication interface 370 and/or
the like) may obtain a second image of a rectal sample in the liquid in the receptacle, as described
above. In some implementations, the rectal sample originated from a bowel of a subject.

[0081] As further shown in Fig. 4, process 400 may include analyzing the second image to
determine a second set of visual characteristics concerning the rectal sample (block 440). For
example, the user device (¢.g., using processor 320, memory 330, storage component 340, input
component 350, output component 360, communication interface 370 and/or the like) may analyze the
second image to determine a second set of visual characteristics concerning the rectal sample, as
described above.

[0082] As further shown in Fig. 4, process 400 may include determining, based on the first set of
visual characteristics and the second set of visual characteristics, rectal sample information (block
450). For example, the user device (¢.g., using processor 320, memory 330, storage component 340,
iput component 350, output component 360, communication interface 370 and/or the like) may
determine, based on the first set of visual characteristics and the second set of visual characteristics,
rectal sample information, as described above.

[0083] As further shown in Fig. 4, process 400 may include causing one or more actions to be
performed based on the rectal sample information (block 460). For example, the user device (e.g.,
using processor 320, memory 330, storage component 340, input component 350, output component
360, communication interface 370 and/or the like) may cause one or more actions to be performed

based on the rectal sample information, as described above.
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[0084] Process 400 may include additional implementations, such as any single implementation
or any combination of implementations described below and/or in connection with one or more other
processes described elsewhere herein.

[0085] In a first implementation, the rectal sample information includes at least one of one or
more estimated biochemical measurements associated with the rectal sample; a turbidity score of the
rectal sample; or information concerning estimated bowel cleanliness of the bowel of the subject.
[0086] In a second implementation, alone or in combination with the first implementation, the
one or more estimated biochemical measurements associated with the rectal sample include at least
one of an estimated hemoglobin measurement associated with the rectal sample; an estimated protein
measurement associated with the rectal sample; an estimated fat measurement associated with the
rectal sample; an estimated carbohydrate measurement associated with the rectal sample; an estimated
nucleic acid measurement associated with the rectal sample; or an estimated acidity measurement
associated with the rectal sample.

[0087] In a third implementation, alone or in combination with one or more of the first and
sccond implementations, analyzing the first image to determine the first sct of visual characteristics
further comprises determining a first area of the first image associated with the liquid, and analyzing
image data of the first image associated with the first arca to determine a light intensity and a color
associated with the liquid, wherein analyzing the second image to determine the second set of visual
characteristics further comprises determining a second area of the second image associated with the
rectal sample in the liquid, and analyzing image data of the second image associated with the second
arca to determine a light intensity and a color associated with the rectal sample.

[0088] In a fourth implementation, alone or in combination with one or more of the first through
third implementations, the rectal sample information includes information concerning estimated
bowel cleanliness of the bowel of the subject, and determining the rectal sample information
comprises determining, using at least one machine learning model and based on the first set of visual
characteristics and the second set of visual characteristics, a turbidity score for the rectal sample that
indicates a measure of turbidity of the rectal sample, and determining, using the at least one machine
learning model and based on the turbidity score, the information concerning the estimated bowel
cleanliness of the bowel of the subject.

[0089] In a fifth implementation, alone or in combination with one or more of the first through
fourth implementations, the at least one machine learning model has been trained to determine the
turbidity score based on a light intensity and a color associated with a particular liquid and a light
intensity and a color associated with a particular rectal sample.

[0090] In a sixth implementation, alone or in combination with one or more of the first through
fifth implementations, the additional machine learning model has been trained to determine the

iformation concerning the estimated bowel cleanliness of the bowel of the subject based on at least
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one of: the turbidity score; an age of the subject; a sex of the subject; a health status of the subject; a
health history of the subject; information concerning medication consumed by the subject;
information concerning an amount of bowel preparation agent consumed by the subject; information
conceming a dosage of the bowel preparation agent; information concerning an amount of time since
the amount of bowel preparation agent was consumed by the subject; information concerning a total
amount of bowel preparation agent consumed by the subject; or information concerning a time of an
initial consumption of the bowel preparation agent by the subject.

[0091] In a seventh implementation, alone or in combination with one or more of the first
through sixth implementations, determining the rectal sample information comprises: determining,
using a machine leaming model and based on the first set of visual characteristics and the second set
of visual characteristics, one or more estimated biochemical measurements associated with the rectal
sample.

[0092] In an eighth implementation, alone or in combination with one or more of the first
through seventh implementations, the rectal sample information includes one or more estimated
biochemical measurements associated with the rectal sample, and determining the rectal sample
information comprises: determining, using a colorimetric processing technique and based on the first
set of visual characteristics and the second set of visual characteristics, the one or more estimated
biochemical measurements associated with the rectal sample.

[0093] In a ninth implementation, alone or in combination with one or more of the first through
eighth implementations, causing the one or more actions to be performed comprises: generating one
or more instructions concerning consumption of a bowel preparation agent by the subject, and causing
a user device to display the one or more instructions on a display of the user device.

[0094] In a tenth implementation, alone or in combination with one or more of the first through
ninth implementations, causing the one or more actions to be performed comprises: determining,
based on the rectal sample information, a time range for commencing a bowel screening procedure for
the subject; generating a message that includes the time range, and sending the message to a different
device to cause the different device to schedule an appointment time concerning the bowel screening
procedure.

[0095] Although Fig. 4 shows example blocks of process 400, in some implementations, process
400 may include additional blocks, fewer blocks, different blocks, or differently arranged blocks than
those depicted in Fig. 4. Additionally, or alternatively, two or more of the blocks of process 400 may
be performed in parallel.

[0096] Fig. 5 is a flow chart of an example process 500 for analyzing image data to determine
rectal sample information. In some implementations, one or more process blocks of Fig. 5 may be

performed by an analyzing platform (¢.g., analyzing platform 230). In some implementations, one or
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more process blocks of Fig. 5 may be performed by another device or a group of devices separate
from or including the device, such as a user device (¢.g., user device 210), and/or the like..

[0097] As shown in Fig. 5, process 500 may include obtaining, from a user device, a first image
of aliquid in a receptacle (block 510). For example, the analyzing platform (e.g., using computing
resource 234, processor 320, memory 330, storage component 340, input component 350, output
component 360, communication interface 370 and/or the like) may obtain, from a user device, a first
image of a liquid in a receptacle, as described above.

[0098] As further shown in Fig. 5, process 500 may include analyzing the first image to
determine a characteristic associated with the liquid (block 520). For example, the analyzing platform
(c.g., using computing resource 234, processor 320, memory 330, storage component 340, input
component 350, output component 360, communication interface 370 and/or the like) may analyze the
first image to determine a characteristic associated with the liquid, as described above.

[0099] As further shown in Fig. 5, process 500 may include obtaining, from the user device, a
second image of a rectal sample in the liquid in the receptacle (block 530). For example, the
analyzing platform (¢.g., using computing resource 234, processor 320, memory 330, storage
component 340, input component 350, output component 360, communication interface 370 and/or
the like) may obtain, from the user device, a second image of a rectal sample in the liquid in the
receptacle, as described above.

[00100]  As further shown in Fig. 5, process 500 may include analyzing the second image to
determine a characteristic associated with the rectal sample (block 540). For example, the analyzing
platform (e.g., using computing resource 234, processor 320, memory 330, storage component 340,
iput component 350, output component 360, communication interface 370 and/or the like) may
analyze the second image to determine a characteristic associated with the rectal sample, as described
above.

[00101]  As further shown in Fig. 5, process 500 may include determining, using one or more
machine learning models and based on the characteristic associated with the liquid and the
characteristic associated with the rectal sample, rectal sample information (block 550). For example,
the analyzing platform (e.g., using computing resource 234, processor 320, memory 330, storage
component 340, input component 350, output component 360, communication interface 370 and/or
the like) may determine, using one or more machine learing models and based on the characteristic
associated with the liquid and the characteristic associated with the rectal sample, rectal sample
information, as described above.

[00102]  As further shown in Fig. 5, process 500 may include causing one or more actions to be
performed based on the rectal sample information (block 560). For example, the analyzing platform

(e.g., using computing resource 234, processor 320, memory 330, storage component 340, input
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component 350, output component 360, communication interface 370 and/or the like) may cause one
or more actions to be performed based on the rectal sample information, as described above.

[00103] Process 500 may include additional implementations, such as any single implementation
or any combination of implementations described below and/or in connection with one or more other
processes described elsewhere herein.

[00104] In a first implementation, the receptacle is a toilet and the liquid is water.

[00105] In asecond implementation, alone or in combination with the first implementation, the
characteristic associated with the liquid is a color associated with the liquid, a light intensity
associated with the liquid, or a brightness associated with the liquid, and the characteristic associated
with the rectal sample is a color associated with the rectal sample, a light intensity associated with the
rectal sample, or a brightness associated with the rectal sample.

[00106] In athird implementation, alone or in combination with one or more of the first and
second implementations, analyzing the first image to determine the characteristic associated with the
liquid includes processing the first image to color normalize the first image; and determining the
characteristic associated with the liquid after processing the first image, and analyzing the second
1mage to determine the characteristic associated with the rectal sample includes processing the second
1mage to color normalize the second image, and determining the characteristic associated with the
rectal sample after processing the second image.

[00107] In a fourth implementation, alone or in combination with one or more of the first through
third implementations, causing the one or more actions to be performed includes receiving additional
rectal sample information from a different device; and causing at least one machine learning model, of
the one or more machine learning models, to be updated based on the additional rectal sample
information.

[00108] Although Fig. 5 shows example blocks of process 500, in some implementations, process
500 may include additional blocks, fewer blocks, different blocks, or differently arranged blocks than
those depicted in Fig. 5. Additionally, or alternatively, two or more of the blocks of process 500 may
be performed in parallel.

[00109] Fig. 6 is a flow chart of an example process 600 for analyzing image data to determine
rectal sample information. In some implementations, one or more process blocks of Fig. 6 may be
performed by a user device (e.g., user device 210). In some implementations, one or more process
blocks of Fig. 6 may be performed by another device or a group of devices separate from or including
the device, such as an analyzing platform (e.g., analyzing platform 230), and/or the like.

[00110] Asshown in Fig. 6, process 600 may include causing display, on a display of the user
device, of a first instruction regarding capturing an image of a liquid in a receptacle (block 610). For
example, the user device (e.g., using processor 320, memory 330, storage component 340, input

component 350, output component 360, communication interface 370 and/or the like) may cause
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display, on a display of the user device, of a first instruction regarding capturing an image of a liquid
in a receptacle, as described above.

[00111]  As further shown in Fig. 6, process 600 may include obtaining, after causing display of
the first instruction, a first image of the liquid (block 620). For example, the user device (e.g., using
processor 320, memory 330, storage component 340, input component 350, output component 360,
communication interface 370 and/or the like) may obtain, after causing display of the first instruction,
a first image of the liquid, as described above.

[00112]  As further shown in Fig. 6, process 600 may include analyzing the first image to
determine a first set of characteristics concerning the liquid (block 630). For example, the user device
(c.g., using processor 320, memory 330, storage component 340, input component 350, output
component 360, communication interface 370 and/or the like) may analyze the first image to
determine a first set of characteristics concerning the liquid, as described above.

[00113] As further shown in Fig. 6, process 600 may include causing display, on the display of the
user device, of a second instruction regarding capturing an image of a rectal sample, of a user of the
user device, in the liquid in the receptacle (block 640). For example, the user device (e.g., using
processor 320, memory 330, storage component 340, input component 350, output component 360,
communication interface 370 and/or the like) may cause display, on the display of the user device, of
a second instruction regarding capturing an image of a rectal sample, of a user of the user device, in
the liquid in the receptacle, as described above.

[00114]  As further shown in Fig. 6, process 600 may include obtaining, after causing display of
the second instruction, a second image of the rectal sample (block 650). For example, the user device
(e.g., using processor 320, memory 330, storage component 340, input component 350, output
component 360, communication interface 370 and/or the like) may obtain, after causing display of the
second instruction, a second image of the rectal sample, as described above.

[00115]  As further shown in Fig. 6, process 600 may include analyzing the second image to
determine a second set of characteristics concerning the rectal sample (block 660). For example, the
user device (¢.g., using processor 320, memory 330, storage component 340, input component 350,
output component 360, communication interface 370 and/or the like) may analyze the second image
to determine a second set of characteristics concerning the rectal sample, as described above.

[00116]  As further shown in Fig. 6, process 600 may include determining, based on the first set of
characteristics and the second set of characteristics, rectal sample information (block 670). For
example, the user device (¢.g., using processor 320, memory 330, storage component 340, input
component 350, output component 360, communication interface 370 and/or the like) may determine,
based on the first set of characteristics and the second set of characteristics, rectal sample information,

as described above.
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[00117]  As further shown in Fig. 6, process 600 may include automatically performing one or
more actions based on the rectal sample information (block 680). For example, the user device (e.g.,
using processor 320, memory 330, storage component 340, input component 350, output component
360, communication mterface 370 and/or the like) may automatically perform one or more actions
based on the rectal sample information, as described above.

[00118] Process 600 may include additional implementations, such as any single implementation
or any combination of implementations described below and/or in connection with one or more other
processes described elsewhere herein.

[00119] In a first implementation, a camera device of the user device is configured to obtain the
first image of the liquid and the second image of the rectal sample, wherein the camera device is
configured to capture hyperspectral images.

[00120] In asecond implementation, alone or in combination with the first implementation,
automatically performing the one or more actions includes initiating a communication session with a
communication device associated with a bowel screening procedure for the user.

[00121] In athird implementation, alone or in combination with one or more of the first and
second implementations, the rectal sample information includes one or more estimated biochemical
measurements associated with the rectal sample, and antomatically performing the one or more
actions includes determining, based on the one or more estimated biochemical measurements
associated with the rectal sample, an estimated health condition of the user, and automatically
causing, based on the estimated health condition of the user, a different device to schedule an
appointment time for at least one of the following: a bowel screening procedure, a blood test, or a
physical examination of the user.

[00122] Although Fig. 6 shows example blocks of process 600, in some implementations, process
600 may include additional blocks, fewer blocks, different blocks, or differently arranged blocks than
those depicted in Fig. 6. Additionally, or alternatively, two or more of the blocks of process 600 may
be performed in parallel.

[00123] The foregoing disclosure provides illustration and description, but is not intended to be
exhaustive or to limit the implementations to the precise forms disclosed. Modifications and
variations may be made in light of the above disclosure or may be acquired from practice of the
implementations.

[00124]  As used herein, the term “component” is intended to be broadly construed as hardware,
firmware, and/or a combination of hardware and software.

[00125] Certain user interfaces have been described herein and/or shown in the figures. A user
interface may include a graphical user interface, a non-graphical user interface, a text-based user
interface, and/or the like. A user interface may provide information for display. In some

implementations, a user may interact with the information, such as by providing input via an input

25



WO 2020/172073 PCT/US2020/018390

component of a device that provides the user interface for display. In some implementations, a user
interface may be configurable by a device and/or a user (¢.g., a user may change the size of the user
interface, information provided via the user interface, a position of information provided via the user
interface, etc.). Additionally, or alternatively, a user interface may be pre-configured to a standard
configuration, a specific configuration based on a type of device on which the user interface is
displayed, and/or a set of configurations based on capabilities and/or specifications associated with a
device on which the user interface is displayed.

[00126] It will be apparent that systems and/or methods described herein may be implemented in
different forms of hardware, firmware, or a combination of hardware and software. The actual
specialized control hardware or software code used to implement these systems and/or methods is not
limiting of the implementations. Thus, the operation and behavior of the systems and/or methods are
described herein without reference to specific software code—it being understood that software and
hardware can be designed to implement the systems and/or methods based on the description herein.
[00127] Even though particular combinations of features are recited in the claims and/or disclosed
in the specification, these combinations are not intended to limit the disclosure of various
implementations. In fact, many of these features may be combined in ways not specifically recited in
the claims and/or disclosed in the specification. Although each dependent claim listed below may
directly depend on only one claim, the disclosure of various implementations includes each dependent
claim in combination with every other claim in the claim set.

[00128] No element, act, or instruction used herein should be construed as critical or essential
unless explicitly described as such. Also, as used herein, the articles *a” and “an” are intended to
include one or more items, and may be used interchangeably with “one or more.” Furthermore, as
used herein, the term “set” is intended to include one or more items (e.g., related items, unrelated
items, a combination of related and unrelated items, etc.), and may be used interchangeably with “one
or more.” Where only one item is intended, the phrase “only one™ or similar language is used. Also,
as used herein, the terms “has,” “have,” “having,” or the like are intended to be open-ended terms.
Further, the phrase “based on” is intended to mean “based, at least in part, on” unless explicitly stated

otherwise.
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WHAT IS CLAIMED IS:

1. A method, comprising:

obtaining, by a device, a first image of a liquid in a receptacle;

analyzing, by the device, the first image to determine a first set of visual characteristics
conceming the liquid;

obtaining, by the device, a second image of a rectal sample in the liquid in the receptacle,

wherein the rectal sample originated from a bowel of a subject;

analyzing, by the device, the second image to determine a second set of visual characteristics
conceming the rectal sample;

determining, by the device and based on the first set of visual characteristics and the second
set of visual characteristics, rectal sample information; and

causing, by the device, one or more actions to be performed based on the rectal sample

information.

2. The method of claim 1, wherein the rectal sample information includes at least one of:
one or more estimated biochemical measurements associated with the rectal sample;
a turbidity score of the rectal sample; or

information concerning estimated bowel cleanliness of the bowel of the subject.

3. The method of claim 2, wherein the one or more estimated biochemical measurements
associated with the rectal sample include at least one of:

an estimated hemoglobin measurement associated with the rectal sample;

an estimated protein measurement associated with the rectal sample;

an estimated fat measurement associated with the rectal sample;

an estimated carbohydrate measurement associated with the rectal sample;

an estimated nucleic acid measurement associated with the rectal sample; or

an estimated acidity measurement associated with the rectal sample.

4. The method of claim 1, wherein analyzing the first image to determine the first set of visual
characteristics further comprises:
determining a first area of the first image associated with the liquid; and
analyzing image data of the first image associated with the first area to determine a light
intensity and a color associated with the liquid,
wherein analyzing the second image to determine the second set of visual

characteristics further comprises:
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determining a second area of the second image associated with the rectal
sample in the liquid, and
analyzing image data of the second image associated with the second area to

determine a light intensity and a color associated with the rectal sample.

5. The method of claim 1, wherein the rectal sample information includes information
concerning estimated bowel cleanliness of the bowel of the subject, and
wherein determining the rectal sample information comprises:
determining, using at least one machine learning model and based on the first set of
visual characteristics and the second set of visual characteristics, a turbidity score for the
rectal sample that indicates a measure of turbidity of the rectal sample; and
determining, using the at least one machine learning model and based on the turbidity

score, the information concerning the estimated bowel cleanliness of the bowel of the subject.

6. The method of claim 3, wherein the at least one machine learning model has been trained to
determine the turbidity score based on a light intensity and a color associated with a particular liquid

and a light intensity and a color associated with a particular rectal sample.

7. The method of claim 5, wherein the at least one machine learning model has been trained to
determine the information concerning the estimated bowel cleanliness of the bowel of the subject
based on at least one of:

the turbidity score;

an age of the subject;

a sex of the subject;

a health status of the subject;

a health history of the subject;

mformation conceming medication consumed by the subject;

mformation conceming an amount of bowel preparation agent consumed by the subject;

mformation conceming a dosage of the bowel preparation agent;

mformation concerning an amount of time since the amount of bowel preparation agent was
consumed by the subject;

information concerning a total amount of bowel preparation agent consumed by the subject;

or

information concerning a time of an initial consumption of the bowel preparation agent by the
subject.
8. The method of claim 1, wherein determining the rectal sample information comprises:
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determining, using a machine learning model and based on the first set of visual
characteristics and the second set of visual characteristics, one or more estimated biochemical

measurements associated with the rectal sample.

9. The method of claim 1, wherein the rectal sample information includes one or more estimated
biochemical measurements associated with the rectal sample,
wherein determining the rectal sample information comprises:
determining, using a colorimetric processing technique and based on the first set of
visual characteristics and the second set of visual characteristics, the one or more estimated

biochemical measurements associated with the rectal sample.

10. The method of claim 1, wherein causing the one or more actions to be performed comprises:
generating one or more instructions concerning consumption of a bowel preparation agent by
the subject; and

causing a user device to display the one or more instructions on a display of the user device.

11. The method of claim 1, wherein causing the one or more actions to be performed comprises:
determining, based on the rectal sample information, a time range for commencing a bowel
screening procedure for the subject;
generating a message that includes the time range; and
sending the message to a different device to cause the different device to schedule an

appointment time concerning the bowel screening procedure.

12. A device, comprising:
one or more memories; and
one or more processors, communicatively coupled to the one or more memories, configured
to:
obtain, from a user device, a first image of a liquid in a receptacle;
analyze the first image to determine a characteristic associated with the liquid;
obtain, from the user device, a second image of a rectal sample in the liquid in the
receptacle;
analyze the second image to determine a characteristic associated with the rectal
sample;
determine, using one or more machine learning models and based on the
characteristic associated with the liquid and the characteristic associated with the rectal
sample, rectal sample information; and

cause one or more actions to be performed based on the rectal sample information.
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13. The device of claim 12, wherein the receptacle is a toilet and the liquid is water.

14. The device of claim 12, wherein the characteristic associated with the liquid is:
a color associated with the liquid,
a light intensity associated with the liquid, or
a brightness associated with the liquid; and
wherein the characteristic associated with the rectal sample is:
a color associated with the rectal sample,
a light intensity associated with the rectal sample, or

a brightness associated with the rectal sample.

15. The device of claim 12, wherein the one or more processors, when analyzing the first image
to determine the characteristic associated with the liquid, are configured to:
process the first image to color normalize the first image; and
determine the characteristic associated with the liquid after processing the first image, and
wherein the one or more processors, when analyzing the second image to determine
the characteristic associated with the rectal sample, are to:
process the second image to color normalize the second image, and
determine the characteristic associated with the rectal sample after processing the

second image.

16. The device of claim 12, wherein the one or more processors, when causing the one or more
actions to be performed, are further configured to:

receive additional rectal sample information from a different device; and

cause at least one machine learning model, of the one or more machine learing models, to be

updated based on the additional rectal sample information.

17. A non-transitory computer-readable medium storing instructions, the instructions comprising:
one or more instructions that, when executed by one or more processors of a user device,
cause the one or more processors to:
cause display, on a display of the user device, of a first instruction regarding
capturing an image of a liquid in a receptacle;
obtain, after causing display of the first instruction, a first image of the liquid;

analyze the first image to determine a first set of characteristics conceming the liquid;
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cause display, on the display of the user device, of a second instruction regarding
capturing an image of a rectal sample, of a user of the user device, in the liquid in the
receptacle;

obtain, after causing display of the second instruction, a second image of the rectal
sample;

analyze the second image to determine a second set of characteristics concerming the
rectal sample;

determine, based on the first set of characteristics and the second set of
characteristics, rectal sample information; and

automatically perform one or more actions based on the rectal sample information.

18. The non-transitory computer-readable medium of claim 17, wherein a camera device of the
user device is configured to obtain the first image of the liquid and the second image of the rectal
sample,

wherein the camera device is configured to capture hyperspectral images.

19. The non-transitory computer-readable medinm of claim 17, wherein the one or more
instructions, that cause the one or more processors to automatically perform the one or more actions,
further cause the one or more processors to:

mitiate a communication session with a communication device associated with a bowel

screening procedure for the user.

20. The non-transitory computer-readable medium of claim 17, wherein the rectal sample
information includes one or more estimated biochemical measurements associated with the rectal
sample,
wherein the one or more instructions, that cause the one or more processors to automatically
perform the one or more actions, cause the onc or more processors to:
determine, based on the one or more estimated biochemical measurements associated
with the rectal sample, an estimated health condition of the user; and
automatically cause, based on the estimated health condition of the user, a different
device to schedule an appointment time for at least one of the following:
a bowel screening procedure,
a blood test, or

a physical examination of the user.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2020/018390

A. CLASSIFICATION OF SUBJECT MATTER

10/04(2006.01)i

A61B 1/00(2006.01)i, A61B 1/31(2006.01)i, G16H 20/10(2018.01)i, G16H 30/40(2018.01)i, A61B 10/00(2006.01)i, A61B

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

G16H 20/10; G16H 30/40; A61B 10/00; A61B 10/04

Minimum documentation searched (classification system followed by classification symbols)
AG61B 1/00; A61B 005/00; A61B 1/31; A61B 5/00; A61B 5/0488; A61B 5/20; B65D 081/00; E03D 9/00; GOIN 33/493; GOIN 33/533;

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & Keywords: image, rectal, bowel, characteristics, cleanliness

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A JP 2018-109597 A (SYMAX INC.) 12 July 2018 1-20
paragraphs [0009]-[0020], [0153]

A JP 2010-172498 A (TOTO LTD.) 12 August 2010 1-20
claims 1-5

A US 2005-0261605 A1 (YOSSEF SHEMER et al.) 24 November 2005 1-20
paragraphs [0014]-[0036]

A US 2018-0317800 A1 (THE REGENTS OF THE UNIVERSITY OF CALIFORNIA) 1-20
08 November 2018
claims 1-10

A KR 10-2016-0046933 A (POSTECH ACADEMY-INDUSTRY FOUNDATION) 02 May 2016 1-20
claims 1-12

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

than the priority date claimed

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"D" document cited by the applicant in the international application "X" document of particular relevance; the claimed invention cannot be

"E" eatlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive
filing date step when the document is taken alone

"L"  document which may throw doubts on priority claim(s) or which is "Y" document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents,such combination

"O" document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family

Date of the actual completion of the international search
05 June 2020 (05.06.2020)

Date of mailing of the international search report

08 June 2020 (08.06.2020)

mailing address of the [SA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Name and

Facsimile No, 182-42-481-8578

Authorized officer

%»¢
,
4 7
G ",
n
7
z
2

Kim, Yeonkyung

Sl bl
e i

|

s
Z

I

Telephone No. +82-42-481-3325

Form PCT/ISA/210 (second sheet) (July 2019)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2020/018390
Patent document Publication Patent family Publication
cited in search report date member(s) date
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WO 2018-203565 Al 08/11/2018
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JP 2010-172498 A 12/08/2010 JP 5257101 B2 07/08/2013
US 2005-0261605 Al 24/11/2005 AU 2003-272064 Al 04/05/2004
IL 167753 A 12/03/2006
WO 2004-036343 A2 29/04/2004
WO 2004-036343 A3 26/08/2004
US 2018-0317800 Al 08/11/2018 EP 3365666 Al 29/08/2018
WO 2017-070700 Al 27/04/2017
KR 10-2016-0046933 A 02/05/2016 None
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