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APPARATUS AND METHOD FOR USER EVALUATION

Cross-reference to related applications

[001] This application claims priority to U.S. Provisional Patent Application No.
62/721,456, filed on August 22, 2018; U.S. Provisional Patent Application No. 62/648,815,
filed on March 27, 2018; U.S. Provisional Patent Application No. 62/645,671, filed on March
20, 2018; U.S. Utility Patent Application No. 16/254,366, filed on January 22, 2019; U.S.
Utility Patent Application No. 16/254,441, filed on January 22, 2019; and U.S. Utility Patent
Application No. 16/254,456, filed on January 22, 2019, the entire contents of each of these

applications being incorporated by reference herein.

Field

[002] This disclosure relates generally to the application of one or more novel
monitoring systems, including one or more of visual monitoring, audio monitoring, or other
sensor data monitoring of one or more characteristics of a user, and more particularly, to the
correlation of results of these unique measurements to quantify changes in the health or other
status of the user, and to further allow for prediction of future response to the application of a
drug, other therapy, or any change in conditions. The disclosure further relates to a system
capturing the collected and correlated information, analyzing that information to determine
further correlations, and allowing a user to provide input querying the stored data in order to
provide information related to the applicability of a particular medication to a potential patient,

or a type of medication to investigate in order to address a particular patient or disease.
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Background

[003] When evaluating a medical patient, doctors or other healthcare providers
perform a generally manual process. This process includes reviewing current characteristics
of the patient against a predetermined set of standards to determine any deviation from those
standards. So, the healthcare provider may take the temperature or blood pressure of the patient,
and compare to standard, acceptable ranges for each such measurement. By running through
a sequence of these comparisons, a battery of tests may be performed to evaluate the health of
the patient. Similarly, neurological or psychiatric tests may be applied that request the patient
respond to specific questions or tasks, so that the responses to these questions can be used to
determine a disease state of a patient, for example.

[004] For more complex evaluations, more robust sets of tests may be administered,
including a series of tests that together may provide insight as to the health of the patient. If a
patient is being evaluated for a blood illness, for example, a sequence of blood tests may be
employed, while if the patient is being evaluated for a mental health issue, such testing may
comprise a sequence of questions that have been validated to allow for confirmation of a
diagnosis of a patient. Both methods of surveying the patient’s current condition compare data

collected to an accepted range for what is considered “normal.”

Summary

[005] In US Patent Application Serial No. 12/620,686, filed November 18, 2009, titled
Method and Apparatus for Verification of Medication Administration Adherence, abandoned;
US Patent Application Serial No. 13/558,377, filed July 26, 2012, titled Method and Apparatus
or Verification of Medication Administration Adherence, now US Patent No. 8,781.856; US
Patent Application Serial No. 12/646,383, filed December 23, 2009, titled Method and
Apparatus for Verification of Clinical Trial Adherence, abandoned; US Patent Application

Serial No. 13/558,380, filed July 26, 2012, titled Method and Apparatus for Verification of

2
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Clinical Trial Adherence, now US Patent No, 8,731,961; US Patent Application Serial No.
12/646,603, filed December 23, 2009, titled Method and Apparatus for Management of Clinical
Trials, Now US Patent No. 8,666,781, US Patent Application Serial No. 12/728,721, filed
March 22, 2010, titled Apparatus and Method for Collection of Protocol Adherence Data, now
US Patent No. 9,183,601; US Patent Application Serial No. 12/815,037, filed June 14, 2010,
titled Apparatus and Method for Recognition of Patient Activities when Obtaining Protocol
Adherence Data, now US Patent No. 9,293,060; US Patent Application Serial No. 13/189,518,
filed July 24, 2011, titled Method and Apparatus for Monitoring Medication Adherence,
currently pending; US Patent Application Serial No. 13/235,387, filed September 18, 2011,
titled Apparatus and Method for Recognition of Patient Activities, currently pending; US Patent
Application Serial No. 13/674,209, filed November 12, 2012, titled Method and Apparatus for
Identification, now US Patent No. 9,256,776, and US Patent Application Serial No.
13/674,459, filed November 12, 2012, titled Method and Apparatus for Recognition of Inhaler
Actuation, currently pending; the contents of these applications being incorporated herein by
reference, the present disclosure is directed to systems, methods and apparatuses that allow for
complete control and verification of adherence to a prescribed medication protocol or machine
or apparatus use in a clinical trial or disease management setting, whether in a health care
provider’s care, or when self-administered in a homecare situation by a patient.

[006] The application of the testing batteries, as discussed above, takes significant
healthcare provider time, is subject to variability in accordance with subjectivity in grading
responses across different healthcare providers and may also be difficult to administer outside
of a doctor’s office or medical clinic. Furthermore, the amount and complexity of information
that is used in making such determinations may not be processed individually by a human
being. It is this rich set of historical information, collected concurrent information (for

example, related to microexpressions that are not independently perceivable by a human) and
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other information collected and processed by the system that allow for the system of the present
disclosure to provide results and analysis that are far more in depth, robust, consistent, and free
of subjective bias when compared with those achievable by a human operator. Therefore, it
would be beneficial to provide an improved process that overcomes these drawbacks of the
prior art. The present disclosure is direction to, among other things, a system for collecting
information from a large number of patients, processing this information to allow for a
determination of correlations between collected data and changes in symptoms or other
characteristics of the patients, to allow for observation of changes in future patients in order to
then correlate with progression of disease. Furthermore, by additionally correlating medication
adherence with those same changes in symptoms, it is possible to then predict responses to
changes in symptoms by future patients in response to administration of particular medications.
Additionally, by determining elements of the medication and correlating these elements
similarly with changes in symptoms, not only the complete medications, but also aspects of the
medication can be used to predict future responses to other medications (potentially new
medication under development, by way of example) by different demographic groups of
patients. Finally, by selecting particular symptoms or aspects of disease to be cured, medication
combinations can be determined and perhaps generated that have the most likelihood of
success.

[007] In addition, this disclosure proposes a method for establishing a personalized
medical baseline from which to compare shifts from any collected data. Furthermore, the
present disclosure covers techniques for monitoring changes in a number of physical and other
characteristics that are not visible to a human reviewer over time, and therefore requires the aid
of an artificial intelligence system so that managing patient symptom changes as a holistic

group of characteristics that may be correlated to changes in a disease being monitored.
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[008] Therefore, in accordance with the present disclosure, anovel system for tracking
progression of symptoms of a patient is provided. Through baseline normalization, the use of
both passive monitoring during medication adherence monitoring, and active monitoring
during presentation of material to the patient, the systems and techniques disclosed herein are
able to precisely monitor the patient and changes to symptoms or other identifying elements
associated with the patient. These preferably lead to the ability to perform a differential analysis
against healthy population and longitudinal self-comparison.

[009] In some embodiments, the system therefore performs the following: 1) creating
a patient-specific phenotype of the patient (for example, how severe a condition experienced
by the patient is in context to all the other patients who have gone through the system); 2)
determining a rate of decline or progression of the symptoms / disease for the particular patient;
3) generating a calibration point for a specific medication based on effectiveness to impact that
specific indication in an objective manner; and 4) creating a scoring system to show
effectiveness and safety of a medication in comparison to predecessor drugs or other treatment
options that have gone through the system.

[010] In accordance with another aspect of the present disclosure, data collected
across multiple patients or users may be compiled to allow for further analysis. In addition to
determining a user baseline, and averages of changes over time for patients in a particular
population, the collected information may be used to determine potential outcomes of other
medications along similar dimensions. Such dimensions may include ability to reduce obesity,
reduce suicidal thoughts, improve cognition, reduce pain, improve concentration, changes in
tremor, or any other number of changes that may be determined. Thus, in accordance with
another aspect of the present disclosure, the collected information is preferably analyzed along
a plurality of dimensions so that expected changes along each of those dimensions may be

predetermined. Each patient can also be characterized along one or more of these dimensions.
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Other aspects of the demographic information for each of the patients may provide the ability
to then recognize characteristic changes along each of those dimensions categorized by
demographic of the patient. Thus, by collecting information across all patients, categorizing
the data by demographic, and analyzing the categorized data, predictions of future expected
responses across these same dimensions can be determined.

[011] In astill further aspect of the present disclosure, by also categorizing responses
to the administration of medication along these dimensions by different of the demographic
groups and determining aspects of medication responsible for changes to the characteristics
along these same dimensions, it is then possible to determine potential future expectations of
medication responsiveness based upon patient demographics, along these same dimensions. By
searching a desired combination of results, the tool can be used as a medication identification
tool, providing a guide for medications to be used to combat certain of the symptoms matching
the dimensions.

[012] Still other objects and advantages of the invention will in part be obvious and
will in part be apparent from the specification and drawings.

[013] In general, in some aspects, the subject matter of the present disclosure is
directed to techniques comprising several steps and the relation of one or more of such steps
with respect to each of the others, and an apparatus embodying features of construction,
combinations of elements and arrangement of parts that are adapted to affect such steps, all as
exemplified in the following detailed disclosure, and the scope of the invention will be

indicated in the claims.

Brief Description of the Drawings

[014] For a more complete understanding of the invention, reference is made to the

following description and accompanying drawings, in which:
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[015] Figure 1 depicts an exemplary data capture and transfer system;
[016] Figure 2 depicts more detailed elements of the data capture and transfer system
of Figure 1;
[017] Figure 3 depicts a hierarchy depicting availability of commoditized sensor data;
5 [018] Figure 4 depicts a first portion of a sample interview;
[019] Figure 5 depicts a second portion of a sample automated interview;
[020] Figure 6 is a representation of an exemplary facial action coding system;
[021] Figure 7 is a graph representing the output employing the facial action coding
system of Figure 6, while a data subject is viewing an image of a car crash;
10 [022] Figures 8A and 8B are graphs depicting an exemplary baseline shift analysis;
[023] Figure 9 depicts an exemplary analysis hierarchy;
[024] Figure 10 is a graph representing an exemplary longitudinal analysis of
compound data sources;
[025] Figure 11 is a graph depicting an exemplary response where happiness
15  expression is diminished during speech;
[026] Figure 12 is a graph depicting an exemplary response where happiness
expression is relatively absent during an interview;
[027] Figure 13 is a graph depicting a filtered version of the graph of Figure 12;
[028] Figure 14 is a graph depicting an exemplary relative expression between a 7-
20 variable expression and a 2-variable expression;
[029] Figure 15 is a graph depicting an exemplary prosodic analysis in response to a
visual stimulation test;
[030] Figure 16 is a flowchart diagram depicting an exemplary process for collecting

and analyzing data collected; and
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[031] Figure 17 is a flowchart diagram depicting an exemplary process for

determining one or more follow up information to be collected.

Detailed Description

[032] Anovel system for tracking progression of symptoms of a patient is provided in
accordance with one or more embodiments of the present disclosure. The use of both passive
monitoring during medication adherence monitoring, and active monitoring during
presentation of material to the patient may be used to determine an individual baseline for a
patient, and therefore the techniques disclosed herein enable precise monitoring of the patient
and changes to symptoms or other identifying elements associated with the patient. These
preferably lead to the ability to perform a differential analysis against healthy population and
longitudinal self-comparison, and to determine progression of disease for a patient in relation
to others in the same patient population, and also against the patient’s own particular
customized profile.

[033] In general, in some aspects, the subject matter of the present disclosure
recognizes the desire to be able to apply the above described system, and the audio/video
information captured by the system, to perform unique healthcare evaluations. These
evaluations are preferably based upon visual and other captured data that allows for an ongoing
analysis of patient behavior, and the ability to monitor changes in symptoms of a patient
employing visual and other observation, and to confirm a particular medical diagnosis, or
changes in that diagnosis over time. Monitoring of such changes may be visually and otherwise
confirmed based upon monitoring of a patient performance of one or more standard activities,
such as while using the above medication monitoring system to monitor proper medication
administration, or during another action typically asked of a patient (“passive monitoring™).

These additional passive monitoring actions may include speaking with a healthcare provider,
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walking in a normal manner, holding a mobile device, taking a picture with a mobile device,
speaking to a friend on a mobile device, typing a message on a mobile device, time in answering
a call on a mobile device, responding to an instruction, and the like. These may include any
normal action to be performed by a user, and the monitoring of one or more aspects of the user
while performing the action. By employing a visual solution, this passive monitoring may be
performed without the use of any additional hardware such as a wearable sensor, and therefore
can be conducted in a far more unobtrusive manner.

[034] Alternatively, the system may ask the patient to perform a particular set of
actions in response to a displayed or otherwise presented stimulus. Thus, the patient may be
shown one or more images, presented with one or more sounds, asked to respond to one or
more questions, etc. that are specifically provided in order to test or record a particular response
to the presented material. As opposed to passive monitoring, such active monitoring, while
more intrusive, is able to be more particularly tailored to gather desirable information from a
user as the collected information is not limited as in the passive monitoring situation. These
questions may be provided in a flexible manner, dictated by prior response to the same or other
questions by the patient, or may alternatively be based upon a standard set of questions
typically presented to a particular patient population. While the content may be presented in a
flexible manner, the method of data capture (audio, video, temporal, etc.) is preferably highly-
specific and provides the context necessary to extract meaningful signals. The system may also
perform multi-modal tests, thus allowing for monitoring of other action or characteristics of a
patient while making the primary measurements using the audio/visual active or passive
monitoring techniques.

[035] Furthermore, in either scenario, baselines for the main components (speech,
visual, gestural, and temporal) measures may be established, and then subsequent questioning

may be determined based upon baseline results. For example, based upon the results received
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at baseline, a particular set of questions may be asked of the patient going forward. This method
of “customizing” the question sets allows for the ability to best track changes in patient
symptoms, while reducing the burden on the patient as much as possible. Not only may the
question set be customized, but the precise mechanism for recognizing responses may also be
customized based upon baseline or subsequent responses provided by the patient. For example,
if a particular patient is determined to have symptoms or a disease that may result in an
increased tremor in their hands, more attention to the hands may be provided in order to better
differentiate between changes in the tremor. Similarly, if a patient is determined to have
symptoms that may inhibit the ability to swallow a medication pill, extra attention may be
provided to the throat of the patient, looking at swallowing micro movements, to better confirm
pill swallowing.

[036] Such processing may be employed across any measured parameter, and allows
for significant customization of the system to not only different patient populations, but also to
individual patients while reducing the potential processing burden on the system.

[037] Visual Myography — An advantage of the present system is that by capturing
and analyzing the frames of video of a person’s face directly after the person is subjected to an
event, such as viewing a provocative image or being asked a personal question, the system can
quantify a person’s unique myographic signature in response to that stimulus. For example, it
has been discovered with the present systems that, in some embodiments, persons with negative
symptoms of schizophrenia may elicit smaller changes in facial expression when shown both
positive and negative imagery as compared with a healthy population. Additionally, when
asked to describe the imagery and how it makes them feel, schizophrenics will offer less vocal
response with distinct prosodic features than from healthy patients. By basing the patient’s
visual myographic signature on a comparison to their own, personally indexed visual baseline

(established from a composite array of neutral expression imagery collected from the daily

10
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dosing application), the system can better extract variation from normal for that particular
patient. In one embodiment, when five images are viewed weekly over the course of three
months, persons with negative symptoms from schizophrenia will show a marked increase in
both expression and prosody if the medication is effective in treating this type of ailment, which
will help to separate placebo from drug effect in a clinical trial. Of course, other numbers of
images or length of time may also be included.

[038] Automated Negative Symptom Assessment — It has further been determined
with the present systems that by recording audio and video of a person while the system asks
them a set of questions, persons with negative symptoms of schizophrenia will elicit smaller
changes in facial expression when they answer. Additionally, schizophrenics with negative
symptoms will offer less vocal response with distinct prosodic features than from healthy
patients. When a battery of questions is asked over the course of three months, persons with
negative symptoms from schizophrenia will show a marked increase in both expression and
prosody if a medication they are being provided is properly working.

[039] The systems encompassed by the present disclosure may be configured to
monitor video and audio in response to stimulus presented to the patient on a mobile or other
electronic device, and further may monitor the patient’s response employing other sensors,
such as accelerometers, or the like associated with the mobile device. In some implementations,
unique testing is performed in order to elicit the desired responses, employing visual
recognition and analysis of facial expressions, audio analysis of changes in vocal
characteristics, and recognition of other sensor input. These tests are performed at
predetermined or flexible intervals, and therefore provide a unique picture of symptom
progression of the patient in a manner not previously available.

[040] Stimuli may be provided to the patient through conduct of an automated

interview, when real time analysis of responses provided by the patient will influence the

11
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progress of the automated interview, and may also in part dictate the measurements and analysis
to be performed by the system on the patient. Through unique branching logic that relies upon
results from the real time analysis of patient responses, rather than simply a provided answer,
more efficient and accurate monitoring and analysis may be provided. Branching not only
considers the answers provided, but also, for example, the amount of time to respond, any
delays in speech, the inflection of the voice of the user, measurements of levels of excitement
or lack thereof, or any other number of non-traditional branching logic indicators, thus allowing
for branching in response to perhaps a holistic view of the user, rather than simply their answer
to the prior question. This flexibility allows for the system to continue such an interview in a
more conversational manner, keeping the patient more comfortable while maximizing the
amount of relevant information extracted from the interview systems. Additionally, such an
automated system removes bias that may be introduced by a human interviewer, or because of
inter-interviewer and intra-interviewer differences in presentation or evaluation criteria.
Accordingly, the presently disclosed unique systems provide objective and repeatable benefits.
The result is a customized interactive experience for the user with objective and quantifiable
measurements. In one or more embodiments, the systems of the present disclosure may employ
a data-driven machine learning based approach for modeling (feature extraction, selection,
decision making, etc.) in order to analyze collected data, including visual data. For example,
techniques may be used to model healthy population, and extract and select signature
differential features in accordance with different artificial intelligence models.

[041] In some embodiments, monitored characteristics also are used to assist in
confirming medication administration. Thus, combined with direct monitoring of medication
adherence, the further monitoring of physical and other characteristic that are expected to
change in a known manner upon administration allows for an indirect, supportive confirmation

of proper medication administration.

12
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[042] As is therefore shown in Figure 16, an exemplary process according to the
present disclosure is shown. One or more of the steps of the process may be performed by the
data capture and transfer system described in detailed below with reference to Figure 1 and
Figure 2. The process includes, as step 1610 first obtaining data related to one or more physical
or other attributes of a user, and may include audio and/or video data, vital signs, weight, or
other physical attributes, responses to one or more presented inquiries or the like. This data
may be collected, e.g., through microphones and cameras associated with a mobile device of a
user. Upon collection of this information, processing then passes to step 1620 where a baseline
for a particular user is determined in accordance with the collected information. Once this
baseline for one or more of the collected data types is determined, processing passes to step
1630 where, based upon the baseline determination, one or more types of follow up information
are determined to be collected. The follow up information may include, e.g., one or more
passive or active presentation and collection of data, as will be described below, and may
include collection of such data in accordance with other activities to be performed (such as
medication administration, “passive”) or in accordance with specific tasks presented to the user,
preferably by display and speaker of the mobile device of the user (“active™). In some
implementations, branching logic is employed in order to determine the follow up activities
and information to be collected. Thus, baseline information may be employed to determine a
possible disease or ailment of the user, and then more detailed information may preferably be
determined useful to further evaluation any such condition. At step 1640 this additional follow
up information is collected, and at step 1650 this additionally collected follow up information
is employed to update the base line collected information (returning to step 1620), and may
further be used to determine if any still additional branching logic is appropriate to identify
even further desirable follow up information should be collected (returning to step 1630).

Finally, at step 1660 a diagnosis or progression of disease is determined based upon changes

13
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in one or more of the collected information. Any such updated diagnosis may similarly be used
to modify baseline at step 1620, or further information to be collected in accordance with
branching logic at step 1630. After such diagnosis is determined to be complete, processing
may end.

[043] Referring next to Figure 17, an example process for determining one or more
follow up information to be collected, as described in step 1630 of Figure 16, is depicted. One
or more of the steps of the process may be performed by the data capture and transfer system
described in detailed below with reference to Figure 1 and Figure 2. As is shown in Figure 17,
processing begins at step 1710 where baseline information is analyzed to determine whether
portions of the baseline information are indicative of a particular disease of interest, or even
whether a particular symptom is appropriate to be further monitored. At step 1730 branching
logic is preferably employed in order to determine whether follow up information is to be
collected. Then at step 1740 it is queried whether data is being collected in an active or passive
manner. In some implementations, this can be important given that data collection techniques
may dictate changes to the processing that is employed. By way of example, if a passive data
collection technique is to be employed, processing passes to step 1750 where the updated data
extraction technique includes changes in the analysis techniques employed on the passive data
that is collected. Because the data is collected passively, the data collection process and stimuli
cannot be altered, and updated data extraction is the only possibly-employed process. Thus,
while alternative data analysis can certainly be employed, the monitoring process cannot be
altered (i.e. by presenting a different image or instruction to a user) because of the passive
nature of the data collection. It may be possible, however, to add means of data capture in
response to passively collected information. For example, if video capture is employed, and it
is observed that the mouth of a user may be moving, audio may selectively also be employed.

Thus, while branching logic may be more actively employed in active situations, there is

14
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possibility for branching of the logic in passive situation as well, but not to the extent to
adjusting stimuli presented to the user. Once determined, processing passes to step 1760,
representative of step 1650 of Figure 16, where baseline data is updated in accordance with
this updated analysis.

[044] If, on the other hand, it is determined at step 1740 that data collection is active,
processing passes to step 1770 and one or more updated data presentation and collection
techniques are defined. Thus, new scales or other presentations of data and collection of
responses are defined, in a manner as noted below. Thus, if a user is determined at baseline to
have a particular ailment, a particular test may be administered to the user to define more
precisely the user’s disease state. Branching logic may define multiple sequential changes to
the presented and collected data as disease or symptoms progress. By way of further example,
if a user is determined to have a mental illness, such as negative symptoms schizophrenia based
upon the baseline analysis, it may be determined to administer additional, more in depth
instruments to the user in order to define more precisely the disease state, and progression of
the disease, of the user. Once a predefined additional progression has been observed, further
presentation of material may be provided that is determined to be better applicable to later
stages of such a disease. Once implemented, processing passes to step 1790, also representative
of step 1650 of Figure 16, where baseline data is preferably updated in accordance with this

updated data presentation and collection.

Information Capture System

[045] Referring next to Figure 1, a data capture and transfer system constructed
according to the present disclosure is shown. In Figure 1, a remote information capture
apparatus 100 is first shown. Such information capture apparatus 100 is adapted to allow for

the capture and processing of information in order to implement the system and method in
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accordance with the present disclosure, such as capturing one or more images of a patient
administering medication, responding to presentation of one or more images or other stimuli
to the patient, or conducting an adaptive, simulated interview with the patient. Such
information capture apparatus 100 is preferably placed in communication with a remote data
and computing location 300 via a communication system 200, preferably the Internet or other
communication system. Via communication system 200, information captured by apparatus
100 may be transmitted to remote data and computing location 300, and analysis information
or other instructions may be provided from remote data and computing location 300 to
apparatus 100.

[046] Remote data and computing location 300 may further process information
received from information capture apparatus 100. Such processed information may preferably
be provided to a remote information display device 400 via communication system 200.
Remote information display device 400 is further adapted to receive input from one or more
users to provide the received input back to remote data and computing location 300, via
communication network 200, in order to direct the processing of received information by
remote data and computing location 300. The processing by remote data and computing
location 300 may further be conducted in accordance with information received from
information capture apparatus 100, information pre-stored to remote data and computing
location 300, and other information that may be provided via remote information and display
device 400.

[047] One or more patients of a plurality of patients may employ an individual
information capture apparatus 100 in order to provide information specific to that patient to
remote data and computing location 300. Therefore, in addition to capturing data related to the
activities performed by the patient in response to one or more prompts provided to the user

patient information capture apparatus 100, each corresponding information capture apparatus
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100 may capture one or more passive activities performed by the patient while the patient
engages the information capture apparatus, as will be described. Similarly, one or more remote
information and display devices of a plurality of remote information and display devices 400
may be employed by a corresponding one or more users, each requesting different processing
by remote data and computing location 300.

[048] It is further contemplated that a plurality of such information capture
apparatuses 100 may be coordinated to monitor a larger space than a space that can be covered
by a single such apparatus. Thus, the apparatuses can be made aware of the presence of the
other apparatuses, and may operate by transmitting all information to one of the apparatuses
100, or these apparatuses may each independently communicate with remote data and
computing location, which is adapted to piece together the various information received from
the plurality of devices 100, whether such information is prompted by information provided by
information capture apparatus 100, or information is captured passively. These multiple
apparatuses may be employed in a system allowing a user to log into any such system, or one
in which tracking of a user through the fields of view of multiple devices may be desirable.
Finally, it may be possible for data to be transmitted along devices (i.e. daisy chain) to allow
for transmission of data from a device that does not have excellent communication system
service to one that does. Information capture apparatus 100 may also perform local processing
on collected information at information capture apparatus 100, and therefore forward pre-
processed information to remote data and computing location 300. Remote data and computing
location 300 may also comprise a data storage repository, or may be omitted, so that all
processing is performed on information capture apparatus 100.

[049] Referring next to Figure 2, a more detailed view of an exemplary embodiment
of remote information capture apparatus 1000 (as an example of apparatus 100) and remote

data and computing location 3000 (as an example of location 300) is shown. As is noted in
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Figure 2, apparatus 1000 comprises an information capture device 1110 for capturing video
and audio data as desired. A motion detector 1115 or other appropriate trigger device may be
provided with capture device 1110 to allow for the initiation and completion of data capture.
Information capture device 1110 may further comprise a visual or audio/visual data capture
device, such as an audio/visual camera, or may be provided with an infrared, night vision,
ultrasonic, laser, 2D, 3D, distance camera, radar or other appropriate information capture
device. Motion sensor 1115 may also be used as an information sensor, the collected motion
sensing information being provided with other collected information. Motion sensor may also
be substituted with other sensors, including GPS sensors, accelerometers, rotational sensors, or
other sensor related to the patient employing apparatus 1000. A storage location 1120 is further
provided for storing captured information, and a processor 1130 is provided to control such
capture and storage, process collected information, as well as other functions associated with
the operation of remote information capture apparatus 1000. An analysis module 1135 is
provided in accordance with processor 1130 to perform a portion of analysis of captured
information at the remote information capture apparatus 1000. Apparatus 1000 is preferably
further provided with a display 1140 for displaying information, and a data transmission and
receipt system 1150 and 1160 for communicating with remote data and computing location
3000.

[050] Remote data and computing location 3000 preferably comprises system
management functions 3030, and a transmission and reception system 3050 and 3060 for
communicating with apparatus 1000. Transmission and reception system 3050 and 3060 may
further comprise various GPS modules so that a location (if provided as a mobile device) of
the device can be determined at any time, and may further allow for a message to be sent to
one or more individual apparatuses 1000, broadcast to all apparatuses in a particular situation,

or being used for administration of a particular prescription regimen, of broadcast to all
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available apparatuses. Remote computing and data location 3000 may be further provided with
data storage elements 3070 and processing elements 3080. Data storage elements 3070
preferably comprise one or more conventional storage units, and may be set up as a cloud
computing system, or offline storage. Data storage elements 3070 are designed to receive the
information collected above, and further to provide inputs of data into processing elements
3080. Such elements may comprise individual central processing units, graphical processing
units, or other processing elements known to one of ordinary skill in the art. Remote computing
and data location may further include at least a processor and analysis module, and a display,
if appropriate. In accordance with an exemplary embodiment, apparatus 1000 is adapted to be
part of a system that automatically monitors progression of symptoms of a patient in a number
of ways, and may be employed during use of a medication adherence monitoring system relying
on visual, audio, and other real time or recorded data. The system may similarly be employed
to collect information from a user separate from use during medication administration. Users
of apparatus 1000 (patients) in accordance with the disclosure are monitored in accordance
with their interaction with the system, and in particular during medication administration or
performance of some other common, consistent activity, in response to presentation of visual
material to the patient, or during the conduct of an adaptive, automated interview with the
patient in a manner as described above with respect to Figures 16 and 17. Apparatus 1000 is
adapted to receive instructions for patients from remote data and computing location 3000 and
provide these instructions to patients. Such instructions may comprise written, video or audio
instructions for guiding a patient to perform one or more activities, such as determining whether
a patient is adhering to a prescribed medication protocol by presenting a correct medication to
the system, instructions and visual images to be provided to the patient so that a response may
be measured, or instructions that are adaptive in order to allow for the conduct of an adaptive,

automated interview with the patient.
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Remote Information and Capture Apparatus

[051] The described system therefore includes three main components, data
collection, data storage and analysis, and a mechanism for receiving user input to pose a query,
and to provide responses to the posed query after performing an appropriate data analysis.
Referring next to Figure 3, the data collection component will first be described. Figure 3
depicts a relationship between an information hierarchy of information that is available from
conventional sensor data associated with a standard remote information capture apparatus 100,
including one or more sensors for the collection of conventional sensor data, and a hierarchy
of information that is available from advanced sensor data associated with an advanced remote
information capture apparatus 100, including one or more further advanced sensors for the
collection of advanced sensor data, such as data that may be collected by remote information
capture apparatus 100, is shown. Figure 3 depicts sensors and data they capture, including
sensors that capture behavioral data 305, self-reported data 310, and physiological data 315,
and additional advanced novel biosensors and smartphone sensors that may monitor circuits or
other electrical inputs 320, cells 325, molecules 330 or genes 335 and how this collected sensor
data may be integrated via connected sensors, on order to fine one or more correlations between
these sensors. By way of example, behavioral sensors that collect behavioral data 305 can be
GPS sensors, accelerometers, or other sensors included within apparatus 100, Bluetooth
connectivity and call logs, for example. Self-reported information may be collected via real
time surveys presented to a patient. A final conventional group of sensors for collecting
physiological data may include a heat rate monitor, a skin conductance meter, a respiratory rate
measurement device, or a mechanism for confirming a startle reflex, by way of example.
Additional novel bio and smartphone sensors may use, e.g., real time EEG sensors (sensors

320), one or more mechanisms for performing direct testing on the cells 325 of a patient, one
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or more molecular sensors (330), or one or more gene chips or other gene sensing technology
335.

[052] The depicted information relationship shows the sharing of information and
analysis in accordance with the data collected from standard sensor sources, such as GPS data,
accelerometer data, self-reports and the like and the more advanced sensors. While these big,
commoditized and accessible data sets are prevalent in use, they do not allow for in depth
analysis that would support medical-grade solutions, such as the ability to accurately monitor
changes in symptoms of disease and to diagnose the existence and progression of disease. With
the systems and techniques disclosed herein, various symptoms, which are potentially
indicative of a disease state, may be monitored, through the processing of known data sets. As
shown, each potential symptom is tied to a particular measurement. While these measurements
may give some insight, there is no mechanism for combining these measurements, or for
making more measurements based upon inventive tests, such as those proposed in accordance
with the present disclosure.

[053] Therefore, in accordance with the various embodiments of the present
disclosure, the systems and methods disclosed herein may provide for novel testing and
collection of advanced visual and other sensor data, and also for advanced analysis of the
collected unique data. As will be described below, collection of such data may be performed
in both active and passive modes, and may also allow unique, automated interaction with a user
so that the data may be extracted in a most efficient manner, while tailoring the data collection
process based upon the results of earlier data captured during the process.

[054] Once collected, data across multiple patients or users may be compiled to allow
for further analysis. The collected information may be analyzed along a plurality of dimensions
so that expected changes along each of those dimensions may be determined. One or more

patients may be characterized as reacting to changes along one or more of these dimensions.
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Other aspects of the demographic information for each of the patients may provide the ability
to recognize characteristic changes along each of those dimensions categorized by the
demographic of the patient. Thus, by collecting information (e.g., patient symptom
information) across all patients, categorizing the data by demographic, and analyzing the
categorized data, predictions of future expected responses across these same dimensions can
be determined.

[055] In a still further aspect of the present disclosure, potential future expectations of
medication responsiveness may be determined based on patient demographics by categorizing
patient responses to the administration of medication along the different demographic group
dimensions and by determining aspects of medication responsible for changes to the
characteristics along these same dimensions. The systems and techniques disclosed herein can
be used as a medication identification tool by searching a desired combination of patient results
to provide a guide for medications to be used to combat certain of the symptoms matching the
dimensions.

[056] In accordance with one or more embodiments, data is collected and may be
correlated to disease progression and allow for an in-depth analysis of disease as it progresses
through to all stages and exhibits all symptoms of those stages. If such data is collected via an
automated active process, where one or more questions or other stimuli, are presented to a
patient, a data sensitive process is employed where branching logic may dictate not only a next
question to be asked of a patient after a response to a prior question, but also may dictate the
actual visual and other sensor data to be collected based upon a response to a prior question,
data received from a sensor, or near real time, or asynchronous analysis of previously collected
visual and other sensor data. In such a manner, in accordance with an exemplary embodiment,
if a patient is monitored in an automated fashion to determine a response to a particular

stimulus, such as being shown a particular image to elicit a response, the system may output to
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a display and based upon a response to the first image, a second image, in which the particular
second image chosen to be displayed depends on the specific response of the patient to the first
image. Alternatively or in addition, if a user ingesting a medication pill is being monitored,
and the system determines that the user is having trouble swallowing the medication pill (e.g.,
where the system makes such a determination in an automated fashion in accordance with
artificial intelligence and computer vision analysis of data collected by one or more data
collection devices as described above), the system may focus the collection of high resolution
video data onto an area of the throat of the user in order to analyze micro-movements of the
throat of the user to confirm actual ingestion.

[057] In accordance with one or more exemplary embodiments, analysis and care
pathways may be defined, and implemented in near-real time, while the system is automatically
interacting with a patient during a single session (i.e. while the user is still interacting with the
system, such as in near real time, as opposed to a system that collects data during a session,
analy zes the data offline, and then provides a response at a later time), for example, in order to
efficiently guide the patient to perform a desired sequence of steps, and to focus data collection
and the steps to be performed to allow collection of data that may be most relevant to supporting
analysis of a particular symptom or component of disease. For instance, a patient with
Parkinson’s disease, may warrant analysis of changes in consistency of a hand tremor, for
example, as identified in an automated process in accordance with one or more embodiments.
Upon indication of a desire to monitor such a disease by a provider of the monitoring system,
which may include doctors, other healthcare providers, clinical trial sponsors, contract research
organizations, and the like, data collection may be focused by the system on those aspects that
are related to such hand tremor, in that it has been predetermined that tremor is a correlated
indicator to progression of Parkinson’s disease. In addition, for example, upon automated

identification of changes in or an absolute level of such hand tremor based upon data collected
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by the system, different analysis pathways may be initiated so that slight tremors or slight
changes in tremors, the system may output requests for the patient to perform certain sequences
of actions, while testing of more intense tremors may involve the system outputting requests
for the patient to perform different sequences of actions to allow for different testing.
Additional details of particular data to be collected will be described below.

[058] Aspects of the disclosure therefore allow for movement from a system where
known measurements are used to provide known insight to one in which novel measurements
may be collected from a user, and novel, insight be gleaned from those novel measurements.
The system described in accordance with this disclosure devises a novel measurement, and
based upon this novel measurement, provides a novel insight. Thus, at least the combination
of novel measurements and insights differentiates the subject matter of the present disclosure
from alternative systems for analyzing patient states. The systems and techniques disclosed
herein may rely on both active and passive data collection via apparatus 1000, for example, as
will be further described below. Active data collection may comprise, e.g., an automated
interview (e.g., where questions are presented to a user and answers to the questions are
recorded), an interactive test, a self-assessment, or other interaction where material, stimulus,
or prompt is actively pushed to the user to elicit a response to the material, stimulus or prompt.
Passive data collection comprises, e.g., automated video analysis while a user is performing
some other action, such as dosing, or administering their medication while engaging with a
medication monitoring system (such as a visually based medication adherence monitoring
system, such as that provided by AiCure®), using one or more sensors to collect data, or
collecting visual or other data at any time while the user is performing some action not elicited
solely for the purposes of collecting the test response data.

[059] In addition to using the collected test response data as noted herein, the collected

data may also be used to aid in confirmation of medication administration. Patient response to
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medication administration in accordance with any of the measured parameters noted above
may be predicted, and then explored for new patients. Combining expected responses of any
number of symptoms may be employed in order to provide multiple redundant layers of
medication administration confirmation. In accordance with an exemplary embodiment of the
present disclosure, sensors such as those used in a mobile phone or other device, including two
dimensional and three dimensional cameras (e.g., for time of flight calculations) may be
employed. Any of the following signals may be monitored to confirm one or more elements
indicative of proper medication administration: hand gestures, head tilt, Gulp (swallowing),
movement of jaw, grip of pills, timing of performance of one or more if these actions,
movement of shoulders, strain of the patient’s neck, changes in breathing, pupil control,
changes in blinking speed and consistency, fluttering of eyes, any other indication of physical
strain, and the like. Further in accordance with active analysis as noted above, it may be further
possible to monitor the following: 1) expressivity (including the level or amount of animation
when smiling, frowning, etc.), 2) movement (tremors and motor control), 3) concentration
(including gaze), 4) facial control (including eye movement and blinks / twitches / paralysis),
5) cognition tasks (ability to read a paragraph), 6) visual breathing rates, 7) body mass changes,
8) facial wasting, and the like. These and other physiological changes may also be evaluated
based on, for example, triangulation of skin using a depth sensor (a time of flight camera) to
see flow of blood to measure clots or even heart rate. Blood pressure may be measured by
scanning how the face of the patient has changed, or by looking beneath the skin to monitor
capillary flow or blockage. Changes in such abilities may be therefore be indicative or
progression of disease, and effectiveness of medication administration.

[060] Additionally, in accordance with the second aspect of the invention, as will be
described below, the collected data from any of these sources may be captured for more

advanced analysis, including analysis based upon predetermined requests for information
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included in remote data and computing location 3000, or in response to near-real time requests
from a user via remote information and display device 400.

[061] Referring next to Figures 4 and 5, details of active mechanisms for collecting
data from a patient will be described. These mechanisms should be considered examples,
noting that any reference to numbers of presentations, or any particular language employed is
exemplary only, and that other questions, images or the like may be employed. As is shown in
Figures 4 and 5, at step 510, a user is first preferably requested to position their face in the
middle of a field of view of an image captured by a camera and as displayed on a display of a
device, such as device 1000 (see Figure 1). The purpose for such placement in accordance with
an embodiment of the invention may be to determine a baseline visual view of the face of the
user. As will be described below in greater detail, this baseline may be determined from a
single image/video collection or may preferably be determined in accordance with a plurality
of image/video baseline collections, and in a manner as described herein. If determined in
accordance with such a plurality of image/video baseline collections, if is also therefore
possible to determine whether the current baseline is in line with the other collected baselines,
or whether the user is already showing differences from their average baseline, and a
transformation or adjustment should be made.

[062] Once the baseline has been collected, as shown in Figures 4 and 5, a first
question from a binary branch of questioning logic is asked at 520. A sequence of
predetermined questions or a branching logic associated with the baseline questions may be
presented as an instrument designed to diagnose a particular disease or determine progression
of disease or one or more symptoms associated therewith. The sequence of questions is
important, as determined by the inventors of the present invention, in order to provide a more
natural interview process to the user. Thus, in some implementations, a relatively broad

question is asked first. The user is then asked to answer the question using the touch screen
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buttons, and verbally. In an exemplary embodiment, video may also be recorded of the user to
allow for subsequent analysis of that video to assist in determination of progression of
symptoms, or diagnosis of disease.

[063] At step 530, based upon the response provided at step 520, an additional
question may be asked in an automated fashion, requesting additional information in response
to the prior question. In the example shown in Figures 4 and 5, if the user answers yes to
whether there were any activities that the user enjoyed over the weekend, the user may then be
asked to respond, using the touch screen of device 510, a question designed to broaden the
ideas that they are thinking about and may also be prompted to provide a verbal or visual
response. For example, the user may be asked to select, from alist of activities, an activity that
the user enjoyed. This question allows for active monitoring of other actions or characteristics
of the user after branching logic is applied. After completion of the broadening question, a
more focused question is noted at step 540 in order to draw the user further into the
conversation. The response at this point is preferably verbal and visual. Finally, after providing
the focused response, the user may be asked to elaborate in order to further draw the user into
a conversation and avoid the impression of a system that is simply recording.

[064] The sequence of questions may be based upon any prior questions and may also
be based upon analysis of the audio and video responses received from the current patient using
the system. While the answers to the questions may provide some information about the user,
in accordance with an exemplary embodiment of the present disclosure, it is the analysis of the
audio and video responses that is most important. Indeed, the actual wording provided by the
user may be unimportant. Rather, by drawing the user in to a conversation in an automated
fashion, the system is able to further analyze the received audio and video sequences in order
to determine mood, feelings, progression of symptoms of any sort, or development of disease

based upon these symptoms. How the user performed any set of tasks such as interacting with
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the touch screen or other requested tasks is as important as the types of answers provided.
Additionally, the method in which the responses were described can provide significant insight
into the current mood of the subject.

[065] The systems in accordance with an embodiment of the present disclosure are
therefore enabled to conduct automated, intelligent interviews, and to also extract and analyze
visual, temporal, gestural, prosodic & natural language data, as will be described below. As
also noted above, intelligent interviews may be performed by asking questions of the user,
evaluating responses, and branching logic based upon the responses. In such a manner, a
realistic interview is provided in which the user is encouraged to engage most completely with
the inventive system to allow for the greatest amount of analyzable data to be collected.

[066] In accordance with an alternative embodiment, rather than having the user
interact directly with the device 1000, an interviewer may rely upon device 1000 to present to
the interviewer the questions to be asked of the user. The responses to these questions may be
provided verbally, or also including video capture. Thus, after the interviewer asks a question,
the audio and/or video responses may be collected and analy zed in near-real time, thus allowing
for a next question to be presented to the interviewer to ask the user. The analysis of the audio
and video may similarly be performed at a remote location (3000), thus allowing for a second,
more in-depth analysis, or may be provided in real time if connectivity is good, and the local
device with which the interviewer/user is interacting is unable to properly process the

information.

Remote Data and Computing Location

[067] The data noted above and as further described below is preferably collected to
create a database that may be indexed by any number of dimensions, but preferably and initially

by disease indication. While it is possible that all processing may take place at a local device
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of the user, or alternatively all processing may take place at a remote location with the mobile
or other local device only acting as a data capture device, interaction with a local device of the
user allows for near-real time interaction with the user, even if there is no communication
network connection, and further in depth analysis at a later time in an asynchronous manner.
Subsequent indexing may be performed by patient demographics and patient response to
medication administration. When a new patient is introduced to the platform to be monitored
taking their medication, the system can first be employed to identify any particular risk that the
patient may encounter, based upon any indexed dimension of the patient. The system therefore
provides an early warning system related to potential patient response to a particular
medication. Therefore, not only can the system be used to monitor an upcoming patient into
the system taking particular medication, but also can be used to determine a potential response
of a theoretical patient to a particular medication to be administered. In this manner, quality of
response (whether positive, indicative of efficacy of a medication, or negative including the
likelihood of an adverse reaction) to a particular medication may be determined.

[068] Other aspects of the patient response to the medication may also be predicted
based upon the patient demographics and the database of prior patients’ responses, and the
prior response of the particular next patient, if that patient is already in the database. Thus,
disease symptom progression may be predicted, and may be adjusted based upon expected
medication response. Deviation from the expected symptom progression as determined in an
automated fashion by the present systems may indicate a parallel deviation from the required
medication administration protocol, or an atypical response of the patient to the medication.
Further, a predicted impact (i.e. comparing a measured value or values to an expected value or
values as determined from prior data captures) on the computational diagnostic measures
described above, whether collected actively or passively, may be provided. The results of such

an analysis may be converted to an efficacy score, indicative of the effectiveness of the
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medication based upon the various dimensions of the patient. Values may be combined across
measurements into a single score indicative of effectiveness of the medication. Two drugs, one
that greatly improves tremor, but does poorly with fine motor control, and another that is the
opposite may have similar efficacy scores, because they both improve conditions. The true
benefit of the system is to try to recognize the features of the first drug that improve tremor and
the features of the second drug that improve fine motor control, and search for a new drug
having these two features so that a better drug with higher efficacy score overall can be
discovered. Thus, for future patients, measurement of a number of parameters may allow for
the prediction of how effective a medication may be for a particular patient, and ultimately may
allow for the selection of one medication over another based upon the demographics or other
measurements of the subject, and similarly may be able to predict the response of the patient
to the measurements noted above. Such comparisons may be performed during the entire term
of medication administration, and may allow for monitoring of disease progression, and
perhaps suggest when changes in medication protocol may be justified. Once accumulated,
such a database may be available for use in order to aid in predicting patient response to other
medications that may be under development. For example, a scoring system may be created to
show effectiveness and safety of a particular medication in comparison to predecessor drugs or
other treatment options that have gone through the system when presented with a particular
disease or therapeutic area. Additionally, a measured response of patients to a particular drug
may allow for prediction as to how similarly-situated patients may respond to another drug, or
alternatively, how other patients may respond to the same drug. Through analysis, other
patients having similar responses on one or more particular dimensions may allow for
prediction of successful response to the drug, for example. In this manner, predictability of
response to a drug may be available based upon similarity of patients on the most critical

dimensions.
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[069] In accordance with alternative embodiments, rather than simply determining
one or more correlations between patient demographics and expected responses to the one or
more testing scenarios noted above, similar correlations may be determined to one or more
gene expression profiles. Gene expression profiling is a high throughput approach to analyze
the expression of tens of thousands of genes simultaneously. Expression of specific groups of
genes, or gene expression profiles, can then be correlated to pathologic diagnosis, clinical
outcomes, or therapeutic response. Transcriptional profiling experiments can be used to
generate compendia of gene expression data across different cell types, development times, and
in response to distinct stimuli. A similar application of this determined gene expression and
gene transcriptional profile in accordance with one or more embodiment of the present
disclosure correlates to movement signatures, symptom progression, or other expected or
observed responses in accordance with the active or passive measurements noted above, based
upon one or more individual or sequentially-applied measurements.

[070] In accordance with another aspect, through the use of remote information and
display device 400, not only can collected data be pre-processed to provide one or more
predetermined analysis results, the system may preferably be adapted to receive user input data
from an external user directing one or more queries related to the collected data. Thus, in
accordance with one or more embodiments, a user may present a patient profile to the system
via a remote information and display device 400 and evaluate how the patient may respond to
a plurality of medications. As noted above, a plurality of medications and the response of a
plurality of patients may have been previously captured. The profile of each patient may be
dissected into a plurality of components related to their improvement over a plurality of
different dimensions, and also based upon simpler demographics, or more complex disease

state or characteristics, and each of these components catalogued. Thus, when a user queries
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the system, it is possible to provide a demographic profile of a potential user and determine
how that user might react or respond to any number of these stored medications.

[071] Furthermore, in addition to dissecting the profile of each patient, the profile of
each medication may similarly be dissected. Thus, each medication may be measured along a
plurality of dimensions in order to determine characteristic of that medication. These measured
characteristics may then be used to predict which medications may be applicable to particular
disease or patient populations. Thus, by way of example, measured medication characteristics
may include 1) their sedative effect, 2) the ability to reduce paranoia, and/or 3) ease of
application, among others. If one is then looking to find a medication for use in a particular
population, medications that have a low sedative effect while reducing paranoia, and that are
easy to administer, may prove to be a winning combination. Drugs having these characteristics
can then be investigated as potentially effective in this population.

[072] In this manner, users may be given access to remote information and display
device 400 as an analysis tool that interacts with and performs requested analysis on the data
stored in remote data and computing location 300 after collection by remote information and
capture device 100. This interface into the complex system preferably provides a simple yet
robust system to determining potential patient response, and for drug discovery, without the
need for the user to collect, understand, or independently analyze the collected data. Rather, a
simple interface allows these users to easily pose complex queries to the data and be presented
with results determined through the user of a complex artificial intelligence-based system.

[073] The following description of analysis of users may be performed in accordance
with the active presentation of information (as described) but may also be utilized in
accordance with a passive data collection. In such a passive environment, identification of the

timing of triggers is more important, as they are not predetermined. The described collection
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of data is an example of collection of data to be provided to remote data and computing location

300.

Data Collection System Example

[074] Referring next to Figure 6, a system for designating action units on the face of
a user is shown. In Figure 6, multiple different points (e.g., 68 different points) on the face of
a user are defined. While any particular points may be defined, the number and location of the
points may be selected based on the desired attributes of the user to analyze. For instance, the
68 points shown in Figure 6 (also known as keypoints or landmarks) allow for robust tracking
of action units of the face, and thus providing the ability to analyze facial expression without
overwhelming the system. Each of these points may be measured to determine its movement
during performance of one or more activities, such as in response to the presentation of one or
more stimuli to the user. As is known in the art, when a particular action unit moves (action
units may comprise a single or multiple points, keypoints or landmarks), it is possible to
measure this movement. However, if the action unit moves too far from an expected “neutral”
location, the system breaks down and the action unit cannot be recognized. However, rather
than using as a “neutral” location system an average mask across all users, the system of the
present disclosure relies on a more customized mask for the individual user. Thus, by setting
a baseline positioning of the action units of a particular user, it is possible to better account for
differences between the face of a particular individual. Such a baseline position may be defined
by providing a basic set of images or other material to a user and measuring the response of the
predefined action units. By presenting this consistent “calibration™ set of images or other
stimuli it is possible to then determine an expected movement of the action units, and then
determine a relative movement when further unique or different images or stimuli are provided.

This allows for a user with relatively low action unit movement to be judged against this
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expectation, while an animated person will be judged against this more animated expectation.
Thus, the expected movements may also be tied to a particular individual, thus allowing for
more flexibility in tracking the action units as the subject is provided with one or more stimuli.

[075] Also, it has been discovered that it is possible to identify which of the presented
action units (or other appropriate measurement points or values, including but not limited to
keypoints, landmarks (as represented by the points in Figure 6, and preferably comprising one
or more points on the face of a user that may be indicative of movement of the face that may
be of interest to a reviewer, typically indicative of changes in facial expression), shapes,
textures, poses, features from both 2D and 3D sensors) are most likely to be important when
reviewing progressions for a particular disease or symptom, for example. Based upon the
desired action units, it is therefore to focus on only these action units, and not measure the
others. Thus, a context-sensitive system may be provided in which a priori knowledge about a
particular therapeutic area or disease state may allow for the focusing of the system on the
action units most likely to give valuable information. Additionally, it is also possible, in
accordance some embodiments, to vary the stimuli presented to the user in accordance with the
desired information to be extracted, and also based upon therapeutic area, disease state,
symptom progression, or the like. By way of example, it is possible to present images to
individuals suffering from schizophrenia who typically present what is referred to as negative
symptoms. They exhibit very low levels of action unit movement, and generally not an overly
animated response. Because generating a response is the goal, extremely happy or disturbing
images may be shown to a patient. For others with more standard response expectations, more
mainstream images may be more appropriate. This feature selection step can be achieved
through a combination of expert identifications and machine learning based approaches to
derive more effective but non-intuitive features. This process may also be applied to other

measurable quantities, such as level of tremor, voice inflection, volume, etc.
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[076] In accordance with some embodiments, daily or more frequent images of a user
responding to baseline images may be taken for a baseline determination (step 510 above) in
order to evolve the current baseline for a particular individual. The response of the patient to
these baseline images may be averaged to obtain a customized baseline against which other
collected patient responses to the presentation of future (e.g., the same images as the baseline
images or different images from the baseline) images and action unit movement can be
compared to measure changes in such movements. Furthermore, in addition to providing a
custom baseline for each individual user, it is also possible to compare this customized baseline
to an average baseline across all subjects in order to discern absolute information about the
current status of the user relative to others in the same therapeutic area, or suffering for the
same disease, by way of example. Therefore, daily monitoring of the user performing a
repetitive task, such as administering a medication pill (for example) provides a visual baseline.
Through observation of a user over time performing such a standard repetitive task, a baseline
may be provided against which future data collection can be compared. Repetitive tasks also
help identify the core symptom-related features and remove noise and variations in natural
behaviors. The baseline may therefore not be based on just one measured instance, but may
instead comprise a model learned from multiple instances of measurement. In this manner,
deltas from an individualized baseline, rather than an average baseline can be determined.

[077] When a user interacts with the system of the present disclosure, the system may
present the user with one or more types of stimuli (e.g., audio stimuli and/or visual stimuli).
Such stimuli may comprise, e.g., a question or other prompt, as noted above, or may comprise
the presentation of some visual or audio material that elicits a response from the user. Referring
next to Figure 7, a graph 700 representative of a response of a user to the presentation of just
such a stimulus is shown. In the sequence of events leading up to graph 700 of Figure 7, the

system outputs to a display an image 710 for viewing by the user, in this case an image of a car
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crash. Traces 740 depict an amount of movement of one or more of the action units (1-68)
shown in Figure 6 from a baseline position. Thus, for approximately 1400 frames of video (x-
axis) the movement of these action units is traced along the y-axis in the present example. A
number of the 1400 frames are recorded prior to the presentation of image 710, which takes
place at line 720. As is shown in Figure 7, sometime after the presentation of the image 710 at
line 720, the movement of the action units of the user are reduced, on average, as compared
with the time prior to line 720. The system is therefore able to track all 68 points (or keypoints
or landmarks) on the face of the user, deriving 17 facial action units (points that work together
and are indicative of movement of a muscle structure of the face, such as when particular action
units are engaged when a subject smiles, frowns, cries, etc.), determining 18 gesture classes
(gestures that can be confirmed based upon actuation of one or more particular action units),
and also employing gaze tracking to trace the direction of gaze of the user. By grouping the
collected data on the movement of the data points, the action units can be determined.
Movements of the action units can be analyzed to determine which are associated with the
performance of one or more gestures, and those gestures can then be determined based upon
monitoring movement of the points on the face of the user.

[078] Moreover, it has been determined by the inventors of the present invention that
the time between line 720 and a next line 730 (approximately 1000 milliseconds) is a portion
of the timeline where the user’s mind and body may present a response to the stimulus, but
where the user has not yet consciously recognized the stimulus, or the user’s response to this
stimulus. Beyond this time, and thoughtful action takes over and guides the response of the
user. It is this portion of the timeline (and more precisely, the first 250 milliseconds after
presentation of the stimulus) that may provide the greatest insight into user response. This
unique measurement is not able to be performed manually, as the human vision system is not

able to see, recognize and remember facial movements over such a short timeline. Therefore,
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in some implementations, it may be advantageous to view the facial movements of the user
using high speed photography at a frame rate more than double the common 24fps frame rate,
and preferably higher to allow for the collection of extremely short movements or gestures.
Such a camera may be employed as part of a typical mobile device, or may be included as an
add on, via USB or other common connector to the mobile device. The system may further be
provided as a standalone system that includes a single purpose high speed camera, connected
to a computer capture device in a traditional manner. in accordance with the embodiments of
the present disclosure so that these small timeframes may be analyzed. These movements of
the face in this minimal time frame are referred to as “microexpressions.” Essentially, these
microexpressions are presented by the face of the user before the user is fully cognitive of and
able to process the received stimulus. By varying the window over which one looks at these
microexpressions, the system can filter for different responses.

[079] By accumulating multiple responses of a user to multiple stimuli, it is possible
to build a profile of the user that allows for more complete understanding of the user’s status
related to symptoms and disease. It is important, as noted above, and as is further shown in
Figure 8A, determining a proper baseline for each user of the system allows for more
customized review of future actions by that user. As is shown in Figure 8A, a first baseline
reading during a face identification may be performed at 810, generating a baseline analysis
time sequence 820 across a timeline of any number of days, or other time measurement. This
baseline analysis may also be performed while the user is speaking or performing an action,
such as any action that may be considered a “background” action or situation (i.e. portions of
the image that are not determined to be part of the user action being recorded, such as the wall,
moving cars, etc.. Thus, to remove the effects on measurements from simple talking, the user
can be asked to perform a standard action for a baseline while talking. To remove the effects

of walking, the user can be asked to set a baseline while walking, etc. As is shown in time
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sequence 820, initial baseline is consistent over much of the graph, but changes at point 830,
indicating a systematic change for this particular user. Thus, a change in baseline of the user
is quite evident, and may be investigated. Graph 840 depicts the material presented for each
time period in the graph 820, and includes readings for a number of action units being
measured. Figure 8B depicts a resulting image after normalizing the baselines for all of the
action units that seemed to correspond to a marked change at frame 200 (x-axis), we can begin
to see a distinct change from baseline after the image is shown and before the user begins
talking, as previously discussed with respect to Figure 7. The line at frame 200 (x-axis)
represents 1s post-reveal assuming 30fps video rate.

[080] Referring next to Figure 9, an analysis hierarchy is shown, and including
building upon the collected information to analyze input and collected data. As is shown, a
baseline shift analysis is first performed, as described above, at level 910. Next, at level 920,
a video content analysis is performed (such as that shown above with respect to Figure 7,
indicating changes in the face of the user. Additionally, at level 930, a prosodic analysis of
spoken video of the user may be performed. These inputs may be combined to note gross
movement 940, illustrators 945 and manipulators 950. These levels of information may in turn
be used to determine affect, for example, such as microexpressions 955, expressions 960 and
attitudes 965, resulting in a sentiment analysis. Such a sentiment analysis ultimately allows for
the analysis and determination of the sentiment currently held by a user, and may do so in an
automated fashion, relying on the automated processes noted above. Finally, a temporal
analysis 970 may be performed to determine how the sentiment of the user may change over
time.

[081] Figure 10 depicts graphically the analysis proposed in Figure 9. As is shown in
Figure 10, longitudinal analysis (looking at data over time, and over multiple instances of data

collection across multiple data types) of compound data sources may be used to analyze visual
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and speech data over time to determine sentiment. As is shown in Figure 10, an image reveal
point corresponding to the point in time at which the system exposes a user to a stimulus, such
as an audio or visual stimulus, may allow for the determination of microexpression, as noted
above. As time passes, different expressions may be determined, after the period for
microexpressions has passed, as also noted above. These microexpressions and expressions
may be analyzed to determine attitudes of the user, and ultimately sentiment. By first
determining action unit movement, and then facial expression, one is able to further determine
attitudes of the users in response to a stimulus (i.e. are they happy when they see a picture of a
cute dog), and finally figure out what sentiment they may hold around the subject. These
analyses are performed by collecting significant amount of data from subjects with determined
baselines, and determining which action unit movements are ultimately indicative of the
thoughts, feelings and sentiments of the users. After an additional period of time, it may be
beneficial to switch to vocal prosodic analysis in order to determine additional expressions.
[082] Referring next to Figure 11, a graph such as that shown in Figure 7 is provided,
but is limited to the use of action units 6 and 12, as these were determined to be relevant for
analysis in this situation. As can be seen, between the vertical lines at 200 and 250 frames lies
the microexpression response. At approximately frame 300, speech begins, and the expression
(in this case happiness) is greatly repressed. Figure 12 depicts the same measurement for a
greater period of time. Of note are the spikes denoted with action that may have caused them.
It is clear that these are not expressions of the user. Therefore, in accordance with some
embodiments, and as shown in Figure 13, it is desirable to filter the waveform to remove such
spikes to provide a more consistent waveform related to the actual action unit movement.
Figure 14 depicts that use of multiple action units to determine an action may result in

significant noise. Figure 14 depicts a comparison of the noise between the use of 7 action units
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and two action units. Itis therefore desirable to use fewer action units to make a determination
when possible.

[083] Finally, Figure 15 depicts the use of prosodic analysis, but combined with the
inventive visual analysis. By knowing what the user is looking at, it is possible to provide
additional context, thus improving the accuracy of the prosodic readings. For example, when
a user is looking at something providing the user happiness, baseline for the prosodic analysis
may be altered to give a more accurate response. Prosodic analysis involves analyzing the
speech patterns of a person. By determining the speech patterns of an individual, it is possible
to measure changes over time of that individual, and to make rudimentary determinations about
progression of symptoms or disease. With the presently disclosed systems and techniques, it is
possible to correlate prosodic analysis with video analysis of the face of a patient. In some
implementations, correlation of movement of action units and prosodic analysis in response to
presentation of images or other stimuli to an individual allows for any correlations or lack
thereof to be determined. Differences in these correlations between individuals may provide
further details of the individual’s response and progression of disease. These additional data
points allow for a far more complex and extensive analysis, in the manner as described in
Figure 15, which depicts measurement of pitch, velocity and acceleration of the speech pattern
of an individual. As is shown, countdown beeps are provided, and after complete, a narrator
asking a question, for example, is provided to the individual. The graph then depicts the
individual response stating “army” and “serious.” The analysis of this responsive speech
pattern provides a benchmark for comparison to other individuals, and a baseline for
comparison to future analysis of the same user. By the use of prosodic in conjunction with
visual analysis data, more specific response patterns and progression of disease and symptoms

may be determined.
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[084] Therefore, in accordance with the various embodiments of the invention,
improved methods and systems are provided for conducting interviews with a user, for
analyzing collected video and audio data, and for determining sentiment of the user employing
microexpressions and other analysis techniques.

[085] All or part of the processes described herein and their various modifications
(hereinafter referred to as “the processes”) can be implemented, at least in part, via a computer
program product, i.e., a computer program tangibly embodied in one or more tangible, physical
hardware storage devices that are computer and/or machine-readable storage devices for
execution by, or to control the operation of, data processing apparatus, e.g., a programmable
processor, a computer, or multiple computers. A computer program can be written in any form
of programming language, including compiled or interpreted languages, and it can be deployed
in any form, including as a stand-alone program or as a module, component, subroutine, or
other unit suitable for use in a computing environment. A computer program can be deployed
to be executed on one computer or on multiple computers at one site or distributed across
multiple sites and interconnected by a network.

[086] Actions associated with implementing the processes can be performed by one
or more programmable processors executing one or more computer programs to perform the
functions of the calibration process. All or part of the processes can be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable gate array) and/or an ASIC
(application-specific integrated circuit). Other embedded systems may be employed, such as
NVidia® Jetson series or the like.

[087] Processors suitable for the execution of a computer program include, by way of
example, both general and special purpose microprocessors, and any one or more processors
of any kind of digital computer. Generally, a processor will receive instructions and data from

a read-only storage area or a random access storage area or both. Elements of a computer
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(including a server) include one or more processors for executing instructions and one or more
storage area devices for storing instructions and data. Generally, a computer will also include,
or be operatively coupled to receive data from, or transfer data to, or both, one or more
machine-readable storage media, such as mass storage devices for storing data, e.g., magnetic,
magneto-optical disks, or optical disks. Processors “configured” to perform one or more of the
processes, algorithms, functions, and/or steps disclosed herein include one or more general or
special purpose processors as described herein as well as one or more computer and/or
machine-readable storage devices on which computer programs for performing the processes
are stored.

[088] Tangible, physical hardware storage devices that are suitable for embodying
computer program instructions and data include all forms of non-volatile storage, including by
way of example, semiconductor storage area devices, e.g., EPROM, EEPROM, and flash
storage area devices; magnetic disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks and volatile computer memory, e.g., RAM
such as static and dynamic RAM, as well as erasable memory, e.g., flash memory.

[089] To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a computer having a display device, e.g.,
a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for displaying information
to the user and a keyboard and a pointing device, e.g., a mouse or a trackball, by which the user
can provide input to the computer. Other kinds of devices can be used to provide for interaction
with a user as well; for example, feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile feedback; and input from the user
can be received in any form, including acoustic, speech, or tactile input. In addition, a computer

can interact with a user by sending documents to and receiving documents from a device that
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is used by the user; for example, by sending web pages to a web browser on a user's device in
response to requests received from the web browser.

[090] Embodiments of the subject matter described in this specification can be
implemented in a computing system that includes a back end component, e.g., as a data server,
or that includes a middleware component, e.g., an application server, or that includes a front
end component, e.g., a client computer having a graphical user interface or a web browser
through which a user can interact with an implementation of the subject matter described in
this specification, or any combination of one or more such back end, middleware, or front end
components. The components of the system can be interconnected by any form or medium of
digital data communication, e.g., a communication network. Examples of communication
networks include a local area network (LAN) and a wide area network (WAN), e.g., the
Internet.

[091] The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network. The
relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other. In some
embodiments, a server transmits data, e.g., an HTML page, to a user device, e.g., for purposes
of displaying data to and receiving user input from a user interacting with the user device,
which acts as a client. Data generated at the user device, e.g., a result of the user interaction,
can be received from the user device at the server.

[092] In addition, the logic flows depicted in the figures do not require the particular
order shown, or sequential order, to achieve desirable results. In addition, other actions may
be provided, or actions may be eliminated, from the described flows, and other components
may be added to, or removed from, the described systems. Likewise, actions depicted in the

figures may be performed by different entities or consolidated. Furthermore, various separate
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elements may be combined into one or more individual elements to perform the functions
described herein.

[093] While visual and audio signals are mainly described in this invention, other data
collection techniques may be employed, such as thermal cues or other wavelength analysis of
the face or other portions of the body of the user. These alternative data collection techniques
may, for example, reveal underlying emotion/response of the patient, such as changes in blood
flow, etc. Additionally, visual depth signal measurements may allow for capture subtle facial
surface movement correlated with the symptom that may be difficult to detect with typical color
images.

[094] Other implementations not specifically described herein are also within the
scope of the following claims. For example, the actions recited in the claims can be performed
in a different order and still achieve desirable results. As one example, the processes depicted
in the accompanying figures do not necessarily require the particular order shown, or sequential
order, to achieve desirable results. In some cases, multitasking and parallel processing may be
advantageous.

[095] It should be noted that any of the above-noted inventions may be provided in
combination or individually. Elements of different embodiments described herein may be
combined to form other embodiments not specifically set forth above. Elements may be left
out of the processes, computer programs, etc. described herein without adversely affecting their
operation. Furthermore, the system may be employed in mobile devices, computing devices,
cloud based storage and processing. Camera images may be acquired by an associated camera,
or an independent camera situated at a remote location. Processing may be similarly be
provided locally on a mobile device, or a remotely at a cloud-based location, or other remote
location. Additionally, such processing and storage locations may be situated at a similar

location, or at remote locations.
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[096] While operations are depicted in the drawings in a particular order, this should
not be understood as requiring that such operations be performed in the particular order shown
or in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be advantageous.
Moreover, the separation of various system modules and components in the embodiments
described above should not be understood as requiring such separation in all embodiments, and
it should be understood that the described program components and systems can generally be
integrated together in a single software product or packaged into multiple software products.

[097] What is claimed is:
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CLAIMS

1. An apparatus for monitoring changes in symptoms of a patient, comprising:

a display for displaying information to a patient;

a processing system configured to output to the display at least one of audio, video or
both audio and video stimuli for eliciting a reaction in the patient;

an audio and video capture device for capturing audio, video or both audio and video
recordings of the patient performing an action as the stimuli is output by the display;

a computer vision processor configured to determine from the audio, video or both
audio and video recordings, one or more reactions of the patient in response to the stimuli and
during a first period of time immediately after presentation of the stimuli to the patient, wherein

the first period of time is less than 250 ms.

2. The system of claim 1, wherein the one or more reactions of the patient to the

stimuli during the first period of time comprises one or more microexpressions.

3. The system of claim 2, wherein the one or more microexpressions comprise one

or more facial reactions within 250 milliseconds after presentation of the stimuli to the patient.

4, The system of claim 3, wherein the computer vision processor is configured to

determine the one or more facial reactions as a function of movement of one or more action

units associated with the face of the patient.

5. The system of claim 4, wherein the one or more action units comprise positions

corresponding to specific regions on the face of the patient, and the movement of the one or
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more action units comprises a movement away from a baseline position of the one or more

action units.

6. The system of claim 1, wherein the stimulus presented to the patient comprises
one or more instructions relating to administration of medication, and wherein the computer
vision processor is configured to determine from the audio, video or both audio and video
recordings whether the patient has properly administered the medication according to the one

or more instructions.

7. The system of claim 6, wherein the action performed in response to the stimulus
presented to the patient comprises the action of the patient performing a requested step

indicative of proper medication administration.

8. The system of claim 1, wherein the processor further correlates the determined
one or more reactions of the patient to similar one or more reactions of a plurality of patients
similarly situated to the patient along at least one dimension of disease to determine an

individual baseline for the patient.

9. The system of claim 1, wherein the computer vision processor determines the
one or more reactions of the patient during a first short period of time after presentation of a
stimulus to the patient in accordance with the movement of one or more action units associated

with the face of the patient.
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10.  The system of claim 1, further comprising an audio processor for determining
one or more audio reaction of the patient during a first short period of time after presentation

of the stimulus to the patient.

11. The system of claim 1, wherein the stimulus presented to the patient comprises
a sequence of questions, at least one of the questions being presented in accordance with a

response of the patient to a prior question.

12. The system of claim 11, wherein the computer vision processor is configured to

determine an amount of time the patient takes to audibly respond to the prior questions.

13. A method for monitoring changes in symptoms of a patient, the method
comprising:

output, to a display, at least one of audio, video or both audio and video stimuli for
eliciting a reaction in a patient;

capturing audio, video or both audio and video recordings of the patient performing an
action as the stimuli is output to the display;

determine from the audio, video or both audio and video recordings, one or more
reactions of the patient in response to the stimuli and during a first period of time immediately
after presentation of the stimuli to the patient, wherein the first period of time is less than 250

ms.

14. The method of claim 13, wherein the action performed in response to the

stimulus presented to the patient comprises one or more microexpressions within 250
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milliseconds after presentation of the stimulus to the patient, and wherein the one or more

microexpressions comprise movement of one or more action units of the face of the patient.

15. The method of claim 13, further comprising determining one or more audio

reaction of the patient within 250 milliseconds after presentation of the stimulus to the patient.

49



WO 2019/182816 PCT/US2019/021913

1/18
O F
jﬁ 400
200 \

Remote

Information

and Display
Device

300

Remote Data and
Computing Location

FIG. 1

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816 PCT/US2019/021913

2/18
/100
Motion
15+ Sensor Storage _120
110 Capture Device 135
T Analysis |/
130
|
140 ~— Display Processor
1)50
160 ~_| Receipt System Transmission |
System

Transmission

System _— 300

A
=
A

System
N Management

330~

Receipt System

FIG. 2

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

3/18

)%

¢ Old

sishleuy Jo syun S1oN1)SU0Y)

00€

SI0SU8S
auoyduews pue
$10SU8g0Ig [9AON

/ Surewo(]

S1IN0JIN Joineysg

gLe Go€
0ce

SI0SUSS PejosuL0))

\ 00l

N

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816 PCT/US2019/021913

4/18
510 520 1000
\v \\+ o~
/ 0 —— \ /( \_—7>9 m\
Cancel
] Were there any
- activities you
\ . enjoyed this
week?
\
—aa—p—
@ Please position your face in
the middle and speak loudly
O o

Establish Baseline Binary Branch

FIG. 4

SUBSTITUTE SHEET (RULE 26)




PCT/US2019/021913

WO 2019/182816

5/18

G Old

ojeloge|] SNO04 uspeoig
N — Y\ ™
1XON IXeN IXeN
- @ selAow ay) 0} buios []
Buipeay ]
spodg buifeld [
spisinQ Buiog [7]
;alow éisoul spuauy yym awry Buipuads []
aw |9} m;w >M%w>wmw | Anwey yym ow Buipueds FN
noAuen || PIp SORIAY :paholus
_ | _ 9S0U} JO YIIYM _ noA saljinnoe
. . 2y} 109J8S
= _mocmo\ . _mocmo\ . |pouen .
/ ° A \ K o X \ //l\ Oc— \ \\

ogs — ops —

0001}

7
0€sg 7

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

6/18

vix

G1¥

9l ¥

Ll ¥

>
0l ¥ 8x
LL¥% L ¥
ZL* 9 %
. L6% 89 % gox G *
el 9% oy .. 09%
GG ¥59% 9% 89x L9x 6%
¥9% €9 x 9% V¥
yG * 0Gx
€Gx CI¥% LGx
Cx
9exTOVIESR o
e x %
CEx
ce¥ | ¥
* X F.V*N.V*Nﬂyn
*« % ¥ vex ov*mm* 8C¥
g%
Lex TAA
9% gzx vox O iz* oz SV

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

7/18

2INJIVEQ

L Ol

"SWOOO0L+1 S! aul| paJ quaned 0] umoys

sl abewl ‘aull usalb 1y "UMOPIUNOD PUOI3aS G BulNp | 0-4 40J SliUNn uoljoe ||y

awel

00GlL OOvlL 0O0€L 00ZL OOLL 00CL 006 008 00Z 009 009 OOy 00 00C 001

«_ _‘ﬂ

‘Bunjoesy azeb 4Oy

pue ‘sasse|o ainysab g|
‘S]IUN UOIJO. |BIOR) POALISP /|
ovs ] ‘@0B] 8y} uo payoed; suulod g9

:Indino |BensIA Jualing

o

s

Go

0}

—G'l

—0°¢

—G'¢

—0¢€

yseld Jen jo abew| 0} asuodsay |SA Z0-O 10-d

JUSLISAOW JIUN UOIOY

—

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816 PCT/US2019/021913

8/18

What does

normal look like

810 for this patient?
830

=t
=
[an]

840

i

5

0

5

T 0
5 sec FacelD
AU baseling

AT, —— AUDG, - AUS, ———
ANY, —-— AUDT, - AU, - -
AU, -~ AUDG ——— AU, -
AS, —— AUIZ,—-— AU, ——

Each daly dose provides a 1-5 second snapshot of patient's neutral expression during FacelD.
This snapshot will be used to normalize the 12 action units over time.

FIG. 8A

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816

— — N
o ) o

N S o
o o o 5L

N
o

9/18

PCT/US2019/021913

P-01 Q-02 VST Response in

Image Car Crash

~ K ’,"
/X~ / . ’ h
’ N 1 ! LY
/i /\—\\(\\ /, ///' /i /, \\\r\ / 7/ N \/I/\:
—— e~/ 7 . 4 B\ A 7/ \ [~
’ .\’2’-.\ . - / A ,\\/‘7‘\ '~ o ,\K N
’i’—:f'}‘z?7< M\MY(\ A / \ AN A
s RNV WARr PN Y .. P
N N Y ARSI WA ST )
) ‘\' AR -\ v /I
\ . -
- \/>.‘\\%‘\ \ \ \ ~"\ "\
AR \ \ \ _/ \ !
S v\ -\ \ ! - \ !
4 S\ v/ o
4 N
- - N
. \
\
\
R
\
\\ )
\ 5
v \\,__\ \
N \
AN |
—— —

.......

180

185
Frame 200

190 ‘

200 ‘
19y 206 215 225 235 245

210 | 230

210 ‘

220

FIG. 8B

240

SUBSTITUTE SHEET (RULE 26)

250

X-AXIS



PCT/US2019/021913

WO 2019/182816

10/18

6 Old

anov(()-

uoniefiAeu [enuew Ypm UOIoeIS)UI O} BWI| e
sisAjeue uoijoelajul Jdwold e
sasned Jo uoneoliueNny) e

asuodsal JO uoleIn(] e
9su0dsal [BOOA 0} BWI| e

HIYS NV 5114 0} swl| e

sishjeuy [ejodwa |

G396 sepmmy

06 Suoissaidx3

96 suoissaidxaoio

056 sioendiuepy

76 siojensnj|

76 JUSWSAOW SSOID)

€6 sIsAjeuy 21p0soid
0¢6 siskjeuy Jusjuon 4N
016 sishleuy Jyg suljeseq

owil ]

Jooly

leaisAud
sulsjjed yosadg
Jusuo)

[eupnyibuo

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816 PCT/US2019/021913

11/18

R e e P B PR P gy

Event Vocal 'response
P-03 VST O01

Verbal response.
i i

> ---7f0---7—’57'-‘8-0-‘18-5----------3 ————————————
IIII|IIIIIIII|IIII !

—————— b 0.2

BV ha-VERSIS N Sy S N

______ L____I_.______l__________ -0.2. '__T_ a
| | ni’ ot
v
20 2 30 35

Time (seconds)

Microexpression

Expressions | |Expressions | | Expressions| |Expressions

Y l y

Attitudes

Sentiment

FIG. 10

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

12/18

0G¢ sweld
Ll ©OIld 00€ Stield dom awel

_
1
!

"yosads buunp vmcw_g_E_v S
Sl jey) |eubis Jea|o e soepinoid (ZLNY + @D,& c@_ww&axm ssaulddey ay |

2INDIY PAREE
9 awel T \

008 0G4 004 099 009 099 009 0OSv 00y 0G¢€ oom 0G¢ OON 0GL 00k 09 O

o

0
o

<
-

Bune3 pjiyo jo sbew| o} ssuodsey | SA 20-O LO-d

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

13/18

000°0¢

¢l 9Old

awel

000’8l 0009k 000'vL 000°CL 0000L 0008 0009 000'Y 000°C
|

| __.i_; _ T

umop paddi) pesH

‘ apIs 0] paulin] peaH

asloJaxa asod woly
pjoysaiy) ssauiddey XvIN

«— PapN|220 YINO

woe v 9o v e v Q9
< < O o N N - -

Q
0

Juswaoe|dsi Hun uonoy

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

14/18

000°0¢

000°81

00091

000°71

000°ClL

€l 9Ol
"JUBAT UOISN|OO XI4 PINOAA UOI10818(] 9|gISIA-JOU-UINOJA|
"SOAI)ISO as|eq saonpay Ajjeals |eubig ayj buuioy|i4

awel

000°0L

000°8

0009

000't

000°C

—— L L

-

B P Rk TSR] B Ry

- ——— k- —— =

B L L

—

umop..paddi

papNn[oo0 YINo

e

_pesH---

-
1

asod

Juswaoe|dsi Hun uonoy

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

WO 2019/182816

vl Old

‘suolssaldxe a|qeleA-z uey) ASIou aJow Je) a1om suolssaldxe ajqelea-; ‘Buiuonsenb jnoybnoay |
swe.
0000 0008l 0009k 000'¥L 000°CL 000°0l 000'8 0009

o
S
<
v
o
S
.
N
o

| _“_mqi —r —ﬂmm:' | | __ _“.__. __1-_14 i.-.ﬁTjﬂl*ljwo
n ! ! ! ! ! ! ! [
I T I I AN S R N b A g
| | | | | | ssoulddey | [
o | . [sseudden ———-| —_— _— [ [ A —_— o
5 | lead —— | | | | | | I
.............  ——— S L e e
............. A TP U T W AT T LW DO W Y ST O W R T B
.......... MISIE: S L 8 LS ALK o
| | | w | | ] w o1
_ _ “ _ _ _ “ “ _ Y

Juswaoe|dsiq

Juswaoe|dsiq

HUn uonoy

HUn uonoy

SUBSTITUTE SHEET (RULE 26)



PCT/US2019/021913

16/18

WO 2019/182816

Gl Old

SPU02aS) aWI |
0 9 9) ) 4 i 8 9 y z 0
] _ ] _ ] _ ] _ ] _ ] _ ] _ ] _ ] _ ]
............ e e [ TR B s Tt SO S o2
| e
............ T I e N S UL
; Youd——| toyesojoave -
.......... __.w.%_a.w“-\.?.m.m-w......:....w.L“r::-:-::mr::-:.w.\::-:-:ug.%z.-:Lm::-dag%%.%&-:ﬂ-:::::.|og
_ W Sy T R R4 o “ “ ! “ [
............ s e a1
| X | | o | “ _ I
| i “ “ L BN | Lo
......... I e 1 AW W O
" Tom e O T o L LT T T - P, 100 &3 IR T (I ANy | IV ARy | P S [ A A |
T N N w ,_;_ ; ‘ AN AR |
.......... 75 SRS S SN S S A X st AN
\ m m“ m m 3“ _ / LT ) m R
........... S T S NS S M S Y
| | | | E m o | m !
............ e S T e

SisAjeuy O_ﬂ_vowen_ }S8] UoRenuiS _gm_> 10 20-d

SISAjeue 1posold
SUBSTITUTE SHEET (RULE 26)



WO 2019/182816

FIG. 16

17/18

1610
Obtain Data

1620
Determine
Baseline

PCT/US2019/021913

1630
Determine Follow
Lg Data

A

1640
Collect Additional
Follow Up Data

1650
Update Baseline
or Determing
Additional Follow
Up Data

1660
Diagnosis of
Disease

SUBSTITUTE SHEET (RULE 26)



WO 2019/182816

FIG.

18/18

1710
Analvze Baseline
Data

1720
Determine
Particular Diseass

1730
Determing Follow
Up Data To Be
Collected

1740 “\
Passive or
; Active?

Passive

v

1750
Extract Additional
Follow Up Data
From Collecied
Data

Active

1770
Defire Addittonal
Data Presentation
angd Collection

1760
Update Baseiline
or Determine
Additional Follow
Up Data

17

1780
Implement
Updated Data
Presentation and
Cuollection

1790
Update Baseline
or Determine
Additional Follow
Up Data

SUBSTITUTE SHEET (RULE 26)

PCT/US2019/021913



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2019/021913

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/00; A61B 5/11; GO6K 9/00 (2019.01)
CPC -

GO6K 9/00302; A61B 5/0064; A61B 5/0077; A61B 5/11; A61B 5/1101; A61B 5/1128; GO6K
9/00221; GO6K 9/00315; GO6K 9/00335 (2019.05)

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

B. FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 382/117; 382/118; 600/558; 600/559 (keyword delimited)

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

See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2017/0364741 A1 (STOCKHOLM UNIVERSITY) 21 December 2017 (21.12.2017) entire 1-16
document

Y US 2013/0085808 A1 (FORBES) 04 April 2013 (04.04.2013) entire document 1-15

Y US 2014/0016860 A1 (AFFECTIVA, INC.) 16 January 2014 (16.01.2014) entire document 58

Y WO 2017/177235 A1 (EMOCHA MOBILE HEALTH INC. et al) 12 October 2017 (12.10.2017) 6,7
entire document

Y US 2003/0118974 A1 (OBRADOR) 26 June 2003 (26.06.2003) entire document 10, 15

A ~|CA 2667828 A1 (MICROSOFT CORPORATION) 12 June 2008 (12.06.2008) entire document | 1-15

A US 2010/0172567 A1 (PROKOSKI) 08 July 2010 (08.07.2010) entire document 1-15

A US 2009/0093685 A1 (VU et al) 09 April 2009 (09.04.2009) entire document 1-15

D Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

16 May 2019

Date of mailing of the international search report

30-MAY 2019

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. §71-273-8300

Authorized officer
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - claims
	Page 49 - claims
	Page 50 - claims
	Page 51 - claims
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - wo-search-report

