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7) ABSTRACT

A wearable socio-biosensor device can include a plurality of
sensors to detect bio-behavioral data of a subject, social data
related to a proximity of the subject to other persons wearing
socio-biosensor devices and bio-behavioral data measured
during the time the subject is in close proximity to other
persons, and environmental data related to the subject’s
environment. The socio-biosensor device can also include a
body portion that includes: a non-transitory memory to store
the bio-behavioral data, the social data, and the environ-
mental data; a wireless transceiver to communicate with
another device based on at least one of the bio-behavioral
data, the social data, and the environmental data; and a
rechargeable battery. The socio-biosensor device can also
include an attachment mechanism that facilitates attachment
of the body portion to the subject (e.g., attached to the
subject’s wrist). At least one of the plurality of sensors can
be embodied in the attachment mechanism.
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WEARABLE SOCIO-BIOSENSOR DEVICE

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 62/147,613, filed Apr. 15, 2015, entitled
“SYSTEM AND METHOD EMPLOYING A WEARABLE
SOCIO-BIOSENSOR DEVICE”. This provisional applica-
tion is hereby incorporated by reference in its entirety for all
purposes.

TECHNICAL FIELD

The present disclosure relates generally to a wearable
socio-biosensor device and, more specifically, to systems
and methods that employ the wearable socio-biosensor
device.

BACKGROUND

Consumer products with wearable sensor technologies
have enabled daily monitoring of biological data (e.g., heart
rate, physical activity, and skin temperature) at relatively
low cost. These products have shown the potential for
contributing a positive impact on health outcomes for many
groups of people, such as athletes, veterans, and the elderly.
However, quantitative and qualitative assessment of the
health impact of social interaction has mostly relied on
self-reported data or external observation, which can yield
limited accuracy and validity.

SUMMARY

The present disclosure relates generally to a wearable
socio-biosensor device and, more specifically, to systems
and methods that employ the wearable socio-biosensor
device. For example, the systems and methods can employ
the socio-biosensor device to provide data that can be used
to assess the health impact of social interaction. This assess-
ment of the health impact of social interaction based on
directly recorded data is more accurate and valid than
traditional assessments based on self-reported data or exter-
nal observation. For example, the directly recorded data can
include bio-behavioral data, social data, and environmental
data that are measured simultaneously.

In one aspect, the present disclosure includes a wearable
socio-biosensor device. The wearable socio-biosensor
device can include a plurality of sensors to detect bio-
behavioral data of a subject, social data related to a prox-
imity of the subject to other persons wearing the socio-
biosensors and bio-behavioral data measured during the time
the subject is in close proximity to other persons, and
environmental data related to the subject’s environment. The
socio-biosensor device can also include a body portion that
includes: a non-transitory memory to store the bio-behav-
ioral data, the social data, and the environmental data; a
wireless transceiver to communicate with another device
based on at least one of the bio-behavioral data, the social
data, and the environmental data; a processor; and a
rechargeable battery. The socio-biosensor device can also
include an attachment mechanism that facilitates attachment
of the body portion to the subject. At least one of the
plurality of sensors can be embodied in the attachment
mechanism.

In another aspect, the present disclosure also includes a
method for establishing an interaction between a subject
wearing a wearable socio-biosensor device and computing
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device. The method can include establishing a wireless
commuuication link between the wearable socio-biosensor
device worn by the subject and the computing device;
downloading data from the wearable socio-biosensor device
to the computing device over the wireless communication
link, wherein the data comprises bio-behavioral data of the
subject, social data related to a proximity of the subject to
other persons wearing the socio-biosensors and bio-behav-
ioral data measured during the time the subject is in close
proximity to other persons, and environmental data related
to the subject’s environment; and establishing an interaction
between the computing device and the subject based on the
downloaded data.

In a further aspect, the present disclosure also includes a
system that enables communication between a wearable
socio-biosensor device and another device (e.g., a comput-
ing device, another socio-biosensor device, or the like). The
system can include a wearable socio-biosensor device and
another device. The wearable socio-biosensor device can
include a plurality of sensors to detect bio-behavioral data of
a subject, social data related to a proximity of the subject to
other persons wearing the socio-biosensors and bio-behav-
ioral data measured during the time the subject is in close
proximity to other persons, and environmental data related
to the subject’s environment; a body portion, and an attach-
ment mechanism that facilitates attachment of the body
portion to the subject. The body portion can include a
non-transitory memory to store the bio-behavioral data, the
social data, and the environmental data; a wireless trans-
ceiver to communicate with another device based on at least
one of the bio-behavioral data, the social data, and the
environmental data; and a rechargeable battery. At least one
of the plurality of sensors can be embodied in the attachment
mechanism. The another device includes a wireless com-
munication module to interface with the socio-biosensor
device to receive the bio-behavioral data, the environmental
data, and the social data; and a processor to recognize the
subject, process the bio-behavioral data, the social data, and
the environmental data, and facilitate an interaction between
the another device and the subject.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features of the present disclosure
will become apparent to those skilled in the art to which the
present disclosure relates upon reading the following
description with reference to the accompanying drawings, in
which:

FIG. 1 is a block diagram showing an example of a
wearable socio-biosensor device comprising a body and
being constructed in accordance with an aspect of the
present disclosure;

FIG. 2 is a block diagram showing an example of an
interior of the body in FIG. 1;

FIG. 3 is a block diagram showing an example of a system
that can employ the wearable socio-biosensor device shown
in FIG. 1;

FIG. 4 is a process flow diagram illustrating a method for
establishing an interaction between a computing device and
a wearer of a socio-biosensor device according to another
aspect of the present disclosure;

FIG. 5 is a process flow diagram illustrating a method for
operating the a wearable socio-biosensor device according
to another aspect of the present disclosure; and
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FIG. 6 is a process flow diagram illustrating a method for
personalized interaction with a subject wearing a socio-
biosensor device according to another aspect of the present
disclosure.

DETAILED DESCRIPTION
1. Definitions

In the context of the present disclosure, the singular forms
“a,” “an” and “the” can also include the plural forms, unless
the context clearly indicates otherwise.

The terms “comprises” and/or “comprising,” as used
herein, can specify the presence of stated features, steps,
operations, elements, and/or components, but do not pre-
clude the presence or addition of one or more other features,
steps, operations, elements, components, and/or groups.

As used herein, the term “and/or” can include any and all
combinations of one or more of the associated listed items.

Although the terms “first,” “second,” etc. may be used
herein to describe various elements, these elements should
not be limited by these terms. These terms are only used to
distinguish one element from another. Thus, a “first” ele-
ment discussed below could also be termed a “second”
element without departing from the teachings of the present
disclosure. The sequence of operations (or acts/steps) is not
limited to the order presented in the claims or figures unless
specifically indicated otherwise.

As used herein, when two or more devices are “coupled”,
a connection is established between the two or more devices.
The connection can be wired, wireless, or a combination of
wired and wireless. For example, respective wireless trans-
mitters, receivers, or transceivers can be used to establish a
wireless connection between the two or more devices.

As used herein, the term “module” can refer to a self-
contained unit or item that can itself perform a defined task
and can be linked with other such units to form a larger
system. A module can include an assembly of electronic
components and associated wiring and/or a segment of
computer software.

As used herein, the term “computing device” can refer to
a device that includes a non-transitory memory that stores
instructions and a processor configured to execute the
instructions to facilitate performance of one or more opera-
tions. In some instances, the non-transitory memory can also
store data corresponding to the one or more operations.

As used herein, the term “real time” can refer to a system
or method in which input data is processed quickly (e.g.,
within milliseconds) so that feedback related to the data it is
available immediately or almost immediately (e.g., within
milliseconds). As used herein, the term “sensor” can refer to
a device that can detect or measure a physical property and
records, indicates, or otherwise responds to the physical
property. Examples of sensors can include, but are not
limited to electrodes, infrared emitter/detectors, accelerom-
eters, gyroscopes, thermistors, thermometers, microphones,
video recorders, proximity sensors, pulse sensors, gas sen-
sors, humidity sensors, and the like.

As used herein, the term “attachment mechanism” can
generally refer to a mechanism that facilitates securing a
wearable device to a user’s body. For example, the attach-
ment mechanism can include a Velcro band, a rubber strap
employing magnets, a wristwatch band, or any type of
mechanism that can ensure that the device remains attached
to the user’s body.
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As used herein, the term “socio-biosensor device” can
refer to a wearable device for simultaneous measurement of
bio-behavioral, social, and environmental data.

As used herein, the term “social activity” can refer to an
association between two or more people.

As used herein, the term “wearable” can refer to an item
or device that can be worn.

As used herein, the term “user interface” can refer to a
means by which a user and a computer system interact (e.g.,
via sound, images, graphics, and the like). In some instances,
the user interface can include a graphical user interface
(GUI), which can allow for visual interaction with the
computer system. In other instances, the user interface can
provide a visual indication, such as a light. In still other
instances, the user interface can provide an audio indication.

As used herein, the term “robot device” can refer to a
computing device that can interact with a socio-biosensor
device. The terms “robot device” and “computing device”
can be used interchangeably herein.

As used herein, the term “subject” and refer to any
warm-blooded organism including, but not limited to, a
human being, a pig, a rat, a mouse, a dog, a cat, a goat, a
sheep, a horse, a monkey, an ape, a rabbit, a cow, etc. Unless
otherwise specified, the terms “user” and “subject” can be
used interchangeably herein.

II. Overview

The present disclosure relates generally to a wearable
socio-biosensor device and, more specifically, to systems
and methods that employ the wearable socio-biosensor
device. Advantageously, the socio-biosensor devices of the
present disclosure can be used for the simultaneous or
real-time measurement of bio-behavioral data, social data,
and/or environmental data related to a subject wearing the
socio-biosensor device(s). The systems and methods of the
present disclosure can employ the simultaneously recorded
bio-behavioral data, social data, and/or environmental data
to assess the health impact of social interaction engaged in
by the subject wearing the socio-biosensor device(s).
Advantageously, this assessment is more accurate and valid
than traditional assessments based on self-reported data or
external observation.

III. Systems

One aspect of the present disclosure can include a wear-
able socio-biosensor device 10 (FIG. 1). Advantageously,
the wearable socio-biosensor device 10 can be used for
simultaneous measurement and recording of bio-behavioral
data, social data, and/or environmental data for a subject
wearing the socio-biosensor device. In some examples, the
bio-behavioral data can include skin temperature, pulse,
respiratory rate, and physical activity/energy expended.
Social data can include proximity, frequency of interaction,
time of interaction, duration of interaction, geographical
location, emotional/verbal contents, and tone and pitch in
voice signals. For example, the social data can include a
proximity of the subject to other persons wearing socio-
biosensor devices and bio-behavioral data measured during
the time the subject is in close proximity to other persons.
Environmental data can include temperature, humidity,
noise, and barometric pressure. The bio-behavioral data,
social data, and/or environmental data can be used to assess
the health impact of social interaction, as well as the quality
of life of the subject. The subject can be, for example, an
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athlete, a veteran, an active duty military personnel, an
elderly person, a person suffering from a disease or mental
impairment, or a child.

The wearable socio-biosensor device 10 can include a
body portion 12, an attachment mechanism 14, and a plu-
rality of sensors 16a-n. Although three sensors 16a-r are
illustrated, it will be understood that any number of sensors
may be present, e.g., greater than or equal to two. The
plurality of sensors 16a-n can be entirely or partially embod-
ied within (e.g., enclosed or contained) and/or on the body
portion 12 and/or the attachment mechanism 14. For
example, at least one of the sensors 16a can be embodied
within the attachment mechanism 14. The sensors 16a-n can
include, for example, an electrode, an infrared emitter, an
infrared detector, an accelerometer, a gyroscope, a thermis-
tor, a thermometer, a microphone, a video recorder, a prox-
imity sensor, a pulse sensor, a gas sensor, a barometer, and/or
a humidity sensor. As another example, the sensors 16a-r
can include a low power MEMS accelerometer, a skin
temperature sensor, a pulse sensor, a proximity sensor (e.g.,
an RF emitter/detector), an ambient temperature sensor, or a
humidity sensor.

In some instances, the wearable socio-biosensor device 10
can include a user interface (UI) 18 to display an indication
of at least one of the bio-behavioral data, the social data,
and/or the environmental data. For example, the Ul 18 can
provide feedback related to the recorded bio-behavioral
data, social data, and/or environmental data. In some
instances, the UI 18 can include an analog (audio or visual)
indicator. For example, the UI 18 can include one or more
LEDs that can be associated with one or more of the sensors
16a-n. The analog indicator can, for example, indicate when
a given sensor 16a-n is active, when a given recording is
made, a result of the given recording, a score determined
from the recordings, the score exceeding a certain value, etc.
In other instances, the Ul 18 can include a GUI that can be
used for comprehensive monitoring and analysis function-
ality.

In some instances, the wearable socio-biosensor device 10
can include a power (on/off) switch 20. The switch 20 can,
for example, be used to conserve battery life. For example,
the battery of the wearable socio-biosensor device 10 can
record the bio-behavioral data, social data, and/or the envi-
ronmental data for at least 12 hours without recharging. The
battery life can be extended if the wearable socio-biosensor
device 10 is switched off when not recording.

The wearable socio-biosensor device 10 can be config-
ured to be worn by a subject without impeding natural
activities. Additionally, the wearable socio-biosensor device
10 can be adaptable for use in indoor and/or outdoor
environments. The wearable socio-biosensor device 10 can
be worn by the subject for at least a portion of time when the
subject is awake and/or asleep to facilitate the assessment of
the health and quality of life of the subject.

The attachment mechanism 14 can be configured to attach
and release the wearable socio-biosensor device 10 from the
subject’s body. For example, the attachment mechanism 14
can include Velcro, one or more magnets, a stretchable strap,
or any other releasable mechanism.

The body portion 12, in some instances, can be configured
with a small size, a lightweight material, and/or a modular
design. The wearable socio-biosensor device 10 can be worn
by the subject, for example, like a wrist watch, embedded in
clothing, strapped across the chest under clothing, or in
another non-obtrusive manner. The wearable socio-biosen-
sor device 10 can be scalable so that subjects of different
sizes can wear the wearable socio-biosensor device 10. In
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6

some instances, the wearable socio-biosensor device 10 can
be constructed of low-cost materials.

An example of the interior of the body portion 12 is
shown in FIG. 2. The body portion 12 can include a
non-transitory memory 22, a processor 24, a wireless trans-
ceiver 26, and a rechargeable battery 28. In some instances,
the body portion 12 can have additional elements, such as an
input/output (I/0), one or more of the sensors 16a-n, or the
like. In some instances, the body portion 12 can include
modular elements so that different elements can be
exchanged and replaced.

The non-transitory memory 22 can store instructions and
data from the sensors 16a-n. For example, the data can
include the bio-behavioral data, social data, and/or environ-
mental data. The non-transitory memory 22 can be embod-
ied at least in part in hardware and/or in software (including
firmware, resident software, micro-code, etc.). Indeed, the
non-transitory memory can be any non-transitory medium
that is not a transitory signal and can contain or store data
and instructions.

The instructions can be accessed by the processor 24,
which can facilitate the execution of the instructions to
perform actions, such as controlling when the sensors 16a-r
acquire data, processing the data, calculating a score based
on the data (e.g., a social interaction value), a value (e.g.,
likelihood of disease transmission, quality of life) based on
the calculated score, or the like. For example, the processor
24 can be a processor of a general purpose computer, special
purpose computer, and/or other programmable data process-
ing apparatus to produce a mechanism for implementing the
functions of the components (e.g., a series of operational
steps of a computer-implemented process such that the
instructions that execute on the computer or other program-
mable apparatus provide steps for implementing the func-
tions of the components). As another example, the processor
24 can be a controller or a microcontroller. The rechargeable
battery 28 can provide power to the processor 24.

The wireless transceiver 26 can include the functionality
of a wireless transmitter and/or receiver. The wireless trans-
ceiver 26 can transmit and/or receive data to or from other
wearable socio-biosensor devices 10 and/or a remote com-
puting device. For example, when the remote computing
device is a robot device, the wireless transceiver 26 can
facilitate interaction between the wearable socio-biosensor
device 10 and the robot device. For example, the robot
device can be a social robot to engage and interact with the
subject wearing the wearable socio-biosensor device. The
wireless transceiver 26 can be powered by the rechargeable
battery 28 and/or triggered to transmit data by the processor
24. The wireless transceiver 26 can be configured for short
range data transmission and/or reception. For example, the
wireless transceiver 26 can be configured for WiFi commu-
nication, Bluetooth communication, Xbee communication,
or any other type of short range wireless communication.
However, in some instances, the wireless transceiver 26 can
be configured to long range data transmission and/or recep-
tion (e.g., cellular, global positioning satellite (GPS), etc.).

Referring now to FIG. 3, illustrated is an example of a
system within which the wearable socio-biosensor device 10
of FIG. 1 can be operational. Within the system, there can be
one or more wearable socio-biosensor devices 10a, b. The
one or more wearable socio-biosensor devices 10a, b can
communicate with each other if they are within range of
each other. One or more of the wearable socio-biosensor
devices 10a, b can communicate with a remote computing
device 32. In some instances, the remote computing device
32 can be a robot device that can interact with the subject
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(e.g., a social robot having an appealing look, such as a
human, an animal or a cartoon robot). The remote computing
device 32 can perform an analysis of the data collected by
the wearable socio-biosensor devices 10a, b and provide
alerts to the wearable socio-biosensor devices based on the
analysis.

As an example, the remote computing device 32 can
include components, including a transceiver 34 (e.g., a
wireless transmitter and/or a wireless receiver), an /0 36, a
processor 38, and a non-transitory memory 40. Functions of
one or more of the components can be implemented by
computer program instructions that are stored in the non-
transitory memory 40. These computer program instructions
can be provided to the processor 38 for execution. The
processor 38 can be a processor of a general purpose
computer, special purpose computer, portable computing
device, a smart phone, and/or other programmable data
processing apparatus to produce a mechanism for imple-
menting the functions of the components (e.g., a series of
operational steps of a computer-implemented process such
that the instructions that execute on the computer or other
programmable apparatus provide steps for implementing the
functions of the components).

The non-transitory memory 40 can be embodied at least
in part in hardware and/or in software (including firmware,
resident software, micro-code, etc.). Furthermore, aspects of
the components stored in the non-transitory memory 40 can
take the form of a computer program product on a computer-
usable or computer-readable storage medium (the non-
transitory memory 40) having computer-usable or computer-
readable program code embodied in the medium for use by
or in connection with an instruction execution system. A
computer-usable or computer-readable medium can be any
non-transitory medium that is not a transitory signal and can
contain or store the program for use by or in connection with
the instruction or execution of a system, apparatus, or
device. The computer-usable or computer-readable medium
can be, for example but not limited to, an electronic,
magnetic, optical, electromagnetic, infrared, or semiconduc-
tor system, apparatus or device. More specific examples (a
non-exhaustive list) of the computer-readable medium can
include the following: a portable computer diskette; a ran-
dom access memory; a read-only memory; an erasable
programmable read-only memory (or Flash memory); and a
portable compact disc read-only memory.

The computer program instructions stored in the non-
transitory memory can include a facial recognition algorithm
42, a subject identification algorithm 44, a subject interac-
tion algorithm 46, and/or a data processing algorithm 48.
The non-transitory memory 40 can also store data 49 related
to the bio-behavioral data, social data, and environmental
data received from the wearable socio-biosensor device 10a.
In some instances, the data 49 can be processed by the data
processing algorithm 48 to assess the health impact of social
interaction and/or the quality of life of the subject (e.g.,
based on an assessed interpersonal relationship established
between the subject and at least one other person wearing the
other socio-biosensor device 105). In other instances, at least
a portion of the data 49 can be sent by the computing device
32 to another device at a central location (e.g., the CDC) for
creation of a transmission map for an infectious disease.

As an example, the facial recognition algorithm 42 can be
used to identify facial features of the subject. For example,
the facial recognition algorithm 42 can include an image
processing algorithm that can be based on an accelerated
adaptive boosting classifier and/or a skin color filter. Based
on the identified facial features, the subject identification
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algorithm 44 can be used to identify the subject. Once the
subject is identified, the subject interaction algorithm 46,
which can be personalized for the identified subject, can be
executed. In some instances, the subject interaction algo-
rithm 46 can provide personal assistance to the subject (e.g,,
monitoring a health of the subject, providing a medication
alarm to the subject, providing encouragement to the subject
to engage in social interaction with another person, and/or
providing a weather report to the subject).

1V. Methods

Another aspect of the present disclosure can include a
method 50 (FIG. 4) for establishing an interaction between
a computing device and a wearer of a wearable socio-
biosensor device (or “subject”). In some instances, the
method 50 can be performed using the system shown in FIG.
3, which includes at least two wearers of wearable socio-
biosensor devices 10qa, b and a remote computing device 32.
The method 60 (FIG. 5) is an example of the operation of the
wearable socio-biosensor device. In some instances, the
method 60 can be performed using the wearable socio-
biosensor device 10 shown in FIG. 1. The method 70 (FIG.
6) can provide for personalized interaction between a com-
puting device and a wearer of the wearable socio-biosensor
device 10. In some instances, the method 70 can be per-
formed using the system shown in FIG. 3, which includes at
least two wearers of wearable socio-biosensor devices 104,
b and a computing device 32.

The methods 50-70 of FIGS. 4-6, respectively, are illus-
trated as process flow diagrams with flowchart illustrations.
For purposes of simplicity, the methods 50-70 are shown and
described as being executed serially; however, it is to be
understood and appreciated that the present disclosure is not
limited by the illustrated order as some steps could occur in
different orders and/or concurrently with other steps shown
and described herein. Moreover, not all illustrated aspects
may be required to implement the methods 50-70.

One or more blocks of the respective flowchart illustra-
tions, and combinations of blocks in the block flowchart
illustrations, can be implemented by computer program
instructions. These computer program instructions can be
stored in memory and provided to a processor of a general
purpose computer, special purpose computer, and/or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer and/or other programmable data
processing apparatus, create mechanisms for implementing
the steps/acts specified in the flowchart blocks and/or the
associated description. In other words, the steps/acts can be
implemented by a system comprising a processor that can
access the computer-executable instructions that are stored
in a non-transitory memory.

The methods 50-70 of the present disclosure may be
embodied in hardware and/or in software (including firm-
ware, resident software, micro-code, etc.). Furthermore,
aspects of the present disclosure may take the form of a
computer program product on a computer-usable or com-
puter-readable storage medium having computer-usable or
computer-readable program code embodied in the medium
for use by or in connection with an instruction execution
system. A computer-usable or computer-readable medium
may be any non-transitory medium that can contain or store
the program for use by or in connection with the instruction
or execution of a system, apparatus, or device.

Referring now to FIG. 4, illustrated is a method 50 for
establishing an interaction between a computing device
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(e.g., computing device 32, such as a social robot with a
non-threatening human-like, cartoon-like, or animal-like
appearance) and a wearer of a socio-biosensor device (e.g.,
wearable socio-biosensor device 10). At 52, a wireless
communication link can be established between a wearable
socio-biosensor device 10 worn by a subject and a comput-
ing device 32. For example, the wireless communication
link can be a short-range communication link according to
a WiFi protocol, a Bluetooth protocol, a Xbee protocol, or
the like. At 54, data can be downloaded from the wearable
socio-biosensor device 10 to the computing device 32. The
data can include bio-behavioral data of the subject, social
data related to a proximity of the subject to other persons,
and/or environmental data related to the subject’s environ-
ment. At 56, an interaction can be established between the
computing device 32 and the subject based on the data. The
interaction can be, for example, providing a social stimula-
tion from the computing device 32 to the subject. As another
example, the social stimulation can be providing personal
assistance by the computing device 32 to the subject (e.g.,
monitoring a health of the subject, providing a medication
alarm to the subject, providing encouragement to the subject
to engage in social interaction with another person, and/or
providing a weather report to the subject).

MMustrated in FIG. 5 is a method 60 for operating the
wearable socio-biosensor device (e.g., wearable socio-bio-
sensor device 10). At 62, signals within the wearable socio-
biosensor device are signaled to begin recording. At 64,
bio-behavioral data, social data, and/or environmental data
are recorded simultaneously. At 66, the recorded data is
saved in a non-transitory memory of the socio-biosensor
device. At 68, the data can be transmitted to a remote
computing device (e.g., computing device 32).

Referring now to FIG. 6, illustrated is a method 70 for
personalized interaction (by computing device 32, such as a
social robot with a human, cartoon, or animatronics appear-
ance) with a subject wearing a wearable socio-biosensor
device. At 72, a facial recognition procedure can be per-
formed to identify the subject. For example, the facial
recognition procedure can be based on based on an accel-
erated adaptive boosting classifier and a skin color filter. At
74, data can be received from a wearable socio-biosensor
device worn by the subject. At 76, a social stimulation can
be provided to the subject based on the data. In some
instances, the data can be sent to a remote location for
further processing (e.g., to create a transmission map of a
disease based on social interaction).

V. Examples

The following examples illustrate several applications of
the socio-biosensor device described above.
Example Hardware Prototype

Ahardware prototype of the wearable socio-biosensor can
provide for simultaneous measurement of bio-behavioral,
social, and environmental data. A low-cost and low-power
MEMS accelerometer, skin temperature sensor, and pulse
sensor were integrated for physical activity recognition and
health monitoring. A method using the RF-based signal
strength was adopted to measure the proximity among users
to determine the frequency and time duration of social
interaction. Environmental monitoring focused on the ambi-
ent temperature and humidity. Collected data is saved on a
microSD card and can be sent to the host computer for
real-time monitoring and further data analysis. The data
analysis was performed using MATLAB to determine the
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thresholds of user proximity for relative localization. Sensor
data was evaluated in different experimental scenarios.

In one design, the body included two boxes for more
freedom of motion with a low overall size. Each box
measured 1.85"x1.85'x0.875". Velcro bands were used as the
attachment mechanism to secure the body to the subject’s
wrist. The pulse sensing module was held in place using the
Velero band. The battery was a rechargeable battery. Wire-
less communication was accomplished via a Xbee module
for communication between multiple devices and a com-
puter hub.

In another design, the body included a single box with a
translucent cover so that LED status lights can be seen by the
subject. A cover was made from a 3-D printed flexible
filament; the main box was 3-D printed ABS. Rubber was
incorporated for the bottom and the side of the device to
increase the comfort for the subject. An adjustable rubber
strap that can be fastened using magnets was used as the
attachment mechanism. The pulse sensor can be moved
along the rubber strap to be placed in the optimal location by
the user. An Arduino Pro-Mini microcontroller was used as
the processor. A power switch was accessible from the side
using a pen or finger. The battery was a rechargeable battery.
Wireless communication was accomplished via a Xbee
module for communication between multiple devices and a
computer hub.

Infectious Disease Screening

A wearable, wireless socio-biosensor system can facilitate
early screening of infectious diseases in developing coun-
tries. This wearable wireless socio-biosensor collects multi-
dimensional diagnostic data (e.g., bio-behavioral data, social
data, and environmental data) simultaneously from those
who are at high risk of acquiring human-to-human transfer-
able infectious diseases (e.g., Tuberculosis (TB). human
immunodeficiency virus (HIV), and Ebola) in a non-inva-
sive and non-intrusive manner. The bio-behavioral data
includes skin temperature, pulse, and physical activity. The
environmental data includes ambient temperature and
humidity. The social data includes location, distance, fre-
quency, and duration of social interactions among the sensor
users.

Transmission of the infectious diseases can be tracked
based on the data collected. The wearable socio-biosensor
device provides the capability of objective measurements of
intensity, times, and locations of social interaction and
synchronized social, biological, and environmental data
collection among multiple users. Accordingly, this enables
early detection of symptoms, reduces the number of physical
contacts between the infected and the non-infected, and
provides data and the intensities, times, and locations of
social interaction in addition to the individual’s bio-behav-
ioral and environmental data. The wearable socio-biosensor
device can provide wireless monitoring of bio-behavioral,
environmental, and social data for a group of people at high
risk of acquiring an infectious disease in developing coun-
tries. This technology can be supplemental or alternative to
the current contact follow-up procedure for infectious dis-
eases. The socio-biosensor technology can be available at a
relatively low cost (<8100 each) and can provide early
screening of the various infectious diseases that often come
with significant individual and societal costs.

The socio-biosensor is equipped with a pulse sensor,
thermister for skin temperature, thermometer for ambient
temperature, humidity sensor, triaxial accelerometer for
physical activity, and short- and long-distance wireless com-
munication modules (i.e., GPS and XBee/Bluetooth). While
skin temperature measured in wrist can be lower and more
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variable than core body temperatures, existing evidence
suggest a strong correlation between the two.

An embedded user feedback mechanism can be used for
indicating abnormal pulse rate or fever. The sensor is
water-resistant and easily disinfected by commercial grade
disinfectants. GPS is used to track the user’s geographical
locations (usually for outdoors) with a resolution of about 2
meters. A radio-based short-distance wireless communica-
tion module measures relative positions and distance among
the users in less than about 2 meters with the resolution of
about an inch. Two options for daily data collection were
considered and examined: using existing cellular network
and the users’ cellular phone or using a host computer with
existing internet connection.

Older Veterans in Assisted Living Facility—Quality of Life

The socio-biosensor can facilitate the assessment of bio-
logical, behavioral, social, and physical environmental data
and the examination of their interactive roles and relative
importance to older veterans. The socio-biosensor enables
low-cost health monitoring that can foster the older veterans
independent living. The social interaction data can lead
researchers and clinicians to better understanding of its
health impact and further to design social intervention
programs to enhance the veterans’ quality of life.

The socio-biosensor measures air pollutants, temperature,
and humidity as environmental factors; skin temperature,
heart rate and respiratory rate as biological variables and
also stress indicators; physical activity as a behavioral
factor; and interpersonal relationships among the users as a
social factor. Social data was measured by the sensors by the
physical proximity and verbal communication data analyzed
as follows. Physical proximity will be determined by the
differences in the wireless signal strength and localization
techniques. Outcome measures include the total duration,
frequency, and average time that each individual interacts
with others in the setting. A composite proximity score
(Pscore) is calculated by the averaged total time that any two
or more people are within 2 meters of distance and scored
into a 1 to 10 scale.

Verbal communication analysis was based on three levels
of observation, encompassing three aspects of communica-
tion: conversation, prosody, and voice. By conversational
analysis, 17 recorded speech data will be categorized by
different psychological attitudes (e.g., suspicion, doubt,
indecision), emotions (e.g., anger, fear, surprise) and inten-
tions, as well as linguistic information, like sentence types
(e.g., declarations, interrogatives, imperatives), focus,
semantic and syntactic contents. The outcome was cali-
brated into a composite verbal interaction score (Vscore)
with a scale of 1 to 10, where 1 being the most negative and
10 being the most positive based on the quantity of each
positive/neutral/negative verbal categories. Words and dis-
cussions are only analyzed for the psychological attitudes,
emotions and intentions. The participants were free to turn
the sensor off if there are conversations occurring that they
do not wish recorded.

Health Assessment of Veterans and Active Duty Personnel

A modular, wearable socio-biosensor system was devel-
oped for simultaneous assessment of bio-behavioral, social,
and environmental data and examination of their interactive
roles in health and quality of life for veterans and active duty
military personnel. The socio-biosensor provides an
approach to autonomously measure quantitative social inter-
action data measured by physical distance, geographical
location, and frequency and time duration of interaction and
qualitative social interaction data measured by emotional
status and stress level. This leads to improve health with
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increased self-awareness by continuous monitoring of an
individual’s health data and environmental exposures to
provide user feedback. The technology provides for the
wireless, simultaneous, and real-time measurement of bio-
behavioral, social, and environmental data in any environ-
mental condition. Additionally, the capability of measuring
social data and conducting a social data assessment creates
novelty in that social interaction has significant impact on
human health by directly or indirectly improving physical
and psychological well-being, the patterns and characteris-
tics of social interaction can be directly related to human-
to-human transmission of several infectious diseases, such
as Influenza, HIV, Ebola, and Tuberculosis, and wireless
communication among the sensors can be used for soldiers
to detect and locate wounded peer soldiers even when no
communication with the base is available.

The wearable socio-biosensor has a “modular” architec-
ture for the hardware. The sensor consists of a core module
(M0) and two additional modules (M1 & M2). M0 contains
sensors and a main processor for measuring bio-behavioral
and sensor-to-sensor proximity data. M1 contains a GPS and
sensors for measuring environmental data, and M2 includes
a voice recording and processing system for qualitative
social data. The modular design allows customization of the
sensors depending on target measures and environmental
setting.

Socially Assistive Robot

An integrative technology, CoRobot, can be used with the
wearable socio-biosensor device and personalized for inter-
action with a recognized subject (e.g., based on facial
recognition algorithms). The CoRobot system can improve
the quality of life by augmenting social interactions through
social stimuli provided by the robot (e.g., stylized to be
non-threatening, such as animal shaped or cartoon robot
shaped) and enabling autonomous and real time assessment
of individual bio-behavioral, environmental, and social data.
The socially assistive robot can interact with older people
via vision/sound/touch-based interaction and wearable
telesensors that can measure the user’s biclogical, behav-
ioral, environmental, and social data. The CoRobot brings
positive impact for older people, in particular for those
living alone in their own homes and living in assisted living
facilities, by providing strong evidence of the potential
utility of social robots for improving the quality of life.
CoRobot can also be used in hospitals and long-term care
facilities. The potential impact of this research reaches
beyond older people. CoRobot can be further used for
behavioral and social training, cognitive rehabilitation, and
further physical trainings and assessment. The CoRobot
technology can also be used in other technologies, such as
a robotic wheelchair, a robot to perform household tasks, a
robot lift for a subject, and the like.

From the above description, those skilled in the art will
perceive improvements, changes and modifications. Such
improvements, changes and modifications are within the
skill of one in the art and are intended to be covered by the
appended claims.

What is claimed is:

1. A wearable socio-biosensor device comprising:

a plurality of sensors to detect bio-behavioral data of a
subject, social data related to a proximity of the subject
to other persons wearing socio-biosensor devices and
bio-behavioral data measured during the time the sub-
ject 1s in close proximity to other persons, and envi-
ronmental data related to the subject’s environment;

a body portion comprising:
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a non-transitory memory to store the bio-behavioral
data, the social data, and the environmental data;

a processor;

a wireless transceiver to communicate with another
device based on at least one of the bio-behavioral
data, the social data, and the environmental data; and

a rechargeable battery; and

an attachment mechanism that facilitates attachment of

the body portion to the subject,

wherein at least one of the plurality of sensors is embod-

ied in the attachment mechanism.

2. The wearable socio-biosensor device of claim 1, further
comprising a user interface to display an indication of at
least one of the bio-behavioral data, the social data, or the
environmental data.

3. The wearable socio-biosensor device of claim 1,
wherein the processor determines a social interaction value
based on the bio-behavioral data, the social data, and the
environmental data.

4. The wearable socio-biosensor device of claim 3,
wherein the processor determines a likelihood of infectious
disease transmission to or from the subject based on the
social interaction value,

wherein the infectious disease is at least one of ebola,

tuberculosis, and human immunodeficiency virus

(HIV).

5. The wearable socio-biosensor device of claim 1,
wherein the processor determines a quality of life of the
subject based on the social interaction value,

wherein the social interaction value indicates a level of a

personal relationship of the subject and at least one
other person with another socio-biosensor device and is
based on at least one of a physical proximity to the at
least one other person, a frequency of vocal interaction
the at least one other person, an emotional status of the
subject, a stress level of the subject, and geographical
locations of the subject and the at least one other
person.

6. The wearable socio-biosensor device of claim 1,
wherein the processor triggers the plurality of sensors to
begin the detection upon determining that the subject is
engaged in an activity or a social interaction.

7. The wearable socio-biosensor device of claim 1,
wherein the plurality of sensors comprise at least two of an
electrode, an infrared emitter, an infrared detector, an accel-
erometer, a gyroscope, a thermistor, a thermometer, a micro-
phone, a video recorder, a proximity sensor, a pulse sensor,
a gas sensor, a barometer, and a humidity sensor.

8. The wearable socio-biosensor device of claim 1,
wherein the bio-behavioral data comprises at least one of
skin temperature, a pulse, a respiratory rate, and an energy
expended by the subject.

9. The wearable socio-biosensor device of claim 1,
wherein the wireless transceiver communicates with a robot
device to facilitate interaction with the robot device.

10. A method comprising:

establishing a wireless communication link between a

wearable socio-biosensor device worn by a subject and

another device;

downloading data from the wearable socio-biosensor

device to the another device over the wireless commu-

nication link, wherein the data comprises bio-behav-
ioral data of the subject, social data related to a prox-
imity of the subject to other persons, and environmental
data related to the subject’s environment; and

establishing an interaction between the another device and
the subject based on the downloaded data.
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11. The method of claim 10, wherein the wearable socio-
biosensor device comprises:

a plurality of sensors to detect the bio-behavioral data, the

social data, and the environmental data;

a body portion comprising:

a non-transitory memory to store the bio-behavioral
data, the social data, and the environmental data;

a processor;

a wireless transceiver to communicate with the another
device; and

a rechargeable battery; and

an attachment mechanism that facilitates attachment of

the body portion to the subject,

wherein at least one of the plurality of sensors is embod-

ied in the attachment mechanism.

12. The method of claim 10, wherein the another device
comprises a robot, wherein the robot comprises:

a wireless communication module to interface with the

socio-biosensor device to receive the data; and

a processor to recognize a person associated with the

socio-biosensor device and to process the data to facili-

tate the interaction.

13. The method of claim 12, wherein the robot comprises
a human-like or an animal-like appearance.

14. The method of claim 10, wherein the interaction
comprises providing a social stimulation from the another
device to the subject.

15. The method of claim 14, wherein the social stimula-
tion comprises providing personal assistance to the subject,

wherein the personal assistance comprises at least one of

monitoring a health of the subject, providing a medi-
cation alarm to the subject, providing encouragement to
the subject to engage in social interaction with another
person, and providing a weather report to the subject.

16. The method of claim 10, further comprising recog-
nizing a face of the subject by the another device using an
image-processing algorithm,

wherein the image-processing algorithm comprises at

least one of an accelerated adaptive boosting classifier

and a skin color filter.

17. A system comprising:

a wearable socio-biosensor device, comprising:

a plurality of sensors to detect bio-behavioral data of a
subject, social data related to a proximity of the
subject to other persons, and environmental data
related to the subject’s environment;

a body portion comprising:

a non-transitory memory to store the bio-behavioral
data, the social data, and the environmental data;

a processor;

a wireless transceiver to communicate with another
device based on at least one of the bio-behavioral
data, the social data, and the environmental data;
and

a rechargeable battery; and

an attachment mechanism that facilitates attachment of
the body portion to the subject,

wherein at least one of the plurality of sensors is
embodied in the attachment mechanism; and

another device, comprising:

a wireless communication module to interface with the
socio-biosensor device to receive the bio-behavioral
data, the environmental data, and the social data; and

a processor to recognize the subject, process the bio-
behavioral data, the social data, and the environmen-
tal data, and facilitate an interaction between the
another device and the subject.
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18. The system of claim 17, wherein the another device
comptises a social robot.

19. The system of claim 17, wherein the another device
sends the processed bio-behavioral data, social data, and
environmental data to a central location to create a trans- 5
mission map of an infectious disease.

20. The system of claim 17, wherein the another device
determines a quality of life of the subject based on an
assessed interpersonal relationship between the subject and
at least one other person wearing another socio-biosensor 10
device.

16
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