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SYSTEMS AND METHODS FOR SLEEP
MONITORING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/682,997, filed on Aug. 14, 2012.
The entire disclosure of the application referenced above is
incorporated herein by reference.

FIELD

[0002] The present disclosure relates to systems and meth-
ods for monitoring sleeping characteristics of a user.

BACKGROUND

[0003] Thebackground description provided here is for the
purpose of generally presenting the context of the disclosure.
Work of the presently named inventors, to the extent it is
described in this background section, as well as aspects of the
description that may not otherwise qualify as prior art at the
time of filing, are neither expressly nor impliedly admitted as
prior art against the present disclosure.

[0004] Sleep studies are tests involving recordation of vari-
ous characteristics of a person while the person sleeps. A
sleep study may be performed, for example, to help a health
care professional (e.g., a doctor) diagnose whether a person
has sleep apnea. A person having sleep apnea may stop
breathing during sleep for at least a predetermined period,
such as 10 seconds or more. Sleep studies may also be per-
formed to aid a health care professional diagnose the presence
of one or more other conditions.

[0005] Sleep studies are generally carried out at an accred-
ited sleep center and are supervised by one or more qualified
technologists. The carrying out of sleep studies at accredited
sleep centers and under the supervision of one or more tech-
nologists may be done to ensure that data is properly mea-
sured and collected during the sleep studies.

SUMMARY

[0006] Ina feature, asystem for performing a sleep study is
disclosed. A data collection module receives signals gener-
ated using at least one of an electromyography (EMG) sensor
connected to a user, an electroencephalography (EEG) sensor
connected to the user, an electrocardiogram (ECG) sensor
connected to the user, and an oxygen saturation (SPO2) sen-
sor connected to the user. A mobile computing device is
implemented independently of the data collection module
and communicates with the data collection module. The
mobile computing device includes a processor and a tangible
computer readable medium including a sleep study applica-
tion embodied as code for: selectively prompting the data
collection module to store data samples generated based on
the signals; receiving the data samples from the data collec-
tion module; and transmitting sleep study data including the
data samples to a first data server. The mobile computing
device further includes a communications module that wire-
lessly downloads the sleep study application from a second
data server.

[0007] Infurther features, the system further includes a data
cable, and the data collection module and the mobile com-
puting device communicate over the data cable.
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[0008] In still further features, the data collection module
and the mobile computing device communicate over the data
cable in accordance with a Universal Serial Bus (USB) pro-
tocol.

[0009] Inyet further features, the mobile computing device
further includes a touchscreen display that displays datato the
user and that receives input from the user.

[0010] In further features, the sleep study data further
includes data input by the user to the mobile computing
device.

[0011] In still further features, the data collection module
receives signals generated using the EMG sensor, the EEG
sensor, the ECG sensor, and the SPO2 sensor.

[0012] Inyet further features, the system furtherincludes: a
movement sensor that measures movement of at least one of
the user and the mobile computing device; and a microphone.
The code is further for: selectively storing data samples gen-
erated based on signals from the movement sensor and the
microphone; and transmitting the sleep study data further
including the data samples generated based on signals from
the movement sensor and the microphone.

[0013] In further features, the data collection module
includes: a second tangible computer readable medium; an
amplifier and filter module that filters and amplifies an ECG
signal generated by the ECG sensor to produce a processed
ECG signal; and an analog to digital converter module that
selectively samples the processed ECG signal, that converts
the samples into digital values to generate the data samples,
and that stores the data samples in the second tangible com-
puter readable medium.

[0014] In still further features, the data collection module
includes: a second tangible computer readable medium; an
amplifier and filter module that filters and amplifies an EEG
signal generated by the EEG sensor to produce a processed
EEG signal; and an analog to digital converter module that
selectively samples the processed EEG signal, that converts
the samples into digital values to generate the data samples,
and that stores the data samples in the second tangible com-
puter readable medium.

[0015] Inyet further features, the system further includes: a
sensor interface module that receives an SPO2 signal from the
SPO?2 sensor, that generates a processed SPO2 signal based
on the SPO2 signal, and that outputs the processed SPO2
signal to the data collection module. The data collection mod-
ule further includes: a second tangible computer readable
medium; and a universal asynchronous receiver/transmitter
(UART) module that receives the processed SPO2 signal and
that stores data samples in the second tangible computer
readable medium.

[0016] In another feature, a method for performing a sleep
study is disclosed. The method includes: receiving, by a data
collection module, signals generated using at least one of an
electromyography (EMG) sensor connected to auser, an elec-
troencephalography (EEG) sensor connected to the user, an
electrocardiogram (ECG) sensor connected to the user, and
an oxygen saturation (SPO2) sensor connected to the user;
wirelessly downloading, by a mobile computing device, a
sleep study application for performing the sleep study from a
first data server; and executing, by the mobile computing
device, the sleep study application including: selectively
prompting the data collection module to store data samples
generated based on the signals; receiving the data samples
from the data collection module; and transmitting sleep study
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data including the data samples to a second data server. The
mobile computing device is implemented independently of
the data collection module.

[0017] In further features, the receiving the data samples
from the data collection module includes receiving, by the
mobile computing device, the data samples from the data
collection module over a data cable.

[0018] In still further features, the method further includes
transmitting, by the data collection module, the data samples
over the data cable in accordance with a Universal Serial Bus
(USB) protocol.

[0019] Inyet further features, the method further includes:
displaying, on a touchscreen display of the mobile computing
device, data to the user; and receiving, from the touchscreen
display, input from the user.

[0020] In further features, the transmitting sleep study data
further includes transmitting data input by the user to the
mobile computing device.

[0021] Instill further features, the receiving signals genet-
ated using at least one of the EMG sensor, the EEG sensor, the
ECG sensor, and the SPO2 sensor includes receiving, by the
data collection module, signals generated using the EMG
sensor, the EEG sensor, the ECG sensor, and the SPO2 sensor,
[0022] Inyet further features, the method further includes:
measuring, by amovement sensor, at least one of the user and
the mobile computing device; and selectively storing, by the
mobile computing device, data samples generated based on
signals from the movement sensor and a microphone. The
transmitting sleep study data further includes transmitting the
data samples generated based on signals from the movement
sensor and the microphone.

[0023] In further features, the method further includes: fil-
tering and amplifying, by the data collection module, an ECG
signal generated by the ECG sensor to produce a processed
ECG signal; selectively sampling, by the data collection mod-
ule, the processed ECG signal; converting, by the data col-
lection module, the samples into digital values to generate the
data samples; and storing, by the data collection module, the
data samples in a second tangible computer readable medium
of the data collection module.

[0024] Instill further features, the method further includes:
filtering and amplifying, by the data collection module, an
EEG signal generated by the EEG sensor to produce a pro-
cessed EEG signal; selectively sampling, by the data collec-
tion module, the processed EEG signal; converting, by the
data collection module, the samples into digital values to
generate the data samples; and storing, by the data collection
module, the data samples in a second tangible computer read-
able medium of the data collection module.

[0025] Inyet further features, the method further includes:
receiving, by a sensor interface module, an SPO2 signal from
the SPO2 sensor; generating, by the sensor interface module,
a processed SPO2 signal based on the SPO2 signal; output-
ting, by the sensor interface module, the processed SPO2
signal to the data collection module; receiving, by the data
collection module, the processed SPO2 signal; and storing,
by the data collection module, data samples in a second
tangible computer readable medium of the data collection
module.

[0026] In another feature, a data collection module for per-
forming a sleep study is described. The data collection mod-
ule includes: a first module that receives an electrocardiogram
(ECG) signal from an ECG sensor connected to a user; a
second module that receives an electroencephalography
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(EEG) signal from an EEG sensor connected to the user; and
a collection control module. The collection control module:
communicates with a mobile computing device; in response
to a prompt from the mobile computing device, stores data
samples generated based on the ECG and EEG signals in a
tangible computer readable medium: and selectively trans-
mits the data samples to the mobile computing device.
[0027] In further features, the collection control module
communicates with the mobile computing device over a data
cable connected at a first end to the data collection module
and at a second end to the mobile computing device.

[0028] In still further features, in response to the prompt,
the collection control module further stores data samples
generated based on an electromyography (EMG) signal from
an EMG sensor in the tangible computer readable medium.
[0029] Inyet further features, in response to the prompt, the
collection control module further stores data samples genet-
ated based on an oxygen saturation (SPO2) signal from an
SPO?2 sensor in the tangible computer readable medium.
[0030] In still further features: the first module amplifies
and filters the ECG signal to produce a processed ECG signal;
and, in response to the prompt from the mobile computing
device, the collection control module stores data samples
generated based on the processed ECG signal in the tangible
computer readable medium.

[0031] In further features, the collection control module
samples the processed ECG signal at a predetermined rate,
digitizes the samples to produce digital values, and stores the
digital values in the tangible computer readable medium.
[0032] In yet further features, the first module filters the
ECG signal using a high pass filter (HPF) and a low pass filter
(LPF).

[0033] Instill further features: the second module amplifies
and filters the EEG signal to produce a processed EEG signal;
and, in response to the prompt from the mobile computing
device, the collection control module stores data samples
generated based on the processed EEG signal in the tangible
computer readable medium.

[0034] In further features, the collection control module
samples the processed EEG signal at a predetermined rate,
digitizes the samples to produce digital values, and stores the
digital values in the tangible computer readable medium.
[0035] In still further features, the collection control mod-
ule transmits the data samples to the mobile computing device
in response to a determination that a predetermined number
of data samples have been stored.

[0036] Inyetanother feature, a method includes: receiving,
by a data collection module, an electrocardiogram (ECG)
signal from an ECG sensor connected to a user; receiving, by
the data collection module, an electroencephalography
(EEG) signal from an EEG sensor connected to the user;
communicating, by the data collection module, with a mobile
computing device; in response to a prompt from the mobile
computing device, storing, by the data collection module,
data samples generated based on the ECG and EEG signals in
a tangible computer readable medium; and selectively trans-
mitting, by the data collection module, the data samples to the
mobile computing device.

[0037] In further features, the communicating includes
communicating, by the data collection module, with the
mobile computing device overa data cable connected at a first
end to the data collection module and at a second end to the
mobile computing device.
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[0038] In still further features, the method further includes
storing, by the data collection module in response to the
prompt, data samples generated based on an electromyogra-
phy (EMG) signal from an EMG sensor in the tangible com-
puter readable medium.

[0039] Infurther features, the method further includes stor-
ing, by the data collection module in response to the prompt,
data samples generated based on an oxygen saturation
(SPO2) signal from an SPO2 sensor in the tangible computer
readable medium.

[0040] In yet further features, the method further includes:
amplifying and filtering the ECG signal, by the data collec-
tion module, to produce a processed ECG signal; and storing,
by the data collection module in response to the prompt, data
samples generated based on the processed ECG signal in the
tangible computer readable medium.

[0041] In yet further features, the method further includes:
sampling, by the data collection module, the processed ECG
signal at a predetermined rate; digitizing, by the data collec-
tion module, the samples to produce digital values; and stor-
ing, by the data collection module, the digital values in the
tangible computer readable medium.

[0042] In further features, the filtering comprises filtering
the ECG signal using a high pass filter (HPF) and a low pass
filter (LPF).

[0043] Inyet further features, the method further includes:
amplifying and filtering the EEG signal, by the data collection
module, to produce a processed EEG signal; and storing, by
the data collection module in response to the prompt, data
samples generated based on the processed EEG signal in the
tangible computer readable medium.

[0044] Instill further features, the method further includes:
sampling, by the data collection module, the processed EEG
signal at a predetermined rate; digitizing, by the data collec-
tion module, the samples to produce digital values; and stor-
ing, by the data collection module, the digital values in the
tangible computer readable medium.

[0045] In further features, the method further includes
transmitting, by the data collection module, the data samples
to the mobile computing device in response to a determina-
tion that a predetermined number of data samples have been
stored.

[0046] In yet another feature, a mobile computing device
for performing a sleep study is described. The mobile com-
puting device includes: a processor; a tangible computer read-
able medium including a sleep study application embodied as
code. The code is for: selectively prompting a data collection
module to store data samples generated based on signals
generated using at least one of an electromyography (EMG)
sensor connected to a user, an electroencephalography (EEG)
sensor connected to the user, an electrocardiogram (ECG)
sensor connected to the user, and an oxygen saturation
(SPO2) sensor connected to the user; receiving the data
samples from the data collection module; and transmitting
sleep study data including the data samples to a first data
server. The mobile computing device further includes a com-
munications module that wirelessly downloads the sleep
study application from a second data server.

[0047] Infurther features, the code is for prompting the data
collection module to store the data samples in response to at
least one user input.

[0048] In still further features, the mobile computing
device further includes a touchscreen display that displays
data to the user and that receives input from the user.
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[0049] 1In yet further features, the code is further for veri-
fying proper connection of leads the at least one of the ECG,
EEG, EMG, and SPO2 sensors to the user.

[0050] In further features, the sleep study data further
includes data input by the user to the mobile computing
device.

[0051] In still further features, a system includes: the
mobile computing device; and a movement sensor that mea-
sures movement of at least one of the user and the mobile
computing device. The code is further for: selectively storing
data samples generated based on signals from the movement
sensor; and transmitting the sleep study data further including
the data samples generated based on signals from the move-
ment sensor.

[0052] In further features, a system includes: the mobile
computing device; and a microphone. The code is further for:
selectively storing data samples generated based on signals
from the microphone; and transmitting the sleep study data
further including the data samples generated based on signals
from the microphone.

[0053] Instill further features, the code is further for: selec-
tively displaying a health insurance portability and account-
ability act (HIPAA) waiver; and selectively prompting the
data collection module to begin collecting the data samples in
response to receipt of predetermined user input indicative of
acceptance of the HIPAA waiver.

[0054] Inyet further features, the code is further for: selec-
tively displaying terms of a release for data samples collected
during the sleep study; and selectively prompting the data
collection module to begin collecting the data samples in
response to receipt of predetermined user input indicative of
acceptance of the terms of the release.

[0055] Infurther features, the code is further for selectively
prompting the data collection module to begin collecting the
data samples in response to receipt of a digital signature of the
user.

[0056] In another feature, a method includes: selectively
prompting, by a mobile computing device, a data collection
module to store data samples generated based on signals
generated using at least one of an electromyography (EMG)
sensor connected to a user, an electroencephalography (EEG)
sensor connected to the user, an electrocardiogram (ECG)
sensor connected to the user, and an oxygen saturation
(SPO2) sensor connected to the user; receiving, by the mobile
computing device, the data samples from the data collection
module; transmitting, by the mobile computing device, sleep
study data including the data samples to a first data server; and
wirelessly downloading, by the mobile computing device, the
sleep study application from a second data server.

[0057] In further features, the selectively prompting
includes prompting, by the mobile computing device, the data
collection module to store the data samples in response to at
least one user input.

[0058] Instill further features, the method further includes:
displaying, by the mobile computing device, data to the user
on a touchscreen display; and receiving, by the mobile com-
puting device, input from the user from the touchscreen dis-
play.

[0059] In yet further features, the method further includes
verifying, by the mobile computing device, proper connec-
tion of leads the at least one of the ECG, EEG, EMG, and
SPO2 sensors to the user.
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[0060] In further features, the method further includes
transmitting, by the mobile computing device, the sleep study
data further including data input by the user to the mobile
computing device.

[0061] Instill further features, the method further includes:
selectively storing, by the mobile computing device, data
samples generated based on signals from a movement sensor;
and transmitting, by the mobile computing device, the sleep
study data further including the data samples generated based
on signals from the movement sensor.

[0062] Inyet further features, the method further includes:
selectively storing, by the mobile computing device, data
samples generated based on signals from a microphone; and
transmitting, by the mobile computing device, the sleep study
data further including the data samples generated based on
signals from the microphone.

[0063] In further features, the method further includes:
selectively displaying, by the mobile computing device, a
health insurance portability and accountability act (HIPAA)
waiver; and selectively prompting, by the mobile computing
device, the data collection module to begin collecting the data
samples in response to receipt of predetermined user input
indicative of acceptance of the HIPAA waiver.

[0064] Instill further features, the method further includes:
selectively displaying, by the mobile computing device,
terms of a release for data samples collected during the sleep
study; and selectively prompting, by the mobile computing
device, the data collection module to begin collecting the data
samples in response to receipt of predetermined user input
indicative of acceptance of the terms of the release.

[0065] In yet further features, the method further includes
selectively prompting, by the mobile computing device, the
data collection module to begin collecting the data samples in
response to receipt of a digital signature of the user.

[0066] In yet another feature, a mobile computing device
for performing a sleep study is described. The mobile com-
puting device includes a camera, a display, a processor, and a
tangible computer readable medium. The tangible computer
readable medium includes a sleep study application embod-
ied as code for: selectively displaying a request to capture an
image of a user of the mobile computing device using the
camera; and storing the image. The sleep study application
further includes code for, after the storage of the image:
selectively prompting a data collection module to store data
samples generated based on signals generated using at least
one of an electromyography (EMG) sensor connected to the
user, an electroencephalography (EEG) sensor connected to
the user, an electrocardiogram (ECQG) sensor connected to the
user, and an oxygen saturation (SPO2) sensor connected to
the user, an electrooculography (EOG) sensor connected to
the user, a temperature sensor connected to the user, and a
pressure sensor connected to the user; and receiving the data
samples from the data collection module.

[0067] In further features, the sleep study application fur-
ther includes code for displaying the request to capture an
image of the user in response to a determination that the at
least one of the EMG sensor, the EEG sensor, the ECG sensor,
the SPO2 sensor, the EOG sensor, the temperature sensor, and
the pressure sensor is/are properly connected to the user.

[0068] In yet further features, the sleep study application
further includes code for prompting the data collection mod-
uleto stop storing data samples generated based on the signals
in response to disconnection of at least one of the EMG
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sensor, the EEG sensor, the ECG sensor, the SPO2 sensor, the
EOG sensor, the temperature sensor, and the pressure sensor.
[0069] In still further features, the sleep study application
further includes code for, in response to a determination that
the at least one of the EMG sensor, the EEG sensor, the ECG
sensor, the SPO2 sensor, the EOG sensor, the temperature
sensor, and the pressure sensor have/has been re-connected,
displaying a second request to capture a second image of the
user.

[0070] In further features, the sleep study application fur-
ther includes code for selectively prompting the data collec-
tion module to continue storing data samples generated based
on the signals after storage of the second image.

[0071] In yet further features, the sleep study application
further includes code for prompting the data collection mod-
uleto stop storing data samples generated based on the signals
in response to disconnection of the EMG sensor, the ECG
sensor, and the EOG sensor,

[0072] In still further features, the sleep study application
further includes code for prompting the data collection mod-
uleto stop storing data samples generated based on the signals
in response to disconnection of the SPO2 sensor.

[0073] In further features, the sleep study application fur-
ther includes code for prompting the data collection module
to store data samples generated based on the signals in
response to the storage of the image.

[0074] In yet further features, the sleep study application
further includes code for transmitting sleep study data includ-
ing the data samples and the image to a data server.

[0075] In still further features, the sleep study application
further includes code for displaying video obtained using the
camera while displaying the request to capture an image of
the user.

[0076] In yet another feature, a method for performing a
sleep study is described. The method includes: selectively
displaying on a display, by a mobile computing device, a
request to capture an image of a user of the mobile computing
device using a camera of the mobile computing device; and
storing, by the mobile computing device, the image in a
tangible computer readable medium. The method further
includes, after the storage of the image: selectively prompt-
ing, by the mobile computing device, a data collection mod-
ule to store data samples generated based on signals gener-
ated using at least one of an electromyography (EMG) sensor
connected to the user, an electroencephalography (EEG) sen-
sor connected to the user, an electrocardiogram (ECG) sensor
connected to the user, and an oxygen saturation (SPO2) sen-
sor connected to the user, an electrooculography (FOQG) sen-
sor connected to the user, a temperature sensor connected to
the user, and a pressure sensor connected to the user; and
receiving, by the mobile computing device, the data samples
from the data collection module.

[0077] In further features, the method further includes dis-
playing, by the mobile computing device, the request to cap-
ture an image of the user in response to a determination that
the at least one of the EMG sensor, the EEG sensor, the ECG
sensor, the SPO2 sensor, the EOG sensor, the temperature
sensor, and the pressure sensor is/are properly connected to
the user.

[0078] In yet further features, the method further includes
prompting, by the mobile computing device, the data collec-
tion module to stop storing data samples generated based on
the signals in response to disconnection of at least one of the
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EMG sensor, the EEG sensor, the ECG sensor, the SPO2
sensot, the EOG sensor, the temperature sensor, and the pres-
sure sensor.

[0079] In still further features, the method further includes,
in response to a determination that the at least one of the EMG
sensor, the EEG sensor, the ECG sensor, the SPO2 sensor, the
EOG sensor, the temperature sensor, and the pressure sensor
have/has been re-connected, displaying, by the mobile com-
puting device, a second request to capture a second image of
the user.

[0080] In further features, the method further includes
selectively prompting, by the mobile computing device, the
data collection module to continue storing data samples gen-
erated based on the signals after storage of the second image.
[0081] In yet further features, the method further includes
prompting, by the mobile computing device, the data collec-
tion module to stop storing data samples generated based on
the signals in response to disconnection of the EMG sensor,
the ECG sensor, and the EOG sensor.

[0082] In still further features, the method further includes
prompting, by the mobile computing device, the data collec-
tion module to stop storing data samples generated based on
the signals in response to disconnection of the SPO2 sensor.
[0083] In further features, the method further includes
prompting, by the mobile computing device, the data collec-
tion module to store data samples generated based on the
signals in response to the storage of the image.

[0084] In yet further features, the method further includes
transmitting, by the mobile computing device, sleep study
data including the data samples and the image to a data server.
[0085] In still further features, the method further includes
displaying on the display, by the mobile computing device,
video obtained using the camera while displaying the request
to capture an image of the user.

[0086] Further areas of applicability of the present disclo-
sure will become apparent from the detailed description, the
claims and the drawings. The detailed description and spe-
cific examples are intended for purposes of illustration only
and are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0087] The present disclosure will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0088] FIG.1 is a functional block diagram of an example
sleep study system;

[0089] FIG. 2 is a functional block diagram of an example
implementation of a mobile computing device;

[0090] FIGS. 3A-B include a flowchart depicting an
example method of conducting a sleep study that may be
performed by a mobile computing device executing a sleep
study application;

[0091] FIG. 4 is a functional block diagram of an example
implementation of a data collection module;

[0092] FIG. 5 is a functional block diagram of an example
implementation ofan electrocardiogram (ECG) amplifier and
filter module;

[0093] FIG. 6 is an example schematic of the ECG ampli-
fier and filter module;

[0094] FIG. 7 is a functional block diagram and schematic
of an example implementation of an electroencephalography
(EEG) amplifier and filter module;

[0095] FIG. 8 is a functional block diagram of an example
implementation of a sensor interface module;
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[0096] FIG. 9 is an example schematic of the sensor inter-
face module; and

[0097] FIGS. 10A and 10B are flowcharts depicting
example methods of collecting data during a sleep study.
[0098] In the drawings, reference numbers may be reused
to identify similar and/or identical elements.

DETAILED DESCRIPTION

[0099] Thereis aneed for systems and methods for patients
to accurately and completely perform a sleep study outside of
an accredited sleep center and without the supervision of one
or more qualified technologists, such as at home. Such sys-
tems and methods provide various benefits including, but not
limited to: eliminating the need for a patient to travel to a sleep
center; eliminating a patient’s apprehension associated with
conducting a sleep study at a sleep center; and decreasing the
time necessary to complete a sleep study by eliminating the
need to schedule the sleep study in the future with a sleep
center.

[0100] Referring now to FIG. 1, a functional block diagram
of an example sleep study system is presented. An application
server 104 stores one or more applications including a sleep
study application. The sleep study application can be
executed by mobile computing devices, such as mobile com-
puting device 108, to perform a sleep study. The sleep study
application is embodied as code stored on a computer-read-
able medium.

[0101] Mobile computing devices can wirelessly download
the sleep study application from the application server 104.
For example, the mobile computing device 108 can download
the sleep study application from the application server 104 in
response to input from a patient 112. The mobile computing
device 108 may include, for example, a cellular phone, a
tablet computer, a portable media player, or another suitable
type of portable computing device.

[0102] A prescriber (e.g., a doctor) can prescribe a sleep
study for the patient 112 via a sleep study server 116. Using
one or more unique identifiers associated with the patient 112,
the patient 112 can perform the sleep study at any location,
such as at home. The patient 112 performs the sleep study
using the mobile computing device 108, the sleep study appli-
cation, a data collection module 120, and one or more user
devices, such as an electromyography (EMG) sensor 124, an
electroencephalography (EEG) sensor 128, an electrocardio-
gram (ECG) sensor 132, an oxygen saturation (SPO2) sensor
136, a microphone 140, an electrooculography (EOG) sensor
137, a pressure sensor 138, and a temperature sensor 139.
[0103] The EMG sensor 124 generates signals based on
electrical activity of one or more muscles of the body of the
patient 112. The EEG sensor 128 generates signals based on
electrical activity of the brain of the patient 112. The ECG
sensor 132 generates signals based on electrical activity of the
heart of the patient 112. The SPO2 sensor 136 generates
signals based on oxygen saturation of blood of the patient
112. The EOG sensor 137 generates signals based on eye
movement of the patient 112. The pressure sensor 137 gen-
erates signals based on pressures in one or more airways of
the patient 112. The temperature sensor 139 generates signals
based on one or more temperatures of the patient 112.
[0104] The data collection module 120 may receive power
from an external power source, such as a standard wall outlet.
Additionally or alternatively, the data collection module 120
may include an energy storage device, which may or may not
be rechargeable, such as one or more batteries.
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[0105] The data collection module 120 receives signals
from the EMG sensor 124, the EEG sensor 128, the ECG
sensor 132, the EOG sensor 137, the pressure sensor 138, and
the temperature sensor 139. The data collection module 120
receives signals from the SPO2 sensor 136 via a sensor inter-
face module 144. The sensor interface module 144 processes
the signals generated by the SPO2 sensor 136 and provides
processed SPO2 signals to the data collection module 120.

[0106] FIG. 2 is a functional block diagram of an example
implementation of the mobile computing device 108. Refer-
ring now to FIGS. 1 and 2, the mobile computing device 108
may include a processor 204, memory 208, a touch display
212, a display driver 216, an energy storage device (ESD)
220, and a power supply 224. The mobile computing device
108 may also include a first communications module 228, a
second communications module 232, an audio receiver 236,
an audio driver 240, and a clock 244.

[0107] The energy storage device 220 may include one or
more re-chargeable batteries. The power supply 224 may
provide power to various components of the mobile comput-
ing device 108 based on power from the energy storage device
220 and/or an external power supply, such as a standard wall
outlet. The touch display 212 may include any touch-sensitive
display device, such as a capacitive sensing display. The
touch display 212 may display information to the patient 112
and receive input from the patient 112. The processor 204
controls the display driver 216 to control what is displayed on
the touch display 212.

[0108] For example only, a physical character layout (e.g.,
a partial or whole QWERTY-based keyboard) may displayed
on a portion of the touch display 212 as needed as a “soft
keyboard”, and the patient 112 may input information to the
mobile computing device 108 via the touch display 212 using
one or more fingers. Different portions or functions of a
partial or whole standard QWERTY keyboard may also be
selectively displayed via the touch display 212. The patient
112 may additionally or alternatively input information to the
mobile computing device 108 via the touch display 212 using
a stylus, a mouse, a trackball, or the like.

[0109] While the display is discussed as being a touch
display, a non-touch screen display may be used in conjunc-
tion with one or more user input devices, such as a partial or
whole QWERTY-based keyboard (not shown). The patient
112 may additionally or alternatively interface the mobile
computing device 108 via one or more other user input
devices, such as buttons, switches, etc.

[0110] The first communications module 228 communi-
cates with the application server 104 wirelessly via one or
more antennas (not shown). The first communications mod-
ule 228 or another communications module communicates
with the sleep study server 116 wirelessly via one or more
antennas (also not shown). Once downloaded from the appli-
cation server 104, the sleep study application is stored in the
memory 208 or another suitable tangible computer-readable
medium, as illustrated by 248.

[0111] The second communications module 232 commu-
nicates with the data collection module 120 using a cable. For
example, the data collection module 120 and the mobile com-
puting device 108 may communicate via a universal serial bus
(USB) protocol or another suitable wired network communi-
cation protocol. While communication between the data col-
lection module 120 and the mobile computing device 108 is
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discussed as being performed by wire, the data collection
module 120 and the mobile computing device 108 may com-
municate wirelessly.

[0112] The audio receiver 236 receives signals from the
microphone 140. The audio receiver 236 may also receive
signals from one or more microphones of the mobile comput-
ing device 108, which are not shown. The audio receiver 236
processes the signals from the microphone(s) for use with a
sleep study performed using the sleep study application (e.g.,
to identify snoring).

[0113] The processor 204 controls the audio driver 240 to
control audio output of one or more audio output devices,
such as headphones 252 and/or one or more speakers of the
mobile computing device 108. For example, the audio output
device(s) may be used to provide “white noise” to facilitate
sleeping during a sleep study. In various implementations, the
headphones 252 and the microphone 140 are integrated into a
combined unit that includes both the headphones 252 and the
microphone 140. The clock 244 tracks a current date time.
[0114] The mobile computing device 108 may also include
one or more movement sensors, such as movement sensor
256. For example only, movement sensors may include one or
more accelerometers, a global positioning system (GPS),
and/or one or more other sensors based upon which move-
ment of the mobile computing device 108 and/or the patient
112 can be detected. Movement of the mobile computing
device 108 and/or the patient 112 can be used with a sleep
study performed using the sleep study application. While
movement sensors that are internal to the mobile computing
device 108 are shown, the movement sensor(s) may instead
be implemented within the data collection module 120 or
independently.

[0115] The mobile computing device 108 includes one or
more cameras, such as camera 270. For example only, the
mobile computing device 108 may include one or more cam-
eras implemented on the same surface of the mobile comput-
ing device 108 as the display 212. The mobile computing
device 108 may also include one or more cameras imple-
mented on a surface of the mobile computing device 108
opposite to that of the display 212.

[0116] The processor 204 may receive data from the cam-
era 270 via a camera interface 274. The processor 204 may,
for example, selectively display real-time video from the
camera 270 on the display 212 and selectively display images
acquired using the camera 270 on the display 212. The pro-
cessor 204 may also contro] operation of the camera 270 via
the camera interface 274.

[0117] FIGS. 3A-3B include a flowchart depicting an
example method of conducting a sleep study that may be
performed by the mobile computing device 108 executing the
sleep study application. Referring now to FIGS. 1-3B, control
may begin in response to the patient 112 triggering execution
of the sleep study application via the mobile computing
device 108.

[0118] At 304, the mobile computing device 108 displays a
landing and login user interface (UT) on the touch display 212.
The landing and login Ul may include one or more fields for
the patient 112 to input one or more unique identifiers of the
patient 112, such as a username and password. The username
and password may be, for example, provided to the patient
112 or set by the patient 112 in response to the prescription of
the sleep study by the prescriber. While the example of a
username and password are discussed, other unique identifi-
ers of the patient 112 may be used in various implementa-
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tions. The unique identifier(s) of the patient 112 may be used
to authenticate the patient 112.

[0119] At 308, it is determined whether the input provided
by the patient 112 is valid. For example, the mobile comput-
ing device 108 may transmit the input to the sleep study server
116 and the sleep study server 116 may perform the determi-
nation, or the determination may be performed by the mobile
computing device 108. If 308 is true, control continues with
312. If 308 is false, control may return to 304 to continue
displaying the landing and login Ul on the touch display 212.
[0120] The mobile computing device 108 displays a five
part process Ul on the touch display 212 at 312. The five part
process Ul indicates individual parts of the sleep study. For
example, five parts of the sleep study may include: (1) an
agreement and signature portion; (2) a pre-sleep study survey
portion; (3) a sensor connection and testing portion; (4) a data
collection portion; and (5) a post-sleep study survey and data
transfer portion. Each of the portions are discussed further
below. The five part process Ul may also include an indicator
of one or more predetermined actions to be taken by the
patient 112 to begin the sleep study.

[0121] At 316, the mobile computing device 108 deter-
mines whether the patient 112 has performed the predeter-
mined action(s) to begin the sleep study. If 316 is true, control
continues with 320. 1316 is false, control may remain at 312
to continue displaying the five part process UI.

[0122] The mobile computing device 108 displays an
agreement Ul on the touch display 212 at 320. The agreement
UI includes an indicator of one or more predetermined
actions to be taken by the patient 112 to accept the terms and
conditions of a health insurance portability and accounting
act (HIPAA) waiver. The agreement indicator also includes an
indicator of one or more predetermined actions to be taken by
the patient 112 to view the HIPAA waiver. The mobile com-
puting device 108 displays the HIPAA waiver on the touch
display 212 in response to the patient performing the prede-
termined action(s) to view the HIPAA waiver.

[0123] The agreement Ul also includes an indicator of one
or more predetermined actions to be taken by the patient 112
to accept the terms and conditions of a data release form for
release of data collected during the sleep study. The agree-
ment Ul also includes an indicator of one or more predeter-
mined actions to be taken by the patient 112 to view the data
release form. The mobile computing device 108 displays the
data release form on the touch display 212 in response to the
patient performing the predetermined action(s) to view the
data release form.

[0124] The agreement UI also includes a field for the
patient 112 to input a digital signature, such as using a finger
orastylus. The agreement Ul also includes an indicator of one
or more predetermined actions to be taken by the patient 112
to continue with the sleep study. At 324, it is determined
whether the patient 112 performed the predetermined action
(s) to accept the terms and conditions of the HIPAA waiver,
performed the predetermined action(s) to accept the terms
and conditions of the data release form, input a digital signa-
ture, and performed the predetermined action(s) to continue
with the sleep study. 1£324 is true, control continues with 328.
1324 is false, control may remain at 320 to continue display-
ing the agreement Ul. The determination may be performed
by the mobile computing device 108 or by the sleep study
server 116.

[0125] At 328, the mobile computing device 108 displays a
pre-sleep study survey Ul on the touch display 212. The
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pre-sleep study survey Ul includes one or more predeter-
mined questions for the patient 112 and indicators for input-
ting answers to the predetermined questions. The pre-sleep
study survey UI also includes an indicator of one or more
predetermined actions to be taken by the patient 112 to con-
tinue with the sleep study.

[0126] At 332, it is determined whether the patient 112
input answers for each of the predetermined questions and
performed the predetermined action(s) to continue with the
sleep study. If 332 is true, control continues with 336. I 332
is false, control may remain at 328, and the mobile computing
device 108 may continue displaying the pre-sleep study sur-
vey Ul The determination may be performed by the mobile
computing device 108 or by the sleep study server 116.
[0127] The mobile computing device 108 displays a sensor
connection and testing UI. The sensor connection and testing
UI may include indicators of how to connect the EMG sensor
124, the EEG sensor 128, the ECG sensor 132, the EOG
sensor 137, the pressure sensor 138, the temperature sensor
139, and the SPO2 sensor 136 to the body of the patient 112.
The sensor connection and testing Ul may also include an
indicator of one or more predetermined actions to be taken by
the patient 112 to begin checking for proper connection of the
sensors 124-139 to the body of the patient 112.

[0128] At 340, the mobile computing device 108 may
determine whether the patient 112 has performed the prede-
termined action(s) to begin checking for proper connection of
the sensors 124-139 to the body of the patient 112. If 340 is
true, control may continue with 344. If 340 is false, control
may remain at 336, and the mobile computing device 108 may
continue displaying the sensor connection and testing UI. The
determination may be performed by the mobile computing
device 108 or by the sleep study server 116.

[0129] The mobile computing device 108 tests whether the
sensors 124-139 are properly connected to the body of the
patient 112 at 344. For example, the mobile computing device
108 may attempt to receive one or more samples of data from
each of the sensors 124-139 at 344. The mobile computing
device 108 receives samples of data from the sensors 124-139
from the data collection module 120.

[0130] At 348, the mobile computing device 108 deter-
mines whether the connection of the sensors 124-139 to the
body of the patient 112 is correct. If 348 is false, the mobile
computing device 108 may display instructions for properly
connecting one or more of the sensors 124-139 that are not
properly connected on the touch display 212 and re-test the
connections at 352, and control may return to 348. If 348 is
true, the mobile computing device 108 may display that the
sensors 124-139 are properly connected on the touch display
212, and control may continue with 353.

[0131] The mobile computing device 108 may display a
take a picture UI on the touch display 212 at 353. The take a
picture Ul may instruct the patient 112 to take a picture of the
patient 112 while wearing the (properly connected) sensors.
The mobile computing device 108 may also initialize the
camera 270 to ready the camera 270 for picture taking at 353.
The mobile computing device 108 may also display real-time
video obtained via the camera 270 on the touch display 212 at
353. The mobile computing device 108 may also display one
or more features on the touch display 212 for centering the
patient 112 within a viewing area of the camera 270 at 353.
[0132] At 354, the mobile computing device 108 may
determine whether a picture of the patient 112 has been
obtained. If 354 is true, control may continue with 356 of FIG.
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7B. If 354 is false, control may return to 353 and continue
displaying the take a picture Ul on the touch display 212. The
mobile computing device 108 may store a picture taken by the
patient 112. The picture may help verify that the data col-
lected during the sleep study was actually data for the patient
112 as opposed to another person.

[0133] Referring now to FIG. 3B, the mobile computing
device 108 prompts the data collection module 120 to begin
collecting data samples from the sensors 124-139 at 356. For
example, the mobile computing device 108 may transmit a
signal to begin collecting data samples to the data collection
module 120 over the cable or wirelessly. The mobile comput-
ing device 108 may also begin collecting data from the move-
ment sensor 256 and the microphone 140 at 356. Data from
the movement sensor 256 and the microphone 140 may be
used in conjunction with data from the sensors 124-139. The
mobile computing device 108 may stamp data from the move-
ment sensor 256 and the microphone 140 with a date and time
tracked by the clock 244.

[0134] At 357, the mobile computing device 108 may
determine a sensor disconnection event has occurred. A sen-
sor disconnection event may occur when one or more sensors
have been disconnected from the patient 112. Sensor discon-
nection events are discussed further below in conjunction
with the examples of FIGS. 10A-B. If 357 is true, at 358 the
mobile computing device 108 may prompt the data collection
module 120 to stop collecting data samples and display a
sleep study ended UI. The sleep study ended Ul indicates that
the sleep study was ended before the sleep study was com-
pleted and to begin a sleep study again. If 357 is false, control
may continue with 359.

[0135] At 359, the mobile computing device 108 may
determine whether data collection for the sleep study is
complete. Data may be collected until one or more pre-
determined data collection ending conditions occur. For
example only, the predetermined data collection ending
conditions may include, but are not limited to, passing of
a predetermined period (e.g., 6 hours), collection of a
predetermined number of data samples, the patient 112
taking one or more predetermined actions viathe mobile
computing device 108, and/or one or more other suitable
conditions. The data collection module 120 stores data
samples from the sensors 124-139 within the data col-
lection module 120 until the one or more predetermined
data collection ending conditions occur. If 359 is false,
control may return to 357. If 359 is true, control may
continue with 360.

[0136] At 360, once the one or more predetermined data
collection ending conditions occur, the mobile computing
device 360 receives (from the data collection module 120) the
data samples collected by the data collection module 120. The
mobile computing device 360 stores the data samples
received from the data collection module 120 in the memory
208.

[0137] At 364, the mobile computing device 108 displays a
post-sleep study survey Ul on the touch display 212. The
post-sleep study survey UI includes one or more predeter-
mined questions for the patient 112 and indicators for input-
ting answers to the predetermined questions. The pre-sleep
study survey Ul also includes an indicator of one or more
predetermined actions to be taken by the patient 112 to con-
tinue towards completion of the sleep study.

[0138] At 368, it is determined whether the patient 112
input answers for each of the predetermined questions and
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performed the predetermined action(s) to continue towards
completion of the sleep study. If 368 is true, control continues
with 372. I 368 is false, control may remain at 364, and the
mobile computing device 108 may continue displaying the
post-sleep study survey Ul. The determination may be per-
formed by the mobile computing device 108 or by the sleep
study server 116.

[0139] The mobile computing device 108 displays a thank
you and data transferring UT on the touch display 212 at 372.
The thank you and data transferring UI thanks the patient 112
for performing the sleep study using the sleep study applica-
tion. The thank you and data transferring Ul also includes an
indicator that the mobile computing device 108 is transferring
data collected for and during the sleep study to the sleep study
server 116 and an indicator to refrain from disabling the
communicating abilities of the mobile computing device 108.

[0140] At 376, the mobile computing device 108 commu-
nicates the data collected for and during the sleep study to the
sleep study server 116. The communicated data includes the
acceptance of the HIPAA waiver and the information release
form, the digital signature of the patient 112, the answers to
the pre-sleep study survey, the answers to the post-sleep study
survey, the data samples collected from the sensors 124-139,
and data collected from the movement sensor 256 and the
microphone 140. The communicated data may also include
the picture taken by the patient 112. The communicated data
may also include other data pertaining to the performance of
the sleep study, such as location, ambient conditions, data
regarding the connection of the sensors 124-139, etc. The
mobile computing device 108 may display a sleep study
complete Ul at 380. The sleep study complete Ul may indi-
cate that performance of the sleep study and the transfer of
collected data to the sleep study server 116 is complete.

[0141] Once the sleep study is complete, the mobile com-
puting device 108 may selectively display data collected dur-
ing the sleep study on the touch display 212. For example, the
mobile computing device 108 may generate and display one
or more traces of collected data versus time on the touch
display 212.

[0142] Referring now to FIG. 4, a functional block diagram
of an example implementation of the data collection module
120 is presented. The data collection module 120 may include
an ECG amplifier and filter module 404, an EEG amplifier
and filter module 408, a power supply module 412, and a
clock 416. The data collection module 120 may also include
an analog to digital converter (ADC) module 420, a universal
asynchronous receiver/transmitter (UART) module 424,
memory 428, and a communications module 432. In various
implementations, the ADC module 420, the UART module
424, the memory 428, and the communications module 432
may be implemented within a collection control module 436,
such as a PIC24-based microcontroller (e.g., PIC24FJ64
GBO02) or another suitable type of controller.

[0143] The power supply 412 provides power to various
components of the data collection module 120, such as the
ADC module 420, the UART module 424, the communica-
tions module 432, the memory 428, the ECG amplifier and
filter module 404, the EEG amplifier and filter module 408,
and the clock 416. The power supply 412 may output power
based on power received from one or more energy storage
devices, such as one or more batteries, and/or an external
power supply, such as a standard wall outlet. The clock 416
tracks a current time and date.
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[0144] The ECG amplifier and filter module 404 receives
the signals generated by the ECG sensor 132. The ECG
amplifier and filter module 404 performs one or more signal
processing functions on the signals generated by the ECG
sensor 132 and generates a processed ECG signal. FIG. 5
includes a functional block diagram of an example imple-
mentation of the ECG amplifier and filter module 404.
[0145] Referring now to FIGS. 4 and 5, the ECG amplifier
and filter module 404 may include a first amplifier module
504, a first filter module 508, a second amplifier module 512,
and a second filter module 516. The first amplifier module
504 may provide an amplifier gain of approximately 50 or
another suitable value. The first filter module 508 may include
a high pass filter (HPF) and have a cutoff frequency (f,) of
approximately 0.03 Hertz or another suitable value. The sec-
ond amplifier module 512 may provide an amplifier gain of
approximately 10 or another suitable value. The second filter
module 516 may include a low pass filter (LPF).

[0146] FIG. 6 includes an example schematic of the ECG
amplifier and filter module 404. Referring now to FIGS. 4-6,
the ECG sensor 132 may include three electrical connectors
(leads) for connection with the skin of the patient 112. For
example, as shown in FIG. 6, a first electrical connector may
be connected to a first location on the skin of the patient 112
(e.g., hand or arm), a second electrical connector may be
connected to a second location on the skin of the patient 112
(e.g., a leg or foot), and a third electrical connector may be
connected to a third location on the skin of the patient 112
(e.g., another leg or foot). While the example of three electri-
cal connectors is shown and discussed, the ECG sensor 132
may include another suitable number of electrical connectors.
[0147] The third electrical connector may be connectedto a
ground (reference) potential. The first amplifier module 504
may include a first differential amplifier. The first and second
electrical connectors may be connected to negative and posi-
tive inputs of the first differential amplifier. A resistor, such as
a 1 kilo-Ohm resistor, may be connected between two termi-
nals of the first differential amplifier. Positive and negative
values of a reference potential (e.g., +/-6 Volts) may be con-
nected at two terminals of the first differential amplifier.
Another terminal of the first differential amplifier may be
connected to the ground potential. The first differential ampli-
fier generates a first output based on the signals received at the
positive and negative inputs.

[0148] The first filter module 508 may include a first
capacitor and a first resistor. The first capacitor may receive
the first output (from the first differential amplifier) at a first
terminal and be connected at a second terminal to an output
node. A first terminal of the first resistor is also connected to
the output node, and a second terminal of the first resistor may
be connected to the ground potential. The first capacitor and
the first resistor filter the first output to generate a second
output at the output node. For example only, the first capacitor
may include a 1000 micro-Farad capacitor, and the first resis-
tor may include a 5.6 kilo-Ohm resistor.

[0149] The second amplifier module 512 may include a
second differential amplifier, a second resistor, and a third
resistor. A positive input of the second differential amplifier
may be connected to the output node (of the first filter module
508). A negative input of second differential amplifier may be
connected to a first node. The second resistor may be con-
nected at a first end to the first node and at a second end to the
ground potential. The third resistor may be connected ata first
end to the first node and at a second end to an output terminal
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of the second differential amplifier. The positive and negative
values of the reference may be connected at two terminals of
the second differential amplifier. For example only, the first
and second resistors may include 1 kilo-Ohm resistors. The
second differential amplifier generates a second output based
on the signals received at its positive and negative inputs.
[0150] The second filter module 516 may include a fourth
resistor and a second capacitor. The fourth resistor may
receive the second output (from the second differential ampli-
fier) at a first terminal and be connected at a second terminal
to a second outputnode. A first terminal of the second capaci-
tor 1s also connected to the second output node, and a second
terminal of the second capacitor may be connected to the
ground potential. The fourth resistor and the second capacitor
filter the second output to generate the processed ECG signal
at the second output node.

[0151] Referring again to FIG. 4, the EEG amplifier and
filter module 408 receives the signals generated by the EEG
sensor 128. The EEG amplifier and filter module 408 per-
forms one or more signal processing functions on the signals
generated by the EEG sensor 128 and generates a processed
EEG signal. FIG. 7 includes a functional block diagram and
schematic of an example implementation of the EEG ampli-
fier and filter module 408. The EEG amplifier and filter mod-
ule 408 may amplify the (relatively small in magnitude) sig-
nals generated by the EEG sensor 128 and filter artifacts from
the signals (e.g., artifacts associated with blinking and eye
movements) to generate the processed EEG signal.

[0152] Referring now to FIGS. 4 and 8, the EEG sensor 128
may include three electrical connectors (leads) for connection
with the skin of the patient 112. For example, a fourth elec-
trical connector may be connected to a fourth location on the
skin of the patient 112 (e.g., one side of the head), a fifth
electrical connector may be connected to a fifth location on
the skin of the patient 112 (e.g., other side of the head) and a
sixth electrical connector may be connected to the third loca-
tion on the skin of the patient 112 (e.g., the right leg). While
the example of three electrical connectors is shown and dis-
cussed, the EEG sensor 128 may include another suitable
number of electrical connectors.

[0153] The fourth and fifth electrical connectors (of the
BEG sensor 128) may be connected to first and second input
terminals of a third amplifier module 604. For example only,
the third amplifier module 604 may include an INA118P
amplifier or another suitable type of amplifier. A gain resistor
may be connected between third and fourth terminals of the
third amplifier module 604. The third amplifier module 604
may generate a third output at a fifth terminal 608 based on the
signals received at the first and second input terminals.
[0154] The sixth connector (ofthe EEG sensor 128) may be
connected to a virtual ground node 612. A sixth terminal of
the third amplifier module 604 is also connected to the virtual
ground node 612. An output terminal of a virtual ground
module 620, such as a TLE2426 virtual ground circuit, is also
connected to the virtual ground node 612.

[0155] An input terminal of the virtual ground module 620
is connected to a positive reference potential node 624. A
seventh terminal 628 of the third amplifier module 604 is also
connected to the positive reference potential node 624. An
output terminal of a voltage regulator module 632, such as a
7805T voltage regulator circuit, is connected to the positive
reference potential node 624.

[0156] An input terminal of the voltage regulator module
632 1s connected to a positive reference potential of a power
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source 636, such as a 9 Volt battery or another suitable power
source. A negative reference potential of the power source
636 is connected to a ground reference potential. The voltage
regulator module 632 adjusts power received from the power
source 636 to produce a target reference potential at the
positive reference potential node 624.

[0157] Aneighthterminal 640 of the third amplifier module
604 is connected to the ground reference potential. First and
second capacitors and are connected between the virtual
ground node 612 and the ground reference potential and
between the positive reference potential node 624 and the
ground reference potential, respectively. Third and fourth
capacitors and are connected between the input terminal of
the voltage regulator module 632 and the ground reference
potential and between the output terminal of the voltage regu-
lator module 632 and the ground reference potential, respec-
tively. For example only, the first and second capacitors may
be 10 micro-Farad capacitors, the third capacitor may be a
0.33 micro-Farad capacitor, and the fourth capacitor may bea
0.1 micro-Farad capacitor.

[0158] A fifth capacitor and a resistor are connected
between the fifth terminal 608 of the third amplifier module
604 and a positive input terminal of a second amplifier mod-
ule 644. A negative input terminal of the sixth amplifier
module 644 may be connected to the virtual ground node 612.
For example only, the fifth capacitor may be a 10 micro-Farad
capacitor, the resistor may be a 1 kilo-Ohm resistor, and the
sixth amplifier module 644 may be a TLC272P amplifier
circuit. A second resistor is connected between the positive
input terminal of the sixth amplifier module 644 and an output
terminal of the sixth amplifier module 644. For example only,
the second resistor may be a 47 kilo-Ohm resistor. Fourth and
fifth terminals of the sixth amplifier module 644 may be
connected to the positive reference potential node 624 and the
ground reference potential, respectively.

[0159] A third resistor may be connected between the out-
put terminal of the sixth amplifier module 644 and a positive
input terminal of a seventh amplifier module 648. A fourth
resistor and a sixth capacitor may be connected between the
input terminal of the seventh amplifier module 648 and an
output terminal of an eighth amplifier module 652. For
example only, the third resistor may be a 47 kilo-Ohm resis-
tor, the fourth resistor may be a 33 kilo-Ohm resistor, the sixth
capacitor may be a0.1 micro-Farad capacitor, and the seventh
and eighth amplifiers 648 and 652 may be TLC272P amplifier
circuits.

[0160] A fifth resistor may be connected between a node
656 connecting the fourth resistor and the sixth capacitor to
the output terminal of the eighth amplifier module 652 and a
node 660 connecting a negative input terminal of the seventh
amplifier module 648 with a negative input terminal of the
eighth amplifier module 652. A seventh capacitor may be
connected between the node 660 and a node 664 connected to
an output terminal of the seventh amplifier module 648. For
example only, the fifth resistor may be a 47 kilo-Ohm resistor,
and the seventh capacitor may be a 0.1 micro-Farad capacitor.
[0161] TheEEG amplifier and filter module 408 outputs the
processed EEG signal via the output terminal of the seventh
amplifier module 648. A sixth resistor may be connected
between the node 664 and a node 668 connected to a positive
input terminal of the eighth amplifier module 652. A seventh
resistor may be connected between the node 668 and the
virtual ground node 612. For example only, the sixth and
seventh resistors may be 100 kilo-Ohm resistors. Fourth and
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fifth terminals of the seventh and eighth amplifiers 648 and
652 may be connected to the positive reference potential node
624 and the ground reference potential, respectively. The
resistors and capacitors provide a filter, such as low pass filter
with a cutoff frequency of approximately 33.86 Hertz, for the
signals input to the seventh amplifier module 648.

[0162] Referring back to FIG. 4, the ECG amplifier and
filter module 404 outputs the processed ECG signal to the
ADC module 420. The EEG amplifier and filter module 408
also outputs the processed EEG signal to the ADC module
420. The signals generated by the EMG sensor 124 may be
directly input to the ADC module 420. While the signals
generated by the EMG sensor 124 are shown and described as
being directly input to the ADC module 420, the signals
generated by the EMG sensor 124 may be processed and/or
filtered before being input to the ADC module 420.

[0163] The signals generated by the EOG sensor 137 may
be directly input to the ADC module 420. While the signals
generated by the FOG sensor 137 are shown and described as
being directly input to the ADC module 420, the signals
generated by the EOG sensor 137 may be processed and/or
filtered before being input to the ADC module 420.

[0164] The signals generated by the pressure sensor 138
may be directly input to the ADC module 420. While the
signals generated by the pressure sensor 138 are shown and
described as being directly input to the ADC module 420, the
signals generated by the pressure sensor 138 may be pro-
cessed and/or filtered before being input to the ADC module
420.

[0165] Thesignals generated by the temperature sensor 139
may be directly input to the ADC module 420. While the
signals generated by the temperature sensor 139 are shown
and described as being directly input to the ADC module 420,
the signals generated by the temperature sensor 139 may be
processed and/or filtered before being input to the ADC mod-
ule 420.

[0166] The sensor interface module 144 receives the sig-
nals generated by the SPO2 sensor 136. The SPO2 sensor 136
may be a disposable (one-time use) SPO2 sensor or a non-
disposable (multiple-time use) SPO2 sensor. The sensor
interface module 144 performs one or more signal processing
functions on the signals generated by the SPO2 sensor 136
and generates a processed SPO2 signal. For example only, the
sensor interface module 144 may include an OEM 11T Module
or an Xpod by Nonin. The sensor interface module 144 out-
puts instantaneous values. In various implementations, the
sensor interface module 144 may also output average values.
In various implementations, the sensor interface module 144
and the SPO2 sensor 136 may be integrated within one
device.

[0167] FIG. 8 includes a functional block diagram of an
example implementation of the sensor interface module 144.
Referring now to FIG. 8, the sensor interface module 144 may
include a conversion module 704, a first filter module 708, a
second filter module 712, a third filter module 716, an ampli-
fier module 720, and a fourth filter module 724.

[0168] The conversion module 704 receives signals (cur-
rent) from the SPO2 sensor 136 and converts the signals into
voltage signals. The first filter module 708 filters the voltage
signals to produce a first filtered signal. For example only, the
first filter module 708 may include a low pass filter (LPF) with
a cutoff frequency of approximately 6 Hertz. The first filter
module 708 filters the first filtered signal to produce a second
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filtered signal. For example only, the second filter module 712
may include a 60 Hertz notch filter.

[0169] Thethird filter module 716 filters the second filtered
signal to produce a third filtered signal. For example only, the
third filter module 716 may include a high pass filter (HPF)
with a cutoff frequency of approximately 0.8 Hertz. The
amplifier module 720 amplifiers the third filtered signal to
produce an amplified signal. For example only, the amplifier
module 720 may provide an amplifier gain of approximately
31 or another suitable gain. The fourth filter module 724
filters the amplified signal to produce the processed SPO2
signal and outputs the processed SPO2 signal to the UART
module 424. For example only, the fourth filter module 724
may include a LPF with a cutoff frequency of approximately
4.8 Hz. FIG. 9 includes a schematic of an example implemen-
tation of the sensor interface module 144.

[0170] Referring back to FIG. 4, the EOG sensor 137 may
include a plurality of electrical connectors (leads) for connec-
tion with the skin of the patient 112. For example, an electrical
connector may be connected to the fourth location on the skin
of the patient 112 (e.g., one side of the head), another elec-
trical connector may be connected to the fifth location on the
skin of the patient 112 (e.g., other side of the head), and
another electrical connector may be connected to the third
location on the skin of the patient 112 (e.g., the right leg).
While the example of three electrical connectors is shown and
discussed, the EOG sensor 137 may include another suitable
number of electrical connectors.

[0171] The pressure sensor 138 may include one or more
pressure transducers that measure pressure within a nasal
cannula inserted into nostrils of the patient 112. The tempera-
ture sensor 139 may include one or more thermocouples that
measure temperature within the nostrils of the patient 112 and
temperature of air near a mouth of the patient 112.

[0172] Inresponsetobeing triggered, the ADC module 420
samples the (analog) signals and converts the samples into
corresponding digital values. The ADC module 420 stores the
digital values in a sample buffer 440. The ADC module 420
may sample the signals at the same rate or at one or more
different rates. For example, the ADC module 420 may gen-
erate digital values based on the processed ECG and EEG
signals at a first predetermined rate (e.g., once every 2 milli-
seconds) and generate digital values based on the EMG signal
at a second predetermined rate (e.g., once every 4 millisec-
onds). Digital values may be stored with timestamps or in the
order in which they are generated.

[0173] In response to being triggered, the UART module
424 selectively stores digital values generated based on the
signals from the SPO2 sensor 136 in the sample buffer 440.
The communications module 432 triggers the ADC module
420 and the UART module 424 in response receipt of a signal
from the mobile computing device 108 prompting the data
collection module 120 to begin collecting data samples from
the sensors 124-139.

[0174] The communications module 432 may reset a
sample counter value to a predetermined reset value, such as
zero, when triggering the ADC module 420 and the UART
module 424. The communications module 432 may incre-
ment the sample counter value each time that one or more
digital values are stored in the sample buffer 440. The com-
munications module 432 may determine whether the sleep
study is complete based on the sample counter value. For
example, the communications module 432 may determine
that the sleep study is complete when the sample counter
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value is greater than a predetermined value and determine that
the sleep study is not yet complete when the sample counter is
less than the predetermined value. The communications mod-
ule 432 may alternatively determine that the sleep study is
complete in response to receipt of a signal from the mobile
computing device 108 indicating that the sleep study is com-
plete. While the functions of resetting of the sample counter
value, incrementing the sample counter, and determining
whether the sleep study is complete are discussed as being
performed by the communications module 432, one or more
of the functions may be performed by the ADC module 420
and/or the UART module 424. When the sleep study is com-
plete, the communications module 432 transmits data stored
in the sample buffer 440 to the mobile computing device 108,
and the mobile computing device 108 can later transmit data
collected to the sleep study server 116.

[0175] FIG. 10A is a flowchart depicting an example
method of collecting data during a sleep study that may be
performed by the mobile computing device 108 executing the
sleep study application is presented. Referring now to FIG.
10A, control may begin while the data collection module 120
is collecting data samples for the sleep study.

[0176] At 804, the mobile computing device 108 may
determine whether one or more of the sensors 124-139 have
been disconnected from the patient 112. If 804 is false, con-
trol may remain at 804, and the data collection module 120
may continue to collect data samples. If 804 is true, control
may continue with 808.

[0177] At 808, the mobile computing device 108 may dis-
play a request to re-connect the disconnected sensor(s) on the
touch display 212. At 812, the mobile computing device 108
may display a request to capture a second picture on the touch
display 212. As described above, a first picture of the patient
112 may be captured before collection of the data samples
begins.

[0178] Capturing another picture of the patient 112 after a
disconnection of one or more of the sensors 124-139 may
ensure that the data samples collected during the sleep study
are for the patient 112. For example, the first picture taken
before data collection began may be compared with the sec-
ond picture taken after disconnection of one or more of the
sensors 124-139. The comparison may be performed, for
example, by the mobile computing device 108 using a facial
recognition application or by a reviewer of data samples
obtained during the sleep study after transmission to the sleep
study server 116.

[0179] FIG. 10B is another flowchart depicting an example
method of collecting data during a sleep study that may be
performed by the mobile computing device 108 executing the
sleep study application is presented. Referring now to FIG.
10B, control may begin while the data collection module 120
is collecting data samples for the sleep study.

[0180] At 904, the mobile computing device 108 may
determine whether one or more of the sensors 124-139 have
been disconnected. For example, the mobile computing
device 108 may determine whether the SPO2 sensor 136 has
been disconnected at 904. The mobile computing device 108
may additionally or alternatively determine whether the EOG
sensor 137, the EMG sensor 124, and the ECG sensor 132
have been disconnected at 904. The mobile computing device
108 may additionally or alternatively determine whether the
pressure sensor 138 and the temperature sensor 139 have been
disconnected at 904. 1£904 is true, control may continue with
908. If 904 is false, control may remain at 908. In various
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implementations, the sleep study may be allowed to continue
despite disconnection of one or more sensors, such as discon-
nection of the EEG sensor 128. In various implementations,
the mobile computing device 108 may require disconnection
of the sensor(s) for at least a predetermined period before
continuing with 908.

[0181] At 908, the mobile computing device 108 may
prompt the data collection module 120 to stop storing data
samples. The mobile computing device 108 may also start a
timer and display a request to reconnect the disconnected
sensor(s) on the touch display 212 at 908. In various imple-
mentations, the mobile computing device 108 may also gen-
erate one or more tactile alarms at 108, such as an audible
alarm and/or a vibratory alarm.

[0182] The mobile computing device 108 may determine
whether the timer is greater than a predetermined period (e.g.,
approximately 2 minutes or another suitable period) at 912. If
912 is true, control may continue with 916. 1f 912 is false,
control may continue with 920. At 916, the mobile computing
device 108 may display Ul indicating that the sleep study has
ended on the touch display 212 and prompt the data collection
module 120 to delete stored data samples. Control may then
end until a next execution of the sleep study application.
[0183] At 920, the mobile computing device 108 may
determine whether the disconnected sensor(s) have been
reconnected properly. If 920 is true, control may continue
with 924. 1f 920 is false, control may continue to display the
request to reconnect the disconnected sensor(s) and return to
912.

[0184] The mobile computing device 108 may reset and
start the timer at 924. At 928, the mobile computing device
108 may display a request to capture a second image of
patient 112 on the touch display 212. At 932, the mobile
computing device 108 may determine whether the timer is
greater than a predetermined period. If true, control may
continue with 916, which is discussed above. If false, control
may continue with 936.

[0185] At 936, the mobile computing device 108 may
determine whether a second image of the patient 112 has been
captured. If936 is true, the mobile computing device 108 may
prompt the data collection module 120 to continue storing
data samples at 940, and control may continue with the sleep
study. If 936 is false, control may return to 928 and continue
displaying the request to capture a second picture of the
patient 112.

[0186] The foregoing description is merely illustrative in
nature and is in no way intended to limit the disclosure, its
application, or uses. The broad teachings of the disclosure can
be implemented in a variety of forms. Therefore, while this
disclosure includes particular examples, the true scope of the
disclosure should not be so limited since other modifications
will become apparent upon a study of the drawings, the speci-
fication, and the following claims. As used herein, the phrase
at least one of A, B, and C should be construed to mean a
logical (A or B or C), using a non-exclusive logical OR. It
should be understood that one or more steps within a method
may be executed in different order (or concurrently) without
altering the principles of the present disclosure.

[0187] In this application, including the definitions below,
the term module may be replaced with the term circuit. The
term module may refer to, be part of, or include an Applica-
tion Specific Integrated Circuit (ASIC); a digital, analog, or
mixed analog/digital discrete circuit; a digital, analog, or
mixed analog/digital integrated circuit; a combinational logic
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circuit; a field programmable gate array (FPGA); a processor
(shared, dedicated, or group) that executes code; memory
(shared, dedicated, or group) that stores code executed by a
processor; other suitable hardware components that provide
the described functionality; or a combination of some or all of
the above, such as in a system-on-chip.

[0188] The term code, as used herein, may include soft-
ware, firmware, and/or microcode, and may refer to pro-
grams, routines, functions, classes, and/or objects. The term
shared processor encompasses a single processor that
executes some or all code from multiple modules. The term
group processor encompasses a processor that, in combina-
tion with additional processors, executes some or all code
from one or more modules. The term shared memory encom-
passes a single memory that stores some or all code from
multiple modules. The term group memory encompasses a
memory that, in combination with additional memories,
stores some or all code from one or more modules. The term
memory may be a subset of the term computer-readable
medium. The term computer-readable medium does not
encompass transitory electrical and electromagnetic signals
propagating through a medium, and may therefore be consid-
ered tangible and non-transitory. Non-limiting examples of a
non-transitory tangible computer readable medium include
nonvolatile memory, volatile memory, magnetic storage, and
optical storage.

[0189] The apparatuses and methods described in this
application may be partially or fully implemented by one or
more computer programs executed by one or more proces-
sors. The computer programs include processor-executable
instructions that are stored on at least one non-transitory
tangible computer readable medium. The computer programs
may also include and/or rely on stored data.

What is claimed is:

1. A data collection module for performing a sleep study,
the data collection module comprising:

a first module that receives an electrocardiogram (ECG)

signal from an ECG sensor connected to a user;
a second module that receives an electroencephalography
(EEG) signal from an EEG sensor connected to the user;
and
a collection control module that:
communicates with a mobile computing device;
in response to a prompt from the mobile computing
device, stores data samples generated based on the
ECG and EEG signals in a tangible computer readable
medium; and

selectively transmits the data samples to the mobile
computing device.

2. The data collection module of claim 1 wherein the col-
lection control module communicates with the mobile com-
puting device over a data cable connected at a first end to the
data collection module and at a second end to the mobile
computing device.

3. The data collection module of claim 1 wherein, in
response to the prompt, the collection control module further
stores data samples generated based on an electromyography
(EMG) signal from an EMG sensor in the tangible computer
readable medium.

4. The data collection module of claim 1 wherein, in
response to the prompt, the collection control module further
stores data samples generated based on an oxygen saturation
(SPO2) signal from an SPO2 sensor in the tangible computer
readable medium.
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5. The data collection module of claim 1 wherein:

the first module amplifies and filters the ECG signal to

produce a processed ECG signal; and

in response to the prompt from the mobile computing

device, the collection control module stores data
samples generated based on the processed ECG signal in
the tangible computer readable medium.

6. The data collection module of claim 5 wherein the col-
lection control module samples the processed ECG signal at
a predetermined rate, digitizes the samples to produce digital
values, and stores the digital values in the tangible computer
readable medium.

7. The data collection module of claim 5 wherein the first
module filters the ECG signal using a high pass filter (HPF)
and a low pass filter (LPF).

8. The data collection module of claim 1 wherein:

the second module amplifies and filters the EEG signal to

produce a processed EEG signal; and

in response to the prompt from the mobile computing

device, the collection control module stores data
samples generated based on the processed EEG signal in
the tangible computer readable medium.

9. The data collection module of claim 8 wherein the col-
lection control module samples the processed EEG signal ata
predetermined rate, digitizes the samples to produce digital
values, and stores the digital values in the tangible computer
readable medium.

10. The data collection module of claim 1 wherein the
collection control module transmits the data samples to the
mobile computing device in response to a determination that
a predetermined number of data samples have been stored.

11. A method comprising:

receiving, by a data collection module, an electrocardio-

gram (ECG) signal from an ECG sensor connected to a
user;

receiving, by the data collection module, an electroen-

cephalography (EEG) signal from an EEG sensor con-
nected to the user;

communicating, by the data collection module, with a

mobile computing device;

in response to a prompt from the mobile computing device,

storing, by the data collection module, data samples
generated based on the ECG and FEG signals in a tan-
gible computer readable medium; and

selectively transmitting, by the data collection module, the

data samples to the mobile computing device.

12. The method of claim 11 wherein the communicating
comprises communicating, by the data collection module,
with the mobile computing device over a data cable con-
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nected at a first end to the data collection module and at a
second end to the mobile computing device.

13. The method of claim 11 further comprising storing, by
the data collection module in response to the prompt, data
samples generated based on an electromyography (EMG)
signal from an EMG sensor in the tangible computer readable
medium.

14. The method of claim 11 further comprising storing, by
the data collection module in response to the prompt, data
samples generated based on an oxygen saturation (SPO2)
signal from an SPO2 sensor in the tangible computer readable
medium.

15. The method of claim 11 further comprising:

amplifying and filtering the ECG signal, by the data col-
lection module, to produce a processed ECG signal; and

storing, by the data collection module in response to the
prompt, data samples generated based on the processed
ECG signal in the tangible computer readable medium.

16. The method of claim 15 further comprising:

sampling, by the data collection module, the processed
ECG signal at a predetermined rate;

digitizing, by the data collection module, the samples to

produce digital values; and

storing, by the data collection module, the digital values in

the tangible computer readable medium.

17. The method of claim 15 wherein the filtering comprises
filtering the ECG signal using a high pass filter (HPF) and a
low pass filter (LPF).

18. The method of claim 11 further comprising:

amplifying and filtering the EEG signal, by the data col-

lection module, to produce a processed EEG signal; and
storing, by the data collection module in response to the
prompt, data samples generated based on the processed
EEG signal in the tangible computer readable medium.
19. The method of claim 18 further comprising:
sampling, by the data collection module, the processed
EEG signal at a predetermined rate;

digitizing, by the data collection module, the samples to

produce digital values; and

storing, by the data collection module, the digital values in

the tangible computer readable medium.

20. The method of claim 11 further comprising transmit-
ting, by the data collection module, the data samples to the
mobile computing device in response to a determination that
a predetermined number of data samples have been stored.
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