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IDENTIFYING A CHANGE IN A HOME
ENVIRONMENT

FIELD

[0001] The present disclosure relates to computer-aided
navigation, and more specifically, identifying a change in a
home environment for a visually impaired user.

BACKGROUND

[0002] Various methods and systems can aid visually
impaired individuals in unfamiliar surroundings. Devices and
systems may guide the visually impaired by utilizing detec-
tion devices to warn the user of obstacles. Such devices may
allow for the user to navigate a home environment.

SUMMARY

[0003] Aspects of the present disclosure, in certain embodi-
ments, are directed toward detecting a change in a home
environment for a visually impaired user. In certain embodi-
ments, the method may include monitoring the home envi-
ronment using a set of sensors configured to collect environ-
ment data for a set of areas of the home environment. In
certain embodiments, the method may include detecting an
environmental change in an area of the home environment. In
certain embodiments, the method may include providing, in
response to a triggering event, a notification of the environ-
mental change.

[0004] Theabove summary is not intended to describe each
illustrated embodiment or every implementation of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The drawings included in the present application are
incorporated into, and form part of, the specification. They
illustrate embodiments of the present disclosure and, along
with the description, serve to explain the principles of the
disclosure. The drawings are only illustrative of certain
embodiments and do not limit the disclosure.

[0006] FIG. 1 illustrates a method for detecting a change in
ahome environment for a visually impaired user, according to
embodiments;

[0007] FIG. 2 is an illustration of a home environment
configured for motion analysis, according to embodiments;

[0008] FIG. 3 is an illustration of a home environment
configured for image analysis, according to embodiments;

[0009] FIG. 4 is an illustration of a home environment
configured for sound analysis, according to embodiments;
and

[0010] FIG. 5 depicts a high-level block diagram of a com-
puter system for implementing various embodiments,
according to embodiments.

[0011] While the invention is amenable to various modifi-
cations and alternative forms, specifics thereof have been
shown by way of example in the drawings and will be
described in detail. It should be understood, however, that the
intention is not to limit the invention to the particular embodi-
ments described. On the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the
spirit and scope of the invention.
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DETAILED DESCRIPTION

[0012] Aspects of the present disclosure relate to various
embodiments of a system and method for detecting a change
in a home environment for a visually impaired user. More
particular aspects relate to using image processing, sonar
mapping, and motion sensing systems to detect the change in
the home environment for the visually impaired user. The
method may include monitoring the home environment using
a set of sensors configured to collect environment data for a
set of areas of the home environment. The method may also
include detecting an environmental change in an area of the
home environment. Additionally, in certain embodiments, the
method may include providing a notification of the environ-
mental change. The notification of the environmental change
may be provided in response to a triggering event.

[0013] Fora visually impaired person, navigating from one
location to another can pose a variety of challenges. If a
visually impaired person is not familiar with an environment,
there may be a number of obstacles that the he or she carefully
maneuvers to arrive at his or her intended destination. When
a visually impaired person is navigating a known environ-
ment (e.g., a home environment or location they are familiar
with), he or she may memorize the location of objects and the
number of steps from one location to another. However,
aspects of the present disclosure relate to the recognition that,
in certain situations, an unexpected obstacle in a home envi-
ronment (e.g., a piece of furniture or other object that has been
moved within the home) may be potentially hazardous to a
visually impaired person, as he or she may not be on their
guard for obstacles when traveling in a familiar environment.
Accordingly, aspects of the present disclosure, in certain
embodiments, relate to a system and method for monitoring a
home environment using image processing, sonar mapping,
and motion sensing systems, and detecting a potential
obstacle. A notification of the potential obstacle may be pro-
vided to the user of the system, Aspects of the present disclo-
sure may provide benefits associated with confidence, effi-
ciency, and safety (e.g., faster and safer home environment
navigation) for a visually impaired user.

[0014] Aspects of the present disclosure relate to various
embodiments of a system and method for detecting a change
in a home environment for a visually impaired user. More
particular aspects relate to using image processing, sonar
mapping, and motion sensing systems to detect the change in
the home environment for the visually impaired user. The
method and system may work on a number of devices and
operating systems. Aspects of the present disclosure include
monitoring a home environment using a set of sensors con-
figured to collect environment data for a set of areas of the
home environment. The set of sensors can include motion
sensors, audio sensors, cameras, or other types of sensors.
The method may also include detecting an environmental
change in an area of the home environment. The environmen-
tal change may be a movement of an object (e.g., an object
that may be an obstacle for avisually impaired user), a broken
object, asubstantial change in temperature, or another change
that may affect the visually impaired user. The method may
also include providing, in response to a triggering event, a
notification of the environmental change.

[0015] Incertain embodiments, collecting the environment
data may include capturing, by an image capturing system, a
first set of images for the set of areas of the home environ-
ment. In certain embodiments, detecting the environmental
change in the area of the home environment includes captur-
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ing, in response to receiving a motion alert from a motion
detection system coupled to the image capturing system, a
second set of images for the set of areas. The method may then
include identifying an object of the second set of images
meeting an obstruction criteria. The obstruction criteria may
include an object displacement threshold based on an origin
position and a subsequent position, and an object size thresh-
old based on a first dimension, a second dimension, and a
third dimension. In certain embodiments, providing the noti-
fication of the environmental change may include notifying a
user, using a mobile device communicatively connected to
the image capturing system, of the identified object meeting
the obstruction criteria in response to detecting a home
arrival. In certain embodiments, the home arrival may be
detected by a security system in response to a door unlock of
a home. In certain embodiments, detecting the home arrival
may include recording, by a sound capture device, a set of dog
barks (including like noises, such as panting). In response to
recording the set of dog barks, the method may include ana-
lyzing a bark frequency and a bark pitch of the set of dog
barks. The method may include determining, based on the
bark frequency and the bark pitch, occurrence of the home
arrival.

[0016] In certain embodiments, collecting the environment
data may include mapping, using a sonar mapping system, a
first sonar map of the set of areas of the home environment. In
certain embodiments, detecting the environmental change in
the area of the home environment may include mapping, in
response to receiving a noise alert from a sound detection
system coupled to the sonar mapping system, a second sonar
map of the set of areas. The method may also include identi-
fying an object of the second sonar map meeting an obstruc-
tion criteria. In certain embodiments, providing the notifica-
tion of the environmental change may include notifying, in
response to an alert from a sleep sensor, using amobile device
communicatively connected to the image capturing system, a
user of the identified object meeting the obstruction criteria.
The alert from the sleep sensor may include a change in a
pulse beyond a pulse threshold, and a change in a respiration
frequency beyond a respiration threshold. In certain embodi-
ments, the method may include collecting, by the sonar map-
ping system, a sound profile data including a background
noise level of the set of areas. The method may also include
creating, using sound profile data other than the background
noise level, the sonar map.

[0017] Incertain embodiments, collecting the environment
data may include capturing, by an image capturing system, a
first set of images for the set of areas of the home environ-
ment. In certain embodiments, detecting the environmental
change in the area of the home environment includes captur-
ing, in response to receiving a motion alert from a motion
detection system coupled to the image capturing system, a
second set of images for the setof areas. The method may then
include identifying an object of the second set of images
meeting an obstruction criteria. The obstruction criteria may
include an object displacement threshold based on an origin
position and a subsequent position, and an object size thresh-
old based on a first dimension, a second dimension, and a
third dimension. In certain embodiments, providing the noti-
fication of the environmental change may include notifying a
user, using a mobile device communicatively connected to
the image capturing system, of the identified object meeting
the obstruction criteria in response to detecting an area tran-
sition. In certain embodiments, detecting the area transition
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may include monitoring the location of a cane of the user. The
cane may be equipped with a RFID (radio-frequency identi-
fication) bit communicatively connected to a RFID tracking
system. The method may also include detecting that the loca-
tion of the cane has been displaced by a distance value greater
than a distance threshold. In certain embodiments, detecting
the area transition may include using a thermal imaging sys-
tem to monitor a body heat signature. The method may also
include detecting that the body heat signature has been dis-
placed by a distance value greater than a distance threshold.

[0018] Turning now to the figures, FIG. 1 illustrates a
method 100 for detecting a change in a home environment for
a visually impaired user, consistent with various embodi-
ments of the present disclosure. Aspects of FIG. 1 are directed
toward using image capturing, sound capturing, and motion
sensing systems to detect the change in the home environment
for the visually impaired user. The method 100 may begin at
block 102 and end at block 124. Consistent with various
embodiments, the method 100 can include a monitoring block
104, an image capturing block 104, a sound capturing block
106, a motion sensing block 108, a detecting block 110, an
image processing block 112, a sonar mapping block 114, a
providing block 116, a home arrival block 118, a sleep sensor
block 120, and an area transition block 122.

[0019] Consistent with various embodiments of the present
disclosure, at block 104 the method 100 can include moni-
toring a home environment using a set of sensors configured
to collect environment data for a set of areas of the home
environment. The home environment may be a shelter or
residence of a person, a family, or a household. In certain
embodiments, the home environment may, for example, be a
house, apartment, townhome, condominium, or other resi-
dence. The home environment may be equipped with a set of
sensors configured to monitor the home environment. The set
of sensors may include motion sensors, audio sensors, cam-
eras, or other types of sensors that can collect data about the
surrounding environment. The set of sensors may, in certain
embodiments, be one or more household electronic devices
stationed within the home that serve multiple functions. For
example, the sensors may include webcams, televisions
equipped to receive voice commands, phones, intercom sys-
tems, security cameras and microphones, stereos, and the
like. In certain embodiments, the set of sensors may include
specialized equipment including cameras, microphones,
motion sensors, thermal imaging systems, RFID (radio-fre-
quency identification) tracking systems, or other types of
Sensors.

[0020] In certain embodiments, the set of sensors may be
equipped to collect environment data for a set of areas of the
home environment. The environment data may be video,
audio, thermal, motion, infrared, or other data containing
information related to the home environment. For example,
the environment data may be video footage or still images,
captured sounds, heat signatures, or other data collected by
the set of sensors. As shown in FIG. 1, in certain embodi-
ments, monitoring the home environment can include image
capturing 104, sound capturing 106, and motion sensing 108.
At image capturing block 104, method 100 can include using
an image capturing system (e.g., cameras, efc.) to capture a
set of images of one or more areas of the home environment.
At sound capturing block 106, the method 100 can include
using a sound capturing system to collect sound and noise
data for one or more areas of the home environment. At
motion sensing block 108, the method 100 can include using
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a motion-sensing system to collect motion data for one or
more areas of the home environment. The areas of the home
environment may be one or more regions or subdivisions of
the home environment. The subdivisions of the home envi-
ronment may be based on physical constructions (e.g., walls,
doors, etc.) or based on function (kitchen, dining room, living
room, etc.). As an example, the areas of the home environ-
ment may include a bedroom, a kitchen, a living room, a
bathroom, and the like.

[0021] Consistent with various embodiments, at block 110
the method 100 can include detecting an environmental
change in an area of the home environment. The change in the
home environment can be an alteration of the state of one or
more aspects of the home environment. For example, the
environmental change may be a temperature change beyond a
threshold level, an object that has been added to or removed
from an area of the home environment, a malfunction of an
appliance, an unidentified person or animal, a noise, and the
like. The change in the home environment can be detected in
one of a number of ways. As shown in FIG. 1, detecting the
change in the home environment can include image process-
ing 112 and sonar mapping 114. At image processing block
112, the method 100 can include using image processing
techniques (e.g., digital image analysis algorithms, object
recognition techniques, etc.) to detect the change in the home
environment. As an example, in certain embodiments, image
processing techniques may be used to compare a first set of
images of an area of the home environment to a second set of
images of the area of the home environment. Accordingly, the
method 100 can include detecting an environmental change
such as an object from the second set of images that was not
present in the first set of images. At block 114, the method 100
can include using sonar mapping techniques to create a sonar
map of an area of the home environment. As an example, in
certain embodiments, at block 114 the method 100 can
include comparing a first sonar map of an area of the home
environment to a second sonar map of an area of the home
environment, and identifying an object in the second sonar
map that was not present in the first sonar map.

[0022] Consistent with various embodiments, at block 116
the method 100 can include providing, in response to a trig-
gering event, a notification of the environmental change. The
notification of the environmental change may include inform-
ing a user of the time, location, and nature of the environmen-
tal change. Consistent with various embodiments, the notifi-
cation ofthe environmental change may be provided in one of
a number of ways. For example, the notification may be a
voice message that is announced in one or more areas of the
home environment via a speaker, intercom, stereo, television,
radio, or other device. In certain embodiments, the notifica-
tion of the environmental change may be provided via a
mobile device of the user in the form of a voice message, text
message, vibrate alert, or sound alert. The notification of the
environmental change may be provided to the user in
response to a triggering event. The triggering event may
include an occurrence, trigger, or stimuli that can be detected
by the set of sensors or other method. Consistent with
embodiments of the present disclosure, the triggering event
can include a home arrival 118, a sleep sensor 120, or an area
transition 122. Other triggering events are also contemplated.
In certain embodiments, the home arrival 118 can include
detecting that a known user has arrived at the home environ-
ment. In certain embodiments, the sleep sensor 120 can be
configured to detect when a user has awoken from sleeping, or
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arisen from bed. In certain embodiments, the area transition
122 can include detecting that a user has moved from one area
(e.g., room) to another area of the home environment.
[0023] Aspects ofthe present disclosure, in certain embodi-
ments, are directed toward monitoring the home environment
in response to the triggering event. In certain embodiments,
the set of sensors may be in a standby mode, and be config-
ured to detect one of a number of triggering events. In certain
embodiments, the triggering event may be a scheduled time
trigger. Put differently, in certain embodiments, the set of
sensors may be configured to monitor the home environment
at a set of configurable time intervals. Consider the following
example. The set of sensors may be configured to monitor the
home environment for changes each hour of the day (e.g., on
each hour). While a user who lives in the home environment
is on vacation, another individual may enter the home envi-
ronment at 11:04 AM to water one or more plants of the home
environment. The individual may move one or more objects
or pieces of furniture while watering the plants, and replace
them 1in their original position before leaving the home envi-
ronment at 11:49. At 12:00 PM, the set of sensors may moni-
tor for a change in the home environment, and not detect a
change in the home environment.

[0024] FIG. 2 is an illustration of a home environment 200
configured for motion analysis, consistent with embodiments
of the present disclosure. Aspects of FIG. 2 are directed
toward using one or more motion detecting (similarly referred
to herein as motion sensing) devices 202, 204, 206 to collect
environment data about one or more areas and identify a
change in the home environment for a visually impaired user.
As described herein, in certain embodiments, the home envi-
ronment 200 may be a house, apartment, townhome, condo-
minium, or other residence. The home environment 200 may
include one or more areas, including a master bedroom, addi-
tional bedrooms, a family room, dining room, living room,
kitchen, and multiple bathrooms. Other areas are also pos-
sible. As shown in FIG. 2, the motion sensing devices 202,
204, 206 may be located throughout the home environment
200. For example, in certain embodiments, the motion sens-
ing device 202 may be located in the master bedroom, the
motion sensing device 204 may be located in a hallway, and
the motion sensing device 206 may be located in the living
room of the home environment 200. Consistent with embodi-
ments of the present disclosure, the motion sensing devices
202, 204, 206 may be household appliances configured for
sound capture, such as televisions, radios, webcams, security
systems, stereos, computers, mobile devices, and the like.
[0025] Aspects of the present disclosure, in certain embodi-
ments, are directed toward a home environment 200 equipped
with one or more motion sensing devices 202, 204, 206 con-
figured to collect environmental data about one or more areas
of the home environment, and identify a change in the home
environment for a visually impaired user. The motion sensing
devices 202, 204, 206 may be one or a combination of mul-
tiple different implementations. For example, the motion
sensing devices 202, 204, 206 may include passive and active
infrared sensors, optics sensors (e.g., video and camera sys-
tems), radio frequency systems (e.g., radar, microwave, and
tomographic motion detection), sound (e.g. microphones and
acoustic sensors), vibration (triboelectric, seismic, and iner-
tia-switch sensors), magnetism-based sensors (e.g., magnetic
sensors and magnetometers) and the like.

[0026] Consistent with various embodiments, the motion
sensing devices 202, 204, 206 may be configured to monitor
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and record the time and location of motion that occurs within
the home environment 200. Consider the following example.
In certain embodiments, a user (e.g., a visually impaired user)
may depart the home environment 200 in the morming when
he or she leaves for work. While the user is out, the breeze
through an open window may tip over a coat rack nearby the
entrance to the home environment, causing it fall in front of
the entrance. Accordingly, one or more of the motion sensing
devices 202, 204, 206 may detect that the coat rack has fallen.
In certain embodiments (described herein) the user may be
notified that the coat rack has fallen, and be careful of the coat
rack when he or she returns home. Although three motion
sensing devices are depicted herein, greater or lesser numbers
of motion sensing devices are also possible.

[0027] Incertain embodiments, the motion sensing devices
202, 204, 206 may be configured to only monitor for move-
ment during certain times of the day. For example, the motion
sensing devices 202, 204, 206 may be equipped to monitor the
home environment between the hours of 9 AM and 5 PM,
while a visually impaired user is at work. In certain embodi-
ments, the motion sensing devices 202, 204, 206 may be
configured to monitor particular subsections of an area, such
asin front ofa door or nearby atable. In certain embodiments,
the motion sensing devices 202, 204, 206 may be configured
to monitor above or below a particular height threshold. For
example, in certain embodiments, the motion sensing devices
202,204, 206 may be configured to monitor for motion above
a height of 1 meter from the floor. Such a configuration may,
for instance, be useful for home environments with pets or
small children.

[0028] FIG. 3 is an illustration of a home environment 300
configured for image analysis, consistent with embodiments
of the present disclosure. Aspects of FIG. 3 are directed
toward using one or more image capture devices 302, 304,
306, 308 to collect environment data about one or more areas
and identify a change in the home environment for a visually
impaired user. As described herein, in certain embodiments,
the home environment 300 may be a house, apartment, town-
home, condominium, or other residence. The home environ-
ment 300 may include one or more areas, including a master
bedroom, additional bedrooms, a family room, dining room,
living room, kitchen, and multiple bathrooms. Other areas are
also possible. As shown in FIG. 3, the image capture devices
302, 304, 306, 308 may be located throughout the home
environment 300. For example, in certain embodiments, the
image capture device 302 may be located in the master bed-
room, the image capture device 304 may be located in the
family room, the image capture device 306 may be located in
the dining room, and the image capture device 308 may be
located in the living room of the home environment 300.
Consistent with embodiments of the present disclosure, the
image capture devices 302, 304, 306, 308 may be household
appliances configured for sound capture, such as televisions,
radios, webcams, security systems, stereos, computers,
mobile devices, and the like.

[0029] Aspects of the present disclosure, in certain embodi-
ments, are directed toward ahome environment 300 equipped
with one or more image capture devices 302, 304, 306, 308
configured to collect environmental data about one or more
areas of the home environment, and identify a change in the
home environment for a visually impaired user. The image
capture devices 302, 304, 306, 308 may be one or a combi-
nation of multiple different implementations. For example,
the image capture devices 302, 304, 306, 308 may include
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cameras capable of capturing still images as well as videos of
the home environment 300. The images and video captured
by the image capture devices 302, 304, 306, 308 may be
maintained on local storage devices or on remote storage
devices (e.g., the cloud, etc.) communicatively connected
with the image capture devices 302, 304, 306, 308.

[0030] Consistent with various embodiments, the image
capture devices 302, 304, 306, 308 may be configured to
collect environment data including a first set of images of one
or more areas of the home environment 300. The first set of
images may serve as a “baseline” of the home environment
300, or areference for use in identifying a change in the home
environment 300. As an example, the image capture devices
302, 304, 306, 308 may capture a first set of images of the
master bedroom, family room, dining room, and living room.
In certain embodiments, the image capture devices 302, 304,
306, 308 may be communicatively connected to the motion
capturing devices 202, 204, 206 described in FIG. 2. Accord-
ingly, in certain embodiments, in response to receiving a
motion alert from one or more of the motion capturing
devices 202, 204, 206 of FIG. 2, the image capture devices
302, 304, 306, 308 may be configured to capture a second set
of images for the set of areas of the home environment 300.
The motion alert from the motion capturing devices 202, 204,
206 may be a notification of motion detected in one or more
areas of the home environment 300. The second set of images
may be configured to capture the same areas of the home
environment 300 as captured by the first set of images.

[0031] In certain embodiments, the image capture devices
302, 304, 306, 308 can be configured to utilize digital image
processing techniques to analyze the first set of images and
the second set of images in order to identify a change (e.g., an
object) of the second set of images meeting an obstruction
criteria. In certain embodiments, identifying the object in the
second set of images meeting the obstruction criteria may
include using a digital image processing algorithm. The digi-
tal image processing algorithm can compare the first set of
images with the second set of images, and use one or more
object recognition techniques to identify the object in the
second set of images. A variety of object recognition tech-
niques are possible. For example, the digital image process-
ing algorithm may use edge matching (e.g., Carny edge detec-
tion), greyscale matching, gradient matching, feature based
methods, geometric hashing, Speeded Up Robust Features
(SURF) techniques, and the like. In certain embodiments, the
digital image processing algorithm may use Scale-Invariant
Feature Transform (SIFT) to identify the image. Accordingly,
the SIFT technique can use one or more “training images” to
extract features descriptions of various objects, and match
features of the object in the second set of images with the
feature descriptions of the objects in the training images to
identify the object.

[0032] Consider the following example. The SIFT tech-
nique may use training images of potted plants, packages,
chairs, coat racks, desks, and other objects to identify feature
descriptions such as the dimensions, shape, light reflective
properties (e.g., response to illumination changes), and other
key points for each object of the training images. Accord-
ingly, in embodiments of the present disclosure, the SIFT
technique may identify an object by comparing the first set of
images to the second set of images, and determining that an
object in the second set of images was not present in the first
set of images, and matches the feature description of a known
object.
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[0033] As described herein, in certain embodiments, the
object of the second set of images may meet an obstruction
criteria. The digital image processing technique can include
determining whether a given object in the set of images meets
the obstruction technique. The obstruction criteria may
include one or more factors that indicate that the object may
be a potential obstacle or hazard for a user (e.g., a visually
impaired user) traversing the area in which the object is
located. In certain embodiments, the obstruction criteria can
include a displacement threshold and an object size threshold.
The obstruction criteria may be fulfilled if an object meets
either the displacement threshold or the object size threshold.
The displacement threshold may be a distance that an object
has moved between an origin position of the first set of images
and a subsequent position in the second set of images. For
example, in certain embodiments, the displacement threshold
may be 20 centimeters. Accordingly, an object in the second
set of images that has moved less than 20 centimeters from its
origin position in the first set of images may not meet the
obstruction criteria, while an object in the second set of
images that has moved more than 20 centimeters from its
original position in the first set of images may meet the
obstruction criteria.

[0034] In certain embodiments, the object size threshold
may be a set of dimensions. In certain embodiments, the
object size threshold may include a length threshold, width
threshold, and height threshold. An object that exceeds either
the length threshold, width threshold, or height threshold may
meet the obstruction criteria. As an example, in certain
embodiments, the object size threshold may be a length of 10
centimeters, a width of 10 centimeters, and a height of 30
centimeters. Accordingly, a potted plant that is 8 centimeters
long, 8 centimeters wide, and 32 centimeters tall may meet
the obstruction criteria. Although an object size threshold and
a displacement threshold are specifically mentioned herein,
other obstruction criteria (e.g., a temperature threshold, etc.)
are also possible. In certain embodiments, the obstruction
criteria can be managed by a mobile device. For example, the
mobile device can include a set of preferences that allow a
user to define the displacement threshold and the object size
threshold.

[0035] Consistent with various embodiments, in response
to atriggering event, the image capture devices 302, 304, 306,
308 can be configured to provide a notification of the object.
Consistent with various embodiments, the notification of the
object can be provided in one of a number of ways. For
example, in certain embodiments, the notification of the
object may be provided in the form of a voice message deliv-
ered via a mobile device, (e.g., smart phone, smart watch,
tablet, etc.) or wearable computing device of the user. In
certain embodiments, the mobile device of the user may
vibrate or make a noise to indicate that an object meeting the
obstruction criteria has been identified in one or more areas of
the home environment 300. In certain embodiments, the noti-
fication may be a voice message that is announced in one or
more areas of the home environment 300 via a speaker, inter-
com, stereo, television, radio, or other device. In certain
embodiments, the notification of the object meeting the
obstruction criteria may be provided as voice message
announced through a dog collar equipped with a speaker and
communicatively connected to the image capturing system.
Other methods of providing the notification of the object
meeting the obstruction criteria are also possible.
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[0036] Consistent with various embodiments, the trigger-
ing event can be one of a number of different occurrences,
triggers, or stimuli that can be detected by the sensors or other
method. In certain embodiments, the triggering event may be
a home arrival (e.g., of a user). The home arrival may be
detected in one of a number of ways. In certain embodiments,
the home arrival may be detected by a security system of the
home environment 300 in response to a door unlock, or the
opening of a garage door. For example, when a user arrives
home, he or she may insert a key into a door of the home
environment 300. Accordingly, this action may be detected by
a security system of the home environment 300, and the user
may be provided with a notification of the object meeting the
obstruction criteria.

[0037] Aspects ofthe present disclosure, in certain embodi-
ments, relate to the recognition that visually impaired users
may keep a dog or other pet trained to assist them. Accord-
ingly, in certain embodiments, the home arrival of the user
may be detected based on detection of a dog barking. In
certain embodiments, the home environment may be
equipped with a sound capture device, such as a microphone,
configured to record a set of dog barks. In response to record-
ing the set of dog barks, the sound capture device or other
system may analyze the bark frequency and the bark pitch of
the set of dog barks. The bark frequency and the bark pitch
may vary based on the individual who has arrived at the home.
For instance, for an unknown individual, the bark pitch may
generally be lower (e.g., to intimidate an unknown indi-
vidual), while, for arecognized individual, the bark pitch may
be higher. Additionally, bark frequency may be greater for an
unknown individual than for a known individual. In certain
embodiments, the barking habits of a particular dog in
response to known individuals and unknown individuals may
be recorded and analyzed to create a baseline bark profile.
Accordingly, the bark pitch and bark frequency of the set of
dog barks can be compared to the baseline bark profile to
indicate whether it is likely that the home arrival is a known
user or an unknown user. In response to determining that the
bark pitch and bark frequency indicate a home arrival of a
known user, the notification of the object meeting the obstruc-
tion criteria may be provided to the user. Although bark pitch
and bark frequency are specifically referenced herein, other
bark features are also contemplated.

[0038] Incertain embodiments, the triggering event may be
an area transition. The area transition may, in certain embodi-
ments, a user moving from one area of the home environment
300 to another area of the home environment 300. For
example, the area transition may include a user moving from
the dining room to the living room. Aspects of the present
disclosure, in certain embodiments, relate to the recognition
that visually impaired users may make use of a cane, walker,
or other assistive device to navigate the areas of the home
environment 300. Accordingly, in certain embodiments, the
area transition may be detected by a radio-frequency identi-
fication (RFID) tracking system configured to monitor the
location of a cane (or other assistive device) of the user. In
certain embodiments, the cane of the user may be equipped
with an RFID bit communicatively connected to the RFID
tracking system. In certain embodiments, the RFID tracking
system can be configured to detect that the location of the
cane of the user has been displaced by a distance value greater
than a distance threshold. Consider the following example. In
certain embodiments, the distance threshold may be set to 3
meters. A user may walk, using his or her cane, from the
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master bedroom to the family room of the home environment
300, traveling a distance of 7 meters. The RFID tracking
system may detect that the location of the cane has moved by
a distance of 7 meters, greater than the distance threshold of
3 meters. Accordingly, notification of the object meeting the
obstruction criteria may be provided to the user.

[0039] In certain embodiments, the area transition may be
detected by a thermal imaging system configured to monitor
a body heat signature. The thermal imaging system may
include one or more thermal cameras located throughout the
home environment 300. In certain embodiments, the body
heat signature may be that of a visually impaired user. In
certain embodiments, the body heat signature may be that of
a dog or other pet of the visually impaired user. The thermal
imaging system may be configured to detect that the body
heat signature has been displaced by a distance value greater
than a distance threshold. For instance, in certain embodi-
ments, the distance threshold may be set to 1.5 meters. A user
may walk from the kitchen to the living room of the home
environment 300, traveling a distance of 3 meters. The ther-
mal imaging system may detect that the body heat signature
of the user has moved by a distance of 3 meters, greater than
the distance threshold of 1.5 meters. Accordingly, notification
of the object meeting the obstruction criteria may be provided
to the user.

[0040] Consider the following example. A visually
impaired user may be relaxing by watching television in the
living room of the home environment 300. A faithful guide
dog named Toby may be resting comfortably nearby the visu-
ally impaired user. While the user is watching TV, a picture
frame hanging on the wall in the hallway may fall because the
fastener holding it to the wall broke. Due to the noise of the
television, the user may not have heard the sound of the
picture frame falling. In certain embodiments, the image cap-
turing device 304 may capture an image of the hallway (e.g.,
a second set of images) and compare the image with a base-
line set of images taken at a previous time. The image cap-
turing device 304 may use a digital image processing algo-
rithm and object recognition techniques to identify that the
picture frame was not lying on the floor in the baseline set of
images. The image capturing device 304 may further deter-
mine that the picture frame measures 80 centimeters by 100
centimeters by 5 centimeters, larger than an object size
threshold of 15 centimeters by 15 centimeters by 15 centime-
ters. At some time later, the user may rise to go use the
bathroom, and begin walking out of the living room. The
distance threshold may be 2.5 meters. When the user sur-
passes the distance threshold of 2.5 meters from his original
position, the image capturing system may send a message
notifying the user of the obstacle in the hallway. The message
may be provided as a voice message played through a speaker
in the collar of the faithful guide dog named Toby.

[0041] FIG. 4 is an illustration of a home environment 400
configured for sound analysis, consistent with embodiments
of the present disclosure. Aspects of FIG. 4 are directed
toward using one or more sound capture devices 402, 404,
406, 408, 410 to collect environment data about one or more
areas and identify a change in the home environment for a
visually impaired user. As described herein, in certain
embodiments, the home environment 400 may be a house,
apartment, townhome, condominium, or other residence. The
home environment 400 may include one or more areas,
including a master bedroom, additional bedrooms, a family
room, dining room, living room, kitchen, and multiple bath-
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rooms. Other areas are also possible. As shown in FIG. 4, the
sound capture devices 402, 404,406, 408, 410 may be located
throughout the home environment 400. For example, in cer-
tain embodiments, the sound capture device 402 may be
located in the master bedroom, the sound capture device 404
may be located in a bedroom, the sound capture device 406
may be located in the family room, the sound capture device
408 may be located in the kitchen, and the sound capture
device 410 may be located in the living room. Consistent with
embodiments of the present disclosure, the sound capture
devices 402, 404, 406, 408, 410 may be household appliances
configured for sound capture, such as televisions, radios,
webcams, security systems, stereos, computers, mobile
devices, and the like.

[0042] Aspects ofthe present disclosure, in certain embodi-
ments, are directed toward a home environment 400 equipped
with one or more sound capture devices 402, 404, 406, 408,
410 configured to collect environmental data about one or
more areas of the home environment, and identify a change in
the home environment for a visually impaired user. The sound
capture devices 402, 404, 406, 408, 410 may be one or a
combination of multiple different implementations. For
example, the sound capture devices 402, 404, 406, 408, 410
may include microphones capable of receiving and recording
audio data such as sound waves. The audio data captured by
the sound capture devices 402, 404, 406, 408, 410 may be
maintained on local storage devices or on remote storage
devices (e.g., the cloud) communicatively connected with the
sound capture devices 402, 404, 406, 408, 410.

[0043] Consistent with various embodiments of the present
disclosure, the sound capture devices 402, 404, 406, 408, 410
may be configured to collect environment data in the form of
a first sonar map of the areas of the home environment 400.
The first sonar map may serve as a “baseline” of the home
environment 400,

[0044] Consistent with various embodiments, the sound
capture devices 402, 404,406, 408, 410 may be configured to
collect environment data including a first sonar map of one or
more areas of the home environment 400. The first sonar map
may serve as a “baseline” of the home environment 400, or a
reference for use in identifying a change in the home envi-
ronment 400. The first sonar map may capture architectural
features (e.g., the location of walls, doors) as well as objects
(e.g., furniture, appliances). As an example, the image cap-
ture devices sound capture devices 402, 404, 406, 408, 410
may capture a first sonar map of the master bedroom, family
room, dining room, and living room. In certain embodiments,
the sound capture devices 402, 404, 406, 408, 410 may be
communicatively connected to the motion capturing devices
202, 204, 206 described in FIG. 2. Accordingly, in certain
embodiments, in response to receiving a motion alert from
one or more of the motion capturing devices 202, 204, 206 of
FIG. 2, the sound capture devices 402, 404, 406, 408, 410
may be configured to capture a second sonar map for the set
of areas of the home environment 400. The motion alert from
the motion capturing devices 202, 204, 206 may be a notifi-
cation of motion detected in one or more areas of the home
environment 400. The second sonar map may be configured
to capture the same areas of the home environment 400 as
captured by the first sonar map.

[0045] The first sonar map and the second sonar map may
be captured in one of a number of ways. In certain embodi-
ments, capturing the first and second sonar map can include
emitting a sound probe by the sound capture devices 402, 404,
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406, 408, 410. The sound capture devices 402, 404, 406, 408,
410 can then listen for sound waves reflected from the furni-
ture, walls, and other features of the home environment 400 in
response to the sound probe, and use the reflected sound
waves to create a three-dimensional sonar map of the features
of the home environment 400. In certain embodiments, mul-
tiple sound probes may be emitted by the sound capture
devices 402, 404, 406, 408, 410. In certain embodiments, the
sound capture devices 402, 404, 406, 408, 410 may be con-
figured to collect a background noise level of the home envi-
ronment 400. The background noise level may include noises
such as conversation, the sound of a television, radio, or
computer, fan, or the like. In certain embodiments, the back-
ground noise level may be distinguished from the sound
waves received in response to the sound probe based on
frequency and wavelength differences. Accordingly, the
background noise level may not be used in creating the first
and second sonar map.

[0046] Consistent with various embodiments of the present
disclosure, the sound capture devices 402, 404, 406, 408, 410
can be configured to compare the first sonar map and the
second sonar map to one another to identify an environmental
change in the home environment 400 (e.g., an object present
in the second sonar map that was not present in the first sonar
map). In certain embodiments, the sound capture devices 402,
404, 406, 408, 410 can use digital image processing tech-
niques similar to those used by the image capture devices 302,
304, 306, 308 of FIG. 3. In certain embodiments, the sound
capture devices 402,404,406, 408, 410 may be configured to
identify an object meeting an obstruction threshold. As
described herein, the object threshold may include an object
displacement threshold based on an origin position and a
subsequent position of the object, and an object size threshold
based on a measurement of the length, width, and height of
the object.

[0047] In certain embodiments, in response to a triggering
event, the sound capture devices 402, 404, 406, 408, 410 can
be configured to provide a notification of the object meeting
the obstruction criteria. In certain embodiments, the sound
capture devices 402, 404, 406, 408, 410 can be configured to
provide the notification using techniques and methods similar
to those used by the image capture devices 302, 304, 306, 308
of FIG. 3. For example, the notification of the object may be
provided to the visually impaired user as a voice message
announced through a mobile device, or over an intercom or
speaker system of the home environment 400. In certain
embodiments, the notification of the object may be provided
through a particular household device that the user is in close
proximity with (e.g., through the speakers of a television that
the user is watching.) The proximity of a user to a particular
household device may be determined by an RFID tracking
system or by a thermal imaging system, as described herein.

[0048] Incertain embodiments, the triggering event may be
a signal or an alert from a sleep sensor configured to monitor
the sleep cycle of a user. As an example, in certain embodi-
ments, the triggering event may include detecting, by the
sleep sensor, that a user has awakened from sleeping. The
sleep sensor may be configured to monitor one or more bio-
logical signs of the user, such as heart rate, respiration fre-
quency, neural behavior, eye movement, snoring, and the like.
For example, the sleep sensor may determine that a user has
awoken based on a pulse (70 beats per minute) that has
increased beyond a pulse threshold (65 beats per minute), or
a respiration frequency (14 breaths per minute) that has
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increased beyond a respiration threshold (12 breaths per
minute). The pulse threshold and the respiration threshold
may be determined by the sleep sensor based on typical
sleeping heart rate and respiration rate data of the user. Con-
sider the following example. A user may be sleeping in a
bedroom of the home environment 400. While the user is
sleeping, another inhabitant of the home environment may
move a chair in the kitchen to reach a cookie jar on top of the
refrigerator before retiring to his or her room, without replac-
ing the kitchen chair. The sound capture devices 402, 404,
406, 408, 410 may detect the new position of the chair by
comparing a first sonar map to a second sonar map, and
determining that the chair meets an obstruction criteria (e.g.,
a displacement of more than 50 centimeters from its origin
position). Accordingly, in response to determining that the
user has awoken, the sound capture devices 402, 404, 406,
408, 410 can provide the user with a notification of the
obstruction.

[0049] FIG. 5 depicts a high-level block diagram of a com-
puter system 500 for implementing various embodiments.
The mechanisms and apparatus of the various embodiments
disclosed herein apply equally to any appropriate computing
system. The major components of the computer system 500
include one or more processors 502, a memory 504, a termi-
nal interface 512, a storage interface 514, an 1/O (Input/
Output) device interface 516, and a network interface 518, all
of which are communicatively coupled, directly or indirectly,
for inter-component communication via a memory bus 506,
anI/Obus 508, bus interface unit 509, and an I/O bus interface
unit 510.

[0050] The computer system 500 may contain one or more
general-purpose programmable central processing units
(CPUs) 502A and 502B, herein generically referred to as the
processor 502. In embodiments, the computer system 500
may contain multiple processors; however, in certain embodi-
ments, the computer system 500 may alternatively be a single
CPU system. Each processor 502 executes instructions stored
in the memory 504 and may include one or more levels of
on-board cache.

[0051] In embodiments, the memory 504 may include a
random-access semiconductor memory, storage device, or
storage medium (either volatile or non-volatile) for storing or
encoding data and programs. In certain embodiments, the
memory 504 represents the entire virtual memory of the com-
puter system 500, and may also include the virtual memory of
other computer systems coupled to the computer system 500
or connected via a network. The memory 504 can be concep-
tually viewed as a single monolithic entity, but in other
embodiments the memory 504 is a more complex arrange-
ment, such as a hierarchy of caches and other memory
devices. For example, memory may exist in multiple levels of
caches, and these caches may be further divided by function,
so that one cache holds instructions while another holds non-
instruction data, which is used by the processor or processors.
Memory may be further distributed and associated with dif-
ferent CPUs or sets of CPUs, as is known in any of various
so-called non-uniform memory access (NUMA) computer
architectures.

[0052] The memory 504 may store all or a portion of the
various programs, modules and data structures for processing
data transfers as discussed herein. For instance, the memory
504 can store a home environment monitoring application
550. In embodiments, home environment monitoring appli-
cation 550 may include instructions or statements that
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execute on the processor 502 or instructions or statements that
are interpreted by instructions or statements that execute on
the processor 502 to carry out the functions as further
described below. In certain embodiments, the home environ-
ment monitoring application 550 is implemented in hardware
via semiconductor devices, chips, logical gates, circuits, cir-
cuit cards, and/or other physical hardware devices in lieu of,
or in addition to, a processor-based system. In embodiments,
the home environment monitoring application 550 may
include data in addition to instructions or statements.

[0053] The computer system 500 may include a bus inter-
face unit 509 to handle communications among the processor
502, the memory 504, a display system 524, and the I/O bus
interface unit 510. The I/O bus interface unit 510 may be
coupled with the I/O bus 508 for transferring data to and from
the various I/O units. The I/0 bus interface unit 510 commu-
nicates with multiple I/O interface units 512, 514, 516, and
518, which are also known as 1/O processors (IOPs) or [/O
adapters (I0As), through the I/O bus 508. The display system
524 may include a display controller, a display memory, or
both. The display controller may provide video, audio, or
both types of data to a display device 526. The display
memory may be a dedicated memory for buffering video data.
The display system 524 may be coupled with a display device
526, such as a standalone display screen, computer monitor,
television, or a tablet or handheld device display. In one
embodiment, the display device 526 may include one or more
speakers for rendering audio. Alternatively, one or more
speakers for rendering audio may be coupled with an I/O
interface unit. In alternate embodiments, one or more of the
functions provided by the display system 524 may be on
board an integrated circuit that also includes the processor
502. In addition, one or more of the functions provided by the
bus interface unit 509 may be on board an integrated circuit
that also includes the processor 502.

[0054] Thel/Ointerface units support communication with
avariety of storage and I/O devices. For example, the terminal
interface unit 512 supports the attachment of one or more user
1/O devices 520, which may include user output devices (such
as a video display device, speaker, and/or television set) and
user input devices (such as a keyboard, mouse, keypad, touch-
pad, trackball, buttons, light pen, or other pointing device). A
user may manipulate the user input devices using a user
interface, in order to provide input data and commands to the
user /O device 520 and the computer system 500, and may
receive output data via the user output devices. For example,
a user interface may be presented via the user /O device 520,
such as displayed on a display device, played via a speaker, or
printed via a printer.

[0055] Thestorageinterface 514 supports the attachment of
one or more disk drives or direct access storage devices 522
(which are typically rotating magnetic disk drive storage
devices, although they could alternatively be other storage
devices, including arrays of disk drives configured to appear
as a single large storage device to a host computer, or solid-
state drives, such as flash memory). In some embodiments,
the storage device 522 may be implemented via any type of
secondary storage device. The contents of the memory 504, or
any portion thereof, may be stored to and retrieved from the
storage device 522 as needed. The I/O device interface 516
provides an interface to any of various other I/O devices or
devices of other types, such as printers or fax machines. The
network interface 518 provides one or more communication
paths from the computer system 500 to other digital devices
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and computer systems; these communication paths may
include, e.g., one or more networks 530.

[0056] Although the computer system 500 shown in FIG. 5
illustrates a particular bus structure providing a direct com-
munication path among the processors 502, the memory 504,
the bus interface 509, the display system 524, and the I/O bus
interface unit 510, in alternative embodiments the computer
system 500 may include different buses or communication
paths, which may be arranged in any of various forms, such as
point-to-point links in hierarchical, star or web configura-
tions, multiple hierarchical buses, parallel and redundant
paths, or any other appropriate type of configuration. Further-
more, while the I/O bus interface unit 510 and the I/O bus 508
are shown as single respective units, the computer system 500
may, in fact, contain multiple I/O bus interface units 510
and/or multiple I/O buses 508. While multiple I/O interface
units are shown, which separate the I/O bus 508 from various
communications paths running to the various I/O devices, in
other embodiments, some or all of the I/O devices are con-
nected directly to one or more system 1/0 buses.

[0057] In various embodiments, the computer system 500
is a multi-user mainframe computer system, a single-user
system, or a server computer or similar device that has little or
no direct user interface, but receives requests from other
computer systems (clients). In other embodiments, the com-
puter system 500 may be implemented as a desktop computer,
portable computer, laptop or notebook computer, tablet com-
puter, pocket computer, telephone, smart phone, or any other
suitable type of electronic device.

[0058] FIG. 5 depicts several major components of the
computer system 500. Individual components, however, may
have greater complexity than represented in FIG. 5, compo-
nents other than or in addition to those shown in FIG. 5 may
be present, and the number, type, and configuration of such
components may vary. Several particular examples of addi-
tional complexity or additional variations are disclosed
herein; these are by way of example only and are not neces-
sarily the only such variations. The various program compo-
nents illustrated in FIG. 5§ may be implemented, in various
embodiments, in a number of different manners, including
using various computer applications, routines, components,
programs, objects, modules, data structures, etc., which may
be referred to herein as “software,” “computer programs,” or
simply “programs.”

[0059] The present invention may be a system, a method,
and/or a computer program product. The computer program
product may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

[0060] The computer readable storage medium can be a
tangible device that can retain and store instructions for use
by an instruction execution device. The computer readable
storage medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an opti-
cal storage device, an electromagnetic storage device, a semi-
conductor storage device, or any suitable combination of the
foregoing. A non-exhaustive list of more specific examples of
the computer readable storage medium includes the follow-
ing: a portable computer diskette, a hard disk, a random
access memory (RAM), aread-only memory (ROM), an eras-
able programmable read-only memory (EPROM or Flash
memory), a static random access memory (SRAM), a por-
table compact disc read-only memory (CD-ROM), a digital
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versatile disk (DVD), a memory stick, a floppy disk, a
mechanically encoded device such as punch-cards or raised
structures in a groove having instructions recorded thereon,
and any suitable combination of the foregoing. A computer
readable storage medium, as used herein, is not to be con-
strued as being transitory signals per se, such as radio waves
or other freely propagating electromagnetic waves, electro-
magnetic waves propagating through a waveguide or other
transmission media (e.g., light pulses passing through a fiber-
optic cable), or electrical signals transmitted through a wire.
[0061] Computer readable program instructions described
herein can be downloaded to respective computing/process-
ing devices from a computer readable storage medium or to
an external computer or external storage device viaa network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.
[0062] Computer readable program instructions for carry-
ing out operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or either
source code or object code written in any combination of one
or more programming languages, including an object ori-
ented programming language such as Java, Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software pack-
age, partly on the user’s computer and partly on a remote
computer or entirely on the remote computer or server. In the
latter scenario, the remote computer may be connected to the
user’s computer through any type of network, including a
local area network (LAN) or a wide area network (WAN), or
the connection may be made to an external computer (for
example, through the Internet using an Internet Service Pro-
vider). In some embodiments, electronic circuitry including,
for example, programmable logic circuitry, field-program-
mable gate arrays (FPGA), or programmable logic arrays
(PLA) may execute the computer readable program instruc-
tions by utilizing state information of the computer readable
program instructions to personalize the electronic circuitry, in
order to perform aspects of the present invention.

[0063] Aspects of the present invention are described
herein with reference to flowchart illustrations and/or block
diagrams of methods, apparatus (systems), and computer pro-
gram products according to embodiments of the invention. It
will be understood that each block of the flowchart illustra-
tions and/or block diagrams, and combinations of blocks in
the flowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.
[0064] These computer readable program instructions may
be provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the instruc-
tions, which execute via the processor of the computer or
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other programmable data processing apparatus, create means
for implementing the functions/acts specified in the flowchart
and/or block diagram block or blocks. These computer read-
able program instructions may also be stored in a computer
readable storage medium that can direct a computer, a pro-
grammable data processing apparatus, and/or other devices to
function in a particular manner, such that the computer read-
able storage medium having instructions stored therein com-
prises an article of manufacture including instructions which
implement aspects of the function/act specified in the flow-
chart and/or block diagram block or blocks.

[0065] The computer readable program instructions may
also be loaded onto a computer, other programmable data
processing apparatus, or other device to cause a series of
operational steps to be performed on the computer, other
programmable apparatus or other device to produce a com-
puter implemented process, such that the instructions which
execute on the computer, other programmable apparatus, or
other device implement the functions/acts specified in the
flowchart and/or block diagram block or blocks.

[0066] The flowchart and block diagrams in the Figures
illustrate the architecture, functionality, and operation of pos-
sible implementations of systems, methods, and computer
program products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or por-
tion of instructions, which comprises one or more executable
instructions for implementing the specified logical function
(s). In some alternative implementations, the functions noted
in the block may occur out of the order noted in the figures.
For example, two blocks shown in succession may, in fact, be
executed substantially concurrently, or the blocks may some-
times be executed in the reverse order, depending upon the
functionality involved. It will also be noted that each block of
the block diagrams and/or flowchart illustration, and combi-
nations of blocks in the block diagrams and/or flowchart
illustration, can be implemented by special purpose hard-
ware-based systems that perform the specified functions or
acts or carry out combinations of special purpose hardware
and computer instructions.

[0067] The descriptions of the various embodiments of the
present disclosure have been presented for purposes of illus-
tration, but are not intended to be exhaustive or limited to the
embodiments disclosed. Many modifications and variations
will be apparent to those of ordinary skill in the art without
departing from the scope and spirit of the described embodi-
ments. Theterminology used herein was chosen to explain the
principles of the embodiments, the practical application or
technical improvement over technologies found in the mar-
ketplace, or to enable others of ordinary skill in the art to
understand the embodiments disclosed herein.

What is claimed is:

1. A computer implemented method for detecting a change
in a home environment for a visually impaired user, the
method comprising:

mapping, using a sonar mapping systern, a first sonar map

of a set of areas of the home environment;

mapping, in response to receiving a noise alert from a
sound detection system coupled to the sonar mapping
system, a second sonar map of the set of areas;

identifying an object of the second sonar map meeting an
obstruction criterion; and
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providing a notification to the visually impaired user that
the identified object meets the obstruction criterion, in
response to an alert from a sleep sensor.

2. The method of claim 1, wherein the alert from the sleep
sensor includes a change in a pulse beyond a pulse threshold,
and a change in respiration frequency beyvond a respiration
frequency threshold.

3. The method of claim 1, further comprising:

collecting, by the sonar mapping system, a background

noise level of the set of areas;

collecting, by the sonar mapping system, a sound baseline

of the set of areas; and

creating, using the sound baseline offset by the background

noise level, the sonar map.

4. A system for detecting a change in a home environment
for a visually impaired user, the system comprising:

aplurality of sound capture devices each configured to emit

one or more sound probes in the home environment and
to detect reflected sound waves;

asleep sensor configured to monitor one or more biological

signs of the visually impaired user; and

a processor communicatively coupled to the plurality of

sound capture devices and the sleep sensor;

wherein the processor is configured to generate a first sonar

map of a set of areas of the home environment based on
the reflected sound waves detected by the plurality of
sound capture devices, and to generate a second sonar
map based on subsequent reflected sound waves in
response to receiving a noise alert;

wherein the processor is further configured to compare the

second sonar map to the first sonar map to identify an
object of the second sonar map meeting an obstruction
criterion; and t

wherein the processor is further configured to provide a

notification to the visually impaired user that the identi-
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fied object meets the obstruction criterion in response to
an alert from the sleep sensor indicating that the visually
impaired user has awoken.

5. The system of claim 4, wherein the alert from the sleep
sensor includes a change in a pulse beyond a pulse threshold,
and a change in respiration frequency beyond a respiration
frequency threshold.

6. The system of claim 4, wherein the plurality of sound
capture devices are further configured to collect a background
noise level of the set of areas and a sound baseline of the set
of areas; and wherein the processor is configured to generate
the first and second sonar maps using the sound baseline
offset by the background noise level.

7. A computer program product comprising a computer
readable storage medium having a computer readable pro-
gram stored therein, wherein the computer readable program,
when executed on a first computing device, causes the first
computing device to:

map a first sonar map of the set of areas of the home

environment;

map, in response to receiving a noise alert from a sound

detection system, a second sonar map of the set of areas;
identify an object of the second sonar map meeting an
obstruction criterion; and

providing a notification to the visually impaired user that

the identified object meets the obstruction criterion, in
response to an alert from a sleep sensor.

8. The computer program product of claim 7, wherein the
alert from the sleep sensor includes a change in a pulse
beyond a pulse threshold, and a change in respiration fre-
quency beyond a respiration frequency threshold.

9. The computer program product of claim 7, wherein the
computer readable program, when executed on the first com-
puting device, further causes the first computing device to
generate the first and second sonar maps using a sound base-
line offset by a background noise level.
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