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TECHNIQUES FOR DETECTION/NOTIFICATION OF PACKAGE
DELIVERY AND PICKUP

CROSS-REFERENCES TO RELATED APPLICATIONS
{06061} This application claims the benefit of U.S. Provisional Patent Application No.
63/189,515, filed on May 17, 2021, UK. Provisional Patent Application No. 63/342,022, filed on
May 13, 2022, and U.S. Nonprovisional Patent Apphication No. 17/485221, filed on September

24, 2021, the contents of which are incorporated herein by reference 1n thewr entireties for all

purposes.
BACKGROUND
{8082} As digital camera technology has become cheaper and more prevalent, it has become

commonplace for cameras to be positioned ouiside of structures {such as residential buildings,
commercial buildings, manufacturing buildings, etc } to monitor activities occurring outside the
structures, or inn an unsecured portion of the structures to monitor activities occurring within the
unsecured portion of the structures. For example, cameras have been implemented n door bells
and security systems to monitor for activities occurring outside the structure. Additionally, the
increase in online sales of goods has resulted in more packages being delivered to structures. The

delivery of packages to the structures has led to challenges, including theft of the packages.

BRIEF SUMMARY
[6063] The approaches described herein may utilize cameras to determine when packages
have been delivered to or picked up from structures. In particular, a system may have one or
more cameras, or may be coupled to one or more cameras, that are directed to capture video
and/or images of areas where packages may be delivered or placed for pickup, such as outside of
a structure, within an unsecured portion of a structure, and/or within another portion of a
structure where packages may be intended to be placed for delivery and/or pickup. The cameras
may be directed to areas where packages are expected to be delivered by a delivery person or
placed for pickup by a dehvery person. The system may identify delivery and/or pickup of
packages within the video or umages captured by the cameras. Based on the systern identifying
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delivery and/or pickup of the packages, the systems may determine notification settings
associated with the cameras and provide notification of the delivery and/or pickup of the

packages.

{80684] In some embodiments, a method may include detecting motion within video recetved
from a camera, capturing, it response to detecting the motion, a representative image from the
video, and retrieving a canonical image that represents an average of one or more frames
received from the camera before detecting the motion. The method may further include
determining a difference between the canonical image and the representative image, the
difference identifying a set of pixels of the representative image that are different from
corresponding pixels in the canonical image. Further, the method may include removing low
density pixels from the set of pixels, removing high frequency pixels from the set of pixels that
have a high frequency of change, and executing a flood-fill process on the set of pixels, the
flood-fill process adding additional pixels causing a first subset of disjointed pixels to become
contiguous. The method may further include determining a candidate age for each pixel in the set
of pixels, and removing, based at least in part on the candidate age of each pixel in the set of
pixels, young pixels of the set of pixels that have a candidate age that 15 less than a threshold.
Further, the method may include executing a classifier using the set of pixels, the classifier
providing a prediction of an identitication of an object represented by a second subset of the set

of pixels, and outputting the prediction of the wdentification of the object.

[B005] In some embodiments, one or more computer-readable media having nstructions
stored thereon, wherein the instructions, when executed by a system, may cause the system to
detect motion within video received from a camera, capture, in response to detecting the motion,
a representative image of an area from the video, and retrieve a canonical image of the area that
represents an average of one or more frames received from the camera before detecting the
motion. The mstructions, when executed by the system, may further cause the systero to
determine a difference between the canonical image and the representative image, the difference
identifying a set of pixels of the representative image that are different from corresponding pixels
m the canonical image. Further, the instructions, when executed by the system, may cause the
system to remove low density pixels from the set of pixels, remove high frequency pixels from

the set of pixels that have a high frequency of change, and execute a flood-fill process on the set
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of pixels, the flood-fill process adding additional pixels causing a first subset of disjointed pixels
to become contiguous. The mstructions, when executed by the system, may further cause the
system to determine a candidate age for each pixel in the set of pixels, and remove, based at least
in part on the candidate age of each pixel in the set of pixels, young pixels of the set of pixels
that have a candidate age that 1s less than a threshold. Further, the instructions, when executed by
the system, may cause the system to execute a classifier using the set of pixels, the classifier
providing a prediction of an identification of an object represented by a second subset of the set

of pixels, output the prediction of the identification of the object.

{(066] In some embodiments, a system may include memory to store images from video
recetved from a camera and one or more processors coupled to the memory. The processors may
detect motion within the video, capture, from the stored images, a representative image
corresponding to the detected motion, and retrieve, from the stored images, a canonical image
that represents an average of one or more frames received from the camera before detection of
the motion. The processors may further determine a difference between the canonical image and
the representative image, the difference wentifying a set of pixels of the representative image
that are different from corresponding pixels in the canonical image. Further, the processors may
remove low density pixels from the set of pixels, remove high frequency pixels from the set of
pixels that have a high tfrequency of change, and execute a flood-fill process on the set of pixels,
the flood-fill process adding additional pixels causing a first subset of disjointed pixels to
become contiguous. The system roay further determune a candidate age tor each pixel in the set
of pixels, and remove, based at feast n part on the candidate age of each pixel 1o the set of
pixels, young pixels of the set of pixels that have a candidate age that 15 less than a threshold.
The processors may further execute a classifier using the set of pixels, the classifier providing a
prediction of an identification of an object represented by a second subset of the set of pixels,

and output the prediction of the identification of the object.

[B087] In some embodiments, a method may wdentitfving one or more package candidates
from an image. The method may further mclude determining an analysis frame from the image
based at least in part on the one or more package candidates and executing a shared classifier on

the analysis frame, the shared classifier to predict wdentification of packages and objects within
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the analysis frame. Further, the method may include outpuiting a prediction of the identification

of the packages and the objects based at least in part on the execution of the shared classifier.

{G008] In some embodiments, one or more computer-readable media may have instructions
stored thereon, wherein the instructions, when executed by a system, cause the system to identify
one or more package candidates from an image. The msiructions may further cause the system to
determine an analysis frame from the image based at least in part on the one or more package
candidates and execute a shared classifier on the analysis frame, the shared classifier to predict
identification of packages and objects within the analysis frame. Further, the msiructions may
cause the system to output a prediction of the identification of the packages and the objects based

at least in part on the execution of the shared classifier.

BRIEF DESCRIPTION OF THE BRAWINGS
{(30069] FIG. 1 dlustrates an example system arrangement in accordance with some

embodiments.

{6010 FI( 2 silustrates an example procedure for identifying candidates for packages in

accordance with some embodiments.

{B011] FI(z 3 dlustrates an example of a canonical image m accordance with some

embodiments.

{B012] FI(y 4 idlustrates an example of a representative image in accordance with some

embodiments.

{B013] FI(r S dllustrates an example image representation of a set of pixels produced by 208

in accordance with some embodiments.

{B014] FI(x 6 illustrates an example image representation of a set of pixels produced by 210

and 212 in accordance with some embodiments.

{BO15] FI(z. 7 illustrates an example image representation with bounding boxes accordmng to

some embodiments.

{016} FI(3. 8 illustrates an example image representation produced by 214 i accordance

with some embodiments.
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{017 FI(3. S illustrates an example procedure for classifying candidates and/or intfiating a
notification in accordance with some embodiments.

{B018] FI(x 10 tllustrates a first portion of an example procedure for identification of an

object in accordance with some embodiments.

(4]

{B019] FIG 11 sllustrates a second portion of the example procedure of FIG. 10 for
identification of an object in accordance with some embodiments.

{0024] FIG 12 sllustrates a first portion of another example procedure for identification of an
object in accordance with some embodiments.

{8021} FIG 13 dlustrates a second portion of the example procedure of FIG. 12 for

10 dentification of an object in accordance with some embodiments.

{0022] FIG 14 sllustrates an example proceduore for identification of an object in accordance

with some embodiments.

{B023] FIG 15 sllustrates an example umfied system arrangement 1o accordance with some
embodiments.
15 [B624] FIG. 16 illustrates an example procedure for identifying objects and/or package m

accordance with some embodiments.

{0025] FIG 17 sllustrates an example analysis frame arrangement in accordance with some
embodiments.

20 DETAILED DESCRIPTION
{0026] Svstems, computer-readable media, methods, and approaches described throughout

this disclosure may identify delivery and/or pickup of packages. Further, a notification may be
provided indicating that the package has been delivered and/or picked up. The notification may
allow for a user o be aware of the delivery and/or pickup of the package, which may cause the
25 user to retrieve the package from the area. In some instances, the notification may prevent issues
presented by delivery of packages, such as theft of the packages, accidental incorrect deliveries,

and/or lack of delivery of the packages.
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{0027} The following detailed description refers to the accompanying drawings. The same
reference numbers may be used in different drawings to identify the same or similar elements. In
the following description, for purposes of explanation and not limitation, specific details are set
forth such as particular structures, architectures, interfaces, techniques, eic. in order to provide a
thorough understanding of the various aspects of various embodiments. However, it will be
apparent to those skilied 1n the art having the benefit of the present disclosure that the various
aspects of the various embodiments may be practiced in other examples that depart from these
specific details. In certain instances, descriptions of well-known devices, circuits, and methods
are omitted 80 as not to obscure the description of the various embodiments with unnecessary

detail.
I SYSTEM ARRANGEMENT

{8028} FIG. 1 ddlustrates an example system arrangement 100 in accordance with some
embodiments. In particular, the system arrangement 100 iHusirates one example of a system 102
that may utilize one or more cameras to identify delivery and/or pickup of packages. The
approaches implemented by the system can accurately and efficiently identify the delivery and/or
pickup of packages. Further, the system may indicate to a user when a package has been
delivered and/or picked up, which may address some of the issues of packages being placed

outside of structures and/or in unsecured portions of structures, such as theft of packages.

{6029] The system arrangement 100 may include the system 102, The system 102 may
comprise a computing system that may be able to execute one or more nstructions to perform
one or more operations. In some embodiments, the system 102 may comprise a smart doorbell, a
securty system, a computer system, a distributed computer system, a mobile phone (such as a
smart phone), a home environment made up of various connected user devices (e.g., a home hub,

controller devices, smart television systems, accessories, eic.}, or portions thereof

[0036] The system 102 may include memory 104 and one or more processors 106 coupled to
the memory 104, The memory 104 may mnclude one or rmoore computer-readable media. In some
embodiments, the computer-readable media may comprise non-transitory computer-readable
media. The memory 104 may have one or more mstructions stored thereon, wherein the

mstructions, when executed by the system 102, may cause the system 102 to perform one or

&
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more of the operations disclosed heremn. The memory 104 may include any suitable volatile or
non-volatile memory such as, buf not limited to, dynamic random access memory { DRAM]},

static random access memory {SRAM], eraseable programmable read only memory (EPROM],
electrically eraseable programmable read only memory (EEPROM), flash memory, solid-state

5 memory, any other type of memory device technology, or some combimation thereof.

{8031} The processors 106 may be separate from the memory 104 and/or coupled to the
memory 104, or the memory 104 may be implemented as part of the processors 106 and may be
coupled to the memory 104, The processors 106 may receive the instructions from the memory
104 and execute the insiructions to cause the system 102 to perform one or more of the

10 operations described throughout this disclosure. The processors 106 may include processor
circuitry such as, for example, baseband processor circuitry, central processor unit circutiry,

graphics processor unit circutiry, or some combination thereof

[0032] The system 102 may further include a detector 108, The detector 108 may comprise
computer hardware components, instructions that can be performed by the processors 106, or
15 some combmation thereof {which may be referred to as a “detector module” tn some instances).
The detector 108 may receive images and identify one or more candidates for delivery and/or
pickup of a package based on the images. For example, the detector 108 may perform, or cause
the system 102 to perform via the processors 106, one or more of the operations related to the

identification of candidates from images described further throughout this disclosure.

20 (0833 The system 102 may further include a classifier 110. The classifier 110 may comprise
computer hardware components, instructions that can be performed by the processors 106, or
some combination thereof {which may be referred to as a “classifier roodule” n some nstances).
The classifier 110 may receive mdications of the candidates within the images from the detector
108 and classity the candidates as packages, not packages, or something other than packages. For

25 example, the classifier 110 may perform, or cause the system 102 to perform via the processors
106, one or more of the operations related to the classification of candidates from images

described further throughout this disclosure,

[0034] The systern arrangement 100 may further include an input device 112, In some
embodiments, the mput device 112 may comprise one or more cameras, where each of the

30 cameras may capture images and/or video {(which may comprise a series of images captured

o]
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temporaily by the camera) of an area. The areas for which the cameras are to capture images
and/or videos may include areas where packages are intended to be placed for delivery and/or
pickup of the packages, such as cutside of structures, within unsecured portions of structures,
within package depository locations, and/or other areas where packages are to be placed for
delivery and/or pickup. The mput device 112 may be coupled to the system 102 and may provide
the captured images and/or videos to the system 102. The system 102 may store the images
and/or video recetved from the input device 112 1n the memory 104 of the system 102, In some
embodiments, the tmages and/or portions of the video may be stored by the system 102 in the
memory 104 for a period of time, where the images and/or the portions of the video may be
removed from the memory 104 at the expiration of the period of ime. Removing the images
and/or portions of the video from the memory 104 may ensure that there 15 space within the
memory 104 for additional images and/or portions of the video to be stored. In some
embodiments, the storage of the images and/or portions of the video may be cyclical, where the
oldest images and/or portions of the video may be replaced by new images and/or portions of the

video recerved from the input device 112 {e.g., m a first 1o, first out (FIFO) manner}.

{0035} The system arrangement 100 may further include a notification device 114, The
notification device 114 may comprise a computing system such as a smart doorbell, a securnty
system, a computer system, a distributed computer system, a mobile phone (such as a smart
phone), an accessory within a home environment, a smart television {e.g., a media streaming
device), or portions thereof. The notification device 114 may provide a notification to a user that
delivery and/or pickup of a package bhas been identified or otherwise detected by the system 102,
For example, the notification device 114 may be coupled to the systern 102 and may receive an
mdication from the system 102 to provide notification that the system 102 has identified delivery
and/or prickup of a package. The notification device 114 may provide a visual notification, a
sound notification, a haptic notification, another type of notification, or some combination
thereof to a user of the notification device 114. For example, the notification device 114 may
display an image of the area with the package on a display of the notification device 114 mn
response to recetving the indication from the system 102 1 some embodiments. In some
embodiments, the notification device 114 may present the notification via email, pop-up, an

application, sound from a speaker, a motion generator, or some combination thereof
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{(036] While the input device 112 and the notification device 114 are illustrated separate
from the system 102 in the illustrated system arrangement 100, 1t should be understood that the
mput device 112 and/or the notification device 114 may be included in the system 102 in other
embodiments. For example, the system 102 may comprise a smart doorbell or security system in
some embodiments where the input device 112 comprises a camera of the smart doorbell or the
security system. Further, the notification device 114 may comprise a speaker of the smart
doorbell or the security system in embodiments where the system 102 comprises the smart
doorbell or the security system, where the notification device 114 may emit a sound to indicate
that delivery and/or pickup of a package has been detected by the system 102, For example, the
notification device 114 may provide a notification by emitting an audible sound by a smart
speaker {(such as a home hub) or displaying a notification on a television by a media streaming

device {such as a smart televiston).
it DETECTOR OPERATION

{6837} A detector of a system may process, or cause the system to process, images and/or
video to identify candidates within the images and/or video of package delivery and/or pickup.
For example, the system, implementing the detector, may compare a canonical image of an area
from prior to detection of motion within the images and/or video with a representative image of
the area after the detection of the motion to determine whether any objects have been added or
removed from the area captured in the images. The detector may indicate portions of the
representative image {(such as by removing pixels from the representative image) to be processed

by a classifier to determine whether a package has been delivered and/or picked up.

{0038} FIG 2 illustrates an example procedure 200 for dentifying candidates for packages in
accordance with some embodiments. The procedure 200 may be performed by a system {such as
the system 102 (FIG. 1)). For example, a detector {such as the detector 108 (FIG. 1}) may
perform, or cause the system to perform, one or more of the operations of the procedure 200, The
system may output candidates for packages based on the performance of the procedure 200
While the procedure 200 1s illustrated 1 a certain order, i should be understood that one or more
of the operations within the procedure 200 may be performed in a different order, concurrently

with other operations, and/or may be omiited.

9
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{(039] In 202, the system may detect motion within images and/or video recetved from a
camera {such as the mput device 112 (FIG. 1}}. For example, the system may have received
images and/or video from the camera and stored the received images within a memory (such as
the memory 104 (FIG. 1)) of the system. Upon receiving an image from the camera, the system
may compare the image with a consecutive image captured prior to the image to determine
whether there are differences in the area captured within the image and the consecutive image.
The system may determune that there are differences in the area based on corresponding pixels
within the image and the consecutive image having differences in value or values greater than a
threshold amount. For example, the differences in value or values may be value or values
mndicating a color of the corresponding pixels in the image and the consecutive image. In some
embodiments, the system may further determine that a number of contiguous pixels within the
image and consecutive image that have difference in value or values is greater than a threshold
number of contiguous pixels to determine that there are differences in the area. Further, in
response to determining that the image and the consecutive image have corresponding pixels
with different values, the system may compare the consecutive image with one or more
subsequent 1mages to determine whether the differences, or other related differences, are
presented for a certain period of time to determime that there are differences in the area. Based on
the system determaining that there are differences within the area, the system may determine that
rootion exists within the images and/or video. Accordingly, the systern may detect motion with
the images and/or video based on the determination that motion exists within the images and/or

video.

[044] In 204, the system may capture a representative image. The systerm may capture the
representative image from the images and/or video received from camera in response to the
detection of the motion in 202, The representative timage may be an image captured by the
camera after completion of the motion detected m 202, For example, the system may compare
consecutive images captured by the camera after the detection of the motion 1o determine
whether the consecutive images are determuned to present differences, such as the differences
described in relation to 202, Based on a certain number of the consecutive images not presenting
differences, the system may determine that the motion detected m 202 has completed. The
system may retrieve an image captured after the motion has completed from memory and utilize

the retrieved image as the representative image that has been captured. In some embodiments,

10
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the system may cause the camera to capture an image after the motion has completed, receive the

captured image from the camera, and utilize the image as the representative image.

{041} FIG 4 dlostrates an example of a representative image 400 in accordance with some
embodiments. In particular, the representative image 400 s an example of a representative image
that may be captured in 204 The representative image 400 may have been captured by the
camera after motion within an area captured by the camera has been completed. The
representative image 400 shows a package 402 in the area captured by the representative image

400 1n the tllustrated embodiment.

{6042] In 206, the system may retrieve a canonical image. The canonical image may
represent an average of one or more frames received from the camera before the detection of the
motion i 202, In particular, the frames may comprise one or more images captured by the
camera prior to the detection of the motion i 202 and provided to the system. The system may
average the values of each of the corresponding pixels within the frames to produce values for
each of the pixels within the canonical image. The system may produce the canonical image
hased on the determined values for each of the pixels and store the canonical image in the
memory of the system. The system may retrieve the canonical image from the memory 11 206 In
other embodiments, the canonical image may be an 1mage captured by the camera prior to the
detection of the motion in 202. For example, the system may retrieve an image that was captured
prior to the detection of the motion in 202 from the memory of the system and utilize the 1mage
as the canonical image. The frames and/or images utilized for retrieving the canonical image
roay be retrieved by the systern from a preroll for the camera. The preroll may comprise one or
more images captured within a period of time prior to the detection of motion. In some
embodiments, the period of time for the preroll may be four seconds prior to the detection of
motion. The images within the preroll are often pretty static with little to no roovement with the

area capiured by the images.

[0043] FIG. 3 illustrates an example of a canonical toage 300 in accordance with some
embodiments. In particular, the system may have produced the canonical image 300 by the
averaging of the values of the correspond pixels with the frames as described in relation to 206,
In other embodiments, the canonical 1mage 300 may be an image that was captured prior to the

detection of the motion. The area captured by the canonical image 300 may be the same area as

11
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the area captured by the representative image 400 (FIG. 4) in the illustrated embodiment. In
other embodiments, the area captured by the canonical image 300 may at least partially overlap
with the are captured by the representative image 400, The canonical image 300 shows a truck

302 in the area captured by the canonical image 300 in the illustrated embodiment.

{(044] In 208, the system may determine a difference between the canonical image and the
representative image. For example, the system may compare the canonical image with the
representative image to determine a difference between the canonical image and the
representative. In particular, the system may compare values between pixels within the canonical
image and corresponding pixels within the representative image to determine differences
between the values of the pixels within the canonical image and the corresponding pixels within
the representative image. In some embodiments, determining the differences between the values
of the pixels may include determining, by the system, distances within a color space using Delta
E for each of the corresponding pixels (which may be referred to as related pixels) within the
representative image and the canonical umage. The Delta £ may be the distance metric defined
by the International Commussion of [Humination. The system may identify pixels as being
different based on the determined distances being greater than a threshold distance. In some
embodiments, the differences between the distances may be determined in a LAB color space.
The LAB color space may be the color space defined by the International Conunission of
Hlonunation and may comprise three parameters, the three parameters comprising one parameter
defirung brightness and two parameters detining color. The difference determined by the system
roay 1dentity a set of pixels of the representative image that are different from the corresponding
pixels in the canonical image. The system may produce an image representation of the set of
pixels determined to be different, where the image representation has pixels removed that
correspond to corresponding pixels of the canonical image and the representative image that are

determined not to be different.

[043] FIG. 5 silustrates an exarople image representation 500 of a set of pixels produced by
208 wn accordance with some embodiments. In particular, the ymage representation 500 may

mdicate a set of pixels that are determined to have differed between the canoni¢al tmage and the
representative wnage. For example, the image representation 500 may have pixels determined to

be different between the canonical image and the representative image shown 1n the image

12
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representation 500, and may have pixels determined not to be different between the canonical
image and the representative image being removed from the image representation 500 {as
indicated by shown in black in the image representation 500}, In the illustrated embodiment, the
image representation 500 includes a first group of pixels 502 and a second group of pixels 504.
The first group of pixels 502 may correspond to the package 402 (FIG. 4), where the package
402 1s shown in the representative image 400 (FIG. 4} and not shown in the canonical mage 300
(FIG. 3). The second group of pixels 504 may correspond to the truck 302 (FIG. 3}, where the

truck 302 1s shown n the canonical image 300 and not shown in the representative image 400,

{(046] In 210, the system may remove low density pixels. In particular, the system may
remove the low density pixels from the set of pixels identified in 208 Removing the low density
mixels from the set of pixels may include averaging amounts of change in subgroups of the set of
pixels. For example, the system may separate the set of pixels into subgroups then average the
amounts of change of the each of the pixels within the subgroups to produce an averaged amount
of change for each of the subgroups. The subgroups of the set of pixels may be uniform sized or
varying sizes in different embodiments. The averaged amount of change for each of the
subgroups may be compared to a threshold amount of change. The system may identify a portion
of the subgroups that have averaged amounts of change below the threshold amount of change.
Based on a portion of the subgroups having averaged amounts of change below the threshold
amount of change, the system may determine that the pixels within the portion are low density

pixels. The system may remove the identified low density pixels from the set of pixels.

{0047} In other embodiments of 210, the systern may keep high density pixels. In particular,
the svstem may keep the high density pixels while removing other pixels from the set of pixels
identified in 208, Keeping the high density pixels may include averaging amounts of change 1o
subgroups of the set of pixels. For example, the system may separate the set of pixels into
subgroups then average the amounis of change of each of the pixels within the subgroups to
produce an averaged amount of change for each of the subgroups. The subgroups of the set of
pixels may be uniform sized or varving sizes m different embodiments. The average amount of
change for each of the subgroups may be compared to a threshold amount of change. The system
may identity a portion of the subgroups that have averaged amounts of change above the

threshold amount of change. Based on a portion of the subgroups having averaged amounts of
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change above the threshold amount of change, the system may determine that the pixels within
the portion are high density pixels. The system may keep the high density pixels within the set of

pixels while removing the other pixels from the set of pixels.

{8048} In 212, the system may remove high frequency pixels. In particelar, the system may
remove high frequency pixels from the set of pixels, where the high frequency pixels present a
high frequency of change. The system may apply temporal averaging to the set of pixels. For
example, the system may average values of the pixels within the representative image and
previous frames captured by the camera within a time period prior {o the representative image to
determine average frequencies at which the pixels change among the representative image and
the successive images. In some embodiments, the system may perform 208 and 210 for
successive images within the time period in addition to performing 208 and 210 for the
representative image to produce sets of pixels for the successive images. The system may then
average the set of pixels from the representative image and the previous frames to determine
average frequencies at which each of the pixels within the set of pixels change. The system may
compare the averaged frequencies for the pixels with a threshold frequency to determine whether
the pixel has been stable for the time period. For pixels with averaged frequencies above the
threshold frequency, the system may determine that the pixels have been unstable within the
period of time and, therefore, are hugh frequency pixels. The systern may remove the hugh

frequency pixels indicated by the temporal averaging.

[B049] The systern removing the high frequency pixels may result in modifying the set of
pixels based on the previous frames to form a moditied set of pixels. The modified set of pixels
may be smaller than the set of pixels based on the removal of the high frequency pixels. In some
embodiments, the modified set of pixels may be utilized 10 one or more of the operations
throughout this disclosure. For example, operations 214, 216, 218, 902 (FIG. 9), 904 (FIG. 9), or

some combination thereof may be performed on the modified set of pixels.

{050} FIG. 6 silustrates an exarople image representation 600 of a set of pixels produced by
210 and 212 i accordance with some embodiments. In particular, the system may produce the
image representation 600 by removing the low frequency pixels or keeping the high frequency
pixels, in accordance with 210, and the high frequency pixels, in accordance with 212, from the

image representation 500 {FIG. 5}, As can be seen from the wmage representation 600, the image
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representation 600 has more pixels removed as compared to the image representation 500 while
maintaining a first group of pixels 602 corresponding to the first group of pixels 562 (FIG. 5) and
a second group of pixels 604 corresponding to the second group of pixels 504 (FIG. 5). The first
group of pixels 602 and the second group of pixels 604 may be maintained based on the pixels
not being determined to be low density pixels or being determined to be high density pixels in

210 and not being determined to be high frequency pixels in 212

{051} In 214, the system may perform an execute flood-fill process. The flood-fill process
may add additional pixels causing a first subset of disjointed pixels to become contiguous. For
example, the system may identify subsets of disjointed pixels from the set of pixels produced by
210 and 212, The system may add additional pixels to each of the subsets of disjointed pixels to
cause each of the disjointed pixels to be a contiguous subset. In some embodiments, executing
the flood-fill process may include generating bounding boxes around each of the disjointed
mxels. For example, the bounding boxes may comprise a square, rectangle, or other shape with
edges of the shape corresponding with outer bounds of the disjointed pixels. In other
embodiments, the edges of the shape may be outside of the outer bounds of the disjointed pixels,
where the edges may be a defined distance from the outer bounds of the disjointed pixels, sizes
of the bounding box may be a defined size, sizes of the bounding boxes may be larger than an
area defined by the outer bounds of the disjointed pixels by a defined percentage, or some
combination thereof. In some of these embodiments, the system may compare the size of the
bounding boxes with a size of the image to determune whether to remove one or more of the
bounding boxes. For exaraple, if a boundmg box for a subset of digjointed pixels 15 larger than a
first threshold percentage of the image or smaller than a second threshold percentage of the
mmage {the second threshold percentage being less than the first threshold percentage), the system
may remove the bounding box. This may prevent the system from producing candidates for a
package that are too small for a package or too small for a package. This may also prevent the
system from erronecusly identifying the whole 1mage as a candidate for the package, which may
be caused by a change of Lighting within the area. The system may add additional pixels to the
bounding boxes {or the bounding boxes remaining after the removal of the bounding boxes due
o size in some embodimenis) to fill the bounding box. In some embodiments, adding the

additional pixels may include setting the additional pixels to value of the corresponding pixels
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from the representative image. The system adding the additional pixels to the subsets of

disjointed pixels may produce candidates for packages.

{B052] FI(z. 7 illustrates an example image representation 700 with bounding boxes
according to some embodiments. In particular, the image representation 700 shows example
bounding boxes that may be generated by 214. For the image representation 700, the system may
have performed 214 on the image representation 600 (FIG. 6) to produce the image
representation 700. In the illusirated embodiment, the system may have 1dentified a first group of
pixels 702 as a first subset of disjointed pixels and a second group of pixels 704 as a second
subset of disjointed pixels. The first group of pixels 702 may correspond to the first group of
pixels 602 (FIG. 6), which in turn corresponds to the package 402 (F1G. 4). The second group of
mixels 704 may correspond to the second group of pixels 604 (FIG. 6}, which in turn corresponds
to the truck 302 (FIG. 3). As used 1n relation to the bounding boxes, a subset of disjointed pixels
may refer to a group of pixels that are not the shape and/or size of the bounding boxes. The
system may generate a first bounding box 706 around the first group of pixels 702, identified as a
first subset of disjointed pixels, and a second bounding box 708 around the second group of
pixels 704, identified as a second subset of disjointed pixels. In some mstances, the system may
have identified a third group of pixels 710 as a third subset of disjointed pixels and a fourth
group of pixels 712 as a fourth subset of digjointed pixels, but the system may have removed the
corresponding bounding boxes based on the system determining that the corresponding bounding

boxes were smaller than a threshold percentage of the image.

[B083] FIG. 8 illustrates an example image representation 800 produced by 214 mn
accordance with some embodiments. In particular, the system may have produced the image
representation by adding additional pixels to the bounding boxes. For example, the systern may
have added additional pixels to £ill the first bounding box 706 (FIG. 7} to produce a first
candidate 802 and may have added additional pixels to fill the second bounding box 708 (FIG. 7)
to produce a second candidate 804,

{0054] In 216, the system may determine candidate ages for pixels within the set of pixels.
For example, the system may determine an amount of tume that pixels within the set of pixels
have been at a aurrent value {or within a defined range of the current value), which may be

defined as the candidate ages for the pixels. The systermn may compare the candidate ages of the
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pixels to a threshold to determine if the pixels are yvoung pixels. The system may determine thata

pixel 1s a young pixel based on a candidate age of the pixel being less than the threshold.

{BOSE] In some embodiments, the system may determine the candidate ages for subsets of
disjointed pixels identified m 214 and/or pixels within the bounding boxes generated in 214, In
some of these embodiments, the system may compare the candidate ages for each of the pixels
within the subsets of disjointed pixels and/or the bounding boxes with the threshold to determine
whether each of the pixels are yvoung pixels. In other of these embodiments, the system may
average the candidate ages of the pixels within the subsets of disjointed pixels and/or the
bounding boxes and then compare the average candidate ages with the threshold to determine
whether all the pixels withun each of the subsets of disjomted pixels and/or bounding boxes are

determined to be young pixels.

{8056} In 218, the system may remove the young pixels from the set of pixels. In particular,
the system may remove the pixels determined to be young pixels in 216 from the set of pixels.
Accordingly, the system may remove the young pixels from the set of pixels based on the young
mxels of the set of pixels having a candidate age that is less than the threshold. In embodiments
where 216 and 218 are applied to the candidates produced by 214, candidates having at leasta
defined percentage (which may be a majority, all, or some other percentage} of young pixels may
be removed as candidates. In other embodiments, the individual pixels determined to be young
pixels within the candidates may be removed leaving the rest of the pixels as part of a candidate

for a package.

[B0587] While the procedure 200 is described n a certain order, it should be understood that
the operations of the procedure 200 may be performed in different orders and/or concurrently 1o
some embodiments. For example, the operations 210 through 218 may be performed n different

orders and/or concurrently in other embodiments.
1L CLASSIFIER OPERATION

{0058} A classifier of a system may analyze the candidates provided from the detector and
classify objects captured within the candidates as packages, not packages, or something other
than packages. For example, the classifier may, or may cause the system, to apply one or more

classification models to the candidates provided from the detector and mdicate whether each of
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the candidates 1s a package, not a package, or something other than a package based on the
classification models. The system may utilize the classification of the objects within the
candidates to determine whether to provide notification that a package has been delivered or

picked up.

{B059] FI(y. 9 illustrates an example procedure 900 for classifying candidates and/or
initiating a notification in accordance with some embodiments. The procedure 900 may be
performed by a system {such as the system 102 (FIG. 1)), or a combination of a system and a
notification device (such as the notification device 114 (FIG. 1)). For example, a classifier (such
as the detector 110 (FIG. 1)) may perform, or cause the system to perform, one or more of the
operations of the procedure 900, In some embodiments, a notification device may perform one or
more of the operation of the procedure 900. The system may output a prediction for the
candidates received from a detector and/or initiate a notification based on the performance of the
procedure 200, While the procedure 900 1s 1llustrated in a certain order, 1t should be understood
that one or more of the operations within the procedure 900 may be performed m a different

order, concurrently with other operations, and/or may be omitted.

{0060} In 902, the system may 1dentify candidates for packages. In particular, the system
may identify one or more candidates output by the detector on completion of the performance of
the procedure 200. The system utilizing the candidates for the procedure 900 may allow the
system to analyze the portions of the representative image and/or the canonical tmage
corresponding to candidates for packages rather than analvzing an entirety of the representative
mmage and/or the canonical image. By analvzing the portions of the representative image and/or
the canonical ioage, the system may operate faster than if the system was to analyze the entirety
of the representative image and/or the canonical image, and may provide greater accuracy in
classifying packages than if the system was to analyze the entirety of the representative image

and/or the canonical image.

[0061] For example, the system may wdentity the first candidate 802 (FIG. 8) and the second
candidate 804 (FIG. 8) for the dlustrated noage representation 800 (FI1G. 8). The first candidate
802 and the second candidate 804 may be output by the detector at the completion of the

procedure 200 to the classifier, or another part of the system.
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{(062] In 904, the system may execute a classifier on candidates. For example, the system
may execute the classifier on the set of pixels within the candidates (which may be the set of
pixels with the removed pixels and the added additional pixels from 210 through 218} to
determine whether the area captured by the candidate includes a package The classifier executed
by the system may include a classification model that the system utilizes to predict if the areas
captured in each of the candidates includes a package. The classification model may comprise a
model produced by machine learning. The classification model may have been trained based ona
training set and/or variation set to dentity packages within the areas captured in each of the
candidates. In some embodiments, the training of the classification model by the system may
mclude supervised learning, where desired results for the elements within the training set and/or
the variation set may be indicated to the system. In some embodiments, the system may use any
machine learning technique (such as random forests, support vector machine, artificial neural

networks, or some other machine learning technique) to tramn the classification model

{0063} The system may determune, based on the classification model, whether the areas
captured in the candidates appear to include a package and may produce predictions for each of
the areas as to whether the areas include packages based on the output of the classification
rodel. For example, if the classification model outputs an indication for any of the candidates of
a representative wwage and/or a canonical image appears to include a package, the system may
produce a prediction that the area captured in the representative image and/or the canomical
wmage inchudes a package. If the classification model outputs an indication that an area
corresponding to a candidate appears to not include a package, the systern may produce a

prediction that the area does not include a package.

[6064] In some instances, the system may 1dentify an object within the area captured by a
candidate. For example, the system may wdentify an object based on changes 0 values of the
pixels within the candidate between the canonical image and the representative image. The
system may apply the classification model 1o a subset of the set of pixels corresponding to the
candidate to determine an dentification of the object. The output of the classification model may
mdicate whether the object appears to be a package or something other than a package. The
system may produce a prediction that the object 1s a package based on the classification model

producing an indication that the object appears to be a package. Alternatively, the system may
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produce a prediction that the object is not a package based on the classification model producing

an in mdication that the object appears o be something other than a package.

{B065] In some embodiments, the system may execute the classifier on the candidate
(defining the set of pixels} from the representative image provided by the detectorand a
corresponding set of pixels from the canonical image. The system may determine whether a
package appears to be located within the area captured by the candidate in the representative
image and whether the package appears to be located within the same area 1n the canonical
image. Based on whether the classification model indicates that a package appears to be located
within the area in both the representaiive image and the canonical image, the system may
determine whether a package has been delivered or picked up. For example, if the representative
image appears to have a package located within the area based on the classification model and
the canonical appears not to have a package located within the area based on the classification
model, the system may generate a prediction that a package has been delivered. If the
representative image appears not to have a package located within the area based on the
classification model and the canonical 1mage appears to have a package located within the area
based on the classification model, the system may generate a prediction that a package has been

picked up.

{0066} For example, the system, based on the classification model, may determine that the
area captured in the first candidate 802 (FIG. 8) appears to have a package and the second
candidate 804 (FIG. 8) appears to not have a package. The system may generate a prediction that
the area captured by the first candidate 802 has a package located within the area. The system
may further generate a predication that the area captured by the second candidate 804 does not

have a package located within the area.

{0067} In some embodiments, the system may further determine whether there are any other
objects that overlap with a predicted package when the syster predicts that a package has been
delivered. For example, the system may analyze the candidate to determine whether there are any
other objects, such as mdividuals and/or amimals within an area of the predicted package. The
system may identity the individual and/or anumals based on the shape of the objects, the
movement of the objects, and/or other defining characteristics of the objects detected within the

area of the predicted package. In some of these embodiments, the system may 1dentify an
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mdividual within the area of the predicted package, and may determine that the package is being
carried by the individual. Based on the determination that the package 1s being carried by the
individual, the system may determine that the package has not been delivered and determine not

to mitiate a notification in 910 based on the package not having been delivered.

{B068] In some embodiments, the classifier may include a classification model that the
system utilizes o predict if an area within the predicted packages includes an individual or an
animal The classification model may be implemented with the same classification model as the
classification model used for predicting the packages or may be a separate classification model
from the classification model used for predicting the packages. The classification model may
have been trained based on a training set and/or variation set to identify mdividuals and/or
animals within the areas captured in each of the candidates. In some embodiments, the training
of the classification model by the system may include supervised learning, where desired resulis
for the elements within the training set and/or the variation set may be indicated to the system. In
some embodiments, the system may use any machine learning technigue {such as random
forests, support vector machine, artificial neural networks, or some other machine learning

technique) to train the classification model.

{3069] In some embodiments, the classifier may further compare a candidate that s predicted
to mclude a package with corresponding pixels from an image captured at a detection of the
motion within the video. For example, the system may capture an image at a time when the
motion 18 detected within the images and/or video captured by the camera. The classifier may
compare the values of the pixels for the candidate with the values for the corresponding pixels of
the tmage captured at the time when the motion 1s detected. The classifier may further
compensate for changes 1o hghting between lighting in some embodiments. For example, in
comparing the values of the pixels, the system may determine the differences in values for each
of the pixels. The system may determine whether the differences for each of the corresponding
pixels have changed by amounts corresponding to a change in lighting. For example, if all the
pixels change by approximately (within 5%} the same value and/or intensity, the system may
determine that a highting change has occurred and that the predicted package was a {alse positive
due to the lighting changes. Accordingly, the system may predict that the candidate does not

mclude a package based on the highting change causing a false positive.
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{6070 In 906, the system may output a prediction. For example, the system may sutput the

prediction produced in 904, The system may output the prediction to the notification device.

{B071] In 908, the notification device may determine notification settings associated with the
cameras and/or the notification device. For example, the notification device may have stored
notification settings that indicate when the notification device is to initiate a notification. The
notification settings may be presented to a user of the notification device and the user may
indicate the events for which the notification device is to inttiate a notification. In some
embodiments, the notification settings may include one or more selections indicating whether the
notification device s to provide a notification for a package being delivered, a package being
picked up, or some combination thereof. In some embodiments, the notification settings may
mclude one or more selections indicating a type of notification {such as a visual notification, a
sound notification, a haptic notification, another type of notification, or some combination
thereaf) that the notification device is to utilize for the notification. The user may utilize the
selections to indicate whether the notification device 1s to provide the notification and/or the type
of notification that is to be provided. In response to the notification device receiving a prediction
from the system, the notification device may review the notification settings and determine
whether a notification 1s 1o be mitiated and/or what type of notification is 1o be nitiated based on

the prediction.

[0072] In 910, the noufication device may initiate a notification. In particular, the
notification system may wutiate a notification based at least in part on the predication and the
determunation if a notification 13 to be provided in 908, If the notification device deternunes that
a notification 15 to be provided based on the notification settings 10 908, the notification systern
roay 1nttiate the notification 1o accordance with the notification settings. If the notfication device
deternuines that a notification is vot to be provided based on the notification settings 1 908, 910
may be omitted. Providing the notification may inchude providing a notification via a smart
doorbell, a security system, a computer system, a distributed computer system, a mobile phone
(such as a smart phone}, an accessory within a home environment, a smart television {e.g., a

media streaming device}, or portions thereof.

{6673} In 912, the system may dentify additional candidates. For example, the system may

have previously predicted that a package had been delivered and may 1dentified additional
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candidates subsequently in time to the previously predicted package. The system may utilize the

same procedure for identifying the subsequent candidates as identifying the candidates in 902..

{074] In 914, the system may execute the classifier. The execution of the classifier may
include one or more of the features of the execution of the classifier in 904, The classifier
executed in 914 may further compare a location of the additional candidates to the locations of
the previously predicted packages. If the location of the additional candidates is on top of or
adjacent to the previously predicted packages, the classifier may further determine whether the
additional candidates include an animal and/or an individual. For example, the classifier may
utilize the classification model utihized for identifyving individuals and/or animals to analyze the
additional candidates. If the classification model predicis that there 1s an animal and/or individual
located within the additional candidates, the system may output a prediction of the additional
candidates being an animal and/or individual. The system may further determine not to mitiate
an additional notification in 918 based on the prediction of the animal and/or individual being
within the additional candidates. If the system determines that an animal and/or individual is not
predicted to be within the additional candidates, the system may further use the classification
model for predicting whether a package ts within the additional candidates. The system may

determine to imtiate an additional notification in 918

{8075} In 916, the system may output a prediction. For example, the system may output the

prediction produced in 914 The system may cutput the prediction to the notification device.

{0076} In 918, the notification device may determuine notification settings associated with the
cameras and/or the notification device. For example, the notification device may have stored
notification settings that indicate when the notification device 18 to mitiate a notification. The
notification settings may be presented to a user of the notification device and the user may
mddicate the events for which the notification device s to inttiate a notification. In some
embodiments, the notification settings may include one or more selections mdicating whether the
notification device 15 to provide a votification for a package being delivered, a package being
picked up, or some combination thereof. In some embodiments, the notification settings may
melude one or more selections mdicating a type of notification {such as a visual notification, a
sound notification, a haptic notification, another type of notification, or some combination

thereof) that the notification device 1s to utitlize for the notification. The user may utihize the
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selections to indicate whether the notification device is to provide the notification and/or the type
of notification that 1s to be provided. In response to the notification device receiving a prediction
from the system, the notification device may review the notification settings and determine

whether a notification 1s to be intiated and/or what type of notification 1s to be initiated based on

the prediction.

{8077} In 920, the notification device may imtiate a notification in some instances. In
particular, the notification system may initiate a notification based at least i part on the
predication and the determination if a notification is to be provided in 918, If the notification
device determines that a notification 1s to be provided based on the notification settings in 918,
the notification system may tnitiate the notification in accordance with the notification settings.
if the notification device determines that a notification 1s not to be provided based on the
notification settings in 918, 920 may be onutted. Providing the notification may include
providing a notification via a smart doorbell, a security system, a computer system, a distributed
computer system, a mobile phone {such as a smart phone), an accessory within a home

environment, a smart television {e.g., a media streaming device), or portions thereof.

{0078} FIG 10 illustrates a first portion of an example procedure 1000 for identification of
an object in accordance with some embodiments. The procedure 1000 may be performed by a
system, such as the system 102 (FIG. 1}, For example, the system may receive an image and
output a prediction of an identification of the object. While the procedure 1000 is illustrated ina
certain order, 1t should be understood that one or more of the operations within the procedure
1000 may be performed n a different order, concurrently with other operations, and/or may be

omitted.

{6079] In 1002, the system may capture a representative image. For example, the system may
capture a representative image from a video provided to the system. The video may be captured
by a camera directed to capture a particular area, where the representative image i1s an image of

the particular area.

[{60R0] In 1004, the system may retrieve a canonical image. For example, the systern may
retrieve a canonical image that represents one or more frames of the video before the
representative image. The canonical image may be an image of the sarne particular area as the
representative moage.
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{081} In 1006, the system may determune a difference between the representative image and
the canonical image. For example, the system may determine a difference between the canomical
image and the representative image, the identifying a set of pixels of the representative image
that are different from corresponding pixels in the canonical image. The system may compare the
values of the pixels within the representative image o the values of the pixels within the

canonical image to determine the differences.

{B082] In some embodiments, determining the difference between the canonical image and
the representative image includes determining distances within a color space using Deita E for
related pixels within the representative image and the canonical image. The set of pixels that are
wdentified as being different may be based at least in part on the determined distances within the

color space. In some of these embodiments, the color space may be a LAB color space.

{8083} In 1008, the system may modify the set of pixels. For example, the system may
modify the set of pixels identified in 1006 based at least in part on previous frames of the video
before the representative image to form a modified set of pixels. The modified set of pixels may

be smaller than the set of pixels identified in 1006

{8084} In some embodiments, modifying the set of pixels in 1008 may include applying
temporal averaging to the set of pixels. The system may wdentify high frequency pixels from the
set of pixels based at least in part on the temporal averaging mdicating that the high frequency
pixels have been unstable within the previous frames. The temporal averaging may include
averaging amounts of change for each pixel within the set of pixels within the previous frames,
wherein the averaged amounts of change for the high frequency pixels are below a temporal
averaging threshold. The system roay determiune that the high frequency pixels have been
unstable based at least in part on the values of the hugh frequency pixels continually changing
more than a threshold amount. The system may remove the hugh frequency pixels from the set of
pixels based at least 1o part on the teroporal averaging indicating that the high frequency pixels

have been unstable within the previous frames.

[6085] In 1010, the system may average amounts of change. For example, the system may
average amounts of change in subgroups of the set of pixels. In particular, the systern may
average the values of the amounts of change in the subgroups. In some embodiments, 1010 may
be omutted.
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{(086] In 1012, the system may identify a portion of the subgroups having averages amounts
of change that are below a threshold amount of change. The pixels within the identified portion

of the subgroups may be fow density pixels. In some embodiments, 1012 may be omitted.

{B087] In 1014, the system may remove the low density pixels. For example, the system may
remove the low density pixels identified in 1012 from the set of pixels. In some embodiments,

1014 may be onutted.

{B08E] In 1016, the system may identify a subset of disjointed pixels. For examplg, the
system may identify a subset of disjointed pixels from the modified set of pixels produced in

1008, In some embodiments, 1016 may be omitied.

{8089} In 1018, the system may generate a bounding box. For example, the system may
generate a bounding box around the subset of disjointed pixels identified in 1016, In some

embodiments, 1018 may be omitted.

{090 In 1020, the system may add additional pixels. For example, the system may add
additional pixels to the modified set of pixels produced in 1008 to fill the bounding box. The
modified set of pixels may be used in execution of a classifier. In some embodimenis, 1020 may

be omitied.

{8091} FI(x 11 illustrates a second portion of the example procedure 1000 for identification
of an object in accordance with some embodiments. The procedure 1000 may proceed from 1022

ilustrated i FIG. 10 to 1022 lustrated 1n FIG 11,

{6092} In 1102, the system may identify a second subset of disjointed pixels. For example,
the system may dentify a second subset of disjointed pixels from the modified sat of pixels

produced in 1008, In some embodiments, 1102 may be omuitted.

{B093] In 1104, the system may generate a second bounding box. In some embodiments, the
system may generate a second bounding box around the second sebset of disjointed pixels. In

some embodiments, 1104 may be omitted.

{8094} In 1106, the system may determine that the second bounding box is smaller than a
first threshold percentage or larger than a second threshold percentage. For example, the system

may determine that the second bounding box 1s smaller than a first threshold percentage of the
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representative image or larger than a second threshold percentage of the representative image.
The second threshold percentage may be larger than the first threshold percentage. In some

embodiments, 1106 may be omitted.

{8095} In 1108, the system may remove pixels corresponding to the second bounding box.
For example, the system may remove pixels corresponding to the second bounding box from the
set of pixels. A modified set of pixels with the pixels removed may be used i execution of a

classifier. In some embodiments, 1108 may be omiited.

{8096} In 1110, the system may execute a classifier. For example, the system may execute 3
classifier using the modified set of pixels. The classifier may provide a prediction of an

identification of an object represented by a subset of the modified set of pixels.

{097 In 1112, the system may output a prediction. For example, the system may output the

prediction of the identification of the object produced in 1110

{B0O8] FI(z. 12 illustrates a first portion of another example procedure 1200 for identification
of an object in accordance with some embodiments. The procedure 1200 may be performed by a
system, such as the system 102 (FIG. 1). For example, the system may receive an image and
output a prediction of an identification of the object. While the procedure 1200 15 ilustrated in a
certain order, it should be understood that one or more of the operations within the procedure
1200 may be performed 1 a different order, concurrently with other operations, and/or may be

omitted.

{8099} In 1202, the system may capture a representative image. For example, the system may
capture a representative image from a video provided to the system. The video may be captured
by a camera directed to capture a particular area, where the representative image s an tmage of

the particular area.

{8108} In 1204, the system may retrieve a canonical image. For example, the system may
retrieve a canonical image that represents one or more frames of the video before the
representative image. The canonical image may be an image of the same particular area as the

representative image.
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{6161] In 1206, the system may determine a difference between the representative image and
the canonical image. For example, the system may determine a difference between the canonical

image and the representative image identifying a set of pixels of the representative image that are
different from corresponding pixels in the canonical image. The system may compare the values

of the pixels within the representative image to the values of the pixels within the canonical

image to determine the differences.

{6162] In some embodiments, determining the difference between the canonical image and
the representative image includes determining distances within a color space using Deita E for
related pixels within the representative image and the canonical image. The set of pixels that are
identified as being different may be based at least in part on the determuned distances within the
color space. In some of these embodiments, the set of pixels may be identitied as being different
based at least in part on distances within the color space corresponding to the set of pixels being

greater than a threshold distance.

{3163} In 1208, the system may modify the set of pixels. For example, the system may
modify the set of pixels identified n 1206 based at least in part on previous frames of the video
before the representative image to form a modified set of pixels. The modified set of pixels may

be smaller than the set of pixels identified in 1206

{8104} In some embodiments, modifying the set of pixels in 1208 may include applying
temporal averaging to the set of pixels. The system may wdentify high frequency pixels from the
set of pixels based at least in part on the temporal averaging mdicating that the high frequency
pixels have been unstable within the previous frames. The temporal averaging may include
averaging amounts of change for each pixel within the set of pixels withun the previous frames,
wherein the averaged amounts of change for the high frequency pixels are below a temporal
averaging threshold. The system roay determine that the high frequency pixels have been
unstable based at least in part on the values of the hugh frequency pixels continually changing
more than a threshold amount. The system may remove the hugh frequency pixels from the set of
pixels based at least 1o part on the teroporal averaging indicating that the high frequency pixels

have been unstable within the previous frames.

[6105] In 1210, the system may average amounts of change in subgroups. For example, the
system may average aroounts of change in subgroups of the set of pixels. In particular, the
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system may average the values of the amounts of change in the subgroups. In some

embodiments, 1210 may be omitted.

{3166] In 1212, the system may identify a portion of the subgroups having averages amounts
of change that are below a threshold amount of change. The pixels within the identified portion

of the subgroups may be fow density pixels. In some embodiments, 1212 may be omitted.

{6167] In 1214, the system may remove the low density pixels. For example, the aystem may
remove the low density pixels identified in 1212 from the set of pixels. In some embodiments,

1214 may be onutted.

{108] In 1216, the system may identify a subset of digjointed pixels. For example, the
system may identify a subset of disjointed pixels from the modified set of pixels produced in

1208, In some embodiments, 1216 may be omitied.

{3169] In 1218, the system may generate a bounding box. For example, the system may
generate a bounding box around the subset of disjointed pixels identified in 1216, In some

embodiments, 1218 may be omitted.

{6110] In 1220, the system may add additional pixels. For example, the system may add
additional pixels to the modified set of pixels produced in 1208 to fill the bounding box. The
modified set of pixels may be used in execution of a classifier. In some embodimenis, 1220 may

be omitied.

{0111} FI(x 13 illustrates a second portion of the example procedure 1200 for identification
of an object in accordance with some embodiments. The procedure 1200 may proceed from 1222

lustrated i FIG. 12 to 1222 lustrated 1n FIG 13,

{8112} In 1302, the system may execute a classifier. For example, the system may execute 3
classifier using the modified set of pixels. The classifier may provide a prediction of an

identification of an object represented by a subset of the modified set of pixels.

{0113] In 1304, the system may output a prediction. For example, the system may output the

prediction of the identification of the object produced in 1302,

(G114 In 1306, the system may determuine notifications. For example, the system may
determine notification setting associated with a camera that captures the video indicate that a
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notification 1s to be provided when the prediction is that the object 1s a package. In some

embodiments 1306 may be omitted.

{115] In 1308, the system may cause a notification to be provided. For example, the system
may cause the notification o be provided based at least in part on the prediction that the object 1s
a package. The notification being provided may cause the system to emit a sound and/or display
an image indicating that a package has been placed in or removed from the particular area,
and/or transmitting a signal to a device that causes the device to emit a sound and/or display an

image indicating that a package has been placed in or removed from the particular area.

{#116] FI(z 14 llustrates an example procedure 1400 for identification of an object in
accordance with some embodiments. The procedure 1400 may be performed by a system, such
as the system 102 (FIG. 1). For example, the system may receive an image and output a
prediction of an ideniification of the object. While the procedure 1400 is tllustrated in a certain
order, 1t should be understood that one or more of the operations within the procedure 1400 may

be performed in a different order, concurrently with other operations, and/or may be onutted.

{0117} In 1402, the system may capture a representative image. For example, the system may
capture a representative image from stored images stored by the system. The stored images may
be captured by a camera directed to capture a particular area, where the representative image is

an image of the particular area.

{6118] In 1404, the system may retrieve a canonical image. For example, the system may
retrieve a canonical image from the stored images that represents one or more frames of the
video before the representative image. The canonical image may be an image of the same

particular area as the representative image.

{3119] In 1406, the system may determine a difference between the representative image and
the canonical image. For example, the system may determine a difference between the canonical
image and the representative image, the difference identifving a set of pixels of the
representative image that are different from corresponding pixels in the canonical image. The
system may compare the values of the pixels within the representative image to the values of the

wxels within the canonical image to determune the differences.
&
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{6120] In some embodiments, determining the difference between the canonical image and
the representative image includes determuning distances between the canonical image and the
representative image in a LAB color space. The difference may be determined based at least in

part on the distances.

{1121} In 1408, the system may modify the set of pixels. For example, the system may
modify the set of pixels identified in 1406 based at least in part on previous frames of the video
before the representative image to form a modified set of pixels. The modified set of pixels may

be smaller than the set of pixels identified in 1406

{8122} In some embodiments, modifying the set of pixels i 1208 may include applying
temporal averaging to the set of pixels. The system may identify high frequency pixels from the
set of pixels based at least in part on the temporal averaging indicating that the high frequency
pixels have been unstable within the one or more frames. The temporal averaging may include
averaging amounts of change for each pixel within the set of pixels within the one or more
frames, wherein the averaged amounis of change for the high frequency pixels are below a
temporal averaging threshold. The system may determine that the high frequency pixels have
been unstable based at least in part on the values of the high frequency pixels continually
changing more than a threshold amount. The system may remove the high frequency pixels from
the set of pixels based at least in part on the temporal averaging indicating that the high

frequency pixels have been unstable within the one or more frames.

{0123} In 1410, the system may execute a classifier. For example, the system may execute a
classifier using the modified set of pixels. The classifier may provide a prediction of an

wdentification of an object represented by a subset of the modified set of pixels.

{0124] In 1412, the system may output a prediction. For example, the system may output the

prediction of the identification of the object produced in 1410
V., UNIFIED SYSTEM ARRANGEMENT

{3125} FIG. 15 illustrates an example unified system arrangement 1500 in accordance with
some embodiments. For example, the unified system arrangement 1500 may be a system 1502
that can perform both object detection and package detection. For example, the system 1502 may
utilize a shared machine learning detector to both detect objects and dentify delivery and/or
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pickup of packages. Objects, as used herein, may refer to humans, animals, vehicles, and/or any
other movable entities other than packages that a machine learning algorithm may be tramned to
identify. Further, the system 1500 may mdicate to a user when a package has been delivered

and/or picked up, and/or when an object s detected.

{8126] The system arrangement 1500 may include the system 1502, The system 1502 may
include one or more of the features of the system 102 (FIG. 1}, The system 1502 may comprise a
computing system that may be able to execute one or more instructions to perform one or more
operations. In some embodiments, the system 1502 may comprise a smart doorbell, a security
system, a computer system, a distributed computer system, a mobile phone (such as a smart
phone}, a home environment made up of various connected user devices (e.g., a home hub,

controller devices, smart television systems, accessories, etc.), or portions thereof

{8127} The system 1502 may include memory 1504 and one or more processors 1506
coupled to the memory 1504, The memory 1504 may include one or more computer-readable
media. In some embodiments, the computer-readable media may comprise non-transitory
computer-readable media. The memory 1504 may have one or more instructions stored thereon,
wherein the instructions, when executed by the system 1502, may cause the system 1502 to
perform one or more of the operations disclosed herein. The memory 1504 may include any
suitable volatile or non-volatile memory such as, but not limited to, dynamic random access
memory {BRAM), static random access memory (SRAM), eraseable programmable read only
memory {EPROM), electrically eraseable programmable read only memory (EEPROM), flash
memory, solid-state memory, any other type of memory device technology, or some combination

thereof,

[6128] The processors 1506 may be separate from the memory 1504 and/or coupled to the
memory 1504, or the memory 1504 may be implemented as part of the processors 1506 and may
be coupled to the memory 1504, The processors 106 may receive the mstructions from the
memory 1504 and execute the mstructions to cause the system 1502 to perform one or more of
the operations described throughout this disclosure. The processors 1506 may include processor
circuttry such as, for example, baseband processor circutry, central processor unit circuitry,

graphics processor unit circuitry, of some combination thereof
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{8129] The system arrangement 1500 may further include an input device 1508, In some
embodiments, the mput device 1508 may comprise one or more cameras, where each of the
cameras may capture images and/or video {(which may comprise a series of images captured
temporally by the camera) of an area. The areas for which the cameras are to capture images
and/or videos may include areas where packages are imtended to be placed for delivery and/or
pickup of the packages, such as outside of structures, within unsecured portions of structures,
within package depository locations, and/or other areas where packages are to be placed for

delivery and/or pickup.

{130] The input device 1508 may be coupled to the system 1502 and may provide captured
tmages and/or videos to the system 1502, The system 1502 may store the images and/or video
received from the input device 1308 in the memory 1504 of the system 1502, For example, the
tlustrated embodiment shows a current image 1510 and a first image 1512 stored in the memory
1504 of the system 1502, The current image 1510 and the first image 1512 may have been
provided to the system 1502 by the input device 1508, The current image 1510 may be a latest
image recetved by the system 1502 from the mput device 1508, where the image may be part of
a video in some embodiments. The first image 1512 may be an oldest image stored tn a memory
1504 of the device it some ermnbodiments. In other embodiments, the first umage 1512 may be an
wnage captured prior to detection of motion or a first image received when motion has been
detected. It should be understood that the current image 1510 and the first image 1512 are two
examples of images that can be stored by the memory 1504 and that the memory 1504 may store

more images from the put device 1508

{3131} In some embodiments, the images and/or portions of the video may be stored by the
system 1502 10 the memory 1504 for a period of time, where the imuages and/or the portions of
the video may be removed from the memory 1504 at the expiration of the period of time.
Removing the images and/or portions of the video from the memory 1504 may ensure that there
15 space within the memory 1504 for additional images and/or portions of the video to be stored.
In some embodiments, the storage of the 1mages and/or portions of the video may be cyclical,
where the oldest images and/or portions of the video may be replaced by new images and/or
portions of the video received from the mput device 1508 {e.g., in a first in, first out (FIFOQ)

manner).

3
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{1132] The system 1502 may include an object candidate identifier 1514, The object
candidate identifier 1514 may comprise computer hardware components, instructions that can be
performed by the processors 1506, or some combination thereof {(which may be referred to as an
“obiect candidate module” in some instances}. The object candidate identifier 1514 may receive
images and 1dentify possible candidates for an object within the images. For example, the object
candidate identifier 1514 may perform, or cause the system 1502 to perform via the processors
1506, one or more operations related to identification of possible candidates for obyects from

images described further throughout this disclosure.

{(1133] The system 1502 may include a package candidate identifier 1516, The package
candidate identifier 1516 may comprise computer hardware components, instructions that can be
performed by the processors 1306, or some combination thereof {(which may be referred to as a
“package candidate module” in some instances}. The package candidate identifier 1516 may
receive images and identify possible candidates for a package within the images. For example,
the package candidate tdentifier 1516 may perform, or cause the system 1302 to perform via the
processors 1506, one or more operations related to identification of possible candidates for

objects from tmages described further throughout thus disclosure.

{6134] The system 1502 may include a shared machine learning classifier 1518 The shared
machine learning detector 1518 may comprise computer hardware components, instructions that
can be performed by the processors 1506, or some combination thereof (which may be referred
to as a “classifier module” 1 some instances). The shared machine learning classifier 1518 may
receive indications of package candidates within an image from the package candidate identifier
1516 and/or mdications of object candidates within an image from the object candidate wdentifier
1514, For example, the shared machine learning classifier 1518 may receive a defined frame
from the image that includes the package candidates and/or the object candidates. The shared
roachine learnimg classifier 1518 may analyze the package candidates, the object candidates,
and/or the defined frame, and may classify the candidates or portions of the define frame as
packages, objects, or not packages and objects. For example, the shared machine learning
classifier 1518 may perform, or canse the systermn 1502 to perform via the processors 15006, one
or more operations related to classification of candidates and/or portions of defined frames from

images described further throughout this disclosure.
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{B135] The system arrangement 1500 may include a notification device 1520 The
notification device 1520 may comprise a computing system such as a smart doorbell, a security
system, a computer system, a distributed computer system, a mobile phone (such as a smart
phone), an accessory within a home environment, a smart television {e.g., a media streaming
device), or portions thereof The notification device 1520 may provide a notification to a user
that delivery and/or pickup of a package has been identified or otherwise detected by the system
1502, that an object has been identified or otherwise detected by the system 1502, or some
combination thereof. For example, the notification device 1520 may be coupled to the system
1502 and may receive an indication from the system 1302 to provide notification that the system
1502 has idenufied delivery, pickup of a package, and/or detection of an object. The notification
device 1320 may provide a visual notification, a sound notification, a haptic notification, another
type of notification, or some combination thereof to a user of the notification device 1520, For
example, the notification device 1520 may display an image of the area with the package and/or
the object on a display of the notification device 1520 in response to receiving the indication
from the system 1502 in sorme emboduments. In some emboditnents, the notification device 1520
may present the notification via email, pop-up, an application, sound from a speaker, a motion

generator, or sorne combination thereof

[3136] While the mput device 1508 and the notification device 1520 are illustrated separate
from the system 1502 in the tlustrated system arrangernent 1500, 1t should be understood that
the input device 1508 and/or the notification device 1520 may be included n the systern 1302
other embodiments. For example, the system 1502 may comprise a smart doorbell or security
system in some embodiments where the mmput device 1308 comprises a carera of the smart
doorbell or the securnity system. Further, the notification device 1520 may comprise a speaker of
the smart doorbell or the security system in embodiments where the system 1502 comprises the
smart doorbell or the security system, where the notification device 1520 may emit a sound to
mndicate that delivery and/or pickup of a package has been detected by the system 1502, For
example, the notification device 1520 may provide a notification by emitting an audible sound
by a smart speaker {such as a2 home hub} or displaying a notification on a television by a media

streaming device {such as a smart television}.

3
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V. UNIFIED SYSTEM OPERATION
{8137} FIG. 16 illustrates an example procedure 1600 for identifying objects and/or package
in accordance with some embodiments. The procedure 1600 may be performed by a system
(such as the system 1502 (FIG. 15}}. For example, an object candidate identifier (such as the
object candidate identifier 1514 (FI(G. 153}, a package candidate identifier 1516 (such as the
package candidate identifier 1516 (FIG. 15)), and/or a shared machine learning detector (such as
the shared machine learning detector 1518 (FI(G. 15}) may perform, or cause the system to
perform, one or more of the operations of the procedure 1600. The systerm may output
predictions, and/or initiate notifications, of packages and/or objects based on the performance of

the procedure 1600

{3138] In 1602, the system may identify package candidates from a current image (such as
the current frame 1510 (FIG. 15)) received from an input device (such as the input device 1508
(FIG. 15)). For example, the system may analyze the current image to determine whether the
current image has captured any package candidates. Identifving the package candidates may
include one or more of the operations of the procedure 200 (FIG. 2}, where the current image
may be treated as the representative image. For example, differences between the current image
and a canonical 1oage may be determoined, low density pixels may be removed, igh frequency
pixels may be removed, a flood-fill process may be executed, a candidate age may be
determined, young pixels may be removed, or some combination thereof. The system may

maintain the position of the package candidates within the current image.

{0139] In 1604, the system may identify object candidates from the current noage. Object
candidates may be identified based on motion within the area captured by the current image. For
example, the system may compare the current image 10 one or MOre previous images to
determine whether there have been changes 1 pixel values that may indicate motion. Tn some
emboduments, a change i pixel values greater than a threshold may indicate motion. The
candidates may include pixels with changes i value that may indicate motion. In some
embodiments, an object candidate may be a rectangular {or other defined shape} area of the
current image that includes the pixels with changes m value that may indicate motion. The

system may mamiain the position of the object candidates within the current image.
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{6140] In 1606, the system may determine an analysis frame for the first image. For
example, the system may determine an arga of the current image that includes all of the
identified package candidates and object candidates from 1602 and 1604 for the analysis frame.
in some embodiments, the analysis frame may be a rectangular {or other defined shape) area of

the current image that includes all of the identified package candidates and object candidates.

{8141} FIG 17 illustrates an example analysis frame arrangement 1700 in accordance with
some embodiments. In particular, the analysis frame arrangement 1700 illustrates the

determination of an analysis frame for an image.

{6142] In the illustrated embodiment, the analysis frame arrangement 1700 may have a
package candidate 1702 and an object candidate 1704 that were identified within the image. The
package candidate 1702 may have been identified via 1602 and the object candidate 1704 may
have been identified via 1604, The locations of the package candidate 1702 and the object
candidate 1704 may be maintained within the image, as 1s shown by the package candidate 1702

and the object candidate 1704 being shown in their respective locations within the image.

{B143] The system may determine an analysis frame 1706 for the image. The analysis frame
1706 may include both the pixels corresponding to the package candidate 1702 and the object
candidate 1704, as is shown by the package candidate 1702 and the object candidate 1704 being
located within the analysis frame 1706, The analysis frame 1706 may be predetined tobea
certain shape, such as a rectangle in the dlustrated embodiment. The analysis frame 1706 may be
defined to be a smallest area having the predefined shape and including all the candidates in
some embodiments. In other embodimenits, the edges of the analysis frame 1706 may be a
defined distance from the candidates with the analysis frame 1706 mcluding the object
candidates. The analysis frame 1706 may 1nclude all the pixels defined by the area of the
analysis frame 1706 and not just pixels detined by the package candidates and the object

candidates.

{8144} In 1608, the system may perform machine learning classification for the current
mmage. For example, the system may analyze the analysis frame determined in 1606 1o determine
whether any packages and/or objects are predicted to be located in the area represented by the
analysis frame. The analysis of the analysis frame may be performed by a shared machine
learning classifier {such as the shared machine learning classifier 1S18 (FIG. 15)) that has been
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trained to 1dentify packages and objects. By having a shared machine learning classifier perform
the analysis to identify both packages and objects, a single invocation of the shared machine
learning classifier may be implemented to identify all the packages and/or objects within the area
defined by the analysis frame rather than having to invoking a machine learning classifier

multiple times when multiple candidates have been identified.

{8145} Further, the shared machine learning classifier may analyze the package candidates
and the object candidates for both packages and objects, where reliability scores between a
package identification and an object identification may be compared to determing which
prediction 1s more reliable. If the shared machine learning classifier determines that the package
wdentification 1s more reliable based on the reliability scores, the shared machine learning
classifier may predict the candidate as a package regardless of whether the candidate was a
package candidate or an object candidate. Conversely, if the shared machine learning classifier
determines that the object identification is more reliable based on the reliability scores, the
shared machine learning classifier may predict the candidate as an object regardless of whether
the candidate was a package candidate or an object candidate. The machine learning classifier
may further determine the particular object (such as a human, animal, vehicle, or other obiect) in

mstances where the prediction is that the candidate is an object.

{0146} In instances where a package candidate and an object candidate overlap, the shared
machine learning classifier may perform the analysis of the object candidate and avoid analysis
of the package candidate. In particular, if the shared machine learning classifier determunes that
the package candidate and the object candidate overlap by a certain amount, the shared machune
learnmng classifier may perform analysis of the object candidate and not the package candidate to

determine whether a package and/or an object 13 to be predicied for the object candidate.

[3147] In instances where the shared machine learning classifier predicts that a package is
present 1n the current image, the procedure 1600 may proceed with 1610 through 1618 It shared
machine learning classifier does not predict that a package 1s present in the current image, 1610
through 1618 may be onutted. Further, 1610 through 1618 may be omitted in other
embodiments. 1610 through 1618 may be performed to deternune whether any wdentified

packages are newly delivered {for example, the system had not previgusly detected the package}.

O
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{(1148] In 1610, the system may identify package candidates from a first image {such as the
first image 1512 {FIG. 15}). For example, the system may perform the same operations as 1602,
but with the first image rather than the current image. Accordingly, the system may perform one
or more of the operations of the procedure 200 to determine whether there are any package

candidates within the first frame.

{6149] In 1612, the system may identify object candidates from the first image. For example,
the system may perform the same operations as 1604, but with the first image rather than the
current image. Accordingly, the system may determine whether any changes in values of pixels
within the first image indicate motion, and may identify object candidates for the first image

based on the indication of motion.

{B150] In 1614, the system may determine an analysis frame for the first image. For
example, the system may perform the same operations as 1606, but with the package candidates
and object candidates from the first image rather than the package candidates and object
candidates from the current image. The system may determine an area of the first image that
mcludes all of the identified package candidates and object candidates from 1610 and 1616 for
the analysis frame of the first image. In some embodiments, the analysis frame may be a
rectangular {or other defined shape) area of the first image that includes all of the identified

package candidates and object candidates.

[B151] In 1616, the system may perform machine learning detection for the first image. For
example, the system may perform the same operations as 1608, but with the analysis frame for
the first image rather than the analysis frame for the current image. The system may analyze the
analysis frame deternuned 1in 1614 to deternine whether any packages and/or objects are located
10 the area represented by the analysis frame. The analysis of the analysis frame may be
performed by the shared machine learning classifier that has been trained to 1dentify packages

and objects.

[3182] In 1618, the system may compare the predictions from the first image with the
predictions from the current image. For exarnple, the system may compare the package
predictions from the first image with the package predictions from the current image. The system
roay compare the locations of the predicted packages withun the first image with the predicted
packages within the current image to determine whether the predicted packages of the first image
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and the predicted packages of the current image are located i same location. In particular, the
first image and the current image are images of a same area, such that locations within the first
image correspond to the same locations within the current image. The system may determine that
a package predicted from the first image located in the same location as a package predicied
from the current image are the same package. If the system determines that a package predicted
from the first image and a package predicted from the current image are the same package, the
system may determine that the package 1s not newly delivered and may determine not to initiate
a notification. In some embodiments, the system may determine that a package predicted from
the first image and a package predicted from the current image are the same package based on a
certain amount of overlap in locations of the package predicted from the first image and the
package predicted from the current tmage. Further, the system may compare the values of the
pixels for the package predicted from the first image and the package predicted from the current
image in some embodiments, where a change in the values below a threshold may indicate that
the packages are the same package and a change in the values above the threshold may indicate
the packages are different packages. In some ernbodiments, the same comparison of the locations
may be performed for the predicted objects to determine whether the objects are newly located

within the area.

[8133] In 1620, the system may output a prediction. For example, the system may output the
prediction of packages and/or objects located within the area captured by the current image. To
some embodimuents, the prediction may include the packages and/or objects predicted from 1608,
In embodiments where 1610 through 1618 are performed, the prediction may include the newly
delivered packages and/or the objects newly located within the area, and may exclude any
packages and/or objects that were determined to be same package and/or object in the first image
and the current tmage. The system may output the prediction to a notification device {(such as the

notification device 1520 (FIG. 15).

{H184] In 1622, the notification device may determine notification settings associated with
the cameras and/or the notification device. For example, the notification device may have stored
notification settings that indicate when the notification device is to inttiate a notification. The
notification settings may be presented to a user of the notification device and the user may

mndicate the events for which the notification device is to 1nmtiate a notification. In some
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embodiments, the notification settings may inchide one or more selections indicating whether the
notification device 1s {o provide a notification for a package being delivered, a package being
picked up, an object being located within the area, or some combination thereof. In some
embodiments, the notification settings may include one or more selections indicating a type of
notification (such as a visual notification, a sound notification, a haptic notification, another type
of notification, or some combination thereof) that the notification device 15 to utilize for the
notification. The user may utilize the selections to indicate whether the notification device is to
provide the notification and/or the type of notification that is to be provided. In response to the
notification device receiving a prediction from the system, the notification device may review the
notification settings and determine whether a notification is to be initiated and/or what type of

notification 15 to be tnitiated based on the prediction.

{8185] In 1624, the notification device may initiate a notification in some instances. In
particular, the notification system may initiate a notification based at least in part on the
predication and the determination if a notification is to be provided in 1622 I the notification
device determines that a notification is to be provided based on the notification settings in 1622,
the notification system may tnitiate the notification in accordance with the notification settings.
If the notification device determines that a notification 18 not to be provided based on the
notification settings 1 1622, 1624 may be onutted. Providing the notification may nclude
providing a notification via a smart doorbell, a security system, a computer systern, a distributed
computer system, a maobile phone (such as a smart phone}, an accessory within a home

environment, a smart television {e.g., a media streaming device), or portions thereof,

[{01586] In the following sections, further exeroplary embodimaents are provided.

{8187} Example 1 may include a method, comprising capturing a representative umage from
a video, retrieving a canonical image that represents one or more frames of the video before the
representative image, determining a difference between the canonical image and the
representative image, the difference wentifving a set of pixels of the representative image that
are different from corresponding pixels in the canomnical image, modifying the set of pixels based
at least in part on previous frames of the video before the representative image to form a
modified set of pixels, the modified set of pixels being smaller than the set of pixels, executing a
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classifier using the modified set of pixels, the classifier providing a prediction of an
identification of an object represented by a subset of the modified set of pixels, and outputting

the prediction of the identification of the object.

{8158] Example 2 may include the method of example 1, wherein determining the difference
between the cancnical image and the representative image includes determining distances within
a color space using Delta B for related pixels within the representative image and the canonical
image, and wherein the set of pixels that are identified as being different is based at least in part

on the determined distances within the color space.

{(1159] Example 3 may include the method of example 2, wherein the color space 1s a LAB

color space.

{3160] Example 4 may include the method of example 1, further comprising averaging
amounts of change in subgroups of the set of pixels, identifying a portion of the subgroups
having averaged amounis of change that are below a threshold amount of change, wherein pixels
within the portion of the subgroups comprise low density pixels, and removing the low density

pixels from the set of prxels.

{8161} Example 5 may include the method of example 1, further comprising identifying a
subset of digjointed pixels from the modified set of pixels, generating a bounding box around the
subset of disjointed pixels, and adding additional pixels to the modified set of pixels to fill the
hounding box, wherein the modified set of pixels with the additional pixels is used in the

executing of the classifier.

[3162] Example 6 may include the method of example 5, wherein the subset of disjointed
pixels 15 a first subset of disjomnted pixels, and wherein the method further comprises identifying
a second subset of disjointed pixels from the modified set of pixels, generating a second
bounding box around the second subset of disjointed pixels, determining that the second
hounding box is smaller than a first threshold percentage of the representative image or larger
than a second threshold percentage of the representative image, the second threshold percentage
being larger than the first threshold percentage, and removing pixels corresponding to the second
bounding box from the set of pixels, wherein the modified set of pixels with the pixels removed

is used n the executing of the classifier.
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{1163] Example 7 may include the method of example 1, wherein modifying the set of pixels
includes applying temporal averaging to the set of pixels, identifying high frequency pixels from
the set of pixels based at least in part on the temporal averaging indicating that the high
frequency pixels have been unstable within the previous frames, and removing the high
frequency pixels from the set of pixels based at least in part on the temporal averaging indicating

that the high frequency pixels have been unstable within the previous frames.

{B164] Example 8 may include the method of example 7, wherein applying the temporal
averaging includes averaging amounts of change for each pixel within the set of pixels within the
previous frames, and wherein the averaged amounts of change for the high frequency pixels are

below a temporal averaging threshold.

{(1165] Example 9 may include one or more computer-readable media having mstructions
stored thereon, wherein the instructions, when executed by a system, cause the system to capture
a representative image of an area from a video, retrieve a canonical image of the area that
represents one or more frames of the video before the representative image, determine a
difference between the canonical image and the representative image, the difference identifying a
set of pixels of the representative image that are different from corresponding pixels in the
canonical image, modify the set of pixels based at least in part on previous frames of the video
before the representative image to form a modified set of pixels, the modified set of pixels being
smaller than the set of pixels, execute a classifier using the modified set of pixels, the classifier
providing a prediction of an identification of an object represented by a subset of the modified

set of pixels, and output the prediction of the identification of the object.

[3166] Example 10 may nclude the one or more computer-readable media of example 9,
wherein the prediction of the object includes a prediction that the object 18 a package, and
wherein the mstructions, when executed by the system, further cause the system to determoine
that notification settings associated with a camera that captures the video indicate that a
notification 1s to be provided when the prediction is that the object 15 a package, and cause the

notification to be provided based at least 1o part on the prediction that the object 1s a package.

[3167] Example 11 may nclude the one or more computer-readable media of example 9,
wherein to determine the difference between the canonical image and the representative image
meludes to determine distances withun a color space using Delta E for related pixels within the
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canonical image and the representative image, and wherein the set of pixels that are identified as

being different is based at least in part on the determuned distances within the color space.

{(1168] Example 12 may include the one or more computer-readable media of example 11,
wherein the set of pixels that are identified as being different are identified based at least in part
on distances within the color space corresponding to the set of pixels being greater than a

threshold distance.

{(1169] Example 13 may include the one or more computer-readable media of example 9,
wherein the instructions, when executed by the system, further cause the system to average an
amount of change in subgroups of the set of pixels, identify a portion of the subgroups having
averaged amounts of change that are below a threshold amount of change, wherein pixels within
the portion of the subgroups comprise low density pixels, and remove the low density pixels

from the set of pixels.

{6170] Example 14 may include the one or more computer-readable media of example 9,
wherein the instructions, when executed by the sysiem, further cause the system to identify a first
subset of disjointed pixels from the modified set of pixels, generate a bounding box around the
first subset of disjointed pixels, and adding additional pixels to the modified set of pixels to fill
the bounding box, wherein the modified set of pixels with the additional pixels is used in the

execution of the classifier.

{6171] Example 15 may include the one or more computer-readable media of example 14,
wherein to modify the set of pixels includes to apply temporal averaging to the set of pixels,
identify high frequency pixels from the set of pixels based at least in part on the temporal
averaging indicating that the high frequency pixels have been unstable within the previous
frames, and remove the high frequency pixels based at least in part on the temporal averaging

ndicating that the high frequency pixels have been unstable within the previous frames.

{6172] Example 16 may include the one or more computer-readable media of example 15,
wherein to apply the temporal averaging includes to average amounts of change for each pixel
within the set of pixels within the previous frames, and wherein the averaged amounts of change

for the high frequency pixels are below a teroporal averaging threshold.
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{1173] Example 17 may include a system, comprising memory to store images from video
recetved from a camera, and one or more processors coupled to the memory, the one or more
processors to capture, from stored images, a representative image, retrieve, from the stored
images, a canonical image that represents one or more frames of the video before the
representative image, determine a difference between the canonical image and the representative
image, the difference identifying a set of pixels of the representative image that are different
from corresponding pixels in the canonical image, modify the set of pixels based at least in part
on previous frames of the video before the representative image to form a modified set of pixels,
the modified set of pixels being smaller than the set of pixels, execute a classifier using the
modified set of pixels, the classifier providing a prediction of an identification of an object
represented by a subset of the modified set of pixels, and output the prediction of the

wdentification of the object.

{0174] Example 18 may include the system of example 17, wherein to determine the
difference between the canonical image and the representative image includes to determimne
distances between the canonical image and the representative image in a LAB color space, the

difference determined based at least in part on the distances.

[0175] Example 19 may include the system of example 17, wherein to modify the set of
pixels includes to apply temporal averaging to the set of pixels, wdentify high frequency pixels
from the set of pixels based at least in part on the temporal averaging indicating that the high
frequency pixels have been unstable within the one or more frames, and remove the high
frequency pixels based at least in part on the temporal averaging indicating that the high

frequency pixels have been unstable withio the one or more frames.

[6176] Example 20 may nclude the system of example 19, wherein to apply the temporal
averaging includes to average amounts of change for each prxel within the set of pixels within
the one or more frames, and wherein the averaged amounts of change for the hugh frequency

pixels are below a temporal averaging threshold.

[6177] Example 21 may include a method, comprising dentifying one or more package
candidates from an image, determuning an analysis frame from the sroage based at least in part on
the one or more package candidates, executing a shared classifier on the analysis frame, the
shared classifier to predict identification of packages and objects within the analysis frame, and
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outputting a prediction of the identification of the packages and the objecis based at least in part

on the execution of the shared classifier.

{(1178] Example 22 may include the method of example 21, wherein identifying the one or
more package candidates from the image includes determining a difference between the image
and a canonical image, wherein the image is from a video, wherein the canonical image
represents one or more frames of the video before the image, and wherein determining the
difference includes identifying a set of pixels of the image that are different from corresponding

pixels in the canonical image.

{1179] Example 23 may include the method of example 22, wherein identifying the one or
more package candidates includes modifying the set of pixels based at least in part on previous
frames of the video before the image to form a modified set of pixels, the modified set of pixels

being smaller than the set of pixels.

{1 80] Example 24 may include the method of example 22, wherein determining the
difference between the image and the canonical image includes determining distances within a
color space using Delta E for related pixels within the image and the canonical image, and
wherein the set of pixels that are identified as being different 15 based at least in part on the

determined distances within the color space.

{8181} Example 25 may include the method of example 24, wherein the color space 1sa LAB

color space.

{8182} Example 26 may include the method of example 22, further comprising averaging
amounts of change in subgroups of the set of pixels, identifying a portion of the subgroups
having averaged amounts of change that are below a threshold amount of change, wherein pixels
within the portion of the subgroups comprise low density pixels, and removing the low density

pixels from the set of pixels.

{3183] Example 27 may include the method of example 23, further comprising identifying a
subset of disjointed pixels from the modified set of pixels, generating a bounding box around the
subset of disjointed pixels, and adding additional pixels to the modified set of pixels to fill the
bounding box, wherein the modified set of pixels with the additional pixels is used in the

executing of the shared classifier.
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{B184] Example 28 may include the method of example 23, further comprising applying
temporal averaging to the set of pixels, identifying high frequency pixels from the set of pixels
based at least in part on the temporal averaging indicating that the high frequency pixels have
been unstable within the previous frames, and removing the high frequency pixels from the set of
pixels based at feast in part on the temporal averaging indicating that the high frequency pixels

have been unstable within the previous frames.

{B185] Example 29 may include the method of example 21, further comprising identifying
one or more object candidates from the image, whergin determining the analysis frame is further

based at least in part on the one or more object candidates.

{8186} Example 30 may inclode the method of example 29, wherein identifying the one or
more object candidates comprises identifying the one or more object candidates based at least in

part on motion identified from the image.

{1187} Example 31 may include the method of example 21, wherein the image is a current
image, wherein the prediction includes a first package predicted within the current image,
wherein the analysis frame is a first analysis frame, and wherein the method further comprises
identifying one or more package candidates from a first image, the first image captured prior to
the current image, determining a second analysis frame from the first image based on the one or
more package candidates from the first umage, executing a shared classifier on the second
analysis frame, and comparing a first package predicted from the current image with a second
package predicted from the first image 1o determine whether the first package and the second

package are a same package.

{0188] Example 32 may include the method of example 31, wherein comparing the first
package and the second package comprises comparing a location of the first package and a

location of the second package.

{3189] Example 33 may include one or more computer-readable media having instructions
stored thereon, wherein the instructions, when executed by a system, cause the system to wentify
one of more package candidates from an image, determine an analysis frame from the image
based at least in part on the one or ore package candidates, execute a shared classifier on the

analysis frame, the shared classifier to predict dentification of packages and objects within the
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analysis frame, and output a prediction of the identification of the packages and the objects based

at feast in part on the execution of the shared classifier.

{3190] Example 34 may include the one or more computer-readable media of example 33,
wherein 1o identify the one or more package candidates from the image includes to determine a
difference between the image and a canonical image, wherein the image s from a video, wherein
the canonical image represents one or more frames of the video before the image, and wherein to
determine the difference includes to identify a set of pixels of the image that are different from

corresponding pixels in the canonical image.

{1191} Example 35 may include the one or more computer-readable media of example 34,
wherein to identify the one or more package candidates includes to modify the set of pixels based
at least in part on previous frames of the video before the image to form a modified set of pixels,

the modified set of pixels being smaller than the set of pixels.

{1192} Example 36 may include the one or more computer-readable media of example 34,
wherein to determine the difference between the image and the canonical image includes to
determine distances within a color space using Delta E for related pixels within the image and
the canonical image, and wherein the set of pixels that are identified as being different s based at

least in part on the determined distances within the color space.

{8193} Example 37 may include the one or more computer-readable media of example 36,

wherein the color space is a LAB color space.

{8194] Example 38 may include the one or more computer-readable media of example 34,
wherein the instructions, when executed by the system, further cause the system to average
amounts of change 1n subgroups of the set of pixels, wdentify a portion of the subgroups having
averaged amounts of change that are below a threshold amount of change, wherein pixels within
the portion of the subgroups comprise low density pixels, and remove the low density pixels

from the set of pixels.

[3195] Example 39 may include the one or more computer-readable media of example 35,
wherein the instructions, when executed by the system, further cause the system to identify a
subset of disjointed pixels from the modified set of pixels, generate a bounding box around the

subset of disjointed pixels, and add additional pixels to the modified set of pixels to fill the
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bounding box, wherein the modified set of pixels with the additional pixels s used in the

executing of the shared classifier.

{(1196] Example 40 may include the one or more computer-readable media of example 35,
wherein the instructions, when executed by the system, further cause the system to apply

5 temporal averaging o the set of pixels, identify high {requency pixels from the set of pixels
based at least in part on the temporal averaging indicating that the high frequency pixels have
been unstable within the previgus frames, and remove the high frequency pixels from the set of
pixels based at least in part on the temporal averaging indicating that the high frequency pixels

have been unstable within the previgus frames.

10 {8197} Example 41 may include the one or more computer-readable media of example 33,
wherein the instructions, when executed by the system, further cause the system to identify one
or more object candidates from the image, wherein to determine the analysis frame is further

based at least in part on the one or more object candidates.

{3198] Example 42 may include the one or more computer-readable media of example 41,
15 wherem to identify the one or more object candidates comprises to identify the one or more

object candidates based at least in part on motion identified from the image.

{(1199] Example 43 may include the one or more computer-readable media of example 33,
wherein the image 15 a current image, wherein the prediction includes a first package predicted
within the current image, wherein the analysis frame 1s a first analysis frame, and wherein the
20 nstructions, when executed by the system, further cause the system to identify one or more
package candidates from a first image, the first image captured prior to the current image,
determine a second analysis frame from the first image based on the one or more package
candidates from the first image, execute a shared classifier on the second analysis frame, and
compare a first package predicted from the current image with a second package predicted from
25 the first image to determine whether the first package and the second package are a same

package.

[(6200] Example 44 may include the one or more computer-readable media of example 43,
wherein to compare the first package and the second package comprises to compare a location of

the first package and a location of the second package.

49



10

i5

20

WO 2022/245751 PCT/US2022/029490

{0261] Example 45 may include an apparatus comprising means to perform one or more
elements of a method described in or related to any of examples 1-44, or any other method or

process described herein.

{62682} Example 46 may include one or more non-transitory computer-readable media
comprising instructions to cause an electronic device, upon execution of the mstructions by one
or more processors of the electronic device, to perform one or more elements of a method

described i or refated to any of examples 1-44, or any other method or process described herein.

{8283} Example 47 may include an apparatus comprising logic, modules, or ciraniry to
perform one or more elements of a method described in or related to any of examples 1-44, or

any other method or process described herein.

{6204] Example 48 may include a method, technique, or process as described i or related to

any of examples 1-44, or portions or parts thergof.

{0205] Example 49 may include an apparatus comprising: one or more processors and one or
more computer-readable media comprising mstructions that, when executed by the one or more
processors, cause the one or more processors 1o perform the method, techniques, or process as

described in or related to any of examples 1-44, or portions thergof.

{6206] Example 50 may include a signal as described in or related to any of examples 1-44,

or portions or paris thereof.

{6267 Example 51 may include a signal encoded with data as described in or related to any

of examples 1-44, or portions or parts thereof, or otherwise described 1n the present disclosure,

{6208] Any of the above-described examples may be combined with any other example (or
combination of examples), unless explicitly stated otherwise. The foregoing description of one or
more implementations provides illustration and description, but 13 not mtended to be exhaustive
or to himit the scope of embodiments to the precise form disclosed. Modifications and variations
are possible in light of the above teachings or may be acquired from practice of various

embodiments.

{6269] Although the embodiments above have been described in considerable detail,

numerous variations and modifications wili become apparent to those skilled in the art once the

(97}
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above disclosure 1s fully appreciated. It is intended that the following claims be interpreted to

embrace all such variations and modifications.

{0210] Additionally, although embodiments have been described using a particolar series of
transactions and steps, it should be apparent to those skilled in the art that the scope of the
present disclosure 1s not limuted to the described series of transactions and steps. Various features

and aspects of the above-described embodiments may be used individually or jointly.

{0211} Further, while embodiments have been described using a particular combination of
hardware and software, 1t should be recognized that other combinations of hardware and
software are also within the scope of the present disclosure. Embodiments may be implemented
only in hardware, or only in software, or using combinations thereof. The various processes
described heremn can be implemenied on the same processor or different processors in any
combination. Accordingly, where components or modules are described as being configured to
perform certain operations, such configuration can be accomplished, e.g., by designing electronic
circutts to perform the operation, by programmung programmable electronic circuits {such as
microprocessors) to perform the operation, or any combination thereof. Processes can
communicate using a variety of techniques including but not limited to conventional techniques
for inter process communication, and different pairs of processes may use different techniques,

or the same pair of processes may use different technigues at different times.

[0212] The specification and drawings are, accordingly, to be regarded in an illustrative
rather than a restrictive sense. It will, however, be evident that additions, subtractions, deletions,
and other modifications and changes may be made thereunto without departing from the broader
spitit and scope as set forth in the clavms. Thus, although specific disclosure emboduments have
been described, these are not mntended to be Limting. Various modifications and equivalents are

within the scope of the following claims.

[0213] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the disclosed embodiments (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated heremn or

2% ;c}

clearly contradicted by context. The terros “comoprising,” “having,” “including,” and

X : > bh Pl . [ 4 - i M :
contaming” are to be construed as open-ended terros {Le, moeanmg “including, but not lumited

10,7} unless otherwise noted. The term “connected” 1s to be construed as partly or wholly

1

(9]



10

i5

20

[N

30

WO 2022/245751 PCT/US2022/029490

contained within, attached to, or joined together, even if there is something intervening.
Recitation of ranges of values herein are merely intended {0 serve as a shorthand method of
referring idividually to each separate value falling within the range, unless otherwise indicated
herein and each separate value 1s incorporated into the specification as if it were individually
recited herein. All methods described herein can be performed in any suitable order unless
otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all
examples, or exemplary language (e g, “such as”} provided herein, is intended merely to better
thuminate embodiments and does not pose a limitation on the scope of the disclosure unless
otherwise claimed. No language in the specification should be construed as indicating any non-

clatmed element as essential to the practice of the disclosure.

[0214] Disjunctive language such as the phrase “at least one of X, Y, or 2,7 unless
specifically stated otherwise, 15 intended to be understood within the context as used in general to
present that an item, term, etc., may be etther X, Y, or Z, or any combination thereof {eg., X, Y,
and/or 7). Thus, such disjunctive language is not generally intended to, and should not, imply
that certain embodiments require at least one of X, at least one of Y, or at least one of 7 to each

be present.

[0215] The term “computer system” as used herein refers to any type of interconnected
electronic devices, computer devices, or components thereof. Additionally, the term “computer
system” or “system’” may refer to various components of a computer that are communicatively
coupled with ove another. Furthermore, the term “computer system” or “systemn” may refer to
raultiple computer devices or multiple computing systerns that are cornmunicatively coupled

with one another and configured to share computing or networking resources.

[0216] Throughout the disclosure, the terminology of “removing a pixel” and varations
thereof have been used. It 15 to be understood that the termunology of “removing a pixel” may
roean that the pixel 1s removed from further consideration i processing an image, may mean that
the pixel 13 set to a certain value, may mean that the a value or values related to the pixel (such as
a measurement of differences between pixel values or indication of differences between pixel

values) s set to a certain value, or some combination thereof,

[6217] Throughout the disclosure, the terminology of “corresponding pixels” between two or
more images and variations thereof have been used. Tt 15 to be understood that the terminology of

2
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“corresponding pixels” may refer to a first pixel within a first image at a particular position and a
second pixel within a second image in the particolar position. For example, a first pixel withina
first row and first column of the first image may be a corresponding pixel to a second pixel
within a first row and a first column of the second image. In other instances, the terminology of
“corresponding pixels” may refer to a first pixel within a first image that captures a certain
portion of an area captured by the first image and a second pixel within a second image that
captures the certain portion of the area captured by the second image. For example, a first pixel
that captures a portion of area surrounding a camera that captured may be a corresponding pixel

o a second pixel that captures the same portion of the area surround the camera.

{0218} Preferred embodiments of this disclosure are described herein, including the best
mode known for carrving out the disclosure. Varnations of those preferred embodiments may
become apparent to those of ordinary skill in the art upon reading the foregoing description.
Those of ordinary skill should be able to emplov such vanations as appropriate and the
disclosure may be practiced otherwise than as specifically described herein. Accordingly, this
disclosure includes all modifications and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover, any combination of the above-
described elements 1o all possible variations thereof 1s encompassed by the disclosure unless

otherwise mdicated herein.

{0219] Al references, including publications, patent applications, and patents, cited herein
are hereby meorporated by reference to the same extent as if each reference were wndividually

and specifically mndicated to be mcorporated by reference and were set forth in us entirety herein,

[0224] In the foregoing specification, aspects of the disclosure are desceribed with reference
to specific embodiments thereof, but those skilled i the art will recognize that the disclosure 15
not himited thereto, Various features and aspects of the above-~described disclosure may be used
mdividually or jointly. Further, embodiments can be utihized in any number of environments and
applications beyond those described herein without departing from the broader spinit and scope
of the specification. The specification and drawings are, accordingly, to be regarded as

dlustrative rather than restrictive.

[0221] As described above, one aspect of the present technology 1s the gathering and use of

data (e.g., 1mages of people) to perform facal recogrution. The present disclosure contemplates

[
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that in some nstances, this gathered data may include personally identifiable information (PH)
data that uniquely identifies or can be used to contact or locate a specific person. Such personal
mformation data can include facial and/or non-facial characteristics of a person’s body,
demographic data, location-based data (e g., GPS coordinates), telephone numbers, email

addresses, Twitter ID's, home addresses, or any other identifying or personal mformation.

{6222} The present disclosure recognizes that the use of such personal information data, in
the present technology, can be used to the benefit of users. For example, the personal information
data can be used to identify a person as being a contact {or not known contact) of a user of a user

device.

{8223} The present disclosure contemplates that the entities responsible for the collection,
analysis, disclosure, transfer, storage, or other use of such personal mformation data will comply
with well-established privacy policies and/or privacy practices. In particular, such entities should
implement and consistently use privacy policies and practices that are generally recognized as
meeting or exceeding industry or governmental requirements for maintaining personal
mformation data private and secure. Such policies should be easily accessible by users, and
should be updated as the collection and/or use of data changes. Personal information from users
should be collected for legitimate and reasonable uses of the entity and not shared or sold outside
of those legitimate uses. Further, such collection/sharing should occur after receiving the
informed consent of the users. Additionally, such entities should consider taking any needed
steps for safeguarding and securing access to such personal information data and ensuring that
others with access to the personal information data adhere to their privacy policies and
procedures. Further, such entities can subject themselves to evaluation by thurd parties to certify
their adherence to widely accepted privacy policies and practices. In addition, policies and
practices should be adapted for the particular types of personal information data being collectex
and/or accessed and adapted to applicable laws and standards, mcluding jurisdiction-specific
considerations. For instance, in the US, collection of or access to certain health data may be
governed by federal and/or state laws, such as the Health Insurance Portability and
Accountability Act (HIPAA), whereas health data n other countries may be subject to other
regulations and pohicies and should be handled accordingly. Hence different privacy practices

should be maintained for different personal data types m each country.
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{(1224] Despite the foregomg, the present disclosure also contemplates embodiments in
which users selectively block the use of, or access to, personal information data. That s, the
present disclosure contemplates that hardware and/or software elements can be provided to
prevent or block access to such personal information data. For example, in the case of services
related to performing facial recognition, the present technology can be configured to allow users
to select to "opt in" or "opt out" of participation in the collection of personal information data
during registration for services or anytime thereafter. In addition to providing “opt in” and “opt
out” options, the present disclosure contemplates providing notifications relating to the access or
use of personal information. For instance, a user may be notified upon downloading an app that
their personal information data will be accessed and then reminded again just before personal

mformation data is accessed by the app.

{0225} Moreover, it is the intent of the present disclosure that personal information data
should be managed and handled in a way to minimize risks of unintentional or unauthorized
access or use. Risk can be minimized by limiting the collection of data and deleting data once «f
is no longer needed. In addition, and when apphicable, including in certain health related
applications, data de-identification can be used to protect a user’s privacy. De-identification may
be facilitated, when appropriate, by removing specific wdentifiers {e g, date of birth, etc ),
controlling the amount or specificity of data stored {e.g., collecting location data a city level
rather than at an address level), controlling how data s stored {e.g., aggregating data across

users), and/or other methods.

[0226] Therefore, although the present disclosure broadly covers use of personal information
data to wnplement one or more various disclosed embodiments, the present disclosure also
contemplates that the various embodiments can also be woplemented without the need for
accessing such personal information data. That is, the various embodimnents of the present
technology are not rendered mnoperable due to the lack of all or a portion of such personal

mformation data.
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WHATIS CLAIMED IS:

1. A method, comprising:

capturing a representative image from a video;

retrieving a canonical image that represents one or more frames of the video
before the representative image;

determining a difference between the canonical image and the representative
image, the difference identifying a set of pixels of the representative image that are different
from corresponding pixels in the canonical image;

modifying the set of pixels based at least in part on previous frames of the video
before the representative image to form a modified set of pixels, the modified set of pixels being
smaller than the set of pixels;

executing a classifier using the modified set of pixels, the classifier providing a
prediction of an identification of an object represented by a subset of the modified set of pixels;
and

outputting the prediction of the dentification of the object.

~

2. The method of claim 1, wherein determining the difference between the
canonical image and the representative image includes determining distances within a color

space using Delta E for related pixels within the representative image and the canonical image,
and wherein the set of pixels that are identified as being different is based at least in part on the

determined distances within the color space.
3 The method of claim 2, wherein the color space 1s a LAB color space.

4. The method of claim 1, further comprising:

averaging amounts of change in subgroups of the set of pixels;

identifying a portion of the subgroups having averaged amounts of change that are
below a threshold amount of change, wherein pixels within the portion of the subgroups
comprise low density pixels; and

removing the low density pixels from the set of pixels.

5. The method of claim 1, further comprising:
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identifying a subset of disjointed pixels from the modified set of pixels;

generating a bounding box around the subset of disjointed pixels; and

addmng additional pixels to the modified set of pixels to fill the bounding box,
wherein the modified set of pixels with the additional pixels 15 used 10 the executing of the

classifier.

6. The method of claim 5, wherein the subset of disjomnted pixels is a first
subset of digjointed pixels, and wherein the method further comprises:

identifying a second subset of disjointed pixels from the modified set of pixels;

generating a second bounding box around the second subset of disjointed pixels;

determining that the second bounding box 1s smakler than a first threshold
percentage of the representative image or larger than a second threshold percentage of the
representative image, the second threshold percentage being larger than the first threshold
percentage; and

removing pixels corresponding to the second bounding box from the set of pixels,
wherein the modified set of pixels with the pixels removed 15 used in the executing of the

classifier.

7. The method of claim 1, wherein modifying the set of pixels mcludes:

applying temporal averaging to the set of pixels;

wentifying high frequency pixels from the set of pixels based at least in part on
the temporal averaging indicating that the high frequency pixels have been unstable within the
previous frames; and

removing the high frequency pixels from the set of pixels based at least 1 part on
the temporal averaging indicating that the hugh frequency pixels have been unstable within the

previous frames.

8. The method of claim 7, wherein applying the temporal averaging includes
averaging amounts of change for each pixel within the set of pixels withun the previous frames,
and wherein the averaged amounts of change for the high frequency pixels are below a temporal

averaging threshold.
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9. One or more computer-readable media having istructions stored thereon,
wherein the instructions, when execuoted by a system, cause the system to:

capture a representative image of an area from a video;

retrieve a canonical image of the area that represents one or more frames of the
video before the representative image;

determine a difference between the canonical image and the representative image,
the difference identifying a set of pixels of the representative image that are different from
corresponding pixels in the canonical image;

modify the set of pixels based at least in part on previous frames of the video
before the representative image to form a modified set of pixels, the modified set of pixels being
smaller than the set of pixels;

execute a classifier using the modified set of pixels, the classifier providing a
prediction of an identification of an object represented by a subset of the modified set of pixels;
and

output the prediction of the identification of the object.

10. The one or more computer-readable media of claim 9, wherein the
prediction of the object includes a prediction that the object is a package, and wherein the
mstructions, when executed by the system, further cause the system to:

determine that notification settings assoctated with a camera that captures the
video indicate that a notification ts to be provided when the prediction s that the object is a
package; and

cause the notification to be provided based at least 1o part on the prediction that

the object 15 a package.

11 The one or more computer-readable media of claim 9, wherein to
determine the difference between the canonical image and the representative image includes to
determine distances withun a color space using Delta E for related pixels within the canonical
mmage and the representative 1mnage, and wherein the set of pixels that are identified as being

different 1s based at least in part on the deternuned distances within the color space.
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12, The one or more computer-readable media of claim 11, wherein the set of
pixels that are wdentified as being different are identified based at least in part on distances within

the color space corresponding to the set of pixels being greater than a threshold distance.

13, The one or more computer-readable media of claim 9, wherein the
mstructions, when executed by the system, further cause the system to:

average an amount of change in subgroups of the set of pixels;

identify a portion of the subgroups having averaged amounts of change that are
below a threshold amount of change, wheremn pixels within the portion of the subgroups
comprise low density pixels; and

remove the low density pixels from the set of pixels.

14 The one or more computer-readable media of claim 9, wherein the
mstructions, when executed by the system, further cause the system to:

identify a first subset of disjomted pixels from the modified set of pixels;

generate a bounding box around the first subset of disjointed pixels; and

addmng additional pixels to the modified set of pixels to fill the bounding box,
wherein the modified set of pixels with the additional pixels is used in the execution of the

classifier.

15. The one or more computer-readable media of claim 14, wherein to modify
the set of pixels icludes to:

apply temporal averaging to the set of pixels;

identify high frequency pixels from the set of pixels based at least in part on the
temporal averaging indicating that the high frequency pixels have been unstable within the
previous frames; and

remove the high frequency pixels based at least in part on the temporal averaging

indicating that the high frequency pixels have been unstable within the previous frames.

16. The one or more computer-readable media of claim 15, wherein to apply

the temporal averaging includes to average amounts of change for each pixel within the set of
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pixels within the previous frames, and wherein the averaged amounts of change for the high

frequency pixels are below a temporal averaging threshold.

17. A system, comprising;
memory 1o store images from video received from a camera; and
one or more processors coupled to the memory, the one or more processors (o
capture, from stored images, a representative image;
retrieve, from the stored images, a canonical image that represents one or
more frames of the video before the representative image;
determine a difference between the canonical image and the representative
image, the difference tdentifying a set of pixels of the representative image that are
different from corresponding pixels in the canonical image;
modity the set of pixels based at least in part on previous frames of the
video before the representative image to form a modified set of pixels, the modified set of
pixels being smaller than the set of pixels;
execute a classifier using the moditied set of pixels, the classifier
providing a prediction of an identification of an object represented by a subset of the
modified set of pixels; and

output the prediction of the identification of the object.

18 The system of claim 17, wherein to determine the ditference between the
canonical 1mage and the representative image includes to determine distances between the
canonical image and the representative image in a LAB color space, the difference determined

based at least in part on the distances.

19. The system of claim 17, wherein to modify the set of pixels includes to:

apply temporal averaging to the set of pixels;

wentify hugh frequency pixels from the set of pixels based at least in part on the
temporal averaging indicating that the high frequency pixels have been unstable within the one
or more frames; and

remove the high frequency pixels based at least in part on the temporal averaging

mdicating that the high frequency pixels have been unstable within the one or more frames.
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20. The system of clammn 19, wherein to apply the temporal averaging inclades
to average amounts of change for each pixel within the set of pixels within the one or more
frames, and wherein the averaged amounts of change for the high frequency pixels are below a

temporal averaging threshold.

21 A method, comprising:

dentifyimg, by a computing device, one or more package candidates from an
mage;

determining, by the computing device, an analysis frame from the image based at
least in part on the one or more package candidates;

executing, by the computing device, a shared classifier on the analysis frame, the
shared classifier to predict identification of packages and objects within the analysis frame; and

outputting, by the computing device, a prediction of the identification of the

packages and the objects based at least in part on the execution of the shared classifier.

22. The method of claim 21, wherein identifying the one or more package
candidates from the image includes determining a difference between the image and a canonical
image, wherein the image is from a video, wherein the canonical image represents one or more
frames of the video before the image, and wherein determining the difference includes
identifying a set of pixels of the image that are different from corresponding pixels in the

canonical image.

23. The method of claim 22, wherein identifying the one or more package
candidates includes modifying the set of pixels based at least in part on previous frames of the
video before the image to form a modified set of pixels, the modified set of pixels being smaller

than the set of pixels.

~

24. The method of claim 22, wherein determining the difference between the
image and the canonical image mcludes determining distances within a color space using Delia E
for related pixels within the image and the canonical image, and wherein the set of pixels that are
identified as being different i1s based at least 1n part on the determined distances within the color

space.
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25. The method of claim 24, wherein the color space 1s a LAB color space.

26. The method of claim 22, further comprising:

averaging amounts of change 1n subgroups of the set of pixels;

dentifying a portion of the subgroups having averaged amounts of change that are
below a threshold amount of change, wheremn pixels within the portion of the subgroups
comprise fow density pixels; and

removing the low density pixels from the set of pixels.

27. The method of claim 23, further comprising:

wdentifying a subset of disjointed pixels from the modified set of pixels;

generating a bounding box around the subset of disjomted pixels; and

addmg additional pixels to the modified set of pixels to fill the bounding box,
wherein the modified set of pixels with the additional pixels 15 used 1 the executing of the

shared classifier.

28. The method of claim 23, further comprising:

applying temporal averaging to the set of pixels;

dentifying high frequency pixels from the set of pixels based at least 10 part on
the temporal averaging indicating that the high frequency pixels have been unstable within the
previous frames; and

removing the high frequency pixels from the set of pixels based at least in part on
the temporal averaging indicating that the high frequency pixels have been unstable within the

previous frames.

~

29. The method of claim 21, further comprising:
identifying one or more object candidates from the image, wherein determining

the analysis frame 1s further based at least in part on the one or more object candidates.

30. The method of claim 29, wherein identifying the one or more object
candidates comprises identifying the one or more object candidates based at least i part on

motion identified from the image.
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31 The method of claim 21, wherein the image 1s 8 current image, wherein
the prediction 1ncludes a first package predicted within the current timage, wherein the analysis
frame 1s a first analysis frame, and wherein the method further comprises:

dentifying one or more package candidates from a first image, the first image
captured prior to the current image;

determining a second analysis frame from the first image based on the one or
more package candidates from the first image;

executing a shared classifier on the second analysis frame; and

comparing a first package predicted from the current image with a second
package predicted from the first image to deternmune whether the first package and the second

package are a same package.

32. The method of claim 31, wherein comparing the first package and the
second package comprises comparing a location of the first package and a location of the second

package.

33 One or more computer-readable media having instructions stored thereon,
wherein the instructions, when executed by a system, cause the system to:

identify one or more package candidates from an image;

determine an analysis frame from the image based at least in part on the one or
more package candidates;

execute a shared classifier on the analysis frame, the shared classifier to predict
identification of packages and objects within the analysis frame; and

output a prediction of the identification of the packages and the objects based at

least in part on the execution of the shared classifier.

34. The one or more computer-readable media of claim 33, wherein to identify
the one or more package candidates from the image includes to determine a difference between
the image and a canonical image, wherein the image 15 from a video, wherein the canonical
image represents one or more frames of the video before the 1mage, and wherein to determine the
difference includes to identity a set of pixels of the image that are different from corresponding

pixels in the canonical image.
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3S. The one or more computer-readable media of claim 34, wherein to identify
the one or more package candidates includes to modify the set of pixels based at least i part on
previous frames of the video before the image to form a modified set of pixels, the modified set

of pixels being smaller than the set of pixels.

36. The one or more computer-readable media of claim 34, wherein to
determine the difference between the image and the canonical image mcludes to determine
distances within a color space using Delta E for related pixels within the image and the canonical
mage, and wherein the set of pixels that are wdentified as being different 13 based at least in part

on the determined distances within the color space.

37. The one or more computer-readable media of claim 36, whereimn the color

space 15 a LAB color space.

38 The one or more computer-readable media of claim 34, whereimn the
mstructions, when executed by the system, further cause the system to:

average amounts of change in subgroups of the set of pixels;

identify a portion of the subgroups having averaged amounts of change that are
below a threshold amount of change, wheremn pixels within the portion of the subgroups
comprise low density pixels; and

remove the low density pixels from the set of pixels.

39, The one or more computer-readable media of claim 35, wherein the
mstructions, when executed by the system, further cause the system to:

identify a subset of disjointed pixels from the modified set of pixels;

generate a bounding box around the subset of disjomted pixels; and

add additional pixels to the modified set of pixels to fill the bounding box,
wherein the modified set of pixels with the additional pixels 15 used 10 the executing of the

shared classifier.

40. The one or more computer-readable media of claim 335, wherein the
mstructions, when executed by the system, tfurther cause the system to:

apply temporal averaging to the set of pixels;
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identify high frequency pixels from the set of pixels based at least in part on the
temporal averaging indicating that the high frequency pixels have been unstable within the
previous frames; and

remove the high frequency pixels from the set of pixels based at least in part on
the temporal averaging indicating that the high frequency pixels have been unstable within the

previcus frames.

41, The one or more computer-readable media of claim 33, wherein the
instructions, when executed by the system, further cause the system to:
identify one or more object candidates from the image, wherein to determine the

analysis frame 1s further based at least in part on the one or more object candidates.

42, The one or more computer-readable media of claim 41, wherein to 1dentify
the one or more object candidates comprises to identify the one or more object candidates based

at least in part on motion dentified from the image.

43. The one or more computer-readable media of claim 33, wherein the image
is a current image, wheremn the prediction includes a first package predicted within the current
image, wherein the analysis frame 1s a first analysis frame, and wherein the mstructions, when
executed by the system, further cause the system to:

identify one or more package candidates from a first image, the first image
captured prior to the current image;

determine a second analysis frame from the first image based on the one or more
package candidates from the first image;

execute a shared classifier on the second analysis frame; and

compare a first package predicted from the current image with a second package
predicted from the first image to determine whether the first package and the second package are

a same package.

44, The one or more computer-readable media of claim 43, wherein to
compare the first package and the second package comprises to compare a location of the first

package and a location of the second package.
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