LOCAL CACHING FOR OBJECT RECOGNITION

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
62/167,930, filed May 29, 2015, and titled “Video Analytics of Video Information,” which is

hereby incorporated by reference in its entirety.

BACKGROUND
[0002] Some video systems may analyze frames in a video stream to identify objects
shown in the video stream. For instance, a video system may determine whether an object is
a person and determine whether a face of the person is shown in a frame from the video

stream.

SUMMARY
[0003] This specification generally describes systems, methods, devices, and other
techniques for identifying people depicted in video streams received from cameras. For
example, image frames of the video streams can be compared to images of known people to
identify the people depicted in the video streams. As comparisons between image frames of
the video streams and a large number of images of known people can demand a lot of
computing resources and/or take a significant amount of time, systems and techniques
described herein can reduce the number of image comparisons and the number of requests
sent to a database that includes the images of the known people. For example, a face
depicted in an image received from a camera can be compared to a local cache that includes
images of people that were identified in the video streams recently, e.g., within a threshold
amount of time, prior to sending a request to a larger database that includes more images of
known people than the local cache.
[0004] In general, one innovative aspect of the subject matter described in this
specification can be embodied in methods that include the actions of receiving, by a
computing system, a first image from a first camera of a set of one or more cameras
detecting, in the first image, a face of a first person. The computing system can compare the
first image to a set of images stored in a local cache of the computing system. The set of

images can include images of one or more persons. The one or more cameras can capture the



images of the set of images. A determination can be made, based on the comparison,
whether the face of the first person matches a face of a person depicted by at least one image
of the set of images. In response to determining that the face of the first person does not
match a face of a person depicted by at least one image of the set of images, the computing
system can select, from one or more images of the first person, a highest quality image that
includes a highest quality depiction of the face of the first person. The one or more images
can include the first image. The computing system can also provide the highest quality
image to a server system that stores data for multiple people. The server system can compare
the highest quality image to images from the data for the multiple people to identify the first
person. The server system can be separate from the local cache of the computing system.
The computing system can receive, from the server system, data that identifies the first
person. Other embodiments of this aspect include corresponding computer systems,
apparatus, and computer programs recorded on one or more computer storage devices, each
configured to perform the actions of the methods. A system of one or more computers can be
configured to perform particular operations or actions by virtue of having software, firmware,
hardware, or a combination of them installed on the system that in operation causes or cause
the system to perform the actions. One or more computer programs can be configured to
perform particular operations or actions by virtue of including instructions that, when
executed by data processing apparatus, cause the apparatus to perform the actions.

[0005] The foregoing and other embodiments can each optionally include one or
more of the following features, alone or in combination. Some aspects can include
associating an identifier for the first person with the highest quality image and storing the
highest quality image in the local cache as part of the set of images.

[0006] Some aspects can include receiving by the computing system, a second image
of the first person. The computing system can detect a face in the second image. The
computing system can compare the second image to the set of images. The computing
system can determine that the face in the second image matches the face of the first person
depicted in the highest quality image. In response to determining that the face in the second
image matches the face of the first person depicted in the highest quality image, the identifier
for the first person can be associated with the second image without providing the second

image to the server system.



[0007] In some implementations, each image of the set of images depicts a person for
which the computing system has received, from the server system, data that identifies the
person depicted by the image in response to the image being provided to the server system.
[0008] Some aspects can include determining that the face of the first person is no
longer visible in images captured by the first camera. A second image can be received from
a second camera of the one or more cameras. The second image can depict a face that was
not visible in images captured by the second camera within a threshold amount of time prior
to the second image being captured. A determination can be made, based at least on relative
locations of the first camera and the second camera, that the face depicted by the second
image may be the face of the first person. The second image can be compared to one or more
images of the face of the first person. A determination can be made, based on the
comparison of the second image to one or more images of the face of the first person, that the
face depicted by the second image matches the face of the first person. An identifier for the
first person can be assigned to the second image.

[0009] In some aspects, determining, based at least on relative locations of the first
camera and the second camera, that the face depicted by the second image may be the face of
the first person further can include determining that the face depicted by the second image
may be the face of the first person based on a time at which the face of the first person
became no longer visible in images captured by the first camera and a time at which the
second image was captured. In some aspects, determining, based at least on relative
locations of the first camera and the second camera, that the face depicted by the second
image may be the face of the first person further can include determining that the face
depicted by the second image may be the face of the first person based on a travel direction
of the first person with respect to a location of the first camera and a location of the second
camera.

[0010] In some aspects, selecting the highest quality image can include identifying
multiple images of the first person and determining the highest quality image from among the
multiple images.

[0011] The subject matter described in this specification can be implemented in
particular embodiments and may result in one or more of the following advantages. The

number of image comparisons can be reduced by comparing a detected face to recently



captured images stored in a local cache before comparing the detected face to images stored
in a larger person database, thereby reducing the amount of computing resources and the
amount of time taken to identify a person depicted in an image. By reducing the number of
requests sent to the larger database over a network, the amount of network bandwidth
consumed to identify a person depicted in image can be reduced, resulting in an increase in
network speed for other data communications that use the network. The number of image
comparisons can also be reduced by identifying potential matching people based on the
relative locations of cameras and travel directions of people, and comparing detected faces to
the potential matching people prior to, or instead of, comparing the detected faces to less
likely matching people. Moreover, the number of requests sent to the larger database can be
reduced by selecting a highest quality image, or an image determined to be of sufficient
quality, to send in requests to the larger database to facilitate more reliable comparisons of
images at the larger database.

[0012] The details of one or more implementations of the subject matter described in
this specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages of the subject matter will become apparent from the

description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 is an example of an environment in which a face recognition system
uses a local cache to track a face.
[0014] FIG. 2 is a flow diagram of an example process for identifying a person
depicted in an image.
[0015] FIG. 3 is a flow diagram of an example process for identifying a person
depicted in an image.
[0016] FIG. 4 is a block diagram of a computing system that can be used in
connection with computer-implemented methods described in this document.
[0017] Like reference numbers and designations in the various drawings indicate like

elements.



DETAILED DESCRIPTION
[0018] A face recognition system may receive a video stream, or multiple video
streams, and identify people depicted in image frames of the video stream(s). For example,
the face recognition system may compare faces depicted in image frames of the video
stream(s) to images that depict faces of known people. The face recognition system can
include a database of images and other data for known persons. To identify a person in a
particular image, the face recognition system can compare the particular image to the images
stored in the database. However, as the database can include a large number of images, e.g.,
thousands or millions of images, this image comparison process can consume lots of
computing resources and/or take a significant amount of time to complete.
[0019] In addition, a video stream can include twenty-five to thirty or more frames
per second. Comparing faces depicted in each image frame to other images can overload
computing resources, require a lot of high speed and expensive computing equipment, and/or
overload or dominate a network’s bandwidth. A face recognition system described herein
can reduce the number of images compared to the images of the database, resulting in less
demand being placed on computing resources and less network bandwidth being consumed
to send images to a computing system that compares the images to images stored in the
database. For example, a face recognition system described herein can reduce the number of
images compared to other images stored in the database based on (i) an ability to detect a
face in images of a video stream and (ii) an ability to track a moving object, e.g., a moving
face, across the field of view of a camera.
[0020] In some implementations, a computing system that receives video streams
from a set of one or more cameras can include a local cache of images. The local cache can
include images that depict faces of known people and/or that have been captured by a camera
of the set of cameras. For example, the local cache can include images captured by the set of
cameras within a threshold amount of time of a current time. In a particular example, the
local cache can include images captured in the last hour. The images stored in the local
cache may include only images that have previously been associated with a person based on
the image depicting a face of the person. For example, the images stored in the local cache
may be those that have been compared to the images stored in the database and matched to a

known person based on the comparison.



[0021] When a new face is detected in an image of a video stream received from a
camera, the computing system can begin tracking the face from frame to frame within the
video stream. For example, the computing system can place a bounding box around a
detected face and follow the pixels that make up the face as it moves across the field of view
of the camera, and thus, across the frames of the video stream. The computing system can
assess the quality of the depiction of the new face in each (or at least a portion of the) images
received from the camera. Once an image having at least a threshold quality depiction of the
new face is obtained (e.g., by having a quality score that exceeds a quality threshold), the
computing system can compare the new face depicted in the quality image to faces depicted
in images stored in the local cache to determine whether the new face matches a face of a
known person that has an image stored in the local cache. If there is a match, the computing
system can associate the known person with the person depicted in the quality image and
with the quality image. In this way, information identifying the person can be presented in a
user interface with the video stream. In addition, the person can be tracked from frame to
frame, e.g., until the person’s face is no longer visible in images of the video stream.

[0022] If the face of the person in the quality image does not match any of the faces
depicted in the images stored in the local cache, the computing system can send the image to
another computing system that compares the image to the larger database of images of
known people. If there is a match with an image stored in the database, data identifying the
matching person can be sent back to the computing system and the computing system can
associate the person with the image. As the comparison at the database can take longer and
consume more computing resources than the comparison at the local cache, the use of the
local cache can improve the speed at which faces are identified and reduce the amount of
computing resources and bandwidth consumed when identifying people depicted in images.
[0023] The face recognition system can track faces from frame to frame in a video
stream while the face remains visible in the image frames, e.g., without having to compare
the face to any images. At least one image of the person’s face, e.g., a highest quality image
of the person’s face, can be stored in the local cache with an association with the person or an
identifier for the person. The person may walk out of the view of a camera or turn in a
direction where the person’s face is not in view of the camera, resulting in the person no

longer being tracked. The person’s face may later come back into view of the camera, e.g.,



by turning or walking back in front of the camera. In this example, the face recognition
system may not automatically associate the person’s face with that of the previously tracked
person. Rather than treat the person’s face as a new person that has not previously been
identified or tracked, the face recognition system can compare one or more images of the
person’s face to images stored in the local cache to determine whether the person’s face
matches the face of a person that has been previously identified by the face recognition
system. If the face does not match a face depicted in an image stored in the local cache, the
face recognition system can have the image compared to images stored in the larger database
to identify the person. If the face does match a face depicted in an image stored in the local
cache, the face recognition system can associate the face with the matching person without
querying the larger database. If the face does not match a face depicted in images stored in
the local cache or images stored in the database, a new record can be created for the person in
the local cache and/or in the database. The new record can include one or more images of
the person, e.g., a highest quality image of the person, and a unique identifier for the person.
[0024] To reduce the number of images to which a new image is compared, even at
the local cache, the face recognition system can identify a subset of people that may be
depicted in the image. For example, the subset of people may include people that were
recently, e.g., within a threshold amount of time, in the view of a camera from which the new
image was received. This subset would include people that recently walked out of the view
of the camera or that turned away from the camera (i.e., people who remain in view of the
camera but whose face is at least partially blocked so as to interfere with a facial recognition
process). In another example, the face recognition system can be part of a system that
includes multiple cameras. A person may walk out of the view of a first camera and into the
view of a second camera. When the face recognition system receives an image of a person
from the second camera that was not in previous images received from the second camera
(e.g., images received from the second camera within a threshold amount of time before the
image was received), the face recognition system can identity people that left the view of
other cameras, e.g., the first camera, and that were moving in a direction that may put them in
view of the second camera. The face recognition system can then compare the received

image to images of the identified people to identify the person in the received image. If there



is a match, the face recognition system does not have to query the larger database to identify
the person depicted in the received image.

[0025] FIG. 1 is an environment 100 in which an example face recognition system
110 identifies people depicted in images. The face recognition system 110 includes a face
tracker 115 that may be implemented in one or more computing systems. The face tracker
115 receives video streams from a set of cameras 105A — 105F. For example, the set of
cameras 105A — 105F may be arranged to monitor a particular area 102, such as a mall, a
park, a casino floor, an airport, an outside area of a city, etc. The cameras 105A — 105F may
include video cameras that each send a respective video stream to the face tracker 115. The
cameras 105A — 105F can include cameras having a fixed field of view and/or cameras that
may move, e.g., rotate, pan, tilt, be an aerial camera, or a camera on a mobile device. Thus,
the cameras 105A-105F may be fixed or mobile.

[0026] Each video stream received from a camera 105A — 105F includes a sequence
of image frames. For example, each video stream can include twenty-five to thirty or more
image frames per second. The image frames of the video streams are referred to herein as
images.

[0027] The face tracker 115 can analyze the images received from the cameras 105A
— 105F to identify people depicted in the images and/or to track people depicted in the
images. For example, the face tracker 115 can identify a person depicted in a video stream
received from a camera and track the person from frame to frame within the video stream
while the person is visible in images of the video stream.

[0028] In some implementations, the face tracker 115 can present one or more of the
video stream(s) to a user on one or more display device using a user interface 119. In the
user interface 119, the face tracker 115 can automatically highlight one or more people (e.g.,
people’s faces) depicted in the presentation of the video stream, e.g., using a box around the
person’s face or by color or display intensity differentiation. The user interface 119 can also
display data identifying the person or a unique anonymous identifier for the person. For
example, the user interface 119 can display data identifying people that are currently being
tracked in the video stream.

[0029] When the face tracker 115 receives an image of a video stream, the face

tracker 115 can analyze the image, e.g., using face detection, to determine whether the image



depicts a new face, e.g., a face that was not previously being tracked by the face tracker 115.
If the face tracker 115 detects a new face in the received image, the face tracker 115 can
assign a new identifier to the face and attempt to identify the person whose face was detected
using a local cache 117 and/or an image analysis system 130.

[0030] The image analysis system 130 includes or is connected to a person database
132 that includes data for multiple people. For example, the person database 132 can include
a respective set of data for each of multiple people, e.g., people that have previously been
identified in a video stream or known by other means. The sets of data can include one or
more images of each of the multiple people, data identifying each person, and other
appropriate data for each person. In some implementations, the person database 132 can
store data identifying a highest quality image for each person that can be used to identify the
person in other images, e.g., images received by the face tracker 115. The highest quality
image may be determined by the image analysis system 130 from among multiple images of
a same person based on factors such as the distance of the person from the camera, lighting
conditions, sharpness or blurriness of the image, angle of the person’s face relative to the
view of the camera, degree of occlusion of the person’s face from view of the camera,
number of other persons in the image, or a combination of these.

[0031] The person database 132 can include data for a large number of known
people. In contrast, the local cache 117 can include data for a smaller number of people,
such as a proper subset of the people that have data in the person database 132. For example,
the local cache 117 can include data for people determined to have been depicted in images
captured by the cameras 105A — 105F within a particular period of time, e.g., within the last
hour, last day, last week, etc. The data for each person can include one or more images of
the person. In another example, the local cache 117 can include data and image(s) for people
expected to be in the view of the cameras 105A — 105F.

[0032] If a person has not been detected in an image received from one of the
cameras 105A — 105F within the particular period of time, the data for the person may be
removed from the local cache 117. For example, if a person was detected in the video
streams earlier in the day, but has not been detected in the video streams for over an hour, it

may be less likely that a face that appears in the video streams belongs to that person. Thus,



the data for that person can be removed from the local cache 117 freeing up memory space in
the local cache 117 and reducing the number of image comparisons at the local cache 117.
[0033] In some implementations, the local cache 117 includes a highest quality image
for each person for which data is stored in the local cache 117. The face tracker 115 and/or
the image analysis system 130 can select a highest quality image for a person from a set of
images that depict the person’s face. The quality of each image can be based on a blur of the
person’s face in the image, lighting of the person’s face in the image, a quantity of shadows
on the face in the image, an angle of the face in the image, or other appropriate features of
the face in the image. For example, an image that depicts the person’s entire face from the
front may have a higher quality score than an image that depicts the side of the person’s face
or the back of the person’s head.

[0034] When the face tracker 115 detects, in an image received from a camera, a face
that is not currently being tracked, e.g., a face that was not in a previous image received from
the camera, the face tracker 115 can first attempt to identify the face using the local cache
117. For example, the face tracker 115 may compare one or more images of the face to faces
depicted in images stored in the local cache 117. The one or more images of the detected
face can include the first image in which the face was detected and/or additional images
received after the first image. For example, the face tracker 115 may gather a set of images
of the face to improve the chances that a high quality image is included in the set. In another
example, the face tracker 115 may identify the highest quality image in the set to compare to
the images stored in the local cache 117. In yet another example, the face tracker 115 may
assess the quality of each image that depicts the face until the face tracker 115 identifies an
image that has at least a threshold quality depiction of the face. The face tracker 115 can
then modify this quality image, e.g., by cropping and/or rotating the quality image, and
comparing the face depicted in the quality image to faces depicted in images stored in the
local cache 117.

[0035] If the face tracker 115 determines that the face depicted in the received
image(s) matches a face depicted in an image stored in the local cache 117, the face tracker
115 can assign the person or identifier of the matching image to the detected face. The face
tracker 115 can then continue to track the person from frame to frame and display data

identifying the person at the user interface 119.
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[0036] In some implementations, the face tracker 115 determines whether a face
matches another face based on a level of similarity between the faces. For example, the face
tracker 115 may determine that a face matches another face if the level of similarity meets or
exceeds a threshold level of similarity.

[0037] If the face tracker 115 determines that the face depicted in the received
image(s) does not match a face depicted in an image stored in the local cache 117, the face
tracker 115 can send one or more images of the face to the image analysis engine 130. For
example, the face tracker 115 may send the one or more images to the image analysis engine
130 over a network 125, such as a local area network (LAN), a wide area network (WAN),
the Internet, or a combination thereof.

[0038] The image analysis engine 130 can compare the one or more images that
depict the face to images stored in the person database 132. As the person database 132 is
larger and includes data, including images, for more people than the local cache 117, the
comparison process performed by the image analysis engine 115 may take longer and/or
demand more computing resources than the comparison process performed by the face
tracker 115. If the image analysis engine 130 finds an image that depicts a face that matches
the face depicted in the one or more images received from the camera, the image analysis
engine 130 can send data identifying the person depicted in the matching image to the face
tracker 115. The face tracker 115 can then associate the person with the images received
from the camera that depict the person’s face and the face depicted in the images.

[0039] In addition, the face tracker 115 can store at least one of the images of the
person in the local cache 117. The image(s) stored in the local cache 117 for the person may
include an image received from one of the cameras 105A — 105F, an image sent to the image
analysis engine 130, and/or an image that was previously stored in the person database 132.
For example, the face tracker 115 may store the highest quality image for the person in the
local cache 117. In this way, if the person leaves the view of the cameras 105A — 105F and
returns, the person’s face can be identified in images captured after the person returns using
the image(s) of the person stored in the local cache 117 and without using the image analysis
engine 130, the person database 132, and the network 125.

[0040] In some implementations, the image analysis engine 130 can determine

whether one of the images received from the face tracker 115 is a highest quality image for

11



the person. For example, if one of the images of the person captured by a camera and sent to
the image analysis engine 130 is of a higher quality than the image(s) stored in the person
database, the image analysis engine 130 may update the person database 132 to include the
higher quality image in place or, or in addition to, the previously stored image(s) of the
person.

[0041] If the face of the person does not match a face depicted in an image stored in
the local cache 117 or in the person database 132, the image analysis system 130 may create
a new record for the unknown person in the person database 132. The image analysis system
132 can also notify the face tracker 115 that the person is unknown. In response, the face
tracker 115 can create a new record for the unknown person in the local cache 117 and
continue tracking the unknown person.

[0042] In some implementations, the face tracker 115 can identify a subset of people
to which a detected face is likely to belong based on one or more criteria. The face tracker
115 may compare the image that depicts the detected face to images of the identified people
instead of, or prior to, comparing the image to other images stored in the local cache 117.
For example, the face tracker 115 may first compare the image that depicts the detected face
to images stored in the local cache 117 that depicts the faces of the identified subset of
people. If the detected face does not match the face of a person in the identified subset of
people, the face tracker 115 may compare the image that depicts the detected face to other
images stored in the local cache 117. If no match is found in the local cache 117, the face
tracker 115 may send the image to the image analysis engine 130.

[0043] In one example, the face tracker 115 may consider the relative locations, or
relative field of view, of the cameras 105A — 105F and/or the direction of travel of one or
more person(s) identified in video streams of the cameras to identify a subset of people to
which the detected face may belong. For example, the cameras 105-D and 105-E have
overlapping fields of view. As the person 106 moves from position A to position B, the
person 106 may move into the field of view of the camera 105-E. As the person 106 has
been in the field of view of the camera 105-D, the face tracker 115 may have already
identified the person 106 and stored one or more images of the person in the local cache 117.
As the person 106 moves from position A to position B, the face tracker 115 can monitor the

person’s direction of travel and location. When the face of the person 106 is first detected in
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an image of the video stream received from the camera 105-E, the face tracker 115 can
determine that the detected person may be the person 106 based on the direction of travel of
the person 106 and the relative locations of the cameras 105-D and 105-E. In response, the
face tracker 115 may compare the face of the person depicted in one or more images received
from the camera 105-D to the face of the person 106 depicted in images stored in the local
cache 117 prior to comparing the received image(s) to images of other people.

[0044] Similarly, as the person 106 moves from position B to position C, the face
tracker 115 can determine that new faces detected in the video streams received from the
cameras 105-B and 105-F may be the person 106 based on the person’s direction of travel
and the relative locations of the cameras 105-E, 105-B, and 105-F. In response the face
tracker 115 may compare one or more images of the person 106 received from the cameras
105-B and 105-E to images of the person 106 stored in the local cache 117 prior to
comparing the received image(s) to images of other people.

[0045] In another example, the face tracker 115 may consider the amount of time
between a time at which a person left the view of one camera and entered the view of another
camera to identify a subset of people to which the detected face may belong. For example,
the cameras 105-D and 105-E may not have overlapping fields of view, but the field of view
may be close. In this example, as the person 106 moves from position A to position B, the
person 106 may leave the field of view of the camera 105-D before entering the field of view
of the camera 105-E. If the person 106 is first detected in an image of the video stream
received from the camera 105-E within a threshold amount of time after the person 106 was
last detected in an image of the video stream received from the camera 105-D, the face
tracker 115 can determine that the person detected in the video stream received from the
camera 105-E may be the person 106. In response, the face tracker 115 may the face
depicted of the person 106 depicted in one or more images received from the cameras 105-E
to the face of the person 106 depicted in one or more images stored in the local cache 116
prior to comparing the received image(s) to images of other people.

[0046] In another example, the face tracker 115 may consider the amount of time
between a time at which a person was last detected in an image of the video stream received
from one camera and a time at which a person was first detected in an image of the video

stream of the same camera to identify a subset of people to which the detected face may
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belong. For example, the person 106 may turn around such that the person’s face is no
longer detected in images of the video stream received from the camera. The person may
also walk out of the field of view of the camera and return to the field of view of the camera.
In these examples, the face tracker 115 may compare an image received from the camera and
that includes a face that was not identified in the previous image received from the camera to
images of people that were last detected in images received from the camera within a
threshold amount of time. For example, the face tracker 115 may compare the received
image to images of people that were detected in images received from the camera within the
last five minutes, in the last twenty minutes, or some other appropriate time period.

[0047] FIG. 2 is a flow diagram of an example process 200 for identifying a person
depicted in an image. The process 200 can be implemented by one or more computer
programs installed on one or more computing systems in one or more locations. The process
200 will be described as being performed by an appropriately programed system of one or
more computers, €.g., the face tracker 115 of FIG. 1.

[0048] The system receives an image from a camera (202). For example, the system
may receive a video stream from a camera that is part of a set of multiple cameras. The
video stream can include multiple image frames per second. The image may be one or the
image frames from the video stream.

[0049] The system detects a face of a person in the received image (204). For
example, the system may determine whether a face or multiple faces are depicted in each of
the image frames received from the camera. The system may use face detection techniques
based on edges, shapes, colors, and/or motion between multiple images to detect faces
depicted in the images. In some implementations, the system may detect a face that is not
currently being tracked by the system. For example, the system may track faces that have
previously been identified using a bounding box around each person or the face of each
person and by following moving pixels within the bounding box(es). The system may
identify a new face in the image that is not currently being tracked using the bounding boxes.
[0050] The system compares the detected face to faces depicted in images stored in a
local cache (206). For example, the system may compare features of the detected face to
features of faces depicted in images stored in the local cache. The local cache can include

images of people that were received from cameras of the set of cameras within a threshold
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amount of time from when the image that depicts the detected face was received. For
example, the local cache can include images received within an hour before the image that
depicts the detected face was received. As described above, the images stored in the local
cache may include one or more images of people that were previously identified. Thus, each
face depicted in an image stored in the local cache may be associated with, e.g., assigned to,
a person to which the face has previously been determined to belong.

[0051] In some implementations, the system selects a particular image from multiple
images of the detected face for comparison with the images stored in the local cache. For
example, the system may receive multiple images of the person’s face from the camera. The
system may select, from the multiple, images a highest quality image that includes a highest
quality depiction of the face of the person. In another example, the system may keep
collecting images of the person’s face until the system identifies an image that has at least a
threshold quality depiction of the face. The system may then select this quality image for
comparison with the images stored in the local cache.

[0052] The system determines whether the detected face matches a face depicted by
an image stored in the local cache based on the comparison (208). In some implementations,
the system determines whether a face matches another face based on a level of similarity
between the faces. For example, the system may determine that a face matches another face
if the level of similarity meets or exceeds a threshold level of similarity.

[0053] If the system determines that the detected face matches a face depicted by an
image stored in the local cache, the system may associate an identifier for the person with the
received image and/or with the face in the received image. For example, if multiple faces are
detected in the received image, the image may be associated with multiple people. In this
example, each face may be associated with a corresponding person. Subsequently, data
identifying the person(s) may be presented at a user interface. For example, the system may
display the video stream received from the camera within a user interface. The system may
also supplement the video stream with a box around the detected face and/or with data
identifying the person near the person’s face. Such identifying data for the person may not
have been displayed prior to determining the match, but may be automatically displayed

upon determining the match.
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[0054] If the system determines that the detected face does not match a face depicted
by an image stored in the local cache, the system selects a highest quality image of the face
(210). For example, the system may detect the face in multiple images after first detecting
the face in the received image. In a particular example, the system may track the face for a
particular amount of time, e.g., one minute, and collect images that depict the face over that
particular amount of time. From the collected images, the system may select the highest
quality image. As described above, the quality of each image can be based on a blur of the
person’s face in the image, lighting of the person’s face in the image, a quantity of shadows
on the face in the image, an angle of the face in the image, or other appropriate features of
the face in the image.

[0055] The system provides the highest quality image to a server system (212). For
example, the system may transmit the highest quality image to a server system that includes a
person database with images of multiple people and other data for the multiple people. The
person database may include images of many more people than the local cache. For example
the local cache may include images for a subset of the people that have images in the person
database. Each image in the person database may be associated with a person depicted in the
image.

[0056] The system receives, from the server system, data identifying the person
whose face is depicted in the highest quality image (214). For example, the server system
may compare the face depicted in the highest quality image to face depicted in images stored
in the person database. If there is a match, the server system can send data identifying the
person in the matching image to the system.

[0057] The system associates an identifier for the person, or other data identifying the
person, with the highest quality image and/or with the face depicted in the highest quality
image (216). In this way, the identifier or the data identifying the person can be presented in
the user interface with the video stream that depicts the person.

[0058] The system stores the highest quality image and the identifier or other data
identifying the person in the local cache (218). When the system detects faces in
subsequently received images, the system can compare the detected faces to the highest
quality image of the face. If there is a match, the identifier for the person can be associated

with the detected faces.
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[0059] FIG. 3 is a flow diagram of an example process 300 for identifying a person
depicted in an image. The process 300 can be implemented by one or more computer
programs installed on one or more computing systems in one or more locations. The process
300 will be described as being performed by an appropriately programed system of one or
more computers, e.g., the face tracker 115 of FIG. 1.

[0060] The system identifies a person depicted in an image received from a first
camera of a set of multiple cameras (302). The system may detect a face in the image and
compare the face to faces depicted in images of known people to identify the person. For
example, the system may identify the person using the example process 300 illustrated in
FIG. 3 and described above.

[0061] The system determines that the person is no longer visible in images captured
by the first camera (304). For example, the person may leave the field of view of the camera
or may turn away from the first camera such that the person’s face is no longer visible in
images received from the first camera. The system may determine that the person is no
longer visible in images captured by the first camera in response to not detecting the person’s
face in images received from the first camera over for at least a threshold amount of time.
[0062] The system receives, from a second camera different from the first camera, an
image that depicts a face (306). For example, the system may detect a face in the image that
was not depicted in a previous image received from the camera. In a particular example, a
person may turn to face the camera or walk into the field of view of the second camera.
[0063] The system determines that the face depicted in the image received from the
second camera may be the person identified in the image received from the first camera
(308). The system may make this determination based on the relative locations of the first
and second cameras. For example, if the two cameras are close, e.g., within a threshold
distance of each other, the person may have left the field of view of the first camera and
entered the field of view of the second camera.

[0064] The system may determine that the face depicted in the image received from
the second camera may be the person identified in the image received from the first camera
based on a time at which the face of the person was no longer visible in images captured by
the first camera and a time at which the image depicting the face was captured by the second

camera. For example, if the first camera is close to the second camera and the image that
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depicts the face was captured by the second camera within a threshold amount of time of the
person leaving the field of view of the first camera, the face may belong to the person that
left the field of view of the first camera.

[0065] The system may determine that the face depicted in the image received from
the second camera may be the person identified in the image received from the first camera
based on a direction of travel of the person and the relative locations of the cameras. For
example, the system may determine that the person is traveling in a direction that leaves the
field of view of the first camera and enters the field of view of the second camera. In this
example, the system may determine that the person that left the field of view of the first
camera and is no longer depicted in images received from the first camera may be the person
that entered the field of view of the second camera and is depicted in images received from
the second camera.

[0066] In response to determining that the face depicted in the image received from
the second camera may be the person identified in the image received from the first camera,
the system compares the face depicted in the image received from the second camera to the
face of the identified person depicted in an image of the identified person (310). For
example, the system may compare the face depicted in the image received from the second
camera to a highest quality image of the identified person or another image that depicts the
face of the identified person.

[0067] The system determines whether the face depicted in the image received from
the second camera matches the face of the identified person based on the comparison (312).
If the system determines that the faces match, an identifier for the person is assigned to the
image received from the second image and/or to the face depicted in the image received from
the second camera (314).

[0068] If the system determines that the images do not match, the system compares
the face depicted in the image received from the second camera to faces of other people
(316). For example, the system may compare the face depicted in the image received from
the second camera faces depicted in images stored in a local cache and/or images stored in a
person database to identify the person depicted in the image, as described above.

[0069] Embodiments of the subject matter and the functional operations described in

this specification can be implemented in digital electronic circuitry, in tangibly-embodied
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computer software or firmware, in computer hardware, including the structures disclosed in
this specification and their structural equivalents, or in combinations of one or more of them.
Embodiments of the subject matter described in this specification can be implemented as one
or more computer programs, i.e., one or more modules of computer program instructions
encoded on a tangible non-transitory program carrier for execution by, or to control the
operation of, data processing apparatus. Alternatively or in addition, the program
instructions can be encoded on an artificially-generated propagated signal, e.g., a machine-
generated electrical, optical, or electromagnetic signal, that is generated to encode
information for transmission to suitable receiver apparatus for execution by a data processing
apparatus. The computer storage medium can be a machine-readable storage device, a
machine-readable storage substrate, a random or serial access memory device, or a
combination of one or more of them.

[0070] The term “data processing apparatus” refers to data processing hardware and
encompasses all kinds of apparatus, devices, and machines for processing data, including by
way of example a programmable processor, a computer, or multiple processors or computers.
The apparatus can also be or further include special purpose logic circuitry, e.g., an FPGA
(field programmable gate array) or an ASIC (application-specific integrated circuit). The
apparatus can optionally include, in addition to hardware, code that creates an execution
environment for computer programs, e.g., code that constitutes processor firmware, a
protocol stack, a database management system, an operating system, or a combination of one
or more of them.

[0071] A computer program, which may also be referred to or described as a
program, software, a software application, a module, a software module, a script, or code,
can be written in any form of programming language, including compiled or interpreted
languages, or declarative or procedural languages, and it can be deployed in any form,
including as a stand-alone program or as a module, component, subroutine, or other unit
suitable for use in a computing environment. A computer program may, but need not,
correspond to a file in a file system. A program can be stored in a portion of a file that holds
other programs or data, e.g., one or more scripts stored in a markup language document, in a
single file dedicated to the program in question, or in multiple coordinated files, e.g., files

that store one or more modules, sub-programs, or portions of code. A computer program can

19



be deployed to be executed on one computer or on multiple computers that are located at one
site or distributed across multiple sites and interconnected by a communication network.
[0072] The processes and logic flows described in this specification can be performed
by one or more programmable computers executing one or more computer programs to
perform functions by operating on input data and generating output. The processes and logic
flows can also be performed by, and apparatus can also be implemented as, special purpose
logic circuitry, e.g., an FPGA (field programmable gate array) or an ASIC
(application-specific integrated circuit).

[0073] Computers suitable for the execution of a computer program include, by way
of example, general or special purpose microprocessors or both, or any other kind of central
processing unit. Generally, a central processing unit will receive instructions and data from a
read-only memory or a random access memory or both. The essential elements of a
computer are a central processing unit for performing or executing instructions and one or
more memory devices for storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or transfer data to, or both, one or
more mass storage devices for storing data, e.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices. Moreover, a computer can be
embedded in another device, e.g., a mobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a Global Positioning System (GPS) receiver,
or a portable storage device, e.g., a universal serial bus (USB) flash drive, to name just a few.
[0074] Computer-readable media suitable for storing computer program instructions
and data include all forms of non-volatile memory, media and memory devices, including by
way of example semiconductor memory devices, e.g., EPROM, EEPROM, and flash
memory devices; magnetic disks, e.g., internal hard disks or removable disks;
magneto-optical disks; and CD-ROM and DVD-ROM disks. The processor and the memory
can be supplemented by, or incorporated in, special purpose logic circuitry.

[0075] To provide for interaction with a user, embodiments of the subject matter
described in this specification can be implemented on a computer having a display device,
e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor, for displaying
information to the user and a keyboard and a pointing device, e.g., a mouse or a trackball, by

which the user can provide input to the computer. Other kinds of devices can be used to
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provide for interaction with a user as well; for example, feedback provided to the user can be
any form of sensory feedback, e.g., visual feedback, auditory feedback, or tactile feedback;
and input from the user can be received in any form, including acoustic, speech, or tactile
input. In addition, a computer can interact with a user by sending documents to and
receiving documents from a device that is used by the user; for example, by sending web
pages to a web browser on a user’s device in response to requests received from the web
browser.

[0076] Embodiments of the subject matter described in this specification can be
implemented in a computing system that includes a back-end component, e.g., as a data
server, or that includes a middleware component, e.g., an application server, or that includes
a front-end component, e.g., a client computer having a graphical user interface or a Web
browser through which a user can interact with an implementation of the subject matter
described in this specification, or any combination of one or more such back-end,
middleware, or front-end components. The components of the system can be interconnected
by any form or medium of digital data communication, e.g., a communication network.
Examples of communication networks include a local area network (LAN) and a wide area
network (WAN), e.g., the Internet.

[0077] The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the
respective computers and having a client-server relationship to each other. In some
embodiments, a server transmits data, e.g., an HTML page, to a user device, e.g., for
purposes of displaying data to and receiving user input from a user interacting with the user
device, which acts as a client. Data generated at the user device, e.g., a result of the user
interaction, can be received from the user device at the server.

[0078] An example of one such type of computer is shown in FIG. 4, which shows a
schematic diagram of a generic computer system 400. The system 400 can be used for the
operations described in association with any of the computer-implemented methods
described previously, according to one implementation. The system 400 includes a processor
410, a memory 420, a storage device 430, and an input/output device 440. Each of the
components 410, 420, 430, and 440 are interconnected using a system bus 450. The
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processor 410 is capable of processing instructions for execution within the system 400. In
one implementation, the processor 410 is a single-threaded processor. In another
implementation, the processor 410 is a multi-threaded processor. The processor 410 is
capable of processing instructions stored in the memory 420 or on the storage device 430 to
display graphical information for a user interface on the input/output device 440.

[0079] The memory 420 stores information within the system 400. In one
implementation, the memory 420 is a computer-readable medium. In one implementation,
the memory 420 is a volatile memory unit. In another implementation, the memory 420 is a
non-volatile memory unit.

[0080] The storage device 430 is capable of providing mass storage for the system
400. In one implementation, the storage device 430 is a computer-readable medium. In
various different implementations, the storage device 430 may be a floppy disk device, a hard
disk device, an optical disk device, or a tape device.

[0081] The input/output device 440 provides input/output operations for the system
400. In one implementation, the input/output device 440 includes a keyboard and/or pointing
device. In another implementation, the input/output device 440 includes a display unit for
displaying graphical user interfaces.

[0082] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of what may be claimed, but rather as
descriptions of features that may be specific to particular embodiments. Certain features that
are described in this specification in the context of separate embodiments can also be
implemented in combination in a single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be implemented in multiple
embodiments separately or in any suitable subcombination. Moreover, although features
may be described above as acting in certain combinations and even initially claimed as such,
one or more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or variation
of a subcombination.

[0083] Similarly, while operations are depicted in the drawings in a particular order,
this should not be understood as requiring that such operations be performed in the particular

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

[0084] Particular embodiments of the subject matter have been described. Other
embodiments are within the scope of the following claims. For example, the actions recited
in the claims can be performed in a different order and still achieve desirable results. As one
example, the processes depicted in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve desirable results. In some cases,
multitasking and parallel processing may be advantageous.

[0085] What is claimed is:
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CLAIMS

1. A computer-implemented method comprising:

receiving, by a computing system, a first image from a first camera of a set of one or
more cameras;

detecting, in the first image, a face of a first person;

comparing, by the computing system, the first image to a set of images stored in a
local cache of the computing system, the set of images including images of one or more
persons, wherein the one or more cameras captured the images of the set of images;

determining, based on the comparison, whether the face of the first person matches a
face of a person depicted by at least one image of the set of images; and

in response to determining that the face of the first person does not match a face of a
person depicted by at least one image of the set of images:

selecting, by the computing system and from one or more images of the first

person, a highest quality image that includes a highest quality depiction of the face of the

first person, the one or more images including the first image;

providing the highest quality image to a server system that stores data for
multiple people, wherein the server system compares the highest quality image to images
from the data for the multiple people to identify the first person, wherein the server system is
separate from the local cache of the computing system; and

receiving, by the computing system and from the server system, data that

identiflies the first person.

2. The method of claim 1, further comprising:
associating an identifier for the first person with the highest quality image; and

storing the highest quality image in the local cache as part of the set of images.

3. The method of claim 1, further comprising:
receiving by the computing system, a second image of the first person;
detecting, by the computing system, a face in the second image;
comparing, by the computing system, the second image to the set of images;

determining, by the computing system, that the face in the second image matches the
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face of the first person depicted in the highest quality image; and
in response to determining that the face in the second image matches the face of the
first person depicted in the highest quality image, associating the identifier for the first

person with the second image without providing the second image to the server system.

4. The method of claim 1, wherein each image of the set of images depicts a person for
which the computing system has received, from the server system, data that identifies the

person depicted by the image in response to the image being provided to the server system.

5. The method of claim 1, further comprising:

determining that the face of the first person is no longer visible in images captured by
the first camera;

receiving, from a second camera of the one or more cameras, a second image that
depicts a face that was not visible in images captured by the second camera within a
threshold amount of time prior to the second image being captured;

determining, based at least on relative locations of the first camera and the second
camera, that the face depicted by the second image may be the face of the first person;

comparing the second image to one or more images of the face of the first person;

determining, based on the comparison of the second image to one or more images of
the face of the first person, that the face depicted by the second image matches the face of the
first person; and

assigning an identifier for the first person to the second image.

6. The method of claim 5, wherein determining, based at least on relative locations of
the first camera and the second camera, that the face depicted by the second image may be
the face of the first person further comprises determining that the face depicted by the second
image may be the face of the first person based on a time at which the face of the first person
became no longer visible in images captured by the first camera and a time at which the

second image was captured.
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7. The method of claim 5, wherein determining, based at least on relative locations of
the first camera and the second camera, that the face depicted by the second image may be
the face of the first person further comprises determining that the face depicted by the second
image may be the face of the first person based on a travel direction of the first person with

respect to a location of the first camera and a location of the second camera.

8. The method of claim 1, wherein selecting the highest quality image comprises:
identifying multiple images of the first person; and

determining the highest quality image from among the multiple images.

9. The method of claim 1, wherein the highest quality image is an image that has at least

a threshold quality depiction of the face of the first person.

10. A system, comprising:
a data processing apparatus; and
a memory storage apparatus in data communication with the data processing
apparatus, the memory storage apparatus storing instructions executable by the data
processing apparatus and that upon such execution cause the data processing apparatus to
perform operations comprising:
receiving, by a computing system, a first image from a first camera of a set of
one or more cameras;
detecting, in the first image, a face of a first person;
comparing, by the computing system, the first image to a set of images stored
in a local cache of the computing system, the set of images including images of one or more
persons, wherein the one or more cameras captured the images of the set of images;
determining, based on the comparison, whether the face of the first person
matches a face of a person depicted by at least one image of the set of images; and
in response to determining that the face of the first person does not match a
face of a person depicted by at least one image of the set of images:
selecting, by the computing system and from one or more images of

the first person, a highest quality image that includes a highest quality depiction of the face
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of the first person, the one or more images including the first image;

providing the highest quality image to a server system that stores data
for multiple people, wherein the server system compares the highest quality image to images
from the data for the multiple people to identify the first person, wherein the server system is
separate from the local cache of the computing system; and

receiving, by the computing system and from the server system, data

that identifies the first person.

11.  The system of claim 10, wherein the operations comprise:
associating an identifier for the first person with the highest quality image; and

storing the highest quality image in the local cache as part of the set of images.

12. The system of claim 10, wherein the operations comprise:

receiving by the computing system, a second image of the first person;

detecting, by the computing system, a face in the second image;

comparing, by the computing system, the second image to the set of images;

determining, by the computing system, that the face in the second image matches the
face of the first person depicted in the highest quality image; and

in response to determining that the face in the second image matches the face of the
first person depicted in the highest quality image, associating the identifier for the first

person with the second image without providing the second image to the server system.

13. The system of claim 10, wherein each image of the set of images depicts a person for
which the computing system has received, from the server system, data that identifies the

person depicted by the image in response to the image being provided to the server system.

14. The system of claim 10, wherein the operations comprise:

determining that the face of the first person is no longer visible in images captured by
the first camera;

receiving, from a second camera of the one or more cameras, a second image that
depicts a face that was not visible in images captured by the second camera within a

threshold amount of time prior to the second image being captured;
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determining, based at least on relative locations of the first camera and the second
camera, that the face depicted by the second image may be the face of the first person;

comparing the second image to one or more images of the face of the first person;

determining, based on the comparison of the second image to one or more images of
the face of the first person, that the face depicted by the second image matches the face of the
first person; and

assigning an identifier for the first person to the second image.

15.  The system of claim 14, wherein determining, based at least on relative locations of
the first camera and the second camera, that the face depicted by the second image may be
the face of the first person further comprises determining that the face depicted by the second
image may be the face of the first person based on a time at which the face of the first person
became no longer visible in images captured by the first camera and a time at which the

second image was captured.

16.  The system of claim 14, wherein determining, based at least on relative locations of
the first camera and the second camera, that the face depicted by the second image may be
the face of the first person further comprises determining that the face depicted by the second
image may be the face of the first person based on a travel direction of the first person with

respect to a location of the first camera and a location of the second camera.

17.  The system of claim 10, wherein selecting the highest quality image comprises:
identifying multiple images of the first person; and

determining the highest quality image from among the multiple images.

18. A computer program product, encoded on one or more non-transitory computer
storage media, comprising instructions that when executed by one or more computers cause
the one or more computers to perform operations comprising:

receiving, by a computing system, a first image from a first camera of a set of one or
more cameras;

detecting, in the first image, a face of a first person;
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comparing, by the computing system, the first image to a set of images stored in a
local cache of the computing system, the set of images including images of one or more
persons, wherein the one or more cameras captured the images of the set of images;

determining, based on the comparison, whether the face of the first person matches a
face of a person depicted by at least one image of the set of images; and

in response to determining that the face of the first person does not match a face of a
person depicted by at least one image of the set of images:

selecting, by the computing system and from one or more images of the first
person, a highest quality image that includes a highest quality depiction of the face of the
first person, the one or more images including the first image;

providing the highest quality image to a server system that stores data for
multiple people, wherein the server system compares the highest quality image to images
from the data for the multiple people to identify the first person, wherein the server system is
separate from the local cache of the computing system; and

receiving, by the computing system and from the server system, data that

identifies the first person.

19.  The computer program product of claim 18, wherein the operations comprise:
associating an identifier for the first person with the highest quality image; and

storing the highest quality image in the local cache as part of the set of images.

20.  The computer program product of claim 18, wherein the operations comprise:
receiving by the computing system, a second image of the first person;
detecting, by the computing system, a face in the second image;
comparing, by the computing system, the second image to the set of images;
determining, by the computing system, that the face in the second image matches the
face of the first person depicted in the highest quality image; and
in response to determining that the face in the second image matches the face of the
first person depicted in the highest quality image, associating the identifier for the first

person with the second image without providing the second image to the server system.
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