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(57) ABSTRACT 

A perimeter around a detected object in a frame of image data 
can be generated in a first coordinate system. The perimeter 
can be converted from the first coordinate system into a sec 
ond coordinate system having the same aspect ratio as the first 
coordinate system. A first metadata entry can include dimen 
sions of image data in the second coordinate system. A second 
metadata entry can provide a location and dimensions of the 
converted perimeter in the second coordinate space. Addi 
tional metadata can indicate matching objects between 
frames, position of an object relative to other objects in a 
frame, a probability that an object is correctly detected, and a 
total number of objects detected across multiple frames of 
image data. 
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OBJECT DETECTION METADATA 

FIELD OF THE INVENTION 

0001 Embodiments of the invention are generally 
directed toward object detection metadata. 

BACKGROUND 

0002 Cameras and other computing devices are increas 
ingly able to pick out the location(s) of objects in photographs 
and frames of video data. For example, Some computing 
devices can pick out the location(s) of faces (e.g., human 
faces). Face detection is the process of determining that a face 
(e.g., human face) appears at a location in still or video image 
data. Face matching is the process of determining a likelihood 
that a face detected in one image frame is the same as a face 
detected in another image frame. A third process is face 
identification, which is the process of identifying a face by 
name or other identifier of the face detected. 

SUMMARY 

0003. In one embodiment, object detection metadata is 
generated. A perimeter around a detected object in a frame of 
image data is generated in a first coordinate system. The 
perimeter is converted from the first coordinate system into a 
second coordinate system having the same aspect ratio as the 
first coordinate system. A first metadata entry is generated 
that includes dimensions of the second coordinate system. A 
second metadata entry is generated including information 
defining a location of the detected object and dimensions of 
the converted perimeter in the second coordinate space. 
0004. In another embodiment, the object detection meta 
data entry includes a third metadata entry including a location 
and converted perimeter of an additional detected object. The 
second metadata entry and the third metadata entry may 
include a layering value. The layering values indicate whether 
the detected object of the second metadata entry is closer or 
farther away from a camera than the additional detected 
object of the third metadata entry. 
0005. In still another embodiment, the second metadata 
entry of the first frame of image data includes a matching 
value, which may be a unique index value assigned to the 
detected object. If the object is detected in a different frame of 
image data, a metadata entry corresponding to the different 
frame of image data and indicating the location of the object 
in the different frame of metadata may include the same 
unique index value to indicate that the two detected objects 
are the same object. 
0006. In another embodiment, the second metadata entry 
includes a detected object weighting. This weighting indi 
cates a probability that the detected object is in fact the 
detected object. For example, the detected object weighting 
may provide a probability that a detected object is in fact a 
human face. 

0007. In yet another embodiment, the second metadata 
entry includes a matching object weighting. The matching 
object weighting indicates a probability that two matching 
objects are in fact the same object. For example, the matching 
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object weighting may provide a probability that two detected 
objects in different image frames correspond to the face of the 
same person. 

DESCRIPTION OF THE DRAWINGS 

0008. The present invention is illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings in which like references indicate similar elements. 
0009 FIG. 1 is a diagram illustrating an object detection 
perimeter according to an embodiment of the invention; 
0010 FIG. 2 is a diagram illustrating overlapping object 
detection perimeters according to an embodiment of the 
invention; 
0011 FIG. 3 is a diagram illustrating object matching 
between frames according to an embodiment of the invention; 
0012 FIG. 4 is a flow chart illustrating a method of gen 
erating object detection metadata according to an embodi 
ment of the invention; 
(0013 FIG. 5 is a flow chart illustrating a method of 
extracting object detection metadata according to an embodi 
ment of the invention; 
0014 FIG. 6 is a flow chart illustrating a method of trans 
mitting object detection metadata according to an embodi 
ment of the invention; 
0015 FIG. 7 is a flow chart illustrating object layering 
according to an embodiment of the invention; 
0016 FIG. 8 is a flow chart illustrating object matching 
according to an embodiment of the invention; 
0017 FIG. 9 is a diagram illustrating object detection 
metadata formats according to an embodiment of the inven 
tion; 
0018 FIG. 10 is a diagram of a data processing system that 
may be used with embodiments of the invention; 
0019 FIG. 11 is a diagram of a device that may be used 
with embodiments of the invention; 
0020 FIG. 12 is a flow chart illustrating a method of 
searching an index of object detection metadata according to 
an embodiment of the invention; and 
0021 FIG. 13 is a diagram illustrating a relationship 
between a track of image data and a track of object detection 
metadata. 

DETAILED DESCRIPTION 

0022 Various embodiments and aspects of the inventions 
will be described with reference to details discussed below, 
and the accompanying drawings will illustrate the various 
embodiments. The following description and drawings are 
illustrative of the invention and are not to be construed as 
limiting the invention. Numerous specific details are 
described to provide a thorough understanding of various 
embodiments of the present invention. However, in certain 
instances, well-known or conventional details are not 
described in order to provide a concise discussion of embodi 
ments of the present inventions. 
0023. In one embodiment, object detection metadata 
describes the location of objects in photographs, video 
frames, and other image data. The object detection metadata 
may be stored as clip-based metadata associated with still or 
Video image data, or as timed metadata associated with a 
Video track. Timed metadata may be stored in a metadata 
track associated with a video track. In one embodiment, the 
metadata track and video track can be generated in accor 
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dance with the QuickTime File Format developed by Apple 
Inc. of Cupertino, Calif., or in accordance with other file 
formats. 
0024. In one embodiment, object detection metadata can 
include face detection metadata, which can include metadata 
for human or animal faces. In other embodiments, object 
detection metadata can include metadata for other objects 
detectable in the image data, such as automobiles, license 
plates on automobiles, or any other detectable objects. Dif 
ferent detection techniques may be used to detect different 
objects. For example, one technique may be better Suited to 
detecting human faces, whereas another technique may be 
better suited to detecting non-facial objects. While the 
description below illustratively applies some embodiments of 
the present invention to face detection metadata, it will be 
apparent to one of ordinary skill in the art that the present 
invention also can be applied to other object detection meta 
data as well. 
0025 FIG. 1 is a diagram illustrating an object detection 
perimeter according to an embodiment of the invention. In 
one embodiment, the location of each face in a frame of image 
data may be described with a simple rectangle. The top-left 
corner, width, and height of the rectangle may be stored in the 
face detection metadata, which may be referred to as a 
detected-object or detected-face entry. Detected-face entries 
are described in greater detail below in conjunction with FIG. 
9. Setup information may include the visual dimensions of the 
frame in pixel-independent, equally-spaced units. In other 
embodiments, the location of object(s) in a frame of image 
data may be described with a perimeter of a different shape. 
0026. The image illustrated in FIG. 1 has dimensions 
height 113 and width 111. Face detection rectangle 105 has 
dimensions of height 109 and width 107 and an initial point 
101. Face detection rectangle 105 bounds face 103. The 
image may be original image data that is scanned for faces, 
resulting in the generation of face detection rectangle 105. In 
one embodiment, the dimensions of the image and the rect 
angle are expressed in pixel-independent coordinates. The 
pixel-independent coordinates may be chosen to give an 
approximate indication of the precision of the determination 
of the face detection process. For example, if the image data 
has an aspect ratio of 4:3 and the pixel-independent coordi 
nates are set up as 100:75, then the indication is that the 
rectangles should be placed within approximately 1 part in 
100 accuracy (i.e., accurate to within 1% of the video dimen 
sions). The indication may be an approximation. 
0027. In one embodiment, to identify the actual pixel val 
ues of the face detection rectangle, the dimensions and top 
left corner of the rectangle are re-scaled to take into account 
both the actual size of the image frame and the pixel aspect 
ratio used in the image frame. In some embodiments, the 
actual visual aspect ratio of the image frame differs from the 
aspect ratio of the setup dimensions. This indicates that the 
image data may have been processed (e.g., cropping, rotation, 
etc.) without considering the face detection metadata. In these 
embodiments, the face detection rectangles may be consid 
ered unreliable. 
0028 FIG. 2 is a diagram illustrating overlapping object 
detection perimeters according to an embodiment of the 
invention. Objects detected in the image data may overlap. If 
the object detection process can determine which object is 
further from the camera, it may assign the further perimetera 
higher layer number. Layer Zero may be used as a default 
layer. For example, face 201 is in front of face 205 based on 
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the position of the camera that captured the image. In one 
embodiment, the layering of faces one on top of the other due 
to the camera position is detected. In this embodiment, face 
detection rectangle 203 is assigned to a layer above the layer 
to which face rectangle 207 is assigned. 
0029 FIG. 3 is a diagram illustrating object matching 
between frames according to an embodiment of the invention. 
Frame 301 and frame 309 may be frames of video data at 
different points in time. For example, frame 301 may occurat 
time X, while frame 309 occurs at time X+1. Face 303 is 
detected in frame 301 to the left of sign 307 and face 311 is 
detected in frame 309 to the right of the sign 307. In one 
embodiment, after face detection is complete, frame 301 is 
associated with face detection rectangle 305, while frame 309 
is associated with face detection rectangle 313. In this 
embodiment, face recognition processing occurs in which 
faces between frames are compared to determine a likelihood 
that the same face occurs in different frames. If the likelihood 
exceeds a threshold, it may be assumed that face 311 is the 
same face as face 303. 
0030 FIG. 4 is a flow chart illustrating a method of gen 
erating object detection metadata according to an embodi 
ment of the invention. For example, at block 401, the method 
performs face detection on at least one frame of image data, 
such as video data from a camcorder. At block 403, the 
method generates a rectangle around a detected face using 
pixel coordinates. That is, the initial point of the rectangle and 
the dimensions of the rectangle are measured in pixels rela 
tive to the image frame itself. 
0031. At block 405, the pixel-based rectangle is converted 
into a pixel-independent space. The dimensions of the pixel 
independent space may be selected Such that the aspect ratio 
of the pixel-independent space matches the aspect ratio of the 
image data. For example, if the image data is 640 pixels by 
320 pixels, then the aspect ratio is the width divided by the 
height, which would result in an aspect ratio of 2:1. The 
pixel-independent space may be 120 units by 60 units in order 
to have the same aspect ratio. 
0032. At block 407, the method generates a face-setup 
entry specifying the dimensions of the frame of image data in 
the pixel-independent space. Face-setup entries are described 
in greater detail below in conjunction with FIG. 9. At block 
409, the method generates a detected-face entry specifying 
the location of the face in the at least one frame of image data 
in the pixel-independent space. Detected-face entries are 
described in greater detail below in conjunction with FIG. 9. 
0033 Detection metadata for other objects in an image 
also can be generated in accordance with the process illustra 
tively described with respect to FIG. 4. Face detection meta 
data is merely one example of an object detection metadata 
that can be generated. 
0034 FIG. 5 is a flow chart illustrating a method of 
extracting object detection metadata according to an embodi 
ment of the invention. For example, at block 501, the method 
extracts a face-setup entry from a metadata track correspond 
ing to a frame of image data. The face-setup entry indicates 
how many faces have been detected in the image data and the 
pixel-independent dimensions of the image data. 
0035. At block 503, the method determines the pixel 
dimensions of the frame of image data. The aspect ratio of the 
pixel-independent dimensions from the face-setup entry is 
compared to the aspect ratio of the image data at decision 505. 
If the aspect ratios do not match, the method transitions to 
block 511 and determines that the face detection coordinates 
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may be unreliable. For example, the image data may be 
resized in a way that changes the aspect ratio. The image data 
may have been modified from a widescreen format to a stan 
dard format. This modification changes the aspect ratio of the 
video data. The position of the face detection rectangle 
depends on the aspect ratio of the original image data. If the 
aspect ratio of the image data changes, the position of the face 
detection rectangle becomes unreliable and may be dis 
carded. 

0036. If the aspect ratios of the image data and the face 
setup entry match, or are Substantially similar, the method 
extracts a detected-face entry from the metadata track corre 
sponding to the frame of image data at block 507. The 
detected-face entry describes a particular face detected in the 
image data and is described in greater detail below in con 
junction with FIG. 9. At block 509, the method scales coor 
dinates of the detected face metadata using the image size 
extracted at block 503. Scaling is used to obtain pixel coor 
dinates of the face detection rectangle relative to the frame of 
image data. 
0037 For example, the original image data may be 640 
pixels by 480 pixels. The object detection method illustrated 
in FIG. 4 may be performed on the original image data to 
obtain the face detection rectangles. The resulting pixel-in 
dependent dimensions and coordinates of the face detection 
rectangle would correspond to the aspect ratio of the original 
image data. Subsequently, the image data may be resized in a 
way that preserves the aspect ratio. For example, the image 
data may be reduced from 640 pixels by 480 pixels to 320 
pixels by 240 pixels. The aspect ratio remains the same, but 
the amount of image data is reduced, perhaps to facilitate 
streaming the image data over a low bandwidth connection 
(e.g., when the image data includes video data). The pixel 
coordinates of the face in the image data and its correspond 
ing face detection rectangle change due to the reduced image 
size. By rescaling the rectangle based on the current size of 
the image data, the face detection rectangle accurately locates 
the face in the resized image data. 
0038. Detection metadata for other objects in an image 
also can be extracted in accordance with the process illustra 
tively described with respect to FIG. 5. Face detection meta 
data is merely one example of an object detection metadata 
that can be extracted. 

0039 FIG. 6 is a flow chart illustrating a method of trans 
mitting object detection metadata according to an embodi 
ment of the invention. For example, at block 601, the method 
performs face detection on frames of image data. This image 
data may be data originally captured by a video camera, or the 
image data may have been previously modified from its origi 
nal form. At block 603, the method generates face detection 
metadata including a face-setup entry and a plurality of 
detected-face entries. Each detected-face entry corresponds 
to a face detected in a frame of the image data, while the 
face-setup entry specifies the pixel-independent dimensions 
of the image data and may include a value indicating how 
many faces were detected in the image data. 
0040. At block 605, the method adds a metadata track to 
the image data (e.g., video data). The added track includes the 
generated face detection metadata. In one embodiment, the 
face-setup entry is the first element in the added metadata 
track. At block 607, the method transmits the image data, 
including the added metadata track. For example, the image 
data may be streamed to a remote client. Alternatively, the 
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image data may be downloaded to a remote client and then 
played locally on the remote client. 
0041 At block 611, the method receives the transmitted 
image data, for example, at the remote client. At block 613, 
the method extracts the face detection metadata from the 
received image data, for example, during playback of the 
image data. At block 615, the method scales coordinates from 
the face detection metadata using the dimensions of the 
received image data to provide accurate pixel coordinates of 
the face detection rectangles. 
0042. In one embodiment, the method illustrated in FIG. 6 
is performed by more than one device. For example, blocks 
601-607 can be performed by a first device and blocks 611 
615 can be performed by a second device. In another embodi 
ment, a single device consumes the object detection metadata 
that it generates. Devices may be specialized so that they only 
store and/or server object detection metadata and/or associ 
ated image data. 
0043. Detection metadata for other objects in an image 
also can be transmitted in accordance with the process illus 
tratively described with respect to FIG. 6. Face detection 
metadata is merely one example of an object detection meta 
data that can be transmitted. 
0044 FIG. 7 is a flow chart illustrating object layering 
according to an embodiment of the invention. For example, 
multiple faces may be layered in an image frame as illustrated 
in FIG. 2. For example, a person may be standing in front of 
another person relative to the image capturing device. In one 
embodiment, the faces may be assigned to different layers. 
The ordering of the layers may indicate whether one face is 
closer to the camera than another face in the same frame. 
0045. At block 701, the method identifies a first face and a 
second face in the same frame of image data. In one embodi 
ment, this identification occurs as part of the face detection in 
the image data. At block 703, the method determines that the 
first face is farther away from the camera than the second face 
using techniques known in the art. 
0046. At block 705, the method assigns the first face a 
higher layer index than the second face since the first face is 
farther away than the second face, or vice versa. At block 707, 
the method stores a first detected-face entry and a second 
detected-face entry in the metadata corresponding to the cur 
rent frame of image data. Detected-face entries are described 
in greater detail below in conjunction with FIG. 9. 
0047 Detection metadata for other objects in an image 
also can be processed in accordance with the process illustra 
tively described with respect to FIG. 7. Face detection meta 
data is merely one example of an object detection metadata. 
0048 FIG. 8 is a flow chart illustrating object matching 
according to an embodiment of the invention. For example, 
face matching may be performed after face detection is com 
pleted or while face detection is proceeding. Face matching 
determines if a face detected in a first frame is the same face 
as is detected in a second frame as illustrated in FIG. 3. Face 
matching may enable faces to be tracked from frame to frame. 
0049. At block 801, the method identifies a first face in a 

first frame of image data. At block 803, the method assigns a 
face index value to the first face in metadata corresponding to 
the first frame of image data. This metadata may be a 
detected-face entry. In one embodiment, as each new face is 
detected, the face is compared to previous faces using face 
recognition techniques known in the art and assigned the 
same face index if a match is found. In an alternate embodi 
ment, each face is assigned an index value during a face 
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detection process, and a Subsequent face matching process 
determines if detected faces are the same face across different 
frames. 
0050. At block 805, the method identifies a second face in 
a second frame of image data and at block 807 determines that 
the first face in the first frame matches the second face in the 
second frame. In one embodiment, a face matching process 
generates a confidence value indicating how likely it is that 
the two detected faces correspond to the same “real face. 
That is, each individual has a face. That face may be captured 
in two or more frames. Each frame that captures the face 
includes a detected face. The confidence value indicates a 
likelihood that two detected faces correspond to the same 
individual's face. Two faces may be considered as “match 
ing” if the confidence value exceeds a predetermined thresh 
old or compares in a predetermined manner to a predeter 
mined threshold. The threshold value may be modified by a 
user or administrator. At block 811, the method assigns the 
same face index value to the second face in the metadata 
corresponding to the second frame of image data if the faces 
match. 
0051 Detection metadata for other objects in an image 
also can be processed in accordance with the process illustra 
tively described with respect to FIG.8. Face detection meta 
data is merely one example of an object detection metadata. 
0052 FIG. 9 is a diagram illustrating object detection 
metadata formats according to an embodiment of the inven 
tion. Object-setup entry 901 provides one example of a face 
setup entry and can include a max-id, a width, and a height. 
The max-id indicates the highest face-idassigned during the 
face detection. In this example, the max-idis 7, indicating that 
seven faces were detected during face detection. In an 
embodiment in which face detection and face matching are 
interleaved, max-id may indicate the number of unique faces 
detected. In an embodiment in which face matching occurs 
after face detection, max-id may indicate a total number of 
faces detected and not indicate whether one or more match. 
Width and height of face-setup entry 901 indicates the pixel 
independent dimensions of the image data. In one embodi 
ment, the aspect ratio of the pixel-independent dimensions 
always matches the aspect ratio of the original image data. 
0053 Detected-object entry 903 provides one example of 
a detected-face entry in a metadata track of image data. X and 
Y can correspond to the coordinates of the upper left-hand 
corner of a face detection rectangle as measured in pixel 
independent coordinates. The width and height correspond to 
the width and height of the face detection rectangle as mea 
Sured in the pixel-independent coordinates. ID is a numeric 
identifier assigned to the particular face described by 
detected-face entry903. Layer corresponds to the layer index 
described above with respect to FIGS. 2 and 7. In another 
embodiment, the object perimeter may be a circle or oval. In 
this embodiment, a radii of the circle or oval and a centerpoint 
may be stored rather than a top-left coordinate and a width 
and height. The radii and center point provide a location and 
dimensions of the object perimeter. Other shapes may also be 
used. In still another embodiment, the location and dimen 
sions of the object perimeter may be specified using coordi 
nates (e.g., a top-left corner and a bottom-right corner, rather 
than a top-left corner and a width and height.) 
0054 DetectWeight can be a confidence value having a 
range of values (e.g., between 0 and 255). DetectWeight 
indicates the likelihood that the object detection perimeter 
described by the detected-object entry contains an object that 
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we wish to detect (e.g., a face). In this example, the Detect 
Weight value is 243, which can indicate a strong likelihood 
that the face detection rectangle contains a face. In one 
embodiment, the DetectWeight is compared to a predeter 
mined threshold. If the DetectWeight is less than the thresh 
old, no detected-face entry is generated for the detected face. 
The threshold may be modified by a user or administrator. 
0055 MatchWeight can be another element of detected 
object entry903. MatchWeight can be a value within a range 
(e.g., between 0 and 255) that indicates the likelihood that the 
object (e.g., a face) described by detected-object entry903 is 
the same as the other detected-object entries using the same 
object ID. 
0056. In one embodiment, object detection is performed 
on image data and the resulting object detection metadata can 
be stored as clip-based image data or as time-based metadata. 
In time-based metadata, each detected-object entry applies to 
one or more temporally aligned frames of video data. If the 
duration of a detected-object entry spans more than one video 
frame, it may be the correct entry for one of the frames, and 
“appropriate' for the other frames. Generally, the entry is 
most precise for the first temporally aligned video frame. In 
another embodiment, after object detection is performed on 
the video data, the video data is processed to reduce the frame 
rate. In this case, more than one detected-object entry may 
correspond, time-wise, to the same frame of video data. In 
this case, the first detected-object entry may be considered the 
most descriptive. 
0057 FIG. 10 shows one example of a data processing 
system, which may be used with one embodiment the present 
invention. Note that while FIG. 10 illustrates various compo 
nents of a computer system, it is not intended to represent any 
particular architecture or manner of interconnecting the com 
ponents as Such details are not germane to the present inven 
tion. It will also be appreciated that network computers, tablet 
computers, and other data processing systems which have 
fewer components or perhaps more components may also be 
used with the present invention. 
0058 As shown in FIG. 10, the computer system 1000, 
which is a form of a data processing system, includes a bus 
1003 which is coupled to a microprocessor(s) 1005 and a 
ROM (Read Only Memory) 1007 and volatile RAM 1009 and 
a non-volatile memory 1011. The microprocessor 1005 is 
coupled to cache 1004. The microprocessor 1005 may 
retrieve the instructions from the memories 1007, 1009, 1011 
and execute the instructions to perform operations described 
above. The bus 1003 interconnects these various components 
together and also interconnects these components 1005, 
1007, 1009, and 1011 to a display controller and display 
device 1013 and to peripheral devices such as input/output 
(I/O) devices which may be mice, touch screens, touch pads, 
touch sensitive input devices, keyboards, modems, network 
interfaces, printers and other devices which are well known in 
the art. Typically, the input/output devices 1015 are coupled 
to the system through input/output controllers 1017. The 
volatile RAM (Random Access Memory) 1009 is typically 
implemented as dynamic RAM (DRAM) which requires 
power continually in order to refresh or maintain the data in 
the memory. 
0059. The mass storage 1011 is typically a magnetic hard 
drive or a magnetic optical drive or an optical drive or a DVD 
RAM or a flash memory or other types of memory systems 
which maintain data (e.g., large amounts of data) even after 
power is removed from the system. Typically, the mass Stor 
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age 1011 will also be a random access memory although this 
is not required. While FIG. 10 shows that the mass storage 
1011 is a local device coupled directly to the rest of the 
components in the data processing system, it will be appre 
ciated that the present invention may utilize a non-volatile 
memory which is remote from the system, Such as a network 
storage device which is coupled to the data processing system 
through a network interface Such as a modem, an Ethernet 
interface or a wireless network. The bus 1003 may include 
one or more buses connected to each other through various 
bridges, controllers and/or adapters as is well known in the 
art 

0060 FIG. 11 shows an example of another data process 
ing system which may be used with one embodiment of the 
present invention. The data processing system 1100 shown in 
FIG.11 includes a processing system 1111, which may be one 
or more microprocessors, or which may be a system on a chip 
integrated circuit, and the system also includes memory 1101 
for storing data and programs for execution by the processing 
system. The system 1100 also includes an audio input/output 
subsystem 1105 which may include a microphone and a 
speaker for, for example, playing back music or providing 
telephone functionality through the speaker and microphone. 
0061. A display controller and display device 1107 pro 
vide a visual user interface for the user; this digital interface 
may include a graphical user interface which is similar to that 
shown on a Macintosh computer when running OS X oper 
ating system software. The system 1100 also includes one or 
more wireless transceivers 1103 to communicate with 
another data processing system. A wireless transceiver may 
be a WiFi transceiver, an infrared transceiver, a Bluetooth 
transceiver, and/or a wireless cellular telephony transceiver. It 
will be appreciated that additional components, not shown, 
may also be part of the system 1100 in certain embodiments, 
and in certain embodiments fewer components than shown in 
FIG. 11 may also be used in a data processing system. 
0062. The data processing system 1100 also includes one 
or more input devices 1113 which are provided to allow a user 
to provide input to the system. These input devices may be a 
keypad or a keyboard or a touch panel or a multi touch panel. 
The data processing system 1100 also includes an optional 
input/output device 1115 which may be a connector for a 
dock. It will be appreciated that one or more buses, not shown, 
may be used to interconnect the various components as is well 
known in the art. The data processing system shown in FIG. 
11 may be a handheld computer or a personal digital assistant 
(PDA), or a cellular telephone with PDA like functionality, or 
a handheld computer which includes a cellular telephone, or 
a media player, such as an iPod, or devices which combine 
aspects or functions of these devices, such as a media player 
combined with a PDA and a cellular telephone in one device. 
In other embodiments, the data processing system 1100 may 
be a network computer or an embedded processing device 
within another device, or other types of data processing sys 
tems which have fewer components or perhaps more compo 
nents than that shown in FIG. 11. 

0063 FIG. 12 is a flowchart illustrating a method of 
searching an index storing object detection metadata. At 
block 1201, the method generates object detection metadata. 
Objects may include human faces, animal faces, and other 
physical objects (e.g., an automobile, a license plate on an 
automobile, etc.). Different techniques may used to detect 
different objects. For example, one technique may be better 
Suited to detecting animal faces than human faces. Object 
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detection metadata may be similar in format to illustrative 
face detection metadata described above, be based on using a 
perimeter around the detected object, and/or be expressed in 
a pixel-independent coordinate space. 
0064. At block 1203, the method generates object identi 
fication metadata using the object detection metadata. Object 
identification metadata assigns an identity to a detected 
object. For example, if the object detection perimeter bounds 
a license plate, the object identification metadata may include 
an alphanumeric string corresponding to the contents of the 
license plate and may be obtained using optical character 
recognition (OCR) techniques known in the field. In one 
embodiment, attributes of the object may be detected and/or 
identified and included in the metadata. For example, if the 
object is an automobile, the color, make, model, etc. of the 
automobile may be identified and added to the metadata. 
0065. At block 1205, the method stores the object detec 
tion metadata and the object identification metadata in a 
searchable index. The searchable index may be an index 
database. The contents of the searchable index may include 
metadata describing features in still images, frames of video 
image data, etc. The still images and video may be captured 
by different sources. For example, the searchable index may 
include metadata describing photos taken with a user's cell 
phone, photos taken with a user's camera, video captured with 
a user's video recorder, etc. In one embodiment, object 
matching metadata is also generated and stored in the search 
able index. The object matching may match objects across 
different still images and video images. 
0066. At block 1207, the method can search through the 
index using a search query to generate search results. The 
search can be initiated, for example, in response to a search 
command. The search query may be a string or other infor 
mation. For example, the search query can be the name of a 
person whose face may occur in the metadata. As another 
example, the search query can be for white-colored automo 
biles. At block 1209, results of can be provided and/or dis 
played, such as on a display device 1013 or 1107. 
0067. In one embodiment, a single device performs blocks 
1201-1209. In another embodiment, a first device generates 
feature detection metadata (1201), a second device generates 
feature identification metadata (1203), a third device stores 
the metadata in a searchable index (1205) and searches 
through the metadata (1207) while a fourth device displays 
results of the search (1209). In other embodiments, different 
work distribution is used. 
0068 FIG. 13 is a diagram illustrating a relationship 
between a track of image data and a track of object detection 
metadata. Track 1301 includes frames of image data over 
time which may be replayed as a video. Track 1303 includes 
detected object metadata entries. Frame 1305 in track 1301 
corresponds to image frame 1309. Metadata entry 1307 cor 
responds to detected face entry 1311 and includes metadata 
describing a detected object inframe 1305, such as the face of 
the person captured in image data 1309. Metadata track 1303 
may also include one or more set up entries as described 
above. 
0069. In the foregoing specification, object detection 
metadata has been described with reference to exemplary 
embodiments thereof. It will be evident that various modifi 
cations may be made thereto without departing from the 
broader spirit and scope of the invention as set forth in the 
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following claims. The specification and drawings are, accord 
ingly, to be regarded in an illustrative sense rather than a 
restrictive sense. 

What is claimed is: 
1. A method for generating face detection metadata, the 

method comprising: 
generating a perimeter around a detected face in a frame of 

Video data, the perimeter using a first coordinate system; 
converting, by a data processing system, the perimeter 

from the first coordinate system into a second coordinate 
system, wherein an aspect ratio of dimensions of the 
perimeter in the first coordinate system matches an 
aspect ratio of the dimensions in the second coordinate 
system; 

generating a first metadata entry including dimensions of 
the frame of video data in the second coordinate system; 

generating a second metadata entry including information 
that provides a location and dimensions of the converted 
perimeter in the second coordinate system. 

2. The method of claim 1, wherein the location comprises 
a point indicating the top-left corner of a rectangle and the 
dimensions of the converted perimeter comprise a width and 
a height of the rectangle. 

3. The method of claim 1, wherein: 
the first metadata entry further includes an indication of a 

total number of detected faces; and 
the dimensions of the frame of video data in the second 

coordinate system comprise a width and a height. 
4. The method of claim 1, further comprising storing the 

first metadata entry and the second metadata entry in a meta 
data track corresponding to the video data. 

5. The method of claim 4, wherein the metadata track is 
configured for time-based metadata storage, the metadata 
entries in the metadata track being temporally-aligned with 
the video data. 

6. A method comprising: 
transmitting, by a data processing system, object metadata 

comprising dimensions of image data in a pixel-inde 
pendent coordinate space and information about a first 
object detection perimeter, wherein the information 
about the first object detection perimeter provides a first 
location of the first perimeter and first dimensions of the 
first perimeter and the information is expressed in the 
pixel-independent coordinate space. 

7. The method of claim 6, wherein the image data com 
prises video data and the object metadata is incorporated into 
a metadata track of the video data. 

8. The method of claim 7, wherein the object metadata 
comprises a plurality of detected-face entries that correspond 
to overlapping faces detected in a frame of a video data, 
wherein each detected-face entry includes a layer index that is 
indicative of relative position of the detected face with respect 
to other detected faces. 

9. The method of claim 7, wherein the object metadata is 
generated from original video data having a first set of pixel 
dimensions and wherein transmitted video data has a second 
set of pixel dimensions different than the first set of pixel 
dimensions. 

10. The method of claim 6, wherein the object metadata 
further comprises information about a second object detec 
tion perimeter, wherein the information about the second 
object detection perimeter provides a second location of the 
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second perimeter and second dimensions of the second 
perimeter and the information is expressed in the pixel-inde 
pendent coordinate space. 

11. The method of claim 7, wherein the metadata track is 
configured for time-based metadata storage, the metadata 
entries in the metadata track being temporally-aligned with 
the video data. 

12. A method comprising: 
receiving object detection metadata in a metadata track 

corresponding to video data; 
determining pixel dimensions of the video data; 
extracting setup metadata from the object detection meta 

data, the setup metadata comprising dimensions of the 
video data in pixel-independent space; 

extracting a detected-object entry from the metadata track, 
the detected-object entry comprising information that 
provides a location of an object detection perimeter and 
dimensions of the perimeter; 

Scaling, by a data processing system, the information that 
provides the location and the dimensions of the perim 
eter using the pixel dimensions of the video data and 
dimensions of the pixel-independent space. 

13. The method of claim 12, wherein the detected-object 
entry includes a detected-object index value corresponding to 
a particular object and wherein another detected-object entry 
corresponding to a different frame of the video data includes 
the same index value, indicating that the particular object 
occurs in both frames. 

14. A non-transitory machine readable storage medium 
storing instructions which when executed by a processor 
cause a device to perform operations, the operations compris 
ing: 

generating a perimeter around a detected object in a frame 
of video data, the perimeter using a first coordinate 
system, and the first coordinate system having a first 
aspect ratio: 

converting the perimeter from the first coordinate system 
into a second coordinate system, wherein dimensions of 
the second coordinate system have a second aspect ratio 
matching the first aspect ratio: 

generating a first metadata entry including dimensions of 
the second coordinate system; 

generating a second metadata entry including location and 
dimensions of the converted perimeter in the second 
coordinate system. 

15. The non-transitory machine readable storage medium 
of claim 14, wherein the detected object is one of a human 
face and an animal face. 

16. The non-transitory machine readable storage medium 
of claim 14, wherein the detected object is physical object. 

17. A non-transitory machine readable storage medium 
storing instructions which when executed by a processor 
cause a device to perform operations, the operations compris 
ing: 

storing object detection metadata that provides a location 
of a detected object in image data, wherein the location 
is specified in a pixel-independent coordinate system 
and an aspect ratio of dimensions of the pixel-indepen 
dent coordinate system matches an aspect ratio of pixel 
dimensions of the image data; and 

storing object identification metadata that specifies an 
identity of the detected object. 

18. The non-transitory machine readable storage medium 
of claim 17, the operations further comprising: 
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storing object matching metadata associating the detected 
object with another detected object in another frame of 
Video data. 

19. The non-transitory machine readable storage medium 
of claim 18, the operations further comprising: 

storing associations of the object detection metadata and 
the object identification metadata with a searchable 
index; 

receiving a search query; and 
searching the searchable index using the search query to 

generate search results comprising video frames includ 
ing detected objects having metadata matching the 
search query. 

20. A non-transitory machine readable medium storing 
instructions which when executed by a processor cause a 
device to perform operations, the operations comprising: 

storing a setup metadata entry comprising dimensions of 
image data in a pixel-independent coordinate system 
and comprising an indication of a total number of 
detected objects: 

storing a detected object metadata entry for each detected 
object, each detected object metadata entry comprising 
information that provides a location and dimensions of a 
perimeter around a detected object, wherein the infor 
mation provides the location and dimensions of the 
perimeter in the pixel-independent coordinate system. 
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21. The non-transitory machine readable medium of claim 
20, wherein the location corresponds to the top-left corner of 
a rectangle and the dimensions comprise a height and width of 
the rectangle. 

22. The non-transitory machine readable medium of claim 
20, wherein a first detected object metadata entry corresponds 
to a first detected object in a first relation to a camera captur 
ing the image data and a second detected object entry corre 
sponds to a second detected object in a second relation to the 
camera and wherein the first relation is closer than the second 
relation and wherein the first detected object metadata entry 
includes a first layer value and the second detected object 
metadata entry includes a second layer value and wherein the 
first layer value indicates that the first detected object is closer 
to the camera than second detected object. 

23. The non-transitory machine readable medium of claim 
20, wherein a third detected object metadata entry corre 
sponds to a third detected object in a first frame of image data 
and a fourth detected object metadata entry corresponds to a 
fourth detected object in a second frame of image data and 
wherein the third detected object is the same as the fourth 
detected object and wherein the third detected object meta 
data entry includes a first matching value and the fourth 
detected object metadata entry includes a second matching 
value and wherein the first matching value is the same as the 
second matching value. 

c c c c c 
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