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logic may be configured to include logic to detect an object in a frame of a
video based on motion estimation. The video may include afirst frame and a
second frame. The motion estimation may be performed on aregion of the
second frame using sum of absolute difference between the region of the
second frame and a corresponding region of the first frame.
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OBJECT DETECTION USING MOTION ESTIMATION

BACKGROUND

[0001] Reliable real-time object detection and recognition in natural images and
videos may be important in visual search. One approach of object tracking in video is
to perform full object detection in each video frames. However, this approach may be

very computation intensive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] The various advantages of the embodiments of the present invention will

become apparent to one skilled in the art by reading the following specification and
appended claims, and by referencing the following drawings, in which:

[0003] FIG. 1isablock diagram that illustrates an example computer system, in
accordance with some embodiments;

[0004] FIG. 2 is a block diagram that illustrates an example of using a diding
window to scan an image, in accordance with some embodiments;

[0005] FIG. 3 is a diagram that illustrates an example video motion estimation
and detection system, in accordance with some embodiments;

[0006] FIG. 4 is a diagram that illustrates examples of macro blocks, in
accordance with some embodiments,

[0007] FIG. 5 illustrates example regions of a frame, in accordance with some
embodiments.

[0008] FIG. 6A is a flowchart of an example method of motion estimation and
object detection, in accordance with some embodiments;

[0009] FIG. 6B is aflowchart of an example method of using a sum of absolute
difference (SAD) to perform motion estimation and object detection, in accordance
with some embodiments;

[0010] FIG. 7 illustrates an example computer system, in accordance with some
embodiments; and

[0011] FIG. 8illustrates an example small form factor device, in accordance with

some embodiments.
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DETAILED DESCRIPTION

[0012] Embodiments may involve an apparatus including logic to perform motion
estimation on a region of a second frame of a video having a first frame and the
second frame. The apparatus may aso include logic to determine whether to perform
object detection on the region of the second frame based on the motion estimation on
the region of the second frame. The motion estimation may be based on logic to
perform sum of absolute difference. The object detection may be based on a classifier
function.

[0013] Embodiments may involve a system which may include a processor and
motion estimation and object detection logic coupled to the processor. The motion
estimation and object detection logic may be configured to include logic to detect an
object in aframe of avideo based on the motion estimation. The video may include a
first frame and a second frame. The motion estimation may be performed on aregion
of the second frame using sum of absolute difference between the region of the
second frame and a corresponding region of the first frame. The sum of absolute
difference may be performed on macro blocks included in the region of the second
frame and in the corresponding region of the first frame. The second frame may be a
subsequent frame of the first frame in the video.

[0014] Embodiments may involve a computer implemented method which may
include performing object detection on multiple regions of afirst frame of a video to
detect objects included in the first frame. The method may also include performing
motion estimation on aregion of a second frame of the video, determining whether to
perform object detection on the region of the second frame based on the motion
estimation on the region of the second frame. The second frame may be subsequent
to the first frame in the video. The object detection may be performed using a
classifier function.

[0015] Embodiments may involve a system which may include a processor, an
external power supply coupled to the processor, and motion estimation and object
detection logic coupled to the processor. The motion estimation and object detection
logic may be configured to include logic to detect an object in a frame of a video
based on motion estimation. The video may include afirst frame and a second frame.

The motion estimation may be performed on aregion of the second frame using saum
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of absolute difference between the region of the second frame and a corresponding
region of the first frame.

[0016] Turning to FIG. 1, a block diagram that illustrates an example computer
system 100 is shown, in accordance with some embodiments. The computer system
100 may include a central processing unit (CPU) 105, a graphics and memory
controller hub (GMCH) 110, and an input/output controller hub (ICH) 125. The
GMCH 110 may be coupled to the CPU 105 via bus 107. The ICH 125 may be
coupled to the GMCH 110 via bus 122. The GMCH 110 may also be coupled to
memory devices 115 and display devices 120. The ICH 125 may be coupled to I/O
devices 130. The GMCH 110 may include a graphics system 200 (shown in FIG. 2).
Although the CPU 105, the GMCH 110 and the ICH 125 are illustrated as separate
components, the functions of two or more of these components may be combined. A
power supply 150 may be used to provide power to the computer system 100. The
power supply 150 may be a battery or an external power source. The computer
system 100 may also include many other components; however, for simplicity, they
are not shown.

[0017] Turning to FIG. 2, a block diagram that illustrates using an example
dliding window 200 to scan an image is shown. Sliding window is a technique that
may be used to perform object detection and recognition in an image. The dliding
window technique may be associated with a classifier function which may be used to
detect an object. An object may be determined as being present in an image when a
maximal classification score surpasses athreshold. For example the sliding window
200 may be used to scan the image 201 from a top left position to a bottom right
position. For the image 201, the sliding window 200 may scan sub-images 205 to 260.
The dliding window 200 may have different sizes. For example, the diding widow
200 may be 16 pixels by 16 pixels. In general, the number of sub-images may
increase by N to the fourth power (N4) for an image having a size NxN. For example,
the number of sub-images may be more than one billion. The operations associated
with the object detection may need to be performed for every sub-mage. That is, the
smaller the dliding window 200, the higher the number of computations that may need
to be performed. As aresult, it may be computationally very expensive to evaluate
the classifier function exhaustively for all of the sub-images. The computational cost
may be much more expensive when the dliding window technique is applied to

multiple frames of a video to detect an object. For example, for a 25Hz/30Hz video,

3
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the computational cost to perform object detection in a video may be ten (10) times
larger than performing object detection for single image.

[0018] Turning to FIG. 3, a block diagram that illustrates an example video
motion estimation and detection system 300 is shown, in accordance with some
embodiments. The motion estimation and detection system 300 may include motion
estimation logic 305, object detection logic 310, sliding window logic 325, and video
processing logic 330. The motion estimation logic 305 may include sum of absolute
difference logic 315. The object detection logic 310 may include classifier function
logic 320.

[0019] For some embodiments, the sliding window logic 325 may be configured
to establish diding windows of different sizes. For example, a small sliding window
may be used to scan avideo frame to detect small objects in avideo frame, whereas a
large diding window may be used to detect a large object in the video frame. The
video frame may be received by the video processing logic 330. For some
embodiments, the dliding windows of different sizes may be used to perform a full
scan for a first frame. The full scan may be performed multiple times using the
dliding windows with different sizes in order to detect both small and large objects.
For the subsequent frames, instead of performing the full scan, the motion estimation
logic 305 may be used to reduce the computation cost.

[0020] An area of a frame that may be covered by a diding window may be
referred to as aregion. For example, for a video graphics array (VGA) size video
input, a sliding window may vary from a smallest size of 20x20 pixels that may cover
aregion of aframe to alargest size of 480x480 pixels that may cover the entire frame.
[0021] The classifier function logic 320 may be configured to detect whether an
object may exist within aregion of aframe that is covered by a diding window. The
classifier function logic 320 may perform the detection operations based on a
maximum classification score. For some embodiments, the classifier function logic
320 may be used to perform the object detection for every region of afirst frame. As
will be described in greater detail, the classifier function logic 320 may be used to
perform the object detection for some regions of a subsequent frame if certain
conditions are met.

[0022] The motion estimation logic 305 may be configured to determine whether
any motion may have taken place within aparticular region when comparing a current

frame to aprevious frame. The operations of the motion estimation logic 305 may be
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based on motion vector information normally used in video encoding and a sum of
absolute difference (SAD) value for each macro block (described in FIG. 4).

[0023] The motion estimation logic 305 may be configured to remove temporal
redundancy between images in consecutive frames of a video because most of the
images in the consecutive frames may be virtualy similar. This may enable reusing
information included in a previous frame to find motion vector information for the
current frame to improve the encoding efficiency. For some embodiments, the motion
estimation logic 305 may use the SAD logic 315 to determine if aregion of a current
frame is similar to the corresponding region of aprevious frame.

[0024] The object detection logic 310 may be configured to detect an object in a
region of acurrent frame. For example, when certain conditions are met, the object
detection logic 310 may apply the classifier function logic 320 to detect the object in
the region.

[0025] Turning to FIG. 4, examples of macro blocks are shown, in accordance
with some embodiments. A macro block (MB) may be a basic element for motion
estimation and may be used for encoding. A macro block may be 16x16 pixels. In
the current example, the dliding window 200 may cover a region (indicated by a
rectangle with a diagona pattern) that includes nine macro blocks 405 to 445. In
general, when a macro block that is associated with a current frame is similar to a
region (which has the same MB size) that is associated with a previous frame, that
macro block may not need to be encoded for the current frame. The encoding
information for the similar image region from the previous frame may be reused.
[0026] The SAD logic 315 (FIG. 3) may be configured to determine a SAD
associated with a macro block and a SAD associated with aregion. The SAD logic
315 may be configured to determine the absolute difference between each pixel in one
macro block of acurrent frame and the corresponding pixel in another macro block of
a previous frame. The differences may be summed to create a metric of block
similarity. A threshold may be used to determine similarity.

[0027] For some embodiments, the SADs from the macro blocks 405 to 445 may
be accumulated and used as the SAD for the region that the macro blocks 405 to 445
may be associated with. The SAD for the region may then be compared against a
threshold which may be proportional to the number of macro blocks. When the SAD
for the region is more than the threshold, it may indicate that the region of the current
frame that is covered by the sliding window 200 may not match the corresponding
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region of the previous frame. In that situation, it may be necessary to use the
classifier function to perform the object detection for the region of the current frame.
For example, a region of the previous frame may not contain an object, but the
corresponding region of the current frame may contain an object. Asanother example,
a region of a previous frame may contain an object in a first position, and the
corresponding region of the current frame may also contain the object in a second
position. This may indicate that the object has gone through a motion, and therefore it
may need to be detected in the current frame. When the SAD for the region is less
than the threshold, it may be possible to reuse the encoding information from the
corresponding region of the previous frame. For example, if the region in the
previous frame does not contain an object, then the corresponding region of the
current frame may be considered as not containing an object.

[0028] Turning to FIG. 5, example regions are shown, in accordance with some
embodiments. Regions 500, 520 and 540 may be associated with a previous frame,
and regions 510, 530 and 550 may be associated with a current frame. The regions
500 and 510 may be used to illustrate a situation when both contain the same object
505 but in different positions. The SAD for the region 510 may be less than the
threshold since the second position may be so close (or amost identical) to the first
position. A sample area (e.g., a center point) of the region 510 may be determined
and verified whether the sample areaislocated in the region 505. This may be similar
to tracking the object 505. For some embodiments, when the sample area of the
region 510 is aso in the region 505, the classifier function logic 320 (FIG. 3) may be
applied to the region 510.

[0029] The regions 520 and 530 may be used to illustrate a situation when an
object 525 is contained in the region 530 but the object 525 was not contained in the
region 520. The SAD for the region 530 may be more than the threshold and the
classifier function logic 320 may be applied to the region 530. The situations may be
reversed where the object 525 may be contained in the region 520 but not in the
region 530. The SAD for the region 530 may be more than the threshold and the
classifier function logic 320 may be applied to the region 530. The regions 540 and
550 may be used to illustrate a situation when there is no object in the regions 540 and
550. The SAD for the region 550 may be less than the threshold and the classifier
function logic 320 may not need to be applied to the region 550.
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[0030] Turning to FIG. 6A, a method 600 of motion estimation and object
detection is shown, in accordance with some embodiments. The method 600 may be
associated with the motion estimation and object detection system 300 of FIG. 3. The
method 600 may be applied to frames of avideo.

[0031] At block 605, a first frame of a video may be received. At block 610,
dliding windows of different sizes may be used to detect objects in the first frame. At
block 615, the classifier function may be used to detect the objects in the first frame
using the dliding windows. At block 620, a second video frame is received. At block
625, objects that may be in the second frame may be detected using motion estimation
between the second frame and the first frame.

[0032] Turing to FIG. 6B, a method 650 of using the sum of absolute difference
(SAD) to perform motion estimation and object detection is shown, in accordance
with some embodiments. The method 650 may be applied to regions of aframe. At
block 655, motion vector information and a SAD based on aregion of acurrent frame
and the corresponding region of a previous frame may be determined. The SAD of
the region may be based on the SAD of the macro blocks included in the region. At
block 660, the SAD may be compared with a threshold. If the SAD is more than the
threshold, the process may continue to block 665 where the classifier function may be
performed to detect objects in the region of the current frame. For example, this
situation may occur when there is an object in the region of the current frame whereas
there may be no object in the corresponding region of the previous frame.

[0033] From the block 660, if the SAD isless than or equal to the threshold, then
the process may continue to block 670 where a test may be performed to determine
whether a sample area (e.g., a center point) of the region of the current frame may be
found in the corresponding region of the previous frame. |If the sample areaisaso in
the corresponding region of the previous frame, then the process may continue to
block 665 where the classifier function may be applied to detect the object in the
region of the current frame. For example, this situation may occur when there is an
object in the region of the current frame and the object may also exist in the
corresponding region of the previous frame with a dight difference possibly due to a
motion.

[0034] Alternatively, from the block 670, the process may continue to block 675
where the encoding information of the corresponding region of the previous frame

may be reused for the current frame. For example, this situation may occur when the



WO 2013/097166 PCT/CN2011/084991

same region in both the current frame and the previous frame does not contain any
object. The methods 600 and 650 may enable not having to perform the classifier
function for the regions that do not contain any object. The method 650 may be
repeated for al of the regions of the current frame.

[0035] Embodiments of the present invention may greatly improve the
performance of the object detection operations by evaluating fewer regions while
keeping the same accuracy as if a full detection for each video frame is performed.
Embodiments of the present invention may be useful for video related applications
(e.g., video conferencing, video surveillance, etc.) where stationary video cameras
may be used since most of the regions of the video background may be non-object
regions and they may not change significantly overtime, unless when a new object
appear in the video. Embodiments of the present invention may be applied directly to
raw videos without having to scale the video frame. When scaling may be necessary,
the graphics controller may need to maintain a chain of video frames with a constant
scaling factor. Each scaled video frame may need to be associated with its own
motion information. Embodiments of the present invention may be performed in
software, hardware or a combination of both. For some embodiments, the operations
of the SAD logic 315 (FIG. 3) or the operations performed in block 655 may be
performed in hardware to improve performance and reduce the motion estimation cost.
For example, some graphics controller may include hardware acceleration engine that
may be used to perform the operations of the SAD logic 315.

[0036] The methods described above may be implemented as a set of logic
instructions stored in a machine- or computer-readable storage medium such as
random access memory (RAM), read only memory (ROM), progranmable ROM
(PROM), flash memory, etc., in configurable logic such as programmable logic arrays
(PLAS), field-programmable gate arrays (FPGAS), complex programmable logic
devices (CPLDs), in fixed-functionality logic hardware using circuit technology such
as application- specific integrated circuit (ASIC), complementary- symmetry metal-
oxide- semiconductor (CMOS) or transistor-transistor logic (TTL) technology, or any
combination thereof. For example, computer program code to carry out operations
shown in the method may be written in any combination of one or more programming
languages, including an object oriented programming language such as C++ or the
like and conventional procedural programming languages, such as the "C"

programming language or similar programming languages.
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[0037] FIG. 7 illustrates an embodiment of a system 700. In embodiments,
system 700 may be amedia system athough system 700 is not limited to this context.
For example, system 700 may be incorporated into a personal computer (PC), laptop
computer, ultra-laptop computer, tablet, touch pad, portable computer, handheld
computer, pamtop computer, personal digital assistant (PDA), cellular telephone,
combination cellular telephone/PDA, television, smart device (e.g., smart phone,
smart tablet or smart television), mobile internet device (MID), messaging device,
data communication device, and so forth.

[0038] In embodiments, system 700 comprises a platform 702 coupled to a
display 720. Platform 702 may receive content from a content device such as content
services device(s) 730 or content delivery device(s) 740 or other similar content
sources. A navigation controller 750 comprising one or more navigation features may
be used to interact with, for example, platform 702 and/or display 720. Each of these
components i s described in more detail below.

[0039] In embodiments, platform 702 may comprise any combination of a chipset
705, processor 710, memory 712, storage 714, graphics subsystem 715, applications
716 and/or radio 718. Chipset 705 may provide intercommunication among processor
710, memory 712, storage 714, graphics subsystem 715, applications 716 and/or radio
718. For example, chipset 705 may include a storage adapter (not depicted) capable
of providing intercommunication with storage 714.

[0040] Processor 710 may be implemented as Complex Instruction Set Computer
(CISC) or Reduced Instruction Set Computer (RISC) processors, x86 instruction set
compatible processors, multi-core, or any other microprocessor or central processing
unit (CPU). In embodiments, processor 710 may comprise dual-core processor(s),
dual-core mobile processor(s), and so forth.

[0041] Memory 712 may be implemented as a volatile memory device such as,
but not limited to, a Random Access Memory (RAM), Dynamic Random Access
Memory (DRAM), or Static RAM (SRAM).

[0042] Storage 714 may be implemented as a non-volatile storage device such as,
but not limited to, a magnetic disk drive, optical disk drive, tape drive, an internal
storage device, an attached storage device, flash memory, battery backed-up SDRAM
(synchronous DRAM), and/or a network accessible storage device. In embodiments,

storage 714 may comprise technology to increase the storage performance enhanced



WO 2013/097166 PCT/CN2011/084991

protection for valuable digital media when multiple hard drives are included, for
example.

[0043] Graphics subsystem 715 may perform processing of images such as still or
video for display. Graphics subsystem 715 may be a graphics processing unit (GPU)
or avisual processing unit (VPU), for example. An analog or digital interface may be
used to communicatively couple graphics subsystem 715 and display 720. For
example, the interface may be any of a High-Definition Multimedia Interface,
DisplayPort, wireless HDMI, and/or wireless HD compliant techniques. Graphics
subsystem 715 could be integrated into processor 710 or chipset 705. Graphics
subsystem 715 could be a stand-alone card communicatively coupled to chipset 705.
[0044] The graphics and/or video processing techniques described herein may be
implemented in various hardware architectures. For example, graphics and/or video
functionality may be integrated within a chipset. Alternatively, a discrete graphics
and/or video processor may be used. As still another embodiment, the graphics
and/or video functions may be implemented by a general purpose processor, including
a multi-core processor. In afurther embodiment, the functions may be implemented
in aconsumer electronics device.

[0045] Radio 718 may include one or more radios capable of transmitting and
receiving signals using various suitable wireless communications techniques. Such
techniques may involve communications across one or more wireless networks.
Exemplary wireless networks include (but are not limited to) wireless local area
networks (WLANS), wireless personal area networks (WPANS), wireless metropolitan
area network (WMANS), cellular networks, and satellite networks. In communicating
across such networks, radio 718 may operate in accordance with one or more
applicable standards in any version.

[0046] In embodiments, display 720 may comprise any television type monitor or
display. Display 720 may comprise, for example, a computer display screen, touch
screen display, video monitor, television-like device, and/or atelevision. Display 720
may be digital and/or analog. In embodiments, display 720 may be a holographic
display. Also, display 720 may be a transparent surface that may receive a visua
projection. Such projections may convey various forms of information, images,
and/or objects. For example, such projections may be a visual overlay for a mobile
augmented reality (MAR) application. Under the control of one or more software

applications 716, platform 702 may display user interface 722 on display 720.

10



WO 2013/097166 PCT/CN2011/084991

[0047] In embodiments, content services device(s) 730 may be hosted by any
national, international and/or independent service and thus accessible to platform 702
via the Internet, for example. Content services device(s) 730 may be coupled to
platform 702 and/or to display 720. Platform 702 and/or content services device(s)
730 may be coupled to a network 760 to communicate (e.g., send and/or receive)
media information to and from network 760. Content delivery device(s) 740 also may
be coupled to platform 702 and/or to display 720.

[0048] In embodiments, content services device(s) 730 may comprise a cable
television box, personal computer, network, telephone, Internet enabled devices or
appliance capable of delivering digital information and/or content, and any other
similar device capable of unidirectionally or bidirectionally communicating content
between content providers and platform 702 and/display 720, via network 760 or
directly. It will be appreciated that the content may be communicated unidirectionally
and/or bidirectionally to and from any one of the components in system 700 and a
content provider via network 760. Examples of content may include any media
information including, for example, video, music, medical and gaming information,
and so forth.

[0049] Content services device(s) 730 receives content such as cable television
programming including media information, digital information, and/or other content.
Examples of content providers may include any cable or satellite television or radio or
Internet content providers. The provided examples are not meant to limit
embodiments of the invention.

[0050] In embodiments, platform 702 may receive control signals from navigation
controller 750 having one or more navigation features. The navigation features of
controller 750 may be used to interact with user interface 722, for example. In
embodiments, navigation controller 750 may be a pointing device that may be a
computer hardware component (specifically human interface device) that allows a
user to input spatial (e.g., continuous and multi-dimensional) data into a computer.
Many systems such as graphical user interfaces (GUI), and televisions and monitors
allow the user to control and provide data to the computer or television using physical
gestures.

[0051] Movements of the navigation features of controller 750 may be echoed on
adisplay (eg., display 720) by movements of a pointer, cursor, focus ring, or other

visua indicators displayed on the display. For example, under the control of software
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applications 716, the navigation features located on navigation controller 750 may be
mapped to virtual navigation features displayed on user interface 722, for example. In
embodiments, controller 750 may not be a separate component but integrated into
platform 702 and/or display 720. Embodiments, however, are not limited to the
elements or in the context shown or described herein.

[0052] In embodiments, drivers (not shown) may comprise technology to enable
users to instantly turn on and off platform 702 like a television with the touch of a
button after initial boot-up, when enabled, for example. Program logic may alow
platform 702 to stream content to media adaptors or other content services device(s)
730 or content delivery device(s) 740 when the platform isturned "off." In addition,
chip set 705 may comprise hardware and/or software support for 5.1 surround sound
audio and/or high definition 7.1 surround sound audio, for example. Drivers may
include a graphics driver for integrated graphics platforms. In embodiments, the
graphics driver may comprise a peripheral component interconnect (PCl) Express
graphics card.

[0053] In various embodiments, any one or more of the components shown in
system 700 may be integrated. For example, platform 702 and content services
device(s) 730 may be integrated, or platform 702 and content delivery device(s) 740
may be integrated, or platform 702, content services device(s) 730, and content
delivery device(s) 740 may be integrated, for example. In various embodiments,
platform 702 and display 720 may be an integrated unit. Display 720 and content
service device(s) 730 may be integrated, or display 720 and content delivery device(s)
740 may be integrated, for example. These examples are not meant to limit the
invention.

[0054] In various embodiments, system 700 may be implemented as a wireless
system, a wired system, or a combination of both. When implemented as a wireless
system, system 700 may include components and interfaces suitable for
communicating over a wireless shared media, such as one or more antennas,
transmitters, receivers, transceivers, amplifiers, filters, control logic, and so forth. An
example of wireless shared media may include portions of a wireless spectrum, such
as the RF spectrum and so forth. When implemented as a wired system, system 700
may include components and interfaces suitable for communicating over wired
communications media, such as input/output (I/0) adapters, physical connectors to

connect the I/O adapter with a corresponding wired communications medium, a
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network interface card (NIC), disc controller, video controller, audio controller, and
so forth. Examples of wired communications media may include a wire, cable, metal
leads, printed circuit board (PCB), backplane, switch fabric, semiconductor material,
twisted-pair wire, co-axia cable, fiber optics, and so forth.

[0055] Platform 702 may establish one or more logical or physical channels to
communicate information. The information may include media information and
control information. Media information may refer to any data representing content
meant for auser. Examples of content may include, for example, data from a voice
conversation, videoconference, streaming video, electronic mail ("email") message,
voice mail message, aphanumeric symbols, graphics, image, video, text and so forth.
Data from a voice conversation may be, for example, speech information, silence
periods, background noise, comfort noise, tones and so forth. Control information
may refer to any data representing commands, instructions or control words meant for
an automated system. For example, control information may be used to route media
information through a system, or instruct a node to process the media information in a
predetermined manner. The embodiments, however, are not limited to the elements
or in the context shown or described in FIG. 7.

[0056] As described above, system 700 may be embodied in varying physical
styles or form factors. FIG. 8 illustrates embodiments of a small form factor device
800 in which system 700 may be embodied. In embodiments, for example, device
800 may be implemented as a mobile computing device having wireless capabilities.
A mobile computing device may refer to any device having aprocessing system and a
mobile power source or supply, such as one or more batteries, for example.

[0057] As described above, examples of a mobile computing device may include
apersonal computer (PC), laptop computer, ultra-laptop computer, tablet, touch pad,
portable computer, handheld computer, pamtop computer, persona digital assistant
(PDA), cellular telephone, combination cellular telephone/PDA, television, smart
device (e.g., smart phone, smart tablet or smart television), mobile internet device
(MID), messaging device, data communication device, and so forth.

[0058] Examples of a mobile computing device also may include computers that
are arranged to be worn by a person, such as a wrist computer, finger computer, ring
computer, eyeglass computer, belt-clip computer, arm-band computer, shoe
computers, clothing computers, and other wearable computers. In embodiments, for

example, a mobile computing device may be implemented as a smart phone capable

13



WO 2013/097166 PCT/CN2011/084991

of executing computer applications, as well as voice communications and/or data
communications. Although some embodiments may be described with a mobile
computing device implemented as a smart phone by way of example, it may be
appreciated that other embodiments may be implemented using other wireless mobile
computing devices aswell. The embodiments are not limited in this context.

[0059] As shown in FIG. 8, device 800 may comprise a housing 802, a display
804, an input/output (I/0O) device 806, and an antenna 808. Device 800 also may
comprise navigation features 812. Display 804 may comprise any suitable display
unit for displaying information appropriate for a mobile computing device. 1/0
device 806 may comprise any suitable 1/O device for entering information into a
mobile computing device. Examples for I/O device 806 may include an alphanumeric
keyboard, a numeric keypad, a touch pad, input keys, buttons, switches, rocker
switches, microphones, speakers, voice recognition device and software, and so forth.
Information also may be entered into device 800 by way of microphone. Such
information may be digitized by avoice recognition device. The embodiments are not
l[imited in this context.

[0060] Various embodiments may be implemented using hardware elements,
software elements, or a combination of both. Examples of hardware elements may
include processors, microprocessors, circuits, circuit elements (e.g., transistors,
resistors, capacitors, inductors, and so forth), integrated circuits, application specific
integrated circuits (ASIC), programmable logic devices (PLD), digital signal
processors (DSP), field programmable gate array (FPGA), logic gates, registers,
semiconductor device, chips, microchips, chip sets, and so forth. Examples of
software may include software components, programs, applications, computer
programs, application programs, system programs, machine programs, operating
system software, middleware, firmware, software modules, routines, subroutines,
functions, methods, procedures, software interfaces, application program interfaces
(API), instruction sets, computing code, computer code, code segments, computer
code segments, words, values, symbols, or any combination thereof. Determining
whether an embodiment is implemented using hardware elements and/or software
elements may vary in accordance with any number of factors, such as desired
computational rate, power levels, heat tolerances, processing cycle budget, input data
rates, output data rates, memory resources, data bus speeds and other design or

performance constraints.
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[0061] One or more aspects of at least one embodiment may be implemented by
representative instructions stored on a machine-readable medium which represents
various logic within the processor, which when read by a machine causes the machine
to fabricate logic to perform the techniques described herein. Such representations,
known as "IP cores’ may be stored on a tangible, machine readable medium and
supplied to various customers or manufacturing facilities to load into the fabrication
machines that actually make the logic or processor.

[0062] Example sizessmodels/values/ranges may have been given, athough
embodiments of the present invention are not limited to the same. As manufacturing
techniques (e.g., photolithography) mature over time, it is expected that devices of
smaller size could be manufactured. In addition, well known power/ground
connections to integrated circuit (IC) chips and other components may or may not be
shown within the figures, for simplicity of illustration and discussion, and so as not to
obscure certain aspects of the embodiments of the invention. Further, arrangements
may be shown in block diagram form in order to avoid obscuring embodiments of the
invention, and aso in view of the fact that specifics with respect to implementation of
such block diagram arrangements are highly dependent upon the platform within
which the embodiment isto be implemented, i.e., such specifics should be well within
purview of one skilled in the art. Where specific details (e.g., circuits) are set forth in
order to describe example embodiments of the invention, it should be apparent to one
skilled in the art that embodiments of the invention can be practiced without, or with
variation of, these specific details. The description is thus to be regarded as
illustrative instead of limiting.

[0063] The term "coupled" may be used herein to refer to any type of relationship,
direct or indirect, between the components in question, and may apply to electrical,
mechanical, fluid, optical, electromagnetic, electromechanical or other connections.
In addition, the terms "first", "second”, etc. might be used herein only to facilitate
discussion, and carry no particular temporal or chronological significance unless
otherwise indicated.

[0064] Those skilled in the art will appreciate from the foregoing description that
the broad techniques of the embodiments of the present invention can be implemented
in avariety of forms. Therefore, while the embodiments of this invention have been
described in connection with particular examples thereof, the true scope of the

embodiments of the invention should not be so limited since other modifications will
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become apparent to the skilled practitioner upon a study of the drawings, specification

and following claims.
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[0065]
CLAIMS

Weclam:

1. An apparatus comprising:

logic to perform motion estimation on aregion of a second frame of avideo
having afirst frame and the second frame; and

logic to determine whether to perform object detection on the region of the

second frame based on the motion estimation on the region of the second frame.

2. The apparatus of claim 1, wherein the second frame i s a subsequent
frame relative to the first frame in the video, and wherein the logic to perform the
motion estimation includes logic to determine a sum of absolute difference between

the region of the second frame and a corresponding region of the first frame.

3. The apparatus of clam 2, wherein the logic to determine the sum of
absolute difference includes logic to determine a sum of absolute difference on macro
blocks included in the region of the second frame and the corresponding region of the

first frame.

4. The apparatus of claim 3, wherein the logic to determine whether to

perform the object detection includes logic to perform aclassifier function.

5. The apparatus of claim 4, further including logic to compare the sum
of absolute difference with athreshold to determine whether to perform the object

detection on the region of the second frame.

6. The apparatus of claim 5, wherein the object detection on the region of
the second frame isto be performed if the sum of absolute difference is more than the
threshold.

7. The apparatus of claim 6, wherein the object detection on the region of

the second frame isto be performed if the sum of absolute difference isless than or
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equal to the threshold and if a sample area of the region of the second frameiis
included in the corresponding region of the first frame.

8. The apparatus of claim 7, wherein the object detection on the region of
the second frame is not performed if the sum of absolute difference isless than or
equal to the threshold and if the sample area on the region of the second frame is not
included in the corresponding region of the first frame.

9. The apparatus of claim 8, wherein encoding information of the
corresponding region of the first frame isto be reused for the region of the second

frame.

10. A system comprising:

aprocessor; and

motion estimation and object detection logic coupled with the processor and
configured to detect an object in aframe of avideo based on motion estimation,
wherein the video isto include afirst frame and a second frame, and wherein the
motion estimation isto be performed on aregion of the second frame using a sum of
absolute difference between the region of the second frame and a corresponding
region of the first frame.

11. The system of claim 10, wherein the sum of absolute differenceis
performed on macro blocks included in the region of the second frame and in the
corresponding region of the first frame, and wherein the second frame i s a subsequent
frame of the first frame.

12. The system of claim 11, wherein the motion estimation and object
detection logic isfurther configured to determine whether to detect an object in the
region of the second frame based on a comparison of the sum of absolute difference
and athreshold.

13. The system of claim 12, wherein the logic to detect the object in the
region of the second frame isto be performed if the sum of absolute differenceis
more than the threshold.

18
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14. The system of claim 13, wherein the logic to detect the object in the
region of the second frame isto be performed if the sum of absolute differenceisless
than or equal to the threshold and if a sample area of the region of the second frameis

included in the corresponding region of the first frame.

15. The system of claim 14, wherein the object detection on the region of
the second frame isto not be performed if the sum of absolute difference isless than
or equal to the threshold and if the sample area of the region of the second frameis
not included in the corresponding region of the first frame.

16. The system of claim 15, further including logic to perform aclassifier
function on the region of the second frame in order to detect the object in the region

of the second frame.

17. The system of claim 16, wherein encoding information of the
corresponding region of the first frame isto be reused for the region of the second
frame if the object detection on the region of the second frame i s not performed.

18. A computer-implemented method comprising:

performing object detection on multiple regions of afirst frame of avideo to
detect objects included in the first frame;

performing motion estimation on aregion of a second frame of the video; and

determining whether to perform object detection on the region of the second
frame based on the motion estimation on the region of the second frame.

19. The method of claim 18, wherein the second frame is subsequent to the
first frame in the video, and wherein the performing the object detection includes

performing aclassifier function.
20. The method of claim 19, wherein the performing the motion estimation

on the region of the second frame includes determining a sum of absolute difference
between the region of the second frame and a corresponding region of the first frame.
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21. The method of claim 20, wherein the determining whether to perform
the object detection on the region of the second frame comprises comparing the sum
of absolute difference with athreshold.

22. The method of claim 21, wherein the object detection on the region of
the second frame i s performed if the sum of absolute difference is more than the
threshold.

23. The method of claim 22, wherein the object detection on the region of
the second frame is performed if the sum of absolute difference isless than or equal to
the threshold and if a sample area of the region of the second frame isincluded in the
corresponding region of the first frame.

24, The method of claim 23, wherein the object detection on the region of
the second frame is not performed if the sum of absolute difference isless than or
equal to the threshold and if the sample area on the region of the second frame is not
included in the corresponding region of the first frame.

25. The method of claim 24, wherein encoding information of the
corresponding region of the first frame isreused for the region of the second frame

when no object detection is performed on the region of the second frame.

26. A system comprising:

aprocessor;

an external power supply coupled to the processor;

amotion estimation and object detection logic coupled to the processor and
configured to detect an object in aframe of avideo based on motion estimation,
wherein the video isto include afirst frame and a second frame, and wherein the
motion estimation isto be performed on aregion of the second frame using a sum of
absolute difference between the region of the second frame and a corresponding
region of the first frame.

27. The system of claim 26, wherein the sum of absolute difference isto be

performed on macro blocks included in the region of the second frame and in the
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corresponding region of the first frame, and further including logic to perform a
classifier function on the region of the second frame in order to detect the object in the

region of the second frame.

28. The system of claim 27, wherein the second frame i s a subsequent
frame of the first frame, and wherein the motion estimation and object detection logic
isfurther configured to determine whether to detect an object in the region of the
second frame based on a comparison of the sum of absolute difference and athreshold.

29. The system of claim 28, wherein the logic to detect the object in the
region of the second frame isto be performed if the sum of absolute differenceis
more than the threshold, wherein the object detection on the region of the second
frame isto not be performed if the sum of absolute difference isless than or equal to
the threshold, and wherein encoding information of the corresponding region of the
first frameisto bereused for the region of the second frame if the object detection on
the region of the second frame is not performed.
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