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METHOD OF AND APPARATUS FOR PERFORMING AN OBJECTIVE VIDEO QUALITY
ASSESSMENT USING NON-INTRUSIVE VIDEO FRAME TRACKING

BACKGROUND OF THE INVENTION

Degradation of video quality may occur during and between the transmission of video
signals from atransmitter to areceiver. When such degradation occurs, there may exist aneed to
ascertain the degree and nature of such degradation aswell asto adjust the operating parameters

responsible for producing the degradation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 isaschematic diagram of an exemplary and non-limiting embodiment.

FIG. 2 isaflow diagram of a method according to an exemplary and non-limiting
embodiment.

FIG. 3 isaflow diagram of a method according to an exemplary and non-limiting
embodiment.

FIG. 4 isablock diagram of a system according to an exemplary and non-limiting
embodiment.

FIG. 5illustrates another system in accordance with some embodiments.

FIG. 6isan example of a small form factor device in accordance with some

embodiments.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

In accordance with an exemplary and non-limiting embodiment, a method for encoding
frame numbers into individual frames of a streaming video signal in arobust and nonintrusive
manner isdisclosed. Prior to transmission, each frame of the source video signal isencoded such
as by, for example, watermarking, with information indicative of aunique frame number of the
frame. When received, the encoded frame number information is decoded and utilized to perform
objective video quality assessment of the received signal. The quality of the received video
signal vis-a-vis the source video signal may also be utilized to perform objective video quality
assessment of thereceived signal. In such an instance, the decoded frame number information is
utilized to eliminate the occurrence of frame repetition. However computed, the results of the
objective video quality assessment may be further utilized to perform optimization of parameters

related to the quality of both the transmission and reception of the source video signal.
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With reference to Fig. 1, thereisillustrated an overview of the video frame tracking
methodology according to an exemplary embodiment. In accordance with an exemplary and non-
limiting embodiment, atransmitter 10 receives a source video signal 12 from a source video 14,
processes the source video signal 12 and transmits the processed signal to areceiver 16 viaa
channel 19. Both the transmitter 10 and the receiver 16 are illustrated in schematic fashion
detailing the functions encompassed by each. As aresult, for example, the logical functions
comprising image watermarking module 18 and video encoding module 20 as well as transmitter
stack module 22 are broadly described asforming apart of the transmitter 10. Itisto be
understood that in accordance with exemplary and non-limiting embodiments the transmitter 10
may utilize one or more hardware or software components, working alone or in coordinated
fashion, to perform the logical functions comprising the transmitter 10.

Likewise, the logical functions comprising video decoding module 24 and watermark
decoding module 26 as well asthereceiver stack module 28, the frame buffer 30 and the frame-
order-aware video quality assessment module 32 are broadly described as forming apart of the
receiver 16. It isto be understood that exemplary and non-limiting embodiments of the receiver
16 may utilize one or more hardware or software components, working alone or in coordinated
fashion, to perform the logical functions comprising the receiver 16. Further, while illustrated as
separate elements, both the transmitter 10 and the receiver 16 may be implemented in the same
device and may share components such as, for example, when each of the transmitter 10 and the
receiver 16 are implemented as part of aunitary transceiver.

The source video 14 comprises any and all video data capable of being represented as a
sequence or series of individual images or frames. Asused herein, references to an "image"
forming aframe of the source video 14 and the "frame" associated with such an image may be
used interchangeably. The source video 14 provides an input to the transmitter 10. This input, the
source video signal 12, may be communicated via either awired or wireless mode of
communication from the source video 14 to the transmitter 10. Once received by the transmitter
10, the image watermarking module 18 proceeds to watermark the image. Specifically, each
image comprising source video signal 12 isdigitally watermarked with encoded information
indicative of aunique placement of the image with respect to the other images comprising the
remaining frames of the source video 14. For example, because successive frames comprising
the source video signal 12 are intended to be viewed one after the other, afirst frame may be
encoded with aframe number of "1", while the next frame is encoded with aframe number of
"2" and so on. With regards to such an exemplary schema, it may be determined, for example,
from aframe encoded with aframe number of "27" that the preceding frame was aframe
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encoded with the frame number "26" and that the next frame in sequence is the frame encoded
with the frame number of "28".

It isknown in the art to store information describing an image in amanner associated
with the image. For example, a Tagged Image File Format image (1SO 12639:2004), or "TIFF"
image, contains both header information and image data. The bifurcation of header data from
image data allows for the inclusion of data describing the image to be placed in the header
without altering, corrupting or degrading the data forming the image. There isfurther known in
the art the process of encoding data in the image data portion of an image via digital
watermarking. Digital watermarking permits the encoding of data into the image datain such a
manner as to escape detection by visual inspection of the encoded image. Asused herein,
"watermarking" refers broadly to any and all techniques for encoding data into image data in
such amanner as to escape detection by visual inspection of the encoded image.

Asaresult, the technique of watermarking is commonly used to prevent unwanted
copying or piracy of the image. While virtually invisible to aviewer, the data encoded in the
image can be decoded and read using appropriate computer software. Because the watermark is
embedded in the image data, the information encoded via the watermark travels with the image
data even in the event of the header data having been removed.

Furthermore, digital watermarking isrobust. Asused herein, "robust” refers to the ability
to accurately encode in and decode information from amedium in the event that, prior to
decoding, the medium in which the datais encoded is degraded. For example, it iscommon
when viewing video over cable to experience the effects of insufficient bandwidth to allow for a
high fidelity reproduction of avideo signal. In such instances, it iscommon to experience a
combination of, for example, pixilation of individual frames and the dropping of high frequency
signal components. As aresult of such degradation to the individual frames of the video signal,
information that might be encoded in the frames might likewise be so degraded as to be unable to
be accurately decoded. However, in accordance with exemplary embodiments, the use of digital
watermarking to encode each image with aframe number alows for the accurate decoding of
such information even in the event that any given frame i s degraded.

After the image watermarking 18 of each frame with a unique frame number, the frames
undergo video encoding 20. The video encoding 20 process formats the sequence of individual
frames into adesired video format for transmission. Examples of video formats include, but are
not limited to, such standard video formats as the Motion Pictures Expert Group (MPEG) format
including MPEG-1 (ISO/IEC 11172) and related standards. Asused herein, "encoding” refers to
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any and all manner of formatting video data to produce both compressed and uncompressed
video data.

Once encoded, the video signal is stacked for transmission in accordance with a
transmission protocol at atransmitter stack module 22. Examples of such protocols include, but
are not limited to, Open Systems Interconnection (OSl) protocols (ITU-T Rec. X.212 [ISO/IEC
8886]), Transmission Control Protocol and Internet Protocol (TCP/IP)(RFC 1122), and |IEEE
802.11 ("Wi-Fi"). In accordance with an exemplary and non-limiting embodiment, the signal is
then communicated by the transmitter 10 to the channel 19. In this context, the channel 19
signifies the transfer function from the transmitter output port to the receiver input port, over
which the communicated signal istransferred. The channel 19 may function as a dedicated
channel, such as one amongst many cable channels, from which adesired video signal may be
selected and de-multiplexed. Such achannel 19 may be transmitted in whole or in part via either
wired or wireless communication means. In accordance with another exemplary and non-limiting
embodiment, the transmitter 10 may transmit the video signal to the receiver 16 absent the
intermediate channel 19 such as via direct wired or wireless communication.

Regardless of the mode of communication, upon reception by the receiver 16, the video
signal proceeds to the receiver stack module 28 where the video signal is extracted in accordance
with the communication protocol employed at the transmitter 10. The extracted signal isthen
decoded via video decoding module 24. Video decoding module 24 operates to decode the
individual frames of the received video signal and to store each frame, one a atime, in the frame
buffer 30. The frame buffer 30 comprises a portion of computer memory of a size sufficient to
store at least a single frame in the native resolution of the source video signal. Once an
individual frame of a sequence of frames comprising the video signal is decoded and stored in
the frame buffer 30, the frame buffer istransmitted to aviewing apparatus 34. The viewing
apparatus 34 is any apparatus capable of receiving and displaying image data including, but not
limited to, atelevision, acomputer monitor, a mobile phone display and the like. For example,
when the viewing apparatus 34 is acomputer monitor receiving a signal from a graphics card
operating in accordance with instructions issued in Open Graphics Library (OpenGL)
commands, the process of flashing the contents of the frame buffer 30 to the viewing apparatus
34 isknown as "blitting."

In parallel to providing the contents of the frame buffer 30 to the viewing apparatus 34,
the data comprising each image in the frame buffer 30 is communicated to watermark decoding
module 26. Specifically, each image comprising each frame of the video signal undergoes

decoding to extract the information encoded in the frame at the image watermarking module 18.
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Specifically, the frame numbers encoded in each frame by the transmitter 10 are decoded to
produce a sequence of frame numbers indicative of the order in which frames were
communicated to the frame buffer 30 and further to the viewing apparatus 34. While watermark
decoding module 26 isillustrated herein asreceiving input from frame buffer 30, alternative
exemplary embodiments are broadly drawn to encompass the reception of input data by
watermark decoding module 26 at any point during the encoding and transmission of the video
signal.

It isknown in the art to perform an objective video quality assessment on avideo stream.
Objective video quality assessment involves employing techniques comprising mathematical
models that approximate results of subjective quality assessment, but are based on criteria and
metrics that can be measured objectively and automatically evaluated by a computer program.
Objective methods are classified based on the availability of the original video signal, whichiis
considered to be of high quality (generally not compressed). Therefore, they can be classified as
Full Reference Methods (FR), Reduced Reference Methods (RR) and No-Reference Methods
(NR). FR metrics compute the quality difference by comparing every pixel in each image of the
distorted video to its corresponding pixel in the origina video. RR metrics extract some features
of both videos and compare them to give aquality score. They are used when all the original
video isnot available, e.g. in atransmission with alimited bandwidth. NR metrics try to assess
the quality of adistorted video without any reference to the origina video.

Research performed when developing Intel's Gross Error Detection (GED) Methodol ogy
discovered a correlation between the degree of frame order corruption and the subjective Mean
Opinion Score (MOS). Asaresult, much like known objective video quality assessment
techniques, knowledge of frame order and attendant frame order corruption may be utilized to
approximate subjective video quality assessments.

With this fact in mind, in an exemplary and non-limiting embodiment, the sequence of
decoded frame numbers from the watermark decoding 26 is communicated to the frame-order-
aware video quality assessment module 32. Specifically, as each frame number is decoded at the
watermark decoding module 26, the sequence of decoded frame numbers is analyzed to perform
an objective video quality assessment. In an exemplary embodiment, the sequence of decoded
frame numbers forms the only input to the frame- order-aware video quality assessment 32.

In accordance with other exemplary and non-limiting embodiments, one or more images
are communicated from the frame buffer 30 to the frame-order-aware video quality assessment
module 32 and utilized to perform, for example, full reference, reduced reference and no-

reference objective video quality assessment. The communication of such image datais
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illustrated as a dotted line extending from the frame buffer 30 to the frame-order-aware video
guality assessment module 32. In such an instance, ahybrid methodology i s employed whereby
the frame- order-aware video quality assessment module 32 disclosed herein incorporates inputs
comprising, at least, one or more images from the frame buffer 30. In an exemplary embodiment,
frame order corruption dataisutilized to affect the manner in which individual frames are
observed to compute an objective metric of video quality. For example, if the watermark
decoding module 26 determines that aframe isrepeated, the identified repeated frame will not be
included in the objective metric computation so that the video sequence of frames iskept in
synch with any reference information that may be used in the computation of the objective
metric of video quality.

The output of the frame- order-aware video quality assessment module 32 may be used to
adaptively adjust the operating parameters of modules in the receiver 16 and/or the transmitter
10. For example, if frame deletions occurring due to buffer overruns at the frame buffer 30 are
found to be afrequent occurrence, the size of the frame buffer 34 may beincreased to reduce the
incidence of such frame buffer 30 overruns. In accordance with an exemplary embodiment, back
channel feedback may be provided to one or more modules of the transmitter 10 to adaptively
adjust the operating parameters of modules in the transmitter 10. This back channel feedback is
illustrated by dotted lines extending from the frame-order-aware video quality assessment
module 32 to various modules of the transmitter 10. For example, if the frame-order- aware video
quality assessment module 32 determines that frames are being dropped at a sufficiently high
rate, the frame-order-aware video quality assessment module 32 may instruct the video encoding
module 20 to, for example, increase the latency of transmissions, increase the level of frame
compression and the like.

With reference to Fig. 2, thereisillustrated aflow diagram of amethod of image
watermarking according to an exemplary and non-limiting embodiment. At step 2a, each of one
or more images forming a source video iswatermarked. Specifically, as described in detail
above, a source video signal 12 isreceived by atransmitter. The component frames, or images,
comprising the source video signal 12, are individually watermarked with aframe sequence
number to indicate the placement of each watermarked frame in the sequence of frames
comprising the source video signal 12.

At step 2b, the one or more watermarked images are encoded to produce aformatted
video signal. Asdescribed above, in exemplary embodiments the video signal may be encoded
into a standard format, such as MPEG. Next, at step 2c, atransmitter stack isformed from the

formatted video signal that is compliant with the communication protocol to be used in the
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transmission of the formatted video signal. Lastly, at step 2d, the formatted video signdl is
transmitted.

Asdescribed above, the transmission from the transmitter 10 to the receiver 16 may be
viaawired communication link, awireless communication link, or may even involve the transfer
of data between separate modules or components of the same device.

With reference to Fig. 3, thereisillustrated aflow diagram of amethod of receiving and
decoding awatermarked video signal according to an exemplary and non-limiting embodiment.
At step 3a, aformatted video signal isreceived. At step 3b, the formatted video signal is decoded
to derive the one or more watermarked images each forming aframe of the formatted video
signal. Once decoded, at step 3c the frame buffer 30 is populated with one of the one or more
watermarked images. Once populated, at step 3d the contents of the frame buffer are
communicated, such asby "blitting", to aviewing apparatus 34. In parallel fashion, at step 3e
watermark decoding isperformed on the contents of the frame buffer to retrieve the frame
sequence number associated with the image in the frame buffer 30.

At step 3f, each retrieved frame number sequence is utilized to perform avideo quality
assessment of the received formatted video signal. Lastly, at step 3g, the results of the video
quality assessment are utilized to perform parameter optimization both at the transmitter 10 and
the receiver 16.

With reference to Fig. 4, thereisillustrated adevice 36 in accordance with exemplary
embodiments disclosed herein. The device 36 includes aprocessor 38 according to any of the
embodiments described herein. For example, the processor 38 might be comprised of ahost
processor, aco-processor, and/or amemory unit for storing instructions and/or data required to
perform any of the functions of any of the modules described above with respect to both the
transmitter 10 and the receiver 16. In addition to an internal memory, the processor 38 may
additionally be in communication with the memory 40 comprised of, for example, RAM memory
for storing instruction and/or data such, for example, the frame buffer 30.

Asillustrated, device 36 is capable of functioning as the transmitter 10 and/or the
receiver 16. Device 36 comprises at least one input 44 for receiving both source video signal 12
and/or avideo signal broadcast by the transmitter 10. Device 36 may likewise comprise an
output 46 for communicating a signal, such as one comprising the contents of the frame buffer
30, to aviewing apparatus 34. Device 36 may likewise comprise acommunication means 42.
Communication means 42 may be, for example, an antenna or awired communication link for

transmitting and/or receiving, for example, backchannel feedback information or avideo signal.
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FIG. 5illustrates an embodiment of a system 500. In embodiments, system 500 may be a
media system although system 500 is not limited to this context. For example, system 500 may
be incorporated into apersonal computer (PC), laptop computer, ultra-laptop computer, tablet,
touch pad, portable computer, handheld computer, paimtop 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.

In embodiments, system 500 comprises aplatform 502 coupled to adisplay 520.
Platform 502 may receive content from a content device such as content services device(s) 530
or content delivery device(s) 540 or other similar content sources. A navigation controller 550
comprising one or more navigation features may be used to interact with, for example, platform
502 and/or display 520. Each of these components is described in more detail below.

In embodiments, platform 502 may comprise any combination of achipset 505, processor
510, memory 512, storage 514, graphics subsystem 515, applications 516 and/or radio 518.
Chipset 505 may provide intercommunication among processor 510, memory 512, storage 514,
graphics subsystem 515, applications 516 and/or radio 518. For example, chipset 505 may
include a storage adapter (not depicted) capable of providing intercommunication with storage
514.

Processor 510 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 510 may comprise dual-core processor(s), dual-core mobile processor(s), and so forth.

Memory 512 may be implemented as a volatile memory device such as, but not limited
to, aRandom Access Memory (RAM), Dynamic Random Access Memory (DRAM), or Static
RAM (SRAM).

Storage 514 may be implemented as a non-volatile storage device such as, but not limited
to, amagnetic 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 514 may comprise technology to
increase the storage performance enhanced protection for valuable digital media when multiple
hard drives are included, for example.

Graphics subsystem 515 may perform processing of images such as still or video for
display. Graphics subsystem 515 may be a graphics processing unit (GPU) or avisual

processing unit (VPU), for example. An analog or digital interface may be used to
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communicatively couple graphics subsystem 515 and display 520. For example, the interface
may be any of aHigh-Definition Multimedia Interface, DisplayPort, wireless HDMI, and/or
wireless HD compliant techniques. Graphics subsystem 515 could be integrated into processor
510 or chipset 505. Graphics subsystem 515 could be a stand-alone card communicatively
coupled to chipset 505.

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 achipset. Alternatively, adiscrete graphics and/or video processor may be
used. Asdtill another embodiment, the graphics and/or video functions may be implemented by
ageneral purpose processor, including amulti-core processor. In afurther embodiment, the
functions may be implemented in aconsumer electronics device.

Radio 518 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 518 may operate in accordance with
one or more applicable standards in any version.

In embodiments, display 520 may comprise any television type monitor or display.
Display 520 may comprise, for example, acomputer display screen, touch screen display, video
monitor, television-like device, and/or atelevision. Display 520 may be digital and/or analog. In
embodiments, display 520 may be a holographic display. Also, display 520 may be atransparent
surface that may receive avisual projection. Such projections may convey various forms of
information, images, and/or objects. For example, such projections may be avisua overlay for a
mobile augmented reality (MAR) application. Under the control of one or more software
applications 516, platform 502 may display user interface 522 on display 520.

In embodiments, content services device(s) 530 may be hosted by any national,
international and/or independent service and thus accessible to platform 502 via the Internet, for
example. Content services device(s) 530 may be coupled to platform 502 and/or to display 520.
Platform 502 and/or content services device(s) 530 may be coupled to a network 560 to
communicate (e.g., send and/or receive) media information to and from network 560. Content
delivery device(s) 540 also may be coupled to platform 502 and/or to display 520.

In embodiments, content services device(s) 530 may comprise a cable television box,

personal computer, network, telephone, Internet enabled devices or appliance capable of
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delivering digital information and/or content, and any other similar device capable of
unidirectionally or bidirectionally communicating content between content providers and
platform 502 and/display 520, via network 560 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 500 and a content provider via network 560. Examples of content may
include any media information including, for example, video, music, medical and gaming
information, and so forth.

Content services device(s) 530 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.

In embodiments, platform 502 may receive control signals from navigation controller 550
having one or more navigation features. The navigation features of controller 550 may be used
to interact with user interface 522, for example. In embodiments, navigation controller 550 may
be apointing device that may be a computer hardware component (specifically human interface
device) that allows auser to input spatia (e.g., continuous and multi-dimensional) datainto 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.

Movements of the navigation features of controller 550 may be echoed on adisplay (e.g.,
display 520) by movements of apointer, cursor, focus ring, or other visual indicators displayed
on the display. For example, under the control of software applications 516, the navigation
features located on navigation controller 550 may be mapped to virtual navigation features
displayed on user interface 522, for example. In embodiments, controller 550 may not be a
separate component but integrated into platform 502 and/or display 520. Embodiments,
however, are not limited to the elements or in the context shown or described herein.

In embodiments, drivers (not shown) may comprise technology to enable users to
instantly turn on and off platform 502 like atelevision with the touch of abutton after initial
boot-up, when enabled, for example. Program logic may allow platform 502 to stream content to
media adaptors or other content services device(s) 530 or content delivery device(s) 540 when
the platform isturned "off." In addition, chip set 505 may comprise hardware and/or software
support for 5.1 surround sound audio and/or high definition 5.1 surround sound audio, for
example. Drivers may include a graphics driver for integrated graphics platforms. In
embodiments, the graphics driver may comprise aperipheral component interconnect (PCI)
Express graphics card.

10
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In various embodiments, any one or more of the components shown in system 500 may
beintegrated. For example, platform 502 and content services device(s) 530 may be integrated,
or platform 502 and content delivery device(s) 540 may be integrated, or platform 502, content
services device(s) 530, and content delivery device(s) 540 may be integrated, for example. In
various embodiments, platform 502 and display 520 may be an integrated unit. Display 520 and
content service device(s) 530 may beintegrated, or display 520 and content delivery device(s)
540 may be integrated, for example. These examples are not meant to limit the invention.

In various embodiments, system 500 may be implemented as awireless system, awired
system, or acombination of both. When implemented as awireless system, system 500 may
include components and interfaces suitable for communicating over awireless 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 awireless
spectrum, such as the RF spectrum and so forth. When implemented as awired system, system
500 may include components and interfaces suitable for communicating over wired
communications media, such as input/output (1/0) adapters, physical connectors to connect the
I/0 adapter with a corresponding wired communications medium, anetwork interface card
(NIC), disc controller, video controller, audio controller, and so forth. Examples of wired
communications media may include awire, cable, metal leads, printed circuit board (PCB),
backplane, switch fabric, semiconductor material, twisted-pair wire, co-axial cable, fiber optics,
and so forth.

Platform 502 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 avoice conversation, videoconference, streaming video,
electronic mail ("email™) message, voice mail message, aphanumeric symbols, graphics, image,
video, text and so forth. Data from avoice 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 mediainformation in a
predetermined manner. The embodiments, however, are not limited to the elements or in the
context shown or described in FIG. 5.

Asdescribed above, system 500 may be embodied in varying physical styles or form
factors. FIG. 6illustrates embodiments of a small form factor device 600 in which system 500
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may be embodied. In embodiments, for example, device 600 may be implemented as amobile
computing device having wireless capabilities. A mobile computing device may refer to any
device having aprocessing system and amobile power source or supply, such as one or more
batteries, for example.

Asdescribed above, examples of amobile computing device may include a personal
computer (PC), laptop computer, ultra-laptop computer, tablet, touch pad, portable computer,
handheld computer, palmtop 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.

Examples of amobile computing device also may include computers that are arranged to
be worn by aperson, such as awrist 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 of executing computer applications, aswell asvoice
communications and/or data communications. Although some embodiments may be described
with amobile 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.

Asshownin FIG. 6, device 600 may comprise ahousing 602, adisplay 604, an
input/output (1/0) device 606, and an antenna 608. Device 600 aso may comprise navigation
features 612. Display 604 may comprise any suitable display unit for displaying information
appropriate for amobile computing device. 1/0 device 606 may comprise any suitable 1/0
device for entering information into amobile computing device. Examples for 1/O device 606
may include an alphanumeric keyboard, anumeric keypad, atouch pad, input keys, buttons,
switches, rocker switches, microphones, speakers, voice recognition device and software, and so
forth. Information also may be entered into device 600 by way of microphone. Such
information may be digitized by avoice recognition device. The embodiments are not limited in
this context.

Various embodiments may be implemented using hardware elements, software elements,
or acombination of both. Examples of hardware elements may include processors,
MIiCroprocessors, 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
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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 isimplemented 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 datarates, memory resources, data bus speeds and other design or performance
constraints.

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.

Various modifications and changes may be made to the foregoing embodiments without
departing from the broader spirit and scope set forth in the appended claims. The following
illustrates various additional embodiments and do not constitute a definition of all possible
embodiments, and those skilled in the art will understand that the present invention is applicable
to many other embodiments. Further, although the following embodiments are briefly described
for clarity, those skilled in the art will understand how to make any changes, if necessary, to the
above-described apparatus and methods to accommodate these and other embodiments and

applications.
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WHAT ISCLAIMED IS:

1. A method comprising:

receiving a source video signal comprising one or more images,

watermarking aplurality of the one or more images;

encoding the plurality of watermarked images to produce aformatted video signal; and

transmitting the formatted video signal.

2. The method of claim 1further comprising creating atransmitter stack from the

formatted video signal.

3. The method of claim 1wherein watermarking the plurality of images comprises

digitally watermarking each of the plurality of images with aunique frame sequence number.

4. An article of manufacture comprising:

acomputer readable medium having stored thereon instructions which, when executed by
aprocessor, cause the processor to:

receive a source video signal comprising one or more images,

watermark aplurality of the one or more images;

encode the plurality of watermarked images to produce aformatted video signal; and

transmit the formatted video signal.

5. The article of claim 4 wherein the instructions further cause the processor to create a

transmitter stack from the formatted video signal.

6. The article of claim 4 wherein watermarking the plurality of images comprises

digitally watermarking each of the plurality of images with aunique frame sequence number.

7. A method comprising:

receiving aformatted video signal;

decoding the formatted video signal into one or more watermarked images;
performing watermark decoding of one of the one or more watermarked images to

retrieve aframe sequence number;

14



10

15

20

25

30

WO 2013/100960 PCT/US2011/067570

performing video quality assessment based, at least in part, upon the frame sequence
number; and
performing parameter optimization based, at least in part, upon aresult of the video

guality assessment.

8. The method of claim 7 wherein performing watermark decoding comprises:
populating aframe buffer with one of the one or more watermarked images; and

performing watermark decoding of the frame buffer to retrieve aframe sequence number.

9. The method of claim 8 further comprising communicating a contents of the frame

buffer to aviewing apparatus.

10. The method of claim 8 wherein performing the video quality assessment further
comprises comparing the frame sequence number to at least one previously decoded frame

seguence number.

11. The method of claim 10 wherein performing the video quality assessment further

comprises utilizing a contents of the frame buffer.
12. The method of claim 11wherein utilizing the contents of the frame buffer comprises
disregarding the contents of the frame buffer if the frame sequence number decoded from the

frame buffer isrepetitive of apreviously decoded frame sequence number.

13. The method of claim 7 wherein performing the parameter optimization further
comprises adjusting at least one parameter related to the decoding of the formatted video signal.

14. The method of claim 8 wherein performing the parameter optimization further

comprises increasing the size of the frame buffer.

15. The method of claim 7 wherein performing the parameter optimization further

comprises optimizing parameters related to atransmission of the formatted video signal.

16. The method of claim 15 wherein optimizing parameters related to atransmission of
the formatted video signal is accomplished via backchannel feedback.
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17. A system, comprising:

an antenna; and

an apparatus coupled to the antenna and including a computer readable medium having
stored thereon instructions which, when executed by aprocessor, cause the processor to:

receive aformatted video signal viathe antenna;

decode the formatted video signal into one or more watermarked images;

perform watermark decoding of one of the one or more watermarked images to retrieve a
frame sequence number;

perform video quality assessment based, at least in part, upon the frame sequence
number; and

perform parameter optimization based, at least in part, upon aresult of the video quality

assessment.

18. The system of claim 17 wherein the instructions further cause the processor to
populate aframe buffer with one of the one or more watermarked images and to perform
watermark decoding of the frame buffer to retrieve aframe sequence number.

19. The system of claim 17 wherein the instructions further cause the processor to

communicate a contents of the frame buffer to aviewing apparatus.

20. The system of claim 17 wherein when performing the video quality assessment the
instructions further cause the processor to compare the frame sequence number to at least one

previously decoded frame sequence number.

21. The system of claim 18 wherein when performing the video quality assessment the
instructions further cause the processor to utilize a contents of the frame buffer.

22. The system of claim 21 wherein when utilizing the contents of the frame buffer the
instructions further cause the processor to disregard the contents of the frame buffer if the frame
sequence number decoded from the frame buffer isrepetitive of apreviously decoded frame

seguence number.
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23. The system of claim 17 wherein when performing the parameter optimization the
instructions further cause the processor to adjust at least one parameter related to the decoding of

the formatted video signal.

24. The system of claim 18 wherein when performing the parameter optimization the

instructions further cause the processor to increase the size of the frame buffer.
25. The system of claim 17 wherein when performing the parameter optimization the
instructions further cause the processor to optimize parameters related to atransmission of the

formatted video signal.

26. The system of claim 25 wherein the optimizing parameters related to atransmission
of the formatted video signal is accomplished via backchannel feedback.

17



WO 2013/100960

1/6

PCT/US2011/067570

12
TRANSMITTER 10
SOURCE IMAGE VIDEO TRANSMITTER
VIDEO A WATERMARKING [] ENcoDING []  sTACK 3 CHANNEL
14 18 20 2 19
(BACKGHANNEL |
FEEDBACK)
RECEIVER 16
WATERMARK FRAME-ORDER-AWARE VIDEO
DECODING QUALITY ASSESSMENT
26 32
“ /. (OPTIMIZATION
/ "\ ADJUSTMENTS})
“ AN
VIEWING FRAME VIDEO RECEIVER
APPARATUS f BUFFER [ 1 pecooing 1 sTack  F
34 30 24 28

FIG. 1



WO 2013/100960

PCT/US2011/067570

2/6

WATERMARK ONE OR MORE IMAGES
FORMING A SOURCE VIDEO ~—2a

ENCODE THE ONE OR MORE
WATERMARKED IMAGES TO
PRODUCE A FORMATTED VIDEO (—2b
SIGNAL

CREATE A TRANSMITTER
STACK FROM THE FORMATTED |
VIDEO SIGNAL c

TRANSMIT THE FORMATTED
VIDEO SIGNAL ~—2d

FIG. 2



WO 2013/100960

3/6

PCT/US2011/067570

RECEIVE FORMATTED VIDEO SIGNAL

~—3a

DECODE FORMATTED VIDEO
SIGNAL INTO ONE OR MORE
WATERMARKED IMAGES

L 3b

POPULATE THE FRAME BUFFER WITH ONE OF
THE ONE OR MORE WATERMARKED IMAGES  ~3c

COMMUNICATE THE FRAME BUFFER

TO A VIEWING APPARATUS

N 3d

PERFORM WATERMARK DECODING OF THE FRAME
BUFFER TO RETRIEVE A FRAME SEQUENCE NUMBER [>3€

UTILIZE THE RETRIEVED FRAME SEQUENCE NUMBER ‘
TO PERFORM VIDEO QUALITY ASSESSMENT ~— 93

UTILIZE A RESULT OF THE VIDEO QUALITY ASSESSMENT _
TO PERFORM PARAMETER OPTIMIZATION 39

FIG. 3



WO 2013/100960 PCT/US2011/067570

4/6

)/ 42
[/
44
J— PROCESSOR MEMORY
38 40
36
VIEWING
APPARATUS
34

FIG. 4



WO 2013/100960

5OOK‘

f550

5/6

PCT/US2011/067570

)

D
()
O

Platform 502

DISPLAY 520

USER INTERFACE 522

i

Memory Radio 518 Storage
512 514
Applications
Chipset 505 516
Graphics
Processor Subsystem
510 515

Network

560

FIG. 5

Content Delivery
Device(s)
540

Content
Services
Device(s)

530




WO 2013/100960

6/6

/
1610
D 612
f
(@)
<
/

PCT/US2011/067570

604

—606

FIG. 6



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2011/067570

A. CLASSIFICATION OF SUBJECT MATTER

HO4N 7/24(2011.01)i, HO4N 21/8358(2011.01)1

According to International Patent Classification (IPC) or to both nationa classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO4N 7/24; GO6F 11/07; HO4B 1/69; HO4N 7/08; GO6K 9/00; HO4N 17/00; GO6T 9/00; HO4N 7/081

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: encoding, watermark, quality, assessment, parameter

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2002-0191810 Al (BRIAN FUDGE et al.) 19 December 2002 1-26
See abstract ; paragraphs [0009] -[0057] , figure 2; clams 1-7

A EP 1585348 Al (THE ROBERT GORDON UNIVERSITY) 12 October 2005 1-26
See abstract ; paragraphs [0010] -[0013] ; clams 1-4

A US 2011-0022937 Al (TIAN JUN et al.) 27 January 2011 1-26
See abstract ; paragraphs ~ [0014] -[0023] ; figure 1; claims 16 and 18

A JP 2001-231017 A (KDDI CORP) 24 August 2001 1-26
See abstract ; paragraphs [0006] -[0008] ; clam 1

|:| Further documents are listed in the continuation of Box C. & See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which isnot considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document istaken aone
cited to edtablish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special  reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to aperson skilled inthe art

"P'  document published prior tothe international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
18 SEPTEMBER 2012 (18.09.2012) 19 SEPTEMBER 2012 (19.09.2012)

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office

' 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan CHO, Woo Yeon
W cCity, 30270 1, Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-8524

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US201 1/067570

Patent document Publication Patent family Publication

cited in search report date member(s) date

Us 2002-0 191810 A1 19 . 12 .2002 AT 414959 T 15, 12,2008
BR 0210375 A 05.08. 2008
CA 2450463 Al 19, 12,2002
CA 2450463 C 22.06.2010
CA 2637242 Al 19, 12,2002
CN 1630884 A 22,06, 2005
CN 1630884 co 18.06. 2008
DE 60229936 Di 02.01.2009
EP 1395950 A2 10. 03,2004
EP 1395950 Bi 19, 11,2008
EP 2028617 A2 25,02.2009
EP 2028617 A3 09. 12,2009
ES 2315373 T3 01.04.2009
HK 1076181 Al 24,04 ,2009
IL 159298A 22.09.2009
IL 159298D0 01.06. 2004
JP 04-298499 B2 24,04 ,2009
JP 2005-518683 A 23.06. 2005
KR 10-0881038 B1 05.02. 2009
us 2006-0120562 Al 08.06. 2006
Us 6996248 B2 07.02. 2006
us 7376243 B2 20,05, 2008
Wo 02- 101648 A2 19, 12,2002
Wo 02- 101648 A3 19, 12,2002

EP 1585348 Al 12 .10 .2005 GB 0407428 po 05.05. 2004

Us 201 1-0022937 Al 27.01.2011 AU 1999-24634 A1 02.08. 1999
AU 1999-24634 B2 16,05, 2002
AU 1999-35629 A1 01. 11, 1999
AU 1999-35629 B2 05.06. 2003
AU 1999-48367 A1 21.02.2000
AU 2000- 16248 A1 13.06. 2000
AU 2000- 18093 A1 22.05,2000
AU 2000-23695 A1 03.07.2000
AU 2000-37368 A1 28.09, 2000
AU 2000-485 13 A1 05. 12,2000
AU 2000-51457 A1 05. 12,2000
AU 2001- 12320 A1 14,05, 2001
AU 200 1- 12321 A1 14,05, 2001
AU 2001- 19350 A1 12,06, 2001
AU 200 1-22957 A1 16.07.2001
AU 2001-237017 A8 27.08.2001
AU 2001-2593 1 A1 09.07.2001
AU 200 1-259652 A8 20. 11.2001
AU 200 1-266949 A8 02.01.2002
AU 200 1-277047 B2 06.09. 2007
AU 200 1-277 147 B2 18,05, 2006
AU 200 1-29362 A1 24.07.2001

Form PCT/ISA/210 (patent family annex) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US201 1/067570
Patent document Publication Patent family Publication
cited in search report date member(s) date

AU 2001-29402 A1 24.07.2001
AU 2001-3458 1 A1 07.08.2001
AU 2001-37017 A1 27.08.2001
AU 2001-380 13 A1 14,08, 2001
AU 200 1-40 105 A1 24.09.,2001
AU 200 1-47457 A1 03. 10,2001
AU 200 1-55445 A1 30. 10.2001
AU 200 1-55446 A1 07. 11,2001
AU 2001-593 13 A1 12, 11,2001
AU 200 1-59652 A1 20. 11,2001
AU 2001-66949 A1 02.01.2002
AU 2001-73184 A1 13.02. 2002
AU 2001-77047 A1 05,02, 2002
AU 2001-77 147 A1 05,02, 2002
AU 200 1-83073 A1 18,02, 2002
AU 2001-90822 A1 26.03,2002
AU 200 1-92659 A1 26.03,2002
AU 2001-96343 A1 08.04.2002
AU 2002- 11634 A1 22.04.2002
AU 2002-225593 A8 29,04 .2002
AU 2002-22965 A1 30.01.2002
AU 2002-22973 A1 30.01.2002
AU 2002-236678 A8 21.05,.2002
AU 2002-25593 A1 29,04 .2002
AU 2002-305304 A8 11. 11,2002
AU 2002-328 17 A1 01.07.2002
AU 2002-3523 1 A1 01.07.2002
AU 2002-353 174 Al 15,07.2003
AU 2002-364036 Al 15,07.2003
AU 2002-364255 Al 15,07.2003
AU 2002-36678 A1 21.05,.2002
AU 2002-39660 A1 01.07.2002
AU 2003-217642 Al 09.09. 2003
AU 2003-217642 A8 09.09. 2003
AU 2003-220245 Al 29.09.2003
AU 2003-22 1894 Al 27. 10,2003
AU 2003-22 1894 A8 27. 10,2003
AU 2003-293087 Al 23.06.2004
CA 2174413 Al 26,05, 1995
CA 2174413 C 09.06. 2009
CA 2301218 Al 04,03, 1999
CA 2318564 Al 22,07, 1999
CA 2318564 C 21.07.2009
CA 2326565 Al 21 10, 1999
CA 2326565 C 15,09, 2009
CA 2338618 Al 10,02, 2000
CA 2338618 C 04.07.2006
CA 2347179 Al 11.05.2000
CA 2355715 Al 22.06.2000
CA 2364433 Al 14,09, 2000

Form PCT/ISA/210 (patent family annex) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US201 1/067570
Patent document Publication Patent family Publication
cited in search report date member(s) date

CA 2364433 C 19.07.2011
CA 2373208 Al 23. 11,2000
ca 2373511 Al 23. 11.2000
CA 2416530 Al 31.01.2002
CA 2416530 C 21, 10,2008
CA 2416532 Al 31.01.2002
CA 2422412 Al 18,04, 2002
CA 2469938 Al 10.07.2003
CA 2469938 C 15,09, 2009
CA 2470547 Al 10.07.2003
CA 2470547 C 20,05, 2008
CA 2471457 Al 10.07.2003
CA 2471457 C 02.08.201 1
CA 2476895 Al 28.08, 2003
CA 2483419 Al 14, 11, 1996
CA 2666703 Al 22,07, 1999
CA 2671998 Al 10.07.2003
cN 100364309 co 23.01,2008
CN 101159799 A0 09.04.2008
CN 1628318 A 15,06, 2005
CN 1628318 co 16.05. 2007
CN 1631030 AO 22,06, 2005
EP 0737387 Al 27. 11,2002
EP 0737387 Bl 09.04.2003
EP 0824821 A2 23.05.2001
EP 0959620 Al 24, 11, 1999
EP 0959620 Bl 12,01, 2005
EP 0959621 Al 24, 11, 1999
EP 0959621 Bl 28.02.2001
EP 096 1239 A2 01. 12, 1999
EP 096 1239 A3 28.02.2001
EP 0981113 A2 23,02, 2000
EP 0981113 A3 14,03, 2001
EP 0981113 B1 14,09, 2005
EP 0987855 A2 22.03,2000
EP 1003324 A2 24,05, 2000
EP 1003324 A3 31.05.2000
EP 1003324 Bl 16.07.2003
EP 1008097 Al 14,06, 2000
EP 1012188 Al 28.06, 2000
EP 1012188 Bl 18.08. 2004
EP 1019868 A2 19,07.2000
EP 1019868 Bl 07.01.2009
EP 1049320 Al 02. 11,2000
EP 1049320 A8 02. 11,2000
EP 1050005 A2 08. 11,2000
EP 1050005 A4 18.07.2001
EP 1050005 B1 05.09. 2007
EP 1054335 A2 22, 11,2000
EP 1054335 A3 17, 12,2003

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US201 1/067570
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1131769 A2 12,09, 2001
EP 1131769 A4 19.03. 2003
EP 1131769 B1 16.02. 2005
EP 1137251 A2 26.09.2001
EP 1137251 A3 06.03. 2002
EP 1137251 B1 03.03.2004
EP 1137975 A1l 04.10.2001
EP 1142190 Al 10. 10,2001
EP 1142190 A4 25.05. 2005
EP 1157499 A1l 28.11.2001
EP 1157499 A4 09.07.2003
EP 1185967 A1l 13.03.2002
EP 1208499 Al 29.05. 2002
EP 1232472 Al 21,.08.2002
EP 1249002 Al 16. 10, 2002
EP 1249002 B1 16.03,201 1
EP 1257921 Al 20. 11,2002
EP 1257931 Al 20. 11,2002
EP 1264268 Al 11. 12,2002
EP 1266475 Al 18. 12,2002
EP 1266475 A4 27.07.2005
EP 1311973 A1l 21.05.2003
EP 1311973 A4 20. 10.2004
EP 1311973 B1 04.04 2007
EP 1312030 A2 21.05.2003
EP 1312030 B1 24.08.2011
EP 1325464 A1l 09.07.2003
EP 1372334 A2 17. 12,2003
EP 1372334 A3 31.03.2004
EP 1372334 Bl 17. 12,2008
EP 1389011 A2 11.02.2004
EP 1389011 A3 25.02.2004
EP 1389011 B1 27.02.2008
EP 1410313 Al 21.04.2004
EP 1444823 A2 11.08.2004
EP 1459239 Al 22.09.2004
EP 1459239 A4 07.06. 2006
EP 1459239 B1 04.04.2012
EP 1467834 Al 20. 10.2004
EP 1481347 A2 01. 12,2004
EP 1484710 A2 08. 12,2004
EP 1484710 A3 12,07.2006
EP 1484710 B1 09.01,2008
EP 1522990 A2 13.04.2005
EP 1522990 A3 19. 11,2008
EP 1522990 Bl 20. 10. 2010
EP 1550077 A2 06.07.2005
EP 1550077 A4 05.07.2006
EP 1550077 Bl 08.07.2009
EP 1552441 A2 13.07.2005

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US201 1/067570
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 1552441 A4 23. 11.2005
EP 1579622 Al 28. 09. 2005
EP 1579622 A4 30. 05. 2007
EP 1751690 A2 14.02. 2007
EP 1785890 A2 16. 05. 2007
EP 1785890 A3 30. 05. 2007
EP 1923830 A2 21.05. 2008
EP 1923830 A3 27.08. 2008
EP 1968301 A2 10. 09. 2008
EP 1968301 A3 22. 10.2008
EP 2040453 A2 25.03. 2009
EP 2040453 A3 01. 04. 2009
EP 2278497 A2 26.01. 2011
EP 2278497 A3 27.04. 2011
EP 2352111 A1l 03.08. 2011
EP 2352120 Al 03.08. 2011
EP 2469855 Al 27.06. 2012
GB 2353168 A 14.02. 2001
GB 2375254 A 06. 11.2002
JP 03-649731 B2 18. 05. 2005
JP 03-949679 B2 25.07. 2007
JP 04-068301 B2 26.03. 2008
JP 04-071261 B2 02. 04. 2008
JP 04-187749 B2 26. 11.2008
JP 04-199540 B2 17. 12.2008
JP 04-205624 B2 07.01. 2009
JP 04-417979 B2 04. 12.2009
JP 04-510643 B2 14.05. 2010
JP 04-598279 B2 01. 10.2010
JP 04-682276 B2 18.02. 2011
JP 04-785168 B2 22.07.2011
JP 04-785317 B2 22.07.2011
JP 04-800553 B2 12.08. 2011
JP 04-808850 B2 26.08. 2011
JP 04-829455 B2 22.09.2011
JP 04-880159 B2 09. 12.2011
JP 04-981455 B2 27.04.2012
JP 09-509795 A 30.09. 1997
JP 2001-514453 A 11.09. 2001
JP 2001-516765 A 02. 10.2001
JP 2002-504272 A 05. 02. 2002
JP 2002-511685 A 16. 04. 2002
JP 2002-532812 A 02. 10.2002
JP 2002-539487 A 19. 11.2002
JP 2002-539647 A 19. 11.2002
JP 2002-544627 A 24. 12.2002
JP 2002-544637 A 24. 12.2002
JP 2003-518658 A 10. 06. 2003
JP 2003-520008 A 24.06. 2003
JP 2003-523697 A 05. 08. 2003

Form PCT/ISA/210 (patent family annex) (July 2009)



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US201 /067570

Patent document Publication Patent family Publication

cited in search report date member(s) date
JP 2003--524199 A 12.08. 2003
JP 2003--524911 A 19. 08. 2003
JP 2003--528538 A 24.09. 2003
JP 2004--343722 A 02. 12,2004
JP 2005--051793 A 24. 02,2005
JP 2005--151561 A 09. 06. 2005
JP 2006--270972 A 05. 10.2006
JP 2006--314111 A 16. 11 2006
JP 2007--202163 A 09. 08. 2007
JP 2007--312383 A 29. 11,2007
JP 2007--329907 A 20. 12, 2007
JP 2008--178081 A 31.07.2008
JP 2010--182323 A 19.08.2010

JP 2001-231017 A 24.08.2001 None

Form PCT/ISA/210 (patent family annex) (July 2009)




	abstract
	description
	claims
	drawings
	wo-search-report

