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DECLARATION AND POWER OF ATTORNEY

As a below named inventor, | HEREBY DECLARE:

THAT my residence, post office address, and citizenship are as stated below next to
my name;

THAT I believe I am the original, first, and sole inventor (if only one inventor is
named below) or an original, first, and joint inventor (if plural inventors are named below or
in an attached Declaration) of the subject matter which is claimed and for which a patent is
sought on the invention entitled

SPATIALLY ENHANCED TRANSFORM CODING

(Attorney Docket No. 037145-7826)

the specification of which (check one)

is attached hereto.

was filed on as United States Application
Number

THAT I do not know and do not believe that the same invention was ever known or
used by others in the United States of America, or was patented or described in any printed
publication in any country, before I (we) invented it;

THAT 1 do not know and do not believe that the same invention was patented or
described in any printed publication in any country, or in public use or on sale in the United
States of America, for more than one year prior to the filing date of this United States
application;

THAT I do not know and do not believe that the same invention was first patented or
made the subject of an inventor's certificate that issued in any country foreign to the United
States of America before the filing date of this United States application if the foreign
application was filed by me (us), or by my (our) legal representatives or assigns, more than
twelve months (six months for design patents) prior to the filing date of this United States
application;

THAT I have reviewed and understand the contents of the above-identified
specification, including the claim(s), as amended by any amendment specifically referred to
above;

THAT I believe that the above-identified specification contains a written description
of the invention, and of the manner and process of making and using it, in such full, clear,
concise, and exact terms as to enable any person skilled in the art to which it pertains, or with
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which it is most nearly connected, to make and use the invention, and sets forth the best mode
contemplated by me of carrying out the invention; and

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all
information known to me to be material to patentability as defined in Title 37, Code of
Federal Regulations, §1.56.

I HEREBY CLAIM foreign priority benefits under Title 35, United States Code
§119(a)-(d) or § 365(b) of any foreign application(s) for patent or inventor's certificate, or
§365(a) of any PCT international application which designated at least one country other than
the United States of America, listed below and have also identified below any foreign
application for patent or inventor's certificate or of any PCT international application having a
filing date before that of the application on which priority 1s claimed.

Prior Foreign . Certified
Application Priority Co
11321 mber Country Foreign Filing Date | Claimed? Attacflz 49

I HEREBY CLAIM the benefit under Title 35, United States Code § 119(e) of any
United States provisional application(s) listed below.

U.S. Provisional Application Number Filing Date
60/911,480 4/12/2007

I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any
United States application(s), or § 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims
of this application is not disclosed in the prior United States or PCT International application
in the manner provided by the first paragraph of Title 35, United States Code, § 112, 1
acknowledge the duty to disclose information which is material to patentability as defined in
Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date
of the prior application and the national or PCT international filing date of this application.

U.S. Parent PCT Parent Parent Parent
Application Number | Application Number Filing Date Patent Number
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I HEREBY APPOINT the registered attorneys and agents at Customer Number

30542

to have full power to prosecute this application and any continuations, divisions,
reissues, and reexaminations thereof, to receive the patent, and to transact all business in the
United States Patent and Trademark Office connected therewith.

I request that all correspondence be directed to:

QG. Peter Albert Jr.
FOLEY & LARDNER LLP
Customer Number: 30542

Telephone:  (858) 847-6735
Facsimile: (858) 792-6773

I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed
by me to prosecute this application do not personally represent me or my legal interests, but
instead represent the interests of the legal owner(s) of the invention described in this
application.

I FURTHER DECLARE THAT all statements made herein of my own knowledge are
true, and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title
18 of the United States Code, and that such willful false statements may jeopardize the
validity of the application or any patent issuing thereon.

Name of first inventor Jani Lainema

Residence Tampere, Finland

Citizenship Country Finland
Kisakentdkatu 12 B 6
Tampere

Post Office Address FIN-33230
Finland

Inventor's signature

Date
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SPATIALLY ENHANCED TRANSFORM CODING

FIELD OF THE INVENTION

[0001] The present invention relates to the coding and decoding of digital video
material. More particularly, the present invention relates to prediction error coding in

both frequency and spatial domains.
BACKGROUND OF THE INVENTION

[0002] This section is intended to provide a background or context to the invention
that is recited in the claims. The description herein may include concepts that could
be pursued, but are not necessarily ones that have been previously conceived or
pursued. Therefore, unless otherwise indicated herein, what is described in this
section is not prior art to the description and claims in this application and is not
admitted to be prior art by inclusion in this section.
[0003] A video codec comprises an encoder that transforms input video into a
compressed representation suited for storage and/or transmission and a decoder that
can uncompress the compressed video representation back into a viewable form.
Typically, the encoder discards some information in the original video sequence in
order to represent the video in a more compact form, i.c., at a lower bitrate.
[0004] Typical hybrid video codecs, for example ITU-T H.263 and H.264, encode
video information in two phases. In the first phase, pixel values in a certain picture
arca or “block™ are predicted. These pixel values can be predicted, for example, by
motion compensation mechanisms, which involve finding and indicating an area in
one of the previously coded video frames that corresponds closely to the block being
coded. Additionally, pixel values can be predicted via by spatial mechanisms, which
involve using the pixel values around the block to be coded in a specified manner.
The second phase involves coding the prediction error, i.e. the difference between the
predicted block of pixels and the original block of pixels. This is typically

-1-
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accomplished by transforming the difference in pixel values using a specified
transform (e.g., a Discreet Cosine Transform (DCT) or a variant thereof), quantizing
the coefficients, and entropy coding the quantized coefficients. By varying the
fidelity of the quantization process, the encoder can control the balance between the
accuracy of the pixel representation (i.e., the picture quality) and the size of the
resulting coded video representation (i.e., the file size or transmission bitrate).

[0005] The decoder reconstructs output video by applying prediction mechanisms
that are similar to those used by the encoder in order to form a predicted
representation of the pixel blocks (using motion or spatial information created by the
encoder and stored in the compressed representation) and prediction error decoding
(the inverse operation of the prediction error coding, recovering the quantized
prediction error signal in the spatial pixel domain). After applying prediction and
prediction error decoding processes, the decoder sums up the prediction and
prediction error signals (i.c., the pixel values) to form the output video frame. The
decoder (and encoder) can also apply additional filtering processes in order to
improve the quality of the output video before passing it for display and/or storing it
as a prediction reference for the forthcoming frames in the video sequence.

[0006] In typical video codecs, the motion information is indicated with motion
vectors associated with each motion-compensated image block. Each of these motion
vectors represents the displacement of the image block in the picture to be coded (in
the encoder side) or decoded (in the decoder side) and the prediction source block in
one of the previously coded or decoded pictures. In order to represent motion vectors
efficiently, motion vectors are typically coded differentially with respect to block
specific predicted motion vectors. In a typical video codec, the predicted motion
vectors are created in a predefined way, for example by calculating the median of the
encoded or decoded motion vectors of the adjacent blocks.

[0007] Typical video encoders utilize Lagrangian cost functions to find optimal
coding modes, ¢.g., the desired macroblock mode and associated motion vectors.

This kind of cost function uses a weighting factor A to tie together the exact or

2
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estimated image distortion due to lossy coding methods and the exact or estimated
amount of information that is required to represent the pixel values in an image area:
C=D+ AR (1)
[0008] In Eq. (1), C is the Lagrangian cost to be minimized, D is the image
distortion (e.g., the mean squared error) with the mode and motion vectors considered,
and R the number of bits needed to represent the required data to reconstruct the
image block in the decoder (including the amount of data to represent the candidate
motion vectors).
[0009] Transform coding of the prediction error signal in video or image
compression system typically comprises DCT-based linear transform, quantization of
the transformed DCT coefficients, and context based entropy coding of the quantized
coefficients. However, the transform can efficiently pack energy of the prediction
error signal only under certain statistics, and the coding performance deteriorates
when the prediction error to be transformed becomes less correlated. This causes
suboptimal performance, especially in modern video and image coding systems
employing advanced motion compensation and spatial prediction processes in order to
achieve good quality predictions for the image blocks to be coded (thus, minimizing
and decorrelating the prediction error signal).
[0010] To address some of the above issues, a number of hybrid video coding
schemes have been developed. These hybrid systems typically comprise a hybrid of
two redundancy reduction techniques--prediction and transformation. Prediction can
take the form of inter-picture prediction, which is used to remove temporal
redundancies in the signal. Intra-picture prediction may also be used in the
H.264/Advanced Video Coding (AVC) standard where spatial redundancies are
removed by exploiting the similarities between neighboring regions within a picture
frame. As a consequence of these inter-picture and intra-picture prediction
techniques, a residual/error signal is formed by removing the predicated picture frame
from the original. This prediction error signal is then typically block transform coded

using an 8x8 DCT transform in order to reduce spatial redundancies in the signal.

DLMR_485489.1
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SUMMARY OF THE INVENTION

[0011] Various embodiments of the present invention provide a system and method
for representing the prediction error signal as a weighted sum of different basis
functions of a selected transform and quantized spatial samples. The basis functions
of the selected transform may comprise an orthogonal set of basis vectors, or the basis
functions may not comprise an orthogonal set. According to various embodiments,
the prediction error signal for a single image block is constructed using both
transform basis functions and spatial samples (i.e., pixel values), thereby combining
the desired features of both the transform and spatial coding approaches discussed
previously. This allows for the utilization of those selected transform basis functions
that give good overall representation of the image block with minimal amount of
transform coefficients (representing the component of prediction error signal that is
well correlated with the basis functions). Additionally, various embodiments of the
present invention allow for the efficient spatial representation of those components of
the prediction error signal of the same image block that are not well correlated with
the basis functions of the applied transform (such as certain types of sensor noise,
high frequency texture and edge information).

[0012] According to various embodiments of the present invention, a system and
method of encoding a prediction error signal for a block of data comprises calculating
a difference signal representing differences between sample values of a predicted
block of data and values for an original input block. Transform coding and spatial
coding are both performed to the difference signal, thereby creating a first and second
representations of first and second components of the difference signal. The first and
second representations are then combined to provide the prediction error signal.
[0013] Various embodiments of the present invention also provide a system and
method of decoding a prediction error signal for a block of data, comprising receiving
a coded prediction error signal, the coded prediction error signal including a plurality
of transform coefficients and a plurality of spatial samples. The plurality of
transformed coefficients are decoded into decoded transform information, and the

plurality of spatial samples are decoded into decoded spatial information. The

4-
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decoded transform information, the decoded spatial information, and a reconstructed
prediction of the block of data are then added, thereby forming a decoded
representation of the block of data.

[0014] The implementations of various embodiments of the present invention serve
to improve the compression efficiency of modern video and image codecs. Although
a certain amount of increased computational complexity of encoding may be needed,
fast algorithms can be applied in order to lower the encoding complexity that
approaches the complexity level for traditional transform based coding. Any effect on
the complexity for a decoder is negligible when implementing various embodiments
of the present invention.

[0015] These and other advantages and features of the invention, together with the
organization and manner of operation thereof, will become apparent from the
following detailed description when taken in conjunction with the accompanying
drawings, wherein like elements have like numerals throughout the several drawings

described below.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure. 1 shows an example of basis functions of a Hadamard transform that
can be used to encode image data;

[0017] Figure 2(a) is an example of four scalar values that are to be coded or
decoded and representing the prediction error signal between the original image and
the prediction image; Figure 2(b) shows the four weighted basis functions from Figure
1 being summed to the prediction error signal; and Figure 2(c) shows how the same
prediction error signal can be reconstructed by summing up only the first basis
function and a single spatial sample represented by an arrow;

[0018] Figure 3 is a block diagram of a video encoder constructed in accordance
with one embodiment of the present invention;

[0019] Figure 4 is a flow chart showing one encoder algorithm which may be used

in an embodiment of the present invention;
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[0020] Figure 5 is a flow chart showing one decoder algorithm which may be used
in various embodiments of the present invention;

[0021] Figure 6 is a block diagram of a video decoder constructed in accordance
with one embodiment of the present invention;

[0022] Figure 7 is an overview diagram of a system within which various
embodiments of the present invention may be implemented;

[0023] Figure 8 is a perspective view of an electronic device that can be used in
conjunction with the implementation of various embodiments of the present
invention; and

[0024] Figure 9 is a schematic representation of the circuitry which may be included

in the electronic device of Figure 8.
DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS

[0025] Various embodiments of the present invention provide a system and method
for representing the prediction error signal as a weighted sum of different basis
functions of a selected transform and quantized spatial samples. According to various
embodiments, the prediction error signal for a single image block is constructed using
both transform basis functions and spatial samples (i.e., pixel values), thereby
combining the desired features of both the transform and spatial coding approaches
discussed previously. This allows for the utilization of those selected transform basis
functions that give good overall representation of the image block with minimal
amount of transform coefficients (representing the component of prediction error
signal that is well correlated with the basis functions). Additionally, various
embodiments of the present invention allow for the efficient spatial representation of
those components of the prediction error signal of the same image block that are not
well correlated with the basis functions of the applied transform (such as certain types
of sensor noise, high frequency texture and edge information).

[0026] Figures 1 and 2 show a simplified example of how various embodiments of
the present invention are operable in one dimension. Figure 1 shows an example of

basis functions of a one-dimensional linear transform that can be used to encode

-6-
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image data (namely a Hadamard transform). The weighted sum of these four basis
functions can be used to represent any four samples. Figure 2(a) is an example of
four scalar values that are to be coded or decoded and representing the prediction
error signal between the original image and the prediction image. In Figure 2(b), the
four weighted basis functions from Figure 1 are summed to the prediction error signal
(1.5 times the first, 0.5 times the second, -0.5 times the third and -0.5 times the fourth
basis function). In Figure 2(c) it is demonstrated how the same prediction error signal
can be reconstructed by summing up only the first basis function and a single spatial
sample represented by an arrow. In this example, compression efficiency
improvement can be expected, as the signal is represented by a single transform
coefficient and a single spatial sample instead of four transform coefficients
weighting the four Hadamard basis functions (as shown in Figure 2(b)).

[0027] Figure 3 is a block diagram of a video encoder constructed in accordance
with one embodiment of the present invention. More particularly, Figure 3 shows
how an image to be encoded 300 undergoes pixel prediction 302, prediction error
coding 303 and prediction error decoding 304. For pixel prediction 302, the image
300 undergoes both inter-prediction 306 and intra-prediction 308 which, after mode
selection 310, results in prediction representation of an image block 312. A
preliminary reconstructed image 314 is also used for intra-prediction 308. Once all of
the image blocks are processed, the preliminary reconstructed image 314 undergoes
filtering at 316 to create a final reconstructed image 340, which is sent to a reference
frame memory 318 and is also used for inter-prediction 306 of future frames.

[0028] The prediction representation of the image block 312, as well as the image to
be encoded 300, are used together to define a prediction error signal 320 which is
used for prediction error coding 303. In prediction error coding 303, the prediction
error signal 320 undergoes feature selection 322 and spatial quantization 324, as well
as transform 326 and quantization 328 (both after feature selection 322). The data
describing prediction error and predicted representation of the image block 312 (e.g.,
motion vectors, mode information and quantized DCT+spatial samples) are passed to
entropy coding 330. The prediction error decoding 304 is substantially the opposite
of the prediction error coding 303, with the prediction error decoding including an

7-
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inverse spatial quantizer 332, an inverse transform 334 and an inverse quantization
336. The result of the prediction error decoding 304 is a reconstructed prediction
error signal 338, which is used in combination with the predicted representation of the
image block 312 to create the preliminary reconstructed image 314.
[0029] Figure 4 is a flow chart showing one encoder algorithm which may be used
in an embodiment of the present invention. However, as discussed below, a variety of
different algorithms may be used according to principles of the present invention. At
400 in Figure 4, the difference between sample values of a predicted block and an
original input block is calculated. It should be noted that "values" and "outlier values”
as used herein are intended to refer to these difference values. At 410, outlier values
arc found. In this case, the amplitude depends on the expected accuracy of the coded
representation; smaller amplitude representations qualify as outliers if one is targeting
high bitrate good quality representation, and only high amplitude representations
qualify if one is targeting a lower bitrate, lower quality representation. At 420, the
modified prediction error signal is transform coded (involving transform, quantization
and entropy coding), with the outlier values being substituted by interpolated
representations of those values, e.g., by averaging the neighboring prediction error
values. At 430, the modified prediction error signals are transform decoded back to
the spatial domain. At 440, spatial coding is applied (involving quantization and
entropy coding without transform) to the difference between the original outlier
values and the transform decoded outlier values. At 450, the final coded
representation of the prediction error signal is formed by joining the transform coded
data and the spatial coded data. In an alternative embodiment, the spatial coding
occurs before transform coding.
[0030] When considering the one-dimensional example depicted in Figures 2(a)-
2(c), the algorithm outlined in Figure 4 would process the relevant data as follows.
As discussed previously, Figure 2(a) represents the difference signal [1 13 1] to be
coded. In this case, [3] is an outlier. Therefore, the prediction error signal is modified
by substituting the [3] with an average of the second and fourth samples, making the
signal [1 1 1 1]. The difference between the original outlier sample ([3]) and the
transform coded outlier value ([1]) is then spatial coded, making the spatial coded
-8&-
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signal [0 0 2 0]. The entropy coded representations of the transform coded and spatial
coded signals are then written to the bitstream. Thereafter, the decoder can recover
the coded signal by adding up the inverse transformed data [1 1 1 1] and the inverse
spatial coded data [0 0 2 0] (together with the prediction samples of the image block).
[0031] When considering the above example, it is important to note that the choice
of Hadamard basis vectors for the transform is only intended to be exemplary in
nature. In fact, the various methods and techniques described herein can be applied to
any transform employing basis functions, and the basis functions do not necessarily
need to be orthogonal.

[0032] A video or image codec, according to various embodiments the present
invention, can be implemented in various ways. In the case of an encoder, the
encoder can use different strategies to find the desired transform coefficients and
spatial samples. For example, an encoder can first transform code the signal and
apply spatial coding to the residual. The encoder can also first apply spatial coding to
the signal, followed by transform coding of the residual. Additionally, some or all of
the transform coefficients can be set to zero in order to improve the coding
performance. Some or all spatial samples can also be set to zero in order to improve
the coding performance. An encoder can also iteratively modify transform
coefficients and/or spatial samples in order to improve the coding performance until a
desired performance or a maximum defined number of iterations is achieved.

[0033] In terms of quantization and dequantization, the quantization and
dequantization of transform coefficients and spatial samples can be tied together (e.g.,
a quantization step size for both transform coefficients and spatial samples can be
derived from a single parameter). Alternatively, different quantizations and
dequantizations can be applied to transform coefficients and spatial samples.

[0034] For the coding and decoding of spatial samples, such coding and decoding
can depend on transform coefficients and vice versa. Alternatively, the coding and
decoding of spatial samples, transform coefficients or both can depend on the
prediction signal, on the other transform coefficients and spatial samples in the same

image or in other images.
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[0035] In addition to the above, it can be indicated that there are no transform
cocfficients or spatial samples for a specific image area or image. It can also be
indicated that only spatial coding or only transform coding is used for a specific
image area or image. The number of spatial samples can be coded and decoded as
one unit, for example representing certain patterns of textures. Pre- and/or post-
processing mechanisms can be applied to the prediction signal, prediction error signal
reconstructed signal or any combination thereof. The method can be used to code and
decode other information instead or in addition to the prediction error signals. The
codec can limit the usage of either transform coefficients (e.g., allow only low
frequency transform coefficients to be present in the coded representation of the
signal) or spatial samples.
[0036] Figure 5 shows a decoding process according to various embodiments of the
present invention. At 500 in Figure 5, a video decoder receives a coded prediction
error signal which comprises both transformed coefficients and spatial samples. At
510, both the transformed coefficients and the spatial samples are decoded. At 520,
the decoded transform information, the decoded spatial information and reconstructed
prediction of the image block are added together to form decoded representation of
the image block.
[0037] Figure 6 is a block diagram of a video decoder constructed in accordance
with one embodiment of the present invention. As shown in Figure 6, entropy
decoding 600 is followed by both prediction error decoding 602 and pixel prediction
604. In prediction error decoding 602, in addition to an inverse transform 606 and
inverse quantization 608, an inverse spatial quantizer 610 is used as discussed herein,
ultimately resulting in a reconstructed prediction error signal 612. For pixel
prediction 604, cither intra-prediction or inter-prediction occurs at 614 to create a
predicted representation of an image block 616. The predicted representation of the
image block 616 is used in conjunction with the reconstructed prediction error signal
612 to create a preliminary reconstructed image 618, which in turn can be used both
for prediction 614. Once all of the image blocks have been processed, the preliminary
reconstructed image 618 is passed for filtering 620. The filtered image can also be
stored in reference frame memory 624, making it usable for prediction 614 as well.
-10-
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[0038] Figure 7 shows a system 10 in which various embodiments of the present
invention can be utilized, comprising multiple communication devices that can
communicate through one or more networks. The system 10 may comprise any
combination of wired or wireless networks including, but not limited to, a mobile
telephone network, a wireless Local Areca Network (LAN), a Bluetooth personal area
network, an Ethernet LAN, a token ring LAN, a wide area network, the Internet, etc.
The system 10 may include both wired and wireless communication devices.

[0039] For exemplification, the system 10 shown in Figure 7 includes a mobile
telephone network 11 and the Internet 28. Connectivity to the Internet 28 may
include, but is not limited to, long range wireless connections, short range wireless
connections, and various wired connections including, but not limited to, telephone
lines, cable lines, power lines, and the like.

[0040] The exemplary communication devices of the system 10 may include, but
are not limited to, an electronic device 50, a combination personal digital assistant
(PDAO and mobile telephone 14, a PDA 16, an integrated messaging device (IMD)
18, a desktop computer 20, a notebook computer 22, etc. The communication devices
may be stationary or mobile as when carried by an individual who is moving. The
communication devices may also be located in a mode of transportation including, but
not limited to, an automobile, a truck, a taxi, a bus, a train, a boat, an airplane, a
bicycle, a motorcycle, etc. Some or all of the communication devices may send and
receive calls and messages and communicate with service providers through a
wireless connection 25 to a base station 24. The base station 24 may be connected to
a network server 26 that allows communication between the mobile telephone
network 11 and the Internet 28. The system 10 may include additional
communication devices and communication devices of different types.

[0041] The communication devices may communicate using various transmission
technologies including, but not limited to, Code Division Multiple Access (CDMA),
Global System for Mobile Communications (GSM), Universal Mobile
Telecommunications System (UMTS), Time Division Multiple Access (TDMA),
Frequency Division Multiple Access (FDMA), Transmission Control
Protocol/Internet Protocol (TCP/IP), Short Messaging Service (SMS), Multimedia

-11-
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Messaging Service (MMS), e-mail, Instant Messaging Service (IMS), Bluetooth,
IEEE 802.11, etc. A communication device involved in implementing various
embodiments of the present invention may communicate using various media
including, but not limited to, radio, infrared, laser, cable connection, and the like.
[0042] Figures 8 and 9 show one representative electronic device 50 within which
the present invention may be implemented. It should be understood, however, that the
present invention is not intended to be limited to one particular type of device. The
electronic device 50 of Figures 8 and 9 includes a housing 30, a display 32 in the form
of a liquid crystal display, a keypad 34, a microphone 36, an ear-piece 38, a battery
40, an infrared port 42, an antenna 44, a smart card 46 in the form of a UICC
according to one embodiment of the invention, a card reader 48, radio interface
circuitry 52, codec circuitry 54, a controller 56 and a memory 58. Individual circuits
and elements are all of a type well known in the art, for example in the Nokia range of
mobile telephones.
[0043] The various embodiments of the present invention described herein is
described in the general context of method steps or processes, which may be
implemented in one embodiment by a computer program product, embodied in a
computer-readable medium, including computer-executable instructions, such as
program code, executed by computers in networked environments. Generally,
program modules may include routines, programs, objects, components, data
structures, etc. that perform particular tasks or implement particular abstract data
types. Computer-executable instructions, associated data structures, and program
modules represent examples of program code for executing steps of the methods
disclosed herein. The particular sequence of such executable instructions or
associated data structures represents examples of corresponding acts for implementing
the functions described in such steps or processes.
[0044] Software and web implementations of various embodiments of the present
invention can be accomplished with standard programming techniques with rule-
based logic and other logic to accomplish various database searching steps or
processes, correlation steps or processes, comparison steps or processes and decision
steps or processes. It should be noted that the words “component” and “module,” as
-12-
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used herein and in the following claims, is intended to encompass implementations
using one or more lines of software code, and/or hardware implementations, and/or
equipment for receiving manual inputs.

[0045] The foregoing description of embodiments of the present invention have
been presented for purposes of illustration and description. The foregoing description
is not intended to be exhaustive or to limit embodiments of the present invention to
the precise form disclosed, and modifications and variations are possible in light of
the above teachings or may be acquired from practice of various embodiments of the
present invention. The embodiments discussed herein were chosen and described in
order to explain the principles and the nature of various embodiments of the present
invention and its practical application to enable one skilled in the art to utilize the
present invention in various embodiments and with various modifications as are

suited to the particular use contemplated.
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WHAT IS CLAIMED IS:
1 1. A method of encoding a prediction error signal for a block of data,
2 comprising:
3 calculating a difference signal representing differences between sample

4 wvalues of a predicted block of data and values for an original input block;

5 performing transform coding to the difference signal, thereby creating
6  a first representation of a first component of the difference signal;

7 performing spatial coding to the difference signal, thereby creating a
8  second representation of a first component of the difference signal; and

9 joining the first and second representations.

1 2. The method of claim 1, further comprising, before performing
2 transform coding and spatial coding, substituting outlier values in the difference

3 signal with non-outlier values to create a modified prediction error signal.

1 3. The method of claim 2, wherein transform coding is applied to the

2 modified prediction error signal and spatial coding is applied to a residual thereof.

1 4. The method of claim 2, wherein spatial coding is applied to the

2 modified prediction error signal and transform coding is applied to a residual thereof.

1 5. The method of claim 1, wherein, for transform coding, at least one

2 transform coefficient is set to zero.

1 6. The method of claim 1, wherein, for spatial coding, at least one spatial

2 sample is set to zero.

1 7. The method of claim 2, wherein the non-outlier values used to replace

2 the outlier values comprise an average of neighboring prediction error values.

1 8. The method of claim 1, further comprising providing an indication that

2 no transform coefficients exist in the block of data if appropriate.

-14-
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1 9. The method of claim 1, further comprising providing an indication that
2 no spatial samples exist in the block of data if appropriate.
1 10. The method of claim 1, wherein for the transform coding, a transform

2 coefficient is formed, the transform coefficient comprising a weighting coefficient of

3 a discrete transform basis vector.

1 11. The method of claim 10, wherein the discrete transform comprises a

2 discrete orthogonal transform.

1 12. A computer program product, embodied in a computer-readable
2 medium, comprising computer code configured to perform the implemented the

3 processes of claim 1.

1 13. An apparatus, comprising:
2 a processor; and
3 a memory unit communicatively connected to a controller and

4  comprising:

5 computer code for performing transform coding to the

6  difference signal, thereby creating a first representation of a first component of the

7 difference signal;

8 computer code for performing spatial coding to the difference
9  signal, thereby creating a second representation of a first component of the difference
10 signal; and

11 computer code for joining the first and second representations.

1 14. The apparatus of claim 13, wherein the memory unit further comprises
2 computer code for, before performing transform coding and spatial coding,
3 substituting outlier values in the difference signal with non-outlier values to create a

4 modified prediction error signal.

-15-
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1 15. The apparatus of claim 14, wherein transform coding is applied to the

2 modified prediction error signal and spatial coding is applied to a residual thereof.

1 16. The apparatus of claim 14, wherein spatial coding is applied to the

2 modified prediction error signal and transform coding is applied to a residual thereof.

1 17. The apparatus of claim 13, wherein, for transform coding, at least one

2 transform coefficient is set to zero.

1 18. The apparatus of claim 13, wherein, for spatial coding, at least one

2 spatial sample is set to zero.

1 19. The apparatus of claim 13, wherein the non-outlier values used to

2 replace the outlier values comprise an average of neighboring prediction error values.

1 20. The apparatus of claim 13, further comprising providing an indication

2 that no transform coefficients exist in the block of data if appropriate.

1 21. The apparatus of claim 13, further comprising providing an indication

2 that no spatial samples exist in the block of data if appropriate.

1 22. A method of decoding a prediction error signal for a block of data,
2 comprising:
3 receiving a coded prediction error signal, the coded prediction error
4 signal including a plurality of transform coefficients and a plurality of spatial samples;
5 decoding the plurality of transformed coefficients into decoded
6 transform information;
7 decoding the plurality of spatial samples into decoded spatial
8  information; and
9 adding the decoded transform information, the decoded spatial
10 information, and a reconstructed prediction of the block of data, thereby forming a

11 decoded representation of the block of data.

-16-
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1 23. The method of claim 22, wherein an indication is provided that no
2 transform coefficients exist in the block of data if appropriate.
1 24. The method of claim 22, wherein an indication is provided that that no
2 spatial samples exist in the block of data if appropriate.
1 25. The method of claim 22, wherein the decoding of the plurality of

2 transformed coefficients and spatial samples includes dequantization of each, and
3 wherein the dequantization of transformed coefficients and spatial samples are related

4  to each other.

1 26. The method of claim 22, wherein the decoding of the plurality of
2 transformed coefficients and spatial samples includes dequantization of each, and
3 wherein the dequantization of transformed coefficients and spatial samples are

4 different from each other.

1 27. The method of claim 22, wherein the decoding of the spatial samples is

2 dependent upon the decoding of the transformed coefficients.

1 28. The method of claim 22, wherein the decoding of the transformed

2 coefficients is dependent upon the decoding of the spatial samples.

1 29. The method of claim 22, wherein at least some of the plurality of

2 spatial samples are decoded as a single unit.

1 30. A computer program product, embodied in a computer-readable

2 medium, comprising computer code configured to perform the processes of claim 19.

1 31. An apparatus, comprising:
2 a processor; and
3 a memory unit communicatively connected to the processor and

4 including:

-17-
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computer code for processing a received coded prediction error
signal, the coded prediction error signal including a plurality of transformed
coefficients and a plurality of spatial samples;

computer code for decoding the plurality of transformed
coefficients into decoded transform information;

computer code for decoding the plurality of spatial samples into
decoded spatial information; and

computer code for adding the decoded transform information,
the decoded spatial information, and a reconstructed prediction of the block of data,

thereby forming a decoded representation of the block of data.

32. The apparatus of claim 31, wherein an indication is provided that no

transform coefficients exist in the block of data if appropriate.

33. The apparatus of claim 31, wherein an indication is provided that that

no spatial samples exist in the block of data if appropriate.

34. The apparatus of claim 31, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and
wherein the dequantization of transformed coefficients and spatial samples are related

to each other.

35. The apparatus of claim 31, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and
wherein the dequantization of transformed coefficients and spatial samples are

different from each other.

36. The apparatus of claim 31, wherein the decoding of the spatial samples

is dependent upon the decoding of the transformed coefficients.

37. The apparatus of claim 31, wherein the decoding of the transformed

cocfficients is dependent upon the decoding of the spatial samples.
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38. The apparatus of claim 31, wherein at least some of the plurality of
spatial samples are decoded as a single unit.
39. A method of encoding a prediction error signal for a block of data,

comprising:

calculating a difference signal representing differences between sample
values of a predicted block of data and values for an original input block;

substituting outlier values in the difference signal with non-outlier
values to create a modified prediction error signal;

performing one of transform coding and spatial coding to the modified
prediction error signal, creating one of a transform coded data and spatial coded data

performing an inverse of the one of transform coding and spatial
coding;

applying the other of transform coding and spatial coding to a residual
from the inverse transform or spatial decoding, creating the other of transform coded
data and spatial coded data; and

joining the transform coded data and the spatial coded data.

-19-
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ABSTRACT

A system and method for improving prediction error coding performance of various
video compression algorithms. Various embodiments combine the energy
compaction features of transform coding with localization properties of spatial

5 coding. In various embodiments, the effects of pixel “outliers” are removed from the
transform and are coded separately as a spatially coded pixel prediction, thereby

improving the coding gain of the transform.
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is US 12/101,019

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No

page 1 of 3
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Title

SPATIALLY ENHANCED TRANSFORM CODING
Preliminary Class

375

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

www.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/101,019 04/10/2008 Jani Lainema 037145-7826
CONFIRMATION NO. 7368
30542 FORMALITIES LETTER

FOLEY & LARDNER LLP

PO, BOX 50213 T

SAN DIEGO, CA 92138-0278
Date Mailed: 04/29/2008

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted

Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

+» The oath or declaration is unsigned.
Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

frerry/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PTO/SB/06 (12-04)

Filing Date: 04/10/08 Approved for use through 7/31/2006. OMB 0651-0032
. U.S. Patent and Trademark Office; |).S. DEPARTMENT OF COMMERCE
Under the Papemh@ﬁﬁ\d of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 | 12/101,019
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($) RATE (3) FEE ($)
BASIC FEE
(37 CFR 1.16(a), (b}, or (<) N/A N/A N/A N/A 310
SEARCH FEE
(37 CFR 1.16(k), (i), or (m)) N/A NIA N/A NIA 510
EXAMINATION FEE )
(37 CFR 1.16(0), (p), or (q)) N/A N/A NIA N/A 210
TOTAL CLAIMS
(37 CFR 1.16(i)) 39 minus 20 = 19 X$ 25 OR X$50 950
INDEPENDENT CLAIMS N
(37 CFR 1.16(h)) 5 minus 3 = 2 X$105 X$210 420
If the specification and drawings exceed 100
APPLICATION SIZE sheets of paper, the application size fee due is
FEE $260 ($130 for small entity) for each additional
50 sheets or fraction thereof. See
37 CFR 1.16
@7e (<) ) 35 U.S.C. 41(a)(1)(G) and 37 CFR
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 185 370
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 0 TOTAL 2400
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
ADDI- ADDI-
PRESENT
< REMAINING oNuMeER | PRESEN rate | TiowaL e | Towa
"z' AMENDMENT PAID FOR FEE () FEE®)
[ Total . . - - I OR =
Z | 37 cFR 1.160) Minus = X = X =
Z [Independent [, . vex _ i = =
S |ercrr116m) Minus = X = or | X =
< ] Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A
TOTAL OR TOTAL
ADD'T FEE ' ADD'T FEE
(Column 1) (Column 2) (Column 3) OR
CLAIMS HIGHEST
ADDI- ADDI-
REMAINING NUMBER PRESENT
[ 0 AFTER PREVIOUSLY EXTRA RATE (9) l’é’EN(’;‘; RATE (3) ,T:fENat
"z' AMENDMENT PAID FOR
]
Total N . o _ — OR =
§ (37 CFR 1.16()) Minus = X = X =
Independent :
L * b = = =
= | (37 CFR 1.16(h)) Minus X or | X
<. Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) N/A OR N/A
TOTAL OR TOTAL
ADD'T FEE ADD'T FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter *20°,
*** if the *Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter *3".
The "Highest Number Previously Paid For” (Tota! or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Paten
and Trademark Office, U.$. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Atty. Dkt. No. 037145-7826

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Jani Lainema

Title: SPATIALLY ENHANCED
TRANSFORM CODING

Appl. No.: 12/101019

Filing Date: 4/10/2008
Examiner: Unassigned
Art Unit: 2621

Confirmation 7368
Number:

TRANSMITTAL OF MISSING PARTS
OF PATENT APPLICATION

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
In response to the Notice to File Missing Parts of Application mailed April 29, 2008,

in the above-identified patent application, transmitted herewith are the missing parts to
complete the filing of the subject patent application.

Enclosed are:

[ X1 Declaration and Power of Attorney (3 pages)

Any attached specification is a copy of the specification and
any amendments thereto which were filed in the U.S. Patent
and Trademark Office in order to obtain a filing date for the

application.

[ 1 Return Copy of Notice to File Missing Parts

[ ] Translation

DLMR_528823.1 -1-
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Atty. Dkt. No. 037145-7826

[ ] Drawings

[ ] Preliminary Amendment

[ ] Claim for Convention Priority and certified copy of priority documents
[ ] Information Disclosure Statement

[ 1 Applicant hereby petitions for an extension of time under 37 C.F.R. §1.136(a)

for the total number of months checked below:

1 Extension for response filed within the first month
1 Extension for response filed within the second month

[

[

[ ] Extension for response filed within the third month

[ ] Extension for response filed within the fourth month
[

1 Extension for response filed within the fifth month

The adjustment to the number of sheets for EFS-Web filing follows:

Number EFS-Web Number of Sheets for EFS-Web
of Sheets Adjustment
29 X 75% 22

The filing fee is calculated below:

Claims Included Extra Claims

. Fee
as Filed Basilz:l Fee Rate Totals
Basic Filing Fee, Search Fee & Examination Fee $1,030.00 $1,030.00
Size Fee 22 - 100 = 0 x  $260.00 = $0.00
Total ¥ 20 = 19 X $5000 = $950.00
Claims:
Independ 5 -3 = - X $21000 = $420.00
ents:
If any Multiple Dependent Claim(s) present: +  $370.00 = $0.00
Surcharge under 3? CFR 1.16(f) for late filing of + $130.00 = $130.00
Executed Declaration
Extension fee for response filed within + _ $0.00
the MONTH month: ]
SUBTOTAL: = $2,530.00
[ 1] Small Entity Fees Apply (subtract %4 of above): = 0
Basic Filing Fee Reduction for Filing via EFS-Web $0.00
TOTAL FILING FEE: = $2,530.00
Processing Fee under 37 CFR 1.17(i) for Late Filing +  $130.00 = $0.00
DLMR_528823.1 2

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000053



Atty. Dkt. No. 037145-7826

of English Translation of Application:

TOTAL FEE = $2,530.00
Difference to pay: - $2,530.00 - $0.00
If any extensions of time are needed for timely acceptance of papers submitted

herewith, applicant hereby petitions for such extension under 37 C.F.R. §1.136 and authorizes

payment of any such extensions fees to Deposit Account No. 19-0741.

Respectfully submitted,

/G. Peter Albert Jr./

Date June 30, 2008 By

FOLEY & LARDNER LLP
Customer Number: 30542

G. Peter Albert Jr.
Attorney for Applicant

Telephone:  (858) 847-6735 Registration No. 37,268
Facsimile: (858) 792-6773
DLMR_528823.1 -3-
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Atty. Dkt. No. 037145-7826

DECLARATION AND POWER OF ATTORNEY

As a below named inventor, |l HEREBY DECLARE:

THAT my residence, post office address, and citizenship are as stated below next to
my name;

THAT I believe | am the original, first, and sole inventor (if only one inventor is
named below) or an original, first, and joint inventor (if plural inventors are named below or
in an attached Declaration) of the subject matter which is claimed and for which a patent is
sought on the invention entitled

SPATIALLY ENHANCED TRANSFORM CODING

(Attommey Docket No. 037145-7826)

the specification of which (check one)

1s attached hereto.

X was filed on April 10, 2008  as United States Application
Number ___12/101.019

THAT I do not know and do not believe that the same invention was ever known or
used by others in the United States of America, or was patented or described in any printed
publication in any country, before [ (we) invented it;

THAT [ do not know and do not believe that the same invention was patented or
described in any printed publication in any country, or in public use or on sale in the United
States of America, for more than one year prior to the filing date of this United States
application;

THAT [ do not know and do not believe that the same invention was first patented or
made the subject of an inventor's certificate that issued in any country foreign to the United
States of America before the filing date of this United States application if the foreign
application was filed by me (us), or by my (our) legal representatives or assigns, more than
twelve months (six months for design patents) prior to the filing date of this United States
application;

THAT [ have reviewed and understand the contents of the above-identified
specification, including the claim(s), as amended by any amendment specifically referred to
above;

THAT I believe that the above-identified specification contains a written description
of the invention, and of the manner and process of making and using it, in such full, clear,
concise, and exact terms as to enable any person skilled in the art to which it pertains, or with

DLMR_487099.1 Page | of 3
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|

Atty. Dkt. No. 037145-7826

which it is most nearly connected, to make and use the invention, and sets forth the best mode
contemplated by me of carrying out the invention; and

THAT I acknowledge the duty to disclose to the U.S. Patent and Trademark Office all
information known to me to be material to patentability as defined in Title 37, Code of
Federal Regulations, §1.56.

[ HEREBY CLAIM foreign priority benefits under Title 35, United States Code
§119(a)-(d) or § 365(b) of any foreign application(s) for patent or inventor's certificate, or
§365(a) of any PCT international application which designated at least one country other than
the United States of America, listed below and have also identified below any foreign
application for patent or inventor's certificate or of any PCT international application having
a filing date before that of the application on which priority is claimed.

Prior Foreign e Certified
Application Priority Copy
' Foreign Filing Dat imed?
Number Country oreign Filing Date | Claime Attached?

I HEREBY CLAIM the benefit under Title 35, United States Code § 119(e) of any
United States provisional application(s) listed below.

U.S. Provisional Application Number Filing Date
60/911,480 4/12/2007

I HEREBY CLAIM the benefit under Title 35, United States Code, §120 of any
United States application(s), or § 365(c) of any PCT international application designating the
United States of America, listed below and, insofar as the subject matter of each of the claims
of this application is not disclosed in the prior United States or PCT International application
in the manner provided by the first paragraph of Title 35, United States Code, § 112, [
acknowledge the duty to disclose information which is material to patentability as defined in
Title 37, Code of Federal Regulations, § 1.56 which became available between the filing date
of the prior application and the national or PCT international filing date of this application.

U.S. Parent PCT Parent Parent Parent
Application Number | Application Number Filing Date Patent Number
DLMR_487099.1 Page 2 of 3
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Atty. Dkt. No. 037145-7826

E | |

I HEREBY APPOINT the registered attorneys and agents at Customer Number

30542

to have full power to prosecute this application and any continuations, divisions,
reissues, and reexaminations thereof, to receive the patent, and to transact all business in the
United States Patent and Trademark Office connected therewith,

I request that all correspondence be directed to:

QG. Peter Albert Jr.
FOLEY & LARDNER LLP
Customer Number: 30542

Telephone:  (858) 847-6735
Facsimile: (858) 792-6773

I UNDERSTAND AND AGREE THAT the foregoing attorneys and agents appointed
by me to prosecute this application do not personally represent me or my legal interests, but
instead represent the interests of the legal owner(s) of the invention described in this
application.

I FURTHER DECLARE THAT all statements made herein of my own knowledge are
true, and that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title
18 of the United States Code, and that such willful false statements may jeopardize the
validity of the application or any patent issuing thereon.

Name of first inventor Jani Lainema
Residence Tampere, Finland
Citizenship Country Finland
Kisakentikatu 12 B 6
Tampere
Post Office Address FIN-33230
Finland,
7 7 —
Inventor's signature N # S
R SN R Py
Date 2L eY e}
DLMR_487098.1 Page 3 of 3
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Electronic Acknowledgement Receipt

EFS ID: 3546015
Application Number: 12101019
International Application Number:
Confirmation Number: 7368

Title of Invention:

SPATIALLY ENHANCED TRANSFORM CODING

First Named Inventor/Applicant Name:

Jani Lainema

Customer Number:

30542

Filer:

Glenn Peter Albert Jr./Jessica Harvey

Filer Authorized By:

Glenn Peter Albert Jr.

Attorney Docket Number:

037145-7826

Receipt Date: 30-JUN-2008
Filing Date: 10-APR-2008
Time Stamp: 19:53:07

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Number | Pocument Description File Name Mossage Digest| Part zip| (if appl)
. , 107440
1 Miscellaneous Incoming Letter 7826{;’}4?;339,5;&3; Fr)ectjr;smnt no 3
1731bbca80ccoBTIS9b4TSMRactdgd21 8
Warnings:
Information:
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164318
7826-ExecutedDecPOA-30J

2 Qath or Declaration filed UN2008.pdf no 3
210c11a65859b7¢84230c3e406b314b
dofg5e1d2
Warnings:
Information:
Total Files Size (in bytes): 271758

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see
37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date
shown on this Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions
of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the
application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary
components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the
International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due
course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement
Receipt will establish the international filing date of the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450
www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL. FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
12/101,019 04/10/2008 2621 2530 037145-7826 39 5
CONFIRMATION NO. 7368
30542 UPDATED FILING RECEIPT

FOLEY & LARDNER LLP

b0 BOX 5027¢ O

SAN DIEGO, CA 92138-0278
Date Mailed: 07/17/2008

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Jani Lainema, Tampere, FINLAND;
Assignment For Published Patent Application
Nokia Corporation
Power of Attorney: The patent practitioners associated with Customer Number 30542

Domestic Priority data as claimed by applicant
This appln claims benefit of 60/911,480 04/12/2007

Foreign Applications

If Required, Foreign Filing License Granted: 04/28/2008

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 12/101,019

Projected Publication Date: 10/23/2008
Non-Publication Request: No

Early Publication Request: No

page 1 of 3
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Title

SPATIALLY ENHANCED TRANSFORM CODING
Preliminary Class

375

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
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Abstract: Motion-compensated interframe trans-
form coding has been recommended as an efficient
method of coding image sequences at low bit
rates. The paper considers the effect of employing
a variety of different transform and motion com-
pensation techniques on the operation of the algo-
rithm and also the interrelation between the
predictive and transform parts of the scheme in
terms of the spectral properties of the signal to be
transformed. It is shown that, for a wide variety of
source material, there is a complex interaction
between the specific transform and motion com-
pensation scheme employed, and that the effi-
ciency of the motion-compensated predictive
operation strongly influences the performance of
the subsequent transform step.

1 Introduction

In recent years there has been much activity in the field
of low bit-rate image coding, a primary objective being to
achieve good quality reproduction of head and shoulder
sequences at a rate of 64 kb/s for videophone applica-
tions. For the coding of still pictures, exhaustive tests and
comparisons have shown that two-dimensional intra-
frame coding using the discrete cosine transform (DCT) is
the most cffective technique which is at the moment
mature enough for practical applications [1]. For coding
image sequences, present opinion favours the same intra-
frame operation carried out on frames which are con-
structed by taking pointwise differences between the
picture element values in consecutive frames and those in
a set of corresponding prediction frames formed through
the operation of a conventional predictive coding loop.
Such a system nowadays almost always includes a
motion compensation operation which significantly
reduces the variance of the error signal so produced.
Owing to the differencing and motion compensation
operations, however, the inter-element correlation of the
frame to be transform coded is also greatly decreased,
and this has led several workers to question the efficiency
of the following transform process.

This paper briefly reviews the basic structure of the
predictive coding mechanism and gives measurements for
several different image sources and motion compensation
algorithms that confirm the efficacy of the system in
terms of the reduction in the variance of the error
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December 1991
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(difference) signal. Three different transform operations
are introduced into the coding algorithm, and compari-
sons again made for different types of input material and
motion compensation technique, While it is to be
expected that coding results will vary with source
material the measurements also indicate, in the present
application, clear differences in the efficiencies of the par-
ticular motion compensation algorithms used. Depending
on the source material employed, in some cases the type
of transform used has an influence on the results also. It
is concluded, therefore, that the use of the discrete cosine
transform, together with motion compensation using the
block matching technique does produce the best results,
if only by a small margin, for the motion-compensated
hybrid coding operation as formulated in the draft stan-
dard [2]. Finally, to gain more insight into the mutual
influence of motion compensation and transform oper-
ations, spectral domain characteristics are examined in
each case in terms of the so-called ‘spectral flatness’
measure, which indicates in an information-theoretic
scnse how easy any given spectral distribution will be to
code. These results serve to confirm, in general, the view
that an efficient motion compensation scheme produces a
significant amount of spectral flattening of the interframe
difference signal and seriously reduces any marked degree
of coding gain which would otherwise be introduced by
the subsequent transform coding operation.

2 The difference frame and motion compansation

The basic predictive coding loop is shown in Fig. 1. In
the simplest case, the prediction for an element in the

o]
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+
\ -
+
P
v
MC e 4
Fig. 1  Predictive coding with forward acting motion compensation
1 video input
O output to channel coder
Q  quantiser
P predictor
MC motion compensation
v displacement veclors
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present frame is just the value of the element at the same
location in the previously reconstructed frame (this
having been produced by adding the previous prediction
error to the reconstructed frame before that, and so on).
When motion compensation is included, the prediction
will not necessarily be the value at the same location in
the previous frame but at such a location as to minimise
some function of the error signal. Depending on the type
of motion compensation used, displacement vectors may
need to be transmitted to the decoder, as shown in the
diagram.

Intuitively, one might propose three properties of the
(motion compensated) difference signal which may subse-
quently require confirmation. First, since even image
sequences which contain significant amounts of motion
also have large areas in which motion is minimal or even
absent, one cxpects the energy (mean square value) of the
difference signal to be only a small fraction of that of the
input signal itself. Secondly, since the function of the
motion compensation algorithm is to produce a better
prediction (i.e. one whose value is closer to that being
predicted than otherwise would be the case), its inclusion
should result in a further significant drop in the predic-
tion error (difference signal) energy. (These two proposi-
tions will be seen to be amply borne out by experiment.)
Thirdly, the difference signal will have, at least in part, a
fragmentary or ill-defined contour and this will have con-
sequences for its efficient coding in the spectral domain.
Furthermore, these properties will be intensified by the
inclusion of an efficient motion compensation scheme

which will reduce the difference image to a structure con- -

sisting of fine, broken, lines.

Many motion estimation/compensation schemes have
been described in the literaturc over the past 10-15 years
(for a brief review see Reference 3). The present study
compares the following algorithms:

(a) block-matching using thc mean absolute error cri-
terion [2] )

() a Wiener estimator-based pel-recursive technique
(4]

(c) an hierarchical technique based on a pyramid struc-

ture [5]

with the results obtained when no motion compensation
is used. In brief, the block-matching technique searches
over a predefined window in the previous frame for a
minimum in the mean absolute diffcrence between a
block in the present frame and its counterpart in the
search window. One motion vector is so determined per
(typically) 8 x 8 block and is transmitted to the decoder
as in Fig. 1. The pel-recursive algorithmm operates on a
single element (or small block of elements) and attempts
to minimise the interframe difference signal by one of a
number of gradient search techniques. In a similar way,
the pyramid approach carried out a coarseffine search
over successive levels of the pyramid at different
resolutions: 16 x 16, 64 x 64, 256 x 256 (ie. single
picture-element level), using values obtained at a higher
level as initial values for the lower level (higher
resolution) searches.

Table 1 lists the various energy terms for the four dif-
ferent motion compensation possibilities when applied to
three different commonly used images (256 x 256, quan-
tised with 8 bit resolution). MISSA (Miss America) is a
relatively low contrast source, somewhat noisy and with
a small degree of motion; CLAIRE is a high contrast
substantially noise-free image with a moderatc amount of
motion, while TREVOR has rather better contrast than
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MISSA but contains substantial degrees of motion. Table
2 contains corresponding entropy values. The first two
conjectures advanced are well demonstrated by the mea-

Table 1: Average data and difference signal energy/element
for various image sources and motion compensation
schemes

Difference signal

(a) (b) (¢} (d)

MISSA 5668 17.2 94 111 84
CLAIRE 14393 1533 353 584 305
TREVOR 6445 738 182 226 177

image Data

(a) Na motion compensation
(b) Block matching

(¢) Pel recursion

(d) Pyramid scheme

Table 2: Entropy values (bits per element) for the com-
binations datailed in Tabie 1

Image Data Difference signal

(a) (b)) (¢} (d)

MiSSA 586 383 346 364 333
CLAIRE 6.62 381 331 343 305
TREVOR 658 4.02 352 351 340

(a) No motion compensatian
(b) Block matching

(c) Pel recursion

(d) Pyramid scheme

surements: roughly speaking-difference signal energies
are no more than approximately 1% of their counter-
parts in the data domain. Inclusion of motion com-
pensation brings a further energy reduction by a factor
of, on average, just over three. As far as entropy values
are concerned, the derivation of difference values from
originally highly correlated data brings, as is well known,

a significant reduction, together with the characteristie

very highly peaked distribution. Even without motion
compensation, for example, the difference signal distribu-
tion for CLAIRE shows that only 10% of the element
values lie outside the range +12. In all cases the entropy
is now approximately 4 bits per sample, and motion com-
pensation brings a further reduction, on average, of just
over 0.5 bit per sample. There is no question, therefore,
that motion compensation of any form, and over a wide
range of data types, will improve the performance of a
predictive coding scheme as applied to image sequences.

3 Hybrid coding

Hybrid predictive/transform coding has an extensive
history as an image coding technique in one of three pos-
sible formats: first, as an intraframe operation in which
successive lines of an image frame are transformed and
the coeflicients obtained subsequently predictively coded
in a vertical direction [6]; second as an interframe oper-
ation in which successive frames are subjected to a two-
dimensional block transform and coefficients predictively
coded along the temporal axis; and third, since motion
compensation is a more complicated operation in the
transforrn domain, in the format that has been adopted
for the draft picturephone standard [2] and is discussed
here — intraframe two-dimensional block coding of the
interframe (motion compensated) difference signal. The
equivalent intraframe operation, with a one-dimensional
predictive coding procedure carried out in a vertical
direction prior to transformation of the resulting error
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signal, does not seem to have been reported, although it
is important to point out that, since transformation is a
linear operation, in the absence of quantisation effects
transformation of a difference signal and taking the dif-
ference between transforms of successive data segments
arc equivalent (scc Reference 7 for a more extended
discussion).

The coding algorithm studied here is shown in Fig, 2
and forms the basis (with many added refinements) of the

1 0
N
() T — @ X
-1
y T
+
. +
- P SR
v
MC e

Fig. 2 Hybrid interframe transform coding with forward acting motion
compensation

As Fig. [ but with
T forward transform
T-'  inverse transform (and rescaling)

draft audiovisual service standard. Comparison with Fig.
1 indicates that most features of the two algorithms are
the same with the exception that quantisation (and sub-
sequent channel coding) is carried out on the motion-
compensated interframe difference signal after that signal
has been subjected to a two-dimensional discrete cosine
transform with a block size of 8 x 8.

It is thus the resulting quantised transform coefficients
which form the transmitted signal. Since, however, the
predictor input signal is the sum of the previous predic-
tion frame and the spatial interframe difference signal, it
is necessary to include an inverse transformation (T™') in
the prediction loop. (The draft audiovisual standard
makes provision for an intraframe transform operation to
be applied directly to the input video signal; the proper-
ties of such a procedure are well known [8] and are not
studied further here.) It has been suggested by Girod [9]
and Strobach et al. [10] that the efficiency of the trans-
form operation as applied to motion-compensated intra-
frame difference signals is open to question. Since the
draft standard is based onm just such an approach,
however, this paper concentrates on differences in per-
formance between transforms and motion compensation
schemes over the spread of data sources studied; see
Section 5 for further discussion.

The experimental format for all test schemes is as
follows: difference frames (motion compensated where
appropriate) are transformed in the manner described
and the resulting coefficients rounded to the nearest inte-
gral value. Methods of data rate control are not explicitly
defined in the audiovisual standard; here the transform
coefficients are thresholded (i.e. including a central ‘dead
zone' as in the recommendation) and those below the
chosen value set to zero. The resulting coefficient set is
then inverse transformed and the regenerated interframe
difference signal added back to the prediction to form the
" reconstructed frame, which can then be compared with
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the original. Results are displayed in terms of error
energy as a percentage of that of the original data as a
function of average percentage of coefficients transmitted.

In addition to the combinations of image data and
motion compensation scheme referred to in Section 2,
three different orthogonal transforms are employed in the
present experiments:

(a) Discrete cosine transform (DCT): most efficient of
the range of orthogonal transforms commonly investi-
gated for image processing applications when applied to
data of reasonably high correlation coefficient [11].

(b) Walsh-Hadamard transform (WHT): a transform
with, in many respects, the poorest performance in the
range but having a very simple implementation [12].

{¢) High correlation transform (HCT): a transform
developed with the aim of obtaining a performance
approaching that of the DCT while retaining an imple-
mentational complexity similar to that of the WHT [13].

Comparisons between the results obtained with the DCT
and WHT indicate the sensitivity of the hybrid coding
scheme to the spread of efficiencies obtainable from the
range of available orthogonal transforms. It has been
suggested that, since the interframe difference signal is
substantially zero mean, the Discrete Sine Transform
(DST) might be an appropriate transform to employ (sec
Reference 14 for discussion). Tests carried out with the
DST for various combinations of images and motion
compensation schemes, however, produced resuits little
better than those for the WHT, and they have thus not
been included here.

4 Hybrid coding results

Fig. 3 shows the results obtained for the MISSA image
source, having low contrast and some noise and a small
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total coefficients transmitted, %
Fig. 3  Hybrid transform coding of image source MISSA

a no motion compensation
b pel recursion

—ax__ apread of results aver all ransforms used

degree of motion. There are several points of interest.
First, block matching motion compensation gives the
best result, with the pyramid scheme only slightly worse.
Secondly, the inclusion of the pel recursive scheme is only
beneficial at very low data rates, and there is a clear dis-
tinction between block matching and pyramid schemes
on the one hand, and the pel-recursive scheme and no
motion compensation on the other. It is also obvious
that, for this image, there is little to choose between dif-
ferent transforms.
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The results for CLAIRE (high contrast, noise free,
moderate degree of motion) are shown in Fig. 4. Again,
the best result is obtained with block martching motion
compensation, but in this case neither of the other
schemes is clearly better than no motion compensation at

0.03~

Q
[=]
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o
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reconstruction error, %

0 ! | ' ]
0 10 20 30 40
total coefficients transmitted,
Fig.4 Hybrid transform coding of image source CLAIRE

a no motion compensation
b block matching
O DCT
O HCT
A WHT
< wm tota] spread of results over all transforms for
(1) 10 the left-pyramid scheme
(2) to the right-pel recursion

all. A further interesting result is that, for both no motion
compensation and block matching cases, there are clear
differences between the results obtained with different
transforms, with the DCT best, WHT worst, and HCT in
between. For the other two cases, intertransform differ-
ences are much smaller.

Much the same results are evident for TREVOR
(moderate contrast, substantial motion), Fig. 5. Here the
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3
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Fig. 5  Hybrid transform coding of image source TREVOR

aandé as Fig. 4
¢ best resulis and tolal results spread X for pel recursion and the pyramid
scheme, all transforms

performance of pyramid and pel recursive algorithms is
identical, and the best result is obtained using block
matching motion compensation and the DCT. Fig. 6 pre-
sents the best results obtained in each case with and
without motion compensation. Subjectively, as might be
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expected, there is little visible difference between the use
of different transforms in this application. Specifically,
picture quality is virtually unaffected if the DCT is
replaced by the WHT.
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Fig. 6  Hybrid interframe transform coding of the three image sources

e best result

~ - -~ no motion compensation
a MISSA

b CLAIRE

¢ TREVOR

5 Spectral domain

Traditionally, transform coding has proved to be an
effective technique for data compression when applied to
original image data of high correlation [8]. Its applica-
tion to the processing of interframe difference images,
particularly if motion compensated, represents a depar-
ture from this, which this paper examines. Such images
are likely to contain strong edge or line detail, often of a
fragmentary nature, and thus be difficult to code using
any technique. To the extent that one motion com-
pensation technique is better than another, it will be
more effective in reducing the amount of coherent detail
remaining, and so exacerbate the coding problem — a
paradox indeed! This section comsiders the relevant
properties of the difference signal when transformed to
the spectral domain in terms of the ease with which the
coefficients may be coded, compared with an equivalent
measure applied to original image frames themselves.

A suitable comparison measure for the present
purpose is the so-called ‘spectral flatness measure’ [15],
which for N samples of a spectral process S is the ratio of
the geometric and arithmetic means of the spectral

samples
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The maximum value of yZ is unity and is achieved when
all S, are equal. The spectrum is then uniformly flat and
corresponds to a white noise process, for which no data
compression is possible. The extent to which y;? is
greater than unity then, indicates the predictability or
case of coding of the data, or alternatively, the benefit to
be obtained by the application of any further correlation
or redundancy reducing operation. Table 3 contains

Table 3: Values of y;* for data and transform cosfficients,
all transforms and motion compensation schemes

image Data No mation Block
compensation matching
DCT WHT HCT DCT WHT HCT

MISSA 530 176 1.75 181 1.89 1.75 1.89
CLAIRE 1689 1141 829 1233 421 346 478
TREVOR 633 798 7.32 8.78 355 3.19 369
image Pel recursion Pyramid scheme

DCT WHT HCT DCT WHT HCT
MISSA 116 118 1.18 122 121 1.24
CLAIRE 3.29 330 348 214 215 225
TREVOR 2.63 259 266 1.73 1.85 177

values of y7? for the original data and for the prediction
error sequences, using all transforms and types of motion
compensation. As cxpected, the original data in all cases
has a high value of y;?, indicating its amenability to data
compression. CLAIRE is particularly suitable in this
context. (Intuitively MISSA might be thought easiest to
code, but this image has, on inspection, an appreciable
noise content which naturally tends to reduce y;?2)
TREVOR, a spatially-active image with a high degree of
motion, nevertheless still shows potential for a significant
degree of data compression. The sitnation is somewhat
different when we consider difference frames, however.
For these, 772 is much lower than for the original data,
even in the absence of motion compensation. As far as
the different transforms are concerned, the results bear
out these obtained earlier — that there is little to choose
between those selected for this experiment (save that,
interestingly enough, in several instances the HCT pro-
vides the largest value of y72). If the small differences
between transforms are averaged out, it can be seen that
in general there is a gradual increase in spectral flattening
as onc moves from no motion compensation through
block matching and pel-recursive technigues to the
pyramid scheme. (The results for MISSA are something
of an anomaly in this context and may be due to the
presence of noise, as mentioned earlier.) For CLAIRE
and TREVOR, data improvements over the omission of
motion compensation are approximately 24, 3 and 445
times for block matching, pel-recursive and pyramid
schemes respectively. ’ .

6 Conclusions

This paper has reported experiments carried out on the
hybrid coding of motion-compensated interframe differ-
ence signals by varying both the transform and type of
motion compensation used. It is demonstrated that the
interframe prediction operation is in all cases very effec-
tive in reducing the variance of the signal to be coded,
and the efficiency of this operation is improved (albeit to
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differing degrees) by the inclusion of motion com-
pensation. It is further shown that, depending on the
image source, there is some benefit to be gained by the
use of the DCT and block matching motion com-
pensation compared with any other combination. Results
for the spectral flatness measure, however, show a
marked increase in flattening as the efficiency of the
motion compensation scheme improves, and it is known
that in such a situation the benefit derived from any
further coding of the data is very small. It is thus finally
concluded that the employment of a not particularly effi-
cient motion compensation technique (block matching) is
actually beneficial in that the degree of correlation
remaining in the signal to be transformed is great enough
for the efficiency of the DCT subsequently to outweigh
the poor motion compensation performance. If this con-
jecture is borne out by more wide-ranging experiments, it
follows that the development of more efficient motion
compensation techniques will require the associated
development of coding algorithms, other than those
dependent on transform operations, if their improved effi-
ciency is to be fully realised.
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Abstract—Projection onto convex sets has recently been suggested as
an approach to time-varying image compression. In this paper, an im-
age coding technique based on such an approach is developed. In par-
ticular, pixel and frequency domain information is combined in order
to improve image quality over standard transform coding at given bit
rates. The use of nonintersecting convex sets is shown to be optimum
for two sets and a given error measure. Convex sets and projections
are discussed in general and then in the context of image compression.
Simulation results are presented for single frame images as well as for
image sequences.

1. INTRODUCTION

IME-VARYING image compression has received
much attention, and many techniques have been
shown to give good bandwidth reduction and image fidel-
ity. Among these are transform coders, motion compen-
sation coders, and lpc coders. The coding method de-
scribed in this paper is actually a generalization of
transform coding where the basis functions are replaced
by convex sets. The signal to be transmitted is described
to be in the intersection of certain convex sets, and the
method of alternating projections is then used to locate a
signal in the intersection of the sets. The sets utilized de-
fine combined frequency and spatial domain information.
Since the procedure used by this coder is the method of
alternating projections onto convex sets, this topic is re-
viewed first as it pertains to the coding problem. Follow-
ing the discussion of convex sets, the new coder is de-
scribed. An optimal solution in the sense of a minimum
least squares error which uses the technique of alternating
projections onto nonintersecting convex sets is then given
for the coder. Finally, coding results are presented which
show the relative improvement for the convex set coder
versus a simple transform coder.

II. CoNVEX SETS

Convex sets and functions have received much atten-
lion in image restoration and optimization problems [3],
[13]. In the research, convex sets offer a way of utilizing
or visualizing information much as in image restoration
problems. For image coding, these sets may be employed
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at the receiver to invoke a prieri information in order to
reduce distortion in the received image. An extension of
this procedure, which proves more useful, is that of trans-
mitting information about convex sets which contain the
desired image.

A convex set is defined in the following way [6]. Let V
be a vector space and let C C V. Cis convex if for every
x, y € C, it is also true that [ax + (1 — a)y] € C for 0
< a < 1, a areal. Less formally, C is convex if the line
segment connecting any two elements in C is also in C
(see Fig. 1). Following are some examples of convex sets.

1) All vectors in R” (real digital signals with n com-
ponents) such that all of the components of the vectors are
nonnegative.

Cp = {xeR"|x; = 0} (1)
where x; is the ith component of x.
2) All vectors in R" which have bounded energy.
Cp = {xeR"|xx < k} (2)

where x’ is the transpose of x. This set defines an n-di-
mensional ball centered at the origin,

3) All vectors in R" with some given components equal
to known values.

(3)

where the &; are known constants and [ is a given index
set.
4) All vectors in C" with some transform coefficients

equal to known values.

Ce={xeRx,=k,iel}

(4)

where T is a linear transform, [ Tx]; is the ith transform
coefficient, the z; are known constants, perhaps complex,
and I is a given index set.

It is not difficult to see that Cr in the last example is
related to transform coding. If m out of n possible coef-
ficients are transmitted, all of the signals with these m
coefficients form a closed convex set. The receiver, then,
must accept any member of this set as feasible given no

Cr = {x ER”][Tx]i = zi,iel}

.additional information. Typically, the unknown coeffi-

cients are assigned the value of zero. An alternative so-
lution is to project the previous frame onto this set in

0733-8716/87/0700-1127$01.00 © 1987 IEEE
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Fig. 1. Convexity in two space.

which case the untransmitted coefficients are assigned the
same values as for the previous frame [10].

I11. ProOJECTIONS

The projection of a given vector onto a closed convex
set is the vector in the set closest to this given vector.
More formally, let x be in the vector space V and let K be
a closed convex subset of V. The projection of x onto K
is the solution to the following problem.

(5)

The minimizing vector y is indicated by [ Px}]. P is a map-
ping from Vinto K, i.e., P: ¥V — K, and is referred to as
the projector onto K.

Referring to the examples of the convex sets already
given, it is informative now to give the projectors onto
these sets.

1) Let Pp be the projector onto Cp.

Xi, x; =0
(Ppx], = {

That is, if a component of x is already nonnegative, leave
it alone; otherwise, assign it to the nearest nonnegative
value, which is clearly zero.

2) Let Py be the projector onto Cp.

minimize {x — yﬂz for all y € K.

(6)

0, x; < 0.

[x, xx < k
J K? . (7)
| = X, x'x > k.
{xx
The energy set defines an n-dimensional ball with center
at the origin and radius k. If x is inside the ball, then the
projection is itself. Otherwise, the projection is the clos-
est vector to x on the surface of the ball.

3) Let Pg be the projector onto Cg.
k;, iel
(Pl = | (®)

X;, otherwise.
If the value of the component is known, then assign this
value; otherwise, leave it alone.

4) Let P be the projector onto Cr.

Pyx =

[ T ] {Zi» l € I (9)
P;Tx| =

U], otherwise.

If the transform coefficient is known, then assign this
value; otherwise, leave it alone.

IV. METHOD OF ALTERNATING PROJECTIONS

Suppose that various characteristics are known about a
certain image which is to be transmitted. If these prop-
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Fig. 2. Method of successive projections.

erties define convex scts, then there is a procedure to de-
termine an tmage which exhibits all of these attributes. In
short, an image must be found which is in the intersection
of these convex scts. The procedure for accomplishing
this was first given by Bregman [1] and is described next.
Let C,, Gy, - - - , C, be closed convex sets in a finite
dimensional vector space V with Py, P,, - -+ , P, their
respective projectors. Then the iterative procedure

xn‘fl:PXPE.”Pn[xn] (10)

converges to a vector x* € C; = N}, C;. The starting
vector x; may be any member of V. This procedure is
called the method of altemating projections and is de-
picted graphically in Fig. 2. It is interesting to note that
C; will also be a closed convex set.

This theory has been used to good advantage in resto-
ration problems where a priori information can be em-
ployed to constrain the size of the feasible solution set [37],
[13]. In image coding, the convex set information can be
transmitted and used by the receiver. This is much the
same as transform coding in which the convex sets are
hyperplanes. In the case of transform coding, the solution
found by alternating projections onto convex sets (POCS)
is also the least squares solution in the following sense.

x* minimizes |[xo — y|| forallye N . (11)
f=1

That is, x* is the projection of x, onto the intersection of
the given sets. Therefore, if xy is the zero vector, the al-
ternating projections solution is identical to that obtained
by the usual transform mecthods when the sets are mem-
bers of an orthogonal basis set for V. Better results may
be obtaincd by using the previous image as the starting
estimate, at least for a short time within a sequence [10].

V. Convex SET CODERS

A general convex set coder, shown in Fig. 3, has been
presented by Santago and Rajala [10]. An initial problem
for this type of coder is to determine what constitutes the
description of a convex set. As stated in [6]), a convex set
can be completely defined within closure by its support
functional. Since the main concern here is with closed
sets, this functional completely defines the set. Although
this form of a convex sct could be used, a definition which
is more easily visualized is given next.

This alternative representation for convex sets is via the
Minkowski functional associated with the set [6]. The
Minkowski functional defines a type of distance measure
from an interior point of the set to any vector in the spacc.
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Fig. 4. The Minkowski functional p, (x) for convex sct K relative to point

As presented in [6], this point is the origin, but can be
modified by simple coordinate translation. The Min-
kowski functional can also be viewed as the amount of
expansion of the convex set necessary to include a given
vector in the set (see Fig. 4). In the case of linear hyper-
planes, the functional gives the amount of translation
needed to contain the vector in the desired hyperplane.

As an example, if the set is the unit ball, then the Min-
kowski functional is the Euclidean or two-norm relative
to the center of the ball. In any case, it is unlikely that
these functionals would be transmitted. This would be
analogous to a transform coder transmitting the basis vec-
tors as well as the coefficients. A more likely approach
would be for the receiver and the transmitter to agree on
the convex set shapes and to indicate the size necessary
to include the desired image via the Minkowski func-
tional.

Finding convex sets in general is not a difficult prob-
lem. Selecting the best sets in the sense of compression
capability and image quality is not, however, so easy. In
the casc of transform coders, the optimal representation
via an orthogonal basis, given by the Karhunen-Loeve
transform, is well defined, as are the projectors. In the
case of projectors for general convex sets, the forms may
be quite different from set to set. It was initially thought
that using n-dimensional balls with different centers, i.c.,
translated cnergy sets, might prove enlightening. In fact,
finding the optimum n-dimensional balls is extremely dif-
ficult and is being studied at this time.

Another view for comparing general convex sets to lin-
edr oncs, ¢.g., transform bases, is to assume that a convex
sct boundary can be approximated by a finite number of
hyperplanes. This can be envisioned in two dimensions
by approximating a circle with a finite number of straight
lines. The projection of a vector onto such a set is ap-
proximately given by the projection onto one of these hy-
perplanes. How closely this approaches the actual projec-

1053635A | >
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tion 1s a function of set shape and the number of
hyperplanes used.

This approach is related to the problem of transform
coding with a mixed basis. That is, given a number of
possible basis sets for the signal space, choose the set for
the current signal which gives the lowest error, assuming,
of course, that only some of the coefficients will be trans-
mitted. This can be extended to choosing a mixed set of
basis vectors from the various bases for the current signal.
The possible bases are defined by the hyperplanes which
enclose the sets. In this research, a mixed basis set is used,
but the bases are chosen a priori, i.e., pixel and fre-
quency sets. The general problem rcmains open.

V1. DIFFERENCE PICTURES

Since the convex set coder is designed from examina-
tion of difference pictures, it is appropriate here to discuss
this topic as well as the actual sequences and models used
for this paper.

The two black and white sequences coded are called
BOB and MAP. BOB is a 60 frame head-and-shoulder
scene of a newscaster recorded at 30 frames per second.
The MAP sequence shows an individual using a pointer
while lecturing in front of a wall map and also confains
60 frames. Both sequences contain frames which are 256
X 320 pixels with intensity values ranging in gray scale
intensity from O to 255. The percent of motion in the se-
quences was determined by counting the number of pixels
which had an absolute change of more than 3 between
frames and dividing this by the number of pixels in the
frame. The noise variance in both sequences was calcu-
lated to be about 1.55 and the noise densities are Gaussian
[12).

In addition to actual sequences, it was desirable to code
synthetic images derived from image sequence models.
Initially, a three-dimensional Gauss-Markov field model
was used. The coder did not perform well on this model.
Since the coder did work well for the actual images, it
was decided that a more realistic model was needed.

The difference pictures were then described via a com-
posite model, a detailed description of which can be found
in [12]. A binary image is made from the difference pic-
ture by assigning the value zero, black, to changed (mov-
ing) pixels and 255, white, to unchanged pixels. This bi-
nary image is known as the difference picture mask. The
second part of the model uses statistics of the moving re-
gions in order to assign values to the moving pixels. A
rate distortion function was then derived for this model as
well as a method for producing synthetic images which
agree with the model.

VII. DESCRIPTION OF THE IMPLEMENTED CODER

The new convex set coder design is based on various
attributes of interframe difference pictures as described by
the composite model. First is the fact that large zero re-
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Fig. 5. Simple mixed coder using POUS.

gions or arcas of unchanged pixels may allow the trans-
mission of many pixel values with very little bandwidth
requirement. This can be seen by examining the rate dis-
tortion function derived for the mask given in [9] and [12].
Second, there may be regions of uniform intensity which
can also be transmitted with little bandwidth requircment.
In this research, however, the major concems are with
transmitting the mask and the values of the changed re-
gions as indicated by the mask.

As will be shown, it is possible to combine this pixel
domain description of the difference picture with trans-
form coding in order to improve received image quality.
Transform coding is a robust and easily implemented cod-
ing technique. However, the information content of the
coeflicients is typically reduced for higher frequencies.
Given this, it may then be possible to utilize the bits nor-
mally assigned to these higher frequencies more effi-
ciently by transmitting pixel domain information directly
in order to achieve reduced image error or improved sub-
jective quality. This may be particularly applicable in the
higher bandwidth systems where additional frequency
coefficients or more finely quantized cocflicients do not
add significantly to image quality.

The previous discussion suggests that information about
the image can be transmitted in two different domains.
The problem then is to utilize these data to reconstruct an
image at the receiver. If the information defines convex
sets, then the method of alternating projections, POCS,
can be employed to rccover an image which is consistent
with the received data. This is the case for the mixed pixel
and frcquency domain values as defined above. In fact,
using these values defines a combination of two separatc
bases for two distinct transform coders. Frequency values
form the basis for transform coding as we normally think
of it. Pixel values are nothing more than cocfficients for
a standard basis, a standard basis being defined as a vector
with a single entry of the value onc and all others being
2CTO.

A coder which implements this technique is given in
Fig. 5. The image is segmented into fixed size blocks and
each block is coded separately. This allows more flexible
operation as well as the possibility of utilizing parallel
processing elements in a dedicated coder system. The pix-
els whose values have not changed from frame to frame
are referred to as the region of support (ROS). These val-
ues can be transmitted via a bit pattern which indicates
whether the value of an image pixel has changed from the
previous frame in the sequence. This is, in cffect, trans-
mitting the mask,

13536354t >

Coding the mask, which represents set Cj, involves
simply coding a binary image. In early experiments, one
bit per pixel was sent to indicate the mask [10], [4]. Even
at this uncompressed rate, mean-square error reductions
were shown over transform coding alone. The transform
coder used for comparison utilized bit assignments based
on the log-variance relation of the coefficients {8]. Uni-
form quantization was employed and the size of the coded
blocks was the same as for the POCS coder. Somie rate
reduction has been effected by subsampling the mask bits
[10). As stated in [8], however, compression rates of as
high as ten to one have been achieved for binary images
using two-dimensional variations of run length coding for
binary images. By eliminating isolated changes as well as
thresholding the changes, compressions of up to seven to
one have been achicved at NCSU.

In this research, experiments using Huffman coding
were performed. These experiments coded vertical runs
of mask pixels, corresponding to frame columns, with a
maximum length of 128. Reductions of about four to one
were typical, giving a value of 0.25 bits per pixel to send
the mask. This compression rate is well below the rate
distortion expectations for the model presented; and it is
probable that further reductions could be achieved using
more sophisticated techniques. Results showing the ef-
fects of up to an 8:1 reduction in coding the mask are
given later. Once the mask and the coeflicients are re-
ceived, POCS may bec used to reconstruct the frame.

The transform coeflicients which are to be transmitted,
representing sct Cr, may be selected and quantized in any
manner desired by the coder. For this research, it was
determined that complex selection techniques are not of
critical importance as long as reasonable methods are
used. For the implemented coder, a bit assignment for
each FFT cocflicient based on the variance of the coefli-
cient is used. The variantes of the coeflicicnts were de-
termined by collecting data over a ten-frame sequence of
BOB. In a real coder, these statistics may be based on a
reference framc and perhaps updated periodically. Since
both the transform coder and the new coder use the same
assignments, the comparison should be fair as is. The bit
assignments were done using the following formula [8]:

ANT

N2 + 2logy, [Viu, ”)]

Ny(u, v) =

v

N
2, ]21 logio [V(a, b)] (12)

2
ey
Nea

where the image 1s N X N, Ny is the desired total number
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of bits, and Np(u, v) is the number of bits assigned to the
(u, v) coefficient (real and imaginary parts are assigned
separately). The coeflicient variances are contained in
V(u, v). The decision levels assume a uniform quantizer.

When coding the coefficients, various adaptive schemcs
can be used to reduce the bit requirement for the coder.
The purpose here is to compare the new coder to the trans-
form; thus, these methods were not implemented since the
reduction would apply to both coders. However. by ig-
noring these techniques completely, the new coder can
give results which are, in a sense, artificially much better
than the transform coder. This is especially true when
there are very few changes in a block and it is possible to
transmit the block via conditional replenishment. The
problem is discussed more thoroughly when the coding
results are presented.

The previous. form of the convex set coder produces
improved quality and reduced error, but additional op-
tions could produce even better results. One possibility is
to send the sign of the changed pixcls along with the mask.
This is not used here, but shows some promise of im-
proved image quality [4].

Before describing the final form of the implemented
coder, an optimal solution for two convex sets is derived
and explained.

VIII. OpTiMAL SoLutioN FOR Two CONVEX SETS

In this section, a new solution using a variation of POCS
is developed which makes the new coder more realizable
and gives a better theoretical basis for the technique. Con-
sider a transform coder as previously described which
transmits m frequency coefficients out of n possible coef-
ficients. Assume, also, that the transmitter and receiver
have knowledge of the values of a subset of the pixels via
the mask transmission or for any other reason. These
known pixels are defined, as before, to be the region of
support (ROS).

Since components of the signal to be transmitted which
are in the ROS will be assigned their exact values at the
receiver, they become free variables or poN'T CARL ele-
ments when performing the transform at the transmitter.
Therefore, the transmitter can assign values to these com-
ponents so that when the transform is performed, and only
a subsct of the coefficicnts is chosen for transmission, the
signal recovered by the receiver has the error minimized
only for the non-ROS componcnts. It should be noted that
this algorithm is appropriate for use with transform coders
which operate on fixed size blocks. If a variable number
of noncontiguous pixels is allowed to be transformed
coded, then the ROS pixels can be left out since they sim-
ply constitute unneeded constraints in 4 system of linear
equations. This may not necessarily be the case, however,
if the sets arc not also subspaces as they are here.

Allowing the ROS values to be DON"T CARES can be de- .

fined by the following constrained minimization problem:
minimize nA(Hx - x)“ w.r.t x subject to Ax = b (13)

where F is a mapping from R” to R” which includes a
transform, filter, and an inverse transform. Hx is the re-
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ceived signal. For example, H = F*LF where F and F#
are the transform and its inverse, and L is a low-pass fil-
ter. A is a mapping from R" to R, k = n — m, with n
and m as before and it forms a vector whose components
are those not in the ROS. That is, A is a selection operator
which alters the cost function to only measure the error in
the non-ROS components. The & vector is constant and
contains the correct non-ROS values. The constraint
cquation forces the non-ROS components of the solution
to be correct, while the ROS elements are allowed to vary.
This constrained problem can certainly be solved, but a
simple problem which leads to an optimal solution is given
next.

On closer examination, there is no need to force the
solution to retain exact values in the non-ROS compo-
nents, only that the received signal has minimum error in
this region. This may be stated as the following uncon-
strained minimization problem:

(14)

where A, H, and b are as before. This can also be seen
mathematically by distributing A over both terms and not-
ing that Ax = b. The solution involves solving for a ge-
neralized inverse. However, an iterative solution can be
obtained by applying the method of successive projec-
tions for two nonintersecting convex sets, NPOCS. The
theorem describing this algorithm was first presented and
proven by Chency and Goldstein [2]. A formal statement
of a similar theorem, which may be more applicable to
the problem at hand, and its proof are also given in [12].
More recent work with some extensions can be found in
[14]. A less formal, and hopefully more informative, de-
scription follows.

Assume a transform coder is available which transmits
m out of n cocfficients. Without loss of generality, it can
be assumed that these are the m low-pass coeflicients and
that the receiver will assign zeros to the untransmitted
cocfficients. Define a set C7to be all x € R" such that the
m low-pass transform coefficients are bounded in magni-
tude, and the m — n remaining coefficients have assumed
values, typically zero. Cr is a closed, bounded, convex
set. The magnitude bounds for the m transmitted coeffi-
cicnts can be any real numbers reasonable for the appli-
cation. The m — n untransmitted cocflicients need not be
zero, but the values which they are assumed to have must
be known by the transmitter and the receiver.

Define another set Cr to be all ¥ € R" such that x has
correct values in the non-ROS components, and the re-
maining components are bounded. Cg is also closed,
bounded, and convex, and the bounds for the ROS com-
ponents can be any real numbers reasonable for the ap-
plication.

Any received signal which is a member of Cr has zero
error since thc ROS will be assigned exact values. Fur-
ther, any signal in Cy can be transmitted. Thc problem,
then, is to find a signal x* € Cy, which is closest to Cy.
This idea can be more readily visualized by referring to
Fig. 6.

By the theorem mentioned for successive projections

minimize ||[AHx — b w.rt. x
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Fig. 6. Method of successive projections for two nonintersecting convex

sets.
X
Transtarm [~  Filter
Channet P
X
POCS LN
L Mask (ROS) ____J
coder
Fig. 7. Implemented mixed coder using POCS.
onto nonintersecting convex sets, the signal x* in Fig. 6
can be found by using the following method of successive Transiorm Filter
projections for nonintersecting convex sets. Let Py and Channel
Pe l?e the projectors onto Cr and Cp, respectively. Then ::::::fm
the iterative procedure
Mask (ROS} NPOCS l
Xee1 = PrPp(x) (15) coder

will converge to a vector in Cr closest to Cp (x* in the Raan
case of Fig. 6) with any xq € R". This fixed point actually
solves the problem: l

minimize f(x) = Hx - PE(x)“, for all x € Cy. %

(16)

It should be noted that x* may not be unique and C; N
Cg need not be empty. The transmitter sends x* and the
receiver projects this signal onto Cg by assigning the ROS
values.

This procedure is optimum in the sense given. That is,
the reconstructed signal using only the m transmitted coef-
ficients as determined by (15) will have minimum error
between the reconstruction and the original signal in the
non-ROS components. In all of the simulations compar-
ing this optimal method to simple POCS, both solutions
gave the same error. If the intersection of C; and Cy is
nonnull, then both methods give zero error. Further, the
convergence rates of the two methods were practically
identical. This is also shown in [11] which contains some
additional examples of the use of the nonintersecting
method.

The primary distinction between the POCS coder and
the NPOCS coder is that for NPOCS, the iteration is per-
formed before transmission. This is explained by the fact
that the transform coefficients which give minimum error
for only the non-ROS pixels can be determined before
transmission. Thus, at the receiver, all that is left to do is
to inverse transform and assign the ROS pixel values
which were transmitted by the mask.

A coder using simple POCS is shown in Fig. 7. The
coder for which results are presented in this paper is given
in Fig. 8. This coder uses the NPOCS technique and two

1NRAAIRA | >

Fig. 8. Implemented mixed coder using NPOCS.

convex sets, one for the frequency domain Crinformation
and the other for the difference picture mask Cp.

The method of alternating projections onto noninter-
secting convex sets also converges for more than two con-
vex sets as shown in [12]. The significance of the fixed
point in this case is that all paths of fixed points with the
same projection composition have the same length [14].
This path length is defined as the combined distances of
each point to its projection. The usefulness of this fact
needs further investigation. For the two-set case, the pro-
cedure does provide an optimal solution in the sense given
and only necessitates iteration at the transmitter. Further,
by using NPOCS, more decisions, such as number of it-
erations and allowable ereor in certain pixels, can be made
by the transmitter before any transmission is performed

{11].

I1X. CopING RESULTS

This section contains the results of various coding sim-
ulations. Prcsented first are coding results for single
frame-difference pictures. Following these, coding sim-
ulations for comparable synthetic images are given and
the results are compared to the rate distortion function de-
rived. Finally, results are given which show the effects of
error propagation over two short sequences of a time-

varying imagery.
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Somie general statements should be made first which ap-
ply to all of the simulations. First. the only comparisons
are among the transform coder alone, the NPOCS coder,
and the rate distortion bound. The rate distortion function
comparison is included only for interest since the primary
goal is to relate the NPOCS coder with the ordinary trans-
form coder. For the NPOCS algorithm, five iterations
were used in all cases since additional iterations did not
provide significant error reduction. Often, fewer itera-
tions could have been used. This adaptation is easily im-
plemented by the NPOCS algorithm since the receiver can
make the decision to stop at any point. The NPOCS al-
gorithm was chosen over ordinary POCS since both were
shown, experimentatly, to provide the same error and
convergence rates. Finally, the coders operated on fixed
size blocks of 8 x 16 pixels. Changes in block size do
not appear (o give any significant error improvement |4].

A. Real Single Frame-Difference Coding

The first coded image is a frame-difference picture from
BOB with 18.1 percent motion. The error values are not
plotted since, as will be discussed shortly, the results are
meaningless. In fact, some of the MSE errors exceed the
variance of the difference picture itself. The MSE ¢ is de-
fined to be

2

, N
E=ﬁ;§1 (x; — %) (17)
where N is the number of pixels in the frame, x; is the ith
pixel of the original frame, and Z%; is the ith pixel of the
reconstructed or received frame.

Note that for 1.0 bpp, the NPOCS method uses no fre-
quency information. Although these rates may scem high
when compared to other coders, recall that no compres-
sion is assumed for the coefficient information. That is,
there is no attempt to compress the coefficient information
beyond the bit assignment already discussed. A method
such as hybrid transform/DPCM interframe coding could
prove useful for further compression [7]. In any event,
both the transform and NPOCS coders may take advan-
tage of any additional coeflicient compression using thesc
techniques.

The NPOCS method has significant MSE improvement
in all cases. One reason for the improvement is that therc
are many blocks to be coded which have very few changed
pixels. The transform coder performs poorly for these
blocks, while the convex set coder produces practically
no error. The rcason for this is that all changes in many
of thesc blocks could have been transmitted via condi-
tional replenishment. Also, for very small numbers of
changes, it may be better to send no frequency coefficients
at all. It was thought that this situation could be traced to
the fact that cocfficient bit assignments were based on sta-
tistics of all of the blocks in the image. However, when
new bit assignments were calculated using only those
blocks with more than 20 changes per block, the assign-
ments were practically identical. Further, the NPOCS

1053635A 1 >
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coder does have an advantage for coding low chuange
blocks in that these blocks are handled automatically
without changing the coding scheme,

Another method to eliminate some of the low change
block problems is to median filter the difference before
coding since some of the changes in these blocks are due
to high noise pixels rather than motion. This technique
would also allow more mask compression since isolated
pixels would be eliminated, thereby producing more long
runs of unchanged pixel locations.

In order to produce a more realistic comparison be-
tween the transform and NPOCS coders, simulations were
performed which allow low change blocks to be transmit-
ted exactly for both the transform and convex set coder.
A reasonable number of changes would seem to be around
20 since this is where the NPOCS coder improvement be-
gins to reduce below 100 percent. A simple justification
for this number is given next.

It was assumed that these blocks could be sent via con-
ditional replenishment and that the locations (addresses)
of the nonzero errors could be sent with the same number
of bits as the mask. Thus, the conditional replenishment
technique would take advantage of the same amount of
compression as the NPOCS coder. Also assumed was that
the pixel error values could be sent with six bits on av-
crage. This may be slightly high, but even at four bits,
the results are not changed much. Finally, assume that the
cocfficient bits could be compressed with a four-to-one
ratio. This could possibly be achieved, as suggested at the
beginning of this section, with both the transform and
NPOCS coders making use of the compression.

Now a breakeven point must be found above which the
number of bits for conditional replenishment will exceed
the number of cocfficient bits. This number of changes is
given by

coefficient bits — address bits

(18)

breakeven = -
bits per error value

For the coding cases used here, the highest breakeven is
for 512 cocfficient bits, a four-to-one mask und cocfficient
compression and 6 bits per pixel error value. The break-
even for these values is 16 changed pixels. Thus, the value
of 20 changes seems valid to use for coding comparison
which certainly is more than fair to the transform coder.

The results for the 18.1 percent motion BOB image
using mask compressionratesof 1:1,2:1,4: [, and 8:1,
and a breakeven of 20 are given in Fig. 9. A ratio of 4: |
should be casily attainable as discussed previously. Note
that for mask compression rates of 1 : 1 and 2 : 1, the trans-
form coder is given even more of an advantagc at this
breakcven yet the NPOCS still performs better.

For high change blocks, the NPOCS performs better as
well, but not in such a dramatic fashion. Fig. 10 shows
the percent improvement in MSE for the NPOCS coder
for various numbers of changes per block. (The improve-
ment is not shown for fewer than 20 changes per block
since, as discussed, it is artificially high.) Even for mod-
crately high changes, the NPOCS coder has a consistently
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lower MSE error. These percent improvement values arc
typical for all coding runs.

The number of pixels in error is not plotted since the
number remains consistent throughout the various trans-
mission rates. Without using the breakeven for exact
transmission, the number of errors greater than zero was
around 76 000 over the entire frame for the transform
coder and 63 000 for the NPOCS coder. Again, many of
the high error counts can be traced to low change blocks.
However, for high change blocks, the NPOCS method
still has a reduction in the number of errors greater than
3 of about two to one. For the number of errors greater
than 3, the value was about 50 000 for the transform coder
and 10 000 for the NPOCS coder. This statistic is impor-
tant since it is somewhat indicative of the number of pix-
els which must be corrected if this is desirable, perhaps
for periodic update. It also has an effect on error propa-
gation in sequences, as will be shown in the next section.
For the simulations using the breakcven of 20 changes per
block, there is only a significant improvement for the
NPOCS coder for errors greater than 3.

The idea of reduced bit rate for error correction can also
be seen in the zero order entropy of the error image for
both coders. For the NPOCS coder using the breakeven,
the entropy was consistently at least 1.5 bits below the
transform. The first order entropy H is defined as

255

H= A;Up(i)logzp(i) (19)

where p (i) is the probability of an intensity valuc i,

B. Synthetic Single Frame Coding

This section compares coding results for a synthetic im-
age corresponding to 18.1 percent motion to the rate dis-
tortion bound for the composite model. The low change
block problem is still cvident for these images, as is the
MSE improvement for-the NPOCS coder (sce also Fig.
10).

1053835A | »

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000079

Figs. 11 and 12 compare the coding error for both
methods to the rate distortion function using 4:1 mask
compression. At very low bit rates, the actual coding ap-
proachcs the rate distortion function. This is misleading
since the crror would quickly be maximized for actual
coding at thesc rates. Also, at these levels, the rate dis-
tortion function calculation is not very robust due to nu-
meric error in the integration with the high correlation
values for the mask [12].

Examination of the images themselves shows more
blurring for the simple transform coder. In addition, the
transform coder produces more of a blocking effect, i.e.,
boundaries between the coded blocks are more obvious.
This suggests that POCS or NPOCS may be useful for
eliminating this effect in other transform coders. Perhaps
this could be accomplished by overlapping coded blocks
and forcing boundary conditions with POCS or NPOCS.

From this comparison, a few observations can be made.
First, the shape of the actual coding rate distortion func-
tion suggests that, at the higher bit ratcs, the additional
bandwidth is not used very effectively. This could be im-
proved by implementing a hybrid, per-block transform
coder which would shift the curves for both coders toward
the rate distortion function, leaving the comparison re-
sults basically intact.

Second, the rate distortion function may be a bit opti-
mistic, a possibility which can probably be traced to a
moving region correlation which is too high. Also, the
mask rate distortion function is probably not completely
realistic. This is maybe evident from the synthetic versus
the actual masks. The synthetic mask, although in good
statistical agreement with the actual mask [12], has fewer
and larger moving clusters. More research is needed in
designing and analyzing composile models of this type in
order to make completely general slatements.

C. Real Sequence Coding Results

Two sequences were coded using both the transform
and the NPOCS coders. Each coder assumed a correct
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reference frame for a starting estimate. The first sequence
contains 20 frames of BOB with the motion percentages
varying from 17 to 21 percent. Compression assumed for
the mask is 4 : | and the bit rate for each coder is 1.0 bpp.
Conditional replenishment is assumed for the transform
coder on the low change blocks. The error comparison is
given in Fig. 13. The NPOCS coder has about one half
of the MSE as the transform coder alone, and also con-
verges more rapidly though not significantly. Fig. 14 con-
tains the final scene from the sequence comparing the
original to the coded versions.

The second sequence contains the first [7 frames of
MAP scquence. The total bit rate is the same as for the
first, 1.0 bpp, but the mask compression is only 2: 1. The
frames contain motion varying {rom 13 to 30 percent. Er-

1NEARARA | >

ror comparisons are given in Fig. 15 and the final image
from the sequence is shown in Fig. 16.

The large jumps at frames six and eight are due (o0 ten
rows of these frames which have incorrect data. The rea-
son for these errors is unknown, but the sequence was
used in any event since this situation may well represent
a realistic possibility. Both coders recovered well from
the problem. The improvement for the NPOCS coder is
not as great as for the BOB sequence, which is to be cx-
pected since, with the assumed compression, the mask re-
quired more bandwidth for MAP.

For the sequence coding, the MSE improvement is
greater after convergence. For the BOB sequence, a 50
percent improvement is achieved, while for MAP, around
30 percent is shown. These differences are due to many
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factors which include the type of moving objects, the per-
cent of motion, and different mask compressions. Gen-
erally, the NPOCS coded frames have better detail in the
moving regions. In particular, moving cdges are not as
noisy.

X. SuMMARY

The use of convex sets and the method of alternating
projections provides a useful alternative to simple non-
adaptive transform coding alonc. In adaptive transform
coding, both the transform coder and the NPOCS coder
could take advantage of any further coefficient compres-
sion; the results herein may also be valid.

Projection onto convex sets (POCS) provides a tech-
nique for finding signals which must satisfy a number of
constraints. For image coding, various forms of infor-
mation may be transmitted which are easily formed or ef-
ficiently convey much of the image structure. POCS can
be used at the receiver to recombine the transmitted in-
formation and determine an image which satisfies all of
the characteristics defined by the transmitted convex sets
For two convex sets, the nonintersecting set method,
NPOCS, can be employed, with the advantages of only
transmitter iteration and better fidelity control.

The convex set coder studicd in this paper exhibits im-
proved mean-squarc error and better subjective image
guality than a simple nonadaptive transform at the same
bit rate. It is also probable that additional improvemcnt
would be achieved if higher mask compressions were at-
tained. This suggests the possibility of allowing errors in
the transmitted in order to increase mask compression.
The transform coefficients could then be optimized for the
actual mask sent using either POCS or NPOCS. Since
transform coding would also be uscd, the error introduced
by the mask would distribute of the entire hlock. This
would hopefully produce better visual quality.

Fig. 14. (a) BOB sequence originai frame 20. (b) BOB sequence [rame 20
transform coded at 1.0 bpp. {¢) BOB sequcnce frame 20 NPOCS coded
at 1.0 bpp and 4 : | mask compression.

The most likely system to compare to the one presented
in this paper was described by Pcarlman and Jakatdar [7].
They used a hybrid transform/DPCM interframe coder
with very good results. In comparison to other transform
coders, the imagces received by their coder were at least
as goad subjectively and the SNR is close and often bet-
ter.

A fair comparison between the NPOCS coder and
Pearlman’s is difficult to produce. It seems that their im-
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Fig. 16. (a) MAP sequence original frame 17. (b} MAP sequence frame
17 transform coded at 1.0 bpp. (¢) MAD sequence frame |7 NPQCS
coded at 1.0 bpp and 2: | mask compression.
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age quality and SNR is better than NPOCS. However,
they utilized a full-frame transform and their coefficient
bit assignment was optimal. Further, neither the motion
percentages were given nor the o, for the SNR calcula-
tion. Ideally, the hybrid coder should be implemented and
then the NPOCS procedure incorporated with it. It is very
possible that this new coder could give some gains. The
improvement for the hybrid coder improvement from 0.75
to 1.00 bits/pixel is 1.56 dB. It could prove to be more
efficient to use the additional 0.25 bits/pixel to transmit
the mask with a four-to-one compression.

Continued research is needed to establish the expected
results of various convex sets and to determine which
sets are most useful. What the POCS coder does provide
is a step toward a nonlinear representation of signals and
a technique for incorporating some types of information
into the reconstruction process at the receiver.

In addition to questions raised about the POCS and
NPOCS described in this paper, the fact that the mask
indicates the location of the changed pixels requires a
comparison of these methods to conditional replenish-
ment techniques. Some analysis of this situation is being
done now at NCSU. In particular, mask encoding is being
studied [5]. POCS is also computer intensive, requiring
iteration on large data structures for coding and decoding.
It is not clear whether or not the complexity and cost can
produce image fidelity gains which are in line with this
procedure.
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Abstract

Standards-based video compression algorithms are rapidly
becoming the preferred method for transmisting image
sequences. Prominent examples include the MPEG and ITU
Samily of standards. However, it is imporiant to realize that
these standards are not bit-exact, in that only the operation of
the decoder is defined by the specification. Development of
the rate-comrol mechanism and pre- and post-processing
procedures is completely controlled by the system designer,
and these componeres can introduce discernible differences
between two standards compliant realizations. In this paper,
we survey the fields of pre- and post-processing technigues
Jor videa compression. We then discuss our currens work on
compression enhancemens algorithms. These algorithms are
applicable 10 any compression standard but are discussed
within the context of MPEG-2.

1. Introduction

Digital video compression algorithms are a fundamental
component of a video communication system. The goal of
thesc algorithms is 0 represent a video sequence with a
reduced number of bits, as compared to simply utilizing the
intensity values of each pixel in the sequence. If the number
of bits is reduced sufficiently, then transmitting and storing
the video sequence becomes feasible with modem
communication channels. These medias include Internet and
Intranet delivery, wireless and satellite communications
systems as well as DVD or hard disk storage devices.

Compressed video sequences are usually imperfect
descriptions of the original imagery, in that some of the visual
data of the original sequence is discarded while encoding.
Eliminating information reduces the number of bits required
for the compressed representation. Unfortunately, it can also
lead to visible errors in the decoded imagery. In this context,
the overall visual quality of the decoded sequence then
becomes a critical factor in the design and comparison of
video compression systems. Many variables affect this
quality. For example, rate-control aigotithms allocate

This work was supported in part by a grant from the
Motorola Center for Communications.
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available bits to different parts of an image sequence, which
can inttoduce a visible difference between similar
compression algorithms. In the same way, the design and
implementation of pre- and post-processing mechanisms
often differentiates one product from another.

In this paper, we survey the field of pre- and post-
processing algorithms for digital video compression and then
discuss our current work in the area. For both types of
algorithms, the goal of the operation is to reduce the seventy
of coding artifacts within the reconstructed video sequence.
Pre-processing algorithms realize this goal by filtering the
original images before (or during) compression. This
improves performance by simplifying the image content that
must be encoded. Post-processing algorithms operale after a
sequence is compressed and do not have knowledge of the
original image data. Instead. these algorithms identify and
aftenuate coding artifacts that were introduced by the
encoder.

2. Background

Pre- and post-processing algorithms are usually designed
within the framework of a successful video standard. At the
current time, these standards include the ITU and MPEG
compression mechanisms. In these methods, each frame of a
video sequence is coded with a combination of a block-wise
transformation with the Discrete Cosine Transform (DCT)
and motion compensation. Compression is realized by
quantizing the transform coefficients, Unfortunately, this
quantization can introduce visible errors in the reconstructed
video sequence. These artifacts are typically classified as
blocking, ringing or temporal flicker.

The independent processing of each hlock results in the
first class of coding artifacts. These blocking errors dominate
low bit-rate applications, where the encoder typically
removes all high-frequency information. The result is a
series of piece-wise constant image blocks, with sharp
transitions at the block boundaries. Increasing the bit-rate of
the compression systern helps in reducing the blocking

artifacts. However, higher bit-rate applications are still
plagued by the visible “grid-like” structure in the
decompressed data.



Higher bit-rate applications also gsuffer from ringing
artifacts. At these bit-rates, more mid-frequency information
is transmitted to the decoder. However, high-frequency
information is stil removed from the compressed
representation.  This introduces a strong oscillation, or
ringing, in the vicinity of significant image discontinuities.
Ringing becumes more complicated in dynamic image
sequences, as the oscillation may change from frame to
frame. When this occurs, it is sometimes referred to as a
*mosquito” or *“corona” artifact.

The final artifact appearing with current compression
standards is temporal flicker. Temporal flicker is introduced
by local decisions within a rate-control algorithm. These
algorithms allocate available bits in an attempt to maxirmnize
the resulting image quality. Unfortunately, computational
complexity and finite resources often restrict the
measurement of quality to the current frame of interest.
Thus, there is no attempt to maintain temporal fidelity across
the entire image sequence, which resuits in temporally

varying image quality.
3. Post-processing

Previous work in the area of post-processing is easily
divided into two types of algorithms, image enhancement and
image recovery techniques. The first class of algorithms
defines a heuristic procedure (or set of filters) to process the
compressed imagery. The second class of algorithm relies on
a rgorous model for the original image sequence and
compression mechanism, utlizing optimization techniques to
find the best solution. In this section, we summarize the
various methods available for post-processing. Then, we
discuss our current work within the area. This work focuses
on higher-rate compression systems. However, our methods
are applicable to any bit-rate scenario.

3.1. Enhancement A pproaches

Designing an image enhancement algorithm typically
relies on a two-step procedure.  First, objectionable
distortions are identified and modeled within the
decompressed video sequence.  Then, an operator is
constructed to attenuate the distortion. For low-bit
applications, enhancement techniques primarily remove
blocking artifacts. For example, filtering the decoded image
with a low-pass filter attenuates blocking [14]). Of coarse,
excessive smoothing also removes important high-frequency
content. Several techniques adjust the amount of smoothing
to address this problem. For example, filtering may be
restricted to the block boundares and reduced when
significant intensity differences are detected between
neighboring blocks [4). This preserves significant region
boundaries.  Alternatively, the visibility of each block
boundary may be estimated through the use of a human visual
systern model. The boundary is then smoothed until it is no
longer visible [1].

The design of an enhancement algorithm changes as the
bit-rate of the compression system increases. At higher bit-

rates, ringing artifacts become a significant distortion.
Removing this artifact also requires low-pass filtering.
However, the filter must contain a parameter of directionality,
so that it filters paralle]l 0 edges. This removes the
oscillations of the artifact without eliminating the underlying
cdge information. In practice this is a difficult task, as it
requires the estimation and detection of every edge and its
onientation within the decoded image. Improved results are
artainable though. For example, morphological operators are
utilized in [9], while gradient operators appear in [5, 16].

Modern video compression systems are typically prone to
both ringing and blocking artifacts, as the rate-control
mechanism may encode the image with spatially varying
guality. In these situations, an artifact identification
procedure must preclude any filtering. One approach to this
problem is presented in {12]. In the approach, each block in
the decompressed data is classified as “ringing”, “blocking”
or “none”. This identification is accomplished by looking at
the structure of the DCT coefficients. Significant mid-
frequency information suggests that ringing amifacts are
present, while the total absence of mid-frequency and high-
frequency data suggests that blocking artifacts may appear.
Each of these two classes of blocks is then processed with the
appropriate de-blocking or de-ringing filter, while the rest of
the image is unfiltered.

3.2. Recovery Methods

As an alternative approach to improving the visual quality
of compressed video, post-processing algorithms can be
expressed as recovery problems. In this context, an enhanced
image must satisfy some measurement of “goodness”. This
metric attempts to quantify traits of the original image
scquence. For example, most image sequences do not contain
the blocking and ringing artifucts that appear after
compression. Also, the original imagery rarely exhibits a
temporal flicker.

Expressing these traits can be accomplished with either
deterministic or stochastic models [19]). In the first method,
an algorithm reduces compression artifacts by finding a
solution that remains faithful to the decoded result while also
satisfying a definition of smoothness. These definitions can
include linear models within a Lagrangian approach [15, 21]
or non-linear models within a projection onto convex sets
(POCS) methodology [22]. i

In the Lagrangian techniques, cne attempts to minimize
the function

JF)=e-el’ + e M

where f denotes the post-processed image, stored row by row
in a one-dimensional vector, g denotes the observation
provided by the compressed bit-stream, C is an operator (or
filter) that defines the measurement of goodness, and 1 is a
multiplier that controls the influence of the regularizing
constraint. In most realizations, C is a high-pass filter that
enforces a smoothness constraint at the block boundaries.

In some applications, it may be more convenient to
express the ideal properties of the post-processed image as a
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combination of closed and convex sets of solutions.  For
example, instead of penalizing high-frequency content, we
could say that the encrgy across the block boundarics is less
than some threshold. If all of the ideal properties describe the
original image sequence, a solution is guaranteed to exist
within the union of the set of constraints. To find the
solution, a projection operator is first defined for each set.
These operators map solutions outside of the constraint into
the allowable set of sclutions. Then, the projection operators
are applied with the iteration

*!'=pp, --P_P ", 2)

where P, is the projection operator for the & set.  The
algorithm continues until f**' and £* are very close, which
denotes that the solution is within the intersection of the sets.

While the Lagrangian and POCS approaches provide a
method for incorporating deterministic models into the
recovery procedure, stochastic  definitions of image
“goodness” are also allowable [7, 8, 10]. In these methods,
the post-processed solution corresponds to the maximum a
pusteriori (MAP) estimate of the image sequence provided to
the encoder.  Thus, after applying Bayes' rule, the post-
prucessed image must satisfy

f=arg min log p(f suouasse ) 3)
 Aliowabie

where Cuuwane denotes the set of images represented by the
compressed result and p is a probability distribution. In most
applications, the distributions used for post-processing
penalize images with significant high-frequency information,
such as the expression

t 1
f)=—expi=— d (F))+, (4)
e )
where Z is a normalizing constant, # is a non-ncgative
number, d. returns the simple difference between the pixel of
intcrest and the neighbor in the ¢ direction and @ is a
potential function that retums large numbers for large

differences.
3.3. Current Work

In the majority of the previous work, the blocking artifact
is assumed to be the dominant distortion. Qur work attempts
to extend the methods of image recovery to higher bit-rate
applications, specifically MPEG-2 encoders operating at
broadcast quality data rates. In these applications, ringing
artifacts become quite important. Also, temporal flickering
increases.

Working within the framework of (1), we pose the post-
processing algorithm as the minimization of

IF)= B -8 + AJCE T + A Cat [
Al At )

where f denotes the post-processed image, g denotes the
observation provided by the compressed bit-stream, C, and
C, are operators (or tilters) that enforce smoothness across

5
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the horizontal and vertical block boundaries, respectively, Cs
is an operator that enforces smoothness within a block, fyc is
the observation provided by the motion compensated
prediction, Pper is a projection operator that restricts the
solution (o the ransmitted set of DCT coefficients, and 4;, 42,
A3 and A, express the relative importance of each constraint.

The method of successive approximations provides a
solution to (5) and results in the iteration

' = P (- afr* - g+ ACTC*

+ ACTCE 4 ACTC* +4,(6* ~£c)}).
where a determines the convergence and rate of convergence
of the algorithm, and f* and £**! denote the post-processed
solution at iteration k and k+1, respectively.

Close inspection of (5) reveals that each of the major
compression artifacts is addressed in the method. For

©)

example, increasing the paramcters A; and A, reduces
blocking artifacts. Changing the value of A, remaoves ringing
artifacts, and raising the value of &, diminishes the amount of

temporal flicker.

Selecting values for these parameters is

Example of post-processing algorithm: (a)
portion of original CCIR601 mage coded with MPEG-2 af
3.5Mbps; (b) post-processed result by minimizing (5).

Figure 1.



critical for the success of the algoritum. Ideally, these
parameters should vary relative to the compressed bit-stream,
reflecting changes in the coding mode and bit-rate assigned to
each block. Techniques that incorporate the bit-stream into
the parameter selection procedure are discussed in [17, 20].
An example of the method is shown in Figure 1.

4. Pre-Processing

Pre-processing is commonly utilized in video compression
systems, though it is not widely discussed in the literature.
The goal of a pre-processing algorithm is to remove noise and
small features from a video sequence, while preserving
salient information. This affects the visual quality of the
decoded sequence in two ways. First, the noise component af
the original imagery is not transmitted to the decoder.
Second, bits previously allocated to the noise are reassigned
to more critical image areas.

4.1. Previous Work

Pre-processing algorithms appear at different locations
within a video compression system. Perhaps the most
obvious is to position the pre-processing algorithm before the
encoding procedure. In this location, the pre-processor
operates directly on the intensity data of the original image
sequence. For example, applying a low-pass filter to the
original imagery usually improves the quality of the encoded
representation, as it removes additive noise.  Heuristic
methods are often employed to design the filter. However, a
more sound technique is to pose the pre-processing algorithm
as an operational rate-distortion problem [6]. Design of the
filter then attempts to maximize the resulting image quality,
given a pre-defined bit-rate.

An alternative method for pre-processing moves the
procedure inside the encoder. In this approach, the motion
compensated prediction is modified. Thus, the values for the
transmitted error residual are changed, which requires that
both the encoder and decoder implement the pre-processing
method. For standards compatible encoding, only two
compression formats support this type of pre-filtering. In
H.261, the prediction is processed with a low-pass filter
before calculating the error residual [2]. The operation is
called loop filtering. In H.263+, the decoder filters the block
boundaries of the intensity data [3], with the amount of
smoothing varying refative to the quantization parameter.

Pre-processing techniques also appear after the
quantization procedure. In these¢ methods, filtering is no
longer preformed on intensity data. Instead, the quantized
DCT coefficients are directly modified [13]. The goal of the
operation is still to remove insignificant features from the
compressed  bit-stream. However, the definition for
insignificance exploits the structure of the variable length
codes that are utilized by the encoder. Small changes in the
DCT coefficient may introduce significant savings in the bits
required for the representation. [If the visual impact of these
changes is negligible, then the pre-processing operation
should adjust the quantized coefficients.

4.2, Current Work

Mudifying the inlensities within & video sequence before
compression provides a very intuitive approach to the pre-
filtering problem. Unfortunately, cwrent video compression
standards utilize a myriad of predictive coding techniques,
which complicates the choice of the smoothing keruel.
Under-smoothing the original video sequence may result in
excessive coding artifacts at a given bit-rate. Alternatively,
over-smoothing the video data may remove information that
could be represented at the current bit-rate.

In an idea] application, selection of the pre-filter would be
an iterative procedure, with the minimum amount of
smoothing found so that coding artifacts are removed.
Unfortunately, practical applications rarely have the luxury of
the iterative approach. Changing the amount of smoothing in
the original video data requires the complete re-encoding of
the current frame. For inter-frame coding techniques, this
necessitates 1the recalculation of the motion vectors — a
requiremnent that precludes time-sensitive applications.

In our work, we are exploring pre-filtering procedures that
operate on the residual between the predicted and current
frames. This allows us to delay the smoothing decision and
not effect the calculation of the motion vectors. Additionally,
adjusting the smoothing parameter to minimize coding
artifacts becomes fcasible even in time-sensitive applications.
Adapting the response of the filter to the underlying signal is
an jmportant component of the operation. A method is
presented for adaptive processing in [11]. Higher bit-rate
applications and non-linear filters are explored in [18].

Even a simple pre-processing approach can remove both
additive noise and quantization errors. Figure 2 illustrates the
improvement. In the illustration, an image is corrupted by
additive, Gaussian white noise (SINR=20dB). The noisy
image is then encoded with a traditional MPEG-2
compression algorithm. The result is plagued by a number of
spurious DCT coefficients. Re-encoding the noisy image
with a three-by-three averaging operation as the pre-filter
improves the result. As can be seen in the figure, the
spurious DCT coefficients are removed.
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ABSTRACT

We develop a new method for building a representa-
tion of an tmage from a library of basis elements that
is facilitated by a joint adeptive space and frequency
(JASF) graph. The JASF graph combines partition-
able frequency ezpansion and spatial segmentation of
the image, symmetrically. We demonstrate by using a
rate-distortion framework for basis selection that the
JASF graph improves compression performance over
recent wavelet packet and double-tree methods by of-
fering exponentially more bases in which to represent
the images.

1. INTRODUCTION

In this paper, we present a method for the jointly-
adaptive, space and frequency selection of an image
basis. The joint adaptive space and frequency (JASF)
graph provides a symmetric decomposition of the image
into a library of spatially and frequency localized basis
elements. By performing the frequency expansiens in a
partitionable-form, the JASF graph provides a commu-
tativity in the frequency and spatial operations which
allows the basis elements to be more efficiently indexed

by a graph.

1.1. Adaptive image decomposition

Recent methods have been developed for adaptively
compressing images using space- or frequency-based
image decompositions that involve tree structured ba-
sis selection metheds {1, 3, 2]. The abjective is to de-
rive a segmentation or filter bank that is customized
to the image. The two extreme approaches decompose
the images either by frequency, such as wavelet pack-
ets (WP) [1], or spatially, such as quad-tree (QT) seg-
wentation. Hybrid approaches such as the double-tree
{DT) incorporate both segmentation and frequency ex-
pansion, but do so asymmetrically [2].
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The JASF graph, illustrated in Figure 1, treats
the space and frequency operations symmetrically in
a graph structured cascade [4]. The WP-tree, QT and
DT are embedded within the JASF graph. Since the
JASF graph provides a more complete decomposition
of the image and generates a larger number of alterna-
tive bases, the JASF graph improves image compres-
sion performance over these methods.

/.

e

5

Figure 1: The JASF graph generates a joint space and
frequency decomposition of the image.

In general, the tree- and graph-based decomposi-
tions generate libraries of basis elements. A basis el
ement consists of a set of basts functions that is gen-
erated and coded as a group; each basis element cor-
responds to one node in the tree or graph. The ob-
jective of the search for the best basis is to select the
set of basis elements that have the least total coding
cost and provide a “complete” set of basis functions.
The completeness requirement guarantees perfect re-
construction in the absence of quantization.

1.2. Outline

We present the JASH graph and the JASF basis gener-
ation and selection system. We present the framework
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for partitionable frequency expansions, which are fun-
damental to the JASF graph. We show that by using
partitionable expansions, the generation of the basis el-
ements and the reconstruction of the image may follow
a number of equivalent paths. We demonstrate exam-
ples of image coding by extending the fast minimum
rate-distortion cost basis selection method developed
in [3]. We demonstrate that the JASF graph provides
approximately 10?° more bases than the DT which gen-
erates a basis element library the same size as the JASF
graph and improves compression by 0.5 to 0.9dB.

2. PARTITIONABLE EXPANSIONS

In order to provide commutativity in the frequency
and segmentation operations in the JASF graph, the
frequency expansions are performed in a partitionable
form. In general, any orthonormal expansion produced
by filter banks is not partitionable but may be made
partitionable as we explain shortly. Producing the JASF
graph expansion of depth M, requires frequency analy-
sis matrices Ho and H, that are at least (M — 1)-
partitionable.

2.1. l-partitionable expansion

We define the l-partitionable frequency expansion (1-
PFE) as follows:

Definition 1 A4 frequency ezpansion matriz H is 1-
partitionable if and only if 1t has only zeros in the upper
right and lower left quadrants.

If the frequency expansion matrix set {Hg, H;} gener-
ates a |-PFE then the expansion is comprised of sepa-
rate expansions over the ‘wo half-length signals, which
we now illustrate. Firs:. observe that for QMF filter
banks the finite-signal frequency expansion matrices
H., i € {0,1}, can be written in the following form [4]:

M H?
H; = ( th H; ) (1)

We construct the 1-PFE from H; by H; = H& + H!
as follows, note that for a length N signal, this corre-
sponds to circular convolution of period N/2:

HO_ (M 0 _ [ HEen 0
R I A 0 HE+H )T
{

\
We now state the following useful results and defini-
tion: if the original frequency expansion set {Hp, H,}
satisfies the condiiion of perfect reconstruction and or-
thonormality, that is HIHy } HTH, = IV, then the 1-

PFE set {Hgl), H(ll)} is orthonormal and the set {Hg, H1}

generates an orthonormal expansion of length N/2.

[ .

Definition 2 The I-partitionable frequency ezpansion
(1-PFE) matriz set {HQ), H(ll)}, as consiructed above
is l-partitioneble and orthonormal if and only if {Hg, H, }
satisfies the perfect reconstruction condition. For proof,

see [4].

The 1-PFE and segmentation are combined into a joint
space and frequency expansion using a graph of depth
= 2 as follows: in each of the four decomposition and
reconstruction paths depicted in Figure 2: start from
x, generate v;;’s, and resynthesize z, we have perfect
reconstruction of z. That is,

v = S;W?'HEI):: and vi; = H§1)S§Va:, and

T Gél)voo + Ggl)vm + Ggl)vm + Ggl)vn, and
z = GP(voo+vo1) + G (w10 +v11), 3)

f]

where G; = HT, and S” is an N x N segmentation
matrix [4].

X N
Sj ofjo
O
+

Figure 2: JASF graph of depth = 2: l-partitionable
frequency expansious (1-PFE) (H;,i € {0, 1}) and seg-
mentations (S, 7 € {0, 1}).

2.2. M-partitionable expansion

In order to construct the JASF graph of depth > 2, we
generalize the 1-PFE to the M-partitionable frequency
expansion (M-PFE) as follows:

Definition 3 A frequency erpansion matriz H; is M-
partitionable if and only if the upper left and lower right
quadrants are (M — 1)-partitionable.

The M-PFE analysis transform matrices HSM) for 1 €
{0, 1} are described recursively as follows:

(M -1}

(M H: 0

HM) = ( 0 M- ) (4)
1
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As a result, we have that, in general, Hﬁ”) are block
diagonal with 2™ partitions, as follows:

AN IEE
N 0
¥
HE Hi 0

2™ partitions

Definition 4 The M-PFE matriz set {H™) H{*)}
is M -partitionable and orthonormeal if and only «of the
matriz set {Hg, H1} satisfies the perfect reconstruction
condition (follows from Eq { and proof in [{] for 1-PFE

CESE).

3. TREE AND GRAPH EXPANSIONS

The tree- and graph-based decompositions differ in the
sizes of their basis element libraries and for the number
of bases they provide. The results are summarized in
Table 1 for a depth = 6 image decomposition. Exam-
ples of bases from she WP, QT, DT and JASF graph
immage decompositions are illustrated in Figure 3.

QT T WP DT | TASF T RSFT
# basis elements | 1365 | 1365 | 7737 | 7737 | 37440
# bases 1077 1107% [ 1027 | 10°%7 | 10%%
expansion factor B 6 21 21 1365

Table 1: Comparison of image decompositions of depth
= 6 using QT, WP, DT, JASF and RSFT.

3.1. Single-trees

The WP and spatial QT image decompositions utilize
single-trees. Each generates a library of IV, basis el-
ements from which may be chosen B, bases to rep-
resent the image. For a single-tree of depth=D with
splitting factor 3 (for both quad-tree segmentation and
four-band subband decomposition of images, 3 = 4),
N, is given recursively by N,(D) = 1+ AN, (D — 1)
and B, is given by H,(D) = 1+ B,(D — 1)?, where
N,(0) = B,(0) = 0. For D — 6 the single-trees gener-
ate B;(6) == 1078 bases.

3.2. Double-tree (DT)

The DT generates a separate WP-tree for each spatial
node in the spatial QT. The DT increases the number
of basis elements and number of bases. The DT gener-
ates N;y(D) = N,(D)+8N;(D — 1) basis elements and
Bi(D) = 1+ B,(D ~ l)ﬁ + Bi(D — 1)fj bases, where
N 0) = Bdgﬂ) = 0. For D = 6 the DT generates
Bj(6) = 10127 bases.

704

=N

o

,.

c) DT

Figure 3: Example QT, WP, DT and JASF graph im-
age bases. Each rectangle (node) corresponds to a se-
lected basis element. (a) The QT nodes are image seg-
ments. (b) The WP nodes are image subbands. (c)
The DT nodes are image-segment subbands. (d) The
JASF graph nodes are, equivalently, segment-subbands
and subband-segments. - .

3.3. JASF graph

The JASF graph integrates the spatial and partition-
ahle frequency expansions, symmetrically. The JASF
graph generates the same number of basis elements as
the D'I' but significantly more bases, B;(D) = 1 +
2By(D = 1)° + B,(D - 2)F" bases, where B,(0) = 0
and By(1) = 1. For D = 6 the JASF graph generates
B4(6) =~ 10*” bases.

3.4. RSFT

By symmetrically combining segmentation with non-
partitionable frequency expansion, a redundant space
and frequency tree (RSFT) is generated. The RSFT
increases the number of basis elements to N,(D) =
1+ 23N, (D —~ 1) and the number of bases to B.(D) =
1+ 8B, (D ~ 1)P, where N.(0) = 0, B.(0) = 0 and
B.(1) = 1.

When the frequency expansion is inhercntly part:-
tionable (i.e., Haar filter bank has H:’s which are al-
ready block-diagonal, that is H; = H,(-M)), the RSFT
and JASF graph generate the identical basis elements.
However, the RSFT generates multiple copies of each
basis element, For example, in Table 1, of the 37,449
basis elements generated by the RSFT, only 7, 737 are
unique.

Otherwise, when using a non-partitionable frequency

expansion in the RSFT, many of the basis elements

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1V002, Page 000091

1NORARA4A 1 N



are nearly redundant. The difference between many of
the basis elements stems only from the border exten-
sion used in the filtering operations. We have observed
that these additional nearly redundant RSFT basis el-
ements provide for little gain in compression perfor-
mance, while they greatly increase the complexity.

4. JASF BASIS SELECTION

The selection of a basis from the JASF graph involves a

three-way decision at each node: (1) choose ¥ (frequency-

expansion), (2) choose S (segmentation), or (3) choose
neither. An example of a selected basis from the JASF
graph is depicted in Figure 4. The basis selection pro-
cedure is carried out as follows:

1. Assign a coding cost (J; = R, + AD,) to each
basis element (node) 7 in the JASF graph, where
R, D; gives the rate-distortion at trade-off A for
basis element i (see [3]).

2. Starting from the root node, and recursively at
each F' and § child node, choose the least cost

path: ;
min(z Jiitns Z Jisenr i),

where 3" J; s, is the total cost of the F child
path, 3 J; ;. is the total cost of the S child path,
and J; cost of choosing neither.

3. The final embedded trec gives the basis with the
least total cost.

2

| 1q
-

Figure 4: Example basis selected from JASF graph.

5. COMPRESSION EVALUATION

We now examine the compression performance of the
basis selection procedure carried out on the spatial QT,

WP-tree, DT, JASF graph and RSFT. We nsed a twelve-
tap QMF filter for the frequency expansions. For the
JASF graph, the frequency-expansions were carried out
in the partitionable-form as discussed in Section 2. The
results, given in Table 2, show that the JAST graph
improves image compression performance over the spa-
tial QT, WP-tree and DT. Furthermore, the bases se-
lected by the JASF graph are not available in the spa-
tial QT, WP-tree or DT. We see also that the RSFT
tree provides no compression improvement over the
JASF graph. The addition in the RSFT of the ncarly-
redundant basis elements does not improve the com-
pression performance.

spatial WP DT JASF RSET

QT tree graph
0.25 bpp N/A 27.9db | 27.9db | 28.4 db | 28.4 db
0.5 bpp 19.0db | 32.3db | 323db | 32.7db | 32.7 db
1.0bpp | 25.1db | 36.8db | 36.8db | 87.6 db | 37.5 db
2.0 bpp 33.1db | 42.9db ! 42.93db | 43.8 db | 43.8 db

Table 2;: Compression results on the Barbare image.

6. SUMMARY

We developed a method for the jointly adaptive, space
and frequency selection of an image basis. The JASF
generates a symmectric decomposition of the image by
combining partitionable frequency expansion and spa-
tial segmentation. The JASF graph generates a greater
number of bases than recent wavelet packet (WP), spa-
tial quad-tree (QT) and double-tree (DT) methods.
The bases are selected from the JASF graph by choos-
ing at each node from a frequency expansion, spatial
segmentation or neither. We demonstrated that im-
age compression performance using the JASF graph
imprtoves over the QT, WP-tree and DT.
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Overview of the H.264/AVC Video Coding Standard

Thomas Wicgand. Gary 1. Sullivan. Senior Member, [EEE

Abstract—I11.264/AVC is newest video coding standard of the
I'TU-T Video Coding Experts Group and the 1SO/IEC Moving
Pieture Experts Group. The main goals of the H.264/AVC stan-
dardization cffort have been enhanced compression performance
and provision of a “network-friendly™ video representation
addressing “conversational” (video telephony) and “nencon-
versational™ (storage, broadcast, or strcaming) applications.
H.264/AVC has achieved a significant improvement in rate-distor-
tion efficiency relative to existing standards. This article provides
an overview of the technical teatures of H.264/AVC, describes
profiles and applications for the standard, and outlines the history
of the stundardization process.

Ihdex Torms—AVC, H.263, H.264, JVT, MPEG-2, MPEG-4,
standards, video.

[. INTRODUCTION

264/AVC is the newest international video coding stan-

dard [1}. By the time of this publication, it 1s expected to
have been approved by FIU-T as Recommendation H.264 and
by ISOAEC as International Standard 14 496~ 10 (MPEG- part
10y Advanced Video Coding (AVC).

The MPTG-2 video coding standard {also known as ITU-T
H.2062) [2], which was developed about ten years ago primarily
as an extension of prior MPEG-1 video capability with support
of interluced video coding, was an enabling technology for dig-
ital television systems worldwide. 1t is widely used for the trans-
mission of standard definition (SD) and high definition (HD)
TV signals over satellite, cable, and terrestrial emission and the
storage of high-guality SD video signals onto DVDs,

However, an increasing number of services and growing
popularity of high definition TV are creating greater needs
for higher coding efficiency. Morcover, other transmission
media such as Cable Modem, xDSL, or UMTS offer much
lower data rates than broadcast channels, and enhanced coding
cfficiency can enable the transmission of more video channels
or higher quality video representations within existing digital
transmission capacihes.

Video coding lor telecommunication  applications has
evolved through the development of the ITU-T H.261, H.262
(MPEG-2), and H.263 wvideo coding standards (and later
enhancements of [1.263 known as 11.263+ and 11.263 + +).
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Fig. 1. Scope of video coding standardization.

and has diversified from 1SDN and TI/EY service to embrace
PSTN, mobile wireless networks, and LAN/Internet network
delivery. Throughout this evolution, continued efforts have
been made to maximize coding efficiency while dealing with
the diversification of network types and their characteristic
formatting and loss/error robustness requirements.

Recently the MPEG-4 Visual (MPEG-4 part 2) standard [5]
has also begun 1o emerge in use in sonte application domains of
the prior coding standards. It has provided video shape coding
capability, and has similarly worked toward broadening the
range of environments for digital video use.

In early 1998, the Video Coding Experts Group (VCEG)
ITU-T SG 16 Q.6 issued a call for proposals on a project called
H.26L, with the target to double the coding efliciency (which
means halving the bit rate mecessary for a given level of fidelity)
in comparison to any other existing video coding standards for
a broad variety of applications. The first draft design for that
new standard was adopted in October of 1999, In December of
2001, VCEG and the Moving Picture Experts Group (MPEG)
ISOAEC JTC 1/SC 29%WG 11 formed a Joinr Tideo Team
(JVT). with the charter to finalize the drafl new video coding
standard for formal approval submission as H.264/AVC [1] in
March 2003.

The scope of the standardization is illustrated in Fig. 1, which
shows the typical video coding/decoding chain (excluding the
transport or storage of the video signal). As has been the case
for all ITU-T and [SO/LEC video coding standards. only the
central decoder is standardized. by imposing restrictions on the
bitstream and syntax, and defining the decoding process of the
syntax elements such that every decoder conforming to the stan-
dard will produce simmilar output when given an encoded bit-
stream that conforins to the constraints of the standard. This lim-
itation of the scope of the standard permits maximal frcedom
o optimize implementations in a manner appropriate to spe-
citic applications (balancing compression quality, implementi-
tion cost, time to market. ete.). However, it provides no guaran-
tees of end-to-end reproduction quality, as it allows even crude
encoding techniques to be considercd conlorming,

This paper is organized as follows. Section H provides a high-
level overview of TL.264°AVC applications and highlights some
key technical features of the design that enable improved oper-
ation for this broad variety of applications. Section TIT explains
the network abstraction Javer (NAL) and the overall structure

TOS 8215035 17.00 © 2003 JELL
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Fia. 2 Swuctwre of H. 260 AV videu encoder.

ot H.264/AV( coded video data. The video coding laver (VCL)

1s described i Section IV, Section V explains the profiles sup-

ported by H.264’AVC and some potentiat application arcas of
the standard.

IT. APPLICATIONS AND DESIGN FRATURE HIGHLIGHTS

The new standard is designed for technical solutions in-
cluding at least the following application areas
Broadcast over cable. satellite. cable modem, DSL, terres-
trial, cte.
[nteractive or serial storage on optical and magnetic de-
vices, DVD, cte.
Conversational services over ISDN, Ethernet, LAN, DSL,
wircless and mobile networks, modems, ¢te. or mixtures
of these.
Video-on-demand or multimedia streaming services over
ISDIN, cable modem, DSL. LAN. wircless networks, ete.
Multimedia messaging services (MMS) over ISDIN, DSL.
ethemet, LAN, wireless and imobile networks, ete.

.

Moreover, new upplications may be deployed over existing and
future networks, This raises the question about how o handle
this variety of applications and networks.

To address this need for flexibility and customizability. the
H.264/AVC design covers a VCL. which is designed 1o efli-
ciently represent the video content, and a NAL, which formats
the VCL representation ol the video and provides header infor-
mation in a manner appropriate for conveyance by a variety of
transport layers or storage media (see Fig. 2).

Relative to prior video coding methods, as exemplified by
MPEG-2 video, some highlighted features of the design that en-
able enhanced coding efficiency include the following enhance-
ments of the ability to predict the values of the content of a pie-
ture to be encoded.

* Variable block-size motion compensation with small
bloek sizes: This standard supports more flexibility i the
selection of motion compensation block sizes and shapes
than any previous standard. with a minimun Juma motion
compensation block size as small as 4x4.
Quarter-sample-accurate motion compensation: Most
prior standards enable half-sample motion vector accuracy
at most. The new design improves up on this by adding
quarter-sample motion vector accuracy. as first found in
an advanced profile of the MPEG-4 Visual (part 2} stan-

1105982494 1 >
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dard, but {urther reduces the complexity of the interpota-
ton processing compared to the prior design.

Motion vectors over picture baundaries: While motion
vectors in MPEG-2 and its predecessors were required to
point only to arcas within the previously-decoded refer-
ence picture, the picture houndary extrapolation technique
first found as an optional feature in H.263 is included in
H264AVC.

Multiple reference picture motion compensation: Pre-
dictively coded pictures {called =P pictures) in MPEG-2
and its predecessors used only one previous picture to pre-
dict the values in an incoming picture. I'he new design ex-
tends upon the cohanced reference picture selection tech-
nique found in 11.263 + + to enable efficient coding by al-
lowing an encoder to seleel, for motion compensation pur-
poses. among a larger number of pictares that have been
decoded and stored in the decoder. The same extension
of referencing capability is also applicd to motion-com-
pensated bi-prediction, which is restricted in MPEG-2 to
using two specific pictures only (one ot these being the
previous intra (1) or P picture in display order and the other
being the next I or P picture in display order).
Decoupling of veferencing order from display order:
In prior standards. there was a strict dependency between
the ordering of pictures for motion compensation refer-
encing purposes and the ordering of pictures for display
purposes. In H20647/AVC, these restrictions are larpely re-
moved. allowing the encoder 1o choovse the ordering of
pictures for referencing and display purposes with a high
degree of flexibility constrained only by a total memory
capacity bound imposed to ensure decoding ability. Re-
moval of the restriction also cnables removing the extra
delay previously associated with bi-predictive coding.
Decoupling of picture representation methods from
picture referencing capability: In prior standards,
pictures encoded using some encoding methods (namely
bi-predictively-encoded pictures) could not be used as
references for prediction of other pictures in the video
sequence. By removing this restriction, the new standard
provides the encoder more flexibility and, in many cases,
an ability to use a picture for referencing that is a closer
approximation to the picture being encoded.

Weighted prediction: A new innovation in H.264/AVC
allows the motion-compensated prediction signal to be
weighted and offset by amounts specified by the encoder.
This can dramatically improve coding efficiency for
seenes containing fades, and can be used (lexibly for
other purposes as well.

Improved “skipped” and “direct” motion inference: In
prior standards, a “shipped™ arca of a predictively-coded
picture could not motion in the scene content. This had
a detrimental effect when coding video containing global
motion, so the new H.264/AVC design instead infers mo-
tion in “skipped™ arcas. For bi-predictively coded arcas
{called B slices), H264/AVC also includes an enhanced
motion inference method known as “direct™ motion com-
pensation. which improves further on prior “direct™ pre-
diction designs found in T1.26:3+ and MPEG-4 Visual.

o
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Directional spatial prediction for intra coding: A new
technique of extrapolating the edges of the previoasty-de-
coded parts of the current picture is applied in regions of
pictures that are coded as intra (ie.. coded without ref-
erence fo the content of ome other picture). This im-
proves the quality of the prediction signal. and also allows
prediction from neighboring arcas that were not coded
using intra coding (something not enabled when using
the ransform-domain prediction method found in H.26:3+
and MPEG-4 Visual).

In-the-loop deblocking filtering: Block-based video
coding produces artifacts known as blocking artifacts.
These can originate from both the prediction und residual
difference coding stages of the decoding process. Appli-
cation of an adaptive deblocking filter is a well-known
method of improving the resulting video quality. and when
designed well, this can improve both objective and sub-
jective video quality. Building further on a coneept from
an optional feature of H.26:34-, the deblocking filter in
the H.264/AVC design is brought within the motion-com-
pensated prediction loop, so that this improvement in
quality can be used in inter-picture prediction to improve
the ability to predict vther pictures as well.

In addition to improved prediction methods, other pars of
the design were also enhanced for improved coding efficiency,
including the following.

BNSDOCID

Small block-size transform: All major prior video
coding standards used a transform block size of 8x8,
while the new H.264/AVC design is based primarily on
a 4x4 transform. This allows the encoder to represent
signals in a more locally-adaptive fashion. which reduces
artilacts known colloquially as “ringing”™. (The smaller
block size is also justified partly by the advances in the
ability 1o beter predict the content of the video using
the techniques noted above. and by the need to provide
transform regions with boundaries that correspond to
those of the smallest prediction regions.)

Hierarehical block transform: While in most cascs,
using the small 4x4 (ransform block size 1s pereeptually
beneficial, there are some signals that contain sufficient
correlation to call for some method of wsing a repre-
sentation with longer basis functions. The H.264/AVC
standard cnables this in two ways: 1) by using a hierar-
chical transfonu to extend the effective block size use
for low-trequency chroma information to an 8x 8 array
und 2) by allowing the encoder to select a special coding
type for intra coding, enabling extension of the lenpth of
the luma transtorm for low-frequency information to a
1616 block size in @ manner very similar to that applied
to the chroma.

Short word-length transform: All prior stundard de-
signs have cffectively required encoders and decoders to
use more complex processing tor transtorm computation.
While previous designs have generally required 32-bit
processing. the H264ZAVC design requires only 16-bit
arithmetic.

Exact-match inverse transform: In previous video
coding standards, the translorm used for representing
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the video was generally specified only within an error
tolerance bound. duc to the impracticality of obtaining an
exact match to the ideal specified inverse transtorm. As
a result, eacl decoder design would produce slightly dif-
ferent decoded video. causing a “drift” between encoder
and decoder representation of the video and reducing
cffective video quality. Building on a path laid out as an
optional feature i the 1,263 + -+ effort. H264:AVC 1s
the first standard to achieve exact equality of decoded
video content from all decoders.

Arithmetic entropy coding: An advanced entropy
coding method known as arithmetic coding is included
in H264/AVC. While arithinetic coding was previously
found as an optional feature of 11.263, a more effective
use of this technique is found in H264/AVC to create a
very powerful entropy coding method known as CABAC
(context-adaptive binary arithmetic coding).
Context-adaptive entropy coding: The two entropy
coding methods applied in H264/AVC, termed CAVLC
(context-adaptive variable-length coding) and CABAC,
both use context-based adaptivity to improve performance
relative to prior standard designs.

Robustness 1o data errorsilosses apd flexibility for operation
over a variety of network environments is enabled by a number
of design aspeets new to the H.264/AVC standard, including the
following highlighted features.

Parameter set structure: The parameter set design pro-
vides for robust and cfficient conveyance header informa-
tion. Ag the loss of a few key bits of information (such as
sequence header or picture header information) could have
a severe negative impact on the decoding process when
using prior standards. this key information was separated
for handling in a morce flexible and specialized manner in
the H264/AV( design.

NAL unit syntax structure: Fach syntax structure in
H264/AVC is placed into a logical data packet called a
NAL unit. Rather than forcing a specific bitstream inter-
face to the system as in prior video coding standards. the
NAL unit syntax structure allows greater custoniization
of the method of carrying the video content in a manner
appropriate for each specific network.

Flexible slice size: Unlike the rigid slice strueture found in
MPEG-2 (which reduces coding efticiency hy increasing
the yuantity of header data and decreasing the effective-
ness of prediction), slice sizes in H.264/AVC are highly
flexible. us was the case earlier in MPEG-1.

Flexible macroblock ordering (FMO): A new ability o
partition the picture into regions called slice groups has
been developed, with each slice becoming an indepen-
dently-decodable subset of a slice group. When used et-
fectively, tlexible macroblock ordering can signiticantly
enhance robustness to data losses by managing the spatial
relationship between the regions that are coded in cach
slice. (FMO can also be used for a variety of other pur-
poses as well)

Arbitrary slice ordering (ASO): Since each slice of a
coded picture can be (approsamately) decoded mdepen-
dently of the other slices ol the picture, the H.264/AVC
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design enables sending and receiving the slices ol the
picture in any order relative to cach other. This capability,
first tound in an optional part of H.2634, can improve
end-to-end delay in real-time applications, particularly
when used on networks having out-of-order delivery
behavior te.g.. internet protocol networksh.

Redundant pictures: In order tw enhanee robustness o
data loss, the H.264°AVE design contains 4 new ability
to allow an encoder 1o send redundant representations of
regions of pictures, enabling a (typically somewhat de-
graded) represenfation ot regions of pictures for which the
primary representation has heen lost during data transmis-

51011,

Data Partitioning: Since some coded information for rep-
resentation of each region (e.g.. motion veetors und other
prediction information} is more important or more valy-
able than other information for purposes of representing
the video content, HL2647AVC allows the syntax of each
slice to be separated into up to three different partitions for
transmission, depending on a categorization of syntax cle-
ments. This partof the design builds further on a path taken
in MPEG-4 Visual and in an optional part ot H.263 + +.
Here, the design is simplified by having a single symtax
with partitioning of that same syntax controlled by a spec-
ificd categorization of syntax clements.

SP/ST  synchromization/switching  pictures:  The
H.264AVC design includes a new feature consisting
of picture types that allow exact synchronization of the
decoding process of some decoders with an ongoing video
stream produced by other decoders without penalizing
all decoders with the loss of efficiency resulting from
sending an [ picture. This can enable switching a decoder
between representations of the video content that used
different data rates, recovery from data losses or crrors,
as well as enabling trick modes such as tast-forward,

fast-reverse, etc.
In Sections U and V. a more detailed deseription of the key
features 15 given,

1L NAL

The NAL 15 designed in order to provide “network friendli-
ness” to enable simple and effective customization of the use of
the VCL. for a broad varicty of systems,

The NAL facilitates the ability to map 11.264/AVC VCL data
to transport layers such as;

« RTPAP for any kind of rcal-time wire-line and wircless

Internet services (conversational and streaming):

+ File formats, ¢.g.. 1SO MP4 for storage and MMS;

« [LA2X for wireline and wireless conversational services;

* MPEG-2 systems tor broadeasting services, cte,
Fhe full degree of customization of the video content to fit the
needs of cach particular application is outside the scope of the
H.204/AVC standardization effort, but the design of the NAL
anticipates a variety of such mappings. Some key concepts of
the NAL are NAL units, byte stream, and packet format uses of
NAL units, parameter sets, and access nnits. A short descrip-
tion of these coneepts 15 given below whereas a more detaled
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description including error resilience aspects 1s provided i [6]
and [7].

4. NAL Unirs

The coded video data 38 organized into NAL units. each of
which is etfectively a packet that contains an integer number
of bytes. The first byte of cach NAL wnit 1s a header byie that
contains an indication of the type of data in the NAL unit, and
the rematning bytes contain payload data of the type ndicated
by the header.

The payload data in the NAL unit is interleaved as necessary
with ermulation provention byvies, which are bytes mserted with
a specific value to prevent a particular pattern of data called a
start code prefix from being accidentally gencrated inside the
payload.

The NAL unit structure definition spectfies a generic format
for use in both packet-oriented and bitstream-oriented transport
systems, and a series of NAL units generated by an encoder is
referred to as a NAL unit stream.

B. NAL Units in Byte-Stream Format Use

Same systems (e.g., H.320 and MPEG-2/11.222.0 systems)
require delivery ofthe entire or partial NAL unit stream as an or-
dered stream of bytes or bits within which the locations of NAL
unit boundaries need to be identitiable from patterns within the
coded duta itself.

For use in such systems, the H.264/AVC specification defines
a byte stream format. In the byte stream format, each NAL unit
is prefixad by a specific pattern of three bytes called a start code
pretis. The boundaries of the NAL unit can Lhen be rdentilied by
searching the coded data for the unique start code prefix pattern.
The use of emulation prevention bytes guarantees that start code
prefixes are unique identifiers of the start of a new NAL unit.

A small amount of additional data (one byte per video pic-
ure) is also added to allow decoders that operate in systems that
provide streams of bits without alignment to byte boundaries to
recover the necessary alignment from the data in the stream,

Additional data can also be inserted in the byte stream format
that allows expansion of the amount of data to be sent and can
aid in achieving more rapid byte aligmmeit recovery, if desired.

C. NAL Unity in Packer-Transport Svstem Use

In other systems (c.g., intemet protocol!RTP. systems), the
coded data 1s carried in packets that are {ramed by the system
wransport protocol, and identification of the boundaries of NAL
units within the packets can be established without use of start
code prefix patterns. In such systems, the inelusion of start code
prefixes in the daty would be o waste of data carrying capacity.
so instead the NAL units can be carried in data pachkets without
start code prefixes.

D. VCL and Non-}CL NAL Units

NAL units are classified into VUL and non-VCL NAL units.
The VUL NAL units contain the data that represents the values
of the samples in the video pictures. and the non-¥YCL NAL
units contain any associated additional mformation such as pa-
rameter sets (important lieader data that can apply to a large
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mumber of VCL NAL units) and supplemental enhancement in-
formation (timing information and other supplementat data that
may enhance usability of the decoded video signal but are not
necessary for decoding the values of the samples in the video

pictures).

E. Parameter Sers

A parameter set iy supposed to contain information that is
expected to rarely change and offers the decoding of a large
number of VCL NAL units. There are two (ypes of parameter
sets: ;

+ sequence parameter sets, which apply to a series of con-
scentive coded video pictures called a coded video se-
guence;

* picture parameter sets, which apply to the decoding of one
ormore individual pictures withina coded video sequence.

The sequence and picture parameter-set mechanism decouples
the transmission of infrequently changing information from the
transmission of coded representations of the values of the sam-
ples in the video pictures. Each VCL NAL unit contains an 1den-
tificr that refers to the content of the relevant pictare parameter
set and each picture parameter set confains an identifier that
refers to the content of the refevant sequence parameter set. In
this manner. a small amount of data (the identifier) can be used
to refer to a larger amount of intormation (the paramcter set)
without repeating that information within cach VCL NAL unit,

Sequence and picture parameter sets can be sent well ahead
of the VCL NAL umits that they apply to. and can be repeated to
provide robustness against data loss. Tn some applications. pa-
ramceter sets may be sent within the channel that carries the VCL
NAL units (termed “in-band™ transmission). In other applica-
tions (sec Fig. 3), it can be advantageous to convey the param-
eter sets “out-of-band” using a more refiable transport mecha-
nism than the video channel itself.

1 Aecesy Units

A set of NAL units in a specified form is referred o as an
access unit. The decoding of cach access wnit results in one de-
coded picture. The formal of ap access unit is shown in Fig. 4,

Each access unit contains a set of VCL NAL unity that to-
gether compose a primary coded picire. [t may also be prefixed
with an access unit defimirer to aid in locating the start of the
access unit. Some supplementul enhancement information con-
taining data such as picture iming information may also precede
the primary coded picture.
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access unit delimiter

primary coded picture l‘

; »
I A4
. redundant coded picture

- |

end uf sequence i

Fig. 4. Swucture of an access unit,

The primury coded picture consists of a set of VCL NAL units
consisting of stices or slice data partitions that represent the
samples of the video picture.

Following the primary caded picture may be some additional
VCL NAL units that contain redundant representations of arcas
of the sane video picture. These are referred 10 as redundant
coded pictures, and are available for use by a decoder in recov-
ering from loss or corruption of the data in the primary coded
pictures. Deeaders are not required to decode redundant coded
pictures it they are present.

Finally, it the coded picture is the last picture of a coded
video sequence (a sequence of pictures that is independently
decodable and uses only one sequence parameter set), an end
of sequence NAL unit may be present to indicate the end of the
sequence; and if the coded picture 1s the last coded picture
the entire NAL unit stream. an end of stream NAL unit may be
present to indicate that the stream is ending.

G, Coded Fideo Sequences

A coded video sequence consists of a series of aceess units
that are scquential in the NALL unit stream and usc only one se-
quence parameter set. Fach coded video sequence can be de-
coded independently of any other coded video sequence. given
the necessary paramcter set information, which may be cou-
veyed “in-band” or “out-of-band”. At the beginning of a coded
video sequence s an instantancous decoding refresh (IDR) se-
cess unil. An IDR access unit contains an intra pictire—a coded
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Fig. 5. Progressive and inrerlaced frames and fields.
picture that can be decoded without decoding any previous pic-
tures in the NAL unit stream, and the presence ot an IDR access
unit indicates that no subsequent picture in the stream will re-
quire reference to pictures prior o the intra picture it contains
in order to be decoded.

A NAL unit siream may contain one or more coded video
sequences.

V. VCL

As in all prior ITU-T and ISO/TEC JTCI video standards
since H.261 [3], the VCL design follows the so-called block-
based hyvbrid video coding approach (as depicted in Fig. 8), in
which each coded picture is represented in block-shaped units of’
associated luma and chroma samples called macroblocks. The
hasic source-coding algorithn is a hybrid of inter-pcture pre-
diction to exploit temporal statistical dependencies and trans-
form coding of the prediction residual to exploit spatial statis-
tical dependencies. There iz no single coding element n the
VCL that provides the majonity of the significant improvement
in compression efficiency in relation to prior video coding stan-
dards. Tt is rather a plorality of smaller improvements that add
up to the significant gain.

A Pictures, Frames, and Fields

A coded video sequence in H.264/AVC consists of a sequence
of coded pictures. A coded picture in | 1] can represent either an
entire frame or a single fiefd, as was also the case for MPEG-2
video,

Generally, a frame of video can be considered to contain two
interleaved fields. a op and a bottom feld. The wp field contains
even-numbered rows 002, H/2—1 with H being the number of
rows of the frame. The botiom field contains the odd-numbered
rows (starting with the second line of the frame). Tf'the two ficlds
of a frame were captured at different time instants, the frame is
referred to as an inteclaced frame, and otherwise it is referred to
as a progressive trame (see Fig. 3). The coding representation m
H.264°AVC is primarily agnostic with respect to this video char-
acteristic, i.e., the underlying interlaced or progressive timing of
the original captured pictures. Instead, its coding specifies a rep-
resentation based primarily on geometric concepts rather than
being based on timing.
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B. YChCr Color Space and 4:2:0) Sampling

The human visual system seemis to perceive seene content in
terms of brightness and color information separatelv. and with
greater sensitivity 1o the details of brightness than color, Video
transimission systemns can be designed to take advantage of this.
{This is true of conventional malog TV systems as well as dig-
ital ones.) In H.264/AVC as In prior standards, this is done by
using a YCbCr color space together with reducing the sampling
resolution of the Cb and Cr chroma information.

The video color space used by H.264/AVC separates a color
representtion into three corponents called Y. Cb, and Cr. Con-
ponent Y is called /umur, and represents brightness. The two
chroma components Cb and Cr represent the extent to which
the color deviates from gray toward blue and red. respeetively.
(The tenms luma and chroma are used in this paper and in the
standard eather than the terms luminance and clrominance. in
order to aveid the implication of the use of linear light transter
characteristics that is ollen associated with the terns luminance
and chrominance.)

Because the human visual system is more sensitive to luma
than chroma, F.264/AVC uses a sampling structure in which
the chroma component has one tourth of the nuniber of samples
than the Juma component (halt the munber of sainples in both
the horizontal and vertical dimensions). This s called 4:2:0 sam-
phng with 8 bits of precision per sample. The sampling structure
used is the same as in MPEG-2 Main-profile video. (Proposals
for extension of the stwwdard to also support higher-resolution
chroma and a larger number of bits per sample are currently
being considered.)

C. Division of the Picture Into Macroblocks

A picture is partitioned into fixed-size macroblocks that each
cover A rectangular picture area of 16X 16 samples of the Juma
component and 8 x 8 samples of each of the two chroma compo-
nents. This partitioning into macrablocks has been adopted into
all previous ITU-T and ISOAEC ITCI video coding standards
since [1.261 [3]. Macroblocks are the basic building blocks of
the standard tor which the decoding process is specified. The
basic coding algorithm for a macroblock is described after we
explain how macroblocks are grouped into slices.

D Stices and Slice Groups

Slices are a sequence of macroblocks which are processed
in the order of a raster scan when not using 'MO which i< de-
seribed in the next paragraph. A picture maybe split into one or
several slices as shown in Fig. 6. A picture is therefore a col-
leetion of one or maore slices i1 H.2647AVC. Sices are self-con-
tained in the sense that given the active sequence and picture
parameter scts, their syntax clements can be parsed from the
bitstream and the values of the samples i the arca of the picture
that the slice represents can be correctly decoded without use of
data from other shees provided that wtilized reference pictures
are identical at encoder and decoder. Some mformation from
other shices maybe needed 1 upply the deblocking filter across
shice boundaries.
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Subdivision of a QCIF frame into slices when utilizing FMO,

FMO modities the way how pictures are partitioned into
slices and macroblocks by utilizing the concept of slice groups.
Fach slice group is a set of macroblocks defined by a mac-
roblock 1o slice group map, which s specified by the content
of the pictare parameter set and some information from slice
headers. The macroblock to slice group map consists of 4 slice
group identification nummber for each macroblock in the picture,
specifying which slice group the associated macroblock be-
longs 0. Fach slice group can be partitioned into one or more
slices. such that a slice is a sequence of macroblocks within
the same slice group that is processed in the order of a raster
scan within the set of macroblocks of a particular slice group,
(The case when FMO is not in use can be viewed as the simple
special case of FMO in which the whale picture consists of a
single slice group.)

Using FMO, a picture can be split into muny macroblock
scanming patterns such as interleaved slices. a dispersed mac-
roblock allocation. one or more “foreground’™ shice groups and
a “leftover” slice group. or a checker-board type of mapping.
The latter two are illustrated in Fig. 7. The left-hand side
macroblock (o slice group mapping has been demonstrated
for use in region-of-interest type of cading applications. The
right-hund side macroblock to slice group mapping has been
demonstrated useful for congealment in video conferencing
applications where slive group #0 and slice group #1 arc
transmitted in separate packets and one of them is lost. For
mare details on the use of FMQO), see [[4].

Regardless of whether FMO 15 in use or not, cach shee can
be coded using different coding types as follows,

« Islice: A slice in which all macroblocks of the slice are
coded using intra prediction.

= P slice: In uddition to the coding types of the 1 slice, some

macroblocks of the [' slice can also be coded using inter
prediction with at most one motion-compensated predic-
tion signal per prediction block.

+ B slice: In addition to the coding types available in a P

slice. some macroblocks of the B shice can also be coded
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using inter prediction with nro motion-compensated pre-
diction signals per prediction block.

The above three coding types are very similar to those i pre-
vious standards with the exception of the vse of reference pic-
tures as described below. The following two coding types for
slices are new.

SPslice: A so-called switching P shice that is coded such
thar efficient switching between different pre-coded pic-

tures becomes possible.

Shslice: A so-called switching I slice that allows an exact
match of @ macroblock in an SP slice for random access
and eor recuvery purpuses.

Far details on the novel concept of SP and ST shices, the reader s
reterred to [S], while the other slice types are further described

below.

£, Encoding and Decoding Pracess jor Macrohiocks

All luma and chroma samples of a macroblock are either
spatially or temporally predicted, and the resulting prediction
residual is encoded using transform coding. For transfonn
cading purposes, cach color component of the prediction
residual signal is subdivided into smaller 4x4 blocks. Fach
block is transformed using an integer transform, and the
transtorm cocthicients arc quantized and encoded using entropy
coding methods.

Fig. § shows a block diagram of the VCL for a macroblock.
The input video signal is split into macroblocks, the association
of macroblocks to slice groups and shees is selected, and then
each macroblock of cach slice is processed as shown. An elli-
cient paralle] processing of macroblocks is possible when there
are various shices in the picture.

F Aduaptive FrameField Coding Operation

Ininterlaced frames with regions of moving ohjects or camera
motion, two adjacent rows tend to show a reduced degree of
statigtical dependency when compared to progressive frames in.
In this case. it may be more efficient to compress each field
separately. To provide high coding efficicney, the H.264/AVC
design allows encoders to make any of the following decisions
wlien coding a frame.
1y To combine the two fields together and to code then as
one single coded trame (frame mode).

To not combine the two fields and to code them as scpa-
rate coded fields (field mode).

To combine the two fields together und compress them as
a single frame. but when coding the frame to sphit the pairs
of two vertically adjacent macroblocks into either pairs of
two field or frame macroblocks before coding them.

e chaice between the three options can be made adaptively
for each frame in a sequence. The choice between the first two
options is referred o as picture-adaptive frameicld (PAFF)
cading. When a frame is coded as two fields., each field is parti-
tioned into macroblocks and is coded ina manner very similar
to a frame, with the following main cxceptions:

L]
-

3)

+ motion compensation utilizes reference fields rather than
reference frames;
= the zig-zag scan of transform cocllicients is different:
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Fig, 8. Baxic coding structare for H264AVC for & macroblock,
A Pair of Macroblocks
in Frame Mode
Fig, 9. Comversion of a frame macroblock pair into a ficld macroblovk pair,

« the strong deblocking strength is not used for filtering hor-
izontal edges of macrobiocks in fields, because the field
rows are spatially twice as far apart as frame rows and the
fength of the filter thus covers a larger spatial area.

During the development of the H.264/AVC standard, PAFF
coding was reported to reduce bit rates in the range of 16% to
20% over frame-only coding mode for TTU-R 601 resolution
sequences like “Canoa™, "Rugby™. etc.

If a frame consists of mixed regions where somge regions arc
moving and others are nol. it is typically more cfficient to code
the nonmoving regions in frame mode and the moving regions
in the field mode. Theretore, the frame/ficld encoding decision
can also be made independently for each vertical pair of mac-
roblocks {a 16> 32 Jumit regiond n a frame. This coding op-
tion is referred to as macroblock-adaptive frame/tield (MBATF)
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Top/Bottom Macroblocks
in Field Mode

coding. For a macroblock pair that is ceded in frame mode. cach
macroblock contains frame lines. For a macroblock pair that is
coded in field mode. the top macroblock contains top field lines
and the bottom macroblock contains bottom field lines. Fig. ¢
lustrates the MBAFF macroblock pair concept.

Note that, unlike in MPEG-2, the frame Teld decision is made
at the macroblock pair level rather than within the macroblock
level. The reasons for this choice are w keep the buasic muc-
roblock processing structure intact. and to permit motion com-
pensation arcas as large as the size of a macroblock.

Each macroblock of a field macroblock pair is processed
very similarly  a macroblock within a field in PAFF coding.
However, since a4 mixture of field and {rame macroblock pairs
may occur within an MBAFF frame. the methods that are used
tor zig-zag scanning, prediction of motion vectors, prediction
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ol intra prediction modes, intra-[rame sample prediction,
deblocking filtering, and context modeling w entropy coding
arc modified to account tor this mixture. The mam idea 15 to
preserve as much spatial consistency as possible. It should be
noted that the specification of spatial neighbors in MBAFF
frames is rather complicated (please refer to [1]) and that
in Seetions V-G [ spatial neighbors are only desenibed for
non-MBAFF frames.

Another important distinetion between MBAFF and PAFF 15
that in MBAFF, one field cannot use the macroblocks in the
other field of the same frame as areference for motion prediction
{because some regions of cach ficld are not yet available when
a field macroblock of the other field is coded). Thus, sometimes
PAFF coding can be more efficient than MBAFF coding (partic-
ularly in the case of rapid global motion, scenc change. or intra
picture refresh), although the reverse is usually true.

During the development ol the standard, MBAFF was re-
ported to reduce bit rates in the range of {4 to 16% over PAFF
for I'TU-R 601 resolution sequences like “Maobile and Calendar™
and “MPLEG-4 World News™,

G. Mira-Frame Prediction

Each macroblock can be transmitted in one ol several coding
types depending on the slice-coding type. In all slice-coding
types, the following types of intra coding are supported, which
are denoted as Intra 4 x4 or Intra_16x 16 together with chroma
prediction and 1_PCM prediction modes.

The Intra 4 x4 mode is based on predicting each 4x4 luma
block separately and is well suited for coding of parts of a
picture with significant detail. The Intra 16x 16 mode, on the
other hand, performs prediction ot the whole 16x 16 Juma

-~ block and s more suited for coding very smooth areas of a
picture. In addition to these two types of luma prediction. a
separate chroma prediction is conducted. As an alternative to
Intra_ 4xdand Intra Tex 16, thel PCM coding type allows the
encoder to simply bypass the prediction and transform coding
processes und mstead directly send the values of the encoded
samples. The T_PCM mode serves the following purposes.

1y 1t allows the encoder to precisely represent the values of
the samples.

2) It provides a way (o accurately represent the values of
anomalous picture content without significant data expan-
sion )

3} It enables placing a hard Timit on the number of bits a
decoder must handle for a macroblock without harm to
coding ciTiciency

In contrast to some previous video coding standards (namely
H.263 ) and MPEG-4 Visual), where intra prediction has
heen conducted in the transform domain intra prediction in
H.264°AVC is always conducted in the spatial domamn, by
referring to neighboring samples of previousiy-coded blocks
which are to the left and/or above the block to be predicted.
This may incur error propagation in environnients with trans-
mission crrors that propagate duc to motion compensation
into inter-coded macroblocks. Therefore. a constrained intra
coding mode can be signaled that allows prediction only from
intra-coded neighboring macroblocks.
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Fig. 10 () Intra_4 x4 prediction s conducted {or samples a-p of a block using
samples A-Q. (b Eight “prediction dircettons™ for butra 34 predicuon,

Mode O - Verticai Mode 1 - Horizontal

T

Mode 2 - DC

=T

Five of the nine Inra_3 x4 prediction modes.

Fig. i1,

When using the Intra_4 x4 mode, each 4x4 block 15 pre-
dicted from spatially neighboring samples as illustrated on the
lefr-hand side of Fig. 10. The 16 samples of the 4 x4 block which
are labeled as a-p are predicted using prior decoded samples in
adjacent blocks labeled as A-Q. For each 4 x4 block. vne of nine
prediction modes can be utilized. [n addition to “DC™ prediction
twhere one valuc is used Lo predict the entire 4 x4 block), eight
directional prediction modes are specified as illustrated on the
right-hand side of Fig. 10. Those modes are suitable to predict
directional structures in a picture such as edges at various an-
gles.

Fig, 11 shows five of the niue fntra_4 x4 prediction nwdes.
For mode 0 (vertical prediction). the samples above the 4x4
block are copied into the block as indicated by the arrows. Mode
1 (horizontal prediction) operates in a manner similar to vertical
prediction except that the samples to the lett of the 4x4 block
are copied. For mode 2 (DO prediction), the adjacent samples
are averaged as indicated in Fig. 11, The remaining six modes
are diagonal prediction modes which are called diagonal-down-
left, diagonal-down-right, vertical-right, horizontal-down, ver-
tical-lett, and honzontal-up prediction. As their names indicate.
they are suited to predict lextures with structures in the specified
direcetion. The first two diagonal prediction modes are also illus-
trated in Fig. 11. When samples E-11 (I'ig. 10} that are used lor
the diagonal-down-left prediction mode arc not available (be-
causc they have not vet been decoded or they are outside of
the slice or not in an ntra-coded macroblock in the constrained
intra-mode). these samples are replaced by sample D. Note that
in earlier draft versions of the Intra 4x4 prediction mode the
four samples below sample L owere also used for some predic-
tion modes. However. due to the need to reduce memory aceess,
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these have been dropped. as the relative gain for their use is very
small,

When utilizing the Intra 16 x 16 made. the whole huma cam-
ponent of a macroblock 1s predicted. Four prediction modes are
supported. Prediction mode 0 ¢ vertical prediction), mode 1 (hor-
izontal prediction), and mode 2 (DC prediction) are specified
similar to the modes in Intra_4 x4 prediction except that instead
of 4 ncighbors on cach side 1o predict a 4 x4 block. 16 neighbors

_on each side to predict a 1616 block are used. For the speci-
fication of prediction mode 4 (plane prediction), please refer o
[1]

The chroma samples of a macroblock are predicted using
a similar prediction technique as for the luma component in
Intra 16x 16 macroblocks, since chroma is usually smwooth over
large areas,

Intra prediction tand all other forms of prediction) across stice

boundaries s not used, i order to keep all slices independent of

cach other,

H. Iter-Frame Prediction

1) Inter-Irame Prediciion in £ Stices: In addition to the
intra macroblock coding tvpes, various predictive or mo-
tion-compensated coding types are specified as P macroblock
types. Each P macroblock type corresponds to a specific
partition of the macroblock into the block shapes used for mo-
tion-compensated prediction. Partitions with luma block sizes
of 16106, 16 x8, 8x16. und 8 x 8 sumiples are supported by the
syntax. In case partitions with §x8 samples are chosen. one
additional syntax element for each 8 x 8 partition is transmitted.
This syntax clement specifies whether the corresponding 8x 8
pactition is further partitioned into panitons of 8x4, 4x8. or
4 x4 luma samples and corresponding chroma samples. Fig. 12
lustrates the partitioning.

The prediction signal for each predictive-coded M x N luma
block is obtained by displacing an area of the corresponding
reference picture. which is specified by a transtational motion
vector and a picture reference index. Thus, it the macroblock
is coded using four 8 x§ partitions and each 8x8 partition s
further split into four 44 partitions, a maximum of 16 motion
vectors may be transmitted for a single P macroblock.

The accuracy of motion compensation is in units of onc
quarter of the distance between luma samples. In case the mo-
tion vector points to an integer-sample position. the prediction
signal consists of the corresponding samples of the reference
picture; otherwise the corresponding sample 15 obtained using
iMerpolation o generale nommteger positons. The prediction
values at half-sumple positions are obtained by applying a
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Vig 13 Filtermg for fractivoal-sample acenrate motion compensation,
Upper-case lefters mdicate samples on the full-sampie grid, while lower case
samples indicate samples in between at tractional-sample positions.

one-dunensional 6-tap FIR filter horizontally and vertically.
Prediction values at quarter-sample positions are generated by
averaging samples at integer- and hali~sample positions.

Fig. 13 illustrates the fractional sample interpolation for <am-
ples a~k and n-r. The samples at half samiple positions labeled b
and fr are derived by [irst calculating inteomediate values by and
fiy, respectively by applying the O-tap filter as follows:

by =1E ~ 51 4 2007 + 204 — 51 + J)
Ay =[A = 5O+ 206 + 200 — 5K + 1),

The final prediction values for locations & and h are obtained ax
follows and clipped w the range of 0-255:

b—=(h +16)>» 5
ho={ +16) 3 5.

The samples at half sample positions labeled as / are obtained
by

g1 = = Sedd + 200 + 200 — Bee + [

where intermediate values denoted as e dd, ¢e rig, und ff are
obtained in a manner sinnlar to by, The final prediction value §
is then computed as 7 = () + 5121 2 10 and is clipped to the
range 0f 0 to 253, The two altemative methods of obtaining the
valhue of j illustrate that the filtering operation is trulv separable
for the generation of the half-sample positions.

The samples at quarter sample positions labeled as a, ¢, d. n,
f. 1.k, and g are derived by averaging with upward rounding ot
the two nearest sampley at integer and hal( saunple positions as,
for example. by

o= {(G+h+ 13 1.

The samples at quarter sample positions labeled as ¢, g, p. and
rare derived by averaging with upward rounding of the two
nearest samples at half sample positions in the diagonal dirce-
tion as, for example, by

e (b+h+1)31.
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The prediction values for the chroma component are always
abtained by bilinear interpolation. Since the sampling grid of
chroma has Tower resolution than the sampling grid ot the fuma.
the displacements used for chroma have one-eighth sample po-
sition accuracy.

The more accurate motion prediction using full sample, half
sample and one-quarter sample prediction represent one of the
major improvements of the present method compared to earlier
standards for the following two reasons.

[} The most obvious reason is more gecurate motion repre-
sentation.
The other reason is more flexibility in prediction filtering.
FFull sample. hall sample and one-quarter sample predic-
tion represent different degrees of low pass filtering which
is chosen automatically 1 the motion estimation process.
In this respect, the 6-tap filter turns out to be a much better
tradeoff between necessary prediction loop filtering and
has the ability to preserve high-firequency content in the
prediction loop.

(B8]

A more detailed investigation of fractional sample accuracy is
presented in [8].

The syntax allows so-called motion vectors over picture
boundaries, i.e., motion vectors that point outside the image
arca. In this case. the reterence frame is extrapolated beyond
the imuge boundaries by repeating the edge samples before
interpolation.

The motion vector components are differentially coded using
either median or directional prediction from neighboring blocks.
No motion vecior component prediction (or any other form of
prediction) takes place across slice boundaries.

The syntax supports multipicture motion-compensated pre-
diction [9], {10]. That is, more than one prior coded picture can
be used as reference for motion-compensated prediction. Fig. 14
ilfustrates the concept.

Multiframe motion-compensated prediction requires both en-
cader and decoder 1o store the reference pictures used for inter
prediction in a multipicture butfer. The decoder replicates the
multipicture buffer of the encoder according to memory man-
agement control operations specified in the bitstream. Unless
the size of the multipicture buffer 1s set to one picture. the index
at which the reference picture is located inside the multipic-
ture butfer has to be signalled. The reference index parameter is
transmitied for cach motion-compensated 16 x 16, 16x 8, §x16,
or 8% & luma block. Motion compensation for smaller regions
than 8x ¥ use the same reference index for prediction of all
blocks within the 8x 8 region.

In addition to the motion-compeusated macroblock modes
described above, a P omacroblock can also be coded in the
so-called P_ Skip type. For this coding type, neither a quantized
prediction error signal. nor a motion vector or reference imdex
parameter is ransmitted. The reconstructed signal is obtained
similar to the prediction signal of a P 16x 16 macroblock type
that references the picture which is located at index 0 in the
multipicture huffer. The motion vector used for reconstrueting
the P Skip macroblock is similar to the motion vector predictor
for the 1616 block. The useful eftect of this defimtion of
the P Skip coding type is that large arcas with no change or
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Fig. 14, Muliiframe motion compensation. fn addition o the motion vector,
also picmire reforence parameters (A} are mansmitted. The concept is also
extended to B shices.

constant motion like slow panning can be represented with very
few bits.

2) fater-Frame Prediction in 8 Slices: In comparison to
prior video codiug standards, the concept of 3 slices is gener-
alized in H.264/AVC. This extension reters back to [11] and
is further investigated in [12]. For example, other pictures can
reference pictures containing B slices for motion-compensated
prediction, depending on the memory management control
operation of the multipicture butlering. Thus, the substantial
difference between B and P slices is that B slices are coded
in a mauner in which some macroblocks or blocks may use a
weighted average of two distinct motion-compensated predie-
tion values for building the prediction signal. B shees utilize
two distinct lists of reference pictures, which are referred to
as the first (list 0) and second (list 1) reference picture Hsts,
respectively. Which pictures are actually located in each refer-
ence picture list is an issue of the multipicture buffer control
and an operation very similar w the conventional MPEG-2 B
pictures can be enabled if desired by the encoder.

In B slices, four different types of inter-picture prediction
are supported: st 0, list 1, bi-predictive, and direct prediction,
For the bi-predictive mode, the prediction signal is formed by a
weighted average of motion-compensated list 0 and list 1 pre-
diction signals. The direct prediction mode is inferred from pre-
viously transmitted syntax clements and can be cither list 0 or
list 1 prediction or bi-predictive.

B slices utilize a similar macroblock partitioning as P slices.
Beside the P_16x16. P_16x8&, P_8x16. P_8x8. and the intra
coding types. bi-predictive prediction and another type of pre-
diction called direct prediction, are provided. For cach 16 x 16,
16x8, 8x 16, and §x 8 partition, the prediction method (Hst 0,
list 1, bi-predictive) cun be chosen separately. An 8 x 8 partition
of a B macroblock can also be coded in direct mode. I no pre-
diction error signal is transmitted for a direct macroblock made.
it is also referred to as B Skip mode and can be coded very
elficiently simnilar to the P_Skip mode in P slices. The motion
veetor coding is similar to that of P slices with the appropriate
modifications because neighboring blocks may be coded using
different prediction modes.

1. Transform, Scaling, und Quanization

Similar to previous video codiug standards, 11.264/AVC uti-
lizes transform coding of the prediction residual. However, in
H.264:AVC. the transformation is applicd to 4x4 blocks. and
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Fig. 13, Repeated wansform for chroma blocks. The four blocks nwmbered
0 3 indicate the four chroma blocks of o dlroma component of o macroblodk.

instead of a 4 x4 diserete cosine transform (NDCT). a scparable
integer transfonn with similar properties as a 4 x4 DCT is used.
The transform matrix is given as

Since the inverse transform is detined by exact integer oper-
ations, inverse-transforn mismatches are avoided. The basic
transtorm coding process is very similar to that of previous
standards. At the encoder, the process includes a forward trans-
form, zig-zag scanning, scaling, and rounding as the quantiza-
tion process followed by entropy coding. At the decoder. the
inverse of the encoding process is performed except for the
rounding. More details on the specific aspects of the transform
in H.264/AVC can be found in [17]. .

It has already been mentioned that Intra_16x 16 prediction
modes and chroma intra modes are intended for coding of
smooth areas. For that reason, the DC coeflicients undergo
a second transform with the result that we have transtorm
coetlicients covering the whole macroblock. An additonal
2 %2 transforn is also applivd to the DC coefticients of the Tour
4x4 blocks of cach chroma component. The procedure for a
chroma block is illustrated in Fig. 15. The small blocks inside
the larger hiocks represent DC coefficients of each of the four
4x 4 chroma blocks of a chroma component of’ a macroblock
numbered as 0, 1. 2, and 3. The two indices correspond to the
indives of the 2x2 inverse Hadamard transform,

To explain the idea behind these repeared transforms, let us
puint to a general property of a two-dimensional transform of
very smooth content (where sample correlation approaches 1).
In that situation, the reconstruction accuracy 1$ proportional to
the inverse of the ene-dimensional size of the transform. Henee,
for a very smooth area, the reconstruction error with a trans-
form covering the complete 8x 8 block is halved compared to
using only 4x4 ansform. A similar rationale can be used for
the second transform connected to the INTRA-16x 16 mode.

There are several reasons for using a sialler size transfoom.

+ One of the main improvements of the present standard 1s
the improved prediction process both for inter and intra.
Conzequently. the residual signal has fess spatial correla-
tion. This generally means that the transtorm has less to
offer concerning decorrelation. This also means that a4 x4
transtorm is cssentially ag ctheient in removing statistical
correlation as a farger transform
With similar objective compression capability, the smaller
4 x4 transtorm has visual benefits resulting in less noise
around cdges (referred to as "mosquito noise™ or “ringing”

artifacts).
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» The smalfler transtorm requires less computations and a
smaller processing wordlength. Since the mansformation
process for H.264:AVC involves only adds and shitts. it
is also specified such that mismatch between encoder and
decoder is avoided (this has been a problem with carlier
8x 8 DCT standards)

A quantization parameter is used for determining the quantizi-
tion of ransform coceflicients tn [1.264/AVC. The parameter can
take 52 values. Theses values are arvanged so that an increase of |
in quantization parameler means an increase of quantization step
size by approximately 12% (an increase of 6 means an increase
of quantization step size by exactly a tactor of 2). It can be no-
ticed that a change of'step size by approximately 12% also means
roughly a reduction of bit rate by approximately 12%.

The quantized transform cocflicients of a block generally
are scanned in a zig-zag fashion and transimitted using entropy
coding methods. The 2x2 DC coefficients of the chroma com-
ponent are scanned in raster-sean order. All inverse transfonn
operations in H.264/AVC can be implemented using only
additions and bit-shilting opcerations of 16-bit integer values.
Similarly, only 16-bit memory accesses are needed for a good
mplementation of the forward transform and quantization
process in the encader.

J. Entropy Coding

In H.264/AVC, two methods of entropy coding are supported.
The simpler entropy cading method uses a single infinite-ex-
tent codeword table for all syntax elemments except the quan-
tized transtorm coefficients. Thus, instead of designing a dif-
ferent VLC table for each syntax clement, only the mapping to
the single codeword table is customized according to the data
statistics. The single codeword table chosen is an exp-Golomb
code with very simple and regular decoding properties.

For transmitting the quantized transform coeflicients, a more
cffictent method called Context-Adaptive Variable Length
Coding (CAVLC) is employed. In this scheme, VI.C lables for
various syntax clements are switched depending on already
transinitted symax elements. Sice the VLC iables are designed
to match the corresponding conditioned statisties, the entropy
coding performance is improved in comparison 1o schemes
using a single VLC ble.

In the CAVLC entropy coding method, the number of nonzero
quantized coefficients (N) and the actual size and position of
the ecoeflicients arc coded separately. After zig-zag scanning
of transform coefficients, their statistical distribution typically
shows large valves for the low frequency part decreasmg to
small values later in the scan for the high-frequency part. An
example for a typical zig-zag scan of quantized transtorm coef-
ficients could be piven ays {ollows: )

7.6 2,00 10000 L0000, 0000, 1
Based on this statistical behavior. the following data clements
are used to convey information of quantized transform coeffi-
cients for a luma 4 x4 block.

11 Number of Nonzero Cocfficients (N) and  “"Trailing
787 “Trailing 15" (T1s) indicate the number of coefTicients
with absolute value cqual 1o 1 at the end of the scan. In the



example T'1s — 2 und the number of coefficients is N —« 5
These two values are coded as a combined event. One out of
4 VLC tables 15 used based on the number of coeflicients in
neighboring blocks,

2) Fneoding the Yalue of Coetiicients: The values ot the co-
elficients are coded. The Tis need only sign specification since
they all arc equal o +1 or 1. Please note that the statistics
of coefMcient values has fess spread for the last nonzero cocfii-
cients than for the first ones. For this reason, coetficient values
are eoded in reverse scan order. In the examples above, -2 is the
first coelficient value to be coded. A starting VLC 1s used for
that. When coding the next coefficient (having value of'6 in the
exaple) a new VLC may be used based on the just coded co-
efficient. in this way adaptation is abtained in the use of VLC
tables. Six exp-Golomb code tubles are available for this adap-
1ation.

3) Sign Informarion: One bit is used to signal coctficient
sign, For Tls, this is sent as single bits, For the other cocfTi-
cients, the sign bit is inchided in the exp-Golomb codes.

Positions of each nonzero coelficient are coded by specitying
the positions of 0s before the last nonzero ¢oeffictent. 1tis split
Into two parts: :

4) TotalZeroes: This codeword specifies the mnnber of
zeros between the last nonzero coeflicient of the scan and its
start. In the example the value of TotalZeros is 3. Sinee it 1
already known that & = 5, the number must be in the range
(0-11. 15 tables are available for N in the range 1-15. (If
N = 16 there is no zero coellicient.)

5) RunBejore: In the example it must be specified how the
3 zeros are distributed. First the number of Us before the last ¢o-
efficient is coded. In the example the number is 2. Sineg it must
be in the range (-3 a suitable VLC is used. Now there is only
one 0 left. The number of 0s before the second last coeflicient
must therefore be 0 or 1. In the example the number is 1. At this
point there are no 0s left and no more information is coded

‘The efficiency of entropy coding can be improved further
if the Context-Adaptive Binary Arithimetic Coding (CABAC)
is used [16]. On the one band, the usage of arithmetic coding
allows the assignment of a nomnteger number of bits to
each symbol of an alphabet, which is extremely beneficial
for symbol probabilitics that are greater than 0.5. On the
other hand, the usage of adaptive codes penuits adaptation to
nonstationary symbol statistics. Another important property of
CABAC is its context modeling, The statistics of already coded
syniax elements are used to estimate conditional probabilities.
These conditional probabilities are used for switching several
estimated probubility models. In H.264/AVC, the arithmetic
coding core engine and its associated probability estimation are
specified as multiplication-fiee low-complexity methods using
only shifts and rable look-ups. Compared to CAVLC, CABAC
tvpically provides a reduction in bit rate between 5% - 15% The
highest gains are typically obtained when coding interlaced TV
signals. More details on CABAC can be found in [10].

K. In-Loop Deblocking Filler
One particular characteristic of block-based coding is the

accidental production of visible block shuctures, Block cdges
are typically reconstructed with less accuracy than interior
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Fig. 16, Principle of deblocking filter,
pixels and “blocking™ is generally considered to be one ol the
most visible artifacts with the present compression methods,
Tor this reason, H.264/AVC defines an adaptive in-loop de-
blocking filter. where the strength of filtering is controlled by
the values of several syntax elements. A detailed description of
the adaptive deblocking filter can be {found in [18].

Fig. 16 1llustrates the principle of the deblocking filter using
a visualization of a one-dimensional edge. Whether the samples
po and gy as well as py and ¢, are filtered is determined vsing
quantization parameter ((QP ) dependent thresholds ool QP ) and
A{QP). Thus, {iltering of py, and go only takes place if each of
the following conditions is satisfied:

1. h)n — qol < (QP;
A 2. \pr = pol <AHQP)
3. g1 = g0 <3QP)

where the AP} is considerably smaller than o{ QI?). Accord-
ingly. filtering of p; or ¢ takes place il the corresponding fol-
lowing condition is satisfied:

[pa ol < QP or [ganel < H(QP).

The basic idea is that if a relatively Jarge absolute difference be-
tween samples near a block edge is measured, it is quite likely
a blocking artifact and should thercfore be reduced. However,
if the magnitude of that diflerence is so large that it cannot be
explained by the coarseness of the quantization used in the en-
coding, the edge 15 inore likely to reflect the actual bebavior of
the source picture and should not be smoothed over,

The blockiness is reduced, while the sharpness ol the content
is basically unchanged. Consequently, the subjective quality is
significantly improved. The filter reduces the bit rate typically
by 5%-10% while producing the same objective guality as the
nonfiltered video. Fig. 17 illustrates the performance of the de-
blocking filter.

L. Hvpothetical Reference Decoder

Once of the key benetits provided by a standard is the assur-
ance that all the decoders compliant with the standard will be
able to decode a compliant compressed video. To achieve that,
it is not suftictent to just provide a description ol the coding al-
gorithm. It is also important in 4 real-time system to specily
how bits are fed to a decoder and how the decoded pictures
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Fig. 17, Performance of the deolocking filter for bighly compressed pictures
18 without deblockiug flter and (b with deblocking filter,

are removed from a decoder. Specitying input and output bufter
models and developing an implementation independent model
of a receiver achicves this. That receiver model is also called hy-
pothetical reference decoder (HRD) and is described in detail in
[19]. An encoder is not allowed to create a bitstream that cannot
be decoded by the HRI. Hence, if in any receiver implementa-
tion the designer mimics the behavior of HRD, it is guaranteed
1o be able 10 decode all the compliant bitstreams.

In FL.264°AVC HRD specifies operation of two buffers: 1) the
coded picture buffer (CPB) and 2) the decoded picture butfer
(DPB). CPB models the arrival and removal time of the coded
bits. The HRD design is similar tn spirit to what MPEG-2 had,
but is more flexible in support of sending the video at 4 varicty
of it rates without excessive delay.

Unlike MPEG-2, in H.264’AVC, multiple frames can be used
for reference. the reference frames can be located cither in past
or future arbitrarily i display order, the HRD also specifies a
modef of the decoded picture buffer management to ensure that
excessive memory capacity is not needed in a decoder to store
the pictures used as references.

V. PROFILES AND POTENTIAL APPLICATIONS

A Profiles and Levels

Profiles and levels specify contormance points. These confor-
mance points are designed to facilitate interoperability between
various applications of the standard tliat have similar functional
requirements. A profile defines a set of coding tools or algo-
ritluns that can be used in generating a conforming bitstrcam,
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whereas a fevef places constraints on certain key parameters of
the bistrenm,

All decoders conforming to a specific profile must snpport all
features in that profile. Encoders are not required to make use
of any particular set of features supported in a protile but have
te provide conforming bitstreams. 1.¢.. bitstreams that can be
decoded by conforming decoders. In [1.264/AVC, three profiles
are defined, which are the Bascline, Main. and Extended PProfile,

The Baseline profile supports all features in H264AVC ex-
cept the following (wo feature sets:

» Set It B slices, weighted prediction. CABAC, field
coding, and picture or macroblock adaptive switching
between frame and ficld coding.

« Set 2: SP/SI slices. and slice data partitioning,

The first set of additional features is supported by the Main
profile. However, the Main profile does not support the FMQ,
ASOQ, and redundant pictures features which are supported by
the Baschne profile. Thus, only a subset of the coded video se-
quences that are decodable by a Bascline profile decoder can be
decoded by a Main profile decoder. (Flags are used in the se-
guence parameter set to indicate which prafiles of decoder can
decode the coded video sequence).

The Extended Profile supports all features of the Baseline
profile, and both sets of features on top of Baseline profile, ex-
cept for CABAC,

In 11.264/AVC, the same set of level definitions is used with
all profiles, but individual implementations may support a
different level for each supported profile. There are 13 levels
defined. specilying upper limits [or the picture size (in mac-
roblocks) ranging from QUIF to all the way to above 4k x 2k,
decoder-processing rate (in macroblocks per second) ranging
from 250k pixels/s to 250M pixels/s. size of the multipicture
buffers, video bit rate ranging front 64 kbps to 240 Mbps, and
video butter size.

B. Areas for the Profiles of the New Standard to be Used

The increased eompression efliciency of H.264:AVC offers
to enhance existing applications or enables new applications. A
list of possible application areas is provided below.

* Conversational services which operate {ypically below |
Mbps with low latency requirements. The ['TU-T §Gil6 is
currently moditving its systems recommendations (o sup-
port H.264/AVC use in such applications, and the IETF is
working on the design of an RTP payload packetization.
In the near tern. these services would probably utilize the
Baseline profile (possibly progressing over time to also
usc other protiles such as the Extended profile). Some spe-
alic applications in this category are given below,

—H.320 conversational video services that utilize eir-
cuit-switched ISDN-based video conterencing.

- 3GPI conversational H.324/M services,

—11.323 conversational services over the Internet with
best effort IP/RTP protocols.

— 3GPP conversational services using TPRTP for trans-
port and SIP for session setup.

+ Entertainment video applications which operate between
[-8+ Mhbps with moderate latency such as 0.5 w0 2 s,
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The H.222.0/MPLG-2 Svstems specification 15 bemng
modified to support these application. These applications
would probably utilize the Main profile and include the
following.
- -Broadcast via satellite. cable, terrestrial, or DSL.
—DVD tor standard and high-definttion video.
Video-on-demand via various channels.
¢ Streaning services which typeally operate at S0-1300
kbps and have 2 s or more of latency. These services would
probably atilize the Bascline or Extended profile and may
be distinguished by whether they are used in wired or wire-
fess environments as follows:
—3GPP streaming using IP/RTP for (ransport and
RTSP for session setup. This extension of the 3GI'P
specification would likely use Baseline profile unly.
—Streaming over the wired Internet using [P/RTP pro-
tocol and RTSP for session setup. This domain which is
currently dominated by powerful proprictary solutions
might use the Extended profile and may require integra-
tion with some future system designs.
Other services that operate at lower bit rates and are dis-
tributed via file transter and thercfore do not imposc delay
constraints at all, which can potentialty be served by any
of the three profiles depending on various other systems
requirenients are:
-~ 3CGPP multimedia messaging services;
—video mail.

VI HISTORY AND STANDARDIZATION PROCESS

In this section, we illustrate the history of the standard. The
development of 11.264/AVC is characterized by improvements
in small steps over the last 3—4 years as can be seen from Fig. 18,
In Fig. 18, the coding performance is shown for two example
progressive-scan video sequences, when enabling the typical
coding options tor the various versions of the standard since
August {999 until completion in April 2003, The dates and cre-
ation of the various versions are shown in Table 1. The document
and the software versions have heen called test model long-term
{TML) when being developed in VCEG and joint model (JM)
when the development was continued in the joint video team
(JVT) as a partnership between MPEG and VCEG. The devel-
opment ok place in small steps between cach version of the
design as can be seen from Fig. 18,

The work started n VOEG as a parallel activity to the
completion of the last version of H.263. The first Test Model
Long-Term (TML-1, curve with cireles in Fig. I8) was
produced in August 1999, TML-1 was similar {0 11263 by
using a combination of block predietion and block trans-
form/quantization/coding ol the residual signal. The PSNR
performance of TNVIL-T was sinnlfar to that of H263 (curve
with diamond-shaped markers in Tig. 18) and below MPEG-4
ASP (curve with star-shaped markers in Fig, 18), However, the
starting point was considered sufficient due to some perceptual
benelits being shown and a judgment that the design could
be incrementally improved. The resalts shown for H.263 and
MPEG-4 ASP have been optimized using Lagrangian imethods
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Fig. 18 Evolution of 11.264/AVC since Augasi 1999 until March 2003, Top:
QCIF sequence Foreman coded at 10 Hz. Bottom: CIF sequence rempete coded
at 30 Hz. The fegend in thae top figare indicales the various versions that have
been run with typical scitings.

as described in [13). The main coding features of TML-1 are
summarized as follows:

+ Seven block partitions for inter prediction of a mac-
roblock. The luminance component of @ macroblock
could be partitioned into 16x16. 16x8, 8x10, Bx8&.
8x4, 48 or 4x4 blocks in a similar way as depicted in
Fig. 12, The 16x 16, 16 xR, 8x 16, and 8xR& hlocks have
reniained m the design. Partitioning into smaller blocks
was modified Jater (in JIM-2.1) inw a tree-structured
macroblock partition as described above.

[/3-sample  accurate  motion-compensated  prediction
using 4-tap filter mn horizontal and vertical direction.
The filter taps were (—1. 12, 6, —=1)/16 and (-1, 6, 12,

1)/16. One of the sample positions used @ stronger fow
pass filter for more flexible prediction loop tiltering. This
was modified later (in TML~4) to [“4-gample accurate
prediction using a 6-1ap as described above, For TMIL-2,
a method called adaptive motion accuracy (AMA) was
adopted which has never been implemented into the
software. AMA was dropped due to Taek of coding offi-
ciency nmprovement in TML-4. In TML-7/8, 1/8-sample
accurate motion compensation was introduced which was
then dropped for complexity reasons in JM-5.
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[ARLE 1
HISTORY OF H. 264 AVE STANDARDIZATION PROCTSS. FOR TML VIRSIONS
WITH & . Noy SOFTWARE HAS BEEN CREATER

No  TML/IM Date Locatjon

I TML-] Aug. 1999 Berlin, Germany

2 TMI-2* Tet. 1999 Red Bank, NI, USA
3 TML-3 Feb. 2000 Geneva, Switzerland
4 IML-4 May. 2000 Qsaka, Jupun

3 { TML-5 Aug. 2000 Portland, OR, USA
o | TML-6 Jan. 2001 Eibsce. Germany

7 , TML.-7* Apr. 2001 Austin, TX, USA

§ ! TML-8 May 2001 Porlo Seguro, Brazil
9 TML-9 Sep. 2000 | Samia Barbara, CA, USA
10 IM-] Dec. 2001 Pattaya, Thailand

11 IM-2 Feb. 2002 Geneva, Switzerland
12 1 IM-3 May 2002 Fairfax, VA, USA
13 | IM 4 July 2002 Klagenfurl, Austria
4 IM-5 Oct. 2002 Geneva, Switzerland
Is | IM-6 Dec. 2002 Awaji, Japan

16 i Final Mar, 2003 Patlaya, Thailand

[

* Multiple reference frames, the decoupling of temporal
order and display order. and the decoupling ot picture
type trom the ubility to usc pictures as references were
envisioned from the beginning. but were integrated in the
software and draft text rather gradually.

Intra prediction was done on 4 x4 blocks and based on the
neighboring samples. There were five prediction modes
which were the ones shown in Fig. 9 except with a sim-
pler version of Mode 3. The number of prediction modes
was increased to 7 in TML-4 and further increased to 9 in
JM-20 In TML-3, the hra 16x 16 prediction imode was
introduced and in JM-3, the various prediction modes for
chroma have been introduced.

T'he transtorm for the residual signal had size 4x4. This
was in contrast to aff previous standards which used trans-
form size 8x8, The transform was also no fonger exact
DCT but an integer transform very close to DCT. The in-
teger definition resulted in an exact definition ol the in-
verse transform. The transtorm had basis vectors

Fi3o13 13013

I R A
"= {13 131513
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The transtorm was fater changed to the version described
above in JM-2,

An 1n-loop deblocking filter similar to the one used
H.263 was in TML-1, bur only on intra frames. This filter
has heen constderably refined during the entire develop-
ment of the standard,

Fntropy coding used one single exp-Golomb type VIC
table Tor all syntax clements (inclnding transform coefli-
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vients). This was extended later by CABAC in TME-7 and
CAVLC for transform cocelficients in JIM-3,

TMI-1 did not contain many of the features of the final design
of IM-6 (squares in Fig. 18) mcluding interlace support. B pic-
tures and the NAL. The method of handling of interlaced video
was among the Jast things integrated nto the design (note that
Fig_ IS does not show pertormance for interfaced video). The
improvement of JM-6 relative to TML-1 is typically between
2 3 dB PSNR or between 40%- 60% in bit-rate reduction.

VTI. CONCLUSIONS

The emerging H264/AVC video coding standard has
been developed and standardized collaboratively by both the
ITU-T VCEG and ISOARC MPEG organizations, H.264/AVC
represents a number of advances in standard video coding
technology, in terms of both coding eificiency enhancement
and Rexibility for effective use over a broad variety of network
types und application domains. Ity VCL design is based on
conventional block-based motion-compensated hybrid video
coding concepts, but with some important differences relative
to prior standards. We thus summarize some of the important
differences:
enhanced metion-prediction capability:
wse of a small block-stze exact-match transform:
adaptive in-loop deblocking filter:
enhanced entropy coding methods.

When used well together. the features of the new design pro-
vide approximately a 30% bit rate savings for equivalent percep-
tual quality refative 10 the perfonnance of prior standards (espe-
cially for higher-latency applications which allow some use of
reverse temporal prediction).!
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acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
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INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the written opinion of the international
Searching Authority, one opportunity to amend the claims of the international application. It should however be emphasized
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the International Searching Authority has declared, under Article 17(2), that no international search report would be
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What parts of the international application may be amended?

Under Article 19, only the claims may be amended.

During the international phase, the claims may also be amended (or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under

Article 34 before the International Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Article 28 or,
where applicable, Article 41.

When? Within 2 months from the date of transmittal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the International Bureau after the expiration of the applicable time
limit but before the completion of the technical preparations for international publication (Rule 46.1).
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The amendments may only be filed with the International Bureau and not with the receiving Office or the
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This international search report has been prepared by this International Search':hg Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the internationa! Bureau.

This international search report consists of a total of 3 sheets.
it is also accompanied by a copy of each prior art document cited in this report.

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed

[:l a translation of the international application into . which is the language
of a transtation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b))

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

C. D With regard to any nucleotide and/or amino acid sequence disciosed in the international application, see Box No. |.
2. D Certain claims were found unsearchable (See Box No. If)
3. []  unity of invention is lacking (see Box No Iif)

4. With regard to the title,
the text is approved as submitted by the applicant
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant

]:] the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _ 1
as suggested by the applicant
]:\ as selected by this Autharity, because the applicant failed to suggest a figure
L—_l as selected by this Authority, because this figure better characterizes the invention
b. ]:] none of the figures is to be published with the abstract
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Category* | Citation of document, with indication, where appropriate, of the relevant passage$

Relevant to claim No.
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D See patent family annex.

* Special cateyories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E* earfier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
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*O" document referring to an oral disclosure, use, exhibition or
other means

‘P* document published prior to the international filing date but
later than the priority date claimed

*T* later document published after the international filing date
or prority date and not in conflict with the application but
cited 1o understand the principle or theory underiying the
invention

*X' document of particular relevance; the claimed invention
cannot be consldered novel or cannot be considered to
invoive an inventive step when the document is taken alone

*Y* document of patticular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
menis. such combination being obvious 10 a person skifled
in the art.

*&"* document member of the same patent family

Date of the actuai compietion of the international search

.29 September 2008

Date ot mailing of the intemational search report

07/10/2008

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Patentlaan 2
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A SMITH J R ET AL: "Joint adaptive space 1-39
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IMAGE PROCESSING, 1997. PROCEEDINGS.,
INTERNATIONAL CONFERENCE ON SANTA BARBARA,
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USA,IEEE COMPUT. SOC, US,
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the whole document
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s Box No. | Basis of the opinion
O Box No.li  Priority
[0 Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
[0 Box No. IV Lack of unity of invention :
' BoxNo.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement
[0 Box No. VI  Certain documents cited
0 Box No. VIl Certain defects in the international application
[0 Box No. VIl Certain observations on the international application
2. FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will usually be considered to be a
| written opinion of the International Preliminary Examining Authority ("IPEA”} except that this does not apply where
i the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has notifed the
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority
will not be so considered.
If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit to the IPEA a written reply together, where appropriate, with amendments, before the expiration of 3 months
from the date of mailing of Form PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.
For further options, see Form PCT1SA220.
For further details, see notes to Form PCTASA220.
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| Date of completion of

! this opinion
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAB2008/051351

Box No.! Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:
the international application in the language in which it was filed

O atranslation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

2. O This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material:
0 asequence listing
L] table(s) refated to the sequence listing
b. format of material:
0 on paper
O in electronic form
c. time of filingfurnishing:
[0 contained in the international application as filed.
[1 filed together with the international application in electronic form.

L1 furnished subsequently to this Authority for the purposes of search.

4. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional
copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

5. Additional comments:
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WRITTEN OPINION OF THE

INTERNATIONAL SEARCHING AUTHORITY

International application No.
PCTAB2008/051351

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (I1S) Yes:
No:

Industrial applicability (1A) Yes:
No:

2. Citations and explanations

see separate sheet

Claims
Claims

Claims
Claims

Claims
Claims

2-11, 14-21, 23-2G, 32-39
1.12, 13, 22, 30, 31

Form PCT/ISA/2374(ApnO 2007) Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000117



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/IB2008/051351

Re ltem V.

1. Reference is made to the following documents:

D1: SANTAGO P ET AL: "USING CONVEX SET TECHNIQUES FOR COMBINED
PIXEL AND FREQUENCY DOMAINCODING OF TIME-VARYING IMAGES"
IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, IEEE
SERVICE CENTER, PISCATAWAY, US, vol. SAC-05, no. 7, 1 August 1987
(1987-08-01), pages 1127-1139, XP001053635 ISSN: 0733-8716

D2: SEGALL C A ET AL: "Pre- and post-processing algorithms for compressed
video enhancement” SIGNALS, SYSTEMS AND COMPUTERS, 2000.
CONFERENCE RECORD OF THE THIRTY- FOURTH ASILOMAR
CONFERENCE ON OCT. 29 - NOV. 1, 2000, PISCATAWAY, NJ, USA,IEEE,
vol. 2, 29 October 2000 (2000-10-29), pages 1369-1373, XP010535224 ISBN:
978-0-7803-6514-8

2.  The term ‘spatial coding'used in claims 1, 13 and 39 is vague and unclear and leaves
the reader in doubt as to the meaning of the technical features to which it refers,
thereby rendering the definition of the subject-matter of said claims unclear, Article &
PCT.

For the purpose of establishing this opinion, the aforementioned term has been
interpreted as coding/representation of image samples in the spatial domain (see the
description, para. [0011]).

3.  The present application does not meet the criteria of Article 33(1) PCT, because the
subject-matter of claims 1, 13, 22 and 31 is not new in the sense of Article 33(2)

PCT.

3.1 The document D1 discloses (the references in parentheses applying to this
document):

a method of encoding a prediction error signal for a block of data (page 1129,
right-hand column, para. Vi, lines 2-3), comprising:

Form PCT/ASA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE international application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2008/051351

calculating a difference signal representing differences between sample values
of a predicted block of data and values for an original input block (ibid; para. 1X,
lines 2-3);

performing transform coding to the difference signal, thereby creating a first
representation of a first component of the difference signal (fig. 5 - transform

(F));

performing spatial coding to the difference signal, thereby creating a second
representation of a first component of the difference signal (fig. 5 - mask coder);
and joining the first and second representations (fig. 5 - POCS; para. VII).

The subject-matter of claim 1 is therefore not new.

3.2 The same reasoning applies mutatis mutandis to claims 13, 22 and 31, which,
therefore, lack novelty.

4.  Pre-filtering the prediction error signal to remove outlier samples is well known in the
art (see e.g. D2, para. 4.1). The additional feature of claim 39, therefore, does not
add anything of inventive significance.

5.  The dependent claims (2-12, 14-21, 23, 30 and 31-38) are numerous, disparate and
vague and it is not at all apparent that they relate to a single general inventive
concept. Furthermore, they do not appear to contain subject-matter which makes an
inventive contribution over the prior art D1 and D2.

Fhk

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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Possible steps after receipt of the international search report (I1SR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
comments

End of the
international
phase

Relevant PCT
Rules and more
information

ISDOCID: <X& . . 20C704010CK | >

, For all international applications filed on or after 01/01/2004 the competent

|SA will establish an ISR It is accompanied by the WO-ISA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the ISR and the WO-18A the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPO. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/ISA/220 and the corresponding Notes to form PCT/1SA/220.

In principle, the WO-1SA will be considered as the written opinion of the
|PEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/WO-ISA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the IPEA as before, normally at the same time as
filing the demand (Rule 66.1 (b} PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an |PRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-1SA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the ISR'WO-ISA the applicant may file informal comments
on the WO-ISA directly with the International Bureau of WIPQ. These
will be communicated to the designated Offices together with the |PRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPQO will
transform the WO-ISA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The IPRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Ruile 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ 12/2003
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Bitte beachten Sie, dass angefiihrte Nichtpatentliteratur (wie z. B.
wissenschaftliche oder technische Dokumente) je nach geltendem Recht
dem Urheberrechtsschutz und/oder anderen Schutzarten fir schriftliche
Werke unterliegen kénnte. Die Vervielfdltigung urheberrechtilich
geschutzter Texte, ihre Verwendung in anderen elektronischen oder
gedruckten Publikationen und ihre Weitergabe an Dritte ist ohne
ausdriickliche Zustimmung des Rechtsinhabers nicht gestattet.

Veuillez noter que les ouvrages de la littérature non-brevets qui sont
cités, par exemple les documents scientifiques ou techniques, etc.,
peuvent étre protégeés par des droits d'auteur et/ou toute autre protection
des écrits prévue par les législations applicables. Les textes ainsi
protégés ne peuvent étre reproduits ni utilisés dans d'autres publications
électroniques ou imprimées, ni rediffusés sans l'autorisation expresse du
titulaire du droit d'auteur.

Please be aware that cited works of non-patent literature such as
scientific or technical documents or the like may be subject to copyright
protection and/or any other protection of written works as appropriate
based on applicable laws. Copyrighted texts may not be copied or used
in other electronic or printed publications or re-distributed without the
express permission of the copyright holder.

X5 CPRTENFRDE
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/101,019 04/10/2008 Jani Lainema 037145-7826
CONFIRMATION NO. 7368
30542 PUBLICATION NOTICE
FOLEY & LARDNER LLP
P.0. BOX 80278 IO AR
000000032747845

SAN DIEGO, CA 92138-0278

Title:SPATIALLY ENHANCED TRANSFORM CODING

Publication No.US-2008-0260270-A1
Publication Date:10/23/2008

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to

publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Filed (SB/08) 3 3
Warnings:
Information:
Total Files Size (in bytes); 562208

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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FTO/SB/BO (11-08)

Approved foc use through 11/30/2011. OMB 0651-0035

U.S. Patent and Trademark Offica; U.S. DEPARTMENT OF COMMERCE

Uindar tha Paparwork Reduction Act of 1985, no narsans are raquired 1o respond 1o a coltection of information untess it Zlaplays a valid OMB coniral number.

f POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO
| hereby revoke all previous powers of attorney given in the application identified in the attached statement under
37 CFR 3.73(b).

ﬂ

| hereby appoint:
1\/ ! Practitioners assoclated with the Customer Number: 98359
ORrR
[:] Practitioner{s) named below (f more than ten patent praciitioners are to be named, then a cusfomer number must be used):
Name Registration Nama Registration
Number Number

as attorney(s) or agent(s) to represent the undersigned before the United States Patent and Trademark OMce (USPTQ) in connection with
any and all patent appiications assignad only to the undersigned according to the USPTO assignmant records or assignment documents
attached to this form in accordance with 37 CFR 3.73(b).

Please change tha correspondenca address for the application identified in the attached statement under 37 CFR 3.73(b) to:

[Z The address associated with Customer Number 98359

OR
Firm or
Individuai Nams
Address

Clty State Zip

Country

Telephons I Email

Assignee Name and Address:

Nokia Corporation
Keilalahdentie 4
Espoo, Finland 02150

A copy of this form, together with a statement under 37 CFR 3.73{b) {Form PTO/SB/96 or equivalent) Is required to be
filed in each application in which this form is used. The statement under 37 CFR 3.73{b) may be completed by one of
the practitioners appointed in this form If the appointed practitioner is authorized to act on behalf of the assignes,
and must identify the applicatlon in which this Power of Attorney is to be filed.

SIGNATURE of Asslgnea of Record
The individual whose signature and title is supplicd below is authorized 1o act on behalf of the assignee

Signature M Date ¢, ,{;Z,quyj f v 4
Name Harti Honkasalo Telephons  +358-71-8008000

Title Director, Patenting, Legal & [P

This collecton of information is required by 37 CFR 1.31, 1.32 and 1.32. The information Is requirad 1o obtain or retain a benefit by the public which is to file {and
by the USPTO to process) an apoticetion. Canfidentiality is govermnad by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collection |s estimated to take 3 minutes
to complete, including gathering, preparing, and submitting tha completed appllcation form to the USPTO, Time will vary depsending upon the individual case. Any
cammants on the amount of timse you require to complete this form and/or suggestions for reducing this burden, should ba sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Deparment of Commerce, 2.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissionar for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, caif 1-800-PTC-9193 and select option 2.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/96 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)
Applicant/Patent Owner: NOKIA CORPORATION

Application No./Patent No.; 12/101,019 Filed/Issue Date: April 10, 2008
Titled:

SPATIALLY ENHANCED TRANSFORM CODING

NOKIA CORPORATION _a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or
3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either:

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 021174 , Frame 0553 , or for which a
copy therefore is attached.

OR

B. |:| A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame , or for which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , orfor which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , orfor which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).
As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Sanjeev K. Dhand/ January 18, 2011
Signature Date
Sanjeev K. Dhand Attorney
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)}2); (2) furnishing of the information solicited is voluntary;

and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
12/101,019 04/10/2008 Jani Lainema 037145-7826
CONFIRMATION NO. 7368
30542 POWER OF ATTORNEY NOTICE
FOLEY & LARDNER LLP

P.O. BOX 80278

IR L T
SAN DIEGO, CA 92138-0278 00000004565286 7

Date Mailed: 01/27/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/19/2011.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/atesfai/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450
Alexandria, Virginia 22313-1450
WWW.uspto.gov
| APPLICATION NUMBER I FILING OR 371(C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO./TITLE |
12/101,019 04/10/2008 Jani Lainema 037145-7826
CONFIRMATION NO. 7368
98359 POA ACCEPTANCE LETTER
AlbertDhand LLP

11622 El Camino Real, Suite 100

IO 0 T AR
San Diego, CA 92130 000000045652909

Date Mailed: 01/27/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 01/19/2011.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/atesfai/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Submiited herewith on Form PTOSBAIR is o listing of documents known o

Applicants in order to comaply with Applicans’ duty of disclosare pursvant 1o 37 UFR §1.56.

A copy of each non-ULS, patent document and cach non-patent docwrnent is being

submitted to comply with the provisions of 37 CFR §1.97 and §1.98.
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present application or that such document is considered material to patentability as defined in
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12/101,019 LAINEMA, JANI
Office Action Summary Examiner Art Unit

ANH DO 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on _____
2a)[ ] This action is FINAL. 2b)[X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

X Claim(s) 1-39 is/are pending in the application.

4a) Of the above claim(s) ______is/are withdrawn from consideration.
5)[] Claim(s) _____is/are allowed.
8)X] Claim(s) 1-39 is/are rejected.
7)[ Claim(s) ____is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[X] The drawing(s) filed on 10 April 2008 is/are: a)[X] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
1)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)JAIl  b)[]Some * ¢)] None of:
1. Certified copies of the priority documents have been received.
2] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)
2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __
3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) ] Notice of Informal Patent Application
Paper No(s)/Mail Date 10/17/08. 7/29/10. 3/10/11. 6) D Other: _____
U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20110509
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Application/Control Number: 12/101,019 Page 2
Art Unit: 2624

DETAILED ACTION
Claim Rejections - 35 USC § 101

1. 35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter, or any new and useful improvement thereof, may obtain a patent
therefor, subject to the conditions and requirements of this title.

2. Claims 1-12, 22-29, and 39 are rejected under 35 U.S.C. 101 as not falling
within one of the four statutory categories of invention. Supreme Court
precedent’ and recent Federal Circuit decisions? indicate that a statutory
“process” under 35 U.S.C. 101 must (1) be tied to another statutory category
(such as a particular apparatus), or (2) transform underlying subject matter (such
as an article or material) to a different state or thing. While the instant claim(s)
recite a series of steps or acts to be performed, the claim(s) neither transform
underlying subject matter nor positively tie to another statutory category that
accomplishes the claimed method steps, and therefore do not qualify as a

statutory process. For example, the steps of “calculating”, “performing
transform”, “performing spatial”, and “joining” in claim 1 are not tied to any
particular machine/apparatus, therefore do not qualify as a statutory process.
Similarly, claims 22 and 39 do not qualify as statutory processes.

3. Claims 13-21 and 30-38 are rejected under 35 U.S.C. 101 because the

claimed invention is directed to non-statutory subject matter as follows. Claims

13-21 and 30-38 define a computer based structural organization embodying

' Diamond v. Diehr, 450 U.S. 175, 184 (1981); Parker v. Flook, 437 U.S. 584, 588 n.9 (1978); Gottschalk
v. Benson, 409 U.S. 63, 70 (1972); Cochrane v. Deener, 94 U.S. 780, 787-88 (1876).

2 In re Bilski, 88 USPQ2d 1385 (Fed. Cir. 2008).
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Application/Control Number: 12/101,019 Page 3
Art Unit: 2624

functional descriptive material. However, the claims do not define a computer
readable medium or memory and is thus non-statutory for that reason (i.e., “when
functional descriptive material is recorded on some computer-readable medium it
becomes structurally and functionally interrelated to the medium and will be
statutory in most cases since use of technology permits the function of the
descriptive material to be realized” — Guidelines Annex V). That is, the scope of
the presently claimed a computer based structural organization can range from
paper on which the program is written, to a program simply contemplated and
memorized by a person. The Examiner suggests amending the claims to embody
the program on “computer-readable medium” or equivalent in order to make the
claim statutory. Any amendment to the claim should be commensurate with its

corresponding disclosure.

Claim Rejections -35USC § 112

2. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

3. Claim 30 is rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter
which applicant regards as the invention.

4. Claim 30 recites the limitation "processes” in 2. There is insufficient
antecedent basis for this limitation in the claim. Claim 19 recites an apparatus,

not a process.
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Application/Control Number: 12/101,019 Page 4
Art Unit: 2624

Contact Information

Any inquiry concerning this communication or earlier communications from
the examiner should be directed to ANH H. DO whose telephone number is 571-
272-7433. The examiner can normally be reached on 5/4-9.

If attempts to reach the examiner by telephone are unsuccessful, the
examiner’s supervisor, JASON M. REPKO can be reached on 571-272-8624.
The fax phone number for the organization where this application or proceeding
is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from
the Patent Application Information Retrieval (PAIR) system. Status information
for published applications may be obtained from either Private PAIR or Public
PAIR. Status information for unpublished applications is available through
Private PAIR only. For more information about the PAIR system, see http://pair-
direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-

free).
May 09, 2011

/ANH H DO/
Primary Examiner, Art Unit 2624
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ABSTRACT:

PROBLEM TO BE SOLVED: To achieve modeling processing to
enhance prediction
accuracy by utilizing features of a data source.

SOLUTION: The data processing apparatus of this
invention is provided with a
first prediction processing circuit where a data symbol of
a data source having
first component data and second component data relating to
the first component
data is expressed as a modeled data symbol, a data symbol
of the first
component 1s predicted from preceding first and second
component data symbols
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to generate the modeled data symbol to express the first
component data symbol.

A difference between the preceding first componant data
symbol and the

preceding second component data symbol corresponding to the
preceding first

component. data symbol is calculated and the diffsrence is
subtracted from the

second component symbol corresponding to the first
component symbol to decide

the predicted first component symbol, the predicted wvalue
corresponding to the

first component symbol is subtracted from the firat
componant. symbol to

calculate a prediction srror of the firvst component symbol
and the modeled data

symbol is generated from the predicted error.
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10390549 {73372808 120030202594 § 150 103/14/2003 METHOD FOR CODING MOTIONIN A VIDEO - :NGUYEN HUY LAINEMA, JANI
: ‘ SEQUENCE
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G 10471620 47263125 200400132024 150 04/23/2003 METHOD AND DEVICE FOR INDICATING PHILIPPE,GIMS LAINEMA, JANI
: ; “ QUANTIZER PARAMETERS IN A VIDEO
j : 5 CODING SYSTEM
10423486 17342965 120040037461 150 0472572003 YADAPTIVE METHOD AND SYSTEM FOR {RAO.ANAND LAINEMA, JANI
: : 5 % MAPPING PARAMETER VALUES TO i
; . CODEWORD INDEXES
10440841 37200174 120030202596 1 150 305/19/2003 VIDEO CODING SYSTEM DIEP NHON LAINEMA, JANI
10616894 173494731200400623074 150 §07/09/2003 ;METHOD AND SYSTEM FOR SELECTING AN,SHAWN LAINEMA, JAN]
: ‘ " INTERPOLATION FILTER TYPE IN VIDEO
i : ; ; CODING | |
410762736 Not :;20040151245 1124301212004 Method for encoding and decoding video {WONG.ALLEN LAINEMA, JANI
{ Tssued information, a motion compensated video encoder
: jand a corresponding decoder
10770985 16554502:000401564374 150 102032004 METHOD FOR ENCODING AND DECODING ~{DIEP.NHON LAINEMA, JANI

VIDEQ INFORMATION, A MOTION
COMPENSATED VIDEO ENCODER AND A
CORRESPONDING DECODER

10778449 (149231 20040165664 {150 {02/13/2004 APPARATUS, AND ASSOCTATED METHOD, ANSHAWN LAINEMA, JANI
‘ 3 3 1 FOR FORMING A COMPRESSED MOTION
VECTOR FIELD UTILIZING PREDICTIVE

: ; ; MOTION CODING
10795083 7161983 200402581555 150 103/05/2004 ADAPTIVE MOTION VECTOR FIELD CODING AN SHAWN LAINEMA, JANI
o 10885256 § Not ;20040264574; 93 i07006/2004 METHOD AND APPARATUS FOR CZEKAJDAVID LAINEMA, JANI

TRANSFERRING VIDEO FRAME IN
TELECOMMUNICATION SYSTEM

1200600159193 161 307/13/2004 System and method for transferring video HOLDER ANNER LAINEMA, JANI

information

200700254415 161 307/28/2005 Method, module, device and system for rate control  {DIEP NHON LAINEMA, JANI
provision for video encoders capable of variable bit

: rate encoding

520060013317§ 161 §09/07/2005 Method for encoding and decoding video {DIEP.NHON LAINEMA, JANI

information, a motion compensated video encoder
1and a coresponding decoder
20080002770 41 106/30/2006 METHODS, APPARATUS, AND A COMPUTER SENFLBEHROOZ LAINEMA, JANI
‘ i PROGRAM PRODUCT FOR PROVIDING A
FAST INTER MODE DECISION FOR VIDEO

ENCODING IN RESOURCE CONSTRAINED

| . | DEVICES
11533647 1 Not 20080075169 § 30 309/27/2006 Method, Apparatus, and Computer Program Product \BECK.LERON LAINEMA, JANI
1 Issued for Providing Motion Estimation for Video :

; | Encoding
o 11609873 : Not 320070140342‘ 41 3121272006 APPARATUS, AND ASSOCIATED METHOD, AN, SHAWN LAINEMA, JANI
; { Issued FOR FORMING A COMPRESSED MOTION

} ; ‘ VECTOR FIELD UTILIZING PREDICTIVE

MOTION CODING
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& 10728952 1 Not §2[)080240242‘ 30 103/2772007 Method and system for motion vector precictions  {VU.KIM LAINEMA, JANI
{ Issued
| L\ ;20090097545g 30 {10/1472007 Fixed-Point Implementation of an Adaptive Image  PHAM,CHI L AINEMA, JANI
| Tssued ; Filter with High Coding Efficiency
1872650 1 Not  {20080089412% 30 {10/15/2007 {SYSTEM AND METHOD FOR USING iPHAM,CHI LAINEMA, JANI
Issued | PARALLELLY DECODABLE SLICES FOR
| MULTLVIEW VIDEO CODING
LISBI367 § Not 20070291849 ¢ 41  107/26/2007 Method and device for indicating quantizer PHILIPPE,GIMS LAINEMA, JANI
| Issued ; parameters in a video coding system
LIS04315  Not (20080075165 % 30 :09/25/2007 iAdaptive interpolation filters for video coding PHAM,CHI LAINEMA, JANI
| Issued |
1209731 1 Not 20080253459 30 {04/08/2008 HIGH ACCURACY MOTION VECTORSFOR ~ {PHAM.CHI LAINEMA, JANI
| Tssued | VIDEO CODING WITH LOW ENCODER AND
i : DECODER COMPLEXITY
12101619 | Not 200802602704 30 {04/10/2008 {SPATIALLY ENHANCED TRANSFORM DO,ANH LAINEMA, JANI
{ Issued CODING
12138333 § Not 20090016626 ¢ 30 {06/12/2008 {JOINT CODING OF MULTIPLE TRANSFORM ~ ROWLAND.JHERE LAINEMA, JANI
{ Issued | ; BLOCKS WITH REDUCED NUMBER OF
: : COEFFICIENTS :
12194498\ Not 20090052535 30 {08/19/2008 SSYSTEM AND METHOD FOR PROVIDING PHAM,CHI LAINEMA, JANI
{ Issued | IMPROVED INTRA-PREDICTION IN VIDEO
; ‘ ‘ CODING
12250236 % Not  {20090097547:% 30 $10113/2008 3Fixed-Point Implementation of an Adaptive Image  \VU.KIM LAINEMA, JANI
| Issued Filter with High Coding Efficiency
g § Not 5200903040843 30 303/1922009 COMBINED MOTION VECTOR AND {KELLEY CHRISTOPHER LAINEMA, JANI
| Issued ; REFERENCE INDEX PREDICTION FOR VIDEQ
: CODING
12630731 1 Not 20100246692 30 $12/03/2009 FLEXIBLE INTERPOLATION FILTER {KELLEY CHRISTOPHER LAINEMA, JANI
 Issved | ‘ : STRUCTURES FOR VIDEO CODING
12630763 ¢ Not (201001502264 30 §12/03/2009 ;SWITCHING BETWEEN DCT COEFFICIENT  -KELLEY,CHRISTOPHER LAINEMA, JANI
| Tssued | CODING MODES
12681779 ¢ Not ;20100296587§ 30 §08/05/2010 {VIDEO CODING WITH PIXEL-ALIGNED {KELLEY CHRISTOPHER LAINEMA, JANI
{ Issued : DIRECTIONAL ADAPTIVE INTERPOLATION
: FILTERS
1708885 | Not 19 {01/072011 {Apparatus, A Method and a Computer Program for LAINEMA, JANI
:  Issued | Video Coding
12986896 4 Not § 0 20 010072011 Apparatus, a method and a computer program for [ AINEMA, JANI
{ Issued video processing
13038972 ¢ MNot {19 {01/01/0001 VIDEO CODING USING SPATIALLY VARYING §, LAINEMA, JANI
{ Issved | TRANSFORM :
60348811 { Not | 1159 {01/1402002 Coding dynamic filters LAINEMA, JANI
: | Issted |
i 60374667 1 Not 159 10472372002 Method for indicating quantizer parameters ina L AINEMA, JANI
| Issued | ‘ ‘ video coding system
L6067 | Not 1159 30412612002 {Adaptive method and system for mapping parameter %, LAINEMA, JANI
| Tssued 3 alues to codeword ind

http:/expoweb!:8002/cgi-binfexpo/InvInfofinvquery.pl2PAM_NAM=LAINEMA&GIV_NAM=JANI&action=FAM NAM&action=GIV_NAM (3 of 4)5/9/2011 9:09:10 AM

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000191




Inventor Name Search Result

LAINEMA

6039511 4 Not 159 307009/2002 Selection of interpolation filier type based on image AINEMA, JANI
| Issued | block type
i Not {159 10972612006 $Adaptive interpolation filiers for video coding b LAINEMA, JANI
i | Issued | |
60852009 { Not 1159 11071612006 $System and method for using parallelly decodable LAINEMA, JANI
Issued | slices for multi-view video coding 3
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: Application#iPatent#sPub#§Status Date Filed ;Title {Inventor Name
Noi | 1 L0907 CODING INTERPOLATION FILTER LAINEMA, TANT
+ Issued COEFFICIENTS
HU910782 & Not 159 10410972007 \LOW COMPLEXITY, HIGH QUALITY LAINEMA, JANI
lsued FRACTIONAL INTERPOLATION FILTER :
| Not {159 040092007 \HIGH ACCURACY MOTION VECTORS FOR \LAINEMA, JANI
Clsswed © iVIDEO CODING WITHLOW ENCODER AND :
; DECODER COMPLEXITY
§ Not & 1159 0471202007 \SPATIALLY ENHANCED TRANSFORM LLAINEMA, JANI
¢ Issued - ‘ CODING
609434060 & Not 159 106/12/2007:JOINT CODING OF MULTIPLE TRANSFORM LAINEMA, JANI
lssued | {BLOCKS WITH REDUCED NUMBER OF
\COBFFICIENTS | ]
>4 Not | {159 {08/232007 \SYSTEM AND METHOD FOR PROVIDING {LAINEMA, JANI
Issued IMPROVED INTRA-PREDICTION IN VIDEO
‘ ; CODING
Not 159 {10/05/2007:VIDEO CODING WITH PIXEL-ALIGNED LAINEMA, JANI
Tssued DIRECTIONAL ADAPTIVE INTERPOLATION
; FILTERS |
61019659 ¢ Not {159 {01/08/2008 {FIXED-POINT IMPLEMENTATION OF AN \LAINEMA, JANI
lssued | \ADAPTIVE IMAGE FILTER WITH HIGH !
CODING EFFICIENCY ;
01038008 & Not § {159 03/19/2008 {SYSTEM AND METHOD FOR PROVIDING LAINEMA, JANI
Issued IMPROVED MOTION VECTOR PREDICTION
01038373 & Not 1590312012008 \SYSTEM AND METHOD FOR ADVANCED LAINEMA, JANI
i Issued : INTRA PREDICTION :
366 Not (159 04082008 \COMBINED MOTION VECTOR AND L {LAINEMA, JANI
ssied § \REFERENCE INDEX PREDICTION FOR VIDEO ]
CODING
S Not & {159 312/03/2008 \SWITCHING BETWEEN DCT CORFFICIENT LAINEMA, JANI
Issued CODING MODES
i Not 1159 {12/03/2008 \FLEXIBLE INTERPOLATION FILTER LAINEMA, JANI
| lssued : \STRUCTURES FOR VIDEO CODING




Tnventor Name Search Result

0 % Not {159 0671012009 TRANSFORM CODING \ LAINEMA, JANI
Issued
; Not : 159 {12/3072009 \Tree-Structure Coding for Transmitting of Adaptive ! {LAINEMA, JANI
lsued | {Filter Banks :
P Not § 1159 01/08/2010 Apparatus, A Method and a Computer Program for LAINEMA, JANI
Issued Video Coding
Not - 159 101/08/2010.\Apparatus, A Method and A Computer Program for = LAINEMA, JAN]
i Issued ; ; Video Processing
Not 159 {02/08/2010 {Apparatus, a Method and a Computer Program for LAINEMA, JANI
. | Issued Video Coding 3 :
ALE8IE | Not {120 {07/28/2010 METHOD AND APPARATUS FOR PROVIDING  §, {LAINEMA, JANI
: lssued | COMPLEXITY BALANCED ENTROPY CODING | |
51430694 ‘ Not : 20 ‘01/07/2011 Motion Prediction in Video Coding , LAINEMA, JANI
Issued -
433787 ¢ Not 20 01/1872011 Motion Prediction in Video Coding ) LAINEMA, JANI
Issued : : f
143458 & Not {20 012002011 Method for Coding and Apparatus {LAINEMA, JAN]
1 Issued ‘
1450021 ¢ Not v 120 03/09/2011 Method, Apparatuses and Computer Programs for 4, LAINEMA, JANI
i lssved § ; Video Coding
1431365 + Not 19 031072011 \Apparatus, A Method and a Computer Program for LAINEMA, JANI
Issued Video Coding and Decoding

LAINEMA :
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That no item of information contained in the information disclosure statement was cited in a communication from a
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Instituto
: - Mexicano M ]
(. de (. Propiedad [## |
Industrial

72011, Afio del Turismo en México”
DIRECCICN DIVISIONAL DE PATENTES
SUBDIRECCION DIVISIONAL DE EXAMEN DE FONDO DE PATENTES AREAS MECANICA,
ELECTRICA Y DE REGISTROS DE DISENOS INDUSTRIALES Y MODELOS DE UTILIDAD
COORDINACION DEPARTAMENTAL DE EXAMEN DE FONDO AREA ELECTRICA
Expediente MX/a/2009/010921 de Patente PCT.
P10/33%

Requisito 1 Asunto:  Se comunica el resultado del examen de fondo.

México, D.F., a 23 de marzo de 2011

CATALINA LOZADA BROWN No. de Folio: 21897 T R
Apoderado de Basicitiiio™
NOKIA CORPORATION RECIBI ORIGINAL L ASOCTARIOG
Insurgentes Sur 1722, Despacho 701 Nombre: o ’] T e
Col. Florida Fecha: : o 05 APR 2011 li 8
01030, , Distrito Federal Firma: PN L '

AV I

. i e L i I

REF:  Su solicitud No. MX/a/2009/010921 de Patente PCT presentada el 09 de Abril dlg JOBSZIS FAL b

k
OLED IFE 28 SO

o

Como resultado del examen de fondo, realizado con fundamento en los articulos 53 de la Ley de la Propiedad
Industrial (LPI) y 42 del Reglamento de la Ley de la Propiedad Industrial {RLPI}, se le comunica lo siguiente:

El examen fue realizado en base a los siguientes documentos de la sclicitud:
Descripcidn; paginas 1 a la 25, como originalmente fueron presentadas.
Reivindicaciones: No.1 a la 39 como criginalmente fueron presentadas.

Figuras: No. 1 a la 9 como eoriginalmente fueron presentadas.

1. Durante el proceso de blUsqueda practicado a la solicitud de patente se encantrd el reporte preliminar
de patentabilidad internacional PCT/IB2008/051351, correspondiente ‘a Ia prioridad reclamada, No. de
publicacion WO 2008/126019 A2 de fecha 23 de octubre de 2008 practicado por la Oficina Europea
de Patentes (EPQ), donde se citan documentos de categoria Xy Y:

s SANTIAGO P ET AL: “USING CONVEX SET TECHNIQUES COMBINED PIXEL AND
FRECUENCY DOMAINCODING OF THE TIME-VARYING IMAGES” |EEE JOURNAL ON
SELECTED AREAS IN COMMUNICATIONS, IEEE SERVICE CENTER, PISCATAWAY, US,
vol. SAC-05, no. 7, 1 August 1987 (1987-08-01), pages 1127-1138, XP001053635 ISSN:
0733-8716.

s SEGALL C A ET AL: “Pre- and post-processing algorithms for compressed video
enhancement” SIGNALS, SYSTEMS AND COMPUTERS, 2000, CONFERENCE ON OCT, 29
- NOV 1, 2000, PISCATAWAY, N.d, USA, IEEE, vol. 2, 29 October 2000 {2000-10-29), pages
1369-1373, XP010535224 ISBN: 978-0-7803-6514-8.

En cumplimiento a lo dispuesto por los articulos 54, 55 y 179 de la LPI y 43 y 44 del RLPI, se debera
presentar la traduccién de los documentos citados que a su vez eslan sefialados en dicho reporte,
debido a que afecta la novedac y actividad inventiva de la presente solicitud de patente.

LI
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Instituto N |
Mexicano Ul

( dl ia Propiedad \@ y

Industrial
Las aclaraciones o modificaciones realizadas ya sea en la descripcion, en los dibujos y/o en las
reivindicaciones, no deberan contener materia adicional con mayor alcance que la materia presenfada
originalmente en la solicitud y/o elementos que den soporte a reivindicaciones adicionales, de tal manera que se
cumpla con lo establecido en el articulo 55 BIS LPL.

Asimismo debera efectuar el pago que establece la tarifa vigente y exhibir €l comprobante correspondiente.

Para que satisfaga estos requisitos, se le concede un plazo de dos meses contados a partir del dia siguiente a
la fecha en que se le notifique el presente oficio, apercibido que de no cumplir este requerimiento en el plazo
sefialado se considerara abandonada su soficitud de patente de conformidad con lo dispuesto por los arts. 55 y
58 de la Ley de |la Propiedad Industrial.

El presente oficio corresponde al primer reguerimiento de examen de fondo, el cual se emite, ademas de lo
fundamentado anteriormente, conforme al articulo 13 del Acuerdo por el que se establecen Reglas y Criterios
para la resolucion de diversos tramites ante el Instituto Mexicano de la Propiedad industrial, publicado en el
Diario Oficial de la Federacion el dia 9 de agosto de 2004.

El suscrito firma el presente oficio con fundamento en los articulos 6° fracciones Il y Xl y 7° bis 2 de la Ley de la
Propiedad Industrial (Diaric Oficial de la Federacion (D.O.F.) 27/06/1991, reformada el 02/08/1994, 26/12/1997,
17/05/1999, 26/01/2004, 16/06/2005 y 25/01/2006); articulos 1°, 3° fraccion V inciso a} sub inciso iii), 4° y 12°
fracciones |, Il, [ll, IV y VI del Reglamento del Institufo Mexicano de la Propiedad Industrial (D.O.F. 14/12/1999,
reformado el 01/07/2002, 15/07/2004, 28/07/2004 y 7/09/2007); articulos 1°, 3°, 5° fraccion V inciso a) sub inciso
i), 16 fracciones (, I, lll, IV y VI y 30 del Estatuto Organico del Instituto Mexicano de la Propiedad Industrial
{D.O.F. 27/12/1999, reformado el 10/10//2002, 29/07/2004, 04/08/2004 y 13/09/2007), 1°, 3° y 5 incisos ) e i)
y penultimo parrafo del Acuerdo que delega facultades en los Directores Generales Adjuntos, Coordinador,
Directores Divisionales, Titulares de las Oficinas Regionales, Subdirectores Divisionales, Coordinadores
Departamentales y otros subalterncs del Institutc Mexicano de la Propiedad Industrial. (D.O.F. 15/12/1999,
reformado el 04/02/2000, 29/p7/2004, 04/08/2004 y 13/09/2007).

ATENTAMENTE
EL. COORDINADOR DEPARTAMENTAL

——-—-#FE;._?

ING. HECTOR JAVIER SAN\:.HEZ VARGAS
ABQ/DDP.6.2011.2

P
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1.- During the prior art search conducted for the present application, it has been found the
International Preliminary Report on Patentability [copy enclosed] for the PCT application
PCT/IB2008/051351, that corresponds fo the claimed priority, publication Number WO
2008/126019 A2 dated October 23, 2008 and carried out by the Furopean Patent
Office (EPO), in the IPRP, there are dted documents classified as "X” and "Y*, namely:

D1 [X] SANTAGO P ET AL: "USING CONVEX SET TECHNIQUES FOR COMBINED
PIXEL AND FREQUENCY DOMAIN CODING OF TIME-VARYING IMAGES® IEEE
JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, IFEE SERVICE CENTER,

PISCATAWAY, Us, vol. SAC-05, no. 7, 1 August 1987 (1987-08-01), pages 1127-
1139, XPOO1053635 ISSN: 0733-8716.

D2 [A] SEGALL C A ET AL: "Pre- and post-processing aigorithms for compressed
video enhancement” SIGNALS, SYSTEMS AND COMPUTERS, 2000. CONFERENCE
RECORD OF THE THIRTY- FOURTH ASILOMAR CONFERENCE ON OCT. 29 - NOV.
1, 2000, PISCATAWAY, NJ, USAIEFE, vol. 2, 29 October 2000 (2000-10-29),
pages 1369-1373, XP010535224 ISBN: 978-0-7803-6514-8.

Therefore, according to articles 54, 55 and 179 of the Mexican Patent Law and Articles 43
and 44 of its Regulations, applicant should file a Spanish _transiation of said documents
cited in IPRP, since they affect the novelly and the inventive step of the present patent

 application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Lainema

Title: SPATIALLY ENHANCED
TRANSFORM CODING

Appl. No.: 12/101,019

Filing Date: ~ 04/10/2008
Examiner: Do, Anh Hong
Art Unit: 2624

Confirmation 7368
Number:

AMENDMENT AND REPLY UNDER 37 C.FR. §1.111

Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:
This communication is responsive to the non-final Office Action dated May 12, 2011,

concerning the above-referenced patent application.

Amendments to the Claims are reflected in the listing of claims which begins on

page 2 of this document.

Remarks/Arguments begin on page 9 of this document.

Please amend the application as follows:

_1-
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

1. (Currently Amended) A method efencodinga-prediction-errorsighalfora
bleek-ofdata, comprising:

calculating, by a processor, a difference signal representing differences

between sample values of a predicted block of data and values for an original input block;

performing, by a processor, transform coding to the difference signal, thereby

creating a first representation of a first component of the difference signal;

performing, by a processor, spatial coding to the difference signal, thereby

creating a second representation of a first component of the difference signal; [[and]]

joining, by a processor, the first and second representations to form a coded

prediction error signal: and

at least one of transmitting or storing the coded prediction error signal.

2. (Original) The method of claim 1, further comprising, before performing
transform coding and spatial coding, substituting outlier values in the difference signal with

non-outlier values to create a modified prediction error signal.

3. (Original) The method of claim 2, wherein transform coding is applied to the

modified prediction error signal and spatial coding is applied to a residual thereof.

4. (Original) The method of claim 2, wherein spatial coding is applied to the

modified prediction error signal and transform coding is applied to a residual thereof.

5. (Original) The method of claim 1, wherein, for transform coding, at least one

transform coefficient is set to zero.

2
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6. (Original) The method of claim 1, wherein, for spatial coding, at least one

spatial sample is set to zero.

7. (Original) The method of claim 2, wherein the non-outlier values used to

replace the outlier values comprise an average of neighboring prediction error values.

8. (Original) The method of claim 1, further comprising providing an indication

that no transform coefficients exist in the block of data if appropriate.

9. (Original) The method of claim 1, further comprising providing an indication

that no spatial samples exist in the block of data if appropriate.

10. (Original) The method of claim 1, wherein for the transform coding, a
transform coefficient is formed, the transform coefficient comprising a weighting coefficient

of a discrete transform basis vector.

11. (Original) The method of claim 10, wherein the discrete transform comprises a

discrete orthogonal transform.

12. (Currently Amended) A computer program product, embodied in a non-

transitory computer-readable medium, comprising computer code configured to perform the

wnplemented-theproeesses method of claim 1.

13. (Original) An apparatus, comprising:
a processor; and
a memory unit communicatively connected to a controller and comprising:
computer code for performing transform coding to the difference

signal, thereby creating a first representation of a first component of the difference signal;

3-
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computer code for performing spatial coding to the difference signal,
thereby creating a second representation of a first component of the difference signal; and

computer code for joining the first and second representations.

14. (Original) The apparatus of claim 13, wherein the memory unit further
comprises computer code for, before performing transform coding and spatial coding,
substituting outlier values in the difference signal with non-outlier values to create a modified

prediction error signal.

15. (Original) The apparatus of claim 14, wherein transform coding is applied to

the modified prediction error signal and spatial coding is applied to a residual thereof.

16. (Original) The apparatus of claim 14, wherein spatial coding is applied to the

modified prediction error signal and transform coding is applied to a residual thereof.

17. (Original) The apparatus of claim 13, wherein, for transform coding, at least

one transform coefficient is set to zero.

18. (Original) The apparatus of claim 13, wherein, for spatial coding, at least one

spatial sample is set to zero.

19.  (Original) The apparatus of claim 13, wherein the non-outlier values used to

replace the outlier values comprise an average of neighboring prediction error values.

20. (Original) The apparatus of claim 13, further comprising providing an

indication that no transform coefficients exist in the block of data if appropriate.

21. (Original) The apparatus of claim 13, further comprising providing an

indication that no spatial samples exist in the block of data if appropriate.

4
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22.  (Currently Amended) A method ef-decodinga-prediction-errorsignalfora
bleck-ofdata, comprising:
receiving a coded prediction error signal, the coded prediction error signal
including a plurality of transform coefficients and a plurality of spatial samples;

decoding, by a processor, the plurality of transformed coefficients into

decoded transform information;

decoding, by a processor, the plurality of spatial samples into decoded spatial

information; and

adding, by a processor, the decoded transform information, the decoded spatial
information, and a reconstructed prediction of the block of data, thereby forming a decoded

representation of the block of data.

23. (Original) The method of claim 22, wherein an indication is provided that no

transform coefficients exist in the block of data if appropriate.

24, (Original) The method of claim 22, wherein an indication is provided that that

no spatial samples exist in the block of data if appropriate.

25. (Original) The method of claim 22, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and wherein the

dequantization of transformed coefficients and spatial samples are related to each other.

26. (Original) The method of claim 22, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and wherein the

dequantization of transformed coefficients and spatial samples are different from each other.

27. (Original) The method of claim 22, wherein the decoding of the spatial

samples is dependent upon the decoding of the transformed coefficients.

-5
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28. (Original) The method of claim 22, wherein the decoding of the transformed

coefficients is dependent upon the decoding of the spatial samples.

29. (Original) The method of claim 22, wherein at least some of the plurality of

spatial samples are decoded as a single unit.

30. (Currently Amended) A computer program product, embodied in a non-
transitory computer-readable medium, comprising computer code configured to perform the

proeesses method of elaim19 claim 22.

31. (Original) An apparatus, comprising:
a processor; and
a memory unit communicatively connected to the processor and including:
computer code for processing a received coded prediction error signal,
the coded prediction error signal including a plurality of transformed coefficients and a
plurality of spatial samples;
computer code for decoding the plurality of transformed coefficients
into decoded transform information;
computer code for decoding the plurality of spatial samples into
decoded spatial information; and
computer code for adding the decoded transform information, the
decoded spatial information, and a reconstructed prediction of the block of data, thereby

forming a decoded representation of the block of data.

32. (Original) The apparatus of claim 31, wherein an indication is provided that no

transform coefficients exist in the block of data if appropriate.

33. (Original) The apparatus of claim 31, wherein an indication is provided that

that no spatial samples exist in the block of data if appropriate.

-6-
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34, (Original) The apparatus of claim 31, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and wherein the

dequantization of transformed coefficients and spatial samples are related to each other.

35. (Original) The apparatus of claim 31, wherein the decoding of the plurality of
transformed coefficients and spatial samples includes dequantization of each, and wherein the

dequantization of transformed coefficients and spatial samples are different from each other.

36. (Original) The apparatus of claim 31, wherein the decoding of the spatial

samples is dependent upon the decoding of the transformed coefficients.

37. (Original) The apparatus of claim 31, wherein the decoding of the transformed

coefficients is dependent upon the decoding of the spatial samples.

38. (Original) The apparatus of claim 31, wherein at least some of the plurality of

spatial samples are decoded as a single unit.

39. (Currently Amended) A method efencodingaprediction-errorsignalfora
bloek-efdata, comprising:

calculating, by a processor, a difference signal representing differences

between sample values of a predicted block of data and values for an original input block;

substituting, by a processor, outlier values in the difference signal with non-

outlier values to create a modified prediction error signal;

performing, by a processor, one of transform coding and spatial coding to the

modified prediction error signal, creating one of a transform coded data and spatial coded
data

performing, by a processor, an inverse of the one of transform coding and

spatial coding;

-7-
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applying, by a processor, the other of transform coding and spatial coding to a

residual from the inverse transform or spatial decoding, creating the other of transform coded
data and spatial coded data; [[and]]

joining, by a processor, the transform coded data and the spatial coded data to

form a coded prediction error signal: and

at least one of transmitting or storing the coded prediction error signal.

8-
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REMARKS

Applicant respectfully requests reconsideration of the present application in view of

the foregoing amendments and in view of the reasons that follow.

Claims 1, 12, 22, 30 and 39 are currently being amended.

This amendment adds, changes and/or deletes claims in this application. A detailed
listing of all claims that are, or were, in the application, irrespective of whether the claim(s)
remain under examination in the application, is presented, with an appropriate defined status

identifier.

After amending the claims as set forth above, claims 1-39 remain pending in this

application.

Claim Rejections under 35 U.S.C. § 101
Claims 1-12, 22-29 and 39 were rejected under 35 U.S.C. § 101 as allegedly being

directed to statutory subject matter.

As to claim 1, Applicant has amended claim 1 to recite “at least one of transmitting or
storing the coded prediction error signal.” Support for this feature may be found in the
originally filed specification and drawings at, for example, paragraph [0003]. Further,
Applicant has amended claim 1 to clarify that the various steps are performed by a processor.
Therefore, claim 1, as well as dependent claims 2-12, are now directed to statutory subject

matter.

As to claim 22, Applicant respectfully notes that claim 22 already recites “receiving a
coded prediction error signal ....” Further, Applicant has amended claim 22 to clarify that
the various steps are performed by a processor. Therefore, claim 22, as well as dependent

claims 23-29, are directed to statutory subject matter.

As to claim 39, Applicant has amended claim 39 to recite “at least one of transmitting

or storing the coded prediction error signal.” Support for this feature may be found in the

9.
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originally filed specification and drawings at, for example, paragraph [0003]. Further,
Applicant has amended claim 39 to clarify that the various steps are performed by a

processor. Therefore, claim 39 is now directed to statutory subject matter.

Claims 13-21 and 30-38 were rejected under 35 U.S.C. § 101 as allegedly being
directed to statutory subject matter. Applicant respectfully traverses this rejection for at least

the following reasons.

The Examiner argues that the claims to no define a computer readable medium or
memory and suggests “amending the claims to embody the program on ‘computer-readable

medium.” ” Office Action dated May 12, 2011, page 3.

As to claims 13 and 31, Applicant respectfully notes that claims 13 and 31 each recite
“a memory unit ... including” computer code. Thus, these claims already recite a computer
readable medium (“memory unit”). Accordingly, claims 13 and 31, as well as dependent

claims 14-21 and 32-38, are directed to statutory subject matter.

As to claim 30, Applicant has amended the claim to recite that the computer program

product is “embodied on a non-transitory computer-readable medium.”

Accordingly, the rejections under 35 U.S.C. § 101 should be withdrawn.

Claim Rejection under 35 U.S.C. § 112

Claim 30 was rejected under 35 U.S.C. § 112, second paragraph, as allegedly being
indefinite. Applicant has amended claim 30 to correct the language objected to by the
Examiner. The claim is now in definite form, and the rejection under 35 U.S.C. § 112 should

be withdrawn.

Conclusion
Applicant believes that the present application is now in condition for allowance.
Favorable reconsideration of the application as amended is respectfully requested.
-10-
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The Examiner is invited to contact the undersigned by telephone if it is felt that a

telephone interview would advance the prosecution of the present application.

The Commissioner is hereby authorized to charge any additional fees which may be
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment,
to Deposit Account No. 50-5302. Should no proper payment be enclosed herewith, as by the
credit card payment instructions in EFS-Web being incorrect or absent, resulting in a rejected
or incorrect credit card transaction, the Commissioner is authorized to charge the unpaid
amount to Deposit Account No. 50-5302. If any extensions of time are needed for timely
acceptance of papers submitted herewith, Applicant hereby petitions for such extension under
37 C.F.R. §1.136 and authorizes payment of any such extensions fees to Deposit Account No.

50-5302.

Respectfully submitted,

Date August 11, 2011 By /Sanjeev K. Dhand/
ALBERTDHAND LLP Sanjeev K. Dhand
Customer Number: 12268 Attorney for Applicant
Telephone:  (858) 764-2453 Registration No. 51,182

Facsimile: (858) 430-4886

-11-

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000213



Electronic Acknowledgement Receipt

EFSID: 10721070
Application Number: 12101019
International Application Number:
Confirmation Number: 7368

Title of Invention:

SPATIALLY ENHANCED TRANSFORM CODING

First Named Inventor/Applicant Name:

Jani Lainema

Customer Number:

12268

Filer:

Sanjeev K. Dhand/Karen LePari

Filer Authorized By:

Sanjeev K. Dhand

Attorney Docket Number: 00002-5481
Receipt Date: 11-AUG-2011
Filing Date: 10-APR-2008
Time Stamp: 19:48:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
116673
1 Amendment_11AUG2011.pdf yes 11

06chcfd68d15abbd49cf487c3d322298a4b)
d6d68

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000214




Multipart Description/PDF files in .zip description
Document Description Start End

Amendment/Req. Reconsideration-After Non-Final Reject 1 1

Claims 2 8

Applicant Arguments/Remarks Made in an Amendment 9 11

Warnings:
Information:
Total Files Size (in bytes); 116673

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000215




Doc code: IDS
Doc description: Information Disclosure Statement (ID3) Filed

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

PTO/SB/08a (01-10)
Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

Application Number 12101019
Filing Date 2008-04-10
First Named Inventor | Lainema, Jani

Art Unit 2624
Examiner Name Do, Anh Hong
Attorney Dacket Number 00002-5481

U.S.PATENTS Remove
. . . . Pages,Columns,Lines where
E)l(gm*lner Cite Patent Number Kind Issue Date Nar.ne of Patentee or Applicant Relevant Passages or Relevant
Initial No Ccde! of cited Document )
Figures Appear
1
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Fublication Kind | Publication Name of Patentee or Applicant Pages,Columns Lines where
e Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document

Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code2? j Code4| Date Dpp Passages or Relevant
ocument .
Figures Appear
1 []
If you wish to add additional Foreign Patent Document citation informaticn please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
, . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S : . '
e (book, magazine, journal, serial, symposium, catalog, etc}, date, pages(s), volume-issue humber(s), TS
Initials No : ; )
publisher, city and/or country where published.

EFS Web 2.1.17

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000216



Application Number 12101019

Filing Date 2008-04-10

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Lainema, Jani

Art Unit 2624

Examiner Name Do, Anh Hong

Attorney Dacket Number 00002-5481

1 Office Action for Chinese Patent Application No. 200880017526.3., dated May 18, 2011. |:|

2 English translation of Office Action for Chinese Patent Application No. 200880017526.3., dated May 18, 2011. |:|

If you wish to add additional non-patent literature document citation information please click the Add button  Add
EXAMINER SIGNATURE

Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 60%. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here i
English language translation is attached.

EFS Web 2.1.17 Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000217



Application Number 12101019

Filing Date 2008-04-10

INFORMATION DISCLOSURE

First Named Inventor | Lainema, Jani

STATEMENT BY APPLICANT

L. Art Unit 2624
( Not for submission under 37 CFR 1.99)

Examiner Name Do, Anh Hong

Attorney Dacket Number 00002-5481

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of informaticn contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
[] The fee setforthin 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Sanjeev K. Dhand/ Date (YYYY-MM-DD) 2011-08-12

Name/Print Sanjeev K. Dhand Registration Number 51,182

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collecticn is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.17 Amazon.com, Inc., Amazon.com Services LLC - Ex. 1002, Page 000218




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act
(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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The Patent Office of the People’s Republic of China

Address: No. 6 XITUCHENG ROAD, JIMEN BRIDGE, HAIDIAN DISTRICT, BEING Post Code: 100088
Applicant: NOKIA CORPORATION ISSUING DATE:

Agent:  Xun FENG Date:18 Month:05 Year:2011
Application No.: 200880017526.3

Title: SPATIALLY ENHANCED TRANSFORM CODING

THE FIRST OFFICE ACTION
(PCT Application Entering the Chinese National Phase)

1. [ According to Article 35 Paragraph 1 of the Patent Law, the examiner conducted a substantive examination to the

above-mentioned patent application upon the applicant’s request.

[ According to Article 35 paragraph 2 of the Patent Law, Chinese Patent Office decided on its own initiative to conduct a

substantive examination to the above-mentioned patent application.

2. [X The applicant requested to take
April 12, 2007 _on which an application is filed with the_ US patent office as the priority date,

on which an application is filed with the patent office as the priority date.

on which an application is filed with the patent office as the priority date.

3. [ The amended document(s) submitted on Year Month Day. isfare not in conformity with Rule 51 of the Implementing

Regulations.
4, [ The examination has been conducted based on the Chinese translation of the international application text as originally filed.

[ The examination has been conducted based on the following text(s):
Claims 1-58 filed under Rule 28/41 of PCT;
Paragraphs 1-46, accompanying drawings, abstract, and abridged figure filed on November 25, 2009.

5. X The following reference document(s) is/are cited (the reference numeral(s) thereof will be used in the examination

procedure thereafter)

No.

Reference No. or Title Publishing Date
(or filing date of conflicting application)

USING CONVEX SET TECHNIQUES FOR COMBINED
PIXEL AND FREQUENCY DOMAINCODING OF
TIME-VARYING IMAGES; August 1, 1987, <<IEEE
JOURNAL ON SELECTED AREAS IN
COMMUNICATIONS, IEEE SERVICE CENTER,
PISCATAWAY, US>>, VOL. 5, NO. 7, PAGES 1129-1132

August 1, 1987

2

3

6. Concluding comments

[ on the specification:
{1 The inventions belong to unpatentable subject matter as prescribed by Article 5 of the Patent Law.

[ The specification is not in conformity with the provision of Article 26, paragraph 3 of the Patent Law.
[ The writing of the specification is not in conformity with the provision of Article 33 of the Patent Law.

[0 The writing of the specification is not in conformity with the provision of Rule 17 of the Implementing Regulations.
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B on the claims:

[d Claim(s) do(es) not comply with the provision of Article 2 paragraph 2 of the Patent Law.

[ Claim(s) do(es) not comply with the provision of Article 9 paragraph 1 of the Patent Law.

Claim(s)__1.22. 40,51 do(es) not possess novelty as requested by Article 22 paragraph 2 of the Patent Law,

X Claim(s)_2-11, 23-26, 41-50, 52-55 _do(es) not possess inventiveness as requested by Article 22 paragraph 3 of the Patent
Law.

[ Claim(s) do(es) not possess practical applicability as requésted by Article 22 paragraph 4 of the Patent Law,

Claim(s) 12, 30 "__belong(s) to non-patentable subject matter as prescribed by Article 25 of the Patent law.

Claim{s)__13-14, 27-29, 31, 36-39, 56-58 do(es) not comply with the provision of Article 26 paragraph 4 of the Patent Law.

[ Claim(s) do(es) not comply with the provision of Article 31 paragraph 1 of the Patent Law,

1 Claim(s) do(es) not comply with the provision of Article 33 of the Patent Law.

[ Claim(s) do(es) not comply with provision of Rule 19 of the Implementing Regulations.

[ Claim(s) do(es) not comply with the provision of Rule 20 of the Implementing Regulations.

[ Claim(s) do(es) not comply with the provision of Rule 21 of the Implementing Regulations.

{1 Claim(s) do(es) not comply with the provision of Rule 22 of the Implementing Regulations.

71 Application do(es) not comply with the provision of Article 26 paragraph 5 of the Patent Law or Rule 26 of the Implementing
Regulations.
[0 Application dofes) not comply with the provision of Article 20 paragraph 1 of the Patent Law..
7] Divisional application do(es) not comply with the provision of Rule 43 paragraph 1 of the Implementing Regulations.
The detailed analysis for the above concluding comments is presented on the text of this Office Action.
7. Based on the above concluding comments, the examiner is of the opinion that
[ The applicant should amend the application document(s) in accordance with the requirement as specified in the Office Action.
[X) The applicant should, in his observation, expound the patentability of the application, and amend the defects pointed out in the
Office Action; or the application can hardly be approved.

[] The examiner deems that the application lacks substantive features to make it patentable. Therefore, the application will be

rejected if no convincing reasons are provided to prove its patentability.

O

8. The applicant should pay attention to the following matters:

(1} According to Article 37 of the Patent Law, the applicant is required to submit his observations within 4
months upon receipt of this Office Action. If the time limit for making response is not met without any justified reason, the
application will be deemed to have been withdrawn.

{2) The amendment(s) made by the applicant must meet the requiréments of Article 33 of the Patent Law. The amended text
should be in duplicate, its format should conform to the related confinement in the Guidelines for Patent Examination.

(3) The observation and/of the amended document(s) must be mailed or delivered to the Receiving Section of the Chinese Patent
Office. No legal effect shall apply for any document(s) that are not mailed to or reached the Receiving Section.

(4) The applicant and/or the agent should not go to the Chinese Patent Office to interview the examiner without being invited.

9. The text of this Office Action contains__4__page(s), and has the following attachment(s):
O copies of the cited references, all together. pages.

2
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Application No.2008800175263
Text of the First Office Action

(PCT application in Chinese national phase)

The present application relates to spatially enhanced transform coding.

Upon examination, comments are hereby presented as follows:

1. Claim 1 lacks novelty under Article 22.2 of the Chinese Patent Law.

Claim 1 recites a method of encoding a prediction error signal for a block of
data. D1 also discloses a method of encoding a prediction error signal and
specifically reveals the following technical features (see page 1129, right column,
line 53-page 1131, left column, line 25; page 1132, right column, lines 50-57 of
the description and Fig.5): the method comprises the following steps: calculating
a frame difference (corresponding to “calculating a difference signal representing
differences between sample values of a predicted block of data and values for
an original input block”); performing transform coding to the difference signal by
means of a transform module in Fig.5 to obtain a transform coded value
(corresponding to “a first representation of a first component of the difference
signal”); performing, through a mask coder in Fig.5, coding to the mask which is
a value indicating whether a pixel value changes in two adjacent frames
(corresponding to “performing spatial coding to the difference signal”) to obtain a
mask coded value (corresponding fo "a second representation of a first
component of the difference signal”); joining the transform coded value and the
mask coded value through a POCS module shown in Fig.5 (corresponding to
“joining the first and second representations”). The only difference between the
technical solution as claimed in Claim 1 and the contents disclosed in D1 resides
in the slight difference in literal expression, and the two technical solutions are
substantively the same, fall into the same technical field, solve the same
technical problem and produce the same technical effect. Therefore, the
technical solution recited in Claim 1 lacks novelty.

2. Claims 2-4 and 7 lack an inventive step under Article 22.3 of the Chinese
Patent Law.

It is commonly-used technical means for those skilled in the art to substitute
outlier values with non-outlier values to ensure the coding accuracy upon coding

the prediction error signal, the non-outlier values being an average of

1/6 EIF090563P
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Application No.2008800175263

neighboring prediction error values, and to respectively apply transform coding
or spatial coding to the modified prediction error signal or a residual thereof.
Therefore, it is obvious for those skilled in the art fo obtain the claimed technical
solutions of Claims 2-4 and 7 on the basis of D1 in conjunction with the common
knowledge in the art. Accordingly, the technical solutions recited in said claims
neither have any prominent substantive features nor represent any notable
progress and hence lack an inventive step.

3. Claims 5-6 and 8-9 lack an inventive step under Article 22.3 of the
Chinese Patent Law.

Upon performing transform coding and spatial coding, it is common for those
skilled in the art and common general knowledge in the art to set at least one
transform coefficient or at least one spatial sample to be zero in order to improve
the coding performance; upon performing coding to image blocks, it is common
technical means for those skilled in the art to provide an indication that no
transform coefficients or no spatial samples exist in the specific image areas.
Therefore, it is obvious for those skilled in the art to obtain the claimed technicai
solutions of Claims 5-6 and 8-8 on the basis of D1 in conjunction with the
common knowledge in the art. Accordingly, the technical solutions recited in
said claims neither have any prominent substantive features nor represent any
notable progress and hence lack an inventive step.

4. Claims 10-11 lack an inventive step under Article 22.3 of the Chinese
Patent Law.

D1 already discloses for the transform coding, a transform coefficient is
formed (see page 1130, right column, line 37-page 1131, left column, line 4 of the
description of D1). It is common knowledge for those skilled in the art that the
transform coefficient comprises a weighting coefficient of a discrete transform
basis vector, and the discrete transform comprises a discrete orthogonal
transform. Therefore, it is obvious for those skilled in the art to obtain the
claimed technical solutions of Claims 10-11 on the basis of D1 in conjunction
with the common knowledge in the art. Accordingly, the technical solutions
recited in said claims neither have any prominent substantive features nor
represent any notable progress and hence lack an inventive step.

5. Claims 12 and 30 recite a computer program product. However, a

computer program belongs to rules and methods for metal activities and falls

2/6 EIF090968P
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Application No.2008800175263

within the scope of rules and methods for mental activities as set forth in Article
25.1(2) of the Chinese Patent Law and does not belong to subject matter as
protected in the Chinese Patent Law. Hence, said claims cannot be granted a
patent right.

6. Claims 13-14 fail to meet the requirement of Article 26.4 of the Chinese
Patent Law.

Claims 13-14 recite an apparatus for encoding data, comprising a memory
unit defined by a computer code. The contents limited by the computer code
are neither structural features nor method features. Hence, the protection
scope of said claims is unclear, and said claims do not clearly indicate what
structure the recited apparatus for encoding data has. Hence, said claims fail
to meet the requirement of Article 26.4 of the Chinese Patent Law.

For the same reasons, Claim 31 also fails to meet the requirement of Article
26.4 of the Chinese Patent Law.

Applicant is reminded herein that if Applicant wants to protect the computer
program flow in the form of a product, he shall draft it in a manner as set out in
Patent Examination Guidelines, Part Il, Chapter 9, Section 5.2.

7. Claim 22 lacks novelty under Article 22.2 of the Chinese Patent Law.

Ciaim 22 recites a method of decoding a prediction error signal for a block of
data. D1 also discloses a method of encoding a prediction error signal and
specifically reveals the following technical features (see page 1129, right column,
line 53-page 1131, left column, line 25; page 1132, right column, lines 50-57 of
the description and Fig.5): the method comprises the following steps: calculating
a frame difference (corresponding to “calculating a difference signal representing
differences between sample values of a predicted block of data and values for
an original input block”); performing transform coding to the difference signal by
means of a transform module in Fig.5 to obtain a transform coded value
(corresponding o “a first representation of a first component of the difference
signal”); performing, through a mask coder in Fig.5, coding to the mask which is
a value indicating whether a pixel value changes in two adjacent frames
(corresponding to “performing spatial coding to the difference signal”) to obtain a
mask coded value (corresponding to “a second representation of a first
component of the difference signal); joining the transform coded value and the
mask coded value through a POCS module shown in Fig.5 (corresponding to

3/6 EIF090968P
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“joining the first and second representations”). In order to perform decoding
with respect to the coding method disclosed in D1, it is necessary to first receive
a coded prediction error signal, the coded prediction error signal including a
plurality of transform coefficients and a plurality of spatial samples, decode the
plurality of transformed coefficients and the plurality of spatial samples, and add
the decoded transform information, the decoded spatial information, and a
reconstructed prediction of the block of data, thereby forming a decoded
representation of the block of data, Therefore, the technical features of Claim
22 have already been implicitly disclosed in D1. The only difference between
the technical solution as claimed in Claim 22 and the contents disclosed in D1
resides in the slight difference in literal expression, and the two technical
solutions are substantively the same, fall into the same technical field, solve the
same technical problem and produce the same technical effect. Therefore, the
technical solution recited in Claim 22 lacks novelty.

8. Claims 23-26 lack an inventive step under Article 22.3 of the Chinese
Patent Law.

Upon performing decoding to image blocks, it is common technical means
for those skilled in the art to provide an indication that no transform coefficients
or no spatial samples exist in the specific image areas. Besides, dequantizing
a plurality of transformed coefficients and spatial samples is common processing
during decoding for those skilled in the arf. It is common knowledge in the art
that the dequantization of transformed coefficients and spatial samples are either
related to each other or different from each other. Therefore, it is obvious for
those skilled in the art to obtain the claimed technical solutions of Claims 23-26
on the basis of D1 in conjunction with the common knowledge in the art.
Accordingly, the technical solutions recited in said claims neither have any
prominent substantive features nor represent any notable progress and hence
lack an inventive step.

9. Claims 27-29 are not supported by the description and fail to comply with
Article 26.4 of the Chinese Patent Law.

The additional technical features of Claims 27-29 are not disclosed in the
description. The description does not disclose the mutual dependence
between the decoding of the spatial samples and the decoding of the

transformed coefficients, nor discloses at least some of the plurality of spatial
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samples are decoded as a single unit. Furthermore, those skilled in the art
cannot obtain or summarize to get the technical solution from the contents
sufficiently disclosed in the description. Hence, Claims 27-29 are not supported
by the description and fail to comply with Article 26.4 of the Chinese Patent Law.

For the same reason, Ciaims 36-38 and 56-58 are not supported by the
description and fail to comply with Article 26.4 of the Chinese Patent Law.

10. Claim 39 fails to meet the requirement of Article 26.4 of the Chinese
Patent Law.

Claim 39 recites infer alia “performing one of transform coding and spatial
coding to the modified prediction error signal, creating one of a transform coded
data and spatial coded data; performing an inverse of the one of transform
coding and spatial coding”. The foregoing recitation includes only performing
transform coding, then only performing an inverse of spatial coding. It is
obviously impossible to perform an inverse of spatial coding without performing
spatial coding. Therefore, the foregoing recitation is unclear in logic. Besides,
Claim 39 recites inter alia “applying the other of transform coding and spatial
coding to a residual from the inverse transform or spatial decoding, creating the
other of transform coded data and spatial coded data”. Those skilled in the art
are not clear about what is specifically referred to by “the other of transform
coding and spatial coding” and “the other of transform coded data and spatial
coded data”. The unclarity renders the protection scope of said claim unclear.
Applicant shall make amendments thereto and meanwhile note that any
amendment may not go beyond the scope of the original application documents.

11. Claim 40 lacks novelty under Article 22.2 of the Chinese Patent Law.

Claim 40 is an apparatus claim corresponding to the method Claim 1, and
the technical features of Claim 40 correspond to those of Claim 1. For the
reasons as stated in Claim 1, Claim 40 lacks novelty under Article 22.2 of the
Chinese Patent Law.

12. Claims 41-50 lack an inventive step under Article 22.3 of the Chinese
Patent Law.

The additional technical features of dependent Claims 41-50 further limiting
“an apparatus for encoding a prediction error signal for a block of data”
correspond to the additional technical features of dependent Claims 2-11 further

defining “a method of encoding a prediction error signal for a block of data”. For
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the reasons as in the comments on Claims 2-11, Claims 41-50 lack an inventive
step.

13. Claim 51 lacks novelty under Article 22.2 of the Chinese Patent Law.

Claim 51 is an apparatus claim corresponding to the method Claim 22, and
the technical features of Claim 51 correspond to those of Claim 22. For the
reasons as stated in Claim 22, Claim 51 lacks novelty under Article 22.2 of the
Chinese Patent Law.

14. Claims 52-55 lack an inventive step under Article 22.3 of the Chinese
Patent Law. \

The additional technical features of dependent Claims 52-55 further limiting
“an apparatus for decoding a prediction error signal for a block of data”
correspond to the additional technical features of dependent Claims 23-26
further defining “a method of decoding a prediction error signal for a block of
data”. For the reasons as in the comments on Claims 23-26, Claims 52-55 lack

an inventive step.

Applicant should make a response to all the problems specified in the Office
Action herein within the prescribed time period for response and amend the
application documents if necessary; otherwise, the present application is unlikely
to be approved. Any amendments to the application documents should comply
with Article 33 of the Chinese Patent Law and may not exceed the scope of
disclosure contained in the original description and claims.

The amended documents to be submitted by Applicant should inciude: a
copy of the parts of the original to which amendments are made and on which
pertinent addition, deletion and substitution are marked with red pen; a copy of
printed replacement sheets for substituting the corresponding parts of the
original. Applicant should ensure the foregoing two parts in conformity with

each other in content.
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law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 12/101,019 LAINEMA, JANI
Notice of Allowablllty Examiner Art Unit
ANH DO 2624

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to Amendment 8/11/2011.

2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on
requirement and election have been incorporated into this action.

______; therestriction

3. X The allowed claim(s) is/are 1-39.
4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a[d Al b)y[JSome* c)[]None ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

6. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date .

(b) [0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

7. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner’s comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [ Notice of References Cited (PTO-892)
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948)

3. X Information Disclosure Statements (PTO/SB/08),
Paper No./Mail Date See Continuation Sheet

4. [J Examiner's Comment Regarding Requirement for Deposit
of Biological Material

5. [ Notice of Informal Patent Application
6. [] Interview Summary (PTO-413),
Paper No./Mail Date .
7. [ Examiner's Amendment/Comment
8. [X] Examiner's Statement of Reasons for Allowance

9. [] Other )

/ANH H DO/
Primary Examiner, Art Unit 2624

U.S. Patent and Trademark Office
PTOL-37 (Rev. 03-11)

Notice of Allowability

Part of Paper No./Mail Date 20110912
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Application/Control Number: 12/101,019 Page 2
Art Unit: 2624

DETAILED ACTION

Response to Arguments
1. Applicant’s arguments, see Remarks (pages 9 and 10), filed 8/11/2011, with
respect to claims 1-39 have been fully considered and are persuasive. The rejection of
claims 1-39 has been withdrawn.

Allowable Subject Matter
2. Claims 1-39 are allowed.
3. The following is an examiner’s statement of reasons for allowance:

* The rejected claims have been amended to overcome the rejection under 35
U.S.C. 101 and 112, second paragraph;

* The present invention provides a new method and system for coding and
decoding digital video material, so as to allow for the utilization of selected transform
basis functions that give good overall representation of the image block with minimum
amount of transform coefficients (specification, page 4, paragraph [0011]).

Particularly, the new method and system comprise the following features, which
the prior art taken either singly or in combination does not teach:

- joining, by a processor, the first and second representations to form a coded
prediction error signal (see independent claims 1 and 13);

- adding, by a processor, the decoded transform information, ... of the block of
data (see independent claims 22 and 31);

- joining, by a processor, the transform coded data and the spatial coded data to

form a coded prediction error signal (see independent claim 39).
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Application/Control Number: 12/101,019 Page 3
Art Unit: 2624

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on
Statement of Reasons for Allowance.”

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ANH H. DO whose telephone number is 571-272-7433.
The examiner can normally be reached on 5/4-9.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, JASON M. REPKO can be reached on 571-272-8624. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free).
September 12, 2011

/ANH H DO/
Primary Examiner, Art Unit 2624
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If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/101,019 12/13/2011 8077991 00002-5481 7368
12268 7590 11/22/2011
AlbertDhand LLP
11622 El Camino Real
Suite 100

San Diego, CA 92130

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 915 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Jani Lainema, Tampere, FINLAND;
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Attorney's Docket No. 042933/412757 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inre: Jani Lainema Group Art Unit: 2624

Appl. No.:  12/101,019 Confirmation No. 7368

Filed: April 10, 2008 Examiner: Anh Hong Do
For: SPATIALLY ENHANCED TRANSFORM CODING

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

REVOCATION OF POWER OF ATTORNEY
AND NEW POWER OF ATTORNEY BY ASSIGNEE
AND CHANGE OF CORRESPONDENCE ADDRESS
NOKIA CORPORATION, the Assignee of record hereby revokes all powers of attorney
previously granted with respect to the above-identified patent application, and appoints the
practitioners associated with the Customer Number provided below to prosecute this application
and to transact all business in the Patent and Trademark Office connected therewith, and
directs that all correspondence be addressed to that Customer Number:
Customer Number 10949
with full power of substitution and revocation to transact all business in the Patent and
Trademark Office in connection therewith.
Please direct telephone calls to the attention of:

Guy R. Gosnell

Registration No. 34,610

Tel Charlotte Office (704) 444-1000

Fax Charlotte Office (704) 444-1111

NOKIA CORPORATION, the assignee of record, hereby elects under 37 C.F.R. § 3.71

to prosecute this patent application and certifies that it is the assignee of the entire right, title,
and interest in the patent application identified above by virtue of the § 3.73(b) information
cited below:

Assignment from the inventor(s) of the patent application identified above.
The assignment was recorded in the United States Patent and Trademark Office
at Reel 021174, Frame 0553.
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Revocation and New Power of Attorney
By Nokia Corporation 7
Page 2

K As required by 37 CFR 3.73(b){1)(i), the documentary evidence of the chain of title from
the original owner to the assignee was, or concurrently is being, submitted for recordation
pursuant to 37 CFR 3.11.

The undersigned (whose title is supplied below) is empowered to sign this certificate on behaif
of the Assignee.

Assignee of Record:

NOKIA CORPORATIONO
By: ‘J‘%w' 0=

Print Name: Xari Paranesn
Tite: Prrecfor ) Softwave Biten hag
Date: 23 . Mov Lol

CUSTOMER NoO. 10949

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Chariotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000
Fax Charlotte Office (704) 444-1111

LEGALU02/32986224v1
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Electronic Acknowledgement Receipt

EFS ID: 11525355
Application Number: 12101019
International Application Number:
Confirmation Number: 7368

Title of Invention:

SPATIALLY ENHANCED TRANSFORM CODING

First Named Inventor/Applicant Name:

Jani Lainema

Customer Number:

12268

Filer:

Robert Flynt Strean/LARIEKO WELCH

Filer Authorized By:

Robert Flynt Strean

Attorney Docket Number: 00002-5481
Receipt Date: 01-DEC-2011
Filing Date: 10-APR-2008
Time Stamp: 17:18:08

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

no

File Listing:

Document

Document Description
Number P

File Name

File Size(Bytes)/
Message Digest

Multi
Part /.zip

Pages
(if appl.)

1 Power of Attorney

412757_POA.pdf

90358

e755a5423a630f31484bd465601c2810d2
34c3

no

Warnings:

Information:
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Total Files Size (in bytes):| 90358

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| ATTY. DOCKET NO./TITLE |

APPLICATIONNUMBER | FILING OR 371(C) DATE [ FIRST NAMED APPLICANT
12/101,019 04/10/2008 Jani Lainema 042933/412757
CONFIRMATION NO. 7368

10949 POA ACCEPTANCE LETTER

Nokia Corporation and Alston & Bird LLP
c/o Alston & Bird LLP ORI O AT
000000051357433

Bank of America Plaza, 101 South Tryon Street

Suite 4000
Charlotte, NC 28280-4000

Date Mailed: 12/13/2011

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/01/2011.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/sibrahim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
12/101,019 04/10/2008 Jani Lainema 00002-5481
CONFIRMATION NO. 7368
12268 POWER OF ATTORNEY NOTICE
AlbertDhand LLP
11622 EI Camino Real IR O AR
Suite 100 000000051357426

San Diego, CA 92130
Date Mailed: 12/13/2011

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 12/01/2011.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/sibrahim/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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