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FIG. 1

o (57) Abstract: The present invention is a system and method for video coding. The video coding system may involve a structural
00 similarity-based divisive normalization approach, wherein the frame prediction residual of the current frame may be transformed to

form a set of coefficients and a divisive normalization mechanism may be utilized to normalize each coefficient. The normalization
factor may be designed to reflect or approximate the normalization factor in a structural similarity definition. The Lagrange paramet -
er for RDO for divisive normalization coefficients may be determined by both the quantization step and a prior distribution function
of the coefficients. The present invention may generally be utilized to improve the perceptual quality of decoded video without in

o creasing data rate, or to reduce the data rate of compressed video stream without sacrificing the perceived quality of decoded video.
The present invention has shown to significantly improve the coding efficiency of MPEG4/H.264 AVC and HEVC coding schemes.
The present invention may be utilized to create video codes compatible with prior art and state-of-the-art video coding standards

o such as MPEG4/H.264 AVC and HEVC. The present invention may also be utilized to create video codecs incompatible with exist
ing standards, so as to further improve the coding gain.



METHOD AND SYSTEM FOR STRUCTURAL SIMILARITY BASED
PERCEPTUAL VIDEO CODING

CROSS-REFERENCE TO RELATED APPLICATIONS

The present application claims the benefit of US Provisional Application No. 61/492,081 filed on

June 1, 201 1, and US Provisional Application No. 61/523,610 filed on August 15, 201 1, the

entirety of which are incorporated herein.

FIELD OF THE INVENTION

This invention relates in general to video coding and more particularly to video coding that uses

structural similarity-based approaches to improve the perceptual quality of decoded video

without increasing data rate, or to reduce the data rate of compressed video stream without

sacrificing perceived quality of the decoded video.

BACKGROUND OF THE INVENTION

Digital images are subject to a wide variety of distortions during acquisition, processing,

compression, storage, transmission and reproduction, any of which may result in a degradation of

visual quality. For applications in which images are ultimately to be viewed by human beings,

the most reliable method of quantifying visual image quality is through subjective evaluation. In

practice, however, subjective evaluation is usually too inconvenient, time-consuming and

expensive.

Objective image quality metrics may predict perceived image quality automatically. The simplest

and most widely used quality metric is the mean squared error (MSE), computed by averaging

the squared intensity differences of distorted and reference image pixels, along with the related

quantity of peak signal-to-noise ratio (PSNR). But they are found to be poorly matched to

perceived visual quality. In the past decades, a great deal of effort has gone into the development

of advanced quality assessment methods, among which the structural similarity (SSIM) index

achieves an excellent trade-off between complexity and quality prediction accuracy, and has

become the most broadly recognized perceptual image/video quality measure by both academic

researchers and industrial implementers.



In general, video coding often involves finding the best trade-off between data rate and the

allowed distortion D. Existing video coding techniques use the sum of absolute difference (SAD)

or sum of square difference (SSD) as the model for distortion D, which have been widely

criticized in the literature because of their poor correlation with perceptual image quality. There

have also been attempts to define D based on SSIM, and develop rate-SSIM optimization

methods for video coding.

Thus, what is needed is an improved solution which addresses the limitations as outlined above.

SUMMARY OF THE INVENTION

In one aspect, the present disclosure relates to a method for perceptual video coding utilizing a

structural similarity-based divisive normalization mechanism to improve video coding schemes,

for which examples include MPEG/H.264 AVC standard, and high efficiency video coding

(HEVC).

In another aspect, the present disclosure relates to a method for perceptual video coding utilizing

a divisive normalization approach, comprising at least the following steps: producing a

prediction residual by subtracting a current frame of video footage from a prediction from one or

more previously coded frames while coding the current frame; transforming the prediction

residual to form a set of coefficients; utilizing a divisive normalization mechanism to normalize

each coefficient; and performing a rate-distortion optimization, quantization and entropy coding

on the normalized coefficients.

In another aspect, the present disclosure relates to computing the divisive normalization factor

adaptively for each transform coefficient, so as to reflect or approximate the normalization factor

in a structural similarity index, by utilizing information in either pixel or transform domain or

both, and information from at least one of the following: the original current frame being

encoded; the decoded versions of previously encoded neighbouring frames; the predicted current

frame from previously coded frames; and the prediction residual.



In yet another aspect, the present disclosure relates to performing rate-distortion optimization

(RDO) in the divisive normalization transform domain, where the optimal Lagrange parameter is

determined by both quantization step and a prior distribution of the transform coefficients.

In yet another aspect, the present disclosure relates to a method for perceptual video coding

comprising the steps of: producing a prediction residual by subtracting a current frame of video

footage from a prediction from one or more previously coded frames while coding the current

frame; transforming the prediction residual to form a set of coefficients; utilizing a divisive

normalization mechanism to normalize each coefficient; and performing a rate-distortion

optimization, quantization and entropy coding on the normalized coefficients; and further

comprising the steps of: utilizing the divisive normalization mechanism to normalize each

coefficient by determining a divisive normalization factor; approximating the normalization

factor in a structural similarity index, by utilizing information in either pixel or transform domain

or both, and information from at least one of the following: the current frame being encoded; the

decoded versions of the one or more previously coded frames that are neighbouring frames to the

current frame; the predicted residual of the current frame from one or more previously coded

frames; and the prediction residual of the current frame; and still further comprising the step of

determining the divisive normalization factor based on estimating energy of AC coefficients in

the current frame by applying a scale factor to energy of corresponding coefficients in the one or

more previously coded frames or a prediction of the current frame.

In an embodiment, the method further comprises computing the structural similarity-based

divisive normalization factor for each MB/transform unit (TU) by dividing it to smaller blocks of

equal size in the whole frame and then average the divisive normalization factors for all small

blocks within the MB/TU.

In another embodiment, the method further comprises normalizing a local structural similarity-

based divisive normalization factor for each MB/TU based on the expected value of local

structural similarity-based divisive normalization factors of the whole frame being encoded.

In another embodiment, the method further comprises adjusting the divisive normalization

factors based on the local content of the video frame, where the content may be characterized by

a local complexity measure computed as local contrast, local energy or local signal activities.



In another embodiment, the method further comprises spatially adapting the structural similarity-

based divisive normalization factor computation for each TU, which may be blocks with variable

sizes across space.

In one embodiment, the present invention can be made compatible with the current and

upcoming video coding standards (for example, the state-of-the-art MPEG4/H.264 AVC

standard, and the upcoming high efficiency video coding or HEVC codec) to significantly

improve their coding efficiency. In another embodiment, when standard compatibility is not

required, the present invention can modify upon the current and upcoming video coding

standards (for example, the state-of-the-art MPEG4/H.264 AVC standard, and the upcoming

HEVC codec) to improve their coding efficiency to even higher levels.

In this respect, before explaining at least one embodiment of the invention in detail, it is to be

understood that the invention is not limited in its application to the details of construction and to

the arrangements of the components set forth in the following description or the examples

provided therein, or illustrated in the drawings. The invention is capable of other embodiments

and of being practiced and carried out in various ways. Also, it is to be understood that the

phraseology and terminology employed herein are for the purpose of description and should not

be regarded as limiting.

DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects of the invention will become apparent when

consideration is given to the following detailed description thereof. Such description makes

reference to the annexed drawings wherein:

FIG. 1 is a flow-chart showing the steps of a divisive normalization architecture in predictive

video encoding in accordance with an embodiment of the present invention.

FIG. 2 is a system diagram of one embodiment of the system of the present invention.

FIG. 3 is a flow-chart showing the steps of a divisive normalization architecture in predictive

video decoding in accordance with an embodiment of the present invention.



FIG. 4 is a graph illustrating the relationship between the energy compensation factor s (vertical

axis) as a function of quantization step Qs (horizontal axis) in accordance with an embodiment of

the present invention.

FIG. 5 is a graph illustrating a visual example of computed divisive normalization factors for

different macroblocks in a video frame.

FIG. 6 is a graph illustrating the optimal Lagrange parameter λ as a function of the Laplacian

distribution parameter Λ and the quantization Qstep in an embodiment of the present invention.

FIG. 7a is a graph illustrating the rate-SSIM (structural similarity) performance comparisons

between the present invention and a prior art MPEG4/H.264 AVC coding scheme for a standard

test video sequence Nevus@QCIF.

FIG. 7b is a graph illustrating the rate-SSIM performance comparisons between the present

invention and a prior art MPEG4/H.264 AVC coding scheme for a standard test video sequence

Bus@C\Y.

FIG. 7c is a graph illustrating the rate-SSIM performance comparisons between the present

invention and a prior art MPEG4/H.264 AVC coding scheme for a standard test video sequence

Paris@CW.

FIG. 7d is a graph illustrating the rate-SSIM performance comparisons between the present

invention and a prior art MPEG4/H.264 AVC coding scheme for a standard test video sequence

Parkrun@720p.

FIG. 8a is a graph illustrating a rate-SSIM performance comparison between an MPEG4/H.264

AVC coding scheme and the present invention for a standard test video sequence Akiyo@QClF.

FIG. 8b is a graph illustrating a rate- SSIM performance comparison between an MPEG4/H.264

AVC coding scheme and the present invention for a standard test video sequence Tempete@CW.

FIG. 8c is a graph illustrating a rate- SSIMWperformance comparison between an MPEG4/H.264

AVC coding scheme and the present invention for a standard test video sequence

Waterfall@Cl¥.



FIG. 8d is a graph illustrating a rate- SSI performance comparison between an MPEG4/H.264

AVC coding scheme and the present invention for a standard test video sequence Night(afl'20p.

FIG. 9 is a generic computer device that may provide a suitable operating environment for

practising various embodiments of the invention.

In the drawings, embodiments of the invention are illustrated by way of example. It is to be

expressly understood that the description and drawings are only for the purpose of illustration

and as an aid to understanding, and are not intended as a definition of the limits of the invention.

DETAILED DESCRIPTION

As noted above, the present disclosure relates to a system, method and computer program

product for video coding.

In one aspect, the present system and method utilizes a structural similarity (SSIM)-based

divisive normalization mechanism to improve video coding schemes, for which examples

include MPEG/H.264 AVC standard and high efficiency video coding (HEVC). In an SSIM-

based divisive normalization approach, the frame prediction residual of the current frame may be

transformed to form a set of coefficients and a divisive normalization mechanism may be utilized

to normalize each coefficient. The normalization factor may be designed to reflect or

approximate the normalization factor in SSIM definition. The Lagrange parameter for rate

distortion optimization (RDO) for divisive normalization coefficients may be determined by both

the quantization step and a prior distribution function of the coefficients. The present invention

may generally be utilized to improve the perceptual quality of decoded video without increasing

data rate, or to reduce the data rate of compressed video stream without sacrificing the perceived

quality of decoded video.

In one embodiment of the present invention, the video coding system may involve a predictive

coding scheme wherein the current frame may be subtracted from a prediction from one or more

previously coded frames while coding a current frame to produce a prediction residual. The

prediction residual may be transformed to form a set of coefficients, for example, DCT

coefficients. A divisive normalization mechanism may be utilized to normalize each coefficient.



The normalization factor may be designed to reflect or approximate the normalization factor in

SSIM measure. The Lagrange parameter for RDO for divisive normalization coefficients maybe

determined by the quantization step and/or a prior distribution function of the coefficients.

Quantization and entropy coding may be applied to the normalized coefficients to produce

compressed video stream. The present invention may generally be utilized to improve the

perceptual quality of decoded video without increasing data rate, or to reduce the data rate of

compressed video stream without sacrificing the perceived quality of decoded video.

In general, divisive normalization is recognized as a perceptually and statistically motivated non

linear image representation model. It is shown to be a useful framework that accounts for the

masking effect in human visual system, which refers to the reduction of the visibility of an image

component in the presence of large neighboring components. It has also been found to be

powerful in modeling many neuronal responses in biological perceptual systems. Prior art video

coding has not incorporated SSIM into video coding framework using divisive normalization

method. The present invention does incorporate SSIM into video coding framework using a

divisive normalization method and supporting system, as described herein.

The SSIM index may offer benefits and advantages by better representing perceptual image

quality. An image signal whose quality is being evaluated may represent a sum of an undistorted

reference signal and an error signal. Prior art methods may objectively quantify the strength of

the error signal. However, two distorted images may have the same error signal, but have very

different types of errors that vary in visibility. Consequently, the prior art image quality

assessment systems have a significant limitation because these systems are bottom-up

approaches that are complex and rely on a number of strong assumptions and generalizations.

The use of the SSIM index enables a top-down approach that recognizes that the human visual

system is highly adapted to extract structural information from the viewing field. It applies a

measure of structural information change to provide an approximation to perceived image

distortion. Variances in image distortion can therefore be recognized by the SSIM index, which

are not distinguishable through utilization of the prior art methods and systems.

The SSIM measure may be defined in either pixel or transform domain. In pixel domain, the

SSIM between two groups of pixels may be one or more of the following components: (i) the

ratio between [the product of the mean intensity values of the two groups of pixels plus a



constant] and [one, or the sum, of the squared mean intensity values plus a constant]; (ii) the

ratio between [the product of the standard deviation values of both groups of pixels plus a

constant] and [signal energy based on one, or the sum, of the variances of the two groups of

pixels plus a constant]; or (iii) the ratio between [the cross-correlation between two groups of

pixel intensities plus a constant] and [the product of the standard deviation values of the two

groups of pixels plus a constant]. The standard definition of SSIM is the product of the following

three components

2σχ σ + C 2
.

_ < x y +

where µχ, σχ and σ γ denote mean, standard deviation and cross correlation, respectively; C , C 2

and are constants used to avoid instability when the means and variances are close to zero.

However, there may be other variations, for example, (i) using one of two of the three

components only; (ii) raising one or more of the components to certain power; (iii) using

summation rather than multiplication to combine the components; or (iv) using one but not both

of the µ and σ terms in the denominators.

The SSIM index may also be defined using transform domain coefficients, for example, DCT

coefficients. The SSIM between two groups of transform coefficients may be computed using

one or more of the following components: (i) the ratio between [the product of DC values plus a

constant] and [one, or the sum, of DC intensity values plus a constant]; and (ii) ratio between

[the cross-correlation between two groups of AC coefficients plus a constant] and [signal energy

based on the variance(s) of one or both groups of AC coefficients plus a constant]. The DCT

domain SSIM between two sets of coefficients X and Y may be computed as

SSI i v) = l - ( 0 x



where X(0) and 7(0) are the DC coefficients, and X{k) and Y(k) for k = 1, N - are AC

coefficients, respectively; and C2 are constants used to avoid instability when the means and

variances are close to zero and N denotes the block size. As in the pixel domain case, similar

variations in the definition of SSIM may also be applied here in the transform domain.

Should the normalization factors be computed in transform domain, for example DCT domain,

the coefficients may be regrouped into subbands of the same frequency and orientation. For

example, DCT coefficients at the same location in a DCT block but from all blocks in a frame

may be grouped together to a DCT subband. The prior probability density function of each

subband may be used to adjust the normalization factor of the corresponding coefficient.

As a benefit or advantage of the present invention over the prior art, generally prior art advanced

video coding techniques predict the current frame to be encoded using predictions from

previously coded frames. The prediction residual is transformed, such as, for example by using

DCT, before quantization and entropy coding processes. The present invention does not apply

the prior art standard approach but instead inserts a "divisive normalization", an "inverse divisive

normalization", and a "normalization factor computation" modules into the framework.

The present system and method will now be described in more detail with reference to the

figures.

Now referring to FIG. 1, shown is a flow-chart showing the steps of a divisive normalization

architecture in predictive video encoding in accordance with an embodiment of the present

invention. Generally prior art advanced video coding techniques predict the current frame to be

encoded using predictions from previously coded frames. The prediction residual is transformed,

such as, for example by using DCT, before quantization and entropy coding processes. The

present invention does not apply the prior art standard approach but instead inserts a "divisive

normalization", an "inverse divisive normalization", and a "normalization factor computation"

modules into the framework. In this manner, the input links and output links may be associated

with any or all of the divisional normalization module 10, the inverse divisive normalization

module 12, and the normalization factor computation module 14.

In an embodiment of the present invention, the normalization factors may be computed based on

accessible statistics in pixel and/or transform, such as, for example DCT, domain, from original



and/or residual frames, and from the current and/or previously coded neighbouring frames. In

one embodiment of the present invention the transform (DCT) domain variance statistics

extracted from the prediction frame may be used to compute the normalization factors. The

normalization factors may be further adjusted by the prior probability density function of each

transform coefficient. The normalization factors may be designed to transform the signal to a

perceptually uniform space based on SSIM as the perceptual criterion. The computed

normalization factors may either be used to normalize the transform coefficients before regular

quantization and entropy coding, or may be applied to scale the quantization step adaptively.

Should the computed normalization factors be applied to scale the quantization step adaptively,

the divisive normalization module and the inverse divisive normalization module may not be

required.

Now referring to FIG. 2, shown is an illustrative system diagram of one embodiment of the

system of the present invention that incorporates a frame capture component 18. The frame

capture component may be operable to process current or historical frames in accordance with

the method of the present invention disclosed herein. Historical frame, or results pertaining to

historical frames, which may be prior frames or historical frame results may be obtained by the

frame capture component. The one or more historical frames, or one or more historical frame

results, may be obtained by the frame capture component in that the component retains such

information once it has coded a historical frame as a prior frame. One or more historical frames

and/or frame results may alternatively be accessed by, or otherwise transferred to, the frame

capture component from a prior frame results repository 20.

Still referring to FIG. 2, the prior frame results repository may be separate from the frame

capture component. The prior frame results repository may even be remotely located from the

frame capture component. A connection, or any other type of link, may exist between the frame

capture component and the prior frame results repository. The connection or link may be of

various types, such as, for example a wireless link, a wired link, or other type of connections or

links. The connection or link may be direct between the frame capture component and the prior

frame results repository, or may be via a connection facilitator, such as, for example the Internet,

a cloud, or any other type of connection facilitator. The connection or link may be operable to

allow for the transfer of information between the frame capture component and the prior frame



results repository. For example, the frame capture component may receive information from the

prior frame results repository; the information may be one or more prior frames, or one or more

prior frame results. The frame capture component may further send information to the prior

frame results repository, such as one or more prior frames, or one or more prior frame results.

The prior frame results repository may be connected to data storage means, such as a database

located on a remote or local server, or the prior frame results repository may be capable of

storing transferred information therein.

The frame capture component may receive information representing one or more frames. Said

one or more frames may be provided to the frame capture component in a variety of manners. As

one possible means of transfer of information, a frame repository 22, as shown in FIG. 2 may be

connected or otherwise linked to the frame capture component. One or more frames may be

provided to the frame capture component from the frame repository. Frames, being current

frames, may be provided to the frame capture component in a variety of other methods as well,

such as, for example by direct provision of video feed, or other feed of frames, to the frame

capture component.

In an embodiment, the frame repository 22 may be separate from the frame capture component.

The frame repository may even be remotely located from the frame capture component. A

connection, or any other type of link, may exist between the frame capture component and the

frame repository. The connection or link may be of various types, such as, for example a wireless

link, a wired link, or other type of connections or links. The connection or link may be direct

between the frame capture component and the frame repository, or may be via a connection

facilitator, such as, for example the Internet, a cloud, or any other type of connection facilitator.

The connection or link may be operable to allow for the transfer of information between the

frame capture component and the frame repository. The frame capture component may receive

information from the frame repository, the information may be one or more frames. The frame

repository may be connected to a data storage means, such as a database located on a remote or

local server, or the frame repository may be capable of storing transferred information therein.

The frame repository may receive information from outside sources, including remote sources,

and may be linked to such sources in a variety of manners, for example, such as by any of the



types of links and connections described herein as possible links or connections between the

frame repository and the frame capture component.

The frame capture component may receive or otherwise capture one or more frames, and may

further receive, or otherwise obtain, one or more prior frames, or one or more prior frame results,

corresponding to the one or more frames. The frame capture component may be linked to, or

incorporate, a perceptual coding component 16. As shown in FIG. 2, the perceptual coding

component may be separate, but linked to, the frame capture component 18. A skilled reader will

recognize that the perceptual coding component may alternately be integrated in the frame

capture component, or the perceptual coding component may be connected to, or linked to, the

frame capture component in a variety of manners in embodiments of the present invention.

The perceptual coding component may be operable to code the one or more frames received by

the frame capture component, in a manner described herein. The perceptual coding component

may be operable to apply an SSIM-based divisive normalization approach of the present

invention. In its operation the perceptual coding component may utilize the one or more prior

frames, or one or more prior frame results, corresponding to the one or more frames received or

otherwise obtained or captured by the frame capture component. The one or more frames and

corresponding one or more prior frames and/or one or more prior frame results may be

transferred, or otherwise provided to, the perceptual coding component by the frame capture

component. The perceptual coding component may code the one or more frames and

corresponding one or more prior frames and/or one or more prior frame results in a manner

described herein, to produce results that may be utilized to improve the perceptual quality of

decoded video without increasing data rate, or to reduce the data rate of compressed video stream

without sacrificing perceived quality of the decoded video.

The frame capture component may be a coder, for example, such as a MPEG4/H.264 AVC

coder, having a perceptual coding component connected thereto, or incorporated therein. The

frame capture component, and any components linked thereto, may further be incorporated or

connected to a coder device, or any computer system. In this manner, the system of the present

invention may be incorporated in, or linked to, other systems. Such connected systems may be

utilized to provide information, such as any results of the present invention, to one or more users.

For example, the connected systems may include output means, such as a display screen. The



connected systems may further be operable to transfer information to the present invention

system, for example, such as to transfer one or more frames or one or more prior frames, or prior

frame results, to the present invention or any component of the present invention system. A

skilled reader will recognize the variety of ways that the present invention system and any of its

components may be integrated with, or connected to, other systems.

FIG. 3 is a flow-chart showing the steps of a divisive normalization architecture in predictive

video decoding in accordance with an embodiment of the present invention. As shown in FIG. 3,

the coded video stream 30, which may represent a decoder side of the present invention, may be

required to make one or more adjustments corresponding to the normalization factors used at the

encoder in order to correctly decode the encoded video. More specifically, the present invention

may not apply the prior art standard approach. Instead the present invention may insert an

"inverse divisive normalization" module and a "normalization factor computation" module into

the framework. The modules may correspond with normalization factor computation module 12

and inverse divisive normalization module 4 as shown in FIG. 1. The input links and output

links of the modules may be associated with any or both of the inverse divisive normalization

module and the normalization factor computation module.

In an embodiment of the present invention, a joint residual divisive normalization and rate

distortion optimization (RDO) scheme may be utilized for video coding. This embodiment of the

present invention may utilize the SSIM index and its derivation in DCT domain. The

normalization factor may be obtained from the prediction macroblock (MB). As a result, the

quantization matrix may be determined adaptively and no side information may be required to be

transmitted from the encoder to the decoder. Additionally, based on the SSIM index, a new

distortion model and a perceptual RDO scheme for mode selection may be involved in this

embodiment of the present invention.

The present invention may involve predictive video coding framework, where previously coded

frames are used to predict the current frame, and only the residuals after prediction is coded. In

the present invention it may be possible to let C(k) be the i DCT transform coefficient for

residuals, then the normalized coefficient is computed as C'(k)= C(k) / f , where /is a positive

normalization factor. The quantization of the normalized coefficients, for a given predefined Q ,

may be performed as follows



\C(k)>\
Q ) = sign{C{k)'} ro nd

= ign{C ( )}r rund{

where p is the rounding offset in the quantization. In the decoder, the de-quantization and

reconstruction of C(k) is performed as

?( ,·) = (k ' f = < ( Q s f

sign {C(k)}rou nd{

The divisive normalization scheme of the present invention may be interpreted in two ways. An

adaptive normalization factor may be applied, followed by quantization with a predefined fixed

step Q s . Alternatively, an adaptive quantization matrix may be defined for each MB and thus

each coefficient may be quantized with a different quantization step ' f . These two

interpretations may be equivalent.

In one embodiment of the present invention, the present invention has advantage over state-of-

the-art high efficiency video coding (HEVC) as well. The current HEVC test model (HM)

employs a quantization parameter (QP) scaling scheme that is similar to the MPEG4/H.264 AVC

standard. The quantization step size applied to each transform coefficient may be determined

approximately as

The equation for the modified quantization step, Q's, can be written as

Q P - 4

where QP ' = QP + AQP is the modified quantization parameter as a result of the divisive

normalization process. The corresponding AQP as a function of the normalization factor, f, is

given by



AQP = 61og2 .

Since f is real, AQP is not necessarily an integer, which provides fine tuning of the QP value of

each coding unit in order to obtain the best perceptual quality.

At this point, the present invention may determine the AQP value in two different ways based on

the application environment. In the first case, the video codec is not required to be compatible

with the current/upcoming video coding standards (such as MPEG4/H.264 AVC or the

upcoming HEVC). In this case, ° / ·
S

applied to determine AQP, leading to the

maximal gain in terms of coding efficiency performance. In the second scenario, the video codec

is required to be compatible with the current/upcoming video coding standards (such as

MPEG4/H.264 AVC or the upcoming HEVC), which typically do not allow non-integer AQP

values. Therefore in this case, the ~
° 2 / · s quantized to the nearest integer. This

leads to convenient deployment of the present invention in standard video codecs because there

is no need to change the decoders at the receiver device (e.g., smartphones and HDTV sets) and

only changes at the encoder side are required to adopt the present invention. This convenience

may lead to small reduction of coding efficiency performance.

In determining the divisive normalization factor, the present invention may optimize the SSIM

index and may use the denominators in DCT domain SSIM index to determine the normalization

factor.

With the high rate assumption in video coding, the source probability distribution is

approximately uniform and the MSE can be modeled by

Considering (1) to (3), the present invention may divide each MB into / sub-MBs for DCT

transform and X (k) indicates the k DCT coefficient in the i h sub-MB, and then the

normalization factors for DC and AC coefficients in each MB are desired to be



where £ denotes the mathematical expectation operator.

These normalization factors may need to be computed at both the encoder and the decoder. The

difficulties in practical implementation may be that the distorted MB is not available at the

encoder before it is coded, and the original MB is completely inaccessible at the decoder.

Fortunately, the prediction MB may be available at both encoder and decoder sides. Assuming

that the properties of the prediction MB are similar to those of the original and distorted MBs, in

one embodiment, the present invention may approximate the normalization factor as

where Zi(k) is the k DCT coefficient of the ith prediction sub-MB for each mode. For intra mode,

the present invention may use the MB at the same position in the previous coded frame.

Since the energy of AC coefficients may be lost due to quantization, in on embodiment, the

present invention may use a compensation factor s to bridge the difference between the energy of

AC coefficients in the prediction MB and the original MB,

FIG. 4 illustrates a layout of two frames showing energy compensation factor s(vertical axis) as a

function of quantization step axis) in accordance with an embodiment of the

present invention. The four curves show the results from four different standard test video



sequences, which are "Flower", "Foreman", "Bus", and "Akiyo", respectively. All sequences are

in CIF format.

Significantly, as shown in FIG. 4, may exhibit an approximately linear relationship with Qs as

shown on a Q axis 40, the linear relationship may be modeled empirically as

0.005 Q (9)

In one embodiment of the present invention, the normalization factors for DC and AC

coefficients in each MB may also be defined alternatively as

These normalization factors may need to be computed at both the encoder and the decoder. The

difficulties may be that the distorted MB is not available at the encoder before it is coded, and

the original MB is completely inaccessible at the decoder. Fortunately, the prediction MB may

be available at both encoder and decoder sides. Assuming that the properties of the prediction

MB are similar to those of the original and distorted MBs, in one embodiment, the present

invention may approximate the normalization factor as

Where z represents the predicted sub-MB or transform unit (TU) and s is defined in equation (9).

Therefore, the present invention may define the quantization matrix for 4x4 DCT transform

coefficients as



W S = 16 · (10)

These normalization factors may vary over space.

As shown in FIG. 4, s may exhibit an approximately linear relationship with Qs as shown on a Qs

axis 40. FIG. 4 shows the results of four different standard test video sequences, including test

video sequences for Flower, Foreman, Bus and Akiyo. Each test video sequence is in CIF

format. Energy compensation factor s may exhibit an approximately linear relationship with Qs

in the present invention, as is illustrated for the four test video sequences plotted in the graph of

FIG. 4.

The RDO process in video coding may be expressed by minimizing the perceived distortion D

with the number of used bits R subjected to a constraint Rc. This can be converted to an

unconstrained optimization problem as

min{ J } where = D + λ R )

where J is called the Rate Distortion (RD) cost and
1S

known as the Lagrange multiplier which

controls the tradeoff between R and D .

In prior art RDO schemes, distortion models such as SAD and SSD are often used in actual

implementations. The present invention may replace such distortion models used in the prior art

with a new distortion model that may be consistent with the residual normalization process. The

distortion model may be defined as the SSD between the normalized coefficients, which is

expressed by

Based on ( 11), the RDO problem may be approximated as



min{J} where J

In the divisive normalization domain, the distortion model may calculate the SSD between the

normalized original and distorted DCT coefficients. Therefore, it may be treated as a Lagrange

parameter selection problem as in SSD-optimization case. For example, if this method is

incorporated in a coder, then it may be possible to choose and to be the same as their

corresponding Lagrange parameters optimized to achieve the best encoding based on SSD

criterion.

The above method may be further improved if the DCT normalization matrix in (10) is finetuned

so that each AC coefficient has a different normalization factor. The present invention may

define the Lagrange parameter λ as a function of quantization step Qs and/or a prior probability

distribution of the normalized coefficients. For example, the Laplace distribution may be utilized

to model the prior distribution given by

which has a single parameter Λ . It may then be possible to derive a relationship between optimal

Lagrange parameter λο as a function of Qs and Λ :

λ ρ, = /(A. g (15)

In one embodiment of the present invention, such a function may be employed as a lookup table

in practical video coders.

Now referring to FIG. 5, shown is a graph that illustrates a visual example of computed divisive

normalization factors in accordance with an embodiment of the present invention for different

macroblocks in a video frame (a) shows the original frame 50; (b) shows the divisive

normalization factors computed for the DC coefficients for the macroblocks across space 52; (c)

shows the divisive normalization factors computed for AC coefficients for the macroblocks



across space 54.The prior art video coding methods do not have such a normalization process

and thus corresponds the case that all the normalization factors are constant. The spatially

varying divisive normalization factor in the present invention leads to redistribution of the

available bandwidth to improve the final coding results in terms of SSIM measurement.

FIG. 6 is a graph illustrating the optimal Lagrange parameter λ 60 as a function of the Laplacian

distribution parameter Λ 62 and the quantization Qstep 64 in accordance with an embodiment.

This relationship may be utilized by the present invention to predict the optimal Lagrange

parameter λ by a lookup table. The Laplacian distribution parameter Λ and the quantization

Qstep may be utilized as input arguments.

Since DCT is an orthogonal transform that obeys Parseval's theorem, the result may be

- 1 ∑ ; ·

- 1 " - 1 (16)

Therefore, although methods and other calculations of the present invention may be derived in

DCT domain, in some other embodiments of the present invention, it may not be necessary to

perform actual DCT transform for each block in order to perform normalization, but carry out the

computation in the pixel domain.

The frame-level quantization matrix and divisive normalization may be combined to a single

quantization matrix, for example, in 4 DCT case

f d' · ' ,0 f ' . 1 '0 2 ^0,3

T ,- 16· f ' ,0 f " '1 . 1 .2 ^'1.3

' ' . ' "-'2,1 * ' 2 .

f 3.0 f ' ^'3,1 ^'3.2 ' . (17)

with the added factors m j . for = 1, 2, 3, 4 and j = 1, 2, 3, 4. The Laplace parameters and the

expectation of the energy should be available before coding the current frame. However, their

precise quantities may only be obtained after coding it. As they can be reasonably regarded as

constants during a short time when there is no scene change, in one embodiment of the present



invention, they may be estimated by averaging their three previous values from the frames coded

in the same matter:

The following describe one aspect of the present invention when it is used to improve HEVC.

The HEVC codec uses a square-shaped coding tree block (CTB) as a basic unit that may have

various sizes, with no distinction corresponding to its size. All processing except frame-based

loop filtering is performed on a CTB basis, including intra/inter prediction, transform,

quantization and entropy coding. In HEVC, coupled with CTB, a basic unit for the prediction

mode is the prediction unit (PU), which may be of various sizes and is not necessarily

rectangular. In addition to the CTB and PU definitions, the transform unit (TU) for transform and

quantization is defined separately in HEVC. The size of TU may be as large as the size of the

CTB. In an embodiment, TU are constrained to the range 4x4 to 64x64. The three major frame

types used are: intra-coded frame or I frame (that uses no prediction from other frames to

encode and decode); predicted frame or P frame (that uses prediction from past frames to encode

and decode); and bi-predictive frame or B frame (that uses predictions from both past and future

frames to encode and decode).

In an illustrative embodiment of the present invention, the coding scheme is completely

compatible with any frame type supported by HEVC, as well as any size or shape choices of

CTB, PU and TU, which may create significant complications as opposed to the macroblock

(MB) structure defined in previous video coding standards such as MPEG4/H.264 AVC. First,

the local expected values of local divisive normalization factors (the denominator in (6) and (7))

are obtained by dividing the predicted current frame into 4x4 blocks (the greatest common

divisor size for CTB, PU and TU) and then averaged over the whole frame. This avoids the

problem of variable sizes of TU that create an uneven number of DCT coefficients, and thus

causes difficulty in estimating the expected values of the divisive normalization factor. Second,

the divisive normalization factor for each 4x4 block is computed in the pixel domain rather than

the DCT transform domain. However, they are indeed equivalent due to the variance preserving

property of the DCT transform. This avoids the computation of DCT for every 4x4 block. Third,



the divisive normalization factor is spatially adaptive but coincides with an individual TU. In

other words, every TU is associated with a single set of divisive normalization factors but

different from other TUs. The normalization matrix in Eq. (10) is thus variable based on the size

of TU. However, only two divisive normalization factors are used, one for the DC coefficient

and the other for all AC coefficients. Since each TU may contain multiple 4x4 blocks, the

divisive normalization factor for each TU is estimated by averaging the divisive normalization

factors computed for all 4x4 blocks contained in the TU.

Examples of Implementations and Results

Implementation trials and tests have shown that the present invention can achieve approximately

21% to 63% rate reduction with an average of approximately 35% rate reduction for HD 720p

sequences, and 6% to 42% rate reduction with an average of approximately 15% rate reduction

for lower resolution sequences, as compared to prior art uses of an MPEG/H.264 AVC JM15.1

coder. The present invention may include a quantization step, as described herein, that a

MPEG/H.264 AVC JM15.1 prior art encoder does not apply. Specifically, in the tests the

common coding configurations were set as follows: only 4><4 DCT transform is enabled; all

available inter and intra modes are enabled; five reference frames; one I frame followed by 99 P

frames; high complexity RDO and the fixed quantization parameters (QP). The rate reduction

results were found to be stable for both high bit-rate (QPi= {18, 22, 26, 30}) and low bit-rate

(QP2={26, 30, 34, 38}) video coding.

The rate reduction of the present invention may be achieved while maintaining the same level of

perceptual video quality as prior art uses of a MPEG/H.264 AVC J 1 .1 encoder. The level of

perceptual video quality of the present invention has been verified by both objective SSIM

quality measure and subjective experiments. For YCbCr color video, the SSIM value is

computed using the luminance component Y only, and the weighted SSIM value, denoted as

SSIMW, is computed using a weighted sum of three color components given by

SSIM = Y -SSI + Web SSI c + Cr · SSIM, (19)

where the weights are WY= 0.8 and Wa = WCr = 0.1, respectively.



The rate reduction achieved by the present invention may depend on the nature of the video

signal being coded. The variations can be seen in the figures.

FIGS. 7(a) - 7(d) show graphs of test results illustrating the rate-SSIM performance comparisons

between an embodiment of the present invention and a prior art MPEG4/H.264AVC coding

scheme. The four standard test video sequences include News in QCIF format 70, Bus in CIF

format 72, Paris in CIF format 74 and Parkrun in 720p format 76. The horizontal axis in each

graph is the bit rate in units of kbps, and SS M values of the decoded video sequences are along

the vertical axis. The curves having circles embedded therein represent results obtained by the

prior art MPEG4/H.264 AVC coding method in each graph. The curves having squares

embedded therein represent results obtained by an embodiment of the present invention in each

graph. The present invention achieves better SSIM values for the same bit rate as compared to

the prior art method in each of the graphs. Moreover, the present invention achieves a lower bit

rate at the same SSIM level as compared to the prior art method in each of the graphs.

For example, as shown in FIG. 5, the rate-SSIM performance of the frame coding method of the

present invention may provide improved visual quality of frames as compared to the results

achieved by applying a prior art coding scheme. FIG. 5 includes: the original frame as example

(a) 50; an H.264 coded frame as example (b) 52 that shows the divisive normalization factors

computed for the DC coefficients for the macroblocks across space; and an H.264 coded frame

with the proposed RDO method as example (c) 54 that shows the divisive normalization factors

computed for AC coefficients for the macroblocks across space. Prior art video coding methods

do not include a normalization process such as that of the present invention. Instead in prior art

video coding methods all normalization factors are constant. The spatially varying divisive

normalization factor of the present invention may lead to redistribution of the available

bandwidth to improve the SSIM measurement of final coding results.

FIGS. 8(a) - 8(d) are graphs illustrating the rate-SSIMw performance comparisons between an

embodiment of the present invention and an MPEG4/H.264 AVC coding scheme. The four sub-

drawings show the test results of four standard test video sequences, which are "Akiyo" in QCIF

format, "Tempete" in CIF format, "Waterfall" in CIF format, and "Night" in 720p format,

respectively. More specifically, FIG. 8a shows a graph 80 of the results of a test the standard test

video sequence Akiyo in QCIF format. FIG. 8b shows a graph 82 of the results of a test the



standard test video sequence Tempete in CIF format. FIG. 8c shows a graph 84 of the results of a

test the standard test video sequence Waterfall in CIF format. FIG. 8d shows a graph 86 of the

results of a test the standard test video sequence Night in 720p format.

In each of the graphs of FIGs 8a-8d the horizontal axis is the rate bit in units of kbps, and the

vertical axis is that SSIMWvalues of the decoded video sequences. The curves in the graphs 80,

82, 84, 86 having a circle embedded therein reflect the results obtained by the prior art

MPEG4/H.264 AVC coding method. The curves in the graphs 80, 82, 84, 86 having a square

embedded therein reflect the results achieved by an embodiment of the present invention. When

the video coding method of an embodiment of the present invention and the prior art

MPEG4/H.264 AVC video coding method are compared, the embodiment of the present

invention achieved better SSI Wvalues for the same bit rate, as reflected in graphs 80, 82, 84,

86. The graphs 80, 82, 84, 86 further reflect that at the same SSIMWlevel an embodiment of the

present invention achieves a lower bit rate than the prior art MPEG4/H.264 AVC video coding

method.

The systems and methods in accordance with the present invention may be practiced in various

embodiments. A suitably configured computer device, and associated communications

networks, devices, software and firmware may provide a platform for enabling one or more

embodiments as described above. By way of example, FIG. 9 shows a generic computer device

900 that may include a central processing unit ("CPU") 902 connected to a storage unit 904 and

to a random access memory 906. The CPU 902 may process an operating system 901,

application program 903, and data 923. The operating system 901, application program 903, and

data 923 may be stored in storage unit 904 and loaded into memory 906, as may be required.

Computer device 900 may further include a graphics processing unit (GPU) 922 which is

operatively connected to CPU 902 and to memory 906 to offload intensive image processing

calculations from CPU 902 and run these calculations in parallel with CPU 902. An operator 907

may interact with the computer device 900 using a video display 908 connected by a video

interface 905, and various input/output devices such as a keyboard 910, mouse 912, and disk

drive or solid state drive 914 connected by an I/O interface 909. In known manner, the mouse

912 may be configured to control movement of a cursor in the video display 908, and to operate

various graphical user interface (GUI) controls appearing in the video display 908 with a mouse



button. The disk drive or solid state drive 914 may be configured to accept computer readable

media 916. The computer device 900 may form part of a network via a network interface 9 11,

allowing the computer device 900 to communicate with other suitably configured data

processing systems (not shown).

The systems and methods in accordance with various embodiments of the present invention may

be practiced on virtually any manner of computer device including a desktop computer, laptop

computer, tablet computer or wireless handheld. The present system and method may also be

implemented as a computer-readable/useable medium that includes computer program code to

enable one or more computer devices to implement each of the various process steps in a method

in accordance with the present invention. It is understood that the terms computer-readable

medium or computer useable medium comprises one or more of any type of physical

embodiment of the program code. In particular, the computer-readable/useable medium can

comprise program code embodied on one or more portable storage articles of manufacture (e.g.

an optical disc, a magnetic disk, a tape, etc.), on one or more data storage portioned of a

computing device, such as memory associated with a computer and/or a storage system.

Ilustrative Results

TABLE A, below, compares rate-SSIM and rate-SSIMw performances of an embodiment of the

present invention with an MPEG4/H.264 AVC coding scheme.



TABLE A

In TABLE A the left column includes standard test video sequences. Tests were conducted

utilizing the standard test video sequences in the left column of the TABLE A, where QPl and

QP2 indicate high bit rate and low bit rate coding configurations. In TABLE A the four columns

to the right of the far left column include results for high bit rate (QPl) tests, whereas the four

columns from the left side of the table include results for low bit rate (QP2) tests. Four results

were reported for each of the high bit rates tests for high bit rate (QPl) and low bit rate (QP2),

including the following: (i) the improvement of a SSIM value for a fixed bit rate; (ii) the bit rate

change (in percentage) for fixed SSIM value; (iii) the improvement of a SSIMWvalue for a fixed

bit rate; and (iv) the bit rate change (in percentage) for a fixed SSIM value. Each of these four

results are shown in the four columns for each of high bit rate (QPl) and low bit rate (QP2) in

order from left to right respectively. As shown in TABLE A, an embodiment of the present

invention may outperform a prior art MPEG4/H.264 AVC coding scheme. The average

improvement, based on the results shown in TABLE A, of the bit rate reduction is about 15%.

This average improvement may be achieved by an embodiment of the present invention over the

prior art MPEG4/H.264 AVC coding scheme without sacrificing SSIM or SSIMWperformance.

A skilled reader will recognize that the average improvement is provided merely as one example

of the possible average improvement that may be achieved by an embodiment of the present



W

invention over prior art coding schemes, and that other average improvements may be achieved

based on other tests, including average improvements that are reflect better results by the present

invention compared to prior art coding schemes.

Table B, below, compares encoder and decoder computational complexities achieved by the

present invention to those achieved by an MPEG4/H.264 AVC coding scheme.

TABLE B

The test was conducted for 6 standard test video sequences, which are Akiyo at QCIF format,

News at QCIF format, Mobile at QCIF format, Bus at CIF format, Flower at CIF format, and

Tempete at CIF format. The computational time increases of the video codec of the embodiment

of the present invention in the test were reported for both encoder and decoder, as were the

computational time increases for the video codec of the prior art MPEG4/H.264 AVC. The

average time increases based on all of the test video sequences of the encoder are shown in the

middle column of the TABLE B. The average increases of computational time are reflected as

about 1% at the encoder. The average time increases based on all of the test video sequences of

the decoder are shown in the far right column of the table 100. The average increases of

computational time are reflected as about 8% at the decoder. The average increases of

computational time may be a useful indicator of computational complexity.



TABLE C, below compares rate-SSIM performances of the present invention to an

MPEG2/H.264 AVC coding scheme for High Definition (HD) video sequences.

TABLE C

As shown in TABLE C, rate-SSIM performances of an embodiment of the present invention

with an MPEG4/H.264 AVC coding scheme for HD video sequences with 720p resolution

(1280x720). The bit rate changes (in percentage) for fixed SSIM values are reported. In all cases,

the present invention outperforms prior art MPEG4/H.264 AVC coding scheme, and the average

improvement in terms of bit rate reduction (without sacrificing SSIM performance) is about

35%.

Implementation trials and tests have also shown that the present invention can achieve significant

data rate reduction, as compared to prior art uses of the HEVC HM 3.0 encoder with default

configurations.



TABLE D, below, compares rate-SSIM performance of the present invention to an HEVC

coding scheme.

TABLE D

In TABLE D, the left column includes standard test video sequences. The middle column gives

the format of the video sequences, which are either WQVGA (resolution 432x240), WVGA

(resolution 800x480), 720p (resolution 1280x720) or 1080p (resolution 1920x1080). The right

column shows the bit rate change (in percentage) while maintaining the same SSIM value. Thus,

an embodiment of the present system and method outperforms a prior art HEVC HM 3.0. The

performance gain varies significantly for different video sequences. It could be as high as 32.1%

bit rate reduction to as low as 3.0% rate reduction. The average improvement in terms of the bit

rate, based on the results shown, is 11.82%. This improvement may be achieved by an

embodiment of the present system and method over the prior art HEVC HM 3.0 coding scheme

without sacrificing SSIM performance. A skilled reader will recognize that the average



improvement is provided merely as one illustrative example of the possible improvements that

may be achieved by the present system and method over prior art HEVC coding scheme, and that

greater or lesser improvements may be achieved based on other tests.

The computational complexity overhead on top of MPEG4/H.264 AVC JM15.1 may also vary

with the nature of the video content, but the deviations between different video may be minor.

The average increase of the computational complexity has been shown to be approximately 1%

at the encoder and 8% at the decoder by the present invention, as described herein.

TABLE E compares encoder and decoder computational complexities achieved by the present

invention to those achieved by an HEVC coding scheme.

TABLE E

In the present illustrative example, the increased computational cost was approximately 0.8% at

the encoder, and 2.1% at the decoder. A skilled reader will recognize that this computational

complexity estimate is provided merely as one example of the possible complexity change by an

embodiment of the present invention over prior art HEVC coding scheme, and that other

estimates of greater or letter computational complexity may be obtained based on other tests.

The inventors have found that the present invention can, on average, substantially improve the

rate-distortion performance of video coding schemes such as MPEG4/H.264 AVC and HEVC.

However, the performance improvement can vary significantly, depending on the content of the

video frame being encoded. In general, video frames that have large variations in terms of the

texture content often exhibit a greater performance gain. Thus, the present system and method

may adjust the divisive normalization factors based on the local content of the video frame. The

content may be characterized by a local computed complexity measure, such as local contrast,

local energy or local signal activities. In an illustrative embodiment, the local complexity is



characterized by the standard deviation of each local 4x4 block. After the standard deviation of

all local 4x4 blocks in a frame is computed, a histogram may be created to examine the

distribution of the standard deviation values. In an illustrative embodiment, the normalization

factors of the local blocks that have very large or very small standard deviations are limited to a

maximum and minimum normalization factor value, respectively . The inventor has found that

such content-based adjustment of divisive normalization factors is helpful in improving the

robustness of the performance gain achieved by the present system and method.

The examples described herein are provided merely to exemplify possible embodiments of the

present invention. A skilled reader will recognize that other embodiments of the present

invention are also possible.

It will be appreciated by those skilled in the art that other variations of the embodiments

described herein may also be practiced without departing from the scope of the invention. Other

modifications are therefore possible. For example, the embodiments of the present invention may

be utilized by scalable video coding, 3D TV, medical imaging, and telemedicine devices, as well

as service providers for any of these technologies.

Examples of Application Scenarios

The present invention may generally be utilized for the storage and transmission of digital video

signals. It may be implemented on both software and hardware platforms.

One embodiment of the present invention may be a video coding system, as shown in FIG. 2 that

incorporates a frame capture component 18. The frame capture component may be operable to

process current or historical frames in accordance with the method of the present invention

disclosed herein. Historical frame, or results pertaining to historical frames, which may be prior

frames or historical frame results may be obtained by the frame capture component. The one or

more historical frames, or one or more historical frame results, may be obtained by the frame

capture component in that the component retains such information once it has coded a historical

frame as a prior frame. One or more historical frames and/or frame results may alternatively be



accessed by, or otherwise transferred to, the frame capture component from a prior frame results

repository 20.

As shown in FIG. 2, the prior frame results repository may be separate from the frame capture

component. The prior frame results repository may even be remotely located from the frame

capture component. A connection, or any other type of link, may exist between the frame capture

component and the prior frame results repository. The connection or link may be of various

types, such as, for example a wireless link, a wired link, or other type of connections or links.

The connection or link may be direct between the frame capture component and the prior frame

results repository, or may be via a connection facilitator, such as, for example the Internet, a

cloud, or any other type of connection facilitator. The connection or link may be operable to

allow for the transfer of information between the frame capture component and the prior frame

results repository. For example, the frame capture component may receive information from the

prior frame results repository, the information may be one or more prior frames, or one or more

prior frame results. The frame capture component may further send information to the prior

frame results repository, such as one or more prior frames, or one or more prior frame results.

The prior frame results repository may be connected to data storage means, such as a database

located on a remote or local server, or the prior frame results repository may be capable of

storing transferred information therein. The prior frame results repository may receive

information from outside sources, including remote sources, and may be linked to such sources

in a variety of manners, for example, such as by any of the types of links and connections

described herein as possible links or connections between the prior frame results repository and

the frame capture component.

The frame capture component may receive information representing one or more frames. Said

one or more frames may be provided to the frame capture component in a variety of manners. As

one possible means of transfer of information, a frame repository 22, as shown in FIG. 2 may be

connected or otherwise linked to the frame capture component. One or more frames may be

provided to the frame capture component from the frame repository. Frames, being current

frames, may be provided to the frame capture component in a variety of other methods as well,

such as, for example by direct provision of video feed, or other feed of frames, to the frame

capture component.



As shown in FIG. 2, the frame repository 22 may be separate from the frame capture component.

The frame repository may even be remotely located from the frame capture component. A

connection, or any other type of link, may exist between the frame capture component and the

frame repository. The connection or link may be of various types, such as, for example a wireless

link, a wired link, or other type of connections or links. The connection or link may be direct

between the frame capture component and the frame repository, or may be via a connection

facilitator, such as, for example the Internet, a cloud, or any other type of connection facilitator.

The connection or link may be operable to allow for the transfer of information between the

frame capture component and the frame repository. The frame capture component may receive

information from the frame repository, the information may be one or more frames. The frame

repository may be connected to a data storage means, such as a database located on a remote or

local server, or the frame repository may be capable of storing transferred information therein.

The frame repository may receive information from outside sources, including remote sources,

and may be linked to such sources in a variety of manners, for example, such as by any of the

types of links and connections described herein as possible links or connections between the

frame repository and the frame capture component.

The frame capture component may receive or otherwise capture one or more frames, and may

further receive, or otherwise obtain, one or more prior frames, or one or more prior frame results,

corresponding to the one or more frames. The frame capture component may be linked to, or

incorporate, a perceptual coding component. As shown in FIG. 2, the perceptual coding

component 16 may be separate, but linked to, the frame capture component 18. A skilled reader

will recognize that the perceptual coding component may alternately be integrated in the frame

capture component, or the perceptual coding component may be connected to, or linked to, the

frame capture component in a variety of manners in embodiments of the present invention.

The perceptual coding component may be operable to code the one or more frames received by

the frame capture component, in a manner described herein. The perceptual coding component

may be operable to apply the SSIM-based divisive normalization approach of the present

invention. In its operation the perceptual coding component may utilize the one or more prior

frames, or one or more prior frame results, corresponding to the one or more frames received or

otherwise obtained or captured by the frame capture component. The one or more frames and



corresponding one or more prior frames and/or one or more prior frame results may be

transferred, or otherwise provided to, the perceptual coding component by the frame capture

component. The perceptual coding component may code the one or more frames and

corresponding one or more prior frames and/or one or more prior frame results in a manner

described herein, to produce results that may be utilized to improve the perceptual quality of

decoded video without increasing data rate, or to reduce the data rate of compressed video stream

without sacrificing perceived quality of the decoded video.

The frame capture component may be a coder, including a coder having a perceptual coding

component connected thereto, or incorporated therein. The frame capture component, and any

components linked thereto, may further be incorporated or connected to a coder device, or any

computer system. In this manner, the system of the present invention may be incorporated in, or

linked to, other systems. Such connected systems may be utilized to provide information, such as

any results of the present invention, to one or more users. For example, the connected systems

may include output means, such as a display screen. The connected systems may further be

operable to transfer information to the present invention system, for example, such as to transfer

one or more frames or one or more prior frames, or prior frame results, to the present invention

or any component of the present invention system. A skilled reader will recognize the variety of

ways that the present invention system and any of its components may be integrated with, or

connected to, other systems.

A skilled reader will recognize that the present invention may be applied in various digital video

applications. For example, the present invention may be utilized by manufacturers and service

providers of smartphone, videoconferencing, HDTV™, IPTV™, Web TV™, network video-on-

demand, DVD, digital cinema, etc. technologies and devices. For example, smartphone

companies, such as RIM™, Apple™, Samsung™, HTC™, Huawei™, or other smartphone

companies, may utilize the present invention to improve video transmission to smartphones,

including between smartphone users. The present invention may be utilized to develop

videoconferencing applications wherein the bandwidth cost could be significantly reduced

without losing perceived video quality; or the video quality could be significantly improved with

the same bandwidth cost. As another example, network video providers, such as Youtube™, or

other network video providers, may utilize the present invention to improve the quality of the



video being delivered to consumers; and/or to reduce the traffic of their network servers. As yet

another example, current video quality of HDTV is often impaired by current commercial

compression systems when the bandwidth is limited (especially when the video contains

significant motion), and thus HDTV service providers may improve the HD video quality

delivered to their customers by adopting the present invention. As yet another example, digital

cinema technology companies, such as 1MAX™, may use the present invention to improve the

quality of the high resolution digital movie video content or to reduce the traffic burden of digital

cinema network (wired or wireless) services.

Network video service providers who require video transcoding, that converts digital video from

one format to another, may also make use of the present invention. When a video signal is

received, it may be re-encoded by the present invention to deliver better visual quality. The

present invention may be implemented as a network component, or may be embodied in a

network component with other functions in order to apply the video coding function described

herein.

An embodiment of the present invention that incorporates a software package, such as, for

example a computer program product, may be operable to allow consumers to burn more digital

content with the same storage space on their computer hard drives, DVDs, flash drives, and other

portable and/or importable storage devices.

Another embodiment of the present invention may be extended to scalable video coding

framework where the divisive normalization factors may be determined from base or lower

quality layers to higher quality layers.

Additionally, the present invention may be directly extended to 3D video for the purposes of

stereo and multi-view video compression, as well as 3D volume data compression.

While illustrative embodiments of the invention have been described above, it will be

appreciated that various changes and modifications may be made without departing from the

scope of the invention as defined by the claims.
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CLAIMS

What is claimed is:

1. A computer-implemented method of perceptual video coding utilizing a structural

similarity-based divisive normalization approach, comprising:

producing a prediction residual by subtracting a current frame of video footage

from a prediction from one or more previously coded frames while coding the current

frame;

transforming the prediction residual to form a set of coefficients;

utilizing a divisive normalization mechanism to normalize each coefficient; and

performing a rate-distortion optimization, quantization and entropy coding on the

normalized coefficients.

2. The method of claim 1, further comprising:

utilizing the divisive normalization mechanism to normalize each coefficient by

determining a divisive normalization factor; and

approximating the normalization factor in a structural similarity index, by

utilizing information in either pixel or transform domain or both, and information from at

least one of the following:

(i) the current frame being encoded;

(ii) the decoded versions of the one or more previously coded frames that are

neighbouring frames to the current frame;

(iii) the predicted residual of the current frame from the one or more

previously coded frames; and

(iv) the prediction residual of the current frame.



3. The method of claim 2, further comprising determining the divisive normalization factor

based on estimating the energy of AC coefficients in the current frame by applying a

scale factor to the energy of the corresponding coefficients in one or more previously

coded frames.

4. The method of claim 2, further comprising utilizing the divisive normalization factor to

adaptively adjust the quantization parameter (QP) value to improve coding efficiency.

5. The method of claim 4, further comprising quantizing the QP value to an integer number,

so as to make the codec compatible with MPEG4/H.264 AVC and HEVC standards.

6. The method of claim 1, further comprising performing rate-distortion optimization on

normalized coefficients, wherein a Lagrange parameter is determined by utilizing an

approximation model or a lookup table comprising one or more input arguments that are

at least one of the following: a quantization step; and one or more parameters of a prior

distribution of a normalized coefficient.

7. The method of claim 1, further comprising adjusting the divisive normalization factors

based on local content of the video frame, where the local content may be characterized

by a local complexity measure computed as local contrast, local energy or local signal

activities.

8. The method of claim 3, further comprising spatially adapting the divisive normalization

factor for each transform unit (TU), which may be blocks with variable sizes across

space.

9. The method of claim 6, further comprising dividing the TU to smaller blocks of equal

size in the whole frame and then average the divisive normalization factors for all small

blocks within the TU.

10. The method of claim 6, further comprising normalizing local divisive normalization

factor for each TU by the expected value of local divisive normalization factors of the

whole frame being encoded.



A computer-implemented system for perceptual video coding utilizing a structural

similarity-based divisive normalization approach, wherein the system is adapted to:

produce a prediction residual by subtracting a current frame of video footage from

a prediction from one or more previously coded frames while coding the current frame;

transform the prediction residual to form a set of coefficients; .

utilize a divisive normalization mechanism to normalize each coefficient; and

perform a rate-distortion optimization, quantization and entropy coding on the

normalized coefficients.

The system of claim 11, wherein the system is further adapted to:

utilize the divisive normalization mechanism to normalize each coefficient by

determining a divisive normalization factor; and

approximate the normalization factor in a structural similarity index, by utilizing

information in either pixel or transform domain or both, and information from at least one

of the following:

(i) the current frame being encoded;

(ii) the decoded versions of the one or more previously coded frames that are

neighbouring frames to the current frame;

(iii) the predicted residual of the current frame from the one or more

previously coded frames; and

(iv) the prediction residual of the current frame.

The system of claim , wherein the system is further adapted to determine the divisive

normalization factor based on estimating the energy of AC coefficients in the current

frame by applying a scale factor to the energy of the corresponding coefficients in one or

more previously coded frames.



14. The system of claim 12, wherein the system is further adapted to utilize the divisive

normalization factor to adaptively adjust the quantization parameter (QP) value to

improve coding efficiency.

15. The system of claim 14, wherein the system is further adapted to quantize the QP value to

an integer number, so as to make the codec compatible with MPEG4/H.264 AVC and

HEVC standards.

16. The system of claim 11, wherein the system is further adapted to perform rate-distortion

optimization on normalized coefficients, wherein a Lagrange parameter is determined by

utilizing an approximation model or a lookup table comprising one or more input

arguments that are at least one of the following: a quantization step; and one or more

parameters of a prior distribution of a normalized coefficient.

17. The system of claim 11, wherein the system is further adapted to adjust the divisive

normalization factors based on local content of the video frame, where the local content

may be characterized by a local complexity measure computed as local contrast, local

energy or local signal activities.

18. The system of claim 13, wherein the system is further adapted to spatially adapt the

divisive normalization factor for each transform unit (TU), which may be blocks with

variable sizes across space.

19. The system of claim 16, wherein the system is further adapted to divide the TU to smaller

blocks of equal size in the whole frame and then average the divisive normalization

factors for all small blocks within the TU.

20. The system of claim 16, wherein the system is further adapted to normalize local divisive

normalization factor for each TU by the expected value of local divisive normalization

factors of the whole frame being encoded.

2 1. A non-transient computer readable medium storing computer code that when executed on

a computer device adapts the device to perform the method of claims 1 to 10.
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