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METHOD AND SYSTEM FOR DETERMINING A METRIC FOR COMPARING IMAGE
BLOCKS IN MOTION COMPENSATED VIDEO CODING

. FIELD OF THE INVENTION .
| ,The mventlon relates to the field of motion compensated video codlng and in particular,
to an improved method and system for the determlnatlon of a metric used for

comparing image blocks in motion compensated video coding. o

BACKGROUND OF THE INVENTION |
Multimedia containing various oontent types including text, audio and video, provides'
an outstanding business and revenue opportunity for network operators. The availability

of higher bandwidth and the use of packet-swrtched Internet Protocol (IP) technology
have made it possrble to transmit rloher content that include various combinations of
text, voice, still and animated graphlcs, photos, video clips, and music. In order to
capitalize on this market potential network operators must meet customers’
expectations regarding quality and reliability. Transcoding of media at server level 'is.
crucial for rendering multimedia applications in today’s heterogeneous networks
composed of mobile terminals, cell phones, computers and other electronic devioee.
The adaptation and transcoding of media must be performed at the service provider
level because individual devices are often resource constrained and are rarely capable
- of adapting the media themselves. This is an important problem for service providers,
as they will have to face a very steep traffic growth in the next few years; growth that far
“exceeds the speed up one can obtain from new hardware alone. Using a brute force

_approaoh of | rnoreasmg the number of servers is not sufficient. Moreover, an increase in

the number of servers leads to proportlonal iIncreases in power consumptlon heat
d|SS|pat|on and space. Another way to lmprove system performanoe and handle the

' .Iarge growth in traffic is to devise smart techniques for video coding that forms an

important and resource intensive phase of multimedia adaptat|on.

Motion compensated video coding processes scenes consisting of blocks and each
block consists of a number of pixels. Essentially all modern video codecs use motion
- compensated ooding where frames are encoded relative to a number of preceding
frames to exploit temporal dependencies and get better compression. .The most

intensive phase of movement compensated video coding is the movement estimation
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phase. This is performed through a movementeStimation algorithm that estimates the
scene’s objeCts displacements from one frame to the next. These estimations are used
‘to create a synthetic frame where the scene is deformed to maich the estimated
~ movement of objects. That synthetic frame is used as a predictor for the current frame,
‘ WhICh is differentially encoded. Such movement estimation algorithms are
_computatlonally intensive and account for a very large part of the encoder’s runtlme

~increasingly so with resolution, making it a natural target for optimization.

A consrderable amount of effort has been directed towards the problem of block-based
movement estimation, a S|mpl|f|cat|on to the general problem where the predlctlon
frame is constructed from small rectangular reglons copred from reference frames. A
discussion of block-based movement estimation is provided next. For the explanation
provided in this document We assume that the basic blocks are 16x16 pixels. Note that
. the'same concepts are applicable for blocks of different sizes. The objective of the '
- system is to produce a predlcted frame for the current frame berng encoded This
‘ predlcted frame |s generated by dlfferentlally encoding the current frame from a grven .
reference frame. For each 16%16 block in the current frame, the system looks for the
best matching block in the reference frame. The search examines a number of blocks
(not necessarily aligned on 16x16 boundaries) in the referenCe frame and selects the
block that minimizes the difference with the current block. The motion vector, a key
~element in the motion estimation proCess, is simply the offset to the best matching
block (in the reference frame) relative to thecurrent block’s position (in the current
frame). The best matching block is then copied into the compensated frame or
predicted frame at the current block’s position. After this process, the predicted frame is
the best approximation (according to the chosen metric measuring the difference
between image blocks) one can build from the reference frame considering that only -

block copies are allowed. The compensated frame |s used as the predictor to

drfferentlally encode the current frame.

A brief discussion of selected prior art references is presentedbelow. Research has
taken a number of different directions. S Borman, M. Robertson, R.L Stevenson “Block
Matching Sub-Pixel Motion Estimation from Noisy, Undersampled Frames” SPIE Visual
Communlcatlons and Image Processmg Conference 1999 presents an empmcal study

~that concerns the effects of noise or sampllng error in SAD MSE, and NCF. The
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paper, W. Li, E. Salari, “Success‘ive Elimination Algorithm for Motion Estimation”, IEEE
Transactions on Image Processing, Volume 4, Issue 1, January 1995, pages 105-107,
explores the properties of SAD and MSE for devising a dynamic-’-programming like
method for fast motion estimation. The authors focus on an algorithm, which does not
require an exhaustive search in the solution space anddiscusses how properties of
' existing metrics are to be used; they do not prOpose any new metric. F. Tombari, S.
Mattocia, L. di Stefano, “Template Matching Based on Lp Norm Using Sufficient
" Conditions with Incremental Approximation”, IEEE International Conference on Video
andSignaI Based Surveillance, November 2000, page20 extends the work of Liand
~ Salan The paper uses a similar dynamic-programming approach to compute a fast

versron Of a metrlc

U. Koc and K.J.R. Liu, “Interpolati_on-freeSubpixel Motion Estimation Technique in
DCT Domain”, IEEE Transactions on Circuits and Systems for Video Technology,
Volume 8, Issue 4, August 1998, pages 460-487 focuses on a subpixel level and tries

" to avoid Sprixel interpolation In the space domain by using techniques in the DCT

' domain tha.t are at least as complex as the techniques used In the space domain. The

- metric is extended appropriately for handling the shiftto the DCT domain. Another

paper of S. Lee, Soo-lk Chae “Two-step Motion Estimation Algorithm uSing Low

Resolution Quantization" Internatronal Conference on Image Processrng Volume 3,

September 1996, pages 795- 798 focuses on motion estimation techniques. This paper

| presents a "fail fast" approach to SAD matching. The image is first quantlzed so that

~ the precrsmn of each pixel is reduced for example from 8 bits per pixels to 4 bits per

pixel. A first functlon compares the two blocks using the reduced precrsron version. If
'.,the results are acceptable, it proceeds to using a full precision metric. Although, the
research is presented with a hardware implementation IN mind it does not consider the
effective utilization of a Srngle Instruction Multlple Data (SIMD) instruction set that
includes SAD when the processor running the code provides such a facility. An |
 important aspect of this invention is to reduce the time requrredrn the computation of

the metric -by' using such performanceoptimizing SIMD Instruction sets that are

provided in commercial prOcessore available in the market today.

The research reported in C.-K. Cheung, L.-M. Po, “A Hierarchical Block Motion

Estimation Algorithm using Partial Distortion Measure” International Conference on
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Image Processing, Volume 3, October 1997, pages 606 - 609 uses pixel sampling by
using regular grid sampling, which is strictly equivalent to ordinary sub-sampling. They
compute SAD/MSE using 1/2 or 1/4, of the pixels (either in a quincunx pattern, or one in
two columns, one in two rows). Blocks are checked against a 1/4 grid SAD. If it is among
the n better ones, it is kept for the next round, when a 1/2 grid density will be used. Of the
n better ones obtained from the previous round, m will be retained, and thoroughly
checked with a full SAD. Unfortunately, the approach proposed by Cheung and Po cannot
effectively utilize SIMD type parallel operations.

The research reported in Y.-L. Chan, W.-C. Siu, “New Adaptive Pixel Decimation for Block
Motion Vector Estimation”, IEEE Transactions on Circuits and Systems for Video
Technology, Volume 6, Issue 1, February 1996, pages 113-118 is similar to the paper by
Cheung and Po. However, Chan and Siu use different sampling patterns: regular,
excluding quincunx. They consider patterns of density 1/4 and 1/9 (1 in 2x2 or one in 3x3),
and they are not concerned with sub-pixel estimation.

Thus, various types of the metric measuring the difference between image blocks, to be
referred to as the metric in the following discussion, have been used in existing codecs for
block comparison. lrrespective of the exact metric used, its computation turns out to be
computationally expensive.

Therefore, there is a need in the industry for an improved and effective method and
system for fast computation of the metric measuring the difference between image blocks.

SUMMARY OF THE INVENTION

Therefore there is an object of the present invention to provide an improved method and
system for the computation of the metric measuring the difference between two image
blocks used for comparing blocks during motion compensated video coding.

According to one aspect of the invention, a method for determining a metric used in motion
compensated video coding of a scene comprising blocks having pixels, the metric
measuring a difference between a first image block and a second image block, the method
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comprising: generating a pattern matrix, having the same number of rows and columns as
the first and second image blocks, for specifying a subset of pixels to be selected in the
first and second image blocks; dividing the subset of pixels into one or more groups of
successive pixels, each group of successive pixels comprising an uninterrupted sequence
of pixels in a row; a number of pixels in each group of successive pixels being selected so
that to be operable in a single instruction of a Single Instruction Multiple Data (SIMD)
processor; obtaining characteristics of pixels in the subset of pixels for the first and second
iImage blocks; and processing the obtained characteristics for determining the metric.

The step of generating further comprises generating the pattern matrix based on a pixel
budget, which is an estimate of number of pixels in the subset of pixels.

The step of generating further comprises selecting the pattern matrix from a repository of
pattern matrices generated prior to performing motion compensation.

The step of selecting further comprises: for each pattern matrix in the repository of pattern
matrices: storing boolean values in cells of the pattern matrix, each cell corresponding to
pixels occupying the same position in the first and second image blocks; and storing one
of the “true” or “false” boolean values in those cells of the pattern matrix, which correspond
to the pixels from the first and second image blocks to be included in a computation of the
metric, and storing the other boolean value in those cells of the pattern matrix, which
correspond to the pixels in the first and second image blocks to be excluded from the
computation of the metric.

In the described method, each pattern matrix corresponds to the SIMD processor
architecture used for the motion compensated video coding, and a global motion
characteristic of the scene indicating a direction of movement of an object in the scene.

In the described method, the step of obtaining comprises obtaining a luminance value of

each pixel.
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The method further comprises generating a: global motion characteristic of the scene
iIndicating a direction of movement of an object in the scene; and generating the pattern
matrix corresponding to an architecture of the SIMD processor used for the motion
compensated video coding and the global motion characteristic.

The step of generating further comprises generating the pattern matrix based on a pixel
budget, which is an estimate of number of pixels in the subset of pixels.

In the described method, the step of generating the global motion characteristic further
comprises. determining an average motion vector for the scene, the average motion vector
having an amplitude and a direction;, comparing the amplitude of the average motion
vector with a threshold of no movement, comprising: determining the global motion
characteristic as static signifying no object movement when the amplitude of the average
motion vector is below the threshold; and determining the global motion characteristic as
one of horizontal movement, vertical movement, or diagonal movement based on the

direction of the average motion vector when the amplitude of the average motion vector is
equal to or above the threshold.

In the desceibed method, the step of generating further comprises selecting the pattern

matrix from a repository of pattern matrices generated prior to performing motion
compensation.

In the described method, the step of selecting further comprises: for each pattern matrix in
the repository of pattern matrices: storing boolean values in cells of the pattern matrix,
each cell corresponding to pixels occupying the same position in the first and second
image blocks; and storing one of the “true” or “false” Boolean values in those cells of the
pattern matrix, which correspond to the pixels from the first and second image blocks to be
included in a computation of the metric, and storing the other boolean value in those cells
of the pattern matrix, which correspond to the pixels in the first and second image blocks

to be excluded from the computation of the metric.
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In the method described above, the step of obtaining further comprises: obtaining the

characteristic, which is a luminance value; storing luminance values of pixels in the first

Image block in cells in a first matrix; and storing luminance values of pixels in the second
image block in cells in a second matrix.

In the method described above, the step of processing further comprises: selecting cells in
the first and the second pattern matrices using the pattern matrix; and applying one of a

Sum of Absolute Differences function or a Mean Squared Error function on the luminance
values stored in the selected cells.

In the method described above, positions of said one or more groups of successive pixels
are selected to as to maximize a span of block coverage.

According to another aspect of the invention, there is provided a system for determining a
metric used In motion compensated video coding of a scene comprising blocks having
pixels, the metric measuring a difference between a first image block and a second image
block, the system comprising: a pattern matrix generation unit, producing a pattern matrix,
having the same number of rows and columns as the first and second image blocks, for
specifying a subset of pixels to be selected in the first and second image blocks, the
subset of pixels being divided into one or more groups of successive pixels, each group of
successive pixels comprising an uninterrupted sequence of pixels in a row; a number of
pixels in each group of successive pixels being selected so that to be operable in a single
instruction of a Single Instruction Multiple Data (SIMD) processor; an image retrieval unit,

retrieving characteristics of pixels in the subset of pixels for the first and second image
blocks; and a metric computation unit, determining the metric by processing the retrieved
characteristics.

In the system described above, the pattern matrix generation unit is configured to generate
the pattern matrix based on a pixel budget, which is an estimate of number of pixels in the
subset of pixels.



CA 02723910 2014-03-03

In the system described above, the pattern matrix generation unit comprises a repository
of pattern matrices generated prior to performing motion compensation.

In the system described above, each pattern matrix in the repository of pattern matrices is
adapted to: store boolean values in cells of the pattern matrix, each cell corresponding to
pixels occupying the same position in the first and second image blocks; and store one of
the “true” or “false” Boolean values in those cells of the pattern matrix, which correspond to
the pixels from the first and second image blocks to be included in a computation of the
metric, and store the other boolean value in those cells of the pattern matrix, which
correspond to the pixels in the first and second image blocks to be excluded from the

computation of the metric.

In the system described above, each pattern matrix corresponds to an architecture of the
SIMD processor used for the motion compensated video coding, and a global motion
characteristic of the scene indicating a direction of movement of an object in the scene.

In the system described above, the characteristic is a luminance value.

In the system described above, the pattern matrix generation unit further comprises: a
global motion characteristic determination unit, computing a global motion characteristic of
the scene indicating a direction of movement of an object in the scene; and a matrix
determination unit, generating the pattern matrix based on the global motion characteristic
of the scene, an architecture of the SIMD processor used in the motion compensated

video coding.

In the system described above, the matrix determination unit is further adapted to generate

the pattern matrix based on a pixel budget, which is an estimate of number of pixels in the

subset of pixels.

In the system described above, the matrix determination unit further comprises: a pattern
matrix repository, storing a series of predetermined pattern matrices, each pattern matrix in
the pattern matrix repository corresponding to the SIMD processor architecture used in the
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motion compensated video coding, the global motion characteristic of the scene, and the

pixel budget; and a pattern matrix selection unit, selecting the pattern matrix from the
pattern matrix repository.

In the system described above, the metric computation unit comprises one of a Sum of
Absolute Differences computing unit, applying the Sum of Absolute Differences function on
values of the characteristic in the subset of pixels, or a Mean Squared Error computing

unit, applying the Mean Squared Error function on values of the characteristic in the subset
of pixels.

In the system described above, positions of said one or more groups of successive pixels
are selected so that as to maximize a span of block coverage.

Thus, an improved system and method for determining a metric used in motion-
compensated video coding have been provided.

8a
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BRIEF DESCRIPTION OF THE DRAWINGS .
Further features and advantages of the invention will be apparent from the followmg
description of the embodrment ‘which is descnbed by way of example only and with

reference to the accompanylng drawrngs in which:
Figure 1 illustrates a prior art System for motion compensated video coding;
- Figure 2 presents the Core Subsystem 102a of FigUre 1in more detail;

Figure 3 shows a flowchart illustrating steps of the prior art method for motion

‘estimation in compensated video coding;

Figure 4(a) presents an example for rllustratlng successwe pixels selection based on
the CPU architecture for reducing the computation cost of metric determination

~according to the embodlment of the present invention,; -

- Figure 4(b) presents an Improved Core Subsystem 102b of the embodiment of the

present |nvent|on

- Figure 4(c) shows units in the Improved Metric Determination Module 214b of Figure
4(b); '

o Figure 5 shows a flowchart i’II'ustrating the steps of the method executed by the
embodiment of the invention for determining the metric measuring the difference

between image blocks;

Figure 6 illustrates the procedure used for determining the global motion characteristic
of the scene in the embodiment of the invention; and o

‘Figure 7 shows a flowchart lllustrating the step "Compute P-SAD” of Figure 5.

DETAILED DESCRIPTION OF THE EMBODIMENT OF THE INVENTION
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~ Because block-based motion estimation algorithms are based on the approximately
. correct assumption that the metric measuring the difference between two image blocks

~ (often referred to in the literature as error) is concave aroUndthe optimal region, they

- depend only loosely on the actual metric andtherefore should be resilient to efficient,

_Iow-cost approximated metrics. This invention reduces the computatlonal cost
‘associated with the determination of the metric measurrng the difference between
,rmage blocks by conS|der|ng only selected -plxels in the blocks being compared.
Although the time required for determining the metric is reduced drastlcally there is no

significant degradatlon in the quahty of the | umage

Before discussing the invention in detarl a general descrrptlon of motion compensated

- encodlng IS prowded W|th the help of the system 100 shown in Figure 1. The Core

subsystem 102a |ncludes a Frame Buffer module 104 that is connected to the Motlons

Estimation module 106 and the Motion Compensatlon module 108. The Motron
- Estimation module 106 Is connected in turn to the Motion Compensation module 108.
The Frame Buffer module 104 stores a number of previous frames that are required by
the.other modules to create motion-compensated frames that are used as predictors for
the current frame under processing. Further details of the Core subsystem102a that

produces a motion compenSated Image are described in detail in Figure 2.

The motlon compensated frame from the Motlon Compensation module 108 Is
subtracted from the current image (shown by the minus operator 114 in Figure 1) and

the residual (the i image dafterence). is sent to the transform step for encoding.

Frames are produced by a Frame Source 110 that can be any apparatus (e.g., a
camera or a file)' thatfeeds Image frames into the encoder. The processing of the
frames stored in Frame Source 110 depends on the mode selected. The Mode
Selection module 112 indicates to the codec whether the incoming frame s to be coded
with motion compensation or an “intra mode” is to be used. An intra mode is used with
frames (e.g., as key frames) that cannot be decoded relative to other frames. They use
~ some standalonecoding that is Iimited to the data entirely contained within that image. ‘

MOde selection is external to motion compensation as this Is a stream-level policy-
based feature. Mode selection selects between interpolated frames (motion-

compensated) or “key-frames that can be decoded on the|r own, wrthout compensatron -
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'. ~ or reference to other frames. Key-frames are used, among other things, to seek to a

specific position in the video without decoding previous frames. Decompression can

only start at key—frames while motion- oompensated frames depend on other frames

~ and therefore cannot be the initial decompression point. When the Mode Selection

module 112 selects the Intra Predlctron module 116, this module 116 predicts the plxels
.,Within the current frame Without the help of other frames. This prepares a key-frame for
~ encoding. As mentioned earlier, the intra-coded frame does not depend on other

frames for its compression/decompression. Further detaits of intra prediction are
beyond the scope of the present discussion. If the IVIode Selection module 112 selects
to perform the transform operation, the frames after being processed in acoordanoe
~ with the output of the Motion Compensation module 108 are fed into the Transform
module 118. Transtormation is a codec- specific step where the |mage IS transformed -
from the spatial (pixel) domain to a frequency domain. This transform is usually the

~ discrete cosine transform (DCT) or a kin transform. Transform coding is well known,'
and further discussion is not needed 'in the context of the present invention. After
' transformlng the pixels into a frequency domaln the resulting data is quantized with the
heIp of a Quantlzatlon Module 128. Quantization is basrcally a precision-reduction
(therefore irreversible) step, which, in practice, means that fewer bits will be used to
represent the data. The type and coarseness of quantization depend on the codec and

.'the user—specified target quality/bit rate, respectively. The output of the Quantization
module 128 is processed by the Inverse Quantization Module 126 and the Entropy
- Coding module 130 that also receives the motion vectors from the Motron Estimation
module 106. Entropy cod:ng s a codec-speolflc step where reduced precision data from
the Quantization module 128 are encoded by using a variable Iength code and other
~ compression technrques. At this level, no precision is lost, only a more efficient
representation of data is used. Typically,' itis a variation on Huffman coding, and uses
either a static code that is precomputed, or some adaptive code that evolv.es as it

codes the data. For more advanced codecs, such as H.264, more SOphisticated

techniques are used.

'.The output of the Entropy Coding module 130 is processed by the Transport Codlng'
module 132. This module ° ‘wraps” the entropy-coded data into a transport format based
on whether the output is stored as a file in a Storage module 136 or tfransmitted as data
by the Transmit module 134. Typical transport file formats are MPEG TS, AV, 3GP',
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etc. Transmrssron couId be over RTP/RTSP a real time transport protocol used to

stream video over the Internet.

The Inverse Quantization module 126 recei_ves the output of the Quantization module |

- 128 and undoes the step performed by the Quantization module 128. However, this is

- not a perfect inVerse,_ as quantization irremediably removes information; the Inverse

quantization produces a reduced-precisi‘on approximation of the original data. This data
IS then -processed by the Inverse Transform module 124. This module inver'ses the
~ transform step and converts data from frequency domain to the pixel domain. At this
point, one has a reduced precision approxrmatlon of the Image that went in the

~ Transform module 118.

- At the upper center of the Figure 1 there is a second Mode Selection switch 120
(rnverse of the switch 112) that decrdes whether the image to add to the Frame Buffer

module 104 is an intra frame or a motion-compensated frame. If it is an intra frame,

~ then the output of the Inverse Transform module 124 IS already a complete image and

can therefore be added as is in the Frame Buffer module 104. If it is a motion
compensated frame, the difference from the inverse transform is added back to the
- motion-compensated frame (the operation is symbolized by the plus operatOr 122 in the

figure), resulting in the final coded Image that is added to the Frame Buffer module 104.

The Core subsystem 102a is e)rplained with the help of Figure 2. The Last Encoded
Image 202 is an image produced by the Inverse Transform module 124 of Figure 1 and
is inserted in the Frame Buffer module 104 that stores a number of frames. Typically,
the Frame Buffer module 104 is I|m|ted to storlng very few Buffered Frames 208, that
typlcally include the last one or two encoded images. When a new frame is ‘added, the

' oldest frame (the one that has been in the buffer for the longest time) is discarded,

ensurmg that the buffer does not grow mdefrmtely In certain codecs, such as H. 264, '

however the number of frames can be as high as 16, but in general |t IS Ilmlted to the

previous frame only. The Select Frame module 210 selects the appropriate frame for

 the next module depending on Frame Selection output from the Motion Estimation
- Algorithm 216. '
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- The Current Image to Encode 212 and the frame selected by the Select Frame module
210 are processed by the MotionEstimation module 106 that deploysthe Motion
Estimation Algorithm 216 that performs the actual motion estimation It uses the Metric
‘Determlnatlon module 214a, producmg the metric used to measure the difference
between two |mage blocks. Dependmg on the complexity of the Motion Estimation
~ Algorithm 216, frame selection can be as S|mp|e as “obtain the last frame” or more
~complex as in the selection of half-frames in an interlaced mode. Frame selection also
depends on thespecific codecs suppOrted.. Some wil support only the last frame as a
reference frame"but some codecs, such as H. 264, allow patches to come from a large
number of lmages (up to 16 in this case) This module returns the motlon vectors

(Wthh may also include references to multiple pre\nous frames)

‘The output of the Motion Estimation Algorithm 216 is used by the Motion Compensation
module 108. This module applies the transformations described by the motion-vectors
(and references to previousframes). The Motion Compensationmodule 108 stitches a
prediction image 'from parts of the reference frame(s) as specified by the motion

vectors.

The steps of the method executed by a typical motion estlmatlon algonthm Is explained
_ W|th the help of flowchart 300 presented in Figure 3. Upon start (box 302), the
procedure 300 sets the variable best metric to an arbitrary large value (box 304) and
‘Initializes the searCh position (box 306). Search position is the position of the block in
the reference frame that is compared to the current block to compensate in the current
frame that is being processed. The motion estimation algorithm generates a number of
such positions in the reference frame and tests blocks at those positions by comparing
them to the current block in the current frame. The proCedure 300 then tests the search
pos:tion (box 308). The search position is tested by applylng the Sum of Absolute
leferences (SAD) function on the luminance value of each plxel stored in the
corresponding cells of the two matrices a and b. The block from the reference frame
'being tested is referred to as the first block and the luminance values of its pixels are
stored in a first matrix referred to by symbol a In the following equations. The block from
- the current frame that is being processed is referred to as the second block and the

Iumlnance values of its pixels are stored in a second matrix referred to by symbol b in
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the foIIowrng equatrons A cell in row i and column j of the two matrices are referred to

as ali,j] and bi,j] respectlvely Thus,
SAD = X | ali,j] - bli,j]|

The magnitude ofthe resulting difference betweeh-the two blocks as computed by this
SAD function, and referredto as the metric, is compared with best metric (box 310). If
~metric is lower than best metric therr the procedure 300 exits “Yes” from box 310 and
- computes the motion vector (box 314)' from this search position. OtherWise, the
procedure 300 exits “No” from box 310 and checks whether or not additional search
positions need to be generated (box 312). If not, the procedure ‘300 exits “No” from box
312 and exits (box 322). Otherwise, a new search position is generated (box 315) and

-the procedure 300 loops back to the entry of box 308. After computing the motron

~ vector in box 314 the procedure 300 stores the value of metrlc in best metric and the

'motron vector computed In Box 314 in a variable called best vector (box 316). Whether
best metric is lower than a predetermined threshold Is checked next (box 318). If not,
the procedure 300 exits “No” from box 318 and Ioops back to the entry of box 312.
Otherwise, the procedure 300 exits “Yes” from box 318, adds best vector to the motion ,
 vector buffer (box 320) and exits (box 322). ' - '

Computation of the metric measuring the difference between two Image blocks by using
a SAD function, for example, is time consuming because it is based on every pixel in
the two blocks. The current invention reduces the computational 'COmplexity significantly

by deploying two different techniq'ues. Only a selected subset of pixels are used in the .
- computation of the metric: '

. P_SAD: Z(i,j ¢ P) I a[|,J] - b[lsj] l

P SAD IS the optrmrzed pattern based SAD functron that uses onIy the subset of plxels
that are mcluded in P and is based on a pattern matrix used for the selectron of the
subset of pixels. The computational complexrty of P-SAD is dlrectly pr0port|onal to the
number of I} pairs that are included in the computatlon. The prxels (identified by 1)) are

selected in such a way that the distortion In the resulting image is ne‘gligibly small. The o

~ P-SAD procedure accepts three arguments: the a matrix, the b matrix and a pattern
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matrix. Pattern is a boolean matrix and includes a “true” or “false” at a particular
combination of i and j to indicate whether or not a particular set of pixel luminance

' ,values ali,jl and Dbl[i,j], is to be included in the computation of P SAD: a value of “true” ,

for pattern[i,j] indicates that the correspondmg all,j]] and bli,j] pair is included in the

‘computation of P- SAD whereas a value of “false” means that the correspondmg a[i,j]
and bli,j] pair is excluded from this computation. By reducing the number of terms that
‘are used in the computatlon of P-SAD, the computational complexuty IS greatly reduced
- The execution tlme for the computatlon of P-SAD is further optimized by selectlng:
successive pixels in a row referred to as a group. A number of available CPUs can
operate on such a group In a single CPU instruction. Several CPU’s eX|st|ng in the
‘market include a Single Instruction, Multiple Data (SIMD) instruction set for performing
such an operation. Examples include Intel's Pentium [l series processors that include
the Streaming SIMD Extensions (SSE) to the x86 architecture. 3DNow! s a multimedia
extension for AMD’s K6 processor thatprovidesthe'packed SAD from byte summed to
word (PSADBW) instruction. ' ' '

An example with five groups IS shown In dlagram 350 displayed in Flgure 4(a) where'
the gray cells indicate the selected pixels that are used in the computation of P-SAD for
an example 16 x 16 block. Each group in this example includes eight pixels. Please
note that a pattern matrix Is constructed in such a way that the groups are as
eqwdlstant as p033|ble (in both the honzontal and vertical dlrectlons) and the span of
block coverage is maximized (see Flgure 4(a)) The vertlcal distances between any two
adjacent groups of Figure 4(a) are approxmately equal whereas the horizontal
distances between any two adjacent groups are equal to one another. With such
positions of groups within a block, the span of block coverage is maximized. That is, the "
groups of Figure 4(a) are not clustered in one region of the block,' but are placed in a
' way to cover as much of the block as possible. An Intel Pentium Ill,processor with its
SSE, for example, can operate on a _group'represented by a set of eight successi\re

gray cells occupying the same row in one CPU instruction.

The number of “true” values (or alternatively,"false” values) in the pattern matrix directly
controls the cost associated with the computation of P-SAD, and is based on a pixel
budget. The pixel budget is an estimate of the number of pixels in the selected subset '

of pixels processed by P-SAD. It may have a predetermined fixed value or may be
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specified by the user. The pattern matrix isch'osen based on this pixel budget, the
CPU architecture and the global motion charaCteriStic of the scene being proceSSed.
N The example of Figure 4(a) corresponds to a pixel budget of 40. Assuming that an Intel
- Pentium 1] processor with its SSE is used to operate on a group comprisi'ng eight
\ plxels |n one mstructron the number of groups is 40/8 = 5 and thus five groups are

~ used in the example of Frgure 4(a).

The embodiment of the current invention reduces the computatronal complexrty of
" metric determrnatron by improving the Metric Determrnatron module 214a. An Improved .
~ Core Subsystem 102b that incorporates an Improved Metric Determination module
‘214b implementing the P-SAD function is shown in .system_ 370 of Figure 4(b) of the
“embodiment of the invention. Note that all cOmponents of the Improved Core
Subsystem other than 214b are the same as those shown |n the Core Subsystem 102a
of Figure 2. The system 370 of embodrment of invention mcludes a general purpose or
specialized computer having a CPU and a computer readable medium, e.g.,, memory,
DVD, CD-ROM or other medium, storing computer readable mstructrons for execution
by the CPU. Alternatively, the system can be implemented in frrmware, or combination
- of firmware and a specialized computer. Various modules of the system 370, including
the Improved Metric Determination Module 214b, are implemented as computer

- readable instructions stored in the computer readable medium for execution by the
CPU. ' ' '

The Improved Metric Determrnatron module 214b is explarned with the help of dragram

214b presented in Frgure 4(c) As mentroned above, the Improved Metric Determrnatron
module 214b can be implemented in frrmware or alternatrvely, a computer software

code stored In a computer readable medium.

The Improved Metric Determination_ Module 214b includes three units: the image
retrieval unit 404, the pattern matrix geheration" unit 402 and the metric computati_on
unit 406, comprising \cOmputer readable instructions stored in a computer readable
medium. The characteristics of all pixels in the scene, such as their luminance values,
are retrieved by the image retrieval unit 404 for performing motioh cOmpensated video
~ coding. These characteristics are used by the pattern matrix generation unit 402 to

generate an appropriate pattern matrix and by the metric computation unit 406 that
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- determines the metric measuring a difference between a first image block contained n

~ the reference frame and a second image block contained in the current frame that is |

| being processed In one embodiment of the 'invention the metric computat’ion unit
. comprises a Sum of Absolute Drfferences computation unit implementing function P- |
SAD discussed earller The pattern matrix generation unit 402 in turn includes two '
units: a global motion characteristic determlnatlon unit 408 and a pattern matrix
' determination unit409 comprising computer readable instructions stored in a computer
readable medium. The global motion characteristic determination unit 408 computes a
' gIobal motion charactenstlc of the scene that indicates the direction of movement of an
object In the scene This mformatlon is used by the matrix determination unit 409 for
selectlng the pattern matrix to be used in motion compensated video codmg of the
scene. The pattern matrix determination unit 409 includes two units: matrix selection
unit 410 and a pattern matrix reposﬂory 412 stored In a computer readable medlum
- The pattern matrix repository 412 stores a series of predetermined pattern matrices
~each of which corresponds to a CPU architecture and the global motion characterlstlc
of the scene. The pattern matrix selection unit 410 is responsible for selectlng the
pattern matrix from the pattern matrix repository 412 based on the CPU architecture
. used in motion -compensated video coding, the global motion characteristic of the scene
being processed as well as the pixel budget. The pattern matrix repository includes a
number of pattern matrices each of which corresponds to a specific combination of
CPU architecture used ‘In_motion compensated video codlng, the global motron
charactenstlc of the scene and pixel budget. For the example presented in the context .
- of Figure 4(a) the pattern matrlx rep03|tory will include four specific pattern matrices
~ that correspond to an Intel Pentrum 1 processor with its SSE extension and a pixel
' budget of 40. Each of these four pattern matrices corresponds to a specrflc global
‘motion characteristic of the scene: static, horizontal movement, vert|cal movement and
dlagonal movement. Once the values for all the three factors are known the specific

pattern matrix can be located and retrieved from the repository. The methods used for

achieving these units are discussed next.

The steps of the method to compute the value of P-SAD performed 'by the metric
| computation unit 406 are explained with the help of flowchart 500 presented in Figure
0. Upon start (box 502), In_group, the number of pixels in a group, is chosen based on

the CPU architecture (box 504). Recall that a group refers to successive piXeIs IN a row
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that are processed by one CPU ihstruction. For example, if the CPU supports instructions
that can process n pixels at a tirh;e, In_group is set to n. The number of such groups to be
used referred to as no_group, is then computed (bax 506). The Floor function produces the
largest integer that is equal to or Iess than its argument. Based on In_group, no_group and
global motion characteristic of the scene, the pattern matrix to be used is determined (box
508). In one embodiment of the invention the paftern matrix I8 chosen from a set of stored
matrices. Once the pattern matrix is determined, the procedure 500 computes the P-SAD
value (box 510) and exits (box ;512). The storage of verious pattern matrices and its
selection in box 508 are discussed next. This is followed by a discussion of the method for
computmg P-SAD | |

Generating a pattern matrix S ach:eved by the pattern matrix generation unit 402 The
selection of the pattern matrix is bnefly discussed. A scene can be characterized in many
different ways. One embodiment of the invention uses the global motion characteristic of a
scene to characterize it as .statle, vertical movement, diagonal .movement or horizontal
movement. Note that this characterizatien captures the apprexi'mate direction of ebject
movemsnt, with static being a specia! case that corresponds to little or no movement
Diagram 600 displayed in Figure 6 is used to explain the procedure used in the
determination of the global mohon characteristic of a scene. The average motion vector,

having an amplitude and a dlrectlon for the scene is .computed by adding the motion
vectors for the differant blOCKS in the scene and dwldmg the sum by the number of blocks.

The amplitude (or length) of the average motlon vector is compared to a given "threshold
of no movement" 602 that is sei by the user. If the vector amplitude is lower than this

threshold value, the scene is Classified as static. For example, the average motion vector
| 604 has an amplitude lower than the threshold of no movement and is determined static.

Slmllarly because the amplntude of the average motion vector 606 is larger than the
threshold of no movement, its durecuon I8 considered.

The scene characterization space s divided into eight regions In the example of Figure 6:
regions 612 and 620 correSpond to horizontal movement, regions 608 and 616 to vertical
movement and regions 610, 614; 618, and 622 to dlagonal movement. Depanding on the

region to which the average motlon vector belongs the scene is classified as horizontal
movement, vertical movement or diagonal movement (see

18



CA 02723910 2010-11-09
WO 2010/015066 | | | | PCT/CA2008/001821

19
Flgure 6). In Figure 6, since the amplltude of the average motlon vector 606 is Iarger
than the threshold of no movement, and it lands in a vertical movement region 608 of
the diagram, the scene is classified as vertical movement. In one embodiment of the
inuention a number of pattern matrices that are to be used in the 'computation of P-SAD
are generated and stored in a reposﬂory prior to performing motion compensated vndeo
coding. Each such pattern matrix corresponds to a particular combination of In_group,
no_group and the global motion characteristic of the scene. At run time, the average
motion vector for the scene being processed is analyzed and an approprlate pattern
matrix Is then retrieved from the repository of pattern matrices (box 508) and used in

- the computation of P SAD that is descrlbed nhext.

The steps of the method executed in box 510 of Figure 5 are explained further with the
help of flowchart 700 shown in Figure 7. The explanation is presented in the context of _
a system that uses image blocks having 16 x 16 pixels and can be easily extended to
‘images with other blocks sizes. Upon start (box 702), the procedure 700 performs the
initialization step (box 704). In this step,’the initial values for i and J that store the

- indices of the current row and column respectlvely are set to 1 and the variable sum is
' |n|t|aI|zed to 0. After the |n|t|aI|zat|on step, the procedure 700 checks the boolean value

stored in cell at the ith row and jth column of the pattern matrix (box 706). If it is “true”,

~ the procedure 700 exits “Yes” from box 706 and ali,j], bli,j] are used in the computation

of the P-SAD as shown in box 708. Otherwrse the procedure 700 exits “No” from box
706 and the a[|,j] b[1,]] values are excluded from the computatron of P- SAD The
0perat|on performed in box 708 is thus sklpped and the procedure 700 checks whether
or not all the columns for the current row are considered (box 710). If not, the
procedure 700 exits “No” from box 710, Increments the value of ] (box 712) to go to the |
next column and loops back to the entry of box 708. Otherwise, the procedure 700 exits
- "Yes” from box 710 and checks whether or not all the rows have been covered (box
' 716). If all rows have been cOvered, the procedure 700 exits “Yes” from box 716,
returns the value in sum (box 718) and exits (box 720). Otherwise, the procedure 700
exits “No’ from box 716, increments the value of | and sets the value of | j to 1 (box 714)

to go to the next row and loops back to the entry of box 7086.

Although Specific embodiments'of_ the iin'vention have been described in detail, it should

~be understood that the described embOdiments are intended to be illustrative and not
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restrictive. Various changes and modifications of the embodiments shown in the
drawings and described in the specification may be made within the scope of the
- following claims without departing from the scope of the invention in its broader aspect.
For example, instead of using the P-SAD function in determination of the metric, an

_ optimized' pattern based Mean Squares of Errors (P-MSE) function may be used:
P-MSE = Y;. s (alij] - b[i,]] 2

As in the case of P-SAD only selected pixels characteristics are used in the
’ computation of the metric Other functions can also be used in determining the metric
e.g.,, decibels, as requwed Also, instead of the Floor function, a Ceiling function may
be used In the determination of no_group (see Figure 5) when using a slightly higher
nhumber of plxels than specmed by the pixel budget can be tolerated by the user. In
certain embodiments, different units from those shown in Figure 4(c) may be used in
the Improved Metric Determination module 214b for achieving the desired functionality.
Moreover, such units may be executed on one computer' or distributed over multiple
computers. o o : ' ’ '

A computer readable medium, storing instructions thereon for performing the steps of

the methods of the embodiments of the invention, comprising a computer memory,
DVD CD ROM, floppy or the like, is also provided.

Various other modifications may be provided as needed. 'It iIs therefore to- be
understood that within the scope of the given system charactenshcs the invention may
be practlced othenmse than as specifically described hereln

Although specmc embodlments of the invention have been descnbed in detail, it should

" be understood that the descrlbed embodiments are mtended to be illustrative and not

'restrlctlve Various changes and modlflcatlons of the embodiments shown in- the
drawings and described in the specification may be made within the scope of the

fOIIowing claims without departing from the scope of the invention in its broader aspect. '



CA 02723910 2014-03-03

VT-046-CA

What is Claimed is:

1. A method for determining a metric used in motion compensated video coding of a scene
comprising blocks having pixels, the metric measuring a difference between a first image
block and a second image block, the method comprising:

generating a pattern matrix, having the same number of rows and columns as the
first and second image blocks, for specifying a subset of pixels to be selected in the first
and second image blocks;

dividing the subset of pixels into one or more groups of successive pixels, each
group of successive pixels comprising an uninterrupted sequence of pixels in a row;

a number of pixels in each group of successive pixels being selected so that to be
operable in a single instruction of a Single Instruction Multiple Data (SIMD) processor,

obtaining characteristics of pixels in the subset of pixels for the first and second
image blocks; and

processing the obtained characteristics for determining the metric.

2. The method of claim 1, wherein the step of generating further comprises generating the

pattern matrix based on a pixel budget, which is an estimate of number of pixels in the
subset of pixels.

3. The method of claim 2, wherein the step of generating further comprises selecting the

pattern matrix from a repository of pattern matrices generated prior to performing motion
compensation.

4. The method of claim 3, wherein the step of selecting further comprises:
for each pattern matrix in the repository of pattern matrices:

storing boolean values in cells of the pattern matrix, each cell corresponding to
pixels occupying the same position in the first and second image blocks; and

storing one of the “true” or “false” boolean values in those celis of the pattern
matrix, which correspond to the pixels from the first and second image blocks to be
included in a computation of the metric, and storing the other boolean value in those cells

21
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of the pattern matrix, which correspond to the pixels in the first and second image blocks
to be excluded from the computation of the metric.

5. The method of any one of claims 1 to 4, wherein each pattern matrix corresponds to
the SIMD processor architecture used for the motion compensated video coding, and a

global motion characteristic of the scene indicating a direction of movement of an object In
the scene.

6. The method of any one of claims 1 to 4, wherein the step of obtaining comprises
obtaining a luminance value of each pixel.

7. The method of claim 1, wherein the step of generating further comprises:

generating a global motion characteristic of the scene indicating a direction of
movement of an object in the scene; and

generating the pattern matrix corresponding to an architecture of the SIMD
processor used for the motion compensated video coding and the global motion

characteristic.

8 The method of claim 7, wherein the step of generating further comprises generating the
pattern matrix based on a pixel budget, which is an estimate of number of pixels in the
subset of pixels.

9 The method of claim 7, wherein the step of generating the global motion characteristic

further comprises:
determining an average motion vector for the scene, the average motion vector

having an amplitude and a direction;
comparing the amplitude of the average motion vector with a threshold of no

movement, comprising:
determining the global motion characteristic as static signifying no object
movement when the amplitude of the average motion vector is below the threshold;

and

22
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determining the global motion characteristic as one of horizontal
movement, vertical movement, or diagonal movement based on the
direction of the average motion vector when the amplitude of the average motion
vector is equal to or above the threshold.

10. The method of any one of claims 7 to 9, wherein the step of generating further

comprises selecting the pattern matrix from a repository of pattern matrices generated
prior to performing motion compensation.

11. The method of claim 10, wherein the step of selecting further comprises:
for each pattern matrix in the repository of pattern matrices:

storing boolean values in cells of the pattern matrix, each cell corresponding to
pixels occupying the same position in the first and second image blocks; and

storing one of the “true” or “false” Boolean values in those cells of the pattern
matrix, which correspond to the pixels from the first and second image blocks to be
included in a computation of the metric, and storing the other boolean value in those celis
of the pattern matrix, which correspond to the pixels in the first and second image blocks
to be excluded from the computation of the metric.

12. The method of any one of claims 1, 2, 3, 4, 7, 8, 9, wherein the step of obtaining
further comprises:

obtaining the characteristic, which is a luminance value;

storing luminance values of pixels in the first image block in cells in a first matrix;
and

storing luminance values of pixels in the second image block in cells in a second

matrix.

13. The method of claim 12, wherein the step of processing further comprises:
selecting cells in the first and the second pattern matrices using the pattern matrix;

and
applying one of a Sum of Absolute Differences function or a Mean Squared Error

function on the luminance values stored in the selected cells.

23
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14. The method of any one of claims 1, 2, 3, 4, 7, 8, 9, wherein positions of said one or
more groups of successive pixels are selected to as to maximize a span of block

coverage.

15. A system for determining a metric used in motion compensated video coding of a
scene comprising blocks having pixels, the metric measuring a difference between a first
image block and a second image block, the system comprising:

a pattern matrix generation unit, producing a pattern matrix, having the same
number of rows and columns as the first and second image blocks, for specifying a subset
of pixels to be selected in the first and second image blocks, the subset of pixels being
divided into one or more groups of successive pixels, each group of successive pixels
comprising an uninterrupted sequence of pixels in a row,

a number of pixels in each group of successive pixels being selected so that to be
operable in a single instruction of a Single Instruction Multiple Data (SIMD) processor;

an image retrieval unit, retrieving characteristics of pixels in the subset of pixels for
the first and second image blocks; ana

a metric computation unit, determining the metric by processing the retrieved

characteristics.

16. The system of claim 15, wherein the pattern matrix generation unit is configured to
generate the pattern matrix based on a pixel budget, which is an estimate of number of

pixels in the subset of pixels.

17. The system of claim 16, wherein the pattern matrix generation unit comprises a

repository of pattern matrices generated prior to performing motion compensation.

18. The system of claim 17, wherein each pattern matrix in the repository of pattern

matrices is adapted to:
store boolean values in cells of the pattern matrix, each cell corresponding to pixels

occupying the same position in the first and second image blocks; and
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store one of the "true” or "false” Boolean values in those cells of the pattern matrix,
which correspond to the pixels from the first and second image blocks to be included in a
computation of the metric, and store the other boolean value in those cells of the pattern

matrix, which correspond to the pixels in the first and second image blocks to be excluded
from the computation of the metric.

19. The system of any one of claims 15 to 18, wherein each pattern matrix corresponds to
an architecture of the SIMD processor used for the motion compensated video coding, and

a global motion characteristic of the scene indicating a direction of movement of an object
in the scene.

20. The system of any one of claims 15 to 18, wherein the characteristic is a luminance
value.

21. The system of claim 15, wherein the pattern matrix generation unit further comprises:

a global motion characteristic determination unit, computing a global motion
characteristic of the scene indicating a direction of movement of an object in the scene;
and

a matrix determination unit, generating the pattern matrix based on the global
motion characteristic of the scene, an architecture of the SIMD processor used In the
motion compensated video coding.

22. The system of claim 21, wherein the matrix determination unit is further adapted to
generate the pattern matrix based on a pixel budget, which is an estimate of number of
pixels in the subset of pixels.

23. The system of claim 22, wherein the matrix determination unit further comprises:

a pattern matrix repository, storing a series of predetermined pattern matrices, each
pattern matrix in the pattern matrix repository corresponding to the SIMD processor
architecture used in the motion compensated video coding, the global motion
characteristic of the scene, and the pixel budget; and
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a pattern matrix selection unit, selecting the pattern matrix from the pattern matrix
repository.

24. The system of any one of claims 15, 16, 17, 18, 21, 22, 23, wherein the metric
computation unit comprises one of a Sum of Absolute Differences computing unit, applying
the Sum of Absolute Differences function on values of the characteristic in the subset of
pixels, or a Mean Squared Error computing unit, applying the Mean Squared Error function
on values of the characteristic in the subset of pixels.

25. The system of any one of claims 15, 16, 17, 18, 21, 22, 23, wherein positions of said

one or more groups of successive pixels are selected so that as to maximize a span of
block coverage.

26
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