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METHOD OF CONCURRENT MULTIPLE-MODE
MOTION ESTIMATION FOR DIGITAL VIDEO

BACKGROUND OF THE INVENTION

The present invention relates generally to digital video compression, and, more
particularly, to a motion estimation method and search engine for a digital video encoder that is
simpler, faster, and less expensive than the presently available technology permits, and that

permits concurrent motion estimation using multiple prediction modes.

Many different compression algorithms have been developed in the past for digitally
encoding video and audio information (hereinafter referred to generically as “digital video data
stream”) in order to minimize the bandwidth required to transmit this digital video data stream
for a given picture quality. Several multimedia specification committees have established and
proposed standards for encoding/compressing and decoding/decompressing audio and video
information. The mos;c widely accepted international standards have been proposed by the
Moving Pictures Expert Group (MPEG), and are generally referred to as the MPEG-1 and
MPEG-2 standards. Officially, the MPEG-1 standard is specified in the ISO/IEC 11172-2
standard specification document, which is herein incorporated by reference, and the MPEG-2
standard is specified in the ISO/IEC 13818-2 standard specification document, which is also

herein incorporated by reference. These MPEG standards for moving picture compression are
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used in a variety of current video playback products, including digital versatile (or video) disk
(DVD) players, multimedia PCs having DVD playback capability, and satellite broadcast digital
video. More recently, the Advanced Television Standards Committee (ATSC) announced that
the MPEG-2 standard will be used as the standard for Digital HDTV transmission over terrestrial
and cable television networks. The ATSC published the Guide to the Use of the ATSC Digital
Television Standard on October 4, 1995, and this publication is also herein incorporated by
reference.

In general, in accordance with the MPEG standards, the audio and video data comprising
a multimedia data stream (or “bit stream”) are encoded/compressed in an intelligent manner
using a compression technique generally known as “motion coding”. More particularly, rather
than transmitting each video frame in its entirety, MPEG uses motion estimation for only those
parts of sequential pictures that vary due to motion, where possible. In general, the picture
elements or “pixels” of a picture are specified relative to those of a previously transmitted
reference or “anchor” picture using differential or “residual” video, as well as so-called “motion
vectors” that specify the location of a 16-by-16 array of pixels or “macroblock” within the
current picture relative to its original location within the anchor picture. Three main types of
video frames or pictures are specified by MPEG, namely, I-type, P-type, and B-type pictures.

An I-type picture is coded using only the information contained in that picture, and‘
hence, is referred to as an “intra-coded” or simply, “intra” picture.

A P-type picture is coded/compressed using motion compensated prediction (or “motion
estimation”) based upon information from a past reference (or “anchor”) picture (either I-type or

P-type), and hence, is referred to as a “predictive” or “predicted” picture.
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A B-type picture is coded/compressed using motion compensated prediction (or “motion
estimation”) based upon information from either a past and or a future reference picture (either I-
type or P-type), or both, and hence, is referred to as a “bidirectional” picture. B-type pictures are
usually inserted between I-type or P-type pictures, or combinations of either.

The term “intra picture” is used herein to refer to I-type pictures, and the term “non-intra
picture” is used herein to refer to both P-type and B-type pictures. It should be mentioned that
although the frame rate of the video data represented by an MPEG bit stream is constant, the
amount of data required to represent each frame can be different, e.g., so that one frame of video
data (e.g., 1/30 of a second of playback time) can be represented by x bytes of encoded data,
while another frame of video data can be represented by only a fraction (e.g., 5%) of x bytes of
encoded data. Since the frame update rate is constant during playback, the data rate is variable.

In general, the encoding of an MPEG video data stream requires a number of steps. The
first of these steps consists of partitioning each picture into macroblocks. Next, in theory, each
macroblock of each “non-intra” picture in the MPEG video data stream is compared with all
possible 16-by-16 pixel arrays located within specified vertical and horizontal search ranges of
the current macroblock’s corresponding location in the anchor picture(s). The MPEG picture
and macroblock structure is diagrammatically illustrated in FIG. 1.

The aforementioned search or “motion estimation” procedure, for a given prediction
mode, results in a motion vector(s) that corresponds to the position of the closest-matching
macroblock (according to a specified matching criterion) in the anchor picture(s) within the
specified search range. Once the prediction mode and motion vector(s) have been determined,
the pixel values of the closest-matching macroblock are subtracted from the corresponding pixels

of the current macroblock, and the resulting 16-by-16 array of differential pixels is then
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transformed into 8-by-8 “blocks,” on each of which is performed a discrete cosine transform
(DCT), the resulting coefficients of which are each quantized and Huffman-encoded (as are the
prediction type, motion vectors, and other information pertaining to the macroblock) to generate
the MPEG bit stream. If no adequate macroblock match is detected in the anchor picture, or if
the current picture is an intra, or “I-” picture, the above procedures are performed on the actual
pixels of the current macroblock (i.e., no difference is taken with respect to pixels in any other
picture), and the macroblock is designated an “intra” macroblock. |

For all MPEG-2 prediction modes, the fundamental technique of motion estimation
consists of comparing the current macroblock with a given 16-by-16 pixel array in the anchor
picture, estimating the quality of the match according to the specified metric, and repeating this
procedure for every such 16-by-16 pixel array located within the search range. The hardware or
software apparatus that performs this search is usually termed the “search engine,” and there
exists a number of well-known criteria for determining the quality of the match. Among the
best-known criteria are the Minimum Absolute Error (MAE), in which the metric consists of the
sum of the absolute values of the differences of each of the 256 pixels in the macroblock with the
corresponding pixel in the matching anchor picture macroblock; and the Minimum Square Error
(MSE), in which the metric consists of the sum of the squares of the above pixel differences. In
either case, the match having the smallest value of the corresponding sum is selected as the best
match within the specified search range, and its horizontal and vertical positions relative to the
current macroblock therefore constitute the motion vector. If the resulting minimum sum is
nevertheless deemed to large, a suitable match does not exist for the current macroblock, and it is
coded as an intra macroblock. For the purposes of the present invention, either of the above two

criteria, or any other suitable criterion, may be used.
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In accordance with the MPEG-2 standard, any of a number of so-called “prediction
modes” may be used for each individual macroblock that is encoded; the optimum prediction
mode depends both on the type of picture being encoded and on the characteristics of the portion
of the picture in which the given macroblock being encoded is located. Currently known
methods of motion coding allow the use of different prediction modes, but generally require one
predi;tion mode to be specified for a given macroblock before an actual motion estimation is
performed. Although such a determination can often be made based upon prior knowledge of the
picture or image source characteristics, there are many cases where the optimum prediction mode
cannot be known unless more than one motion estimation is performed for the macroblock in
question. Since motion estimation usually consists of an exhaustive search procedure in which
all 256 pixels of two corresponding macroblocks are compared, and which is repeated for a large
number of macroblocks, the latter is not a practical option.

Computation of the motion vector(s) for a given macroblock is typically performed by
means of an exhaustive search procedure. The current macroblock in question is “compared”
with a macroblock-sized pixel array within the anchor picture that is offset by an amount less
than specified vertical and horizontal distances, called the “search ranges,” and an “error” value
is computed for this particular “match” of the macroblock using a specified criterion, or
“metric,” that gives a rrieasure of how large the error is. This is done for every possible
combination of vertical and horizontal offset values within the respective search ranges, and the
offset pair that yields the smallest error according to the chosen metric is selected as the motion
vector for the current macroblock relative to the anchor picture. Clearly, this procedure is very

computationally intensive.
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Based on the above and foregoing, it can be appreciated that there presently exists a need
in the art that overcomes the disadvantages and shortcomings of the presently available
technology. The present invention fulfills this need in the art by performing motion coding of an
uncompressed digital video sequence in such a manner that the prediction mode for each
individual macroblock is de\stermined as part of the motion estimation process, along with the
actual motion vector(s), and need not be specified in advance; only the type of picture currently
beiné coded need be known. Since the latter must be determined at a higher level of video
coding than the macroblock layer, this method makes possible a much more efficient, as well as
optimal, degree of video compression than would otherwise be possible using conventional
methods of motion estimation. Further, the present invention provides a novel scheme for
concurrently searching for the optimum macroblock match within the appropriate anchor picture
according to each of a plurality of motion prediction modes during the same search operation for
the given macroblock, without the need for a separate search to be performed on the same
macroblock for each such mode. Since this search procedure is the single most complex and
expensive aspect of motion estimation, in both time and hardware, such a method as the present
invention will clearly result in a more efficient video image coding and compression than would
otherwise be possible given the aforementioned practical limitations of the presently available
technology.

Although the pr,esent invention was primarily motivated by the specific requirements of
the ATSC standard, it can nevertheless be used with any digital video transmission or storage
system that employs a video compression scheme, such as MPEG, in which motion coding with

multiple prediction modes is used.
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SUMMARY OF THE INVENTION

The present invention encompasses a method for motion coding an uncompressed digital
video data stream such as an MPEG-2 digital video data stream. The method includes the steps
of comparing pixels of a first pixel array in a picture currently being coded with pixels of a
plurality of second pixel arrays in at least one reference picture and concurrently performing
motion estimation for each-of a plurality of different prediction modes in order to determine
which of the prediction modes is an optimum prediction mode, determining which of the second
pixel arrays constitutes a best match with respect to the first pixel array for the optimum
prediction mode, and, generating a motion vector for the first pixel array in response to the
determining step. The method is implemented in a device such a§ a motion estimation search
system of a digital video encoder. In one embodiment, the method and device are capable of
concurrently determining performing motion estimation in each of the six different possible
prediction modes specified by the MPEG-2 standard.

The present invention also encompasses a method for motion coding a digital video data
stream comprised of a sequence of pictures having top and bottom fields which includes the
steps of comparing pixels of a first portion (e.g., 16-by-8 portion) of a current macroblock (e.g., a
16-by-16 macroblock) of the top field of a current picture with pixels of each of a plurality of
correspondingly-sized portions of a macroblock of a top field of an anchor picture in accordance
with a prescribed search metric, and producing a first error metric for each comparison;
comparing pixels of the first portion (e.g., 16-by-8 portion) of the current macroblock of the top
field of the current picture with pixels of each of the plurality of correspondingly-sized portions
of a macroblock of a bottom field of the anchor picture in accordance with the prescribed search

metric, and producing a second error metric for each comparison; comparing pixels of a second
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portion (e.g., 16-by-8 portion) of a current macroblock (e.g., a 16-by-16 macroblock) of the
bottom field of the current picture with pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the top field of the anchor picture in accordance with the
prescribed search metric, and producing a third error metric for each comparison; comparing
pixels of the second portion (e.g., a 16-by-8 portion) of the current macroblock of the bottom
field of the current picture-with pixels of each of the plurality of correspondingly-sized portions
of the macroblock of the bottom field of the anchor picture in accordance with the prescribed
search metric, and producing a fourth error metric for each comparison; summing the first and
fourth error metrics to produce a first composite error metric; summing the second and third
error metrics to produce a second composite error metric; and, determining which of the first,
second, third, and fourth error metrics, and first and second composite error metrics has the
lowest value, and selecting one a plurality of possible motion estimation prediction modes on the
basis of such determination. Preferably and advantageously, all of the comparing steps are
performed concurrently, and both of the summing steps are performed concurrently. The
plurality of possible motion estimation prediction modes can include frame and field prediction
modes for frame pictures in accordance with the MPEG-2 standard.

The present invention also encompasses a method for motion coding a digital video data
stream comprised of a sequence of pictures, in which the method includes the steps of comparing
pixels of a first portion (e.g., 16-by-8 portion) of a top half of a current macroblock (e.g., a 16-
by-16 macroblock) of a current picture with pixels of each of a plurality of correspondingly-sized
portions of a macroblock of a top field of an anchor picture in accordance with a prescribed
search metric, and producing a first error metric for each comparison; comparing pixels of the

first portion (e.g., 16-by-8 portion) of the top half of the current macroblock of the current
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picture with pixels of each of the plurality of correspondingly-sized portions of a macroblock of
a bottom field of the-anchor picture in accordance with the prescribed search metric, and
producing a second error metric for each comparison; comparing pixels of a second portion (e.g.,
16-by-8 portion) of a bottom half of a current macroblock (e.g., a 16-by-16 macroblock) of the
current picture with pixels\\of each of the plurality of correspondingly-sized portions of the
macroblock of the top field of the anchor picture in accordance with the prescribed search metric,
and broducing a third error metric for each comparison; comparing pixels of the second portion
(e.g., a 16-by-8 portion) of the bottom half of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized portions of the macroblock of the bottom
field of the anchor picture in accordance with the prescribed search metric, and producing a
fourth error metric for each comparison; summing the first and third error metrics to produce a
first composite error metric; summing the second and fourth error metrics to produce a second
composite error metric; and, determining which of the first, second, third, and fourth error
metrics, and first and second composite error metrics has the lowest value, and selecting one a
plurality of possible motion estimation prediction modes on the basis of such determination.
Preferably and advantageously, all of the comparing steps are performed concurrently, and both
of the summing steps are performed concurrently. The plurality of possible motion estimation
prediction modes can include field and 16x8 prediction modes for field pictures in accordance
with the MPEG-2 stanciard.

The present invention also encompasses a method for motion coding a digital video data
stream comprised of a sequence of pictures having top and bottom fields which includes the
steps of comparing pixels of a first portion (e.g., 16-by-8 portion) of a current macroblock (e.g., a

16-by-16 macroblock) of the top field of a current picture with pixels of each of a plurality of
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correspondingly-sized portions of a macroblock of a top field of an anchor picture in accordance
with a prescribed search metric, and producing a first error metric for each comparison;
comparing pixels of the first portion (e.g., 16-by-8 portion) of the current macroblock of the top
field of the current picture with pixels of each of the plurality of correspondingly-sized portions
of a macroblock of a bottom field of the anchor picture in accordance with the prescribed search
metric, and producing a second error metric for each comparison; comparing pixels of a second
portion (e.g., 16-by-8 portion) of a current macroblock (e.g., a 16-by-16 macroblock) of the
bottom field of the current picture with pikels of each of the plurality of correspondingly-sized
portions of the macroblock of the top field of the anchor picture in accordance with the
prescribed search metric, and producing a third error metric for each comparison; comparing
pixels of the second portion (e.g., a 16-by-8 portion) of the current macroblock of the bottom
field of the current picture with pixels of each of the plurality of correspondingly-sized portions
of the macroblock of the bottom field of the anchor picture in accordance with the prescribed
search metric, and producing a fourth error metric for each comparison; producing first, second,
third, and fourth motion vectors on the basis of the first, second, third, and fourth error metrics,
respectively; and, examining the first, éecond, third, and fourth motion vectors to determine
whether a prescribed relationship between them is present, and, if so, selecting a frame picture
dual-prime motion estimation prediction mode. Preferably and advantageously, all of the
comparing steps are performed concurrently.

The present invention also encompasses a method for motion coding a digital video data
stream comprised of a sequence of pictures, in which the method includes the steps of comparing
pixels of a first portion (e.g., 16-by-8 portion) of a top half of a current macroblock (e.g., a 16-

by-16 macroblock) of a current picture with pixels of each of a plurality of correspondingly-sized
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portions of a macroblock of a top field of an anchor picture in accordance with a prescribed
search metric, and producing a first error metric for each comparison; comparing pixels of the
first portion (e.g., 16-by-8 portion) of the top half of the current macroblock of the current
picture with pixels of each of the plurality of correspondingly-sized portions of a macroblock of
a bottom field of the anchor picture in accordance with the prescribed search metric, and
producing a second error metric for each comparison; comparing pixels of a second portion (e.g.,
16-b);-8 portion) of a bottom half of a current macroblock (e.g., a 16-by-16 macroblock) of the
current picture with pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the top field of the anchor picture in accordance with the prescribed search metric,
and producing a third error metric for each comparison; comparing pixels of the second portion
(e.g., a 16-by-8 portion) of the bottom half of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized portions of the macroblock of the bottom
field of the anchor picture in accordance with the prescribed search metric, and producing a
fourth error metric for each comparison; summing the first and third error metrics to produce a
first composite error metric; summing the second and fourth error metrics to produce a second
composite error metric; producing first and second motion vectors on the basis of the first and
second composite error metrics, respectively; and, examining the first and second motion vectors
to determine whether a prescribed relationship between them is present, and if so, selecting a
field picture dual-prime,motion estimation prediction mode. Preferably and advantageously, all
of the comparing steps are performed concurrently, both of the summing steps are performed
concurrently, and both of the producing steps are performed concurrently.

The present invention further encompasses a device such as a motion estimation search

system for a digital video encoder that concurrently implements any of the above-described
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methods of the present invention in any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, features, and advantages of the present invention will be readily
understood from the following detailed description taken in conjunction with the accompanying
drawings, in which:

FIG. 1 is a diagram that illustrates the MPEG picture and macroblock structure;

FIG. 2 is a diagram that illustrates motion estimation for frame pictures using frame and
field prediction;

FIG. 3 is a block diagram of a motion estimation search system constructed in accordance
with an exemplary embodiment of the present invention for concurrently performing motion
estimation for frame prediction mode and field prediction modes for frame pictures;

FIG. 4 is a diagram that illustrates nﬁotion estimation for field (16x16) and 16x8
prediction modes for field pictures;

FIG. 5 is a block diagram of a motion estimation search system constructed in accordance
with an exemplary embodiment of the present invention for performing motion estimation for
field prediction and 16x8 prediction modes for field pictures;

FIG.6isa diagram that illustrates motion estimation using dual-prime prediction;

FIG. 7 is 2 block diagram of a motion estimation search system constructed in accordance
with an exemplary embodiment of the present invention for performing frame picture dual-prime
motion estimation; and,

FIG. 8 is a block diagram of a motion estimation search system constructed in accordance

with an exemplary embodiment of the present invention for performing field picture dual-prime
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motion estimation.

DETAILED DESCRIPTION OF THE INVENTION

5 FIG. 2 diagrammatically depicts the MPEG-2 motion estimation process for frame
pictures using the frame and field i)rediction modes, respectively. In frame prediction, the
composite anchor frame is treated as a contiguous picture, and the composite macroblock is
treated as a contiguous 16-by-16 pixel array. The motion estimation procedure is performed in
the manner described hereinabove.

In field prediction, however, the current macroblock is partitioned into one 16-by-8 array
consisting of lines from the top field (even-numbered lines, starting with 0), and a second, 16-by-
8 array consisting of lines from the bottom field (odd-numbered lines, starting with 1). The
anchor frame picture is also partitioned into a toé-ﬁeld picture (even-numbered lines) and a
bottom-field picture (odd-numbered lines). The top-field 16-by-8 array is then matched, in a
manner analogous to that described hereinabove, with every 16-by-8 pixel array within the

search range in the top-field anchor picture, in order to find the best match.

The procedure is then repeated, using the same top-field 16-by-8 array, in the bottom-
field picture to find the best match. The two resulting matches are then compared, and the better
of the two is selected as the best match for the top field of the macroblock. The match is

20 represented by specifying the anchor field picture (top or bottom) in which it was found, along
with the corresponding motion vector.

The entire procedure is repeated for the bottom-field 16-by-8 array, once again using both

the top and bottom fields of the anchor frame in the manner described above to determine which
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of the two fields contains the better optimum match and to give its corresponding motion vector.
The final result is an anchor field selector, motion vector pair for each of the top and bottom field
16-by-8 arrays of the current macroblock.

If the current picture is a predicted, or “P,” picture, forward coding is used exclusively.
In the case of a bidirectional, or “B,” picture, however, the prediction may be forward, backward,
or bidirectional. in the ﬁrs:c two cases, the above motion estimation is performed using the
forward or backward anchor picture, respectively, as required. In the case of bidirectional
coding, however, the same motion estimation rﬂust be performed for both the forward and the

backward anchor picture. In a B picture, the prediction direction(s) is (are) specified individually

Q,

R

for each macroblock c;f the current picture.

In all known motion estimation methods, the prediction mode must be specified for every
macroblock before the motion estimation, with its constituent search, is performed. However, in
accordance with the present invention, in one of its aspects, the motion estimation may be
performed, in a frame picture, for both frame and field prediction modes simultaneously, during
the same search of the anchor picture.

The observation that, for th¢ same horizontal and vertical offset, the sum of the motion
estimation match criterion, or metfic, for the top-field 16-by-8 array in the top field of the anchor
frame and that of the bottom-field 16-by-8 array in the bottom field of the anchor frame (in both
cases using field prediction) is equal to the corresponding metric for the composite 16-by-16
macroblock array in the composite anchor frame (using frame prediction) illustrates how it is
possible to perform motion estimation for more than one prediction mode during a single search.
In order to accomplish this, the optimal match must be determined for each of the top- and

bottom-field 16-by-8 arrays in each of the top- and bottom-field anchor pictures. If all searches
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are performed such that, at any given time, the horizontal and vertical offsets of the current
attempted match are the same (a reasonable assumption in light of the fact that, in a practical
motion estimation system, anchor picture pixels correspond to memory locations, which in
conventional memory technologies are typically assessed only one at a time), a metric value is
generated for each of the four attempted matches. If the current metric for the top-field 16-by-8
array in the top-field anchor picture is added to that for the bottom-field 16-by-8 array in the
bottom-field anchor picture, the result, in the case of an even-numbered vertical offset is equal to
the current metric for the composite 16-by-16 macroblock in the composite anchor frame. Just
as the optimum metric values are determined for each of the four field prediction searches over
the specified search range, the optimum metric value for frame prediction can also be determined
from the above sum. In the case of an odd-numbered vertical offset, the top-field 16-by-16 pixel
array is matched in the bottom field anchor picture, and the bottom-field 16-by-16 pixel array is
matched in the fop field anchor picture; the vertical pixel locations within the respective anchor
field pictures will also differ by 1 in this case.

A motion estimation search system 30 that implements the above-described motion
estimation method of the present invention is depicted in FIG. 3, and will now be described.
More particularly, the motion estimation search system 30 includes four parallel search engines
32, 34, 36, and 38 that.compare respective portions of the coded macroblock top and bottom
fields with appropriate portions of the anchor picture top and bottom fields in the manner
described hereinabove, in accordance with a prescribed search metric, e.g., Minimum Absolute
Error (MAE). The search engines 32, 34, 36, and 38 produce respective error metrics for each
comparison operation they perform. In particular, the error metrics produced by the search

engine 32 are applied to an input of a logic element 39 that determines which of the anchor
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picture top field macroblocks constitutes the best match with respect to the coded macroblock
top field, and then and then produces the best match results at its output. The error metrics
produced by the search engine 34 are applied to an input of a logic element 40 that determines
which of the anchor picture bottom field macroblocks constitutes the best match with respect to
the coded macroblock top field, and then produces the best match results at its output. The error
metrics produced by the search engine 36 are applied to an input of a logic element 41 that
determines which of the anchor picture top field macroblocks constitutes the best match with
respect to the coded macroblock bottom field, and then produces the best match results at its
output. The error metrics produced by the search engine 38 are applied to an input of a logic
element 42 that determines which of the anchor picture bottom field macroblocks constitutes the
best match with respect to the coded macroblock bottom field, and then produces the best match
results at its output. The error metrics produced by the search engines 32 and 38 are combined
by an adder circuit 45, and the resultant composite error metric is applied to an input of a logic
element 43 that determines which of the anchor picture macroblocks constitutes the best match
with respect to the coded macfoblock for the case of an even-numbered vertical offset, and then
produces the best match results at its output. The error metrics produced by the search engines
34 and 36 are combined by an adder circuit 46, and the resultant composite error metric is
applied to an input of a logic element 44 that determines which of the anchor picture
macroblocks constitutes the best match with respect to the coded macroblock for the case of an
odd-numbered vertical offset, and then produces the best match results at its output. Parallel
comparison logic elements 47 compare the best match results generated by the logic elements
39-44, and then determine which of the prediction modes (i.e., the field or frame prediction mode

for frame pictures) is optimum for the coded macroblock on the basis thereof. The
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corresponding motion vector for the best match produced by the selected prediction mode is then
output for further processing by the motion estimation search system.

The ATSC standard, which corresponds to the MPEG-2 main profile at high-level, allows
as many as six different prediction modes. Of these, two were considered in the above
description, namely the frame and field prediction modes in frame pictures, respectively. For
field pictures, there are two analogous modes, namely field prediction, in which a 16-by-16 pixel
macroblock in the current field picture is matched in one of the two previous anchor field
pictures in a manner similar to that used for frame prediction in frame pictures; and 16-by-8
prediction, in which the upper 16-by-8 pixel half of the current macroblock is matched in either
of the previous two anchor field pictures (and/or the following two anchor pictures in the case of
backward coding in B pictures), and the lower half of the same macroblock is independently
matched in either of the two previous anchor field pictures, this time in a manner similar to that
used for field prediction in frame pictures. These two prediction modes for field pictures are
illustrated diagrammatically in FIG. 4.

As before, all searches are performed such that, at any given time, the horizontal and
vertical offsets of the four current attempted matches are the same, and a metric value is
generated for each one. Since the relative offset for the upper half of the current macroblock
with respect to the upper half of the attempted matching macroblock in either anchor field is the
same as the relative offset for the lbwer half of the current macroblock with respect to the lower
half of the same attempted match in either anchor field, separate metrics can be computed,
during the full macroblock search, for the upper and lower halves of the current macroblock. If
the metric value for the upper 16-by-8 array in the top-field anchor picture is added to that for

the Jlower 16-by-8 array in the top-field anchor picture, the result is equal to the metric value for
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the composite 16-by-16 macroblock in the top-field anchor picture. The same holds true for the
bottom-field anchor picture. Just as the optimum metric values are determined for each of the
four 16-by-8 prediction searches over the specified search range, the optimum metric values for
each of the two field prediction searches can also be determined from the above sums.
5 A motion estimation search system 50 that implements the above-described motion
estimation method vof the pré\sent inveﬁtion is depcited in FIG. S, and will now be described.
More particularly, the motion estimation search system 50 includes four parallel search engines
52, 54, 56, and 58 that compare reépective portions of the coded macroblock top and bottom
halves with appropriate portions of the anchor picture top and bottom fields in the manner
described hereinabove, in accordance with a prescribed search metric, e.g., Minimum Absolute
Error (MAE). The search engines 52, 54, 56, and 58 produce respective error metrics for each
comparison operation they perform. In particular, the error metrics produced by the search
engine 52 are applied to an input of a logic element 59 that determines which of the anchor
picture top field macroblocks constitutes the best match with respect to the coded macroblock
top half, and then and then produces the best match results at its output.

The error metrics produced by the search engine 54 are applied to an input of a logic

element 60 that determines which of the anchor picture bottom field macroblocks constitutes the
best match with respect to the coded macroblock top half, and then produces the best match
results at its output.

20 The error metrics produced by the search engine 56 are applied to an input of a logic
element 61 that détermines which of the anchor picture top field macroblécks constitutes the best
match with respect to the coded macroblock bottom haif, and then produces the best match

results at its output. The error metrics produced by the search engine 48 are applied to an input
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of a logic element 62 that determines which of the anchor picture bottom field macroblocks
constitutes the best match with respect to the coded macroblock bottom half, and then produces
the best match results at its output.
The error metrics produced by the search engines 52 and 56 are combined by an adder
5 circuit 65, and the resultant composite error metric is applied to an input of a logic element 63
that determines which of the top field anchor picture macroblocks constitutes the best match with
respect to the coded macroblock, and then produces the best match results at its output.

* The error metrics produced by the search engines 54 and 58 are combined by an adder
circuit 66, and the resultant composite error metric is applied to an input of a logic element 64
that determines which of the bottom field anchor picture macroblocks constitutes the best match
with respect to the coded macroblock, and then produces the best match results at its output.

Parallel comparison logic elements 67 compare the best match results generated by the
logic elements 59-64, and then determine which of the prediction modes (i.e., the field or 16-by-
8 prediction mode for field pictures) is optimum for the coded macroblock on the basis thereof.
The corresponding motion vector for the best match produced by the selected prediction mode is

then output for further processing by the motion estimation search system.

The final remaining MPEG-2 motion prediction mode is the so-called “dual-prime”
mode, which may be used in cases where the source video is interlaced and where only I and P
pictures are used in the encoding process (i.e., B pictures are not allowed). In this mode, which
20 may be used in either frame or field pictures that meet the aforementioned criteria, advantage is
taken of the physical properties of object motion within an interlaced video sequence to represent
a plurality of motion vectors (four in the case of frame pictures, two in the case of field pictures)

using just one encoded motion vector. This allows less information to be transmitted or stored
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per macroblock and, thereby results in more efficient video compression.

In interlaced video, each complete frame is partitioned into two separate fields, the first
of which is designated the top field and consists of all even-numbered lines of the composite
video frame (starting with 0), and the second of which is designated the bottom field and consists
of all odd-numbered lines (starting with 1). Inthis mode of operation, the top-field image of a
given frame is generated in its entirety, and the bottom field image of the same frame is
subsequently generated, also in its entirety. The procedure is then repeated for the following
fram'e, and then for all subsequent frames. In a video system with a specified frame rate (for
example, 30 frames per second, with the NTSC standard, which ié used in the United States), the
corresponding field rate will be precisely twice this frame rate (60 fields per second in the case of
the NTSC standard). This means that the time difference between two consecutive video fields is
exactly half the time difference between two consecutive frames. Since most conventional video
sources, such as cameras and recorders, generate lines of video in a sequential, raster-scan
format, the time difference between corresponding lines (i.e., lines having the same vertical
position) in consecutive fields will always have the same value, even if the times associated with
different lines in the same field are different due to the constant vertical rate of the raster scan.

In a video sequence, an object that is moving with a uniform velocity will move by a
finite distance within the image, vertically and horizontally, during the time interval between two
consecutive frames. In the time between two consecutive fields, however, it will move by
precisely halfthe aforer,nentioned distance, according to the principles explained in the previous
paragraph. In the more general case where the motion is not uniform, however, the small value
of the time interval between subsequent frames (and the even smaller interval between

subsequent fields), generally ensures that the second and higher-order derivatives of the object
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motion rﬁay be ignored, and that, over this small interval, the motion can safely be treated as
uniform. This means that the above relationships concerning the distances of object motion
between consecutive frames and that between consecutive fields, as well as the constancy of the
motion between such fields, will effectively hold true even for non-uniform motion. The dual-
prime mode of motion prediction capitalizes extensively on the above relationships.

The MPEG-2 specification for the dual-prime prediction modes in both frame and field
pictl;res is diagrammatically depicted in FIG. 6. As can be seen from the illustration, motion
vectors for fields of a given parity (e.g., top field) relative to the previous field of the same parity
have a certain length. In a frame picture, where each of the two constituent fields is motion-
coded relative to each of the two constituent fields of the previous anchor frame, the top-field to
top-field and bottom-field to bottom-field vectors are seen to have the same length. This is
expected according to the above analysis, since, in both cases, they represent the distance
traveled by the object in the course of two video intervals. The motion vectors for fields of one
parity relative to the opposite parity, however, will represent the distance traveled in one field
interval (in the case of that for a top field relative to the previous bottom field), or three field
intervals (in the case of that for a bottom field relative to the previous top field). In the former
case, the motion vector will have a length of one-half the value of the above two motion vectors;
in the latter case, it will have three-halves of this value.

In a field picturé, which is motion-coded relative to the two previous anchor fields, the
motion vector for the field of the same parity, once again, represents the distance traveled by the
object in the course of two video field intervals, and has a certain length. The motion vector for
the field of opposite parity, however, always refers to the previous field and, therefore, represents

the distance traveled in one field interval; it will thus have one-half of the value of the above
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motion vector.

Upon initial examination, it appears that different fields must be searched for matches
located at different horizontal and vertical offsets relative to the current macroblock in order to
determine whether the above criteria for dual-prime representation are satisfied. Consideration
of the fact that, in an interlaced video source, these criteria arise naturally from the properties of
motion in a two-dimensional image, leads to the conclusion that, if all of the appropriate searches
are performed, using the field prediction mode, for the current macroblock in the required anchor
pictures, the resulting optimal motion vectors should automatically have the relative
relationships required for dual-prime representation; that is, motion vectors corresponding to
fields of the same parity should have a length of one-half or three-halves that of the above
motion vector, depending upon the specific relationship between the fields. It is, therefore, only
necessary to perform the conventional motion estimations for field prediction on either a frame
picture or a field picture, and then examine the resulting motion vectors to determine whether the
relative relationships required for dual-prime representation are present. If they are, the
macroblock is simply encoded using the dual-prime prediction mode; if not, the most optimal of
the other prediction modes is chosen instead.

In either a frame picture or a field picture, it is possible, due either to nonuniformity of
motion or simply to spatial quantization of the image, that the relative relationships required for
the motion vectors are very nearly, but not exactly, met. In addition, there always is a one-line
vertical offset between the top and bottom fields of a video frame due to the nature of interlacing.
The MPEG-2 standard accommodates the first of these situations by allowing a so-called
“differential motion vector” for each of the vertical and horizontal components of the encoded

vector, which is restricted to the three values -1, 0, and +1. It also accommodates the second
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situation by always providing a vertical correction for all derived motion vectors, which always
predicts a field of a given parity relative to that of the opposite parity. In the event that the
required relationships are still not exactly met, it is always possible to choose a slightly different
motion vector value for the case that does not conform; although not precisely optimal, the
overall superiority of dual-prime coding may nevertheless make this preferable in such a
situation.

Dual-prime prediction for a frame picture consists of field prediction for the current
macroblock relative to both fields of the previous anchor frame. This means that the top-field
portion of the current macroblock is matched with both the top and bottom fields of the anchor
frame (in contrast with conventional field prediction of frame pictures, where only the anchor
field yielding the better prediction is chosen), and the same is done for the bottom-field portion
of the current macroblock. Four motion vectors are therefore needed. The motion estimation
system 30 depicted in FIG. 3, when used for field prediction, was designed to determine the
optimum motion vectors for precisely the four matches required for dual-prime prediction in a
frame picture. Consequently, the resultant four motion vectors need only be examined to
determine whether the required relative relationships given in the above discussion holds among
the four vectors. The same architecture used to simultaneously perform frame and field
prediction in a frame picture, and select the better mode, can thus implement the dual-prime
prediction mode and choose it over the other two prediction modes if superior to them as well.
The resulting architecture of a motion estimation system 70 for motion estimation and coding of
frame pictures is depicted in FIG. 7.

With specific reference to FIG. 7, the motion estimation system 70 includes four parallel

search engines 72, 74, 76, and 78 that compare respective portions of the coded macroblock top
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and bottom fields with appropriate portions of the anchor picture top and bottom fields in the
manner described hereinabove, in accordance with a prescribed search metric, e.g., Minimum
Absolute Error (MAE). The search engines 72, 74, 76, and 78 produce respective error metrics
for each comparison operation they perform. In particular, the error metrics produced by the
search engine 72 are applied to an input of a logic element 79 that determines which of the
anchor picture top field macroblocks constitutes the best match with respect to the coded
macr/oblock top field, and then produces the corresponding motion vector at its output. The error
metrics produced by the search engine 74 are applied to an input of a logic element 80 that
determines which of the anchor picture bottom field macroblocks constitutes the best match with
respect to the coded macroblock top field, and then produces the corresponding motion vector at
its output. The error metrics produced by the search engine 76 are applied to an input of a logic
element 81 that determines which of the anchor picture top field macroblocks constitutes the best
match with respect to the coded macroblock bottom field, and then produces the corresponding
motion vector at its output. The error metrics produced by the search engine 78 are applied to an
input of a logic element 82 that determines which of the anchor picture bottom field macroblocks
constitutes the best match with respect to the coded macroblock bottom field, and then produces
the corresponding motion vector at its output. The motion vectors produced by the logic
elements 79-82 are examined by a logic circuit 90 for a 3:2:2:1 relationship, and if such a
relationship is determined to exist between these motion vectors, then a frame picture dual-prime
motion estimation prediction mode is selected and the corresponding motion vector generated.
Dual-prime prediction for a field picture consists of field prediction for the current
macroblock relative to the two previous anchor fields. This means that the current macroblock is

matched with the previous top and bottom anchor fields (in contrast with conventional field
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prediction of field pictures, where only tﬁe anchor field yielding the better prediction is chosen).
Two motion vectors are therefore needed. The motion estimation system 50 depicted in FIG. 5,
when used for field prediction, was designed to determine the optimum motion vectors for
precisely the two matches required for dual-prime prediction in a field picture. Consequently,
these two motion vectors Ileed only be examined to determine whether the required relative
relationships given in the above discussion holds among the two vectors. The same architecture
usedv to simultaneously perform field and 16-by-8 prediction in a field picture, and select the
better mode, can thus implement the dual-prime prediction mode, and choose it over the other
two modes if superior to them as well. The resulting architecture of a motion estimation system
100 for motion estimation and coding of field pictures is depicted in FIG. 8.

With specific reference to FIG. 8, the motion estimation system 100 includes four parallel
search engines 102, 104, 106, and 108 that compare respective portions of the coded macroblock
top and bottom halves with appropriate portions of the anchor picture top and bottom fields in
the manner described hereinabove, in accordance with a prescribed search metric, e.g., Minimum
Absolute Error (MAE). The search engines 102, 104, 106, and 108 produce respective errorv
metrics for each comparison operation they perform. In particular, the error metrics produced by
the search engine 102 are applied to a first input of a first adder 110, and the error metrics
produced by the search engine 106 are applied to a second input of the first adder 110, which
produces at its output tﬁe sum of the error metrics applied to its first and second inputs as a first
composite error metric. The first composite error metric is applied to a logic element 111 that
determines which of the anchor picture top field macroblocks constitutes the best match with
respect to the coded macroblock, and then produces the corresponding motion vector at its

output. The error metrics produced by the search engine 104 are applied to a first input of a
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second adder 112, and the error metrics produced by the search engine 108 are applied to a

second input of the second adder 112, which produces at its output the sum of the error metrics

applied to its first and second inputs as'a second composite error metric. The second composite

error metric is applied to a logic element 113 that determines which of the anchor picture bottom
5 field macroblocks constitutes the best match with respect to the coded macroblock, and then
produces the corresponding motion vector at its output. The motion vectors produced by the
logic elements 111 and 113 are examined by a logic circuit 115 for a 2:1 relationship, and if such
a relationship is determined to exist between these motion vectors, then a field picture dual-
prime motion estimation prediction mode is selected and the corresponding motion vector
generated.

The similarities between the techniques and architectures described for motion estimation
of frame pictures and field pictures immediately suggests that a unified architecture can be
implemented’which supports all three prediction modes allowed for frame pictures as well as all
three prediction modes allowed for field pictures. Combining all of the techniques previously
described, such an architecture requires knowledge only of the picture structure (frame or field)

and type (I, P, or B) to determine the optimal prediction mode (i.e., the mode that yields the

smallest value of the error metric) and its corresponding motion vector(s) for any macroblock,
and need only perform a single search operation to do so. When implemented using custom
hardware, as required for real-time video (e.g., a live broadcast), motion estimation is the most
20 hardware-intensive and expensive operation in a digital video coding system. When
implemented in computer software, as is usually done when the coding need not be performed in
real-time (e.g., the coding of a DVD), the motion estimation algorithm is the most

computationally complex and intensive part of the digital video coding algorithm. In either case,
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the methods and architectures of the present invention result in a means of significantly
improving the video compression efficiency and, hence, the resulting picture quality, without the
need for either greater hardware costs or higher computational complexity.
Although preferred embodiments of the present invention have been described in detail
5 hereinabove, it should be clearly understood that many variations and/or modifications of the
basic inventive cbncepts t;ught herein that may appear to those skilled in the pertinent art will

still 'fall within the spirit and scope of the present invention, as defined in the appended claims.
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WHAT IS CLAIMED IS:

1. A method for motion coding an uncompressed digital video data stream, including the steps
of:

comparing pixels of a first pixel array in a picture currently being coded with pixels of a
plurality of secoﬁd pixel a;rays in at least one reference picture and concurrently performing
motion estimation for each of a plurality of different prediction modes in order to determine
which of the prediction modes is an optimum prediction mode;

determining which of the second pixel arrays constitutes a best match with respect to the

first pixel array for the optimum prediction mode; and,

generating a motion vector for the first pixel array in response to the determining step.

2. The method as set forth in Claim 1, wherein the first and second pixel arrays each have a size

and structure defined by an MPEG standard.

3. The method as set forth in Claim 1, wherein the method is implemented using a motion

estimation search engine of a digital video encoder.

4. The method as set forth in Claim 3, wherein the digital video encoder is an MPEG-2 digital

video encoder.

5. The method as set forth in Claim 1, wherein the motion coding is performed in accordance

with an MPEG standard.
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6. The method as set forth in Claim 5, further comprising the initial step of providing
information identifying a picture type of the first pixel array and using this information in the
comparing step.
7. The method as set forth\in Claim 5, wheréin the different predicti;)n modes are:

frame prediction mode for frame pictures;

field prediction mode for frame pictures;

field prediction mode for field pictures;

16x8 prediction mode for field pictures;

dual-prime prediction mode for field pictures; and,

dual-prime prediction mode for frame pictures.

8. The method as set forth in Claim 1, wherein the different prediction modes are:
frame prediction mode for frame pictures; and,

field prediction mode for frame pictures.

9. The method as set forth in Claim 1, wherein the different prediction modes are:
field prediction mode for field pictures; and,

16x8 prediction mode for field pictures.

10. The method as set forth in Claim 8, wherein the different prediction modes further include a

dual-prime prediction mode for frame pictures.
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11. The method as set forth in Claim 9, wherein the different prediction modes further include a

dual-prime prediction mode for field pictures.
5 12. The method as set forth in Claim 1, wherein the different prediction modes are:
frame prediction mode for frame pictures;
* field prediction mode for frame pictures;
field prediction mode for field pictures; and,
16x8 prediction mode for field pictures.
13. A device that implements the method set forth in Claim 1.

14. A device that implements the method set forth in Claim 7.

15. A device that implements the method set forth in Claim 8.

16. A device that implements the method set forth in Claim 9.

5\’6-@ 7. A method for motion coding a digital video data stream comprised of a sequence of pictures

20 having top and bottom fields, the method including the steps of:
comparing pixels of a first portjon of a current macroblock of the top field of a current
picture with pixels of each of a plurality of correspondingly-sized portions of a macroblock of a

top field of an anchor picture in accordance with a prescribed search metric, and producing a first
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erfior metric for each comparison;
comparing pixels of the first portion of the current macroblock of the top field of the
icture with pixels of each of the plurality of correspondingly-sized portions of a

macroblotk of a bottom field of the anchor picture in accordance with the prescribed search
5 metric, and producing a second error metric for each comparison;

compaying pixels of a second portion of a current macroblock of the bottom field of the

current picture with pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the top field of the anchor picture in accordance with the prescribed search metric,
and producing a thixd error metric for each comparison,

comparing piXels of the second portion of the current macroblock of the bottom field of
the current picture with\pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the bottom field of the anchor picture in accordance with the prescribed search
metric, and producing a fouyth error metric for each comparison;

summing the first and\fourth error metrics to produce a first composite error metric;

summing the second and third error metrics to produce a second composite error metric;

and,

determining which of the fir§t, second, third, and fourth error metrics, and first and
second composite error metrics has thg lowest value, and selecting one of a plurality of possible

motion estimation prediction modes on the basis of such determination.

20

18. The method as set forth in Claim 17, wherein all of the comparing steps are performed

concurrently, and both of the summing steps are performed concurrently.
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20

19. The method as set forth in Claim 18, wherein:

the first portion of the current macroblock of the top field of the current picture comprises
a first half-portion of the current macroblock of the top field of the current picture; and,

the second portion of the current macroblock of the bottom field of the current picture
comprises a second half-portion of the current macroblock of the bottom field of the current

picture.

20. The method as set forth in Claim 19, wherein the dimensions of each of the first and second
portions of the current macroblock of the top and bottom fields of the current picture are 16-by-8

pixels.

21. The method as set forth in Claim 20, wherein the digital video data stream comprises an

MPEG-2 digital video data stream.

22. The method as set forth in Claim 18, wherein the plurality of possible motion estimation
prediction modes includes frame and field prediction modes for frame pictures in accordance

with the MPEG-2 standard.
23. The method as set forth in Claim 19, wherein the plurality of possible motion estimation
prediction modes includes frame and field prediction modes for frame pictures in accordance

with the MPEG-2 standard.

24. A device that implements the method set forth in Claim 19.
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25. A method for motion coding a digital video data stream comprised of a sequence of pictures,
the method\including the steps of:

compaxing pixels of a first portion of a top half of a current macroblock of a current
picture with pixels of each of a plurality of correspondingly-sized portions of a macroblock of a
top field of an anch picturé in accordance with a prescribed search metric, and producing a first
error metric for each chmparison;

comparing pixels‘of the first portion of the top half of the current macroblock of the
current picture with pixels of each of the plurality of correspondingly-sized portions of a
macroblock of a bottom field &f the anchor picture in accordance with the prescribed search
metric, and producing a second égror metric for each comparison,

comparing pixels of a secon{ portion of a bottom half of a current macroblock of the
current picture with pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the top field of the anchon\picture in accordance with the prescribed search metric,
and producing a third error metric for each somparison,

comparing pixels of the second portion\of the bottom half of the current macroblock of

the current picture with pixels of each of the plurality of correspondingly-sized portions of the

macroblock of the bottom field of the anchor piciure in accordance with the prescribed search

metric, and producing a fourth error metric for each coyparison;
summing the first and third error metrics to produce a first composite error metric;
summing the second and fourth error metrics to produgce a second composite error metric;

and,

determining which of the first, second, third, and fourth ertpr metrics, and first and
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secortid composite error metrics has the lowest value, and selecting one of a plurality of possible

motior\estimation prediction modes on the basis of such determination.

26. The method as set forth in Claim 25, wherein all of the comparing steps are performed

concurrently, and both of the summing steps are performed concurrently.

27. The method as set forth in Claim 26, wherein:

the first portion of the top half of the current macroblock of the current picture comprises
a first half-portion of the top half of the current macroblock of the current picture; and,

the second portion of the bottom half of the current macroblock of the current picture
comprises a second half-portion of the bottom half of the current macroblock of the current

picture.

28. The method as set forth in Claim 27, wherein the dimensions of each of the first and second
portions of the top and bottom halves of the current macroblock of the current picture are 16-by-

8 pixels.

29. The method as set forth in Claim 28, wherein the digital video data stream comprises an

MPEG-2 digital video data stream.

30. The method as set forth in Claim 25, wherein the plurality of possible motion estimation
prediction modes includes field and 16x8 prediction modes for field pictures in accordance with

the MPEG-2 standard.
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31. The method as set forth in Claim 26, wherein the plurality of possible motion estimation
prediction modes includes field and 16x8 prediction modes for field pictures in accordance with

the MPEG-2 standard.
32. A device that implements the method set forth in Claim 26.

33. A method for motion coding a digital video data stream comprised of a sequence of pictures
having top and bottom fields, the method including the steps of:

comparing pixels of a first portion of a current macroblock of the top field of a current
picture with pixels of each of a plurality of correspondingly-sized portions of a macroblock of a
top field of an anchor picture in accordance with a prescribed search metric, and producing a first
error metric for each comparison;

comparing pixels of the first portion of the current macroblock of the top field of the
current picture with pixels of each of the plurality of correspondingly-sized portions of a

macroblock of a bottom field of the anchor picture in accordance with the prescribed search

metric, and producing a second error metric for each comparison;

comparing pixels of a second portion of a current macroblock of the bottom field of the
current picture with pixels of each of the plurality of correspondingly-sized portions of the
20 macroblock of the top ﬂ'eld of the anchor picture in accordance with the prescribed search metric,
and producing a third error metric for each comparison;

comparing pixels of the second portion of the current macroblock of the bottom field of

the current picture with pixels of each of the plurality of correspondingly-sized portions of the
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macroblock of the bottom field of the anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each comparison;

producing first, second, third, and fourth motion vectors on the basis of the first, second,
third, and fourth error metrics, respectively; and,

examining the ﬁrst,\second, third, and fourth motion vectors to determine whether a
prescribed relationship between them is present, and if so, selecting a frame picture dual-prime

motion estimation prediction mode.

34. The method as set forth in Claim 33, wherein all of the comparing steps are performed

concurrently.
35. A device that implements the method set forth in Claim 34,

36. A method for motion coding a digital video data stream comprised of a sequence of pictures,
the method including the steps of:

comparing pixels of a first portion of a top half of a current macroblock of a current
picture with pixels of each of a plurality of correspondingly-sized portions of a macroblock of a
top field of an anchor picture in accordance with a prescribed search metric, and producing a first
error metric for each comparison,

comparing pixels of the first portion of the top half of the current macroblock of the
current picture with pixels of each of the plurality of correspondingly-sized portions of a
macroblock of a bottom field of the anchor picture in accordance with the prescribed search

metric, and producing a second error metric for each comparison;
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comparing pixels of a second portion of a bottom half of a current macroblock of the
current picture with pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the top field of the anchor picture in accordance with the prescribed search metric,
and producing a third error metric for each comparison;

comparing pixels of the second portion of the bottom half of the current macroblock of
the current picture with pixels of each of the plurality of correspondingly-sized portions of the
macroblock of the bottom field of the anchor picture in accordance with the prescribed search
metric, and producing a fourfh error metric for each comparison;

summing the first and third error metrics to produce a first composite error metric;

summing the second and fourth error metrics to produce a second composite error metric;

producing first and second motion vectors on the basis of the first and second composite
error metrics, respectively; and,

examining the first and second motion vectors to determine whether a prescribed
relationship between them is present, and if so, selecting a field picture dual-prime motion

estimation prediction mode.

37. The method as set forth in Claim 36, wherein all of the comparing steps are performed
concurrently, both of the summing steps are performed concurrently, and both of the producing
steps are performed concurrently.

38. A device that implements the method set forth in Claim 37.

39. A method for motion codin, ygital video data stream by concurrently performing each of
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the méthods set forth in Claims 18 and 26.

40. A methpd for motion coding a digital video data stream by concurrently performing each of

the methods skt forth in Claims 34 and 37.

41. A method for\motion coding a digital video data stream by concurrently performing each of

the methods set forth in Claims 18, 26, 34, and 37.
42. A device that concuyrently implements the methods set forth in Claims 18 and 26.

43. The device as set forth i Claim 42, wherein the device is incorporated in a motion
estimation system of an MPEG-2 digital video encoder.
lemefits the methods set forth in Claims 34 and 37.

44. A device that concurrently f

45. The device as set forth in Claim 44, wherein the device is incorporated in a motion

estimation system of an MPEG-2 digital \video encoder.

46. A device that concurrently implements the methods set forth in Claims 18, 26, 34, and 37.

47. The device as set forth in Claim 46, wherein\the device is incorporated in a motion

estimation system of an MPEG-2 digital video encider.
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\&8\ A motion estimation search system that concurrently performs motion estimation using each
of a plurality of different motion estimation prediction modes and then selects the prediction

mode that produces the optimum result.

O 39
5 \;Q The motion estimation s\earch system as set forth in Claim\4§, wherein the motion estimation
search system is included in an MPEG-2 digital video encoder.
L:[;Q{ A method, including the steps of
concurrently performing motion estimation using each of a plurality of different motion
estimation prediction modes;
comparing the results produced using each different prediction mode; and,
selecting the prediction mode that produced an optimum result; and,

generating one or more motion vectors using the selected prediction mode.

“f g ,
\SL. The method as set forth in Claim\S.Q, wherein the prediction modes include at least a

plurality of the prediction modes specified by the MPEG-2 standard.
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ABSTRACT

A method for motion coding an uncompressed digital video data stream such as an

MPEG-2 digital video data stream. The method includes the steps of comparing pixels of a first
5 pixel array in a picture curtently being coded with pixels of a plurality of second pixel arrays in
at least one reference picture and concurrently performing motion estimation for each of a
plurality of different prediction modes in order to determine which of the prediction modes is an
optimum prediction mode, determining which of the second pixel arrays constitutes a best match
with respect to the first pixel array for the optimum prediction mode, and, generating a motion
vector for the first pixel array in response to the determining step. The method is implemented in
a device such as a motion estimation search system of a digital video encoder. In one
embodiment, the method and device are capable of concurrently determining performing motion
estimation in each of the six different possible prediction modes specified by the MPEG-2

standard.
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PRIOR UNITED STATES APPLICATION(S)
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1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be
true; and further that these statements were made with the knowledge that willful false statements and the like so made are punishable by fine or
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application and transact all
business in the Patent and Trademark Office connected therewith. (list name and registration number)

Algy Tamoshunas, Reg. No. 27,677

Jack E. Haken, Reg. No. 26,902
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Atty. Docket
MICHAEL BAKHMUTSKY ET AL PHA 23,661

Serial No.

Filed: CONCURRENTLY

METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231
APPOINTMENT OF ASSOCIATES

Sir:
The undersigned Attorney of Record hereby revokes

all prior appointments (if any) of Associate Attorney(s) or
Agent(s) in the above-captioned case and appoints:
Laurie E. Gathman (Registration No. 37,520)
c/o U.S. PHILIPS CORPORATION, Intellectual Property
Department, 580 White Plains Road, Tarrytown, New York
10591, his Associate Attorney(s)/Agent(s) with all the usual
powers to prosecute the above-identified application and any
division or}continuation thereof, to make alterations and
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THE LETTERS PATENT WHEN GRANTED SHOULD BE ADDRESSED TO THE
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IN THE UNITED STA PATENT AND TRADEMARK OFFICE

o\FE &

In re Application of Atty. Docket

)
000 w
o 0270 8 PHA 23-661

[y
Q
&

Group Art Unit 2713

MICHAEL BAKHMUTSKY

Serial No. 09/303,316
Filed: 4/30/99 Ex.

METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL
VIDEO
Honorable Commissiconer of Patents and Trademarks
Washington, D.C. 20231
INFORMATION DISCLOSURE STATEMENT UNDER 37 C.F.R. 1.97

application; or

Sir:

Enclosed is a Form PT0-1449 and copies of documents listed
thereon. These documents are considered to be relevant in that
they have been: -

; p -

considered in drafting the specification of the above® %% 2%

:] referenced application; c - M
* pr

:] cited in the specification of the above-referenced 23

Office search report on a foreign counterpart appll
a copy of which report is also enclosed. S
I hereby certify that these documents were cited in
X

:] cited as an "X" or "Y" document in a foreign Patent
X

said search report not more than three (3) months
ago.
Please charge any fee under 1.17(p) for this Information
[:} Disclosure Statement to be considered, not exceeding
$240.00, to Account No. 14-1270.

If readily available, English-language counterparts have
been substituted for foreign-language patent documents. This
disclosure is not an admission that any of these documents is
material to or even prior art with respect to the above-referenced
application.

Respectfully submifted,

By &
Russe
Attorney

(914) 333-9631

Gross, Reg. 40,007

CERTIFICATE OF MAILING
I hereby certify that this correspondence is being deposited this date
with the United States Postal Service as first-class mail in an envelope addressed to:
COMMISSIONER OF PATENTS AND TRADEMARKS
Was ington, D.C. 20231

(Mw

MY22GRMVO
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From the INTERNATIONAL SEARCHING AUTHORITY - P CT
To:
INTERNATIONAAL OCTROOIBUREAU B.V. NOTIFICATION OF TRANSMITTAL OF

THE INTERNATIONAL SEARCH REPORT

Attn. GROENENDAAL, Antonius OR THE DECLARATION

Prof. Holstlaan 6
NL-5656 AA Eindhoven
NETHERLANDS (PCT Rule 44.1)

ELEV

™ Date of mailing

(day/montt/year) 12/09/2000

Applicant's or agent's file reference

PHA 23.661W0 FOR FURTHER ACTION See paragraphs 1 and 4 below
International application No. International filing date

PCT/EP 00/ 03774 (day/mentiyean) — 20/04/2000

Applicant

KONINKLIJKE PHILIPS ELECTRONICS N.V.

1. m The applicant is hereby notified that the International Search Report has been established and is transmitted herewith.

Fillng of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 48):

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the
International Search Report; however, for more details, see the notes on the accompanying sheet.

Where? Directly to the  International Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland
Fascimile No.: (41-22) 740.14.35

For more detalled instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no International Search Report will be established and that the declaration under
Article 17(2)(a) to that effect is transmitted herewith.

3. D With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

D the protest together with the decision thereon has been transmitted to the internationat Bureau together with the
applicant’s request to forward the texts of both the protest and the decision thereon to the designated Offices.

[:] no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Further action(s):  The applicant is reminded of the following:

Shortly after 18 months from the priority date, the international application will be published by the International Bureau.
if the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the
priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively, before the
completion of the technical preparations for internationat publication.

Within 19 months from the priority date, a demand for international preliminary examination must be filed if the applicant
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later).

Within 20 mohths from the priority date, the applicant must perform the prescribed acts for entry into the national phase
before all designated Offices which have not been elected in the demand or in a later election within 19 months from the
priority date or could not be elected because they are not bound by Chapter II.

‘ ‘K Name and mailing address of the International Séarching Authority | Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2

Fax: +31—-70) 340-3016

J)} J NL-2280 HV Rijswik Jolanda Offerman-Hazeleger

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

Form PCT/ISA/220 (July 1998)
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NOTES TO FORM PCT/ISA/220 i

These Notes are intended to give the basic inatructions concerning the filing of amendments under article 18. The
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative Instructions
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see aiso the PCT Applicant's Guide, a publication of WIPO.

in these Notes, "Article”, *Rule”, and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT
Adminiatrative Instructions respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report, one opportunity to amend the claims of the
international appication. It should however be emphasized that, since all parts of the international application {claims, .
description and drawings) may be amended during the international preliminary examination procedure, there is usually i
no need to file amendments of the claims under Article 19 except whers, 8.g. the applicant wants the latter to be published ;
for the purposes of provisional protection or has another reason for amending the claims before international pbulication.
Furthermore, it should be emphasized that provisional protection is available in some States only.

What parts of the intemational appilcation may be amended?
Under Article 19, only the claims may be amended.

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

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

When? Within 2 months from the date of transmittal of the intemational search report or 16 months from the priority
date, whichever time fimit expires later. It should be noted, however, that the amendments will be considered
as having been receivad on time if they are received by the International Bureau after the expiration of the
applicable time limit but before the completion of the technical preparations for intemational publication
(Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the Intemational Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for intemational preliminary examination has been /is filed, see below.

How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of
one or more of the claims as filed.

A replacement sheet must be submitted for each sheet of the claims which, on account of an amendment or
amendments, dilers from the shest originally filed.

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a claim is
cancelled, no renumbering of the other claims is required. In all cases where claims are renumbered, they must
be renumbered consecutively (Administrative Instructions, Section 205(b)).

The amendments must be made in the language in which the intemational appiication s to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submittad with a letter.

The letter will not be pubtlished with the intemational application and the amended claims. it should not be
confused with the “Statement under Article 19(1)" (see below, under "Statement under Article 19(1)").

The letter muat be In English or French, at the choice of the applicant. However, if the language of the
international application Is English, the letter must be in English; if the language of the international application
is French, the jetter must be in French.

Notes to Form PCTASA/220 (first sheet) (January 1994)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. It must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications conceming several claims may be grouped),whether

(i) the claim is unchanged,;

(it} the claim is cancelled;

(i) the claim is new;

(iv) the claim replaces one or more claims as filed;

(v) the claim is the resuit of the division of a claim as filed.

The following examples fllustrate the manner In which amendments mustbe explained in the
accompanying letter:

1. [Where originally there were 48 claims and after amendment of some claims there are 51}
“Claims 1 to 29, 31, 32, 34, 35, 37 to 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 to 51 added."

2. [Where originally there were 15 claims and after amendment of all claims there are 11]:
"Claims 1 to 15 replaced by amended claims 1 to 11."

3. [Where originally there were 14 ciaims and the amendments consist in cancelling some claims and in adding
new claims]: )
"Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
"Claims 7 to 13 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made):
*Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

"Statement under article 19(1)" (Rule 46.4)

The amendments may be accompanied by a statement explaining the amendments and indicating any impact
that such amendments might have on the description and the drawings (which cannot be amended under
Article 19(1)).

The statement will be published with the intermational application and the amended claims.
it muat be In the language In which the international appplication s to be published.
It must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the ditferences between the ciaims
as filed and as amended. it must be filed on a separate sheet and must be identified as such by a heading,
preferably by using the words *Statement under Article 19(1)."

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference lo citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

If, at the time of filing any amendments under Article 19, a demand for intemational preliminary examination
has aiready been submilted, the applicant must preferably, at the same time of filing the amendments with the
intemational Bureau, also file a copy of such amendments with the intemational Preliminary Examining
Authority (see Rule 62.2(a), first sentence).

Consequence with regard to translation of the international application for entry into the national phase

The applicant's attention is drawn to the fact that, where upon entry into the national phase, a translation of the
claims as amended under Article 19 may have to be furnished to the designated/elected Offices, instead of, or
in addition to, the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see Volume Il of the PCT Applicant’s
Guide.

Notes to Form PCTNSA/220 (second sheet) (January 1994)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference see Notification of Transmittal of International Search Report
P FOR FURTHER (Form PCT/ISA/220) as well as, where applicable, item 5 betow.

PHA 23.661W0 ACTION

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year)

PCT/EP 00/ 03774 20/04/2000 30/04/1999

Applicant

KONINKLIJKE PHILIPS ELECTRONICS N.V.

Thfs International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This International Search Report consists of a total of 3 sheets.

It is also accompanied by a copy of each prior art document cited in this report.

1.

Basis of the report
a. With regard to the language, the international search was carried out on the basis of the international application in the
language in which it was filed, unless otherwise indicated under this item.
D the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search
was carried out on the basis of the sequence listing :

contained in the international application in written form.

filed together with the international application in computer readable form.
furnished subsequently to this Authority in written form.

furnished subsequently to this Authority in computer readble form.

the statement that the subsequentiy furnished written sequence listing does not go beyond the disclosure in the
international application as filed has been furnished.

the statement that the information recorded in computer readable form is identical to the written sequence listing has been
furnished

Certain claims were found unsearchable (See Box 1).

I A R W [

Unity of inventlon Is lacking (see Box ).

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

With regard to the abstract,

m the text is approved as submitted by the applicant,

D the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box 1ll. The applicant may,
within one month from the date of mailing of this international search report, submit comments to this Authority.

The figure of thev drawings to be published with the abstract is Figure No. K
m as suggested by the applicant. _ D None of the figures.
D because the applicant failed to suggest a figure.
D because this figure better characterizes the invention.

Form PCT/ISA/210 (first sheet) (July 1998)
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INT VATIONAL SEARCH REPORT

3 .atlonal Application No

PCT/EP 00/03774

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO4N7/36

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7  HO4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the intemational search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X EP 0 654 946 A (SONY CORP) 1-9
24 May 1995 (1995-05-24)
page 5, line 44 -page 8, line 39; figures
1,2

X US 5 412 435 A (NAKAJIMA YASUYUKI) 1,2,9
2 May 1995 (1995-05-02)

A column 1, Tine 60 -column 2, line 11; 3-8
figure 2
column 8, line 37 - line 60; figure 13

X US 5 812 197 A (CHAN MING HONG ET AL) 1,2,9
22 September 1998 (1998-09-22)

A column 1, line 37 -column 2, line 4; 3-8
figure 1

-

Further documents are-listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documenits :

"A" document defining the genéral state of the art which is not
considered to be of particular relevance

"E" eadier document but published on or after the international
filing date

"L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*0O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the intemational filing date but
later than the prority date claimed

“T" jater document published after the intemational filing date
or priofity date and not in conflict with the application but
cited to understand the principle or theory underying the
invention

X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the intemational search

6 September 2000

Date of mailing of the intemational search report

12/09/2000

Name and mailing address of the ISA

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 eponl,
Fax: (+31-70) 340-3016

Authorized officer

Georgiou, G

Form PCT/ISA/210 (second sheet) (July 1992)
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INT JATIONAL SEARCH REPORT
Is.. ..iatlonal Application No
(PCT/EP 00/03774

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

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

X EP 0 898 426 A (SONY CORP) 1,2,9
24 February 1999 (1999-02-24)

A page 8, line 47 -page 9, line 19; figure 2 3-8
page 15, line 15 - line 27; figure 3

X EP 0 658 057 A (SHARP KK) 1,2,9
14 June 1995 (1995-06-14)

A page 4, line 29 - line 44; figure 6 3-8
. ~ ——

X EP 0 695 097 A (SHARP KK) 1,2,9
31 January 1996 (1996-01-31) :

A page 10, line 3 - line 9; figure 7 3-8

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2
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INT

Informatlon on patent family members

JATIONAL SEARCH REPORT r

.atlonal Application No

PCT/EP 00/03774

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0654946 A 24-05-1995 Wo 9424821 A 27-10-1994
us 5621481 A 15-04-1997
US 5412435 A 02-05-1995 JP 10257496 A 25-09-1998
JP 10257497 A 25-09-1998
JP 6078298 A 18-03-1994
JP 3057966 B 04-07-2000
h JP 6217295 A 05-08-1994
US 5812197 A 22-09-1998 CN 1140380 A 15-01-1997
JP 8322052 A 03-12-1996
EP 0898426 A 24-02-1999 EP 0907289 A 07-04-1999
AT 180374 T 15-06-1999
AU 662548 B 07-09-1995
AU 2346792 A 02-03-1993
AU 687632 B 26-02-1998
AU 3443095 A 14-12-1995
CA 2092295 A 31-01-1993
DE 69229229 D 24-06-1999
DE 69229229 T 02~-12-1999
EP 0598904 A 01-06-1994
WO 9303578 A 18-02-1993
JP 6078289 A 18-03-1994
JP 5091500 A 09-04-1993
JP 5095545 A 16-04-1993
Us 5539466 A 23-07-1996
EP 0658057 A 14-06-1995 JP 3050736 B 12-06-2000
JP 7162869 A 23-06-1995
Us 5859668 A 12-01-1999
EP 0695097 A 31-01-1996 JP 8046971 A 16-02-1996
Us 5721588 A 24-02-1998
us 5760835 A

02-06~-1998

Form PCT/ISA/210 (patent family annex) (July 1992)

Page 74 of 157




PATENT COOPERATION TREA 1 Y

PCT

NOTIFICATION OF ELECTION

(PCT Rule 61.2)

PCT/US99/05506

#3

o

Date of mailing {(day/month/year)

06 April 2001 (06.04.01)

From the INTERNATIONAL BUREAU
To:
Commissioner

US Department of Commerce / 74’ /

United States Patent and Trademark

Office, PCT

2011 South Clark Place Room
CP2/5C24

Arlington, VA 22202
ETATS-UNIS D'AMERIQUE

in its capacity as elected Office

International application No.

PCT/US99/05505

Applicant's or agent’s file reference

FPO7 42499

Priority date (day/month/year)

International filing date (day/month/year)

12 March 1999 (12.03.99)

Applicant
EHRMAN, Richard
omnd
(557
Jueis
1. The designated Office is hereby notified of its election made: g o Pl
223
in the demand filed with the International Preliminary Examining Authority on: g § e
12 October 2000 (12.10.00) o o
» = [0
S O
-
4

D in a notice effecting later election filed with the International Bureau on:

2. The election was

Rule 32.2(b).

made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under

The international Bureau of WIPO
34, chemin des Colombettes
1211 Geneva 20, Switzerland

Authorized officer
Claudio Borton

Telephone No.: {41-22) 338.83.38

US98905505

Facsimile No.: (41-22) 740.14.35
Form PCT/IB/331 (July 1992)
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Sheet 1 of 1

JADEMA
Form PTO-1449 U.S. DEPARTMENT OF

Atty. Docket No.

Serial No.

COMMERCE 09/303,316
(REV. 7-80) PATENT AND TRADEMARK OFFICE PHA 23,661
Applicant
MICHAEL BAKHMUTSKY
Filing Date Group
4/30/99 273
INFORMATION DISCLOSURE CITATION 2
(Use several sheets if Qecessary) /5
U.S. PATENT DOCUMENTS
Ex. Document Date Name Class Sub- Filing Date
Int. Number class If Approp.
M An S|4 |1{2|4|3}]5]5.2.95 NAKAJIMA 348 699
/AA AB 518 | 1] 3 1] 9|7 9.22.98 | CHAN ET AL 348 416
AC
b //ﬁ)
= G
¢ g A <
V AJ
aF X ¥4
Z22
FOREIGN PATENT DOCUMENTS R
)
~ [
Document Date Country Class Sub- Tf,‘ns .
Nunber
} No
‘g AG 0o]6 |9 |50 |9 |7|A]|2 31.01.96 | EUROPE HO4N
M Al 0|65 (80157 A |2 14.6.95 EUROPE HO4N 7/36 X
M AT 0|8 i9 (814 |2 |6lAa]|1]24.02.99 | EUROPE HO4N 7/30 X
Q( Ag 0l6 | 514|194 }|6}A]1f24.05.95 [ EUROPE HO4N 7/13 X
L
AK g
OTHER (Including Author, Title, Date, Pertinent Pages, Etc.)
AL
AM
AN

Examiner A . RAG

Date Considered IZ/!5A) {

*EXAMINER:

this form with next communication to applicant.

Initial if reference considered, whether or not citation is in conformance with MPEH
Draw line through citation if not in conformance and not considered. Include a copy

MY22GRCO . SWO

WSERVERO\SY S2\WPDOCS\gr\MY22GRC0.SWO0.doc
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Application of Atty. Docket
MICHAEL BAKHMUTSKY ET AL PHA 23,661
Serial No.
Filed: CONCURRENTLY

METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL
VIDEO ‘

Honorable Commissioner of Patents and Trademarks
Washington, D.C. 20231

AUTHORIZATION PURSUANT TO 37 CFR §1.136(a) (3)
AND TO CHARGE DEPOSIT ACCOUNT

Sir:

The Commissioner is hereby requested and authorized to
treat any concurrent or future reply in this application requiring
a petition for extension of time for its timely submission, as
incorporating a petition for extension of time for the appropriate
length of time.

Please charge any additional fees which may now or in the
future be required in this application, including extension of time
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Application No. Applicant(s)

09/303,316 BAKHMUTSKY ET AL.
Office Action Summary Examiner A URit

Andy 8. Rao 2613

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status v
HX  Responsive to communication(s) filed on 01 January 0501 .
2a)[] Thisvaction is FINAL. 2b)X] This action is non-final.

3)[ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
4)[X Claim(s) 1-51is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.

5[] cClaim(s) is/are allowed.

8)[X] Claim(s) 1-38 and 48-51 is/are rejected.

7)X Claim(s) 39-47 is/are objected to.

8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers
9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) fited on is/are: a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)J The proposed drawing correction filed on _____is: a)[_] approved b)[] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().
a)[J Al b)[J some * ¢)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. __

3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

a) [] The translation of the foreign language provisional application has been received.
15)[_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

Attachment(s)
1) [X] Notice of References Cited (PTO-892) 4[] Interview Summary (PTO-413) Paper No(s).
2) @ Notice of Draftsperson’s Patent Drawing Review (PT0-948) 5) l:| Notice of Informal Patent Application (PTO-152)
3) @ Information Disclosure Statement(s) (PTO-1449) Paper No(s) 2 . 6) |:| Other:
U.S. Patent and Trademark Office ] -

YN AAS (Mo AA AN
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DETAILED ACTION |
Drawings |

1. This application has been filed with informal drawings which are acceptable for

examination purposes only. See attached form US-PTO 948 for specific informalities. Formal

drawings will be required when the application is allowed.

Specification
2. The lengthy specification has not been checked to the extent necessary to determine the
presence of all possible minor errors. Applicant's cooperation is requested in correcting any

errors of which applicant may become aware in the specification.

Claim Objections
3. Claims 39-47 are objected to under 37 CFR 1.75(c) as being in improper form because a
multiply dependent claim should refer to the parent claims in the alternative only. See MPEP

§ 608.01(n). Accordingly, the claims 39-47 have not been further treated on the merits.

Claim Rejections - 35 USC § 102
4, The following is.a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -~

(e) the invention was described in a patent granted on an application for patent by another filed in the United
States before the invention thereof by the applicant for patent, or on an international application by another who
has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention
thereof by the applicant for patent.
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The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 1999
(AIPA) do not apply to the examination of this application as the application being examined
was not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35 U.S.C.
122(b). Therefore, this application is examined under 35 U.S.C. 102(e) prior to the amendment
by the AIPA (pre-AIPA 35U.S.C. 102(e)).

5. Claims 1-38 and 48-51 are rejected under 35 U.S.C. 102(e) as being anticipated by
Linzer.

Linzer discloses a method for motion coding an uncompressed digital video stream,
including steps of: comparing pixels of a first array in a picture currently being coded with pixels
of a plurality of second pixel arrays in at least one reference (Linzer: column 4, lines 15-23) and
concurrently performing motion estimation for each of a plurality of different prediction modes
in order to determine which of the prediction modes is an optimum prediction mode (Linzer:
column 4, lines 25-30); determining which of the second pixel arrays constitutes a best match
with respect to the first array (Linzer: column 4, lines 30-35); and generating a motion vector for
the first pixel array in response to the determining step (Linzer: column 5, lines 45-68), as in
claim 1.

Regarding claims 2-5, Linzer discloses that the motion estimation search is part of a
digital video encoder operating in an MPEG-2 standard (Linzer: column 3, lines 48-54), as in the
claims.

Regarding claim 6, Linzer discloses the providing a picture type of the first pixel array

and using this information in the comparing step (Linzer: column 3, lines 55-60), as in the claim.
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Regarding claims 7-12, Linzer discloses that the different prediction modes are frame
prediction for frame pictures, field prediction for frame pictures, field pictures for field pictures,
16x8 prediction mode for field pictures, dual prime prediction mode for field pictures, and dual
prime prediction modes for frame pictures (Linzer: column 7, lines 50-67), as in the claim.

Regarding claims 13“-16, Linzer discloses a device for implementing the method (Linzer:
figure 2), as in the claims.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures having top and bottom fields (Linzer: column 1, lines 10-
50), including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and producing a first error metric for comparison (Linzer: column
7, lines 60-65); comparing pixels of a first portion of a current macroblock of the top field of a
current picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed séarch metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,
lines 60-65), comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
of a top field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer; column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field

of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
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of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); summing the first and fourth error metrics to produce a first composite
error metric (Linzger': colum\n 7, lines 65-68: average of M-TT and M_BB); summing the second
and third error metrics to produce a second composite metric (Linzer: column 7, lines 65-68:
averége of M_BT and M_TB); and determining which of first, second, third, fourth, first
composite, and second composite error metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on the basis of such determining
(Linzer: column 4, lines 30-35), as in claim 17.

Regarding claim 18, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claims 19-20, Linzer discloses that the first and second portions correspond to
the top and bottom portions of a current macroblock (Linzer: column 4, lines 15-20), as in the
claims.

Regarding claim 21-23, Linzer discloses that the digital video data stream comprises an
MPEG-2 digital video data stream including field and frame prediction modes (Linzer: column 3,
lines 55-60), as in the claims.

Regarding claiml 24, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures (Linzer: column 1, lines 10-50), including steps of:

comparing pixels of a first portion of a current macroblock of the top field of a current picture
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with pixels of a plurality of correspondingly-sized portions of a macroblock of a top field of an
anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines 5-10), and
producing a first error metric for comparison (Linzer: column 7, lines 60-65);, comparing pixels
of a first portion of a current macroblock of the top field of a current picture with pixels of a
plurality of correspondingly-sized portions of a macroblock of a bottom field of an anchor
picture in accordance with a prescribed search metric (Linzer: column 4, lines 10-15), and
producing a second error metric for each comparison (Linzer: column 7, lines 60-65);
comparing pixels of a second portion of a current macroblock of the bottom field of a current
picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a top field
of an anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines 60-
65: M_TB), and producing a third error metric for comparison (Linzer: column 7, lines 60-65);
comparing pixels of a second portion of a current macroblock of the bottom field of a current
picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a bottom
field of an anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines
60-65: M_BB), and producing a fourth error metric for comparison (Linzer: column 7, lines 60-
68); summing the first and fourth error metrics to produce a first composite error metric (Linzer:
column 7, lines 65-68: average of M-TT and M_BB); summing the second and third error
metrics to produce a second composite metric (Linzer: column 7, lines 65-68: average of M_BT
and M_TB); and determining which of first, second, third, fourth, first composite, and second
composite error metrics has the lowest value, and selecting one of a plurality of possible motion
estimation prediction modes on the basis of such determining (Linzer: column 4, lines 30-35), as

in claim 25.

Page 84 of 157




Application/Control Number: 09/303,316 Page 7
Art Unit: 2613

Regarding claim 26, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claims 27-28, Linzer discloses that the first and second portions correspond to
the top and bottom portions of a current macroblock (Linzer: column 4, lines 15-20), as in the
claimvs.

Regarding claim 29-31, Linzer discloses that the digital video data stream comprises an
MPEG-2 digital video data stream including field and frame prediction modes (Linzer: column 3,
lines 55-60), as in the claims.

Regarding claim 32, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures having top and bottom fields (Linzer: column 1, lines 10-
50), including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and producing a first error metric for comparison (Linzer: column
7, lines 60-65); comparing pixels of a first portion of a current macroblock of the top field of a
current picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field

of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
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of a top field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); producing first, second, third, and fourth motion vectors on the basis of
said first, second, third, and fourth error metrics (Linzer: column 4, lines 60-68); and examining
the first, second, third, and fourth motion vectors to determine whether a prescribed relationship,
and if so, selecting a frame picture dual prime motion estimation (Linzer: column 4, lines 30-
35), as in claim 33.

Regarding claim 34, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claim 35, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures having top and bottom fields (Linzer: column 1, lines 10-
50), including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and producing a first error metric for comparison (Linzer: column

7, lines 60-65); comparing pixels of a first portion of a current macroblock of the top field of a
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current picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with piiéls of a plurality of correspondingly-sized portions of a macroblock
of a top field of an anchor picture in accordance with a prescribed search metric (Linzér: column
4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); producing first, second, third, and fourth motion vectors on the basis of
said first, second, third, and fourth error metrics (Linzer: column 4, lines 60-68); and examining
the first, second, third, and fourth motion vectors to determine whether a prescribed relationship,
and if so, selecting a field picture dual prime motion estimation (Linzer: column 4, lines 30-35),
as in claim 36.

Regarding claim 37, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claim 38, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a motion estimation search system that concurrently performs motion

estimation using each of plurality of different motion estimation prediction modes and then
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selected the prediction modes that produces the optimum result (Linzer: column 4, lines 25-40),
as in claim 48.

Linzer discloses that the search system is included in an MPEG-2 digital video encoder
(Linzer: column 3, lines 49-53), as in claim 49.

Linzer diséloses a n;\ethod including the steps of: concurrently performing motion
estimation using a plurality of different motion estimation prediction modes (Linzer: éolumn 4,
lines 1-24); comparing the results produced using each different prediction mode (Linzer;
column 4, lines 35-42); selecting the prediction mode that produced the optimum result (Linzer:
column 4, lines 25-34); and generating one or more motion vectors using the selected prediction
mode (Linzer: column 5, lines 1-25), as in claim 50.

Regarding claim 51, Linzer discloses that the prediction modes include a plurality of
prediction modes specified by the MPEG -2 standard (Linzer: column 3, lines 55-60), as in the

claim.

Conclusion
6. The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure. Butter discloses a dual prime motion estimation method and system. Carr discloses an
optimized field/frame pfediction error calculation method and apparatus. Kodama discloses a
method and apparatus for adaptively selecting a coding mode for video coding. Wise discloses a

method and apparatus for decoding video data.
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7. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Andy S. Rao whose telephone number is (703)-305-4813. The
examiner can normally be reached on Monday-Friday 8 hours.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chris S. Kelley can be reached on (703)-305-4856. The fax phone numbers for the
organization where this application or proceeding is assigned are (703)-308-6606 for regular
communications and (703)-308-6606 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the receptionist whose telephone number is (703)-305-4700.

Andy S. Rao

Primary Examiner
Art Unit 2613

asr
December 15, 2001
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Attachment for PTO-948 (Rev. 03/01, or earlier)
6/18/01

The below text replaces the pre-printed text under the heading,
“Information on How to Effect Drawing Changes,” on the back
of the PTO-948 (Rev. 03/01, or earlier) form.

INFORMATION ON HOW TO EFFECT DRAWING CHANGES

1. Correction of Informalities -- 37 CFR 1.85

New corrected drawings must be filed with the changes incorporated therein
Identifying indicia, if provided, should include the title of the invention,
inventor’s name, and application number, or docket number (if any) if an
application number has not been assigned to the application. If this information is
provided, it must be placed on the front of each sheet and centered within the top
margin. If corrected drawings are required in a Notice of Allowability (PTOL-
37), the new drawings MUST be filed within the THREE MONTH shortened
statutory period set for reply in the Notice of Allowability. Extensions of time
may NOT be obtained under the provisions of 37 CFR 1.136(a) or (b) for filing
the corrected drawings after the mailing of a Notice of Allowability. The

drawings should be filed as a separate paper with a transmittal letter addressed to
the Official Draftsperson.

2. Corrections other than Informalities Noted by Draftsperson on form PTO-
948.

All changes to the drawings, other than informalities noted by the Dratisperson.
MUST be made in the same manner as above except that, normally, a highhghted
(preferably red ink) sketch of the changes to be incorporated into the new
drawings MUST be approved by the examiner before the application will be
allowed. No changes will be permitted to be made, other than correction of
informalities, unless the examiner has approved the proposed changes.

Timing of Corrections

Applicant is required to submit the drawing corrections within the
time period set in the attached Office communication. See 37 CFR
1.85(a).

Failure to take corrective action within the set period will result in
ABANDONMENT of the application

06/01/01
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE.

—~H&s(A
g/ In re Application of Atty. Docket “TAoRe
‘%_@Mﬁv’ MICHAEL BAKHMUTSKY ET AL PHA 23,661 - S-t-og
Serial No.: 09/303,316 Group Art Unit: 2613
Filed: APRIL 30, 1999 Examiner: A.S. RAO

Title: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION
FOR DIGITAL WVIDEO

Commissioner for Patents RECEIVED

Washington, D.C. 20231
MAR 0 6 2002

AMENDMENT Technology Center 2600

Sir:
} In response to the Office Action mailed December 21,

2001, please amend the application as follows:

IN THE CLAIMS

\

Please cancel Claims 39-47 without prejudice.

Please amend the claims as follows:

(AMENDED) A method for motion coding a digital wvideo
data~stream comprised of a sequence of pictures having top
thﬁ%: and bottoﬁ ields, the method including the steps of:

\O compafing Pxxkels of a first portion of a current

{{3 macroblock of the top fjield of a current picture with
pixels of each of a plurality of correspondingly-sized
portions of a macroblock of a topN\field of an anchor

S:\GR\ppl2grjo.ecr.doc
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pilcture in accordance with a prescribed search metric, and
profucing a first error metric for each comparison;
omparing pixels of the first portion of the current
macroblick of the top field of the current picture with
pixels of\each of the plurality of correspondingly-sized
portions of\a macroblock of a bottom field of the anchor
picturé in aé\ordénce with the prescribed search metric,

and producing &\ second error metric for each comparison;

comparing pixels of a second portion of a current

macroblock of the kRottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macrobNock of the top field of the anchor
picture in accordance with the prescribed search metric,
and producing a third errox metric for each comparison;
comparing pixels of the\second portion of the current
macroblock of the bottom field\of the current picture with
pixels of each of the plurality &f correspondingly-sized
portions of the macroblock of the khottom field of the
anchor picture in accordance with the\ prescribed search
metric, aﬁd producing a fourth error meXric for each
comparison}
summing the first and fourth error metrNcs to produce
a first composite error metric;

summing the second and third error metrics td produce

S:\GR\ppl2grjo.ecx.doc
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a gecond composite error metric;
termining which of the first, second, third, and
#% ( fourth e

Q¢
GhQ{i metrics has

plurality of po

or metrics, and first and second composite error
he lowest value, and selecting one of a

ible motion estimation prediction modes on
the basis of such ermination; and

geheratiﬁg one or more motion vectors according to the

selecting one of a plurality of possible motion estimation

prediction modes.

25. (AMENDED) A method for motion coding a digital video
/47 daXa stream comprised of a sequence of pictures, the method
ing the steps of:
comraring pixels of a first portion of a top half of a
current macxpoblock of a current picture with pixels of each

Qél; of a pluralityNof correspondingly-sized portions of a
macroblock of a t field of an anchor picture in
accordance with a prescribed search metric, and producing a
first error metric for ch comparison;

comparing pixels of the first portion of the top half
of the current macroblock of tRe current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottoy field of the anchor

picture in accordance with the prescribed search metric,

S:\GR\ppl2grjo.ecr.doc
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and producing a seéond error metric for each comparison;
comparing pixels of a second portion of a bottom half
of\a current macroblock of the current picture with pixels
of egch of the plurality of correspondingly-sized portions
of the\ macroblock of the top field of the anchor picture in
accordance with the prescribed search metric, and producing
a third eXror metric for each comparison;

compar\ing pixels of the second portion of the bottom
half of the Qurrent macroblock of the current picture with
pixels of each\of the plurality of correspondingly-sized
portions of the Ynacroblock of the bottom field of the
anchor picture in\accordance with the prescribed search
metric, and producikg a fourth error metric for each
comparison;

summing the first \and third error metrics to produce a
first composite error me

summing the second and, fourth error metrics to produce
a second composite error metn\ic;
determining which of the ANirst, second, third, and
fourth error metrics, and first and second composite error
metrics haé the lowest wvalue, and

plurality of possible motion estimatfon prediction modes on

the basis of such determination; and

S:\GR\pp12grjo0.ecr.doc
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ﬁ<QJ ‘\\\\\éeperating one or more motion vectors according to the

el

selecting of a plurality of possible motion estimafion

prediction modes.

REMARKS

The claims were amended to overcome the corresponding
objection. This included deleting Claims 39-47.

Claims 1-38 and 48-51 stand rejected under 35 USC 102
as being anticipated by Linzer. Based on the following,
this rejection is respectfully traversed.

In response to the above rejection, it is respectfully
submitted that the claims recite features not taught by
Linzer. In particular, such features include “generating a
motion vector for the first pixel array in response to the
determining step” of Claim 1 and “generating one or more
motion vectors using the selected prediction mode” of Claim
50.

In column 4, lines 29-38, Linzer discloses:

“The dual prime motion estimator 20 supplies the MV and
DMV motion vectors to a mode decipher 22 which also
receives the M _SP and M OP match vectors from the 16x16
motion estimator 12 and the motion vectors generated by the
16x8 motion estimator 14. The mode decipher 22 determines
whether the encoding mode for a given macroblock or group
of macroblocks will be a 16x16 mode, 16x8 mode or a dual
prime mode. The mode decipher then supplies the vectors

corresponding to the selected mode to subsequent encoding
circuitry.”

S:\GR\ppl2grjO.ecr.doc
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Based on the above disclosure, it is evident that the
motion vectors in Linzer are generated before the mode is
determined. Therefore, it is evident that the presently
recited “generating a motion vector for the first pixel
array in response to the determining step” and “generating
one or more motion vectors using the selected prediction
mode” is not anticipated by Linzer.

Claims 17 and 25 have been amended to recite
“generating one or more motion vectors according to the
selecting one of a plurality of possible motion estimation
prediction modes”. 1In column 7, lines 55-64, Linzer
discloses generating motion vectors.., along with associated
error measures. Linzer then discloses that the dual prime
motion vectors are then selected using these wvalues.

Based on the above disclosure, Linzer only selects the
dual prime motion vectors. Therefore, it is also evident
that the presently recited “generating one or more motion
vectors according to the selecting one of a plurality of
possible motion estimation prediction modes” is not
anticipatéd by Linzer.

Claim 33 recites “producing first, second, third and
fourth motion vectors on the basis of the first, second,
third and fourth error metrics”. Claim 36 recites

“producing first and second motion vectors on the basis of

S:\GR\ppl2grj0.ecr.doc




the first and second composite error metrics”. As
described above, Linzer only discloses selecting dual prime
motion vectors based on the motion vectors and error
measures. Therefore, it is also evident that these
features are also not anticipated by Linzer.

In view of the above-described distinctions, it is
respectfully gubmitted that the invention of Claims 1-38
and 48-51 is not anticipated by Linzer. Therefore,'it is
respectfully requested that the above rejection be
reconsidered and withdrawn so that the present application
may proceed to issue.

The Commissioner is hereby authorized to credit any
overpayment or charge any fee (except the issue fee) to
Account No. 14-1270.

Respectfully submitted,

By M (—%44/2/

Russell Gross, Reg. 40,007
Attorney
(914) 333-9631

CERTIFICATE OF MAILING

It is hereby certified that this correspondence is being deposited with the
United States Postal Service as first-class mail in an envelope addressed to:
COMMISSIONER FOR PATENTS
Washington, D.C. 20231

7/%,«/», [3.2007—
Ad/w %/m
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APPENDTIX

17. (AMENDED) A method for motion coding a digital wvideo
data stream comprised of a sequence of pictures having top
and bottom fields, the method including the steps of:
comparing pixels of a first portion of a current
macroblock of the top field of a current picture with
pixels of each of a plurality of correspondingly—sized
portions of a macroblock of a top field of an anchor
picture in accordance with a prescribed search metric, and
producing a first error metric for each comparison;
comparing pixels of the first portion of the current
macroblock of the top field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing é second error metric for each comparison;
comparing pixels of a second portion of a current
macroblock of the bottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the top field of the anchor
picture in accordance with the prescribed search metric,
and producing a third error metric for each comparison;
comparing pixels of the second portion of the current

S$:\GR\ppl2grj0.ecr.doc
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macroblock of the bottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each
comparison;

summing the first and fourth error metrics to produce
a first composite error metric;

summing the second and third error metrics to produce
a second composite error metric;-—ands

determining which of the first, second, third, and
fourth error metrics, and first and second composite error
metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on
the basis of such determination; and

generating one or more motion vectors according to the

selecting one of a plurality of possible motion estimation

prediction modes.

25. (AMENDED) A method for motion coding a digital video
data stream comprised of a sequence of pictures, the method
including the steps of:

comparing pixels of a first portion of a top half of a
current macroblock of a current picture with pixels of each

S:\GR\ppl2grjo.ecxr.doc
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of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in
accordance with a prescribed search metric, and producing a
first error metric for each comparison;

comparing pixels of the first portion of the top half
of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing a second error metric for each comparison;

comparing pixels of a second portion of a bottom half
of a current macroblock of the current picture with pixels
of each of the plurality of correspondingly-sized portions
of the macroblock of the top field of the anchor picture in
accordance with the prescribed search metric, and producing
a third error metric for each comparison;

comparing pixels of the second portion of the bottom
half of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each
comparison;

summing the first and third error metrics to produce a

S:\GR\ppl2grjl.ecr.doc
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first composite error metric;

summing the second and fourth error metrics to produce
a second composite error metric; ands

determining which of the first, second, third, and
fourth error metrics, and first and second composite error
metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on
the baéis of ;uch determination; and

generating one or wmore motion vectors according to the

gselecting one of a plurality of possible motion estimation

prediction modes.

S:\GR\ppl2grjl.ecr.doc
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Application No. . Applicant(s)

09/303,316 BAKHMUTSKY ET AL.
Office Action Summary Exarminer ArtUnit

Andy 8. Rao 2613

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
N Responsive to communication(s) filed on 3/01/02 .
2a)l  This action is FINAL. N 2b)] This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213,
Disposition of Claims

4)[X] Claim(s) 1-38 and 48-51 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) is/are allowed.
8)[X Claim(s) 1-38 and 48-51 is/are rejected.
7] Claim(s) ____is/are objected to.
8)[] Claim(s) are subject to restriction and/or election requirement.

Application Papers
9)[] The specification is objected to by the Examiner.
10)[_] The drawing(s) filed on is/are; a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
is: a)_] approved b)[_] disapproved by the Examiner.

11)[] The proposed drawing correction filed on

If approved, corrected drawings are required in reply to this Office action.
12)["] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[J Al b)[[] Some *¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] certified copies of the priority documents have been received in Application No. _____

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowiedgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [J The translation of the foreign language provisional application has been received.
15)J Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) I:] Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413) Paper No(s).
2) [:I Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) D Notice of Informal Patent Application (PTO-152)
3) D Information Disclosure Statement(s) (PT0-1449) Paper No(s) . 6) E] Other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No.
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DETAILED ACTION

Response to Amendment
1. As per the Applicants’ instructions as filed in Paper 5 on 3/01/02, claims 39-47 have been
canceled.
2. Applicants’ arguments filed with respect to claims 1-38 and 48-51 as in Paper 5 on
3/01/02 have been fully considered but they are not persuasive.

The Applicants present two substantive arguments contending the Examiner’s pending
rejection of claims 1-16 (non-amended), 17-38 and 48-51 (amended) under 35 U.S.C. 102(¢) as
being anticipated by Linzer. However, after a careful consideration of the arguments presented,
the Examiner must respectfully disagree for the reasons that follow.

Firstly, the Applicants argue that Linzer’s “... generating...” occurs before prediction
selecting and not in response to it (Paper 5. page 5, lines 4-25; page 6, lines 1-7). The Examiner
disagrees. The generating step is localization as being the tangible output of the mode decider as
it passes the selected motion vector and corresponding selected mode to the other elements
downstream. The match vectors and the base and delta vectors are merely possible candidates,
and not “generated” vectors. The Examiner would qualify the sub-steps of the 16x16 estimator,
16x8 estimator, and the dual prime motion estimator, as computational processes that are
producing candidate vectors which are then eliminated by the mode decider in accordance with
the selected coding mode. The final output vector is thus generated in accordance with the
selected coding method, both of which are output to Linzer’s subsequent encoding circuitry
(Linzer: column 4, lines 34-40). Accordingly, the Examiner maintains that Linzer meets the

kel

“_..generating...” step as in the claim,
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Secondly, the Applicants argue that Linzer only outputs dual prime motion vectors (Paper
5: page 6, lines 8-20). The Examiner respectfully disagrees. The section of note discloses that
only the dual prime motion estimator outputs dual prime motion estimation generated from a
careful selection of input fields. The reference clearly discloses one can output vectors and an
associated encoding mode from the three different estimators, only one of which is the dual
prime motion estimator (Linzer: column 4, lines 35-40). Accordingly, the Examiner maintains
that this limitation is met, as well.

A detailed rejection follows below.

Claim Rejections - 35 USC § 102
3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a paterit unless —

(e) the invention was described in a patent granted on an application for patent by another filed in the United
States before the invention thereof by the applicant for patent, or on an international application by another who
has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the invention
thereof by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 1999
(AIPA) do not apply to the examinatioﬁ of this application as the application being examined
was not (1) filed on or after November 29, 2000, or (2) voluntarily published under 35 U.S.C.
122(b). Therefore, this application is examined under 35 U.S.C. 102(e) prior to the amendment
by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

4. Claims 1-38 and 48-51 remain rejected under 35 U.S.C. 102(e) as being anticipated by

Linzer.
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Linzer discloses a method for motion coding an uncompressed digital video stream,
including steps of: comparing pixels of a first array in a picture currently being coded with pixels
of a plurality of second pixel arrays in at least one reference (Linzer: column 4, lines 15-23) and
concurrently performing motion estimation for each of a plurality of different prediction modes
in order to determine whic}; of the prediction modes is an optimum prediction mode (Linzer:
column 4, lines 25-30); determining which of the second pixel arrays constitutes a best match
with respect to the first array (Linzer: column 4, lines 30-35); and generating a motion vector for
the first pixel array in response to the determining step (Linzer: column 5, lines 45-68), as in
claim 1.

Regarding claims 2-5, Linzer discloses that the motion estimation search is part of a
digital video encoder operating in an MPEG-2 standard (Linzer: column 3, lines 48-54), as in the
claims.

Regarding claim 6, Linzer discloses the providing a picture type of the first pixel array
and using this information in the comparing step (Linzer: column 3, lines 55-60), as in the claim.

Regarding claims 7-12, Linzer discloses that the different prediction modes are frame
prediction for frame pictures, field prediction for frame pictures, field pictures for field pictures,
16x8 prediction mode fér field pictures, dual prime prediction mode for field pictures, and dual
prime prediction modes for frame pictures (Linzer: column 7, lines 50-67), as in the claim.

Regarding claims 13-16, Linzer discloses a device for implementing the method (Linzer:
figure 2), as in the claims.

Linzer discloses a method for motion coding an uncompressed digital video stream

comprised of a sequence of pictures having top and bottom fields (Linzer: column 1, lines 10-
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50),‘ including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and provducing a first error metric for comparison (Linzer: column
7, lines 60-65); cpmparing\pixels of a first portion of a current macroblock of the top field of a
current picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a.macroblock
of a top field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); summing the first and fourth error metrics to produce a first composite
error metric (Linzer: column 7, lines 65-68: average of M-TT and M_BB); summing the second
and third error metrics to' produce a second composite metric (Linzer: column 7, lines 65-68:
average of M_BT and M_TB); determining which of first, second, third, fourth, first composite,
and second composite error metrics has the lowest value, and selecting one of a plurality of

possible motion estimation prediction modes on the basis of such determining (Linzer: column 4,
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lines 30-35), and generating one or motion vectors according to the selecting of a plurality of
possible motion estimation prediction modes (Linzer: column 4, lines 15-25), as in claim 17.

Regarding claim 18, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding cléims 19-20, Linzer discloses that the first and second portions correspond to
the top and bottom portions of a current macroblock (Linzer: column 4, lines 15—20),.as in the
claims.

Regarding claim 21-23, Linzer discloses that the digital video data stream comprises an
MPEG-2 digital video data stream including field and frame prediction modes (Linzer: column 3,
lines 55-60), as in the claims.

Regarding claim 24, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures (Linzer: column 1, lines 10-50), including steps of:
comparing pixels of a first portion of a current macroblock of the top field of a current picture
with pixels of a plurality of correspondingly-sized portions of a macroblock of a top field of an
anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines 5-10), and
producing a first error metric for comparison (Linzer: column 7, lines 60-65); comparing pixels
of a first portion of a current macroblock of the top field of a current picture with pixels of a
plurality of correspondingly-sized portions of a macroblock of a bottom field of an anchor
picture in accordance with a prescribed search metric (Linzer: column 4, lines 10-15), and

producing a second error metric for each comparison (Linzer: column 7, lines 60-65);
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comparing pixels of a second portion of a current macroblock of the bottom field of a current
picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a top field
of an anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines 60-
65: M_TB), and producing a third error metric for comparison (Linzer: column 7, lines 60-65);
comparing pixels of a second portion of a current macroblock of the bottom field of a current
picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a bottom
field of an anchor picture in accordance with a prescribed search metric (Linzer: column 4, lines
60-65: M_BB), and producing a fourth error metric for comparison (Linzer: column 7, lines 60-
68); summing the first and fourth error metrics to produce a first composite error metric (Linzer:
column 7, lines 65-68: average of M-TT and M_BB); summing the second and third error
metrics to produce a second composite metric (Linzer: column 7, lines 65-68: average of M_ BT
and M_TB); determining which of first, second, third, fourth, first composite, and second
composite error metrics has the lowest value, and selecting one of a plurality of possible motion
estimation prediction modes on the basis of such determining (Linzer: column 4, lines 30-35),
and generating one or motion vectors according to the selecting of a plurality of possible motion
estimation prediction modes (Linzer: column 4, lines 15-25), as in claim 25.

Regarding claim 26, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claims 27-28, Linzer discloses that the first and second portions correspond to
the top and bottom portions of a current macroblock (Linzer: column 4, lines 15-20), as in the

claims.
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Regarding claim 29-31, Linzer discloses that the digital video data stream comprises an
MPEG-2 digital video data stream including field and frame prediction modes (Linzer: column 3,
lines 55-60), as in the claims.

Regarding claim 32‘\, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim,

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures having top and bottom fields (Linzer: column [, lines 10-
50), including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and producing a first error metric for comparison (Linzer: column
7, lines 60-65); comparing pixels of a first portion of a current macroblock of the top field of a
current picture with pixels of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondipgly-sized portions of a macroblock
of a top field of an anchc;r picture in accordance with a prescribed search metric (Linzer: column
4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer: column 7,
lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock

of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
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column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); producing first, second, third, and fourth motion vectors on the basis of
said first, second, third, and fourth error metrics (Linzer: column 4, lines 60-68), and examining
the first, second, third, and fourth motion vectors to determine whether a prescribed relationship,
and if so, selécting a frame picture dual prime motion estimation (Linzer: column 4, lines.30-
35), as in claim 33. ~

Regarding claim 34, Linzer discloses that the comparing steps and summing sieps are
done concurrently (Linzer: column 4, lines 24-41), as in the claims.

Regarding claim 35, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a method for motion coding an uncompressed digital video stream
comprised of a sequence of pictures having top and bottom fields (Linzer: column 1, lines 10-
50), including steps of: comparing pixels of a first portion of a current macroblock of the top
field of a current picture with pixels of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in accordance with a prescribed search metric
(Linzer: column 4, lines 5-10), and producing a first error metric for comparison (Linzer: column
7, lines 60-65); comparing pixels of a first portion of a current macroblock of the top field of a
current picture with pixéls of a plurality of correspondingly-sized portions of a macroblock of a
bottom field of an anchor picture in accordance with a prescribed search metric (Linzer: column
4, lines 10-15), and producing a second error metric for each comparison (Linzer: column 7,

lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field

of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
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of a top field of an anchor picture in accordance with a prescribed search metric (Linzer: column

4, lines 60-65: M_TB), and producing a third error metric for comparison (Linzer: column 7,

lines 60-65); comparing pixels of a second portion of a current macroblock of the bottom field
of a current picture with pixels of a plurality of correspondingly-sized portions of a macroblock
of a bottom field of an anchor picture in accordance with a prescribed search metric (Linzer:
column 4, lines 60-65: M_BB), and producing a fourth error metric for comparison (Linzer:
column 7, lines 60-68); producing first, second, third, and fourth motion vectors on the basis of
said first, second, third, and fourth error metrics (Linzer: column 4, lines 60-68); and examining
the first, second, third, and fourth motion vectors to determine whether a prescribed relationship,
and if so, selecting a field picture dual prime motion estimation (Linzer: column 4, lines 30-35),
as in claim 36.

Regarding claim 37, Linzer discloses that the comparing steps and summing steps are
done concurrently (Linzer: colﬁmn 4, lines 24-41), as in the claims.

Regarding claim 38, Linzer discloses a device that implements the method (Linzer:
column 3, lines 65-68), as in the claim.

Linzer discloses a motion estimation search system that concurrenﬂy performs motion
estimation using each of plurality of different motion estimation prediction modes and then
selected the prediction modes that produces the optimum result (Linzer: column 4, lines 25-40),
as in claim 48.

Linzer discloses that the search system is included in an MPEG-2 digital video encoder

(Linzer: column 3, lines 49-53), as in claim 49.
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Linzer discloses a method including the steps of. concurrently performing motion
estimation using a plurality of different motion estimation prediction modes (Linzer: column 4,
lines 1-24); comparing the results produced using each different prediction mode (Linzer:
column 4, lines 35-42); selecting the prediction mode that produced the optimum result (Linzer:
column 4, lines 25-34); anoi\ generating one or more motion vectors using the selected prediction
mode (Linzer: column 5, lines 1-25), as in ¢laim 50. |

Regarding claim 51, Linzer discloses that the prediction modes include a plurality of
prediction modes specified by the MPEG -2 standard (Linzer: column 3, lines 55-60), as in the

claim.

Conclusion
5. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the stva‘tutory period for reply expire later than SIX MONTHS from the date of this

final action.
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6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Andy S. Rao whose telephone number is (703)-305-4813. The
examiner can normally be reached on Monday-Friday 8 hours.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chris S. Kelley can be reached on (703)-305-4856. The fax phone numbers for the
organization where this apglication or proceeding is assigned are (703)-308-6606 for regular
comrmunications and (703)-308-6606 for After Final communications. |

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703)-305-4700.

Andy S. Rao

Primary Examiner ANDY

Art Unit 2613 PRIMARY g MiNgR
asr
May 15, 2002
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Technology Center 2600

AFTE FINAL AMENDMENT

In response to the Office Action mailed May 17, 2002,

please amend the application as follows:

IN THE CLAIMS

Please amend the claims as follows:

17. (TWICE AMENDED) A method for motion coding a digital
video data stream comprised of a sequence of pictures
having top and bottom fields, the method including the
steps of: |

comparing pixels of a first portion of a current
macroblock of the top field of a current picture with
pixels of each of a plurality of correspondingly-sized

portions of a macroblock of a top field of an anchor
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picture in accordance with a prescribed search metric, and
producing a first error metric for each comparison;

comparing pixels of the first portion of the current
macroblock of the top field of the current picture with
pixels of each of the‘plurélity of correspondingly-sized
portions of a_ macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing a second error metric for each comparison;

comparing pixels of a second portion of a current
macroblock of the bottom field of the current’picture with

\\ pixels of each of the plurality of correspondingly-sized

portions of the macroblock of the top field of the anchor
picture in accordance with the prescribed search metric,
and producing a third error metric for each comparison;

comparing pixels of the second portion of the current
macroblock of the bottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each
comparison;

summing the first and fourth error metrics to produce
a first composite error metric;

suﬁming the secondmgha third error metrics to produce

S:\GR\ptl4gra0d.ecr.doc
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a second composite error metric;and

determining which of the first, second, third, and
fourth error metrics, and first and second composite error
metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on

the basis of such determination.

N

25. (TWICE AMENDED) A method for motion coding a digital
video data stream comprised of a sequence of picturés, the
method including the steps of:

comparing pixels of a first portion of a top half of a
current macrdblock of a current picture with pixels of each
of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in
accordance with a prescribed search metric, and producing a
first error metric for each comparison;

comparing pixels of the first portion of the top half
of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing a second error metric for each comparison;

comparing pixels of a second portion of a bottom half
of a current macroblock of the current picture with pixels
of each of the'pluralit§ﬁ§flcOIrespondingly-sized portions

S:\GR\ptl4gral.ecr.doc
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of the macroblock of the top field of the anchor picture in
accordance with the prescribed search metric, and producing
a third error metric for each comparison;

comparing pixels of the second portion of the bottom
half of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search

metric, and producing a fourth error metric for each

ﬁ}/ comparison;
summing the first and third error metrics to produce a

first composite error metric;

summing the second and fourth error metrics to produce
a second composite error metric;and

determining which of the first, second, third, and
fourth error metrics, and first and second composite error
metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on

the basis of such determination.

REMARKS

Claims 1-38 and 48-51 stand finally rejected under 35

USC 102 as being anticipated by Linzer. Based on the

following, this rejection is respectfully traversed.
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In response to the above fejections, it is respectfully
submitted that the claims recite features not taught by
Linzer. In particular, such features include “performing
motion estimation for each of a plurality of prediction
modes in order to determine which prediction mode is an
optimum prediction mode”, recited in Claim 1 and “selecting
ythe prediction mode that produced an optimum result”,
recited in Claim 50.

In addressing these features in the above rejection,
column 4, 25-30, of Linzer is being relied on. In this
portion, Linzer discloses that the mode decipher 22
determines whether the encoding mode for a given macroblock
or a group of macroblocks will be a 16X16 mode, a 16X8 mode
or a dual prime mode.

However, in reviewing Linzer, nowhere is it disclosed
that the determining of the coding mode is based.on which
mode is optimum or produces an optimum result, as required
by the claims. Therefore, it is respectfully submitted
that the presently recited “performing motion estimation
for each of a plurality of prediction modes in order to
determine which prediction mode is an optimum prediction
mode” and “selecting the prediction mode that produced an

optimum result” is not anticipated by Linzer.
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Claims 17 and 25 also recite “determining which of the
first, second, third, and fourth error metrics, and first
and second composite error metrics has the lowest value,
and selectiﬁg one of a plurality of possible motion
estimation prediction modes on the basis of such
determination(. In column 4, lines 25-30, Linzer does not
disclose that the determining of the coding mode is based
on any kind of error metrics. Therefore, it is also
respectfully submitted that this feature is also not
anticipated by Lenz.

Claims 33 and 36 further recites “examining motion
vectors to determine whether a prescribed relationship
between them is present”. However, in reviewing Linzer,
nowhere is such a feature disclosed. Therefore, this
feature is also not anticipated by Linzer.

In view of the above-described distinctions, it is
respectfully submitted that the invention of Claims 1-38
and 48-51 is not anticipated by Linzer. Therefore, it is
respectfully requested that the above rejection be
reconsidered and withdrawn so that the present application
may proceed to issue.

Further, in view of the above-described distinctions,

Claims 17 and 25 have been amended to delete the feature

added in the previous Amendment. Since these claims are in
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a form that was previously considered by the Examiner, this

amendment cannot be considered a new issue. Therefore, the

Applicant respectfully requests entry of this Amendment.
The Commissioner is hereby authorized to credit any

overpayment or charge any fee (except the issue fee) to

Account No. 14-1270.

. Respectfully submitted,
By N
Russell Gross, Reg. 40,007
Attorney

(914) 333-9631

CERTIFICATE OF MAILING

It is hereby certified that this correspondence is being deposited with the
United States Postal Service as first-class mail in an envelope addressed to:
COMMISSIONER FOR PATENTS
Washington, D.C. 20231

On VQM r/g//. 2002 -
BL_~2Zﬁz;hg*=$:222§5Z¢s______
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APPENDTIX

17. (TWICE AMENDED) A method for motion coding a digital
video data stream comprised of a sequence of pictures
having top and bottom fields, the method including the

steps of:

AN

comparing pixels of a first portion of a current
macroblock of the top field of a current picture with
pixels of each of a plurality of correspondingly-sized
portions of a macroblock of a top field of an anchor
picture in accordance with a prescribed search metric, and
producing a first error metric for each comparison;

comparing pixels of the first portion of the current
macroblock of the top field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing a sécond error metric for each comparison;

comparing pixels of a second portion of a current
macroblock'of the bottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the top field of the anchor
picture in accordance with the prescribed search metric,

and producing a third ergQrMmetric for each comparison;
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comparing pixels of the second portion of the current
macroblock of the bottom field of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each
comparison;

summing the first and fourth error metrics to produce
a first composite error metric;

summing the second and third error metrics to produce
a second composite error metric;and

determining which of the first, second, third, and
fourth error metrics, and first and second composite error
metrics has the lowest value, and selecting one of a
plurality of possible motion estimation prediction modes on

the basis of such determinations—and
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25. (TWICE AMENDED) A method for motion coding a digital
video data stream comprised of a sequence of pictures, the
method including the steps of:

comparing pixels of a first portion of a top half of a
current macroblock of a current picture with pixels of each
of a plurality of correspondingly-sized portions of a
macroblock of a top field of an anchor picture in
accordance with a prescribed search metric, and producing a
first error metric for each comparison;

comparing pixels of the first portion of the top half
of the current macroblock of the current picture with
pixels of each of the plurality of correspondingly-sized
portions of a macroblock of a bottom field of the anchor
picture in accordance with the prescribed search metric,
and producing a second error metric for each comparison;

comparing pixels of a second portion of a bottom half
of a current macroblock of the current picture with pixels
of each of the plurality of correspondingly-sized portions
of the macroblock of the top field of the anchor picture in
accordance with the prescribed search metric, and producing
a third error metric for each comparison;

comparing pixels of the second portion of the bottom
half of,ﬁhe current macroblock of the current picture with
pixels of each of the piﬁ%giityrbf correspondingly-sized
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portions of the macroblock of the bottom field of the
anchor picture in accordance with the prescribed search
metric, and producing a fourth error metric for each
comparison;

summing the first and third error metrics to produce a
first composite error metric;

summing the second and fourth error metrics to produce
a second compgsite error metric;and

determining which of the first, second, third, and
fourth error metrics, and first and second composite error

metrics has the lowest value, and selecting one of a

plurality of possible motion estimation prediction modes on

the basis of such determinations—and
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/" Application No. Applicant(s) TV
. . BAKHMUTSKY ET AL.
Advisory Action 09/303,316 M
Examiner Art Unit
Andy S. Rao 2613
--The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
THE REPLY FILED FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.

Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a
final rejection under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued
Examination (RCE) in compliance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]

a) D The period for reply expires months from the mailing date of the final rejection.

b) [:] The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In no
event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f). )

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension fee
have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension fee under
37 CFR 1.17(a) is,calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or (2) as set forth in
(b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final rejection, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

1.[] A Notice of Appeal was filed on . Appellant’s Brief must be filed within the period set forth in
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.[X] The proposed amendment(s) will not be entered because:

(a) X they raise new issues that would require further consideration and/or search (see NOTE below);
(b) [ they raise the issue of new matter (see Note below);

(¢c) XJ they are not deemed to place the application in better form for appeal by materially reducing or simplifying the
issues for appeal; and/or

(d) X they present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet.
3.[C] Applicant’s reply has overcome the following rejection(s):

4[] Newly proposed or amended claim(s) would be allowable if submitted in a separate, timely filed amendment
canceling the non-allowable claim(s).

5.1 The a)[] affidavit, b)[_] exhibit, or c)[] request for reconsideration has been considered but does NOT place the
application in condition for allowance because:

6.[] The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
raised by the Examiner in the final rejection.

7.[X] For purposes of Appeal, the proposed amendment(s) a)l< will not be entered or b)[_] will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) allowed: _____

Claim(s) objected to:

Claim(s) rejected: 1-38, 48-51.

Claim(s) withdrawn from consideration; _____

8.[] The proposed drawing correction filed on is a)[:] approved or b)[] disapproved by the Examiner.
9.[] Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s). . ANDYRAO
10.[] Other: PRIM EXAMINER
Andy 8. Rao
Primary Examiner
Art Unit: 2613

U.S. Patent and Trademark Office

PTO-303 (Rev. 04-01) Advisory Action Part of Paper No. 8
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“ontinuation Sheet (PTO-303) Application No.
/303 .316

<ontinuation of 2. NOTE: the deletion of the "...and genreating...." limitation broadens the scope of the claim 17 requires further
search/consideration and will not be entered..
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AUG 2 2 2002 [ ] Continuation

! [ ] Divisional < ]Cigﬁab
Technology Center 2600 [X] CPA < \9*9%@'3
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE {j
Date: AUGUST 19, 2002

The Commissioner of Patents and Trademarks Docket No. PHA 23,661A
Washington, D.C. 20231 Prior Art Unit: 2613
Prior Ex. A.S. RAO
Sir:
This is a request for filing a:

[X] continued prosecution application ("CPA") under 37 CFR 1.53(d)
[ ] continuing application under 37 CFR 1.53 (b) ////

of pending prior application Serial No.09/303,316 filed on
April 30, 1999 of MIHAEL BAKHMUTSKY; KARL WITTIG for METHOD OF
CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL VIDEO.

[ ] Enclosed are copies of ** gheets of specification and ** drawing
sheets (all of which constitutes the specification and drawing in this
application) and the Declaration and Power of Attorney as filed in the
parent application.

[ ] Amend the specification by inserting before the first line
as a centered heading: --Cross Reference To Related
Applications--; and insert below that as a new paragraph --
This is a [ ] continuation [ ] divisional of application
Serial No. *****xxxx% filed **xkkkkkkhkknk __

[X] An appointment of associates is enclosed.

[ 1] As last amended, the title has been changed to
[ ] As last amended, the name of applicant (s) has changed to
[ ] Before —calculating the filing fee, cancel 1in this

application original claims ****%

[X] The filing fee is calculated below:
CLAIMS AS FILED IN THIS APPLICATION

Number Numbexr Basic
For Filed Extra Rate fee S 740.00
Total Claims -20 = X s18 =
Independ. Claims - 3 = X 584 =
Mult. Dependent Claims, if any (5280) =
Total Filing Fe@-----cmmo oo oo o e e e e o e e e $740.00
[X] Please charge the filing fee calculated above, plus any

additional fees which may be required except for the Issue
Fee, or credit any overpayment to Deposit Account No. 14-

1270 - (/21/2002 CCHAUL  000000SE 141270 09303316
e DN rragay 740,00 CH 1

TEHER\MVTSG a0 o . DOC
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filed on
is claimed under 35 U.S.C. 119.

Priority of application Serial No.
Kkkkkkkkkk i Kkkkkkkkx

kkhhkkkkkhkik ,
The certified copy of the priority application was filed in
09/303,316.

This application is assigned to Philips Electronics North

America Corporation by way of the assignment filed in

\ to Corporate Patent
Counsel, U.S. Philips Corporation, 580 White Plains Road,

A preliminary amendment to this application is enclosed.

Enter in this application the amendment under 37 C.F.R.

! prior application Serial No.
[X]
application Serial No. 09/303,316.
[X] Address all future communications
Tarrytown, New York 10591.
[ ]
[x]
1.116 which was unentered in the prior application.
[ 1] An Information Disclosure Statement is enclosed.
[X] An Authorization Pursuant ¢t

C 37 CFR 1.136(a) (3) 1is

enclosed.

/

[

Russell Gross,
Registration No.
(914) 333-9631
U.S. Philips Corporation
580 White Plains Road
Tarrytown, New York 10591

(e
4 s

40,007

I CERTIFICATE OF EXPRESS MAILING j

Express Mail Mailing Label No. EL 472130465

AUGUST 19, 2002

Date of Deposit

| hereby certify that this paper and/or fee is being deposited
with the United States Postal Service "Express Mail Post
Office to Addressee” service under 37 C.F.R. 1.10 on the
date indicated above and is addressed to the Commissioner of
Patents and Trademarks, Washington, D.C. 20231.

Edna  Chapa i
Typed Name

Signature
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$‘X° '\%“'@L IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Q&az&lBg§§Vre Application of Atty. Docket
MICHAEL BAKHMUTSKY ET AL PHA 23,661A
Serial No.: 09/303,316 Group Art Unit: 2613
Filed: APRIL 30, 1999 Examiner: ANAND S. RAO

Title: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR
DIGITAL VIDEO

Commissioner for Patents RECEIN ED
Washington, D.C. 20231 m,.}ﬁz 9 7007

AUTHORIZATION PURSUANT TO 37 CFR 31.136( ‘ﬁa};hﬁgggy Center 2600
AND TO CHARGE DEPOSIT ACCOUNT

Sir:

The Commissioner is hereby requested and authorized to
treat any concurrent or future reply in this application requiring
a petition for extension of time for its timely submission, as
incorporating a petition for extension of time for the appropriate
length of time.

Please charge any additional fees which may now or in the
future be required in this application, including extension of time
fees, but excluding the issue fee unless explicitly requested to do

so, and credit any overpayment, to Deposit Account No. 14-1270.

Russell Gross, ﬁeg. 40,007
Attorney
(914) 333-9631
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!@kﬁ% ﬁﬁﬁm : IN THE UNITED STATES PATENT AND TRADEMARK OFFICE gb é;%i;
QQ(» | *,re Application of Atty. Docket }
B MICHAEL BAKHMUTSKY ET AL PHA 23,6614 Cé"/
Serial No.: 09/303,316 Group Art Unit: 2613
Filed: APRIL 30, 1999 Examiner: ANAND S. RAO

Title: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR
DIGITAL VIDEO

Comm?ssioner for Patents RECE!VE@
Washington, D.C. 20231 AUG2 0 2002

APPOINTMENT OF ASSOCIATES 1bmmomgy0mﬂw25m3

Sirf
The undersigned Attorney of Record hereby revokes all
prior appointments (if any) of Associate Attorney(s) or Agent (s) in

the above-captioned case and appoints:
RUSSELL GROSS (Registration No. 40,007)

c¢/o PHILIPS ELECTRONICS NORTH AMERICA CORPORATION, Corporate
Intellectual Property, 580 White Plains Road, Tarrytown, New York
10591, his Associate Attorney(s)/Agent(s) with all the usual powers
to prosecute the above-identified application and any division or

continuation thereof, to make alterations and amendments therein,

and to transact all business in the Patent and Trademark Office
connected therewith.

ALL CORRESPONDENCE CONCERNING THIS APPLICATION AND THE
LETTERS PATENT WHEN GRANTED SHOULD BE ADDRESSED TO THE UNDERSIGNED
ATTORNEY OF RECORD.

Respectfully,

Z

Michael E. Marion, Reg. 32,266
Attorney of Record

Dated at Tarrytown, New York
on August 19, 2002.
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i Application No. Applicant(s) A
. re 09/303,316 BAKHMUTSKY ET AL.
Notice of Allowability Exarminer Art Unit
Andy S. Rao 2613

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

X This communication is responsive to the Request for a CPA filed on 8/19/02 as Paper 10.

X The allowed claim(s) is/are 1-38 and 48-42 (respectively renumbered as claims 1-42).

(] The drawings filed on ____ are accepted by the Examiner.

] Acknowiedgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
ay[J Al B)[J Some* c¢)[JNone ofthe:

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
|
|

B WN =

1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ____
3. [ Copies of the certified coples of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:
5. ] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).
(a) ] The translation of the foreign language provisional application has been received.
6. ] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

below. Failure to timely comply will resultin ABANDONMENT of this application. THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

7.[] ASUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

8. [Z CORRECTED DRAWINGS must be submitted.
(a) X including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached

1) [ hereto or 2) X to Paper No. 4.
(6)[J including changes required by the proposed drawing correction filed , which has been approved by the Examiner.

|

|

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements noted
(¢} [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of Paper No.

Identifying indicia such as the application number {see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal letter addressed to the Official Draftsperson.

9. [[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1] Notice of References Cited (PTO-892)
3[] Notice of Draftperson’s Patent Drawing Review (PT0-948)

2[7] Notice of Informal Patent Application (PTO-152)
4[] Interview Summary (PTO-413), Paper No. ‘

5[] Information Disclosure Statements (PTO-1448), Paper No. .

7[] Examiner's Comment Regarding Requirement for Deposit
of Biological Material

6] Examiner's Amendment/Comment
8 Examiner's Statement of Reasons for Allowance
o[] Cther

bt

E s efR)
PRI TEXAMINER

U.S. Patent and Trademark Office
PTO-37 (Rev. 04-01)
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Application/Control Number: 09/303,316 Page 2
Art Unit: 2613

Allowable Subject Matter
1. Claims 1-38, and 48-51 are allowed.

Independent claims 1, 17, 25, 33, 36, 48, and 50 recite a method for motion coding a
digital video data stream which includes “.. determining which of the first, second, third, and
fourth error metrics, and first and second composite metrics has the lowest value, and selecting
one of the plurality of possible motion estimation prediction modes on the basis of such
deterrhination...” which is a feature that is not anticipated nor obvious over the art of record.
Dependent claims 2-16 18-24, 26-32, 34-35, 37-38, 49, and 51 are allowed for the reasons as

discussed above concerning the independent claims.

Conclusion
2. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Andy S. Rao whose telephone number is (703)-305-4813. The
examiner can normally be reached on Monday-Friday 8 hours.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Chris S. Kelley can be reached on (703)-305-4856. The fax phone numbers for the
organization where this application or proceeding is assigned are (703)-308-6606 for regular
communications and (703)-3 08-6606 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703)-305-4700.
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Application/Control Number: 09/303,316
Art Unit: 2613

Andy S. Rao ‘ A;\JD‘V P A

Primary Examiner PRty Ty
. SR e HY T ‘mr

Art Unit 2613 v=H

asr
November 3, 2002
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WWW.uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 11/04/2002

CORPORATE PATENT COUNSEL
US PHILIPS CORPORATION

580 WHITE PLAINS ROAD
TARRYTOWN, NY 10591

l EXAMINER |

RAO, ANAND SHASHIKANT

[ ART UNIT CLASS-SUBCLASS I

2613 375-240170

DATE MAILED: 11/04/2002

FIRST NAMED INVENTOR
MICHAEL BAKHMUTSKY

APPLICATION NO.
09/303,316 -

FILING DATE
04/30/1999

ATTORNEY DOCKET NO. | CONFIRMATION NO.
PHA-23.661 8171

TITLE OF INVENTION: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL VIDEO

’ APPLN. TYPE ] SMALL ENTITY I 1SSUE FEE |

$1280

PUBLICATION FEE [
$300

TOTAL FEE(S) DUE |
$1580

DATE DUE ]
02/04/2003

nonprovisional NO

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED, THIS NOTICE OF ALLOWANCE IS NOT' A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY
PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE REFLECTS A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR AN EQUIVALENT)
MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL BE REGARDED AS
ABANDONED.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown
above.

B. If the status is changed, pay the PUBLICATION FEE (if required)
and twice the amount of the ISSUE FEE shown above and notify the
United States Patent and Trademark Office of the change in status, or

If the SMALL ENTITY is shown as NO:

A. Pay TOTAL FEE(S) DUE shown above, or

B. If applicant claimed SMALL ENTITY status before, or is now
claiming SMALL ENTITY status, check the box below and enclose
the PUBLICATION FEE and 1/2 the ISSUE FEE shown above.

O Applicant claims SMALL ENTITY status.
See 37 CFR 1.27.

IL. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

II. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Box ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 4
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washington, D.C. 20231
Fax (703)746-4000

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 4 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed othérwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications,

transmitted to the USPTO, on the date indicated below.

| CURRENT CORRESPONDENCE ADDRESS (Note: TCegibly mark-up with any corrections or use Biock 1) Note: A certificate of ma111ng can only be used for domestic maxlmgs of the
7590 11/04/2002 Fee(s) Transmittal. This certificate cannot be used for any other
accompanying papers. Each additional paper, such as an assignment or
| CORPORATE PATENT COUNSEL formal drawing, must have its own certificate of mailing or transmission.
i US PHILIPS CORPORATION Certificate of Mailing or Transmission
580 WHITE PLAINS ROAD [ herebg certify that this Fee(s) Transmittal is being deposited with the
‘ United States Postal Service with sufficient postage for first class mail in an
| TARRYTOWN, NY 10591 envelope addressed to the Box Issue Fee address above, or being facsimile
|
|

{Depositor's name)

(Signature)

(Date)

09/303,316 04/30/1999 MICHAEL BAKHMUTSKY PHA-23.661 8171
TITLE OF INVENTION: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL VIDEO

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
|
|
|

l APPLN. TYPE SMALL ENTITY l ISSUE FEE I PUBLICATION FEE I TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1280 $300 $1580 02/04/2003
( EXAMINER [ ART UNIT | cLasssuscLass |
RAO, ANAND SHASHIKANT 2613 375-240170
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list (1)
CFR 1.363). the names of up to 3 registered patent attorneys 1

1 Change of correspondence address (or Change of Correspondence or agents OR, al}ematwely, (2) the name of 2
Address form PTO/SB/122) attached. single firm (having as a member a registered 5
attorney or agent) and the names of up to 2

registered patent attorneys or agents. If no name
is listed, no name will be printed. 3

L "Fee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. Inclusion of assignee data is onl{ appropriate when an assignment has
been previously submitted to the USPTO or is being submitted under separate cover. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Please check the appropriate assignee category or categories (will not be printed on the patent) O individual O corporation or other private group entity [ government
4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
Q Issue Fee 2 A check in the amount of the fee(s) is enclosed.
0 Publication Fee [ Payment by credit card. Form PTO-2038 is attached.
der - C Coni , J The Commissioner is hereby authorized by charge the required fee(s), or credit any overpayment, to
| Advance Order - # of Copies .+ Deposit Account Number (enclose an extra copy of this form).

Commissioner for Patents is requested to apply the Issue Fee and Publication Fee (if any) or to re-apply any previously paid issue fee to the application identified above.

(Authorized Signature) (Date)

NOTE; The Issue Fee and Publication Fee (if required) will not be accepted from anyone
other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

This collection of information 1s required by 37 CFR 1.311. The information is required to
obtain or retain a benefit by the public which is to file (and by the USPTO to process) an
application. Confidentiality 1s governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is
estimated to take 12 minutes to com{})lete, including gathering, preparing, and submitting the
completed application form to the USPTO, Time will vary dependmf upon the individual
case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, Washington, D.C. 20231. DO
NOT SEND FEES OR COMPLE’FED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231,

Under the Paperwork Reduction Act of 1995, nmersons are required to respond to a
collection of information unless it displays a valid OMB control number.

TRANSMIT THIS FORM WITH FEE(S)
PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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N 4\};\ UnNITED STaTes PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and I'rademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WWW.uspto.gov

[ appLicaTionvo. ] FILING DATE FIRST NAMED INVENTOR [ ATTORNEY DOCKETNO. | CONFIRMATION NO. ]
09/303,316 04/30/1999 MICHAEL BAKHMUTSKY PHA-23.661 8171
l EXAMINER l
7590 11/04/2002

CORPORATE PATENT COUNSEL
US PHILIPS CORPORATION

580 WHITE PLAINS ROAD
TARRYTOWN, NY 10591

RAO, ANAND SHASHIKANT

I ART UNIT PAPER NUMBER ]

2613
DATE MAILED: 11/04/2002

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The patent term adjustment to date is 11 days. If the issue fee is paid on the date that is three months after the mailing
date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half months) after

the mailing date of this notice, the term adjustment will be 11 days.

If a continued prosecution application (CPA) was filed in the above-identified application, the filing date that
determines patent term adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval

(PAIR) system. (http://pair.uspto.gov)

Any questions regarding the patent term extension or adjustment determination should be directed to the Office of

Patent Legal Administration at (703)305-1383.

Page 3 of 4
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UNITED STATES PaTENT aND TRADEMARK OFFICGE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
www.uspto.gov

l APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. I
09/303,316 04/30/1999 MICHAEL BAKHMUTSKY PHA-23.661 8171
7590 11/04/2002 I EXAMINER ]
CORPORATE PATENT COUNSEL RAO, ANAND SHASHIKANT
US PHILIPS CORPORATION
580 WHITE PLAINS ROAD l ART UNIT PAPER NUMBER |
TARRYTOWN, NY 10591 vors

DATE MAILED: 11/04/2002

Notice of Possible Fee Increase on October 1, 2002

If a reply to a "Notice of Allowance and Fee(s) Due" is filed in the Office on or after October 1, 2002, then the
amount due may be higher than that set forth in the "Notice of Allowance and Fee(s) Due" since there may be an increase
Proposed Rulemaking, 67 Fed. Reg. 30634, 30636 (May 7, 2002). Although a change to the amount of the publication fee
is not currently proposed for October 2002, if the issue fee or publication fee is to be paid on or after October 1, 2002,
applicant should check the USPTO web site for the current fees before submitting the payment. The USPTO Internet
address for the fee schedule is: http://www.uspto.gov/main/howtofees.htm,

If the issue fee paid is the amount shown on the "Notice of Allowance and Fee(s) Due," but not the correct amount
in view of any fee increase, a "Notice to Pay Balance of Issue Fee" will be mailed to applicant. In order to avoid
processing delays associated with mailing of a "Notice to Pay Balance of Issue Fee," if the response to the Notice of
Allowance and Fee(s) due form is to be filed on or after October 1, 2002 (or mailed with a certificate of mailing on or
after October 1, 2002), the issue fee paid should be the fee that is required at the time the fee is paid. If the issue fee was
previously paid, and the response to the "Notice of Allowance and Fee(s) Due" includes a request to apply a
previously-paid issue fee to the issue fee now due, then the difference between the issue fee amount at the time the
response is filed and the previously paid issue fee should be paid. See Manual of Patent Examining Procedure, Section
1308.01 (Eighth Edition, August 2001).

Questions relating to issue and publication fee payments should be directed to the Customer Service Center
of the Office of Patent Publication at (703) 305-8283.

Page 4 of 4
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE VY}%

In re Application of Atty. Docket : );l
MICHAEL BAKHMUTSKY ET AL PHA 23,661
Serial No.: 09/303,316 Group Art Unit: 2613

Filed: APRIL 30, 1999

Title: METHOD OF CONCURRENT MULTIPLE-MADE MOTION ESTIMATION
FOR DIGITAL VIDEO

Commissioner for Patents
Washington, D.C. 20231

LETTER TO OFFICIAL DRAFTSMAN

Sir:
Enclosed are (8) eight sheets of formal drawings

for filing in the above-identified application.

Respectfy.

ly submittgd

{/

sy WL M i~

Russell Gross, Reg. No. 40,007
Attorney
(914) 333-9631

CERTIFICATE OF MAILING
[ hereby certify that this correspondence is being
deposited this date with the United States Postal Service as
first-class mail in ‘an envelope addressed to:
COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

;‘ C'I

On Q,&W/—« 46{'9700:—1
By §Zzz:£7t CfZ?é;éa\

S:\GR\mz02grd0.ec0.doc
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PART B _ FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Box ISSUE FEE
Commissioner for Patents
Washirﬁgton, D.C. 20231
Fax (703)746-4000
TNSTRUCTIONS: Tmis form should be used for wansmitting the ISSUE FEE and PUBLICATION FEE (if mqumdLeBlock.s T through 4 should be completcd where
ap ropriate. All further correspondence including the Patent, advance orders and notification of meintenance fees will be mailed to the current corre

ce address
icated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate * ?EE ADDRESS" for
mmntcnanoc fec nouﬂeanons

Note: A certificate of mang can only be used for domestic mailings of the
Fee(s) Transmittal. This ccmﬂcate cannot be used for any other

7590 11/0472002 accox;:[panymg papers, Each additional paper, such as an assignment or

CORPORATE PATENT COUNSEL formal drawing, must bave its own certificate of mailing or transmission.
US PHILIPS CORPORATION . Certificate enef( l;hﬂlng or Tranu;;iulon
580 WHITE PLAINS ROAD I hereb; ccmfy that this Fee(s Transmmal is bein; sited with the
ted States 1 th £ ﬁ lass mail
TARRYTOWN, NY 10591 Sovelops adatomses o he Box s Fae wdirenssbove. of being facsimil
transmitted to the USPTO, on the date indicated below.
(Signature)
_// 12-/%/D S -C. ©se)
I4
[ APPLICATIONNO. /| FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. ]
09/303,316 04/30/199% MICHAEL BAKHMUTSKY PHA-21.661 8171

TITLE OF INVENTION: METHOD OF CONCURRENT MULTIPLE-MODE MOTION ESTIMATION FOR DIGITAL VIDEO

[ APPLN. TYPE ‘ SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE ] DATE DUE |
nonprovisional NO $1280 $300 $1580 02/04/2003
| EXAMINER | ARTUNIT | cLass-suscLass |
RAO, ANAND SHASHIKANT 2613 375240170

2. For printing on the patent front page, list (1)

r's
I, Chanfe of correspondence address or indication of *Fee Address” (37
CFR 1.363).

Q Chapge of com%ondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

Address" indication (or "Fee Address" [ndication
PTO/SB/47 Rev 03-02 or more recent) attached. Use of a Cnstomer
Number is requlred

the names of up to 3 registered patent attorneys RUSSELL GROSS
or agents OR, alternatively, (2) the name of a

single firm (baving as a member a registered
attorney or agent) and the names of up to 2 2
registered patent attorneys or agents. If no name
is listed, no name will be printed. 3

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi%ee is identified below, no assignee data will appear on the patent, Inclusion of assignee data is only appropriate when an assignment has

been previously submitted to the
(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent)

SPTO o is being submitted under separate cover, Completion of this form is NOT a substitute for filing an assignment.

(B) RESIDENCE: (CITY and STATE OR COUNTRY)
Eindhoven, The Netherlands

Q individual )0 corporation or other private group entity Q government

4a. The following fee(s) are enclosed:
3 issuc Fee

B Publication Fee
Q Advance Order - # of Copies

4b. Payment of Fee(s):
Q A check in the amount of the fee(s) is enclosed.
Q Payment by credit card. Form PT0-2038 is attached.

The Commissioner is h b cbathhen uired fe orcmdxtan oV ent, to
'Amthmb«Mlmosemgmmpyeg) form). Y overpayment

Commissioner for Patents is requested to apply the Issue Fee and Publication Fec (if any) or to re-apply any previously paid issue fee to the epplication identified above.

h fc 1sst -
other than the hcant,

interest as shown by the records of the United gtates

12/12/2002 WAHNED2 00000089 141270 09303316 /

not be accep 01 FC:1501 1280.00 CH
tt:‘;h;&@‘&e&ﬁg‘m“ 02 FC:1504 300.00 CH

Thus collection of information 1s

37
obtain or retain a benefit by the public wlu%h u 10 ﬁle(

application. Confidentiality is govemed by35U
estimated to take lmemmemn lete, inc
completed application form to the

Patent and T

artment
NOT SEND FEES OR CIOMPLE D FORMS TO

Compnissioner for Patents, Washington, DC 20!

Under thy PapemorkReducnonActofl995 nosersonsmrequuedtomspondtoa
cor;lecnoneof information unless it displays a vaiid O

SPTO. rmgwgd'l vary
case. Any comments on the amount of time you requirc to eoﬂ:em dns fann and/or
suggestions for reducin tlus burdzn, should bc sent to the Chief Infor

the USPTO to proceu) an
S.C. 122 and 37 CFR 1.14. This collection is
preparing, and {&mlms the
rmauon l cer, U.S,

SS SEND TO

ntro] number

PTOL-85 (REV. 04-02) Approved for use through 01/31/2004. OMB 0651-0033

TRANSMIT THIS FORM WITH FEE(S)
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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¥

Effective November 10, 1998

PATENT APPLICATION FEE DETERMINATION RECORD

“+¢ Application or Docket Number

CLAIMS AS FILED - PART |

>t the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3.”
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

, SMALL ENTITY OTHER THAN
__(Column 1) (Column 2) TYPE ] OR SMALLENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE
BASIC FEE OR | 760.00
TOTAL CLAIMS é) minus 29= X X$ 9= or| X$18= |/7G
INDEPENDENT CLAIMS | 7 “minus 3 = [* _ -
! | 4 X39= or| x7e= |55/
MULTIPLE DEPENDENT CLAIM PRESENT . ‘
‘ ; +130= OR| +260=
* |f the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL / ég()
CLAIMS AS AMENDED - PART I OTHER THAN
ADDI- ADDI-
< REMAINING NUMBER
= AFTER PREVIOUSLY | | brmn RATE |TIONAL RATE | TIONAL
z AMENDMENT PAID FOR FEE FEE
= ,
% Total * Minus sk = X$ 9= OR X$18=
i : -
<Et Independent |« Minus Hoek = X39= OR X78=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR| +260=
TOTAL OR TOTAL
1 ADDIT. FEE ADDIT. FEE
Column 1 Column 2)  (Column 3)
: CLAIMS HIGHEST
| REMAINING NUMBER | PRESENT ADDI- ADDI-
=l AFTER PREVIOUSLY EXTRA RATE JTIONAL RATE | TIONAL
S AMENDMENT PAID FOR FEE FEE
= .
% Total * Minus *k = X$ 9= orl xs18=
% Independent | v . Minus - Fedok = X39= onl| x7e-
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
+130= OR| +260=
TOTAL OR TOTAL
, ADDIT. FEE ADDIT. FEE
Column.2) (Column 3)
o | REMAINING NUMBER PRESENT ADDI- ADDI-
5 » AFTER PREVIOUSLY EXTRA RATE- | TIONAL RATE | TIONAL
g AMENDMENT PAID FOR FEE FEE
g Total * Minus *k = X$ 9= OR X$18=
g Independent | Minus Aok =
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM
| +130= oR | +260=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. TOT
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter "20.” ADDITI'.OJEAIE_ OR ADDI11:,()F=TélE-

FORM PTO-875
(Rev. 11/98)
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DA 819

B Application or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD
Effective October 1, 2001 09 [303 316
, ‘ ‘ )
CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) Column 2 TYPE [ ‘OR- SMALL ENTITY
TOTAL CLAIMS RATE | FEE RATE | FEE
FOR ‘ NUMBER FILED NUMBER EXTRA BASIC FEE ' 370.00 |poR[BASIC FEE] 740.00
TOTAL CHARGEABLE CLAIMS 5 minus 20="|* j f‘] X$ 9= or| xste= W
: *
INDEPENDENT CLAIMS minus 3 = L{ _ _ @@ /
o Xa2= or| x84= |56
MULTIPLE DEPENDENT CLAIM PRESENT D p
- +140= OR| +280=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOTAL OR TOTAL 2 45 E‘Q/%/&}
- CLAIMS AS AMENDED - PART Il " OTHER THAN
HIGHEST
ADDI- ADDI-
< REMAINING NUMBER _
I-Z- AFTER PREVIOUSLY PS)E?SR‘T RATE TIONAL RATE TIONAL
0 AMENDMENT PAID FOR FEE FEE
=
0 | Total Minus = = -
E . * ' o X$9 or| X$18
E Independent |* Minus Jokk = X42= oR X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM g ,
+140= OR| +280=
TOTAL OR TOTAL
ADDIT. FEE ADDIT. FEE
(Column 2) = (Column 3)
HIGHEST
0 REMAINING NUMBER PRESENT ADDI- ADDI-
= AFTER _ PREVIOUSLY EXTRA RATE [TIONAL RATE { TIONAL
Z AMENDMENT § PAID FOR FEE FEE
2 Total * Min =
%} ota i u§ *k = X$ 9= or| X$18=
3 Independent |« Minus *** = X49= oR X84o
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM Q
+140= OR +280=
TOTAL TOTAL
, ADDIT. FEE OR apor FEE
(Column 3) ‘
o REMAINING NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE |JTIONAL RATE | TIONAL
wl AMENDMENT PAID FOR FEE FEE
E Total * Minus ’ ok =
> ‘ = X$ 9= OR | X$18=
%J independent |« Minus Tokk =
-4 X42= or| X84=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM |:]
+140= OR | +280=
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. ey
** [f the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20.” ADD|TrOgélé OR ADD;OIIE?E
w+f the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3.” ' '
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

FORM PTO-875

(Rev. 8/01)
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i\

oL ’ 7 SERIAL NO, FILING DATE
MULTIPLE DEPENDENT CLAIM ' i[ Zd 2548 | 4347
" FEE CALCULATION SHEET RPFLICANTTS 7
(FOR USE WITH FORM PT0-875)
__ CLAINS
ASFILED .., A?AFE1;$§MENT 2nd Aﬁgqsoamsm i * )
IND. DEP, IND, 6EP. IND. DEP, IND. DEP, IND. DEP. IND. DEP.
1 | 1 51 )
2 ] 52
3 1 53
4 ) 84
5 55
6 56
7 57
8 1 53
9 \ 59
10 ] 80
11 |- 61
12 / - 62
13 | 68
4 Ll 64
15 | 65 '
16 . { 66
17 ] 67
18 | 68
19 1 69
20 ] 10
21 ] 71
22 ) 12
23 ] 73
24 | 74
25 | { | T5 |
26 | 76
21 | 77
28 ] 78
29 19
30 . 80
31 - 81
32 82
33 83
34 } 84
35 } 85
3 | | i 86
37 81
38 88
39 89
40 v 90 |
41 ] 91
42 i 92
43 | 93
44 1] 94 .
45 B a5 :
|46 ] 96 ;
A 1 87
48 | 98
49 ) | : - 99
50 1 , ' ' 100
o e e N ]
| I : |
A Rl s N 2 N - O 24 roy
PTO-1360 (3.78)

e
PR
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INSTRUCTIONS

1. Make a checkmark b¢sidc each itcm IF verified,

: -.ns'u; TNty ‘M‘“ .< N S‘q
, “.’ oo ‘. ”' ‘% If{ Y{?
X ' “1 “3‘?, _.

P t,(\ (.'r e -.:\‘

2, If corrections are rcquircd write notcs to the cxamincr or sup¢rvisor on rcvcrsc sxdc ‘.

1. FACE OF THE FILE

v _Yv 1, Printcd and stamped scrlal
!/ * rhimbers match the bar code label.
5 |

‘ Filing Date present.
3. Class/Subclass present,
Applicant(s) name present,
5. Total number 6f, drawings present.
; . Total numbcr of claims present,
' Z . Total numbcr of indcpcndent
S J. Clalms l‘cscnt. .
i/ 8. Filing fee received present.
(' Mailing address present,
10. Titlc of invcntion prescnt. ‘
Ny,
2. CENTER OF 'I'HB FILE

A DRAWINGS :

I, None (go to B)
27 . Serial Number present and .

correct on each sheet,
___“" 3, Number of sheets entered
) on lines 1 of contents.

B. SMALL ENTITY STATEMENT |

7/ 1. None and not recorded on
face of file (goto C)
2, Statement present,
3. Small Entity recorded
on face of file,

/c. DECLARATION OR OATH
1. Title matches face of file
. and specification,
. Declaration phrase present,
{ hereby declare all...) :
i/ 3, (Original and first inventor or
inventors...) phrase present.
/4. (Reviewed and understand: the
L/S (Acknowledge duty to disclose
~ information in accordance
with 1 .56(a)...) phrase present. |
applicants present..
(/7. Signed by all applicants.
' { /§( Less than 3 months before filing

contents of the application,
including claims...) phrase present,
6A Residence, citizenship, post
office address of all
date, or less than six months
; after filing date,
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Al Complcte form 13 and 875
/ .(forms on right sidc of fi file) .
_Z 2. Circle inacpcndcnt claims on thc
M R Indcx Of Claim's" »s *i '/

N ARE $one, \mfﬁ. ‘a' e
"'."‘3ob

undcr thc last claim numbc‘
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No holcs punchcd In'text,
S '
\F ABS'I'RACT biss f’*"‘ BRI
';\4» f ) )
Nonc (go to G)
2, Serial Numbcr prcscnt and corrcct
‘Abstract on‘scpcratc page.
25 lines or less) °7 :
Onc paragxaph ONLY

zf'
=

I ‘\' .

"G, PI'O-ISSG A
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H. PRE-AMENDMENTS
(found on right side of file)

1 None (go o) .
2, Enter on Contents of ﬁlcwrappcr.
3. Insttuction to cancel claims.
4, Claims canceled on Index of Claims.,
5 Instruction to add claims,
6. Circle new independent claims on the
Index of Claims;
7. Draw.line under the new last claim -
number on Index.of Claims.
8, Complete forms 1360 and 875.

JLLLE

I. PTO-548
_L: Present
3. RIGHT SIDEOF FILE

1. PALM File Data sheet present.
~__ 2. Transmittal letters present.

~%, Forms 1360 & 875 preseat/complete,
4 Miscellaneous Papers present/entered.
5 Petition to Make Special present.

(Enter and place in the center)
M meing prints present. (2 copies)’




EARA : A 4
B *?,:‘ ‘ L

2 Excess claims fccs paid
____a. Excess total claims more than 20
| b, Excess independent claims more than 3.

___c. First multiple dependent claim fee paid.
3 stccﬂa,ncous paper fee paid, - Cole
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HNAL STEPS - . ' . %'.:,.’ ., .,: R ]

K ) " ".'. ', ‘ .~ A
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