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1
METHOD AND APPARATUS FOR
SELECTING A CODING MODE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 11/957,750 filed on Dec. 17, 2007, entitled
“METHOD AND APPARATUS FOR SELECTING A COD-
ING MODE,” the contents of both which is incorporated
herein by reference in its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to video encoders and, more
particularly, to a method and apparatus for selecting a coding
mode (e.g., a frame coding mode or a field coding mode).

2. Description of the Background Art

The International Telecommunication Union (ITU) H.264
video coding standard is able to compress video much more
efficiently than earlier video coding standards, such as ITU
H.263, MPEG-2 (Moving Picture Experts Group), and
MPEG-4. H.264 is also known as MPEG-4 Part 10 and
Advanced Video Coding (AVC). H.264 exhibits a combina-
tion of new techniques and increased degrees of freedom in
using existing techniques. Among the new techniques defined
in H.264 are 4x4 and 8x8 integer transform (e.g., DCT-like
integer transform), multi-frame prediction, context adaptive
variable length coding (CAVLC), SI/SP frames, context-
adaptive binary arithmetic coding (CABAC), and adaptive
frame/field coding. The increased degrees of freedom come
about by allowing multiple reference frames for prediction
and many more tessellations of a 16x16 pixel macroblock
(MB). These new tools and methods add to the coding effi-
ciency at the cost of increased encoding and decoding com-
plexity in terms of logic, memory, and number of operations.
This complexity far surpasses those of H.263 and MPEG-4
and begs the need for efficient implementations.

The H.264 standard belongs to the hybrid motion-compen-
sated DCT (MC-DCT) family of codecs. H.264 is able to
generate an efficient representation of the source video by
reducing temporal and spatial redundancies. Temporal redun-
dancies are removed by a combination of motion estimation
(ME) and motion compensation (MC). ME is the process of
estimating the motion of a current frame in the source video
from previously coded frame(s). This motion information is
used to motion compensate the previously coded frame(s) to
form a prediction for the current frame. The prediction is then
subtracted from the original current frame to form a displaced
frame difference (DFD). The motion information is present
for each block of pixel data. In H.264, there are seven possible
block sizes within a macroblock, e.g., 16x16, 16x8, 8x16,
8x8, 8x4, 4x8, and 4x4 (also referred to as tessellations or
partitions). Thus, a 16x16 pixel macroblock (MB) can be
tessellated into the following partitions: (A) one 16x16 mac-
roblock region; (B) two 16x8 tessellations; (C) two 8x16
tessellations; and (D) four 8x8 tessellations. Furthermore,
each ofthe 8x8 tessellations can be decomposed into: (a) one
8x8 region; (b) two 8x4 regions; (c) two 4x8 regions; and (d)
four 4x4 regions.

Furthermore, the motion vector for each block is unique
and can point to different reference frames. The job of the
encoder is to find the optimal way of breaking down a 16x16
macroblock into smaller blocks (along with the correspond-
ing motion vectors) in order to maximize compression effi-
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ciency. This breaking down of the macroblock into a specific
pattern is commonly referred to as “mode selection” or
“mode decision.”

In addition, the H.264 standard allows for the adaptive
switching between frame coding and field coding modes.
Notably, this type of switching can occur at both the picture
and the macroblock (MB) pair levels. However, present day
processes are typically exhaustive in the sense that H.264
encoders encode a picture by completely executing both
frame coding and field coding techniques and subsequently
comparing the two end products to see which one performed
better. Namely, each picture is encoded in its entirety twice.
This approach is computationally expensive.

Accordingly, there exists a need in the art for a method and
apparatus for an improved adaptive frame/field mode selec-
tion encoding method.

SUMMARY OF THE INVENTION

In one embodiment, a method and apparatus for selecting a
coding mode are described. For example, the method receives
at least one block of a signal to be encoded. The method
determines a frame vertical pixel difference in the at least one
block and determines a field vertical pixel difference in the at
least one block. The method then compares the frame vertical
pixel difference with the field vertical pixel difference to
determine a first coding mode for the at least one block.

In an alternate embodiment, a method and apparatus for
selecting a coding mode are described. For example, the
method receives at least one block of a signal to be encoded.
The method then determines a field coding cost of the at least
one block in accordance with a field coding mode and deter-
mines a frame coding cost of the at least one block in accor-
dance with a frame coding mode. The method then compares
the frame coding cost with the field coding cost to determine
a coding mode for the at least one block.

BRIEF DESCRIPTION OF DRAWINGS

So that the manner in which the above recited features of
the present invention can be understood in detail, a more
particular description of the invention, briefly summarized
above, may be had by reference to embodiments, some of
which are illustrated in the appended drawings. It is to be
noted, however, that the appended drawings illustrate only
typical embodiments of this invention and are therefore not to
be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

FIG. 1is a block diagram depicting an exemplary embodi-
ment of a video encoder;

FIG. 2 is a flow diagram depicting an exemplary embodi-
ment of a method for a selecting a coding mode in accordance
with one or more aspects of the invention;

FIG. 3 is a flow diagram depicting an exemplary embodi-
ment of a method for a frame and field mode selection process
in accordance with one or more aspects of the invention;

FIG. 4 is a flow diagram depicting an exemplary embodi-
ment of a method for a frame and field mode selection process
for an I-picture in accordance with one or more aspects of the
invention;

FIG. 5 is a flow diagram depicting an exemplary embodi-
ment of a method for a frame and field mode selection process
for a P- and B-picture in accordance with one or more aspects
of the invention; and

FIG. 6 is a block diagram depicting an exemplary embodi-
ment of a general computer suitable for implementing the
processes and methods described herein.
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To facilitate understanding, identical reference numerals
have been used, where possible, to designate identical ele-
ments that are common to the figures.

DETAILED DESCRIPTION OF THE INVENTION

Method and apparatus for mode selection in a video
encoder is described. One or more aspects of the invention
relate to predictive frame (i.e., INTER) mode selection in an
H.264 video encoder or H.264-like encoder. Although the
present invention is disclosed in the context of an H.264-like
encoder, the present invention is not so limited. Namely, the
present invention can be adapted to other motion compensa-
tion (MC) encoding standards. The INTER mode selection is
independent of the motion estimation algorithm. In one
embodiment, the INTER mode selection is a one-pass deci-
sion algorithm aiming to approximate the multi-pass R-D
optimization based on encoder parameters and statistical
data. The algorithm uses a bits model in which some of the
components are measured exactly, and the residual block bits
are estimated through a statistical model. The statistical
model can be adapted based on the actual encoded bits.

Embodiments of the invention use the following defini-
tions:

R Rate (bit-rate) of the encoder

D Coding distortion of the encoder

SAD Sum of absolute differences between a block and its
corresponding reference block or any similar metric

QP Quantization parameter

MYV Motion vector for a macroblock or block

MB_TYPE Partitioning of macroblock: one of 16x16, 16x8,
8x16, and 8x8

SUB_MB_TYPE Partitioning of 8x8 block: one of 8x8, 8x4,
4x8, and 4x4

MODE INTER macroblock partitioning. This is the set of
values of MB_TYPE and SUB_MB_TYPE

FIG. 1is a block diagram depicting an exemplary embodi-
ment of a video encoder 100. In one embodiment, the video
encoder is compliant with the H.264 standard. The video
encoder 100 includes a subtractor 102, a discrete cosine trans-
form (DCT) module 104, a quantizer 106, an entropy coder
108, an inverse quantizer 110, an inverse DCT module 112, an
adder 114, a deblocking filter 116, a frame memory 118, a
motion compensated predictor 120, an intra/inter switch 122,
and a motion estimator 124. The video encoder 100 receives
a sequence of source frames. The subtractor 102 receives a
source frame from the input sequence and a predicted frame
from the intra/inter switch 122. The subtractor 102 computes
a difference between the source frame and the predicted
frame, which is provided to the DCT module 104. In INTER
mode, the predicted frame is generated by the motion com-
pensated predictor 120. In INTRA mode, a predicted MB is
formed by the pixels from the neighboring MBs in the same
frame.

The DCT module 104 transforms the difference signal
from the pixel domain to the frequency domain using a DCT-
like algorithm to produce a set of coefficients. The quantizer
106 quantizes the DCT coefficients. The entropy coder 108
codes the quantized DCT coefficients to produce a coded
frame.

The inverse quantizer 110 performs the inverse operation
of the quantizer 106 to recover the DCT coefficients. The
inverse DCT module 112 performs the inverse operation of
the DCT-like module 104 to produce a reconstructed differ-
ence signal. The reconstructed difference signal is added to
the predicted frame by the adder 114 to produce a recon-
structed frame, which is coupled to the deblocking filter 116.
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The deblocking filter smoothes the reconstructed frame and
stores the reconstructed frame in the frame memory 118. The
motion compensated predictor 120 and the motion estimator
124 are coupled to the frame memory 118 and are configured
to obtain one or more previously reconstructed frames (pre-
viously coded frames).

The motion estimator 124 also receives the source frame.
The motion estimator 124 performs a motion estimation algo-
rithm using the source frames and previous reconstructed
frames (i.e., reference frames) to produce motion estimation
data. The motion estimation data includes motion vectors and
associated references. The motion estimation data is provided
to the entropy coder 108 and the motion compensated predic-
tor 120. The entropy coder 108 codes the motion estimation
data to produce coded motion data. The motion compensated
predictor 120 performs a motion compensation algorithm
using a previous reconstructed frame and the motion estima-
tion data to produce the predicted frame, which is coupled to
the intra/inter switch 122. Motion estimation and motion
compensation algorithms are well known in the art. In one
embodiment, the motion estimator 124 includes mode deci-
sion logic 126. The mode decision logic 126 is configured to
select amode for each macroblock, or pair of macroblocks, in
a predictive (INTER) frame. The “mode” of a macroblock is
the partitioning scheme. That is, in one embodiment, the
mode decision logic 126 selects MODE for each macroblock
in a predictive frame.

The present invention sets forth at least one solution for
selecting either a frame coding mode or a field coding mode
on both a per picture basis or a per macroblock (MB) pair
basis. In one embodiment, one solution may include two
separate yet related methods. Notably, the first method uti-
lizes frame and field vertical pixel difference comparisons,
while the second method entails the use of a coding cost
procedure.

The reasoning for using the frame and field vertical pixel
difference comparison method is two-fold. First, for station-
ary areas of a picture comprising two fields, the difference
between the consecutive pixels of the picture in the vertical
direction tends to be smaller than the difference between the
consecutive pixels of each of two fields of the picture in the
vertical direction. Secondly, for moving areas of a picture
comprising two fields, the difference between the consecutive
pixels of the picture in the vertical direction tends to be larger
than the difference between the consecutive pixels of each of
two fields of the picture in the vertical direction.

Similarly, the coding costs (e.g., the motion estimation
costs) of a MB pair in frame and field modes may also be used
to determine whether a frame or a field coding mode is more
suitable for a particular MB pair. In one embodiment, the
coding cost (J) is defined as:

J=SAD+) xfAMV refldx,mbType) Eq.1

where SAD is a difference measurement between the pixels
and their (temporal or spatial) predictions for every MB or
sub-MB partition. Namely, pixel predictions come from
either a temporal prediction or a spatial prediction. In one
embodiment, SAD may also represent the distortion present
in an MB pair. Similarly, the MV variable represents motion
vectors, refldx is the reference picture index, and mbType is
the type of macroblocks or MB partitions. An MB partition
may include any sub-macroblock configuration derived from
a 16x16 MB, such as a 4x4 block, an 8x8 block, or the like.
The function portion of the equation, which attempts to serve
as a representation of the number of coding bits, varies in
accordance with the type of coding process that is conducted.
For example, if the coding cost for intra prediction coding is
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needed, then the function does not consider the motion vec-
tors or the refld variables. The variable A represents a constant
depending upon the quantization parameter and other coding
parameters. In one embodiment, the variable A may be uti-
lized to nullify the units resulting from the function portion of
the equation so that J results in a unitless value. The coding
cost can be measured in either frame or field mode. As dem-
onstrated below, a frame/field mode selection of an MB pair
or picture can be based upon the frame and field coding costs.

FIG. 2 is a flow diagram that depicts an exemplary embodi-
ment of the present invention. Namely, method 200 describes
the steps in which a coding mode is determined by one
embodiment of the present invention. The method 200 begins
at step 202 and proceeds to step 204 where at least one block
(e.g., a macroblock or a macroblock pair) of a signal to be
encoded is received.

At step 206, a frame vertical pixel difference in the at least
one block is determined.

At step 208, a field vertical pixel difference in the at least
one block is determined.

Atstep 210, the frame vertical pixel difference is compared
with the field vertical pixel difference to determine a first
coding mode for the at least one block.

At step 211, method 200 performs the optional step of
computing the motion estimation (ME) cost for both the
frame coding mode and the filed coding mode, where the two
ME costs are then compared to further assist in the determin-
ing of a proper coding mode for the at least one block. A
detailed description of this step is further described below.
The method 200 ends at step 212.

It should be noted that although FIG. 2 illustrates the
implementation of the motion estimation (ME) cost compu-
tation as being performed after the vertical pixel difference
computation, this is only illustrative. In other words, the
motion estimation (ME) cost computation and the vertical
pixel difference computation can be implemented in combi-
nation or separately. As such, the motion estimation (ME)
cost computation and the vertical pixel difference computa-
tion can be performed in parallel or in any sequential order as
required for a particular implementation. Thus, an implemen-
tation of the present invention may implement the motion
estimation (ME) cost computation without the vertical pixel
difference computation or vice versa.

FIG. 3 is a flow diagram depicting an exemplary embodi-
ment of a method 300 for utilizing a frame and field vertical
pixel comparison in accordance with one or more aspects of
the invention. Although the following method specifically
describes the processing of a block on an MB pair level, the
method 300 can be similarly applied to processing of a picture
on a picture level.

The method 300 begins at step 302 and proceeds to step
304 where the sum of the differences between the absolute
frame and field pixels differences in the vertical direction is
calculated. In one embodiment, the vertical frame pixel dif-
ference is determined to be:

Eq. 2
Appy = Z abs|X; j — X; ji1l q

J

where i and j are the pixel horizontal and vertical indices, and
(1, j) are over the MB pair. This formula essentially involves
the determination of the difference between two lines in the

same frame picture (i.e. X, represents a first line and X, ;,,
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represents the next line of the same MB). Similarly, in one
embodiment, the vertical field pixel difference is determined
to be:

Eq. 3
App = Z abs|Xj2; — Xiagsnl + Z abs| X241 = Xingisye1l q

J J

This formula pertains to the sum of differences between lines
within each field of a MB. More specifically, the first compo-
nent of the equation deals with the difference between two
lines in a first field in a MB (e.g., a top field of a MB) and the
second component of the equation deals with the difference
between two lines in a second field of the same MB (e.g., the
bottom field of same MB).

At step 306, the frame and field pixel differences in the
vertical direction are compared. Namely, in one embodiment,
if the frame pixel difference is greater than the field pixel
difference (i.e., Az Az ), then the method 300 continues
to step 310. At step 310, field coding mode is selected for the
MB pair. Conversely, if the frame pixel difference is not
greater than the field pixel difference, then the method 300
continues to step 308. At step 308, frame coding mode is
selected for the MB pair. The method 300 ends at step 312.

The present invention also employs an optional procedure
for utilizing a coding cost to determine the use of frame or
field mode for an I-picture. An exemplary method 400 depicts
one embodiment of such a process for an I-picture. Namely,
FIG. 4 is a flow diagram depicting a method 400 for deter-
mining a coding mode in accordance with one or more aspects
of the invention.

The method 400 begins at step 402 and proceeds to step
404 where at least one intra frame prediction is performed. In
one embodiment, an intra frame prediction is performed for
all of the possible prediction directions for an intra 4x4 sub-
MB partition, an intra 8x8 sub-MB partition, and an intra
16x16 macroblock for each MB of a given MB pair. For
example, both the intra 4x4 MB and the 8x8 MB have nine
directions to be considered. Similarly, the 16x16 MB has four
directions to be considered. Because this step is conducted in
both the frame and field coding modes for both the top and
bottom MB of the MB pair, a total of 736 direction calcula-
tions (i.e., (9 directions for 16 of 4x4 block+9 directions for 4
of'8x8 block+4 directions for one of 16x16 block)*2 MBs in
a MB pair*2 coding modes=736), may take place per MB pair
in at least one embodiment.

At step 406, in one embodiment, a minimum cost for each
MB of a MB pair is determined. In one embodiment, the
minimum costs of each MB in the MB pair are added together
for both the frame mode and the field mode. More specifi-
cally, each of the directions calculated in step 404 (along with
the respective block type information) is applied to the coding
cost formula (see Eq. 1). Since method 400 pertains to I-pic-
tures only, the coding cost formula does not consider tempo-
ral predictions or motion estimation. Afterwards, a minimum
cost is selected for each MB of the MB pair. For example, a
first minimum cost (regardless of the block type used to
determine that minimum cost) is selected for the top MB and
a second minimum cost (regardless of the block type used to
determine that minimum cost) is selected for the bottom MB
of the MB pair. A final minimum cost is then calculated by
summing the minimum cost for the top MB to the minimum
cost of the bottom MB. Notably, this calculation is conducted
for both the frame coding mode and the field coding mode so



US 9,270,985 B2

7

that two separate final minimum costs, i.e., the minimum field
cost (Jgz pmi) and the minimum frame cost (Jzzazm.,,,)> are
respectively determined.

At step 408, the calculated J; 1, and the Joz,,.. . are
compared. If J .5, ... is not found to be greater than J; ,,.,,....
then the method 400 proceeds to step 410 where the frame
coding mode is selected for the MB pair. Alternatively, if
J eragmin 18 found to be greater than I, ,,,,;.,» then the method
400 proceeds to step 412 where the field coding mode is
selected for the MB pair. The method 400 ends at step 414.

In an alternative embodiment, the method 400 may also be
used to determine a minimum coding cost on the picture level
(as opposed to MB pair level). Notably, the alternative
method is identical to method 400 with the exception that
after step 406, all of the minimum frame coding costs and the
minimum field coding costs per MB pair are summed over the
entire picture in a separate manner. For example,

L. Eq. 4
Jsum_FRMmin = Z Jermmin(L, ) a4
i
and
Jsum_FLDmin = Z Jermmin(Es )

iJ

Similarly, step 408 of method 400 would be replaced with
the comparison of I, rrammin a0d ... zrpmm. Conse-
quently, if J, . rrapms i found to be greater than
Joum_rromin» then the field coding mode is selected for the
picture. Alternatively, if I, zrazms, 15 n0t found to be greater
than I, 77 pmns then the frame coding mode is selected for
the picture.

The present invention also employs a procedure for utiliz-
ing a coding cost to determine the use of frame or field mode
for P-pictures or B-pictures. An exemplary method 500
depicts one embodiment of such a process. Namely, FIG. 5 is
a flow diagram depicting a method 500 for determining a
coding mode in accordance with one or more aspects of the
invention.

In one embodiment, the method 500 begins at step 502 and
proceeds to step 504 where motion estimations (MEs) are
performed for all possible MBs or sub-MB partitions for each
of'the MB of a MB pair for both frame mode and field mode.
In one embodiment, an inter frame prediction is performed
for all of the possible prediction directions for a 4x4 sub-MB
partition, a 4x8 sub-MB partition, an 8x4 sub-MB partition,
an 8x8 sub-MB partition, an 8x16 sub-MB partition, a 16x8
sub-MB partition, and a 16x16 macroblock for each of the
two MBs of a MB pair.

At step 506, the MB/sub-MB partition type with the mini-
mum coding cost is found for each MB of a MB pair in both
the frame coding mode and the field coding mode. In one
embodiment, the present invention calculates a motion esti-
mation cost using the cost coding formula (i.e., Eq. 1). Nota-
bly, the formula is applied to each of the seven different types
of MB/sub-MB partitions twice, once in the frame mode and
then in the field mode, so that a minimum ME cost for both
frame coding and field coding is calculated for each MB/sub-
MB partition.

Afterwards, aminimum ME cost is selected for each MB of
the MB pair. For example, a first minimum cost (regardless of
the block type used to determine that minimum cost) is
selected for the top MB and a second minimum ME cost
(regardless of the block type used to determine that minimum
cost) is selected for the bottom MB of the MB pair. A final
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minimum ME cost is then calculated by summing the mini-
mum cost for the top MB to the minimum cost of the bottom
MB. Notably, this calculation is conducted for both the frame
coding mode and the field coding mode so that two separate
final minimum costs, i.e., the minimum field cost (I; 5,.,,.)
and the minimum frame cost (Jpguzun), are respectively
determined.

At step 508, the calculated J., .. and the Joz,. . are
compared. If I zz, ..., 1s found to be greater than J; ,,.,,;,,, then
the method 500 proceeds to step 510 where the field mode is
selected for the MB pair. Alternatively, if J -z, ,.;,, 1s not found
to be greater than J; 5,,;,,, then the method 500 proceeds to
step 512 where the frame mode is selected for the MB pair.
The method 500 ends at step 514.

In an alternative embodiment, the method 500 may also be
used to determining a minimum coding cost for a P-picture or
B-picture on the picture level (as opposed to MB pair level).
Notably, the alternative method is identical to method 500
with the exception that after step 506, all of the minimum
frame coding costs and minimum field coding costs are
summed over the entire picture in a separate manner. For
example,

. Eq. 5
Jswn_FRMmin = Z Jermmin(Es )

iJ

and

Jsun_FLDmin = Z I ELDmin(l, J)
i

Similarly, step 508 of method 500 would be replaced with
the comparison of I, zrazmn A0 1., rr pmsm- Specifically,
i1, FrRAGmn 15 Tound to be greater than I,z 5., then
the field coding mode is selected for the picture. Alternatively,
i ], prammm 18 Dot found to be greater than I, 7/ 5
then the frame coding mode is selected for the picture.

In one embodiment, on the MB pair level, the present
invention determines if the outcomes of the frame/field mode
selection process based on vertical pixel difference (e.g.,
method 300) and the coding cost process (e.g., method 400
for I pictures and method 500 for P and B pictures) are the
same. If the results are indeed the same, then the result is
considered final. If the results are different or there is some
type of discrepancy, then additional criteria or calculations
may be required. For instance, the following formula could be
used to determine whether frame or field coding should be
implemented:

| FRAtmin = JFLDminl wlAFRM —Aprpl Eq. 6

JFRMmin + JFLDmin Apry +AfLp

where o is a constant ranging from 0 to 1.0. If the above
formula holds true, then the result from the coding cost for-
mula should be used. Otherwise, the result from the frame/
field vertical pixel difference comparison should be used.

In an alternative embodiment, the present invention deter-
mines if the outcomes of the frame/field mode selection pro-
cess and the coding cost process, as processed on the picture
level, are the same. If the results are indeed are the same, then
the result is considered final. If the results are different or
there is some type of discrepancy, then additional criteria may
be required. For example, the final decision on the frame and
field mode per picture may be determined using Table 1
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below. The final decision is based on the decision from the
above comparisons of the aforementioned alternative
embodiments.

TABLE 1
Decision of Approach 1 Decision of Approach 2 Final Decision
Frame Frame Frame
Frame Field Frame
Field Frame Frame
Field Field Field

In this particular embodiment, Table 1 is biased towards a
frame coding mode because in a frame picture, MBAFF can
be turned on, which may further compensate an incorrect
decision made at the picture level (if any).

FIG. 6 is a block diagram depicting an exemplary embodi-
ment of a video encoder 600 in accordance with one or more
aspects of the invention. The video encoder 600 includes a
processor 601, a memory 603, various support circuits 604,
and an 1/O interface 602. The processor 601 may be any type
of processing element known in the art, such as a microcon-
troller, digital signal processor (DSP), instruction-set proces-
sor, dedicated processing logic, or the like. The support cir-
cuits 604 for the processor 601 include conventional clock
circuits, data registers, [/O interfaces, and the like. The /O
interface 602 may be directly coupled to the memory 603 or
coupled through the processor 601. The 1/O interface 602
may be coupled to a frame buffer and a motion compensator,
as well as to receive input frames. The memory 603 may
include one or more of the following random access memory,
read only memory, magneto-resistive read/write memory,
optical read/write memory, cache memory, magnetic read/
write memory, and the like, as well as signal-bearing media as
described below.

In one embodiment, the memory 603 stores processor-
executable instructions and/or data that may be executed by
and/or used by the processor 601 as described further below.
These processor-executable instructions may comprise hard-
ware, firmware, software, and the like, or some combination
thereof. Modules having processor-executable instructions
that are stored in the memory 603 may include a mode selec-
tion module 612. For example, the mode selection module
612 is configured to perform the methods 200, 300, 400, and
500 of FIGS. 2, 3, 4, and 5 respectively. Although one or more
aspects of the invention are disclosed as being implemented
as a processor executing a software program, those skilled in
the art will appreciate that the invention may be implemented
in hardware, software, or a combination of hardware and
software. Such implementations may include a number of
processors independently executing various programs and
dedicated hardware, such as ASICs.

An aspect of the invention is implemented as a program
product for execution by a processor. Program(s) of the pro-
gram product defines functions of embodiments and can be
contained on a variety of signal-bearing media (computer
readable media), which include, but are not limited to: (i)
information permanently stored on non-writable storage
media (e.g., read-only memory devices within a computer
such as CD-ROM or DVD-ROM disks readable by a CD-
ROM drive or a DVD drive); (ii) alterable information stored
on writable storage media (e.g., floppy disks within a diskette
drive or hard-disk drive or read/writable CD or read/writable
DVD); or (iii) information conveyed to a computer by a
communications medium, such as through a computer or
telephone network, including wireless communications. The
latter embodiment specifically includes information down-
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loaded from the Internet and other networks. Such signal-
bearing media, when carrying computer-readable instruc-
tions that direct functions of the invention, represent
embodiments of the invention.

While the foregoing is directed to illustrative embodiments
of'the present invention, other and further embodiments of the
invention may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:

1. A method for selecting a frame/field coding mode per
frame picture, the method comprising:

receiving a frame picture of a signal to be encoded;

determining a sum of an absolute frame vertical pixel dif-

ference over the frame picture according to:

Sabs|Xij-Xij+1l,

wherein 1 and j are a pixel horizontal and vertical indices,
X, represents a first line, and Xi,j+1 represents a next
line of a same frame picture, such that the sum of the
absolute frame vertical pixel difference is a sum of dif-
ferences between lines in the same frame picture;

determining a sum of an absolute field vertical pixel dif-
ferences over the same frame picture according to:

Sabs|Xi,2j-Xi,2(j+1)|+Zabs|Xi, 2j+1-X5, 2(j+1 )+11,
wherein

Sabs|Xi,2-Xi,2(+1)|

represents a difference between even field lines in the same
frame picture and

Sabs|Xi,2j+1-Xi,2(+1)+1]

represents a difference between odd field lines in the same
frame picture; comparing the sum of the absolute frame
vertical pixel differences with the sum of the absolute
field vertical pixel difference;

selecting a field coding mode for encoding the frame pic-

ture if the sum of the frame vertical pixel difference is
greater than the sum of the field vertical pixel differ-
ences, else

selecting a frame coding mode for encoding the frame

picture.

2. The method of claim 1, wherein the at least one picture
comprises a partition comprising at least one of: a 16x16
block, a 16x8 block, an 8x16 block, an 8x8 block, an 8x4
block, a 4x8 block, or a 4x4 block.

3. A method for selecting a frame/field coding mode per
intra picture, the method comprising:

performing intra prediction for blocks within the intra pic-

ture in both frame and field coding modes;

determine a minimum cost for each of the blocks in the

frame coding mode;

determining a minimum cost for each of the blocks in the

field coding mode;

determining a minimum frame coding cost for the intra

picture by summing the minimum frame costs of the
blocks within the intra picture;

determining a minimum field coding cost for the intra

picture by summing the minimum field costs of the
blocks within the intra picture;

selecting a frame coding mode for encoding the intra pic-

ture if the minimum frame cost of the picture is less than
the minimum field cost of the intra picture, else selecting
the field coding mode for the intra picture.

4. A method for selecting a coding mode per inter picture,
the method comprising:



US 9,270,985 B2

11

performing motion estimation (ME) in both frame and field
coding modes for blocks within the inter picture;
determining a minimum ME cost for each of the macrob-
locks in the inter picture in both the frame and field
coding mode;
determining a minimum ME cost for each of the blocks
in the field coding mode; and
determining a minimum frame coding cost for the inter
picture by summing all of the minimum frame ME
costs of the blocks over the inter picture;
determining a minimum field coding cost for inter pic-
ture by summing all of the minimum field ME costs of
the blocks over the inter picture;
selecting a frame coding mode for encoding the inter pic-
ture if the minimum frame cost is less than the minimum
field cost, else selecting the field coding mode for the
inter picture.
5. A method for selecting a coding mode per macroblock

pair or picture, the method comprising:

identifying either a field coding mode or a frame coding

mode for the macroblock pair or picture based on a

vertical pixel difference comparison by:

determining a sum of an absolute frame vertical pixel
difference (Apz,,) over the at least one macroblock
pair or picture,

determining a sum of an absolute field vertical pixel
difference (Ag; ) over the macroblock pair or picture,
and

comparing the sum of the absolute frame vertical pixel
difference with the sum of the absolute field vertical
pixel difference;

identifying a field coding mode for encoding the at least
one macroblock pair or picture pair if the frame ver-
tical pixel difference is greater than the field vertical
pixel difference, else identifying a frame coding mode
for encoding the at least one macroblock pair or pic-
ture pair;

identifying either a field coding mode or a frame coding
mode for the macroblock pair or picture based on a ME
cost by:
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for a macroblock pair, determining a minimum cost for
each of the macroblocks in the macroblock pair in
both the frame coding mode (J,,,;, zza,) and field cod-
ing modes (J.;.,_rrp);

for a picture, determining a minimum frame coding cost
for all of the macroblocks in each of the macroblock
pairs over the entire I picture by summing all of the
minimum frame ME costs over the I picture and deter-
mining a minimum field coding cost for all of the
macroblocks in each of the macroblock pairs over the
entire [ picture by summing all of the minimum field
ME costs over the I picture; and

identifying a frame coding mode for encoding the mac-
roblock pair if the minimum frame cost of the mac-
roblock pair is less than the minimum field cost of the
macroblock pair, else identifying the field coding
mode for the macroblock pair;

selecting the identified coding mode for encoding the mac-
roblock pair or picture if the same coding mode is iden-
tified based on both the vertical pixel difference com-
parison and the ME cost, else if

|min_FRrt = Jmin_FLD| |Arr = AFipl

Jomin_FRM + Jmin_FLD Apgru +Afp

select the coding mode identified based on the ME cost, or
if

|min_FRrt = Jmin_FLD| wlAFRM —~Appl

Join_rrut + Jmin_FLD Apgy +App

select the coding mode identified based on the vertical
pixel difference comparison.

#* #* #* #* #*



