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(57) ABSTRACT

[The present invention relates to a] 4 moving image coding
apparatus and method 1nvolving the simultaneous parallel

running of respective modules, namely: a segment-unit-
coding module 1n which an input 1image frame 1s divided into
segment units and the integer pel (integer pixel) motion 1s
estimated while [at the same time] the 1/n pixel images are
generated with respect to the segments of the image coded
in the coding module; and a macroblock-unit-coding module
in which the segments of the image frame whose the integer
pel motion has been estimated in the segment-unit-coding
module are received as iput in the form of macroblock units
and are coded in macroblock units through the 1/n pixel
motion estimation. By separating the coding units into
different modules and employing the techmiques of parallel
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MOVING IMAGE CODING DEVICE AND
METHOD

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE 10O RELATED
APPLICATIONS

This application is a reissue of U.S. Pat. No. 8,705,609
issued on Apr. 22, 2014. This application is related to
copending reissue applications of U.S. Pat. No. 8,705,609
including U.S. application Ser. No. 14/811,416 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,450 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,468 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,485 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,511 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,535 filed on Jul.
28, 2015; U.S. application Ser. No. 14/811,554 filed on Jul.
28, 2015; and U.S. application Ser. No. 14/811,570 filed on
Jul. 28, 201)5.

TECHNICAL FIELD

The present ivention relates to a moving 1mage coding
apparatus and method and, more particularly, to a moving
image coding apparatus and method, 1n which an i1mage
frame 1s simultaneously mputted to a segment-unit-coding
module m umts of segments and to a macroblock-unit-
coding module 1n units of macroblocks, and the segment-
unit-coding module estimates an 1nteger pel (integer pixel)
motion for the segments of the image frame and simultane-
ously generates a 1/n pixel image for the segments of a
coded 1mage frame and, at the same time, the macroblock-
unit-coding module codes each of the macroblocks within
the segment having the estimated integer pel (integer pixel)
motion by estimating a 1/n pixel motion.

BACKGROUND ART

In general, digital image data 1s compressed by an efli-
cient compression method istead of being used as 1t 1s
because the amount of data 1s greatly increased owing to its
inherent characteristic and 1n a process of digitalizing an
analog signal.

Digital image data 1s compressed using, chietly, three
kinds of methods. A method of reducing temporal redun-
dancy, a method of reducing spatial redundancy, and a
method of reducing generated codes based on a statistical
characteristic of the generated codes are chietly used. A

representative method of reducing temporal redundancy 1s a
motion estimation and compensation method, which 1s being
used 1n most of moving 1image compression standards, such
as MPEG or H.263.

FIG. 1 1s a block diagram showing a conventional H.264
moving 1mage coding apparatus.

Referring to FIG. 1, the H.264 moving image coding
apparatus includes a motion estimation unit ME 100, a
motion compensation unit MC 110, an 1ntra-mode estima-
tion unit 120, a transform/quantization umt 130, an iverse
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2

transform/inverse quantization unit 140, an entropy coding
umt 150, a deblocking filter 160, and a reference i1mage
storage unit 170.

The motion estimation unit 100 performs a function of
finding a motion vector from several sheets of reference
images and a macroblock mode determination function of
finding an optimal macroblock type with the least bit rate
and error.

Furthermore, the motion estimation unit 100 estimates an
integer pel motion 1n units of macroblocks and then perform
half pel and quarter pel motion estimation.

The motion compensation unit 110 performs a function of
acquiring a compensation 1image from the reference 1images
based on the motion vector and the macroblock mode type
found by the motion estimation unit 100. Here, the motion
compensation unit 110 1s limited to a structure for acquiring
a difference between two 1mages, and a process of acquiring
subsequent compensation 1mages 1s continued by the trans-
form/quantization unit 130.

The intra-mode estimation unit 120 performs a function of
selecting an optimal 1ntra-estimation mode by performing
estimation from adjacent and surrounding blocks when
coding a macroblock 1n an intra mode and performs a
function of acquiring a compensation image, subjected to
intra-mode estimation, from previously-coded and adjacent
blocks using the selected ntra-estimation mode.

The transform/quantization unit 130 performs a discrete
cosine transform and performs a function of quantizing the
transformed coethcients. The 1inverse transform/inverse
quantization unit 140 performs an opposite function to the
transform/quantization unit 130.

The entropy coding unit 150 performs entropy coding
using bit allocation according to a probability that quantized
DCT coetlicients will occur.

The deblocking filter 160 performs a function of improv-
ing a restoration 1mage, acquired through the mverse trans-
form/inverse quantization unit 140, to an 1mage of a better
picture quality. The improved image 1s stored 1n the refer-
ence 1mage storage unit 170, and 1t becomes a reference
image for subsequently inputted images.

FIG. 2 1s a flowchart illustrating a method of the conven-
tional H.264 moving image coding apparatus coding a
moving 1mage.

Retferring to FIG. 2, the H.264 moving image coding
apparatus performs coding on the first macroblock to n™
macroblock of an input image frame 1n units of macroblocks
by estimating nteger pel, half pel, and quarter pel motions
at step S200. After the coding of the image Iframe 1is
completed at step S202, the H.264 moving 1mage coding
apparatus decodes the coded image frame at step S204.

The method of the H.264 moving image coding apparatus
coding the macroblocks 1s described below. After estimating
the integer pel motion, the H.264 moving image coding
apparatus estimates the half/quarter pel motions with respect
to the integer pel motion-estimation 1image. Next, the H.264
moving image coding apparatus determines a mode and, and
transforms, quantizes, and codes the hall/quarter pel motion-
estimated 1mages using the determined mode.

Next, the H.264 moving image coding apparatus gener-
ates a half/quarter pel image by interpolating the decoded
image at step S206. The generated hall/quarter pel image 1s
used to estimate the motion of a next image.

As described above, all the functions other than the
function of generating the half/quarter pel image through
interpolation are sequentially performed 1n order to code one
macroblock. The coding of a next macroblock 1s started after
the coding of a previous macroblock 1s finished. After all the
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macroblocks are coded, an 1image decoded from the coded
image 1s obtained. The half/quarter pel image 1s generated
by interpolating the decoded image and 1s prepared to be
used to estimate the motion of a next image.

The above-described H.264 moving image coding appa-
ratus consumes a lot of time in order to perform coding
because of a heavy computational load. In particular, some
processes, such as motion estimation, the generation of a
quarter pel 1image, and deblocking, require a heavy compu-
tational load, thus causing to delay the coding time.

In particular, a block-based coding apparatus, such as
H.264, divides an 1mage frame into macroblocks and per-
forms coding in units of macroblocks. The block-based
coding apparatus 1s configured to code a next macroblock
after coding a previous macroblock.

In the case where a specific process constituting a step of
coding the macroblocks consumes a greater execution time
than other processes, a phenomenon in which the entire
coding time 1s delayed by the specific process 1s generated.

This phenomenon 1s greatly influenced 1n terms of per-
formance 1n the case of a coder having, in particular, a
pipeline structure. In order to solve the problem, there 1s a
problem 1n that the time that 1t takes to execute processes,
requiring a lot of time, 1s reduced similarly to other pro-
cesses or the coder structure has to be changed.

DISCLOSURE

Technical Problem

An object of the present invention 1s to provide a moving
image coding apparatus and method, which 1s capable of
performing parallel coding on an 1mage frame in units of
segments and 1n units of macroblocks at the same time,
thereby enabling high-speed coding.

Another object of the present imnvention 1s to provide a
moving i1mage coding apparatus and method, which can
reduce the delay of the coding speed due to a difference in
the processing speed between modules and enables high-
speed encoding by applying different coding units to mod-
ules and using parallel processing and pipelimng schemes.

For example, a system simultaneously utilizing a Graphic
Processing Unit (GPU) and a CPU may have improved
performance because the GPU and the CPU are executed in
parallel. However, the units of a task, processed by the CPU
and the GPU, and the processing speeds of the CPU and the
GPU are quite diflerent because the GPU includes several
tens to several hundreds of processing units and the CPU has
one processing unit with very high performance. An object
of the present invention i1s to make parallel two devices
having different units of a task and different processing
speeds, such as a GPU and a CPU, by taking the above
problem 1n view of moving image coding so that one device
(for example, GPU) of the two devices processes the input
of a segment unit (1.e., a great unit) and the other device (for
example, CPU) of the two devices processes the mput of a
macroblock unit. Furthermore, an object of the present
invention 1s to enable high-speed coding by dividing an
image coding process into a process ol performing process-
ing in units of segments at once and a process of performing
processing in units of macroblocks 1n order to be applied to
the parallelized structure and by suggesting a coder structure
suitable for the processes.

Technical Solution

To achieve the above objects, according to an aspect of the
present invention, there i1s provided a moving image coding,
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4

apparatus, comprising a segment-unit-coding module for
receiving a segment-unit 1image, estimating an integer pel
motion and, at the same time, generating an 1image, coded by
a macroblock-unit-coding module, as a 1/n pixel image; and
a macroblock-unit-coding module for receiving then 1mage,
having the estimated integer pel motion, from the segment-
unit-coding module 1n units of macroblocks and coding each
of the macroblocks through 1/n pixel motion estimation for
cach macroblock.

Furthermore, the segment-unit-coding module estimates
an integer pixel motion for a next segment 1n advance,
betore the macroblock-unit-coding module codes the image
of the macroblock units having the estimated integer pixel
motion.

Furthermore, while the macroblock-umit-coding module
codes the image of the macroblock units having the esti-
mated mteger pixel motion, the segment-umt-coding module
estimates an integer pixel motion for a next segment 1mage
and generates a 1/n pixel image for a previous segment
image independently and at the same time.

Furthermore, the segment-unit-coding module comprise
an 1nteger pel motion estimation unit for estimating a motion
vector of an integer pixel unit for a current image frame of
segment units; a motion estimation mformation storage unit
for storing information estimated by the integer pel motion
estimation unit; and a 1/n pixel image generation unit for
generating an 1mage, coded by the macroblock-unit-coding
module, as the 1/n pixel image.

Furthermore, the 1/n pixel image generation unit gener-
ates the 1/n pixel image by enlarging a reference image
frame n times 1n order to estimate a motion for the image,
coded by the macroblock-unit-coding module, at an interval
of a 1/n pixel.

Furthermore, the macroblock-unit-coding module com-
prises a 1/n pixel motion estimation unit for estimating a 1/n
pixel motion for the current macroblock image using the
integer pel motion estimation information, stored in the
motion estimation information storage unit, and the 1/n pixel
image generated by the 1/n pixel image generation unit; a
transform/quantization unit for transforming and quantizing,
the macroblock 1image estimated by the 1/n pixel motion
estimation unit; an entropy coding unit for coding the image
transformed and quantized by the transform/quantization
unit; and an verse transform/inverse quantization unit for
inverse-transforming and 1nverse-quantizing the image
transformed and quantized by the transform/quantization
unit.

Furthermore, the macroblock-unit-coding module further
comprises an intra-mode estimation unit for selecting an
optimal intra-estimation mode by performing estimation
from adjacent and surrounding blocks when coding the
macroblock 1image 1n an intra mode and for acquiring a
compensation 1mage, subjected to intra-mode estimation,
from previously coded and adjacent macroblocks using the
selected intra-estimation mode.

Furthermore, the operations of the segment-unit-coding,
module and the macroblock-unit-coding module are per-
formed 1n parallel.

Meanwhile, according to another aspect of the present
invention, there 1s provided a method of a moving 1mage
coding apparatus coding an i1mage frame, comprising the
steps of (a) estimating an integer pel motion for segments of
the 1mage frame using a segment-unit-coding module; (b)
coding the segments of the image frame, having the esti-
mated 1teger pixel motion, in units of macroblocks through
1/n pixel motion estimation for each of the macroblocks
within the segment using a macroblock-unit-coding module;
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and (¢) generating a 1/n pixel image for the segments of the
image iframe, coded 1n units of the macroblocks by the
segment-unit-coding module.

The steps (a) to (¢) are performed on the segments of an
image Irame, sequentially inputted, 1n series.

Furthermore, the steps (a), (b), and (c) are performed on
the different segments of the image frame 1n parallel.

Furthermore, in the case where an integer pixel motion for
a n” inputted segment is estimated in the step (a) and a 1/n
pixel 1mage for segments, putted by a predetermined
number of times earlier than the n” inputted segment, is
generated 1n the step (c¢), the steps (a) and (¢) are performed
by the segment-unit-coding module at the same time.

Furthermore, the method further comprises the step of
dividing the image frame into an N number of segments
betfore the step (a).

Furthermore, the step (b) comprises steps of estimating a
motion vector of a 1/n pixel unit using the 1/n pixel image
generated through the 1/n pixel motion estimation for each
of the macroblocks within the segment having the integer
pixel motion estimated by the segment-unit-coding module;
quantizing each of the macroblocks having a motion esti-
mated 1 unit of the 1/n pixel, having the motion estimated;
and performing variable length coding on the quantized
macroblocks.

Furthermore, generating a 1/n pixel image for a previous
segment of the image frame 1n the step (c¢) comprises
generating an 1mage obtained by enlarging a reference
image Iframe of the segments within the image frame,
generated by the macroblock-unit-coding module, n times.

Meanwhile, according to yet another aspect of the present
invention, there 1s provided a method of a moving 1mage
coding apparatus coding an image frame, comprising the
steps of (a) estimating an integer pel motion for the first
segment ol a first input 1mage frame; (b) coding each of
macroblocks within the first segment, having the estimated
integer pixel motion, through 1/n pixel motion estimation
and simultaneously estimating an integer pixel motion for
the second segment of the image frame; and (¢) coding each
of macroblocks within the second segment, having the
estimated integer pixel motion, through 1/n pixel motion
estimation, estimates an integer pixel motion for the third
segment of the image frame, and generates a 1/n pixel image
for the coded first segment simultaneously.

Here, generating the 1/n pixel image for the coded first
segment 1 the step (a) refers to generating an 1mage
obtained by enlarging a reference 1mage frame of the first
segment, coded 1n umts of the macroblocks, n times.

According to further yet another aspect of the present
invention, there 1s provided a recording medium on which a
program for coding an 1mage frame 1s recorded, wherein the
program executes the steps of (a) a segment-unit-coding,
module estimating an integer pel motion for the third
segment ol a current image frame inputted i umts of
segments and, at the same time, generating a 1/n pixel image
for the first segment of the current image frame and (b) a
macroblock-unit-coding module coding each of macrob-
locks within the second segment of the current frame, having
an 1nteger pixel motion estimated by the segment-unit-
coding module, through 1/n pixel motion estimation.

According to further yet another aspect of the present
invention, there 1s provided a recording medium on which a
program for coding an 1mage frame 1s recorded, wherein the
program executes the steps of (a) estimating an integer pel
motion and a 1/n pixel motion for the third segment of a
current image frame inputted 1n units of segments and, at the
same time, generating a 1/n pixel image for the coded first
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segment of the current image frame and (b) coding the
second segment of the current image frame, having an
integer pixel motion and a 1/n motion estimated, 1n unmits of
macroblocks.

Advantageous Ellects

According to the present invention, there can be provided
a moving i1mage coding apparatus and method, which
enables high-speed coding using parallel coding 1n encoding
an 1mage frame.

Furthermore, encoding can be performed at high speed by
applying different coding units to modules and reducing the
delay of the coding speed due to a diflerence 1n the pro-
cessing speed between the modules.

Furthermore, an image 1s processed in parallel in units of
segments and in units of macroblocks at the same time, and
thus the time taken for coding i1s reduced. Accordingly,
moving 1mage coding apparatus and method capable of
improving the coding speed can be provided.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram showing a conventional H.264
moving 1image coding apparatus;

FIG. 2 15 a flowchart 1llustrating a method of the conven-
tional H.264 moving image coding apparatus coding a
moving 1mage;

FIG. 3 1s a block diagram schematically showing the
construction of a moving 1image coding apparatus according
to the present 1nvention;

FIG. 4 1s a flowchart illustrating a method of coding an
image frame according to the present invention; and

FIG. 5 1s a flowchart 1llustrating a coding method in the
case where an 1image frame 1s divided into three segments
according to the present invention.

MODE FOR INVENTION

Hereinaflter, detailed contents about the above-described
objects, technical configurations, and operational efiects
thereof of the present invention will be more clearly under-
stood from the following detailed description of the present
invention, which will be described with reference to the
attached drawings.

FIG. 3 1s a block diagram schematically showing the
construction of a moving 1image coding apparatus according
to the present 1nvention.

Referring to FIG. 3, the moving image coding apparatus
includes a segment-unit-coding module 300 for dividing an
input 1mage frame in units of segments and estimating an
integer pixel (integer pel) motion and a macroblock-unit-
coding module 350 for coding each of macroblocks within
the segment having 1ts integer pel motion estimated by the
segment-unit-coding module 300.

The segment-unit-coding module 300 functions to receive
the 1mage frame 1n units of segments and to estimate the
integer pel motion and, at the same time, to generate a 1/n
pixel image for the macroblocks coded by the macroblock-
unit-coding module 350. Here, the segment refers to an
image frame vertically divided into a predetermined number.
The 1/n pixel image refers to an 1mage obtained by enlarging
a reference 1mage frame, generated by the macroblock-unit-
coding module 350, two or four times 1n order to estimate
motion information at an interval of %2 or V4 pixels. Here, n
1s an integer, and n may become a multiple of 2, such as 2

or 4 1n the case of H.264.
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The segment-unit-coding module 300 includes an integer
pel motion estimation unit 302, a motion estimation nfor-
mation storage unit 304, and a 1/n pixel 1image generation
unit 306.

The mteger pel motion estimation unit 302 divides a
current mput 1image frame nto a predetermined number of
segments and estimates motion vectors of the current 1mage
frame, having the units of segments, 1n unit of an integer pel
(integer pixel).

Here, the segments should be understood as a concept to
temporally divide the segments 1n order to process an 1image
rather than a concept to divide temporally consecutive image
data. That 1s, even 1n the case of 1image data constituting one
scene, 1n the case where the image data i1s divided into
specific parts and the parts are processed with precedence
relationships temporally, each of the parts may be under-
stood as a segment.

That 1s, the mteger pel motion estimation unit 302 calcu-
lates an 1nteger pel cost value for a segment, having a
predetermined size, of a reference frame previous to or after
a segment divided with a specific size and performs 1nteger
pixel search. Here, the cost value may include the Sum of
Absolute Difference (SAD) value of an absolute difference.

Here, the motion information 1s vector information in the
X, v form and 1s information indicating how much has a
block within an 1mage frame been moved 1 2-D from a
previous reference image frame. Accordingly, the integer pel
motion estimation unit estimates motion nformation as
pixel interval resolution.

The motion estimation information storage unit 304 stores
the motion estimation information estimated by the integer
pel motion estimation unit 302.

The 1/n pixel image generation umt 306 generates the 1/n
pixel image for the macroblocks coded by the macroblock-
unit-coding module 350. Here, the macroblocks coded by
the macroblock-unit-coding module 350 may be macrob-
locks within a segment previous to a segment on which an
integer pel motion 1s being estimated by the integer pel
motion estimation unit 302. Furthermore, the n 1s an integer,
and the n may be a multiple of 2, such as 2 or 4, 1n the case

of H.264.

The 1/n pixel image generation unit 306 1s heremafter
referred to as a half/quarter pel image generation unit, for
convenience ol description.

The hall/quarter pel image generation unit 306 functions
to generate an 1mage obtained by enlarging the reference
image Irame, generated by the macroblock-unit-coding
module 350, two or four times 1n order to estimate motion
information at an interval of a 12 or V4 pixel.

The half/quarter pel 1mage generation unit 306 performs
a function of improving a restoration image, acquired
through the inverse transform/inverse quantization unit 360
of the macroblock-unit-coding module 3350, to an 1mage
having a better picture quality. The mmproved image
becomes a reference 1mage for images subsequently nput-
ted.

The macroblock-unit-coding module 350 performs cod-
ing in umts of macroblocks through 1/n pixel motion esti-
mation for each of the macroblocks within the segment
having 1ts integer pel motion estimated by the segment-unit-
coding module 300. Here, the 1/n pixel motion estimation
includes half pel (V2 pixel) motion estimation, quarter pel (V4
pixel) motion estimation, and so on.

The macroblock-unit-coding module 350 includes a 1/n
pixel motion estimation unit 352, a transform/quantization
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unit 354, an intra-mode estimation unit 356, the inverse
transform/imverse quantization unit 360, and an entropy
coding unit 358.

The 1/n pixel motion estimation unit 352 estimates the 1/n
pixel motion of a current macroblock using the integer pel
motion estimation information, stored in the motion estima-

tion information storage unit 304 of the segment-unit-coding
module 300, and the 1/n pixel image generated by the 1/n
pixel 1image generation unit 306.

The 1/n pixel motion estimation unit 352 is hereinafter
referred to as a halt/quarter pel motion estimation unit, for
convenience ol description.

The halt/quarter pel motion estimation unit 352 estimates
motion information at an interval of V2 and V4 pixels of the
current macroblock using the integer pel motion estimation
information and the half/quarter pel image.

The transform/quantization unit 354 transforms and quan-
tizes the macroblocks estimated by the 1/n pixel motion
estimation unit 352. That 1s, the transform/quantization unit
354 functions to perform discrete cosine transform and
quantize transiormed coeflicients.

The mnverse transform/inverse quantization unit 360 per-
forms an opposite function to the transform/quantization
unit 354.

The entropy coding unit 358 performs entropy coding bit
allocation according to a probability that DCT coeflicients
quantized by the transform/quantization unit 354 will occur.

The intra-mode estimation unit 356 selects an optimal
intra-estimation mode by performing estimation from adja-
cent and surrounding blocks when coding macroblocks 1n an
intra mode and acquires a compensation 1image, subjected to
intra-mode estimation, from previously coded and adjacent
macroblocks using the selected intra-estimation mode.

The operations of the segment-unit-coding module 300
and the macroblock-unit-coding module 350 configured as
described above are performed in parallel. The segment-
unit-coding module 300 and the macroblock-unit-coding
module 350 preferably operate to process different segments
at the same time.

Hereinatter, the operation of the coding apparatus i1s
described with reference to FIGS. 4 and 5.

For convenience of description, an example in which the
macroblock-unit-coding module performs hali/quarter pel
motion estimation and the segment-umt-coding module gen-
crates a hall/quarter pel image for segments coded by the
macroblock-umt-coding module 1s described below as an
example.

FIG. 4 1s a flowchart illustrating a method of coding an
image frame according to the present invention. Heremnafter,
a case where an 1mage frame 1s divided 1nto three segments
1s described as an example.

Referring to FIG. 4, the segment-umt-coding module
estimates an integer pel motion for the first segment of an
image frame inputted 1n units of segments at step S400.

The macroblock-unit-coding module codes each of mac-
roblocks within the first segment having the estimated
integer pel motion through half/quarter pel motion estima-
tion at step S402b.

While step S402b 1s performed, the segment-unit-coding
module estimates an integer pel motion for the second
segment of the 1image frame at step S402a. Steps S402a and
step S402b are performed 1n parallel at the same time.

Next, the macroblock-umit-coding module codes each of
macroblocks within the second segment, having the esti-
mated integer pel motion, through half/quarter pel motion
estimation at step S404b.
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While step S404b 1s performed, the segment-unit-coding
module estimates an integer pel motion for the third segment
of the image frame and, at the same time, generates a
half/quarter pel image for the first segment, coded at step
S402b, at step S404a.

Steps S404a and S404b are performed 1n parallel, pret-
erably at the same time.

After an 1teger pel motion 1s completed up to the third
segment ol the current image frame at step S406, the
segment-unit-coding module divides a next input image
frame 1nto three segments, estimates an integer pel motion
for the first segment of the current image frame and, at the
same time, generates a half/quarter pel image for the first
segment, coded at step S404b, at step S408a.

While step S406 1s performed, the macroblock-unit-cod-
ing module codes each of macroblocks within the third
segment, having the estimated integer pel motion, through
half/quarter pel motion estimation at step S408b.

The segment-unit-coding module and the macroblock-
unit-coding module perform the above process until the
input of a corresponding 1image signal 1s completed.

FIG. 5 1s a flowchart 1llustrating a coding method 1n the
case where an 1image frame 1s divided into three segments
according to the present ivention.

Referring to FIG. 5, one image frame consists of an M
number ol macroblocks, and one segment consists of an M/3
number of macroblocks.

The moving 1image coding apparatus 1s divided into the
macroblock-unit-coding module 500 and the segment-unit-
coding module 550, and coding 1s executed in the two
coding modules 1n parallel.

That 1s, the macroblock-unit-coding module 500 performs
coding, and the segment-unit-coding module 550 estimates
an integer pel motion 560 and generates a halt/quarter pel
image 570 independently, preferably at the same time.

The macroblock-unit-coding module 500 sequentially
codes (510) a first macroblock to an (M/3)” macroblock
included 1n the first segment and, after coding each of the
macroblocks included in the first segment, codes (520)
macroblocks included in the second segment.

A method of the macroblock-unit-coding module 500
coding each of the macroblocks 1s described below. The
integer pel motion estimation unit estimates motion vectors
for the respective macroblocks of the first segment, having
the estimated integer pel motion, 1 units of hali/quarter
pels.

Next, the macroblock-unit-coding module transforms and
quantizes each of the macroblocks having 1ts motions esti-
mated m umts of halt/quarter pels and performs variable
length coding on the quantized macroblocks.

However, the integer pel motion estimation results and a
half/quarter pel image have to be executed before the
macroblock-unit-coding module 1s executed.

To this end, the mteger pel motion estimation unit esti-
mates an integer pel motion for a next segment which 1s
temporally by one segment earlier than a segment coded in
the macroblock-unit-coding module.

Furthermore, since interpolation has to be applied to an
image with respect to coded segments, the halt/quarter pel
image generation unit generates a halil/quarter pel image for
a segment coded immediately before a segment now being
coded.

Consequently, while the macroblock-unit-coding module
codes (500) the first segment of the current 1mage frame 1n
units of macroblocks, the integer pel motion estimation unit
estimates (562) an integer pel motion for the second segment
of the current image frame and the half/quarter pel image
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generation unit generates (572) a haltf/quarter pel image for
the third segment of the previous image frame.

After the above process 1s completed, the macroblock-
unit-coding module codes (520) each of the macroblocks
within the second segment of the current image frame, the
integer pel motion estimation unit estimates (564) an integer
pel motion for the third segment of the current image frame,
and the half/quarter pel 1mage generation unit generates
(574) a halt/quarter pel image for the first segment of the
current 1image frame.

Next, the macroblock-unit-coding module codes (530)
cach of macroblocks within the third segment of the current
image frame, the integer pel motion estimation unit esti-
mates (566) an integer pel motion for the first segment of a
next image frame, and the halt/quarter pel 1image generation
unit generates (576) a halt/quarter pel image for the second
segment of the current 1mage frame.

As described above, while the second segment 1s coded 1n
units of macroblocks, the estimation of an integer pel motion
of the current image frame for the third segment and the
generation of the hall/quarter pel image for the first segment
of the current image {frame are performed at the same time.
The time taken for coding 1s a maximum value from among
“a macroblock-unit coding time”, “an integer pel motion
estimation time”, and “a half/quarter pel image generation
time”.

As described above, the processes of estimating an integer
pel motion, coding each of macroblocks, and generating a
halt/quarter pel image are sequentially performed on each of
the segments. Meanwhile, all the processes are sequentially
performed on each of the segments, but are divided and
processed. Accordingly, a process for a next segment can be
initiated before all the processes are performed on one
segment, and thus operations for a plurality of segments are
performed 1n parallel at the same time.

As described above, a person having ordinary skill in the
art to which the present imvention pertains will understand
that the present mvention may be implemented 1n various
detalled forms without changing the technical spirit or
indispensable characteristics of the present invention. It will
be understood that the above-described embodiments are
illustrative and not limitative from all aspects. The scope of
the present invention 1s defined by the appended claims
rather than the detailed description, and the present mven-
tion should be construed to cover all modifications or
variations induced from the meaning and scope of the
appended claims and their equivalents.

INDUSTRIAL APPLICABILITY

As described above, the moving 1image coding apparatus
and method according to the present invention 1s suitable for
moving image coding techniques, enabling high-speed cod-
ing because 1t uses parallel coding 1n coding an image frame.

The mnvention claimed 1s:

[1. A moving image coding apparatus for coding an input

image frame, comprising:

a segment-unit-coding module for receiving the input
image Irame as a segment-unit 1mage by dividing the
input 1mage frame mmto N number of segments, esti-
mating an integer pel motion, and generating an 1mage
therefrom, coded by a macroblock-unit-coding module,
as a 1/n pixel image; and

a macroblock-unit-coding module for receiving the seg-
ment-umit 1mage, having the estimated integer pel
motion, from the segment-umt-coding module, 1n units
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of macroblocks and coding each of the macroblocks
through 1/n pixel motion estimation for each macrob-

lock,

wherein the segment-unit-coding module estimates an
integer pixel motion for a next segment 1n advance
before the macroblock-unit-coding module codes the
image of the macroblock units having the estimated
integer pixel motion, and

wherein while the operation of the macroblock-unit-
coding module for coding the image of the macroblock
umts having the estimated integer pixel motion pro-
ceeds the operation of the segment-unit-coding module
for estimating an integer pixel motion for a next
segment and for generating a 1/n pixel image for a
previous segment 1mage occurs independently and
simultaneously and with both operations performed 1n
parallel, and

wherein the operations of the segment-unit-coding mod-
ule and the macroblock-unit-coding module are per-
formed on different segments of the 1image frame 1n
parallel ]

[2. The moving image coding apparatus according to
claam 1, wherein the segment-umt-coding module com-
Prises:

an integer pel motion estimation unit for estimating a
motion vector of an integer pixel unit for a current
image iframe of segment units;

a motion estimation information storage unit for storing
information estimated by the integer pel motion esti-
mation unit; and

a 1/n pixel 1image generation unit for generating an 1mage,
coded by the macroblock-unit-coding module, as the
1/n pixel image.]

[3. The moving image coding apparatus according to
claim 2, wherein the 1/n pixel image generation umt gen-
crates the 1/n pixel image by enlarging a reference image
frame n times 1n order to estimate a motion for the image,
coded by the macroblock-unit-coding module, at an interval
of a 1/n pixel ]

[4. The moving image coding apparatus according to
claim 2, wherein the macroblock-unit-coding module com-
Prises:

a 1/n pixel motion estimation unit for estimating a 1/n
pixel motion for the current macroblock 1image using
the integer pel motion estimation information, stored in
the motion estimation information storage unit, and the
1/n pixel 1mage generated by the 1/n pixel image
generation unit;

a transform/quantization unit for transforming and quan-
tizing the macroblock image estimated by the 1/n pixel
motion estimation unit;

an entropy coding unit for coding the image transformed
and quantized by the transform/quantization unit; and

an 1nverse transform/inverse quantization unit for inverse-
transforming and inverse-quantizing the image trans-
formed and quantized by the transform/quantization
unit. J

[S. The moving image coding apparatus according to
claim 4, wherein the macroblock-unit-coding module further
comprises an intra-mode estimation unit for selecting an
optimal intra-estimation mode by performing estimation
from adjacent and surrounding blocks when coding the
macroblock 1image i1n an intra mode and for acquiring a
compensation 1mage, subjected to intra-mode estimation,
from previously coded and adjacent macroblocks using the
selected intra-estimation mode.}
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[6. A method of a moving image coding apparatus coding

an 1mage frame, the method comprising the steps of:

(a) dividing the 1image frame into N number of segments;

(b) estimating an integer pel motion for segments of the
image frame using a segment-unit-coding module;

(c) coding the segments of the image frame, having the
estimated integer pixel motion, 1n units of macroblocks
through 1/n pixel motion estimation for each of the
macroblocks within each umt segment using a macro-
block-unit-coding module; and

(d) generating a 1/n pixel image for the segments of the
image frame, coded 1n units of the macroblocks by the
segment-unit-coding module,

wherein 1 a case where an integer pixel motion for a n
inputted segment 1s estimated 1n step (b) and a 1/n pixel
image for segments, inputted a predetermined number
of times earlier than the n” inputted segment, is gen-
crated 1n step (d), the steps (b) and (d) are performed by
the segment-unit-coding module independently and
simultaneously,

wherein the steps (b), (¢) and (d) are performed 1n parallel
and simultaneously, and

wherein the steps (b), (¢), and (d) are performed on

different segments of the image frame in parallel .}

[7. The method according to claim 6, wherein the step (c)

comprises steps of:

estimating a motion vector of a 1/n pixel unit using the 1/n

pixel 1image generated through the 1/n pixel motion
estimation for each of the macroblocks within one unit
segment having the integer pixel motion estimated by
the segment-unit-coding module;

quantizing each of the macroblocks having a motion
estimated 1n unit of the 1/n pixel; and

performing variable length coding on the quantized mac-
roblocks.]

[8. The method according to claim 6, wherein generating

a 1/n pixel image for a previous segment of the image frame
in the step (d) comprises generating an 1mage obtained by
enlarging a reference 1mage frame of the segments within
the image frame, generated by the macroblock-unit-coding,
module, n times.}

[9. A method of a moving image coding apparatus coding

an 1mage frame, the method comprising the steps of:

(a) dividing the image frame mmto N number of umt
segments

(b) estimating an integer pel motion for a first segment of
a first mput 1mage frame;

(c) coding each of macroblocks within the first segment,
having the estimated 1nteger pixel motion, through 1/n
pixel motion estimation while simultaneously estimat-
ing an mteger pixel motion for a second unit segment
of the 1image frame;

(d) coding each of macroblocks within the second seg-
ment, having the estimated integer pixel motion,
through 1/n pixel motion estimation, estimates an 1nte-
ger pixel motion for a third segment of the image
frame, and generates a 1/n pixel image for the coded
first segment simultaneously

wherein the steps (d), estimates an integer pixel motion
for a third segment of the image frame, and generates
a 1/n pixel image for the coded first segment indepen-
dently and simultaneously, and

wherein the steps (b), (¢), and (d) are performed on

different segments of the image frame in parallel .}

[10. The method according to claim 9, wherein generating

the 1/n pixel image for the coded first segment-in the step (a)

th
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(d) comprises generating an 1image obtained by enlarging a
reference 1image frame of the first segment, coded 1n units of
the macroblocks, n times.]

[11. A non-transitory recording medium on which a pro-
gram for coding an image frame 1s recorded, the program 1s
configured to execute the method of claim 6.}

[12. A non-transitory recording medium on which a
program for coding an image frame 1s recorded, the program
1s configured to execute the method of claim 6 comprising
the steps:

(a) estimating an integer pel motion and a 1/n pixel
motion for a third segment of a current 1mage frame
consisting of N segments inputted 1n units of segments
while simultaneously generating a 1/n pixel image for
a coded first segment of the current 1mage frame; and

coding a second segment of the current image frame,
having an integer pixel motion and a 1/n motion
estimated, in units of macroblocks.}

13. A moving image coding apparatus for coding an input

image frame, cOmprising:

one or movre processors including a segment-unit-coding
module for (i) determining a number of segments which
are included in the input image frame, (ii) dividing,
based on the determined number of the segments, the
input image frame into a plurality of N segments, the

10

15

20

14

input image frame being divided into rectangular seg-
ments by at least one vertical boundary line, and (iii)
estimating an integer pel motion, and

wherein one of the processors includes a macroblock-
unit-coding module for encoding each of the segments
by a block unit and generating an image after coding
as a 1/n pixel image,

wherein the plurality of the segments arve encoded inde-
pendently of each other,

wherein each of the segments is encoded using at least
one of motion prediction or intra prediction,

wherein the motion prediction relating to at least one
block included in a first segment is performed indepen-
dently of a second segment other than the first segment
in the input image frame, the first segment being one of
the plurality of the segments,

wherein the block has one of a first motion vector of an
integer pixel unit, a second motion vector of a half pixel
unit and a third motion vector of a guarter pixel unit
and

wherein the integer pixel motion estimation for a segment

and sub-pixel motion estimation for other segments are
performed in parallel and simultaneously.

G o e = x
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