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(57) Abstract

Methods and apparatus for implementing video decoders at

a reduced cost are described. The methods include data reduction

techniques, simplified inverse quantization techniques, and dynamically varying the complexity of image enhancement operations, e.g.,
prediction filtering operations, as a function of whether luminance or chrominance data is being processed. In order to reduce data storage
requirements, luminance and chrominance data corresponding to previously encoded images may be stored at different resolutions, portions
of B frames which will not be displayed are discarded. Portions of I and P frames which will not be displayed, decoded at reduced
resolution and/or using simplified inverse quantization techniques. Another data reduction technique involves applying different amounts of
data reduction, e.g., downsampling, to different image portions with no or little downsampling being performed on image portions located
near the image’s center of interest as determined from information included in a received encoded bitstream.
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METHOD AND APPARATUS FOR VIDEO DECODING AT REDUCED COST

RELATED APPLICATIONS

This application is a continuation-in-part of
co-pending U.S. Patent Application S.N. 09/076,448, titled
"METHODS AND QPPARATUS FOR REDUCING THEE COMPLEXITY OF
INVERSE QUANTIZATION OPERATIONS", which was filed on
May 12, 1998 and which is hereby expressly incorporated by

reference.

FIELD OF THE INVENTION

The present invention relates to video decoders,
and more specifically, to methods and apparatus for
reducing the cost of video decoders, e.g., MPEG compatible

video decoders.

BACRGROUND OF THE INVENTION

Various digital applications, such as digital
video, involve the processing, storage, and transmission
of relatively large amounts of digital data representing,

e.g., one or more digital images.

In order to reduce the amount of digital data
that must be stored and transmitted in conjunction with
digital applications, various digital signal procéssing
techniques ha&e been developed. These techniques involve,

e.g., the variable length encoding of data, quantization
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of data, transform coding of data, and the use of motion

compensated prediction coding techniques.

One standard proposed for the coding of motion
pictures, commonly referred to as the MPEG-2 standa%d, '
described in ISO/IEC 13818-2 (Nov. 9, 1994) Generic Coding
of Moving Picture and Associated Audio Information:

Video (hereinafter referred to as the "MPEG" reference),
relies heavily- on the use of DCT and motion compensated
prediction coding techniques. An earlier version of MPEG,
referred to as MPEG-1, alsq supports the use of the above
discussed coding techniques. In this patent application,
references to MPEG-2 compliant data streams and MPEG-2
compliant inverse quantization operations are intended to
refer to data streams and inverse quantization operations
that are implemented in accordance with the requirements

set forth in the MPEG reference.

In MPEG~-2 chroninance data is normally encoded
at one-half the resolution of luminance data. For
example, four luminance blocks may be used to represent
the luminance information associated with é portion of an
image while two chrominance blocks are used té represent

the same image portion.

Another standard which also uses motion
compensated prediction, referred to herein as the ATSC
standard, is specifically intended for televisibﬁ,
applications. The ATSC standard is described in a
document identified as ATSC A/S3 titled "ATSC DIGfTAL
TELEVISION STANDARD" (1994).
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In accordance with both the MPEG and ATSC
standards images, e.g., frames, can be coded as
intra-coded (I) frames, predictively coded (P) frames, or
bi-directional coded (B) frames. I frames are encoded
without the use of motion compensation. P frames are
encoded using motion compensation and a reference to a
single anchor frame. In the case of a P frame, the anchor
frame is a preceding frame in the sequence of frames being
decoded. B. frames are encoded using a reference to two
anchor -frames, e.g., a preceding frame and a subsequent
frame. Reference to the p;eceding frame is achieved using
a forward motion vector while reference to the subsequent
frame is achieved using a backward motion wvector. In
MPEG, I and P frames may be used as anchor frames for
prediction purposes. B frames are not used as anchor

frames.

A known full resolution video decoder 2, i.e.,
an MPEG-2 video decoder, is illustrated in Fig. 1. As
illustrated, the known decoder 2 includes a memory 30, a
syntax parser and variable length decoding (VLD)
circuit 4, inverse quantization circuit 16,.inverse
discrete cosine transform circuit 18, summer 22,
switch 24, pair of motion compensated prediction modules 6
and 7 and a select/average predictions circuit 28:coupled
together as illustrated in Fig. 1. The memory 30 includes
both a coded data buffer 32 which is used for storing
encoded video data and a reference frame store 34 used for
storing decoded frames which may be used, e.g., as anchor

frames and/or output to a display device.
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For commercial reasons, particularly in the case
of consumer products, it is desirable that video decoders
be inexpensive to implement. The complexity of a decoder,
in terms of the number of elements required to implement a
decoder, is a factor which affects implementation costs.
For this reason, an important issue in the design and
implementation of video decoders is the minimization of
complexity in terms of the amount of hardware, e.g., logic

gates, required to implement a decoder.

A number of methads for reducing the complexity
and/or cost of decoders have been developed. Examples of
known method of reducing the cost of decoders include,
e.g., the use of a preparser, the use of downsampled
frames as prediction references, and the efficient
implementation of the IDCT operation with downsampling.
Video decoders which perform downsampling are sometimes
referred to as "downsampling video decoders".
Downsampling video decoders are discussed in U.S. Patent
No. 5,635,985 which is hereby expressly incorporated by

reference.

Fig. 2 illustrates a known downsampling video
decoder 10. The decoder 10 includes a preparser 12, a
syntax parser and variable length decoding (VLD) -
circuit 14, an inverse quantization circuit 16, an inverse
discrete cosine transform (IDCT) circuit 18, a
downsampler 20, summer 22, switch 24, memory 30, a pair of
motion compensated prediction modules 25, 27 and a
select/average predictions circuit 28. The motion

compensated prediction modules 25, 27 may include a drift
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reduction filter 26. The memory 30 includes a coded data
buffer 32 and a reference frame store 34. The various
components of the decoder 10 are coupled together as

illustrated in Fig. 2.

In the known decoder 10, the preparser 12
receives encoded video data and selectively discards
portions of the received data prior to storage in the
coded data ‘buffer 32. The encoded data from the buffer 32
is supplied to the inpuﬁ of the syntax parser and VLD
circuit 14. The circuit 14 provides motion data and other
motion prediction information to the motion compensated
prediction modules 25, 27. In addition, it parses and
variable length decodes the received data. The modules 25,
27 each include a motion compensated prediction filter 26.
A data output of the syntax parser and VLD circuit 14 is
coupled to an input of the inverse quantization

circuit 16.

The inverse quantization circuit 16 generates a
series of DCT coefficients which are supplied to the IDCT
circuit 18. From the received DCT coefficients, the IDCT
circuit 18 generates a plurality of integer pixel values.
In the case of intra-coded images, e.g., I frames, these
values fully represent the image being decoded. In the
case of inter-coded images, e.g., P and B frames, the
output of the IDCT circuit 18 represents image
(difference) data which is to be combined with additional
image data to from a complete representation of the image
or image portion being decoded. The additional image

data, with which the output of the IDCT circuit is to be



10

15

20

25

30

WO 99/59343 PCT/JP99/02444

combined, is generated through the use of one or more
received motion vectors and stored reference frames. The
reference frames are obtained by the MCP modules 25, 27

from the reference frame store 34.

In order to reduce the amount of decoded video
data that must be stored in the memory 30, the
downsampler 20 is used. In the case of inter-coded data,
the downsampled video data output by the downsampler 20 is

stored, via switch 24, in the reference frame store 34.

Motion compensated prediction modules 25 and 27
receive motion vector data from the syntax parser and VLD
circuit 14 and downsampled anchor frames from the
reference frame store 34. Using these inputs, they

perform motion compensated prediction operations.

In the case of uni-directional motion
compensation, the output of one of modules 25, 27 is
selected by the select/average pfediction circuit 28 and
supplied to the summer 22.. In the case of bi-directional
motion compensation the values output by the modules 26
and 27 are averaged by the average predictions circuit 28.
The values generated by the circuit 28 are supplied to the

input of the summer 22.

In the case of inter-coded video data, the
summer 22 is used to combine the output of the
downsampler 20, with the output of the select/average

predictions circuit 28. The resulting data which
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represents a decoded inter-coded video frame is stored,

via switch 24, in the reference frame store 34.

The decoder 10 outputs the decoded video frames
stored in the reference frame store 34 to be displayed on
a display device. Because of the downsampling and
pre-parsing operations, the decoded video frames are of a
lower resolution than the resolution at which the frames

were originally encoded.

The known reduced resolution video decoder

illustrated in Fig. 2 can be implemented at lower cost

than the standard full resolution decoder illustrated in
Fig. 1. However, the known decoder 10 has the
disadvantage that the images are of reduced resolution due

to the use of downsampling.

Not only is it important that modern video
decoders be capable of being implemented relatively
efficiently, but is also likely to be'important that they
be capable of decodlng video data in such a manner that
v1deo sequences, e.g., movies, can be dlsplayed at height
to width ratios other than that at which they were
encoded. Such capability is important because, e.g., it
allows images encoded at height to width ratios found in
movie screens or high definition television (HDTV) to be
played back on screens with different, e.g., standard

definition television (SDTV) height to width ratios.

Currently, two techniques are commonly used for

displaying images which were filmed or encoded at one
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height to width ratio on a screen that supports a second
height to width ratio. The first technique is what is
commonly referred to as "letter boxing". In this
technique, the entire image is displayed at the original
height to width ratio with black borders being added to,
e.g., the top and bottom of the screen. By adding borders
in this manner the portion of the screen which is not

being used to display the image is blacked out.

The second teéhnique for displaying images at a
height to width ratio which is different from the images’
original height to width ratio is commonly known as
pan-and-scan. Using this technique, each image’s center
of interest is identified and the portion of thé image,
corréesponding to the available screen dimensions,
immediately surrounding the center of interest is selected
for display. The portions of the image which are cropped
are frequently referred to as side panels because one such
panel is normally located on each side of the center of
interest. The center of interest may be the center of. the
image but in many cases, e.g., in action scenes, may be
off center. The center of interest in a sequence of

images can change in position from one image to the next.

Notably, the MPEG specification allows for, but
does not mandate, the transmission of center of interest

information as part of an encoded bitstream.

While the known methods of reducing the .cost of
video decoders, such as the use of downsampling, have

helped lower the cost QE such devices, there still remains
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a need for new and improved methods and apparatus for

reducing the cost of video decoders.

It is desirable that at least some of the cost
saving methods and apparatus be suitable for use with full
resolution video decoders since, in some applications
reductions in resolution of the type caused by
downsampling are unacceptable. It is also desirable that
at least some~cost reduction methods and apparatus be
capable of being used iﬁ video "decoders which support

various display modes including, e.g., pan-and-scan.

SUMMARY OF THE PRESENT INVENTION

As discussed above, the present invention is
directed to methods and apparatus for reducing the cost of
video decoders, e.g., MPEG and ATSC compatible video

decoders.

Various methods and apparatus of the present
invention aié directed to decoding frames as a function of
whether all or a portion of an image is to be viewed. For
example, in one embodiment, when the decoder is operated
in a pan-and-scan mode of operation encoded data _
corresponding to B-frame side panels which will noéot be
viewed is discarded. By discarding B-frame side panel
data, the amount of processing required to decode a
B-frame is reduced as well as the amount of memory
required to store decoded B-frames prior to display. 1In
the case of I and P frames to be decoded and displayed in

pan-and scan mode, in warious embodiments, side panel
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portions of the I and P frames are decoded using methods
which reduce processing and/or storage requirements as
compared to those associated with decoding the displayed

image portions.

In one particular embodiment, side panel
information is decoded and stored, e.g., through the use
of downsampling, at a lower resolution than the image
portions that .are displayed. In another embodiment, P
frame side panels are decoded using'simplifiedvinverse
quantization technigques while the image areas to be
displayed are decoded using standard (MPEG compliant)

inverse quantization techniques.

ﬁsing decoding techniques of the present
invention, processing and storage efficiencies can be
achieved in pan-and-scan mode operation while still
maiptaining a repfesentation of an entire I or P frame in
the event that side panel data is required for use in a

subsequent prediction.

In order to reduce decoding hardware and
processing requirements methods and apparatus of the
present invention are directed to improved techniques for
performing inverse quantization operations on, e.g.,
predictively coded data. The inverse quantization methods
and apparatus of the present invention are well suited for
use in both full and reduced resolution video decoders..

In various embodiments of the present invention, as will
be discussed below, the simplified inverse quantization

method of the present invention is used when decoding,
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e.g., B-frames, but not I or P frames. In other
embodiments, the inverse quantization techniques of the

present invention are used with both P and B frames.

The simplified inverse quantization techniques
of the present invention reduce the amount of processing
required to perform an inverse quantization operation on
predictively coded data by treating an additive factor k
used when performing inverse quantization arithmetic
operations as always being zero and/or by eliminating the
mismatch controlAoperation_performed as part of a standard

inverse quantization operation.

Various other methods and apparatus of the
present invention, suitable for use with decoders, e.g.,
various reduced resolution video decoders, which perform
drift reduction filtering, are also described herein.
Such methcds and apparatus involve dynamically varying the
complexity of performed drift reduction filtering as a
function of whether luminance or chrominance data is being
decoded. Dynamic control of drift reduction filtering
complekity is particularly well suited for use in
decoders, e.g., reduced resolution video decoders, which

normally perform drift reduction filtering.

The methods and apparatus of the present
invention can be used in a wide variety of applications.
For example, they can be used to implement television
receivers, video recorders, computers and a host of other
devices which decode video data. Many of the methods of

the present invention may be implemented in software
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12
executed on, e.g., a general purpose computer, or by
dedicated hardware, e.g., integrated circuits used to

implement a video decoder.

Numerous additional features and embodiments of

the present invention are discussed in detail in the

description which follows.

Brief Description of the Drawings

Figure 1 illustrates a known full resolution

video decoder.

Figure 2 illustrates a known downsampling video

decoder.

Figure 3 illustrates a first video decoder
implemented in accordance with an exemplary embodiment of

the present invention.

Figure 4 illustrates a video decher,
implemented in accordance with the present invention,
capable of decoding various video data either at full
resolution, reduced resolution, or with different portions

at different resolutions.

Figure 5 illustrates a known circuit for
performing an inverse quantization operation.

Figure 6 illustrates an inverse quantization
circuit implemented in accordance with the present

invention.



10

15

20

25

30

WO 99/59343

PCT/JP99/02444

13

Detailed Description

As discussed above, the present invention is
directed to methods and apparatus for reducing the cost of

video decoders.

A full resolution, i.e., non-downsampling, video
decoder 300 implemented in accordance with one embodiment
of the present invention will now be discussed with

reference to Fig. 3.

Elements in Fig. 3 which bear the same names as
elements of the known decoders 100, 200 are similar to the
like named elements but may include slightly different
functionality in accordance with the present: invention, as

will be discussed below.

As illustrated in Fig. 3, the video decoder 300
comprises a syntax parser and VLD circuit 304, an inverse
quantization circuit 306, an inverse DCT circuit 318, a
summer 322, switch 324, memory 330, pair of motion
compensated prediction modules 316 and 317 and a
select/average predictions circuit 328. 1In addition, the
decoder circuit 300 includes a side panel ID module 340,
an inverse quantization (IQ) control module 342 and a
B-frame memory management module 344. As illustrated a
display device 350 may be coupled to the output of the

decoder’s memory 330.

The memory 330 includes a coded data buffer 332,

an I and P frame store.334 and a B-frame store 335. The
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various components of the decoder circuit 300 are coupled

together as illustrated in Fig. 3. The B-frame store 335

- 1s segmented from the I & P frame store 334. This is

because, in modes of operation in which B frame side
panels are not stored in accordance with the present
invention, less memory is used to store each decoded B

frame than is used to stored each decoded I or P frame.

Variable length encoded data in the form of a
bitstream and diéplay mode control information are both
input to the decoder 300. .The variable length encoded
data may be, e.g., an MPEG compliant bitstream
rebresenting a sequence of images in the form of I, P and
B frames. Information on each encoded image’s center of

interest may be included in the encoded bitstream.

Received encoded video data is stored in a coded
data buffer portion 332, of the memory 300, prior to being
supplied to the syntax parser and VLD circuit 304.

The display mode. control inférma;ion may be
obtained, e.g., from a user controlled switch coupled to
the decoder 300. This information indicates, e.g.,
whether complete images included in the variable }ength
encoded bitstream are to be displayed or only a pertion
thereof. The display mode control information may
indicate, e.g., that a user has selected to view the
received images in a pan and scan format. During.pan and

scan mdde operation entire received images are not to be
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displayed but rather only as much of the image that can
fit on the display device’s screen given its height to

width ratio.

The display mode control information is supplied
to, and used by, both the side panel ID module 340 and

B-frame memory management module 344.

In gddition to receiving the display mode
control information, thé side panel ID module 340
receives, from the syntax parser and VLD circuit 304,
information about the center of interest of each image
being decoded when such information is available from the
encoded bitstream. In one embodiment, when center of
interest information is not available, the center of
interest is assumed to be the center of each received

frame or image.

The side panel ID module 340 determines from the
received display mode control information the display mode
of operation being used. It also determines, as a
function of received center of interest information, which
portions of an image lie outside of the primary region of
visual interest. In the case of pan-and-scan mode
operation this involves determining what portions, if any,
of the received encoded images will not be displayed.
Portions of the image which will not be displayed are
considered to be outside the primary region of visual

interest.
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Thus, in pan-and-scan mode operation, the side
panel ID module 340 identifies the image side panels which
will be cropped prior to display. This side panel
information is provided to the IQ control module 342 and

syntax parser and VLD circuit 304.

The syntax parser and VLD circuit 304 is
responsible for parsing and variable length decoding the
received encoded bitstream. As part of this process,
data, e.g., macroblock data, corresponding to

individual I, P and B frames is identified.

It is possible, although unlikely,. for I and P
frame image data outside the displayed image area, e.g.,
image side panel data, to be used as anchor frame data for
subsequent predictions. However, since B-frames are not
used as anchor frames, B-frame data, including side panel
data, need not be stored for use in subsequent
prediction;. As part of the decoding process, the
B-frames are normally stored prior to display to allow
output of the decoded frames to the display device at the
desired time intervals. In particular, when the encoded
bitstream represents interlaced video with frame
structured pictures, or progressive video at a lower frame
rate than the display rate, B frames are generall§ stored
in memory to allow the time of decoding to be decoupled

from the time of display.

Recognizing that B-frame data may have to be
stored prior to display but not for use as anchor frame

data, in one embodiment of the present invention, the
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syntax parser and VLD circuit 304 discards B-frame data
corresponding to image areas, e.g., side panels, which
will not be displayed. This eliminates the need for the
remaining circuits of the decoder 300 to process and store
data correspogding\to portions of B-frames which will not
be displayed. Thus, by operating the syntax parser'and
VLD circuit 304 to discard received data corresponding to
image portions which will not be displayed or used for
predictions iff accordance with the present invention, a
reduction in the amount‘of processing required to decode

an encoded bitstream is achieved.

In the above described manner, when the
displayed picture area is smaller than the area of the
picture or image being decoded, computatiénal savings are
obtained by controlling the decoder 300 to skip over bits
corresponding to B-frame macroblocks that lie outside the‘
disp;?yable image area. This control function, performed

by the side panel ID module 340, saves memory and

.computations, without affecting the delivered picture

quality, since B frames are not used for decoding

subsequent pictures.

An information data output of the syntax parser
and VLD circuit 304 is coupled to the input of thé motion
compensated prediction modules 316, 317, and to a second
input of the IQ control module 342. The information
supplied to the motion compensated prediction module 306
and IQ control module 342 by the syntax parser 304

includes, e.g., frame and macroblock type information.
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The IQ control module 342 is used to control the
inverse quantization circuit 306. The inverse
quantization circuit 306 is capable of performing a
standard inverse quantization operation in accordance with
the MPEG standard,-or a simplified inverse quantization
operation, e.g., a non-exact inverse quantization
operation in accordance with the present invention. The
IQ control module controls the type of inverse
quantization operation that is performed. In one
embodiment, it does this as a function of the frame type
and the position of the data being decoded relative to an

image’s center of interest.

In one particular embodiment, the IQ control
module 342, controls the IQ circuit 306 so that a standard
inverse quantization operation is performed on intra;coded
frames, an ekact inverse quantization operation is
performed on the portion of P-frames which is to be
displayed, a simplified inverse quantization operation is
performed on the data corresponding to the side panels of
P-frames; and a simplified inverse quantization operation
is performed on B-frame data output by the'syntax parser

and VLD circuit 304.

Operation of the inverse quantization
circuit 306 which uses the new and novel simplified
inverse quantization methods of the present invention to
processes predictively coded data will be discussed in
detail below. A data output of the inverse quantization
circuit 306 is coupled to an input of the inverse%discrete

cosine transform (IDCT) circuit 318.
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The IDCT circuit 318, switch 324, summer 322,
motion compensated prediction modules 316, 317 and
select/average predictions circuit 328 are all coupled
together as illustrated in Fig. 3. The arrangement of
these components 316, 317, 328 is the same as or similar
to the way like named components of the known decoder of
Fig. 1 are coupled together. While these components 318,
322, 324, 306, and 328 serve the same or similar functions
as the like named elements of the known decoder 100, they
are capable of processing B frame data representing an
image of the same or a different size than the processed I
and P frames. Accordingly; these components 318, 322,
324, 316, 317 and 328 are capable of processing the B
frame data even when B-frame side panel data has been

discarded by the .syntax parser and VLD circuit 304.

The output of the switch 324, via which decoded
video data is supplied to the memory 330 for storage priof
to display and/or use as reference frame data, is coupled
to the B-frame memory management module 344 and to the I
and P frame store 334. The decoded video data
representing I and P frames is stored in tﬁe I & P frame
store 334. B-frame data is stored in the B-frame
store 335, prior to display, via the B-frame memory

management module 344.

In addition to decoded B-frame data, the B-frame
memory management module 344 receives as an input,. the
display mode control information. The B-frame memory
management module 344 is responsible for controlliﬁg the

locations at which the decoded data representing B-frames
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is stored in the memory 330 to insure the efficient
utilization of available memory. In some modes of
operation entire B-frames are stored in the B-frame
store 335. In other modes of operation, e.g.,
pan-and-scan modes of operation, in accordance with the

present invention, only the portions of the decoded B

.~ frames which are going to be displayed are stored in the

B-frame store 335. The B-frame memory management module
uses the display mode control information to determine
what B-frame data is to.be stored and the memory addresses
at which B-frame data should be stored. In this manner

efficient use of the available memory is achieved.

In one particular embodiment, the B-frame
management module is sensitive to display mode control
information, and acts to allocate memory for temporary
storage of the displayable portion of B-frames, when
pan-and-scan display mode is selected. Since decoded
image data corresponding to side panel B frame macroblocks
are not stored or displayed in this mode of operation a
reduced amount of memory is allocated by the B-frame
memory management module 344 for the storage of B frames

when pan-and-scan mode is selected.

As discussed above, one feature of the present
invention is directed to performing a simplified inverse
quantization operation on at least some of the
predictively coded data supplied to the inverse

quantization circuit 306.
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The inverse quantization process is used
extensively. in the digital processing of signals such as
digitally compressed images and digitally compressed

video.

Quantization is the process that is used in the
digital processing of signals in which an element from a
finite set of digital codewords is used to represent,

approximately; the value of a continuocus-amplitude sampled

'signal. The digital codewords that are produced by the

quantization process for an input sample represent an

approximation of the original amplitudes of the signal

* being processed.

The opposite process of quantization is
appropriately called inverse qguantization. The inverse
quantization process takes,as its input a digital codeword
from a finite set of éddewords and produces a so called '
reconstruction level that is an approximation of the

original amplitude of the sample.

The intermational standard ISO/IEC 13818-2 which
describes MPEG-2 defines methods for the inverse
quantization of DCT coefficients. The ATSC A/53 standard,
by reference to MPEG, defines the inverse quantization
methods to be the same as those of the MPEG standard. In
both of these standards, the inverse quantization of one
8x8 block of coefficients, with the exception of the DC
coefficients of intra-coded blocks, is specified @y
equations (1)-(5) which are set forth below. A known

inverse quantization c;rcuic for implementing a standard
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inverse quantization operation in accordance with

equations'(l):(S) is illustrated in Fig. 5.

As illustrated, the known circuit 500 includes

an Inverse Quantization Arithmetic circuit 502, a

saturation circuit 504 and a mismatch control circuit 506.

circuit 502 are QF[v][u],

The inputs to the inverse quantiiation

where:

Wiw]{v]{u] and a quantizer_scale

QF[v][u] is a two dimensional array of digital

codewords or quantized DCT coefficients, W[w][v][ulis a

quantizer matrix, and quatizer_scale is a common scaling

factor used for one or more macroblocks. The parameters v

and u are used to index each DCT coefficient and the

parameter w depends upon the coding type (INTRA or

NON-INTRA and the color component (luminance or

chrominance.) In the decoder 100, these values are part of

the data provided by the syntax parser and VLD circuit 14

to the inverse quantization circuit 16.

The known inverse quantization arithmetic

circuit 502 implements equations (1)-(3) set forth below.

where:

F''[vl(u] =

|

(2 x QF[v]{u] + k) x.W[w] [v](u] X quantizer_ scale

0
sign(QF(y] [u])

32

INTRA
NON INTRA

(1)

(2)
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+ 1 x>0
sign(x) = 0 x=0 (3)
-1 x<0

The coefficients F’’(v](u] resulting from the
processing performed by the inverse quantization
arithmetic circuit 502, are processed by a saturation
stage to ensure that thgireconstructed values lie within
an allowed range. The saturation operation, which yields
the coefficients F'([v][u] performed by the saturation

circuit 504 is set forth as equation (4) below.

2047 F''[v][u] > 2047 1
F'vlu] = F'[vl[u] —2048 < F'"[v][u] < 2047 (4)]
- 2048 F’'[v][u] < —2048

The final step in the standard inverse
quantization process' is to perform a mismatch control
operation to yield the final reconstructed DCT
coefficients F(v](u] which may then be supplied to the
IDCT circuit 18. The mismatch control circuit 506 is
responsible for performing the mismatch control operation
set forth below as equation (5) using the coefficient

values F'(v][u] output by the saturation circuit 504.
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sum = 2, 2, F'[v][u]
v=0 u=(
Fvl(u]l = F'[vl[u]V u,vexcept u=v =7
F'[7](7] if sum is odd

Ft7]{7]= { F'[TI71 -1 if F'[7][7]) is odd } . |
U +1 i F7I7] is even | 9 TS even

(5)

Bquations (l1)-(5) are specified in the
international standard ISO/IEC 13818-2 standard. For the
inverse quantization operation of quantized DCT coded data
to be compliant with the standard, equations (1)-(5) must
be used to implement the inverse quantization process ﬁor

the coded blocks.

Table I below shows an analysis of the number of
discrete operations that are required to implement the
equations assuﬁing the most costly case, in terms of the
number Qf required computations, of performing an invefse

quantization operation on NON-INTRA coded data.

Table I

Number of operations required to implement equations (1)-(S5)

operations per coefficient -
Equatio | Add/Sub | Mult/Div | Compare | Total | Total for 64
n coefficients
(1) 1 4 0 5 320
(2), 0 0 2 2 128
(3) .
(4) 0 0 2 2 128
(5) 65* 0 2* - 67
* for all 64 Total operations 643
coefficients
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An accepted method of obtaining efficient
implementations of algorithms is to express the algorithm
as a linear operator and then find some sparse
factorization of the linear operator. While this has
worked well as a technique for simplifying IDCT operations
it is not applicable to the problem of computing the
inverse quantization of NON-INTRA coded data because it is
not possible to represent exactly, the equations (1)-(5)

as a linear operator.

Recognizing that it is not possible to use a
linear operator formulation to represent exactly,
equations-(l)-(S) in a simplified form, the inventors of
the present application set about finding other ways to
simplify the inverse quantization process. The inventors
of the present application realized that it 'is possible to
approximate the result of the processing achieved by
performing equations (1)-(5) without having to perform all
the processing required to fully implemeﬁt all of these
equations. Accordingly, various embodiments of the
inverse quantizaéion method of the present invention,
approximates the overall processing results that would
normally be achieved by accurately implementing

equations (1)-(5).

In pafticular, various embodiments of the
present invention focus on simplifying the inverse
quantization process by eliminating equation (2) and
treating the additive factor k found in equation (1) as
being 0 when processing both INTRA and NON-INTRA coded

data. Other embodiments of the present invention are
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directed to eliminating the use of the mismatch control
circuit and thereby eliminating the mismatch control
operation set forth in equation (5) from the inverse
quantization process. In accordance with the present
invention these inverse quantization simplification
techniques may be selectively applied, as discussed below.
The application of the inverse quantization techniques, '
e.g., on a macroblock or block bgsis, can depend on the
type of frame or image being processed and/or the location
of the portion of the iﬁage represented by the set of

quantized DCT cocefficients being processed.

The inverse quantization methods of the present
invention may result in a less than exact reconstruction
of the image data being processed. ‘However, in most cases
the inverse quantization techniques of the present

invention produce satisfactory results in terms of image

"quality while providing advantages in terms of speed and

implementation costs. That is, the inverse quantization
methods of the present invention tend to provide for a

fast and hardware efficient inverse gquantization process.

The inverse quantization methods of the present
invention make it is possible to reduce the computational
cost of the inverse quantization process while maintaining
a high level of picture quality. As discussed above, the
simplified non-exact inverse quantization processes of the
present invention used to process P and B frames, differ
from the standard, i.e., MPEG and ATSC specified inverse
quantization operations, in the application of the

additive factor k present in equation (1) and the use of
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mismatch control as set forth in equation (5). The IQ
control module 342 is responsible for determining when the
simplification involving treating the additive factor k as
being 0 for both NON-INTRA coded and INTRA coded data is
employed and when performing a mismatch control operatioh

is to be skipped.

Figure 6 illustrates an inverse quantization
circuit 600 iniplemented in accordance with one embodiment
of the present inventioﬁ. The circuit 600 includes an
inverse quantization arithmetic circuit 602, a saturation
circuit 504, and a mismatch control circuit 606 coupled
together in series as illustrated in Fig. 6. The inverse
quantization circuit 600 also includes a multiplexer
(MUX) 608. The multiplexer 608 receives, as first and
second data inputs, the coefficients output by the
mismatch control circuit 606 and the coefficients output

by the saturation circuit 504, respectively.

In the Fig. 6 embodiment, a two bit IQ control
signal output by, e.g., the IQ control circuit 342, is
supplied to control inputs of the inverse quantization
arithmetic circuit 602 and MUX 608. The first bit of the
IQ control signal is used to control when the inverse
quantization arithmetic circuit 602 is to treat the
additive factor k as being 0 for both NON-INTRA and INTRA
coded data. The second bit of the control signal is used
to control which input of the MUX 608 is to be output,
e.g., to an IDCT circuit, as the DCT coefficients
resulting from the inverse quantization operation

performed by the circuit 600.
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By asserting the bit used to control the
MUX 608, the inverse quantization control module 342 can
cause the signal supplied to the second input of the
MUX 608 to be output as the result of the inverse
quantization operaEion. This eliminates the use of the
mismatch control circuit 606 when performing an inverse

quantization operation.

Various embodiments of the present invention
which relate to selecti&ely'using 0 as the value of the
additive factor k and/or eliminating the mismatch control
operation from the inverse quantization process will now

be discussed.

One embodiment of the present invention involves
the use a non-exact (e.g., non-MPEG-2 compliant) inverse
quantization process for predictively coded (P and B)
frames while using an MPEG-2 compliant inverse

quantization process for (I) frames.

" Normally, the additive factor k, is determined
for each quantized coefficient of a set of such
coefficients Q[v][u] and thus, the value of k can normally
vary as a function of the value of each non-intra-coded

coefficient of the set of quantized coefficients Q[v] (ul.

In one embodiment of the present invention, the
value of k is set to zero for all NON-INTRA macroblocks
when performing an inverse quantization operation .on P and
B frame data. In such an embodiment, the value of k is

treated as being 0 for.all elements of a block of
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coefficients representing a portion of a predictively

coded frame, e.g., P or B frame.

In another simplified inverse quantization
embodiment, application of a non-zero value as the
additive factor k is restricted to only NON-INTRA
macroblocks in P frames. This implementation is described

in Eg. (6) below.

0 . I,B-
) { frames (6)

sign(QF{v] [u]) non — INTRA in P — frames

In this case I and P frames will be
reconstructed in a fully MPEG compliant manner, but B
frames will be reconstructed using the simpler inverse
quantization process of thé present invention. Since B
frames generally require more processing resources than I.
or P frames to berform an inverse quantization operation
the simplified inverse quantization process of the present

invention can provide significant hardware savings even

when applied only to B frames. Furthermore, by limiting

application of the simplified inverse quantization
technique of the present invention to B-frames,
propagation of errors introduced as a result of the
simplified inverse quantization process, into additional
frames, is avoided. This is because unlike P-frames,

B-frames are not used as anchor frames.

The effect of treating the additive factor, k,
as being 0 in accordance with the present invention is to

impart, to the images decoded using this technique, a
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degree of quantization noise that is above what is normal.

Visually this effect can be characterized as increased

. background noise. For the quality loss due to the used of

the simplified inverse quantization process to be noticed,
the level of noise-present in the image must be relatively
high. '

Significantly, when the simplified inverse
quantization techniques of the present invention are
applied to frames which are part of a Group of Pictures
("GOP"), the GOP structure causes a refreshing of the
picture at every instance 65 an I or P-frame. This fact
prevents the quantization errors in P-frames from

accumulating indefinitely.

In the case where application of the simplified
quantization techniques of the present invention are
limited to B-frames as in equation (6), the additional
quantization noise, resulting from the methods of the
present invention, is restricted to each individual

B-frame, and no accumulation of quantization noise occurs.

In accordance with another embodiment of the
present invention mismatch control is not carried out for
macroblocks being processed using the simplified . ‘
non-compliant, inverse quantization process of the present
invention. . Mismatch control is intended to prevent
undesirable effects when an MPEG or ATSC standard inverse
quantization operation is performed. It has been
discovered that the mismatch control operation pefformed

during a standard inverse quantization operation provides
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little or no benefit when employing the simplified
non-standard inverse quantization process of the present

invention.

Thus, in accordance with the present invention
further reduction in the computational cost of performing
an inverse quantization operation is achieved by not

performing a mismatch control operation.

By, e.g., setting k=0, in accordance with the
present invention when processing I, P and B frame data as
set forth in equation (7), equation (1) is reduced to

equation (8).

k=0 | (7)

F ' [v][4] = (2 x QF(v] [u] x W[w]-g;] [u] x quantizer _ scale 5

QF vl [u] X W’ [w] [v] [u]

]

Equation (8) has the advantage that it can be
implemented using one multiplication per coefficient being

processed.

By elimination of the mismatch control operation
as discussed above, further computation savings are
achieved. Table II below shows the reduction in
computational cost that may be obtained using the
non-exact inverse quantization process with k=0 and the

mismatch control operation being eliminated.:
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Table IXI

Number of operations required for simplified inverse
quantization in accordance with Equation (8) and
eliminating the mismatch control operation

operations per coefficient
Equation | Add/Sub | Mult/Div | Compare | Total | Total for 64
coefficients
(8) 0 1 0 1 64
(4) ‘ 0 0 2 2 128
| Total 196
operations

The results set forth in Table II is a 70%
reduction in the number of operations as compared to those
used to implement a standard inverse quantization

operation set forth in Table I.

Various features of the present invention, such
as discarding of B-frame data that will not be viewed
without decoding it and the performing of a simplified
inverse quantization operation on all or some predicted
image data have been explained with reference to the full
resolution video decoder illustrated in Fig. 3. These
features and additional features of the present ihvention
may be used to implement a multi-resolution or reduced

resolution video decoder as well.

Various features of the present invention will
now be discussed with reference to the multi-format wvideo

decoder 400 illustrated in Fig. 4. The decoder 400
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illustrated in Fig. 4 is capable of decoding, for example,
high definition television (HDTV) signals at a reduced
resolution, e.g., standard definition television (SDTV)
resolution. It ié also capable of decoding standard
television signals-at full resolution. This is
accomplished via the selective application of downsampling

and/or other data reduction techniques.

Fig. 4 illust;ates a multi-format video decoder
implemented in accordance with one embodiment of the
present invention. Components which perform the same or
similar functions to those of previously described
components bear the same names and will not be described
again in detail. Notably, while many of .the components of
the decoder 400 perform similar functions to those of the
known decoders, many of the components in the Fig. 4
embodiment differ from those of like named known
components in that many of the components of the Fig. 4
decoder are responsive to control signals from both side
panel ID module 440, which is implemented in accordance
with the present invention, and a resolution control

module 403.

As illustrated in Fig. 4, the decoder 400
comprises an optional preparser 401, a memory 430; syntax
parser and VLD circuit 404, inverse quantization
circuit 406, IDCT circuit 418, downsampler 420,
summer 422, switch 424, first and second motion
compensated prediction modules 416, 417, a select/average
predictions circuit 428, a B-frame memory managemént

module 444 and a display 450. In addition, in accordance
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with the present invention, the decoder 400 includes a
side panel ID module 440, IQ control module 442 and
resolution control module 403. The various components of
the decoder 400 are coupled together as illustrated in

Fig. 4.

In the Fig. 4 embodiment, the memory 430 is
divided into a coded data buffer segment 432, an I & P
frame store 434 and a B-frame store 435. As in the case
of the Fig. 3 decoder embodiment, the B-frame memory
management module 444 receives display mode control
information and decoded B-frame data. The B-frame memory
management modﬁle 444 controls the storage of decoded
B-frame data so that the memory space 435 is used
efficiently, particularly when data representing portions
of received B-frames, e.g., B-frame side panels, is

discarded prior to storage.

In addition to the components discussed above,
the decoder 400 includes, in accordance with the present
invention, a side panel ID module 440, an IQ control

module 442, and a resolution controcl module 403.

Thé side panel ID module 440 receives the
display mode control information via a first input. In
addition, from the syntax parser and VLD circuit 404, it
receives information about the center of interest of the
received encoded frames when such information is available
from the encoded received encoded bitstream. When such

center of interest information is not received from the
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syntax parser and VLD circuit 404, it is presumed to be

the center of the image.

The side panel ID module 440 identifies, image
areas outside the tenter of interest, e.g., image side
panels, and provides this information to the IQ control
module 442, syntax parser and VLD circuit 404, inverse
quantization circuit 406, IDCT circuit 418,
downsampler 420, resolution control module 403, and drift
reduction filters 426, 427 of the motion coﬁpensated
prediction modules 416, 417, respectively. The various
circuits which receive the side panel information use this
information in determining the processing to be applied to

particular data.

The IQ control module 442 and resolution control

module 403, perform control functions. In particular, the

IQ control module 442, determines when a simplified, as
opposed to standard MPEG or ATSC compliant, IQ operation
should be performed on predicted data. The resolution
cbntrol module 403 controls the resolution at which
various image portions will be decoded. It can also
control the particular type of simplified inverse
quantization operation that is performed as will be

discussed below.

The resolution control module 403 receives as
its inputs frame, motion vector, and other information -
from the syntax parser and VLD circuit 404 from which it
can determine, e.g., whether an HDTV signal or an SDTV

signal is being processed. 1In addition, the resolution
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control module receives center of interest and side panel

information from the side panel ID module.

In accordance with one embodiment of the present
invention, the resolution control module 403 uses the
received input signals to determine which images, and/or
image portions, are to be decoded at full resolution,
e.g., the resolution at which they were encoded, and which
images or image portions are to be decoded at one or more

reduced levels of resolution.

In one embodiment of the present invention, the
resolution control module 403 is responsible for .
controlling the decoding of HDTV images such that they are
downsampled and displayed at a maximum resolution
equivalent.to SDTV resolution. This allows HDTV images to
be decoded using the same or appréximately the same amount.
of memory required to implement an SDTV decoder. In the
same embodiment the resolution control module controls the
downsampler 420 so that SDTV images are not downsampled

but, instead, decoded and displayed at full resolution.

To further reduce the amount of memory required
to implement a video decoder and or the amount of .
processing that must be performed by a video decoder,
various embodiments of the present invention are directed
to decoding different portions of the same image or frame
at different resolutions and/or prbcessing different image
portions using processing techniques which differ in terms
of their computational complexity. In various

embodiments, the resolution and/or processing used to
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decode a particular image portion depends on the visual
importance of the image portion being decoded and/or
whether or not the decoded image portion is to be

displayed.

The resolution control module 403, in
combination with the side panel ID model 440, is
respongible for controlling the resolution and processing
of various. image portions. In one such embodiment, the
resolution control module 403 controls the various
circuits 406, 418, 420, 416, 417, 428 of the decoder 400
to: 1) perform less computétionally intensive processing
operations on image areas which will not be displayed or
which are further away from the image’s center of interest
than other image portions and/or to 2) discard data, not
process, and/or to reduce the amount of data used to
represent image areas thch will not be displayed or which

are furthest away from an image’s center of interest.

For example, when processing SDTV images to be
displayed in pan-and-scan mode operation, ;he resolution
control module 403 controls the downsampler to
downsample I and P frame side panel data while outputting
the data corresponding to the image area to be di§played
without performing downsampling thereon. Notably,; the
inverse quantization circuit 406 may also be controlled to
perform simplified inverse quantization operations on
predicted data corresponding to side panel macroblocks .
while performing standard inverse quantization opg;ations
on data corresponding to predicted macroblocks in the area

to be displayed.
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In at least one embodiment, when processing SDTV
images which will be completely displayed, the resolution
control module controls the downsampler 420 to perform
downsampling on the image being decoded. For example, the
portion of the image at the image’s center of interest may
not be downsampled at all, portions of the image at a
first distance away from the center of interest may be
downsampled at a first rate, and portions of the image
furthest away~from the center of interest may be
downsampied at a second rate which is greater than the

first downsampling rate.

An image is normally represented using
chrominance as well as luminance information. The
chrominance and luminance information is frequently
represented using separate blocks of data to represent the
chrominance and luminance information corresponding to the
same portion of an image. The downsampler 420 can be used
to independently downsample chrominance and luminance data
corresponding to the same portion of an image. The
resolution control module 403, can, and in one embodiment
is, used to control the downsampler 420 and thus the
resolution at which chrominance and luminaﬁce data is

stored.

Humans are relatively insensitive to distortions
introduced in the chrominance (color) components of an
image compared to the luminance components of an image.

In one embodiment of the present invention, chrominance
and luminance data corresponding to the same portion of an

image are stored at different resolutions allowing for a
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relatively efficient use of available memory and
processing power. In such an embodiment, the downsampling
of chrominance data is performed, e.g., in the absence of
downsampling of corresponding luminance data.
Alternatively, chrominance data is downsampled at a
greater rate than luminance data corresponding to the same
portion of the image as the chrominance data being

downsampled.

In accordance with the present invention, the
computational complexity of chrominance data processing
can be reduced in several Qays including using reduced
precision arithmetic, using reduced order prediction
filters, or processing chrominance blocks at reduced
spatial resolution relative to that of the collocated

lum;nance blocks

In the decoder 400, the motion compensated
prediction modules 416, 417 each include an adaptive drift
reduction filter 426. The filter 426 may be used, e.g.,
Lo reduce the amount of drift introduced as a result of
downsampling. The motion compensated predlctlon
modules, 416, 417 also include scaling circuits, e.gq.,
interpolation and/or decimation circuits, capable of
converting stored image portions to the resolution‘at
which the motion vectors are to be applied. In the case
where different portions of a reference frame are stored
at different resolutions, the scaling circuits included.in
the prediction modules 416, 417, in one embodlment scale

image portions stored at different resolutions by
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differing amounts so as to match that of the macroblock

being processed.

As discussed above, one feature of the present
invention is directed to varying the complexity of

prediction operations, and prediction filtering complexity

in particular, as a function of whether luminance or

chrominance data is being decoded. 1In this context,
complexity .may- be interpreted in terms of the number of
gates required to implement the mathematical processing
operations which must be performed to complete a task such
as filtering. Accordingly, a more complex filtering
operation will require more mathematical operation’s such
as additions and/or multiplications, and thus more gates

to implement, than a less complex operation.

In accordance with this feature of the present
invention the complexity o£ the prediction filtering is
varied based on whether luma or chroma information is
being processed. In particular, advantage ié taken of the
fact that the human visual system is relatively
insensitive to distortions introduced in the chroma
components of a picture. Accordingly, in one embodiment
more accurate, but more computationally intensive,
'prediction filtering is performed by the filters 426 when
processing luminance information and less accurate, but
computationally simpler, prediction filtering is performed

when processing chrominance information.

Thus, in the Fig. 4 embodiment, the chroma

adaptive drift reduction filter 426 is a filter whose
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operation depends on whether luminance or chrominance
information is being processed. The filter 426 operates
by employing higher complexity filtering when processing
luminance components than when processing chrominarnce
picture components. In this manner, the reconstructed
quality of the luminance components will generally be more
accurate than that of the chrominance components, and
there will be a relative reduction in the computational

resources used in computing the chrominance components.
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Claims
1. A method of process;ng encoded data, the encoded

data includiﬁg encoded B frame data, the method
comprising the stebs of:
receiving the encoded B frame data;
identifying a portion of the B frame corresponding
to an image side panel which will not be displayed;
performing a decoding operation 6n the received
encoded B-frame data to'produce decoded B-frame data;
storing decoded B-frame data in a memory device
without storing B-ﬁrame data corresponding to the

identified B-frame image side panel.

2. The method of claim 1, further comprising the step
of: '
generating an image on a display device from the

stored decoded B-frame data.

3. The method of claim 1, further comprising the step
of:

discarding B-frame data representing the identified
B-frame image side panel prior to performing the step of

storing decoded B-frame data.

4. The method of claim 3, wherein the step of:
discarding B-frame data is performed prior to

performing the decoding operation.
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5. The method of claim 3, wherein the step of:
discarding B—frame data is performed as part of the

decoding operation.

6. The method of claim 3, wherein the step of
identifying a portion of the B frame corresponding to an
image side panel which will not be displayed includes the
step of: .

examining center.of interest information included in

the encoded B frame data.

7. The method of claim 1, wherein the encoded data
further includes encoded I frame data, the method further
comprising the steps of:

identifying a portion of the I frame
corresponding to an'image side panel which will not be
displayed;

decoding the encoded I-frame data, the method
of decoding the I frame including the step of:

decoding the encoded I frame data representing
the I frame image side panel at a lower resolution than
the resolution at which the data representing another

portion of the I frame is'decoded.

8. The method of claim 7, wherein the step decoding the
encoded I frame data representing the image side panel
further includes the step of:

performing a downsampling operation.
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9. The method of claim 7, further comprising the step
of:
storing the decoded I frame data in a memory device;
and

using at least some of the decoded I frame data to

perform a motion compensated prediction operation.

10. The method of claim 1, wherein the encoded data
further in;ludes encoded data representing a P frame, the
method further comprising the steps of:

idéntifying a portion of the P frame
corresponding to an image side panel which will not be
displayed;

decoding the encoded P frame data, the method
of decoding the P frame including the step of:

decoding the encoded data representing the P
frame image side panel at a lower resolution than the
resolution at which the data representing another portion

of the I frame is decoded.

11. The method of claim 10, further comprising the step
of:

storing the decoded P frame data in a memory device;
and

using at least some of the decoded P frame data to

perform a motion compensated prediction operation.

12. A method of processing and displaying video data,
including data representing a bi-directionally coded
image and an intra-coded image, the method comprising the

steps of:
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storing data representing the intra-coded
image; ’

discarding data corresponding to a portion of
the bi-directionally coded image which will not be
displayed; ) _
storing data representing a portion of the
bi—directionally»codeq image which will be displayed;

displaying a first image generated from the
data representing the stored intra-coded image; and

displaying a second image generated from the
stored data representing a portion of the

bi-directionally coded image.

13. The method of claim 12, further comprising the step
of:

using the stored intra-coded image data as reference
data when performing a motion compensated predidtion'

operation.

14. The method of claim 13, further comprising the step
of:

receiving data representing the intra-coded image,

identifying portions of the intra-coded image which
will not be displayed; and

applying a downsampling operation on the datd
representing the identified portions of the intra-coded
image prior to performing the step of storing data

representing the intra-coded image.
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15. A method of processing encoded video data,
comprising the steps of:

receiving encoded data representing at least one
intra-coded image only a portion of which is to be
displayed after decoding;

decoding the encoded data representing the portion
of the intra-coded image which is to be displayed after
decoding at a first resolution; and

decoding_the encoded data representing the portion
of the intra-coded image which is not to be displayed
after decoding at a second.resolution which is lower than

the first resolution.

16. The method of claim 15, wherein the portion of the
intra-coded image which is not to be displayed is an

image side panel.

17. The method of claim 15, further comprising the step
of: ‘

storing the decoded data representing the portion of
the intra-coded image which is to be displayed and the
portion of the intra-coded image which is ﬁot to be

displayed in a memory device.
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18. The method of claim 17, further comprising the steps
of:

receiving encoded data representing at least one
bi-directionally coded image only a portion of which is
to be displayed after decoding;

discarding encoded data representing a portion of
the bi-directionally encoded image which will not be
displayed; ' _

decodinguthe encoded data representing the portion
of the bi-directionally'encoded image which is to be
displayed after decoding; and

storing the decoded image data.

19. A method of decoding encoded image data, comprising
the steps of:

identifying a center of interest of an encoded
image by examining the encoded image data for center of
interest information included therein;

decoding a first portion of the encoded image
data representing a first image portion located a first
distance from the identified center of interest in
accordance with a first decoding procedure; and

decoding a second portion of the encoded image
data representing a second portion of the encoded image
located a second distance from the center of interest
using a second decoding procedure which is less resource
intensive than the first decoding procedure, the second

distance being greater than the first distance.
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20. The method of claim 19, wherein the first decoding
procedure includes the step of:

performing an MPEG-2 compliant inverse
quantization operation; and

wherein the second decoding procedure includes
the step of:

performing a non-MPEG-2 compliant inverse

quantization operation.

21. The method of claim 20, wherein the second decoding
procedure furthex includes the step of:

performing a data reduction operation.

22. A method of processing encoded video data,
comprising the steps of:

receiving encoded data representing at least one
predictively-coded image only a portion of which is to be
displayed after decoding;

decoding the encoded data representing the portion
of the predictively-coded imaée which is to be displayed
after decoding at a first resolution; and

decoding the encoded data representing the portion
of the predictively-coded image which is not to be

displayed after decoding at a second resolution which is

Alower than the first resolution.

23. The method of claim 22, wherein the portion of the
predictively-coded image which is not to be displayed is

an image side panel.
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24. The method of claim 22, further comprising the step
of:

storing the decoded data representing the portion of
the predictively-coded image which is to be displayed and
the portion of the predictively-coded image which is not

to be displayed in a memory device.

25. A video decoder apparatus, comprising:

means for identifying and discarding encoded
image data representing a portion of a B-frame which is
not to be displayed;

means for decoding encoded image data
representing a portion of a bi-directionally coded frame
which is to be displayed; and

a memory device coupled to the means for

decoding for storing decoded image data.

26. The video decoder apparatus of claim 25, further
comprising: '

a circuit for identifying iqgge data
representing a portion of an I-frame which is not to be
displayed; and

a data reduction device for performing a data
reduction operation on the data representing the portion

of the I-frame which is not to be displayed.

27. A video decoder apparatus, comprising:
a circuit for identifying image data
representing a portion of an intra-coded frame which is

not to be displayed;



W 00 3 o Wn

10
11
12

(o NN ¥ ) B - S VS S 6 B S

R ol el
w N B o

W 0 3 O B b W N P

WO 99/59343 PCT/JP99/02444

50

a data reduction device for performing a data
reduction operation on the data representing the portion
of the intra-coded frame which is not to be displayed;

‘ a storage device for storing the data generated
by the data reduction device; and

a motion compensated prediction circuit coupled
to the storage device for using the stored data to

perform a motion compensated prediction operation.

28. The video decoder apparatus of claim 27, further
comprising:

" means for decoding at full resolution

. intra-coded data which is to be displayed; and

a display device for displaying decoded

intra-coded data.

29. A video decoder apparatus, comprising:

| a circuit for identifying image data
representing a portion of a predictively-coded frame
which is not to be displayed;

a data reduction device for performing a data
reduction operation on the data representing the portion
of the predictively coded frame which is not to be
displayed;

a storage device for storing data generated by
performing the data reduction operation; and

a motion compensated prediction circuit coupled
to the storage device for using stored data to perform a

motion compensated perdition operation.
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30. The video decoder apparatus of claim 29, further
comprising:

means for decoding at full resolution
predictively-coded data which is to be displayed; and

a display device for displaying decoded
predictively-coded data.
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