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(57) ABSTRACT 

An MPEG encoded interlaced high definition video stream 
is decoded and down converted to lower resolution by an 
MPEG decoder with a reduced amount of reference picture 
memory. Received frame and field OCT coded blocks are 
down converted to reconstructed pixel field blocks by first 
converting the received frame OCT coded blocks to con­
verted field OCT coded blocks. A vertical IDCT and a 
horizontal IDCT are then performed on the received field 
OCT coded blocks and on the converted field OCT coded 
blocks in order to produce residual and pixel field blocks as 
appropriate. The vertical IDCT is an N point vertical JDCT, 
and the horizontal IDCT is an M point horizontal IDCT, 
where N corresponds to the original block size, and where 
N>M. The residual and pixel field blocks are spatially 
filtered and down sampled vertically. IDCT, filtering, and 
down sampling operations are efficiently combined into 
single linear operators. Different horizontal and vertical 
minimum drift prediction filters are used to form field 
predictions to be added to the down sampled field residual 
blocks. 
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DOWN CONVERTING MPEG ENCODED 
HIGH DEFINITION SEQUENCES TO 

LOWER RESOLUTION WITH REDUCED 
MEMORY IN DECODER LOOP 

2 
quantization block 20 in a process that reduces the number 
of bits needed to represent each coefficient. Usually, many 
coefficients are effectively quantized to zero. The quantized 
DCT coefficients are Huffman and run/level coded by a 

PROVISIONAL APPLICATION 
5 coder 22 which further reduces the average number of bits 

per coefficient. 

This application claims the benefit of U.S. Provisional 
Application No. 60/112,795 filed Dec. 18, 1998. 

The motion estimator 14 also calculates a motion vector 
(mv) which represents the horizontal and vertical displace­
ments of the predicted macroblock in the reference picture 

RELATED APPLICATION 

This application claims subject matter similar to the 
subject matter disclosed in U.S. patent application Ser. No. 
09/106,367 filed Jun. 29, 1998. 

1. Technical Field of the Invention 

10 from the position of the new macroblock in the current 
picture being encoded. It should be noted that motion 
vectors may have ½ pixel resolution which is achieved by 
linear interpolation between adjacent pixels. The data 
encoded by the coder 22 are combined with the motion 

The present invention relates to a down converting 
decoder for down converting and decoding high resolution 
encoded video for display by a lower resolution receiver. 

15 vector data from the motion estimator 14 and with other 
information (such as an indication of whether the picture is 
an I, P or B picture), and the combined data are transmitted 
to a receiver that includes an MPEG-2 decoder 30 (shown in 

2. Background of the Invention 
The international standard ISO/IEC 13818-2 entitled 

20 

"Generic Coding of Moving Pictures and Associated Audio 
Information: Video" and "Guide to the Use of the ATSC 
Digital Television Standard" describe a system, known as 
MPEG-2, for encoding and decoding digital video data. The 

25 
standard allows for the encoding of video over a wide range 
of resolutions, including higher resolutions commonly 
known as HDTV. According to this standard, digital video 
data is encoded as a series of code words in a complicated 
manner that causes the average length of the code words to 

30 
be much s smaller than would be the case if, for example, 
each pixel were coded as an 8 bit value. This type of 
encoding is also known as data compression. 

In the system described above, encoded pictures are made 
up of pixels. Each 8x8 array of pixels is known as a block, 35 
and a 2x2 array of these 8x8 blocks is termed a macro block. 
Compression is achieved using the well known techniques 
of prediction (motion estimation in the encoder, motion 
compensation in the decoder), two dimensional discrete 
cosine transformation (DCT) which is performed on 8x8 40 
blocks of pixels, quantization of DCT coefficients, and 
Huffman and run/level coding. However, prediction is not 
used for every picture. Thus, while P pictures are encoded 
with prediction from previous pictures, and while B pictures 
are encoded using prediction from either a previous or a 45 
subsequent picture, I pictures are encoded without predic-
tion. 

An MPEG-2 encoder is shown in simplified form in FIG. 

FIG. 2 and discussed below). 
For the case of P pictures, the quantized DCT coefficients 

from the quantization block 20 are also supplied to an 
internal decoder loop that represents a portion of the opera­
tion of the MPEG-2 decoder 30. Within this internal loop, 
the residual from the quantization block 20 is inverse 
quantized by an inverse quantization block 24 and is inverse 
DCT transformed by an inverse discrete cosine transform 
(IDCT) block 26. The predicted macroblock, that is read out 
of the reference picture memory 16 and that is supplied to 
the subtractor 12, is also added back to the output of the 
IDCT block 26 on a pixel by pixel basis by an adder 28, and 
the result is stored back into the reference picture memory 
16 in order to serve as a macroblock of a reference picture 
for predicting subsequent pictures. The object of this internal 
loop is to have the data in the reference picture memory 16 
of the MPEG-2 encoder 10 match the data in the reference 
picture memory of the MPEG-2 decoder 30. B pictures are 
not stored as reference pictures. 

In the case of I pictures, no motion estimation occurs and 
the negative input to the subtractor 12 is forced to zero. In 
this case, the quantized DCT coefficients provided by the 
two dimensional DCT 18 represent transformed pixel values 
rather than residual values, as is the case with P and B 
pictures. As in the case of P pictures, decoded I pictures are 
stored as reference pictures. 

The MPEG-2 decoder 30 illustrated in FIG. 2 is a sim­
plified showing of an MPEG-2 decoder. The decoding 
process implemented by the MPEG-2 decoder 30 can be 
thought of as the reverse of the encoding process imple-1. Data representing macroblocks of pixels are fed to both a 

subtractor 12 and a motion estimator 14. In the case of P 
pictures and B pictures, the motion estimator 14 compares 
each new macroblock to be encoded with the macroblocks 
in a reference picture previously stored in a reference picture 
memory 16. The motion estimator 14 finds the macroblock 
in the stored reference picture that most closely matches the 
new macroblock. 

so mented by the MPEG-2 encoder 10. Accordingly, the 
received encoded data is Huffman and run/level decoded by 
a Huffman and run/level decoder 32. Motion vectors and 
other information are parsed from the data stream flowing 
through the Huffman and run/level decoder 32. The motion 

55 vectors are fed to a motion compensator 34. Quantized DCT 
coefficients at the output of the Huffman and run/level 
decoder 32 are fed to an inverse quantization block 36 and 
then to an IDCT block 38 which transforms the inverse 

The motion estimator 14 reads this matching macroblock 
(known as a predicted macroblock) out of the reference 
picture memory 16 and sends it to the subtractor 12 which 
subtracts it, on a pixel by pixel basis, from the new mac- 60 

roblock entering the MPEG-2 encoder 10. The output of the 
subtractor 12 is an error, or residual, that represents the 
difference between the predicted macroblock and the new 
macro block being encoded. This residual is often very small. 
The residual is transformed from the spatial domain by a two 65 

dimensional DCT 18. The DCT coefficients resulting from 
the two dimensional DCT 18 are then quantized by a 

quantized DCT coefficients back into the spatial domain. 

For P and B pictures, each motion vector is translated by 
the motion compensator 34 to a memory address in order to 
read a particular macroblock (predicted macroblock) out of 
a reference picture memory 42 which contains previously 
stored reference pictures. An adder 44 adds this predicted 
macroblock to the residual provided by the IDCT block 38 
in order to form reconstructed pixel data. For I pictures, 
there is no prediction, so that the prediction provided to the 
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adder 44 is forced to zero. For I and P pictures, the output 
of the adder 44 is fed back to the reference picture memory 
42 to be stored as a reference picture for future predictions. 

The MPEG encoder 10 can encode sequences of progres­
sive or interlaced pictures. For sequences of interlaced 5 

pictures, pictures may be encoded as field pictures or as 
frame pictures. For field pictures, one picture contains the 
odd lines of the raster, and the next picture contains the even 
lines of the raster. All encoder and decoder processing is 
done on fields. Thus, the DCT transform is performed on 10 
8x8 blocks that contain all odd or all even numbered lines. 
These blocks are referred to as field DCT coded blocks. 

4 
For residual samples, a prediction is added by an adder 58 

to the residual samples from the down sampler 56 in order 
to produce a decoded reduced resolution 4x4 block of pixels. 
This block is saved in a reference picture memory 60 for 
subsequent predictions. Accordingly, predictions will be 
made from a reduced resolution reference, while predictions 
made in the decoder loop within the encoder are made from 
full resolution reference pictures. This difference means that 
the prediction derived from the reduced resolution reference 
will differ by some amount from the corresponding predic­
tion made by the encoder, resulting in error in the residual-
plus-prediction sum provided by the adder 58 (this error is 
referred to herein as prediction error). Prediction error may 
increase as predictions are made upon predictions until the 

On the other hand, for frame pictures, each picture 
contains both odd and even numbered lines of the raster. 
Macroblocks of frame pictures are encoded as frames in the 
sense that an encoded macroblock contains both odd and 
even lines. However, the DCT performed on the four blocks 
within each macroblock of a frame picture may be done in 
two different ways. Each of the four DCT transform blocks 

15 
reference is refreshed by the next I picture. 

in a macroblock may contain both odd and even lines (frame 
DCT coded blocks), or alternatively two of the four DCT 
blocks in a macroblock may contain only the odd lines of the 
macroblock and the other two blocks may contain only the 
even lines of the macroblock (field DCT coded blocks). See 
ISO/IEC 13818-2, section 6.1.3, FIGS. 6- 13 and 6- 14. The 
coding decision as to which way to encode a picture may be 
made adaptively by the MPEG-2 encoder 10 based upon 
which method results in better data compression. 

Residual macroblocks in field pictures are field DCT 
coded and are predicted from a reference field. Residual 
macroblocks in frame pictures that are frame DCT coded are 
predicted from a reference frame. Residual macroblocks in 
frame pictures that are field DCT coded have two blocks 
predicted from one reference field and two blocks predicted 
from either the same or the other reference field. 

For sequences of progressive pictures, all pictures are 
frame pictures with frame DCT coding and frame prediction. 

A motion compensator 62 attempts to reduce this predic­
tion error by using the full resolution motion vectors, even 
though the reference picture is at lower resolution. First, a 
portion of the reference picture that includes the predicted 

20 macroblock is read from the reference picture memory 60. 
This portion is selected based on all bits of the motion vector 
except the least significant bit. This predicted macroblock is 
interpolated back to full resolution by a 2x2 prediction up 
sample filter 64. Using the full resolution motion vector 

25 (which may include ½ pixel resolution), a predicted full 
resolution macroblock is extracted from the up sampled 
portion based upon all of the is, bits of the motion vector. 
Then, a down sampler 66 performs a 2x2 down sampling on 
the extracted full resolution macroblock in order to match 

30 the resolution of the 4x4 IDCT output of the down sampler 
56. In this way, the prediction from the reference picture 
memory 60 is up sampled to match the full resolution 
residual pixel structure allowing the use of full resolution 
motion vectors. Then, the full resolution reference picture is 

35 down sampled prior to addition by the adder 58 in order to 
match the resolution of the down sampled residual from the 
down sampler 56. MPEG-2, as described above, includes the encoding and 

decoding of video at high resolution (HDTV). In order to 
permit people to use their existing NTSC televisions so as to 
view HDTV transmitted programs, it is desirable to provide 40 

a decoder that decodes high resolution MPEG-2 encoded 
data as reduced resolution video data for display on existing 
NTSC televisions. (Reducing the resolution of television 
signals is often called down conversion decoding.) 
Accordingly, such a down converting decoder would allow 45 

the viewing of HDTV signals without requiring viewers to 
buy expensive HDTV displays. 

There are several known good prediction up sampling/ 
down sampling methods that tend to minimize the prediction 
error caused by up sampling reference pictures that have 
been down sampled with a 4x4 IDCT. These methods 
typically involve use of a two dimensional filter having five 
to eight taps and tap values that vary both with the motion 
vector value for the predicted macroblock relative to the 
nearest macroblock boundaries in the reference picture, and 
with the position of the current pixel being interpolated 
within the predicted macroblock. Such a filter not only up 
samples the reduced resolution reference to full resolution 
and subsequently down samples in a single operation, but it 
can also include½ pixel interpolation (when required due to 
an odd valued motion vector). (See, for example, "Minimal 

There are known techniques for making a down convert-
ing decoder such that it requires less circuitry and is, 
therefore, cheaper than a decoder that outputs full HDTV 50 

resolution. One of these methods is disclosed in U.S. Pat. 
No. 5,262,854. The down conversion technique disclosed 
there is explained herein in connection with a down con­
vertor 50 shown in FIG. 3. The down convertor 50 includes 
a Huffman and run/level decoder 52 and an inverse quanti­
zation block 54 which operate as previously described in 
connection with the Huffman and run/level decoder 32 and 
the inverse quantization block 36 of FIG. 2. However, 
instead of utilizing the 8x8 IDCT block 38 as shown in FIG. 
2, the down convertor 50 employs a down sampler 56 which 
discards the forty-eight high order DCT coefficients of an 
8x8 block and performs a 4x4 IDCT on the remaining 4x4 
array of DCT coefficients. This process is usually referred to 

Error Drift in Frequency Scalability for Motion Compen­
sated DCT Coding," Mokry and Anastassiou, IEEE Trans­
actions on Circuits and Systems for Video Technology, 

55 August 1994, and "Drift Minimization in Frequency Scale­
able Coders Using Block Based Filtering," Johnson and 
Princen, IEEE Workshop on Visual Signal Processing and 
Communication, Melbourne, Australia, September 1993.) 

A more general derivation of minimum drift prediction 
60 filters by using the Moore-Penrose inverse of a block based 

down sampling filter is described in "Minimum Drift Archi­
tectures for 3-Layer Scalable DTV Decoding," Vetro, Sun, 
DaGraca and Poon, IEEE Transactions on Consumer 

as DCT domain down sampling. The result of this down 
sampling is effectively a filtered and down sampled 4x4 65 

block of residual samples (for P or B pictures) or pixels for 

Electronics, August 1998. 
The following example is representative of the prediction 

up sampling/down sampling filter described in the Mokry 
and Johnson papers. This example is a one dimensional I pictures. 
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Poon, ICIP '97). Conversion to frames before performing 
vertical down sampling will result in better vertical resolu­
tion than would field based down sampling. However, frame 
based down sampling requires additional memory in the 

5 decoder because a first field must be stored when received in 
order to allow the second field to arrive so that frame blocks 

example but is easily extended to two dimensions. Let it be 
assumed that pixels yl and pixels y2 as shown in FIG. 4 
represent two adjacent blocks in a down sampled reference 
picture, and that the desired predicted block straddles the 
boundary between the two blocks. The pixels yl are up 
sampled to the pixels pl by using a four tap filter with a 
different set of tap values for each of the eight calculated 
pixels pl. The pixels y2 are likewise up sampled to the 
pixels p2 by using the same four tap filter. (If the motion 
vector requires ½ pixel interpolation, this interpolation is 10 

done using linear interpolation to calculate in between pixel 
values based on the pixels pl and p2.) From these sixteen 
pixels pl and pixels p2, an up sampled prediction consisting 
of eight pixels q can be read using the full resolution motion 
vector. The pixels q are then filtered and down sampled to 15 

pixels q' by an eight tap filter with a different set of tap 
values for each of the four pixels q'. The Johnson paper 
teaches how to determine the optimum tap values for these 
filters given that the reference picture was down sampled by 
a four point IDCT. The tap values are optimum in the sense 20 

that the prediction error is minimized. The Johnson and 
Mokry papers also show that the up sampling, linear 
interpolation, and down sampling filters can be combined 
into a single eight tap filter with tap values that depend on 
the motion vector value relative to the nearest macroblock 25 

boundaries in the reference picture, and that depend on the 
particular pixels q' being calculated. Accordingly, this single 
eight tap filter allows four pixels q' to be calculated directly 
from the eight pixels yl and y2. 

For methods of down sampling other than the four point 30 

IDCT, the Vetro paper describes bow to determine the 
optimum tap values for the up sampling filter. This up 
sampling can also be combined with the linear interpolation 

may be formed. Also, severe blocking artifacts in motion 
sequences may occur (see "Frequency Domain Down Con­
version of HDTV Using an Optimal Motion Compensation 
Scheme," by Vetro and Sun, J oumal of Imaging Science and 
Technology, August 1998). 

An alternative, that would avoid these problems and that 
is suggested in the latter paper, is to convert all incoming 
pictures to fields before performing vertical down sampling. 
Therefore, the present invention described herein always 
uses field based processing such that incoming blocks which 
are frame coded are first converted to fields before vertical 
down sampling. 

Also, it is well known that four point IDCT down sam­
pling may cause visible artifacts. For progressive pictures, 
the degree of visibility is usually acceptable for both hori­
zontal and vertical processing. For interlaced pictures using 
field based vertical down sampling, however, these artifacts 
may be much more visible. Thus, the present invention 
implements a technique other than the four point IDCT for 
its field based vertical down sampling (a four point IDCT is 
still employed for horizontal down sampling). 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the present invention, a 
method of down converting received frame and field OCT 
coded blocks to reconstructed pixel field blocks is provided 
wherein each of the received frame and field OCT coded 

and down sampling operations to form a single prediction 
filter. 

The down convenor 50, while generally adequate for 
progressive pictures with frame OCT coded blocks, does not 
address problems that arise when attempting to down con­
vert sequences of interlaced pictures with mixed frame and 
field OCT coded blocks. These problems arise with respect 
to vertical down sampling and vertical prediction filtering. 

35 blocks contains NxN values. The method comprises the 
following steps: a) converting the received frame OCT 
coded blocks to converted field OCT coded blocks; b) 
performing a horizontal M point IDCT, a vertical N point 
IDCT, vertical spatial filtering, and down sampling on the 

40 received field OCT coded blocks and on the converted field 

Let it be assumed that horizontal down sampling is 
performed in the OCT domain using a four point horizontal 
IDCT. Vertical down sampling may also utilize a four point 

45 
IDCT or some other method. For field pictures, the vertical 
down sampling operation is then performed on incoming 
field coded blocks. For frame pictures, the vertical operation 
is performed on a mix of field and frame coded blocks. Thus, 
reference pictures may have been down sampled on a field 

50 
basis, a frame basis, or a mix of both. As previously 
explained, low drift prediction filtering may be derived from 
the down sampling filter. If different reference pictures are 
down sampled differently, they will require different match-

OCT coded blocks in order to produce residual and pixel 
field blocks as appropriate, wherein at least the vertical 
spatial filtering and down sampling encompasses more than 
N points, and wherein N>M; and, c) adding prediction 
reference pixels to the residual field blocks, as appropriate, 
in order to form reconstructed pixel field blocks. 

In accordance with another aspect of the present 
invention, a method of decoding a received first OCT 
coefficient block to a reconstructed field pixel block com­
prises the following steps: a) applying a vertical operator 
and a horizontal operator to the first OCT coefficient block 
in order to produce intermediate residual or pixel values, 
wherein the vertical operator is applied concurrently to the 
first OCT coefficient block and to coefficients in second and 

ing prediction filters. 55 third OCT coefficient blocks, wherein the second OCT 
coefficient block is above the first OCT coefficient block, 
wherein the third OCT coefficient block is below the first 
OCT coefficient block, and wherein the horizontal operator 

Worse yet is the case of a reference picture containing a 
mix of field and frame down sampled blocks. A given 
required prediction may overlap both types of blocks. This 
complication may be resolved by converting all incoming 
blocks to either frames or fields before down sampling. This 60 
conversion will result in a consistent vertical structure for 
reference pictures so that the same prediction filter can 
always be used. 

It has been suggested that all incoming pictures be con­
verted to frames before performing vertical down sampling 
(see "Frequency Domain Down Conversion of HDTV Using 
Adaptive Motion Compensation," by Vetro, Sun, Bao and 

is applied to the first OCT coefficient block but not concur­
rently to the second and third OCT coefficient blocks; and, 
b) adding prediction reference pixels to the intermediate 
residual values, as appropriate, to form reconstructed pixels. 

In accordance with still another aspect of the present 
invention, a method of decoding a received first OCT 

65 coefficient macroblock, having frame OCT coded blocks, to 
reconstructed field pixel blocks comprises the following 
steps: a) applying a vertical operator and a horizontal 
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operator to the first DCT coefficient macroblock in order to 
produce intermediate residual or pixel values, wherein the 
vertical operator is applied concurrently to the first DCT 
coefficient macroblock and to coefficients in second and 
third DCT coefficient macroblocks, wherein the second DCT 5 

coefficient macroblock is above the first DCT coefficient 
macroblock, wherein the third DCT coefficient macroblock 
is below the first DCT coefficient macroblock, and wherein 
the horizontal operator is applied to each block of the first 
DCT coefficient macroblock but not concurrently to the 10 

second and third DCT coefficient macro blocks; and, b) 
adding prediction reference pixels to the intermediate 
residual values, as appropriate, to form reconstructed pixels. 

8 
quantizer 54 of FIG. 3. The vertical processing performed by 
the filtering and down sampling module 102 is described 
herein in detail. The vertical filtering consists of an eight tap 
low pass symmetric FIR filter which is a cubic filter derived 
from equation (8) in "Reconstruction Filters in Computer 
Graphics," by Mitchell and Netravali, Siggraph 1988, with 
B=C=l/3. Accordingly, the tap values of this filter are given 
by the following equation: 

[11=[t{-3) ... t(-4)H-o.oo74 -0.0111 0.1280 o.3911 o.3911 
0.1280 -0.0117 -0.0074] (1) 

This eight point vertical filter is effectively used to execute 
a continuous interblock field based vertical filtering opera­
tion with the filter [f]8 operating on received residual and I In accordance with yet another aspect of the present 

invention, an apparatus arranged to reconstruct pixels from 
a target DCT coefficient macroblock comprises a vertical 
operator, a horizontal operator, and an adder. The vertical 
operator has sufficient size to be applied concurrently to the 
target DCT coefficient macroblock and an adjacent DCT 
coefficient macroblock. The horizontal operator is arranged 
to horizontally filter the target DCT coefficient macroblock 
in order to produce intermediate pixel values in conjunction 
with the vertical filter. The adder is arranged to add predic­
tion reference pixels to the intermediate pixel values in order 
to form reconstructed pixels. 

15 field pixel blocks. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Vertical filtering and down sampling implemented by the 
filtering and down sampling module 102 is given by the 
following equation and can be viewed as a vertical spatial 
domain operation on an entire field done one column ( of 540 

20 pixels) at a time: 

(2) 

where [x] is a column of pixels from a field of pixels to be 

25 filtered and down sampled, [ x'] is the resulting vertically 
filtered and down sampled column of pixels, and [ d] is a 
down sampling operator given by the following circulant 
matrix: 

These and other features and advantages of the present 
invention will become more apparent from a detailed con-

30 sideration of the invention when taken in conjunction with [dlnox540 = (3) 

the drawings in which: 

FIG. 1 is a simplified block diagram of a known MPEG-2 
encoder; 

f(O) ... /(4), 0 ... 

f( - 2) ... /(4), 0 .. . 

... 0, f(-3) ... f(-1) 

... 0, f( - 3) 

... 0 
FIG. 2 is a simplified block diagram of a known MPEG-2 35 

decoder; 

0, f(-3) ... f(4), 0 .. . 

0, 0, 0, f(-3) ... f(4), 0 . 

0 .. . 

... 0 

... 0, f(-3) ... /(4), 0, 0, 0 
FIG. 3 is a block diagram of a known down conversion 

decoder for an HDTV application; 
FIG. 4 shows an exemplary set of pixel data useful in 

describing the background of the present invention; 
FIG. 5 is a block diagram of a down converting decoder 

according to the present invention; 
FIG. 6 shows an embodiment of an IDCT module of FIG. 

5; 
FIGS. 7-9 show exemplary sets of pixel data useful in 

describing the present invention; 
FIG. 10 shows a block diagram of a motion compensator 

of FIG. 5 in additional detail; and, 
FIGS. 11-12 show additional sets of pixel data useful in 

describing the present invention. 

DETAILED DESCRIPTION 

1.-Down Conversion 

0 .. . ... 0, f(-3) ... /(4), 0 

/(4), 0 ... ... 0, f(-3) ... /(3) 

40 f(2) ... /(4), 0 ... ... 0, f(-3) ... f(l) 270x540 

(According to the nomenclature used here, capital letters are 
used to denote the DCT domain, and small letters are used 
to denote the spatial domain.) Each row of [d] contains all 

45 zeroes except for the eight elements of the filter [f]8 . Also, 
the eight elements of the filter [f]8 in a row are shifted right 
by two places with respect to the previous row. 

In a decoder, it is not particularly practical for the operator 
[ d]27oxs40 to operate on entire columns of entire fields. 

50 Therefore, in accordance with the present invention, and in 
a manner described below, the filter [f]8 operates vertically 
on residual and I blocks as they arrive. This interblock 
vertical filtering and down sampling can be combined with 
intrablock vertical eight point IDCT in an efficient manner. 

55 

IAl.-Field Pictures (All Macroblocks Field DCT 
Coded): Vertical Processing 

In order to vertically filter a particular eight point block 
column, the DCT coefficients for that block column, and for 
the block columns above and below it, must have been 
received and stored. 

A down converting decoder 100 according to an embodi­
ment of the present invention is shown in FIG. 5. For vertical 
processing, the down converting decoder 100 implements 
DCT domain frame to field conversion, a field based vertical 
eight point IDCT, vertical spatial interblock filtering and 60 

down sampling, and complimentary vertical minimum drift 
prediction filtering. For horizontal processing, the down 
converting decoder 100 implements a horizontal four point 
IDCT for filtering and down sampling, and complimentary 
horizontal minimum drift prediction filtering. 

Let [Xb]sxi be the eight point coefficient block column to 
be vertically filtered and down sampled in order to produce 

65 four filtered and down sampled pixels [ xb']4x1 . Then, let 
[XaJsxi and [XcJsxi be the block columns above and below 
[Xb]. 

A filtering and down sampling module 102 of the down 
converting decoder 100 receives its input from the inverse 
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Matrix [FTJsxs is the eight point forward DCT transform 
matrix that is used by the two dimensional DCT 18 of FIG. 
1 in order to convert residual and pixel values to DCT 
coefficients. Therefore, the rows of [FTJsxs consist of the 
well known eight point DCT basis vectors. The transpose of 5 

[FT]88 x8 gives the eight point IDCT transform matrix. Thus, 
[ITJsxs=[FTY. Let 

r [IT] 

[17"] = l ~ 
0 

[IT] 

0 

(4) 

10 

10 
blocks, the high order horizontal coefficients of each of the 
blocks Xa, Xb, and Xe are discarded so that each is an 8x4 
array (i.e., the left half of each block is retained) so that 
[ZJ8 x4 is the left half of [XJsxs and so that [Zb]sx4 and 
[ZJ8 x4 are similarly defined. These matrices are stacked and 
defined according to the following equation: 

r 

[Zalsx4 j 
[Zbx4 = [Zblsx4 

[Z, lsx4 

(9) 

The matrix [IT3 m,a]14x24 is defined as the middle fourteen 
rows of [IT3] such that the top five rows and bottom five 
rows have been eliminated from [IT3

]. The matrix [IT3 
mid] 

14x 2 4 is applied to the eight point coefficient block column 
[Xb]sxi as well as the block columns [XaJsxi and [Xe Jsxi 
above and below [Xb] according to the following equation: 

Vertical filtering and down sampling of the pixels [Z]24x 4 

can then be performed in accordance with the following 
15 equation: 

(10) 

(5 ) 

where [Oa,,]4 x24 is the IDCT/down sampling filter given by 
20 equation (7). Horizontal IDCT domain filtering and down 

sampling may then be applied to the results [Gb]4x4 of 
equation (10) according to the following equation: 

25 

where [ x ]14x1 are the 14 full resolution pixels needed as 
inputs for the down sampling filter in order to calculate the 
four down sampled pixels for block b (i.e., the block 
[xh]4x1). If [d]4x14 is a down sampling filter given by the 
following equation: 30 

[fl , 0 0 0 0 0 0 (6) 

0 0 [fls 0 0 0 0 
[d]4xl4 = 

0 0 0 0 [fl, 0 0 

0 0 0 0 0 0 [fls 
35 

4xl4 

(11) 

where [T4] is the four point DCT basis vector matrix 
containing the well known four point basis vectors. 

IB2.-Frame Pictures: Vertical Processing: Assume 
That all Macroblocks are Frame DCT Coded 

In the case of frame pictures in which all macroblocks are 
frame DCT coded, it is preferable to implement frame to 
field conversion, field based vertical eight point IDCT, field 
based vertical interblock filtering, and down sampling in a 
single efficient step. 

A macroblock column may be defined to be any sixteen 
then applying this down sampling filter [d] to the fourteen 
pixels [ x ]14x1 yields the desired down sampled pixels [Xb'] 
4x1 (i.e., [ d][ X J14x1 =[ Xb

1
]4x1), 

The IDCT and down sampling operations can be com­
bined into a single step per block column according to the 
following equation: 

40 point column (i.e., two vertical block columns) of a 16x16 
macroblock. In order to apply a single interblock vertical 
operator, the DCT coefficients for the macroblock column, 
and for the macroblock columns above and below it, must 

[ dJ4x l 4[JT
3 

m;dl,4x24= [Qd;,]4x24 (?) 45 

applying this IDCT/down sampling filter [Oa,,]4x24 to the 
twenty-four pixels of the three block columns [Xa], [Xb] , 
and [XJyields the desired down sampled pixels [xb']4 x1 

according to the following equation: 

have been received and stored. Accordingly, let [Xb]l6xl be 
the sixteen point frame coded macroblock column (i.e., two 
eight point vertical blocks) which is to be filtered and down 
sampled in order to produce the eight field based pixels 
defined as [ xtopb']4x1 for the top field and [ xbotb']4x1 for the 
bottom field . Also, let [X"Ji6 x 1 and [Xc]1 6x1 be the frame 

(8 ) 

50 DCT coded macroblock columns above and below [Xb]. The 
frame DCT coded macroblock columns [Xa], [Xb], and [XJ 
may be assembled in accordance with the following equa-

55 

IA2.-Field Pictures: Two Dimensional Processing 

The above discussion is easily extended to two dimen­
sional 8x8 field DCT coded blocks with vertical processing 
on each column using [Oa;,] as described above and with 60 

horizontal processing on each row using a four point hori­
zontal IDCT. Accordingly, Xb is redefined to be an 8x8 DCT 
coefficient block, and Xa and Xe are redefined to be the 8x8 
DCT coefficient blocks above and below the 8x8 DCT 

tion: 

(12) 

An unshuffiing operator that can pre-multiply a sixteen pixel 
frame ordered column so as to reorder the even and odd 
pixel lines into top and bottom fields can be defined accord­
ing to the following equation: 

coefficient block Xb, respectively. 65 [US]
16

x
16 

= (13) 

As a first step in extending the down sampling filter of the 
present invention to two dimensional 8x8 field DCT coded 
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-continued 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

r 
X

0 j r [xtop
0

] j (21) 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 [USIT,opJ] Xb = [xtoph] 

Xe 48xl [ xtop J 24xl 
5 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8xl6 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 However, only the middle fourteen pixels are required as 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 inputs to the down sampling filter (i.e., the top five and the 

10 
bottom five pixels may be discarded from the right hand side 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
8xl6 I6x l 6 of equation (21)). Therefore, an operator [MID,

0
P]14x48 may 

be defined. The operator [MIDwp]14x4s contains only the 

The unshuflling operator [US] may be applied to a frame middle fourteen rows of [USIT,
0
P 3 ]. The mid top unshuflling 

ordered macroblock column of pixels [ xb] which is the operator [MID ,
0
p]14x 48 may be applied to the coefficients in 

inverse DCT of [Xb] in accordance with the following 15 the blocks X
0

, Xb, and Xe according to the following 
equation: equation: 

[ 
[xtopb]Sx! l (14) 

[MID,ap]l4x48 = r:: j = [xrop]l4xl 

(22) 
[US][xbh6x! = 

[xbotbJsxl 16xl 
20 

Xe 48xl 

where [ xtopb] and [ xbotb] are the pixels [ xb] reordered into 
top and bottom field pixels, respectively. If [FT8] is the eight 
point DCT forward transform matrix with rows that are the 
known eight point DCT basis vectors, the inverse of [FT8] 25 

is given by [FT8f. Let 

where [ xtop ]14x1 are the unshuflled fourteen pixels needed 
as inputs to the top field down sampling filter in order to 
calculate the top field down sampled and filtered pixels 
[ xtopb'l4xl · 

[
FTST l (15 ) The mid bottom unshuflling operator [MIDb0 ,]14x48 may 

[IT82] = 
FTST 

16x l6 

be derived in the same manner. This mid bottom unshuflling 
30 operator [MIDb

0
,]14x48 may be applied to the coefficients in 

the blocks X
0

, Xb, and Xe according to the following 
equation: where [IT82] is an IDCT operator for two vertically stacked 

eight point DCT block columns. Then the operators [US] 
and [IT82] can be combined into a single operator [USIT] 
according to the following equation: 35 

[MIDbotl!4x4S r :: 1 = [xb01Ji4xl 

lxc 1sx1 

(23) 

[ USIT]16x10=[ US][ IT82] (16) 

From equations (14) and (16), the following equation 
results: 

[ 
[xropb]Sxl l 

[US/T][XbJi6xl = 
[xbotb]sxl 16xl 

(17) 

The top eight rows of [USIT] may be defined as [USIT,
0
P] 

sxi 6 and the bottom eight rows of [USIT] may be defined as 
[USIT bo,plsxio· These newly defined operators may be 
applied to [Xb] in accordance with the following equations: 

(18) 

and 

40 
where [ xbot ]14x1 are the unshuflled fourteen pixels needed 
as inputs to the bottom field down sampling filter in order to 
calculate the bottom field down sampled and filtered pixels 
[ xbotb'l4xl. 

The down sampling filter [ dJ4x14 can be combined with 
45 the IDCT/unshuflling operators [MID] as IDCT, unshuflling, 

and down sampling filters [QL,
0
P]4x48 and [QLb

0
,]4x48 

according to the following equations; 

(24) 
50 

and 

(25) 

(19) 55 

An operator [USIT,
0

P 3 ]24x48 is defined in accordance with 

The unshuflling, IDCT, and down sampling filters [QL,
0
P] 

4x 48 and [QLbo,]4x48 may be applied to the coefficients in the 
blocks X

0
, Xb, and Xe according to the following equations 

in order to perform eight point vertical IDCT, frame to field 
conversion, vertical interblock filtering, and down sampling 
in a single step: 

the following equation: 

I 
[USIT,0 p] 

[USIT,0 p1] 24x48 = ~ 

0 

[USIT,0 p] 

0 

(20) 60 

The operator [USIT,
0
P 3 ] 24x48 may be applied to the coeffi- 65 

cients in the blocks X
0

, Xb, and Xe according to the 
following equation: 

[QL,0 P] r :: j = [xtop,,]4 1 ' 4x48 X 

Xe 48xl 

(26) 



US 6,628,714 Bl 
13 

and 

(27) 

The unshuffling and down sampling filters [QL,
0
P]448 and 

[QLb
0

,]4x48 can be combined as a single unshuffling and 
down sampling filter according to the following equation: 

[ 
[QL,0 p] l 
[QL l = [QLlsx4s 

bor 8x48 

(28) 

5 

10 

14 
coded vertical macroblock columns [Xb] and [XJ of the 
above example, the operator [USIT,

0
P 3 ] is given by the 

following equation: 

[US/Twp] 

0 

(33) 

As before, the operator [MID,
0
P]14 x 48 contains the middle 

fourteen rows of [USIT,
0
P 3 ] 24x48. In the same manner, 

flexible operators [USITh0 , 3]24x48 and [MIDh0 ,]14x48 can be 
derived. The [MID] operators can be combined with the 

Accordingly, the unshuffling and down sampling filter 
[OL]x8 x48 may be applied to the coefficients in the blocks 
Xa, Xb, and Xe in a single step according to the following 
equation: 

15 down sampling filter [ d] in the manner of equations (24) and 
(25) so as to form flexible operators [OL,

0
P] and [OLh

0
,] for 

any combination of frame or field DCT coded macroblocks. 

Thus, for any combination of frame or field DCT coded 

r 
Xa j [ [xtop~] l 

[QLlsx48 xb = [xbof,] 
X b Sxl 

c 48xl 

(29) 

20 macroblocks, a combined operator which includes an eight 
point IDCT, frame to field conversion, and interblock filter­
ing and down sampling can be devised according to the 
following equations: 

25 

IB2.-Frame Pictures: Vertical Processing: Assume 
That Some Macroblocks are Frame DCT Coded 

and Some are Field DCT Coded 

(34) 

As discussed above, frame pictures may contain a mix of 30 and 
frame and field DCT coded macroblocks. Thus, any of 
macroblock columns [X0 ], [Xb] or [XJ may be frame or 

(35) 
field coded. If it is assumed, for example, that [X

0
] is field 

coded and that [Xb] and [XJ are frame coded, then the field 
coded macroblock column [X

0
] is received according to the 35 

following equation: 

[ 
[Xtop] l 

[Xali6xl = [Xbot:] 
(30) 

40 

Therefore, this macroblock column [X
0

] need not be split 
into field columns as the macroblock columns [Xb] and [Xe] 
must be. As a result, the unshuffling operator is not needed 
and the IDCT operator may be applied according to the 45 
following equation: 

(31) 

50 

It should also be noted that [IT82,opl8xl6[Xal16xl =[ xtopal8x1 
and that [IT82botlsx1o[XaJ1ox1 =[ xbotalsx1 · 

A combined unshuffling and IDCT operator may be 
defined according to the following equation (which is simi- 55 
lar to equation (20)): 

(32) 

The top and bottom [OL] operators can be combined in 
accordance with the following equation: 

[ 
[QL,0 p] l 

= [QLlsx48 
[QLbot] 8x48 

(36) 

Thus, the unshuffling and down sampling filter [QL ]8x48 
may be applied to the coefficients in the blocks X

0
, Xb, and 

Xe in a single step per macroblock column according to the 
following equation: 

r 

Xo j [ [xtop~] l 
[QLlsx48 xb = [xbof,] 

X b Sxl 
c 48xl 

(37) 

IB3.-Frame Pictures: Two Dimensional Processing 

The above discussion relates only to vertical processing of 
either frame coded or field coded frame pictures, but may be I 

[OP,0 rol 

[USIT,opJ]24x48 = ~ [OP,opb] 

0 60 easily extended to two dimensional 16x16 macroblocks with 
vertical processing on each column using [OL]8x48 from 
equation (37) as described above and horiwntal processing 
on each row of each 8x8 block with a four point IDCT. where [OP,opn=[VSIT,

0
P] if the vertical macroblock [Xn] is 

frame coded, and [OP,opn]=[IT82,
0
J if the vertical macrob­

lock [Xn] is field coded. There are 23=8 possible configu- 65 

rations for this flexible operator [USIT,
0
P 3 ]. In the case of 

the field coded vertical macroblock column [X0 ] and frame 

Accordingly, let X
0

, Xb, and Xe be redefined to be three 
vertically stacked 16x16 macroblocks according to the fol­
lowing equations: 
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(38) 

and 

[ ] _ [ [Xb1 lsxs [Xb2lsxs l 
xb i,xi, - [XbJlsxs [Xb,lsxs 

(39) 

and 

5 

10 

16 
and 

(46) 

Then, horizontal DCT domain filtering and down sampling 
is performed according to the following equations: 

(47) 

C
40J 15 and 

The left and right halves of the macroblock [X0]16x 1 6 may 
be redefined in accordance with the following equations: 

and 

[ 
[Xa2lsxs l 

[XaRl16x8 = [X ] 
a4 SxS 

(41) 

(42) 

20 

25 

30 

The macroblocks [XbLJioxs, [XbR]l6xs, [XcLJioxs, and 
[XcR]l6xs may be similarly defined. 

As a first step in developing an operator for performing 
vertical processing on each column using [QL]8 x48 from 35 

equation (37) as described above and horizontal processing 
on each row of each 8x8 block with a four point IDCT, the 
high order horizontal coefficients of each 8x8 block [X] are 
discarded so that each 8x8 block [X] becomes a an 8x4 
block [Z]. Thus, [Z01 ] 8 x4 is defined as the left half of 40 

[X01 ]sxs, [Z02] 8 x4 is defined as the left half of [X02isxs, 

[Z03 ] 8 x4 is defined as the left half of [X03]sxs, and [Z04] 8 x4 

is defined as the left half of [X04] 8xs· These 8x4 blocks can 
be combined in accordance with the following equations: 

45 

[ 
[Za1lsx4 l 

[ZadJ6x4 = [4,1Jsx4 
(43) 

and 50 

[ 
[Za2lsx4 l (44) 

[ZaR]!6x4 = [Z ] 
- a4 Sx4 

(48) 

where [T4] is the four point DCT basis vector matrix. Thus, 
the two dimensional down sampled and filtered macroblock 
is given by the following expression: 

[ 
[xtop~L]4x4 [xtop~R] 4x4 ] 

[xbot,,Ll4x4 [xbot,,R]4x4 

IC.-IDCT Module: Block Diagram (FIG. 5. 
Module 102) 

(49) 

The filtering and down sampling module 102 of FIG. 5 is 
shown in more detail in FIG. 6 and utilizes the above derived 
operators [Od;,] for field pictures and [OL] for frame pictures 
in order to perform vertical processing as well as the four 
point IDCT operator [T4] for horizontal processing. Thus, 
the filtering and down sampling module 102 can handle both 
field pictures ( containing all field DCT coded blocks) and 
frame pictures containing only frame DCT coded macrob­
locks or a mix of field DCT coded macroblocks and frame 
DCT coded macroblocks. The output of the filtering and 
down sampling module 102 is always field based filtered and 
down sampled. All blocks undergo the same horizontal 
processing (the four point IDCT), but for vertical 
processing, the [QL] operator is used when necessary to 
effectively convert the frame coding to field coding, and then 
to filter and down sample each field separately. It should be 
noted that matrix multiplication is not commutative (i.e., 
A *B does not in general equal B* A). Therefore, each matrix 
multiplier has a pre and a post input. 

ICl.-Field Pictures 

A coefficient discarder 120 of FIG. 6 drops the four high 

[ZbL]16x4, [ZbR]16x4, [ZcL]16x4, and [ZcR]l6x4 can be simi­
larly defined. Then, field based vertical filtering and down 
sampling of the left and right halves of [Xb] is given by the 
following equations (using the flexible operator [OL], from 
equation (32)): 

55 order horizontal coefficients from each row of every 8x8 
DCT coefficient block. A memory 122 stores three rows of 
I or residual coefficient macro blocks. (A row of macroblocks 
consists of a rectangle of pixels one macro block high by the 
number of macroblocks needed to go from the left to the 

(45) 

60 right side of a picture.) In case of unsent residual 
macroblocks, all coefficients are assumed to be zero. Three 
vertically stacked blocks [Z]24x4 (see equation (9)) at a time 
are read from the memory 122 and are directed to a vertical 
matrix multiplier 124 by a router 126 in response to a DCT 

65 coding type ( field or frame). 
The vertical matrix multiplier 124 performs the eight 

point vertical IDCT with vertical interblock filtering and 
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down sampling in accordance with equation (10). Thus, the 
vertical matrix multiplier 124 pre-multiplies the three ver­
tically stacked blocks [Z]24x 4 by [Qa;,]4x 24 in order to 
produce [Gb]4 x 4 . A selector 128 directs the vertically pro­
cessed block [Gb] to a horizontal matrix multiplier 130. The 5 

horizontal matrix multiplier 130 performs a horizontal four 
point IDCT on [Gb] in accordance with equation (11) so as 
to produce [ xb']. 

18 
IL-Prediction Up Sampling and Down Sampling 

HA-Derivation of Vertical Up sampling Filter 
Matrix [u] 

The vertical prediction filtering implemented by the 
motion compensator 104 of FIG. 5 is now explained. An up 
sampling filter [ u] applied by the motion compensator 104 is 
determined from the well known Moore-Penrose inverse of 

IC2.-Frame Pictures 

The coefficient discarder 120 drops the four high order 
horizontal coefficients from each row of every 8x8 coeffi­
cient block as before. The memory 122 stores three rows of 

10 the down sampling operator [d] from equations (2) and (3) 
in accordance with the following equation: 

[ U ]s40x27o=[d]'{[ dY[ d]}-1 (50) 

15 The up sampling filter [ u] is applied to a column of a reduced 
resolution reference picture [ x']270x 1 from a memory 106 in 
accordance with the following equation: 

I or residual coefficient macroblocks. In case of unsent 
residual macroblocks, all coefficients are assumed to be 
zero. Three vertically stacked macroblocks consisting of 
[ZL]48x 4 , then [ZR]48x 4 (see equations ( 45) and ( 46), for 
example) at a time are read from the memory 122 and are 
directed by the router 126 to a vertical matrix multiplier 132 

20 
in response to the DCT coding type (field or frame). The 
router 126 also routs the DCT coding type (field or frame) 
for each macroblock to QL module 134. Based on the coding 
types of the three vertically stacked macro blocks comprising 
[ZL] and [ZR], the QL module 134 creates a flexible [OL] 

25 operator as previously discussed for the "pre" input to the 
vertical matrix multiplier 132. 

The vertical matrix multiplier 132 performs an eight point 
vertical IDCT, frame to field conversion on frame coded 
macroblocks, and interblock filtering on [ZL], then on [ZR] 30 
as in equations (45) and (46). The output from the vertical 
matrix multiplier 132 is first 

[ U Js4□x27o[ x'h1ox1 =[X]s40x1 (51) 

where [x]540x 1 is the resulting up sampled column of pixels. 
The structure of[u] is based on the following twenty-one tap 
(with thirteen non-zero taps) filters: 

and 

[g,(-10) ... g,(lO)HO O O O O O O O .0011 .0372 1.2542 -.4051 
.1546 - .0576 .0215 - .0081 .0030 - .0011 .0004 - .0002 .0001 J 

go(-10) ... gi(l0)]=[.0001 -.0002 .0004 -.0011 .0030 -.0081 
.0215 -.0576 .1546 -.4051 1.2542 .0372 .0011 0 0 0 0 0 0 0 
OJ. 

[ 

[ GtopbL]4x4 l 
[ GbotbLl4x4 

The filter [g2] has the same tap values as the filter [g1] except 
in reverse order, and g1(0)=gi0)=1.2542. The up sampling 

35 filter [ u] is a circulant matrix consisting of one step shifted 
versions of [g1] and [g2] on alternate rows. Accordingly, the 
up sampling filter [ u] is given by the following equation: 

g1(0) ... g1(lO), 0 .. . 

gz(O) ... gz(lO), 0 .. . 

g 1(-l) ... g1(10), 0 .. . 

gz(-1) ... gz(lO), 0 .. . 

0 ... 
[u] = 

0. 

g1(2) ... g1(lO), 0 .. . 

g,(2) ... g,(10). 0 .. . 

g1(l) ... g1(lO), 0 .. . 

g2 (1) ... g2 (10), 0 .. . 

and then 

... 0, gi(-10) ... g1(-l) (52) 

... 0, gz(- 10) ... gz( - 1) 

. .. 0, gi(-10) ... gi(-2) 

. .. 0, g2 (-10) ... g 2(-2) 

gi(-10) ... g1(10J ... 0 

gz(-10) ... g 2 (10) ... 0 

... O,gi(-10) ... g1(l) 

... o. g,(-10) ... g,(l) 

... O,gi(-10) ... g1(0) 

... 0, g,(-10) ... g,(0) 
540x270 

It may be possible to achieve a good enough prediction using 
only the eight (or fewer) largest value non-zero taps of g1 

[ 
[GLopbR]4x4 l 
[ GbotbR l4x4 • 

55 and g2 . The fewer non-zero taps, the less reference data that 
must be read from the memory 106 for each macroblock 
prediction. For example, adequate prediction may be 
achieved with the filters given by the following equations: 

These output matrices are fed to a store and delay module 
136 which then provides the following 4x4 blocks one at a 60 

time to horizontal matrix multiplier 130 through the selector 
128: [GtopbL], [GbotbL], [GtopbR], [GbotbR]. The horizontal 
matrix multiplier 130 performs a horizontal four point IDCT 
on the rows of each 4x4 input block to produce the following 65 

corresponding 4x4 output blocks in accordance with equa­
tion (47) and (48): [XtopbL'], [xbotbL'], [xtopbR'], [xbotbR'] 

[g,]13=[0 0 0 0 0 .0372 1.2542 -.4051 .1546 -.0576 .0215 -.0081 
.0030] (53) 

and 

[g,]13=[.0030 -.0081 .0215 -.0576 .1546 -.4051 1.2542 .0372 0 0 
0 0 OJ (54) 

The vertical up sampling operation using the filters g1 and 
g2 of equations (53) and (54) can be thought of as follows. 
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The next column in FIG. 7 is [x]24x 1 which represents the 
up sampled field prediction produced by the filters g1 and g2 

which are arranged as shown in equation (52). The circled 
pixels in the second column of FIG. 7 represent the upper 

To calculate the up sampled pixel above a particular refer­
ence pixel in a down sampled reference field [ x'], the center 
value of the filter g1 (i.e., the value at gi(O)) is aligned with 
that reference pixel and a sum of products is performed 
between the non-zero taps and the aligned pixels. To calcu­
late the up sampled pixel below this particular reference 
pixel in the down sampled reference field [ x'], the center 
value of the filter g2 (i.e., the value at giO)) is aligned with 
that reference pixel and a sum of products is performed 
between the non-zero taps and the aligned pixels. 

5 and lower limits between which the g1 and g2 filter center 
taps traverse for the up sampling convolution filtering opera­
tion. This up sampling filtering operation is given by the 
following equation: 

In the down converting decoder 100, when an up sampled 
prediction is formed by the motion compensator 104, entire 
columns need not be read from the reference memory 106 to 
be filtered by [ u]. Instead, only enough pixels need to be read 

10 

to satisfy the combined need of a prediction filter formed 15 
from the up sampler filters [g1] and [g2 ] ( each 13 taps) and 
the down sampler [f] of equation (1) as described below. 

IIB.-Combined Prediction Up Sampling and 
Down Sampling 

IIBl.-Field Prediction for Field Pictures 

As shown in FIG. 7, the first column represents a portion 
of a column of pixels [ x Jsoxi from a field in the full 
resolution reference picture 16 as it exists in the encoder 10 

20 

of FIG. 1. The second column represents the corresponding 25 

portion of a column of pixels [ x']2sxi from that field in the 
down sampled reference 106 in the decoder loop of FIG. 5. 
The vertical full resolution motion vector (vmv) for a 
desired field prediction points to the indicated pixel in the 
first column. This motion vector is in units of½ pixel so that, 30 

if vmv is odd, it points between pixels at full resolution. 
It is instructive to consider the modulo values of vmv as 

defined by: 

l
vmv % 4j 

vmvrype = --
2
- (55) 35 

(57) 

where [x']2sxi represents a column of twenty-five pixels 
from the reference picture, [x]24x 1 represents the up sampled 
pixels, and the up sampling filter [ u] is based upon equations 
(53) and (54) and is given by the following equation: 

[g2]13, 0 ... . .. 0 (58) 
0, [gi]13, 0. . .. 0 

0, [g2]13, 0 ... . .. 0 
[uh4x25 = 

0 ... . .. 0, [gi]13, 0 

0 ... . .. 0, [g2]13, 0 

0 ... . .. 0, [gi]13 24x25 

After up sampling, a subsequent prediction down sam­
pling operation is then needed to produce the final desired 
down sampled field prediction macroblock [x'Jsxi column. 
This down sampling, which is described below, depends on 
vmvtype (as given by equation (56)) and whether vmv is 
even or odd. 
vmvtype=O 

For the case of an even valued vertical motion vector vmv, 
the desired down sampled field prediction is given by the 
convolution of [f]s with [x]24x 1 as follows: 

(59) 

where [ x ]24x 1 is a column of up sampled reference pixels to 
be down sampled, where [x'Jsxi are the resulting down 

40 
sampled reference pixels, where the prediction down sample 
filter [ d0] is given by the following equation: 

where% means the modulo operation. The value of vmvtype 
will be O or 1, and FIG. 7 illustrates both cases. When 
vmvtype=O, the vertical motion vector vmv points to or just 
below the top pixel of a pair of pixels in a full resolution 
reference field (i.e., the pixels with the rectangular box 
around them in the first column of FIG. 7). A pixel in the 
down sampled reference field (i.e., the pixel with the square 

45 
box around it in the second column of FIG. 7) is between the 
pixels of this pair of pixels. When vmvtype=l, the vertical 
motion vector vmv points to or just below the bottom pixel 
of this pair of pixels. Again, the pixel in the down sampled 
reference field is between the pixels of this pair of pixels. 

50 
The low resolution motion vector lvmv, which is used to 
access the prediction from the down sampled reference field, 
is given by the following equation: 

lvmvj lvmv= 4 
(56) 55 

This low resolution motion vector lvmv points to the pixel 
in the down sampled reference field (i.e., the pixel with the 
square box around it in the second column of FIG. 7). The 60 

input to the prediction filter must include that pixel in the 
down sampled reference field together with the eight pixels 
above it and the sixteen pixels below it. These twenty-five 
pixels shown in the second column of FIG. 7 are the exact 
amount that must be read as the input to the vertical 65 

prediction filtering process in order to produce a predicted 
vertical field macroblock. 

r 

[fl,, 0 ••• • •• 0 j 
[dolsxz4 = 0, 0, [fls, 0 ... . .. 0 

0 ... . .. 0, [fls, 0, 0 Sx24 

(60) 

and where [f]8 is from equation (1). The vertical prediction 
up sample and down sample filtering can be combined into 
a single operation given by the following equation: 

[PLo_,vJ[x'lzsxl ~[x'lsx1 (61) 

where [ x']2sxi is a column of reference pixels from the 
memory 106, where [x'Jsxi are the pixels resulting from the 
prediction up sampling and down sampling, and where the 
up sampling and down sampling filter [PL0_evJ is given by 
the following equation: 

(62) 

For the vmv odd valued case, up sampling must be 
followed by ½ pixel linear interpolation given by the fol­
lowing equation: 

(63) 

where [ x ]24x 1 are the pixels resulting from prediction up 
sampling, where [xJ24x 1 are the prediction up sampled 
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pixels resulting from linear interpolation, and where the 
linear interpolation filter [LI] is given by the following 

1/2 1/2 0 ... . .. 0 (64) 

0 1/2 1/2 0 ... ... 0 
[Lih4x24 = 

0 ... ... 0 1/2 1/2 

0 ... . .. 0 24x24 

22 
IIB2.-Field Prediction for Frame Pictures 

5 

Then down sampling is performed in accordance with the 10 

following equation: 

In the case of field prediction for frame pictures, two 
independent field predictions for the frame macroblock are 
required. As shown in FIG. 8, the first column represents a 
portion of a column of pixels [ x ]42x1 from a field in the full 
resolution reference picture 16 as it exists in the encoder 10 
of FIG. 1. The second column represents the corresponding 
portion of a column of pixels [ x']21 x 1 from that field in the 
down sampled reference 106 in the decoder loop of FIG. 5. 
The full resolution vertical motion vector (vmv) for a 
desired field prediction points to the indicated pixel in the 
first column. This motion vector is in units of ½ pixel. 
Accordingly, if the full resolution vertical motion vector 
vmv is odd valued, it points between pixels at full resolution. 

Vertical prediction up sampling, linear interpolation, and 15 

prediction down sampling can be combined into a single 
operation as given by the following equation: It is again instructive to consider the modulo values of 

vmv as given by equation (55). As indicated, the value of 
vmvtype will be O or 1. FIG. 8 illustrates both cases. When (65) 

where the combined vertical prediction up sampling, linear 
interpolation, and prediction down sampling filter [PLO-odd] 
sx2s is given by the following equation: 

[do][LJ][uHPLo-aidlBx25 (66) 

vmvtype=l 
For the case of an even valued vertical motion vector vmv, 

the desired down sampled field prediction is given by the 
convolution of [f]8 with [x]24x 1 as follows: 

(67) 

where the prediction down sampling filter [ d1 ] is given by 
the following equation: 

r 

0, [/ls , 0 ... 

[dil 8x24 = 0, 0, 0, [/]8 , 0 .. 

0 ... 

• •• 0 j 
. .. 0 

•• • O, [/ls, O Sx24 

(68) 

The vertical prediction up sample and down sample filtering 
can be combined into a single operation according to the 
following equation: 

[ PL ,_,J[x'lzsx1 =[ x'lsxl (69) 

where the combined vertical prediction up sample and down 
sample filter [PL1_eJ is given by the following equation: 

20 vmvtype=O, the vertical motion vector vmv points to or just 
below the top pixel of a pair of pixels in a full resolution 
reference field (i.e., the pixels with the rectangular box 
around them in the first column of FIG. 8). A pixel in the 
down sampled reference field (i.e., the pixel with the square 

25 box around it in the second column of FIG. 8) is between the 
pixels of this pair of pixels. When vmvtype=l, the vertical 
motion vector vmv points to or just below the bottom pixel 
of this pair of pixels. Again, the pixel in the down sampled 
reference field is between the pixels of this pair of pixels. 

30 The low resolution motion vector lvmv, which is used to 
access the prediction from the down sampled reference field, 
is given by equation (56). This low resolution motion vector 
lvmv points to the pixel in the down sampled reference field 
(second column) with the box around it. The input to the 

35 prediction filter must include that pixel, the eight pixels 
above it, and the twelve pixels below it. These twenty-one 
pixels are the exact number of pixels that must be read as 
inputs to the vertical prediction filtering process in order to 
produce a predicted vertical field block. 

40 
The third column in FIG. 8 is [x]16x1 which represents the 

up sampled field prediction produced by the filters g1 and g2 

given in equations (53) and (54). The circled pixels in the 
second column [ x']21x 1 represent the upper and lower limits 

45 between which the center taps of the filters g1 and g2 traverse 
during the up sampling convolution operation. 

The up sampling operation is given by the following 
equation: 

[d1 ][u]=[PL,_,Jsx25 (70) 50 (73) 

For the case of an odd valued vertical motion vector vmv, 
up sampling must be followed by ½ pixel linear interpola­
tion given by equation (63). Then, down sampling is per­
formed in accordance with equation (67). The vertical up 55 

sampling, linear interpolation, and down sampling can be 
combined into a single operation given by the following 
equation: 

(71) 60 

where the combined vertical up sampling, linear 
interpolation, and down sampling filter [PL1 _

0
dd] is given by 

the following equation: 65 

[d,][LI][u]=[PL,_o,idlox25 (72) 

where [ x']21x 1 is twenty-one pixels from the reference 
picture stored in the memory 106, [ x Jioxi are the resulting up 
sampled pixels, and the up sampling filter [ u] is given by the 
following equation: 

[g2]13, 0 ... 0 (74) 
0, [gi]13, 0 ... . .. 0 

0, [g2Ji3, 0 ... . .. 0 
[uJ1,x21 = 

0 ... . .. 0, [giJ13, 0 

0 ... . .. 0, [g2]13 , 0 

0 ... . .. 0, [gi]13 16x21 

A subsequent prediction down sampling operation is then 
needed to produce the final desired down sampled field 



US 6,628,714 Bl 
23 

prediction [x']4xi· This down sampling, which is described 
below, depends on vmvtype and whether vmv is even or odd 
valued. 
vmvtype=O 

24 
where the combined vertical up sampling, linear 
interpolation, and down sampling filter [PLO-odd] is given by 
the following equation: 

(83) 

vmvtype=l 
For the case where the vertical motion vector vmv is even 5 

valued, the desired down sampled prediction is given by the 
convolution of [f] with [x]1 6 x 1 in accordance with the 
following equation: 

For the case where the vertical motion vector vmv is even 
valued, the desired down sampled field prediction is given 
by the convolution of [ f] with [ x ]16x 1 in accordance with the 

(75) 10 following equation: 

where [x]16x 1 are the up sampled pixels to be down sampled, 
where [x']4 x 1 are the resulting down sampled pixels, and 
where [ d0 ] is the down sampling filter given by the following 
equation: 

[fl, 0 0 0 0 0 0 0 0 (76) 
0 0 [fl, 0 0 0 0 0 0 

[dol4xl6 = 
0 0 0 0 [fl, 0 0 0 0 

0 0 0 0 0 0 [/ls 0 Q 4xl6 

The vertical prediction up sample and down sample filtering 
can be combined into a single operation given by the 
following equation: 

(77) 

where the combined up sampling and down sampling filter 
[PL0 _eJ is given by the following equation: 

(78) 

For the case where the vertical motion vector vmv is odd 
valued, up sampling must be followed by ½ pixel linear 
interpolation given by the following equation: 

(79) 

where [x]1 6 x 1 are the up sampled pixels to be linearly 
interpolated, where [x;]16x 1 are the resulting linearly inter­
polated pixels, and where the linear interpolation filter is 
given by the following equation: 

d,J[xli6x1 =[x'l4x1 (84) 

where the down sampling filter [ d1 ] is given by the following 
equation: 

15 

([di]J4xl6 = (85) 

0 ([Ills 0 0 0 0 0 0 0 

0 0 0 l[/Ds 0 0 0 0 0 

20 0 0 0 0 0 ([IDs 0 0 0 

0 0 0 0 0 0 0 ([fl), 0 4xl6 

The vertical prediction up sample and down sample 
25 filtering can be combined into a single operation given by 

the following equation: 

(86) 

where the combined up sampling and down sampling filter 
30 [PL1 _evJ is given by the following equation: 

[ d,][ U ]=[PL,_evJ4x2l (87) 

For the case where the vertical motion vector vmv is odd 
valued, up sampling must be followed by ½ pixel linear 

35 interpolation given by the following equation: 

(88) 

where the linear interpolation filter is given by equation (80). 
Then, down sampling can be performed in accordance with 

40 the following equation: 

(89) 

1/21/20. 

0 1 /2 1 /2 0 ... 

. .. 0 

. .. 0 

Vertical up sampling, linear interpolation, and down sam­
pling can be combined into a single operation given by the 

(
8
0) 45 following equation: 

[L!Ji6xl6 = 
0 .. . 

0 .. . 

... 0 1 /2 I /2 

... 0 16xl6 

Down sampling is then performed in accordance with the 
following equation: 

(81) 

50 

(90) 

where the combined vertical up sampling, linear 
interpolation, and down sampling filter [PL1_

0
dd] is given by 

the following equation: 

[d,][LJ][u]=[PL,_o,fdJ4x2l (91) 
55 

where [xJ1 6 x 1 are the up sampled and linearly interpolated IIB3.-Frame Prediction for Frame Pictures 
pixels to be down sampled, where [ x']4 x 1 are the resulting 
down sampled pixels, and where [ d0] is the down sampling 
filter given by equation (76). 

This vertical up sampling, linear interpolation, and down 60 
sampling can be combined into a single operation given by 

For the case of frame prediction, two field predictions 
must be derived to match the residual values which have 
been converted by the filtering and down sampling module 
102 from a frame DCT coded macroblock to a field DCT 
coded macroblock. As show□ in FIG. 9, the first column 
represents a portion of a vertical column of pixels from a full 
resolution reference frame 16 in the encoder 10 of FIG. 1. 

the following equation: 

C
82l The second column represents the corresponding portion of 

65 a column of pixels [ xtb ']42x 1 from that frame in the down 
sampled reference from the memory 106 of the decoder 
loop. The full resolution motion vector (vmv) for a desired 
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frame prediction points to the indicated pixel in the first 
column. This motion vector is in units of ½ pixel. If vmv is 
odd valued, it points between pixels at full resolution. 

The input to the prediction filter of the motion compen- 5 

sator 104 is the group of forty-two vertical pixels [xtb'] in the 
second column. To correctly access the group of forty-two 
vertical pixels, the vertical component of the full resolution 
motion vector is modified according to the following equa-

10 
tion: 

lvmvj lvmv=2 8 
(92) 

26 

, [ [xrop'l 16xl l 
[uh2x4z[xtb ]42xl = , 

[xbor'J 16x l 32xl 

(97) 

Therefore, the up sampled prediction consists of [ xtop ]16x 1 

and [xbot]16x 1 , which are the 3rd and 4th columns, 
respectively, in FIG. 9. 

A subsequent prediction down sampling operation ( on 
each up sampled field) is then required in order to produce 
the final desired pair of field predictions. The down 
sampling, described below, depends on vmvtype and 
whether vmv is even or odd valued. 

15 vmvtype=O, vmv even valued 

This low resolution vertical motion vector lvmv will point to 
a top field pixel (xtop') in the down sampled reference frame. 
The input to the prediction filter must include the sixteen 
pixels above it and the twenty-five pixels below it. 

The vertical motion vector vmv can be classified into one 
of four types based on a value vmvtype, each having a 
different spatial relationship to the down sampled reference 
frame as shown in FIG. 9. These classifications are given by 
the following equation; 

lvmv%8j 
vmvtype = --

2
-

(93) 

where vmvtype can have values of 0, 1, 2, or 3 according to 
equation (93). From the definitions of [g1 ] 13 and [g2 ] 13 in 
equations (53) and (54), respectively, two twenty-five tap 
filters may be defined in accordance with the following 
equations: 

(94) 

The down sample filter for each field prediction is given 
by the following equation: 

20 [do-,op]4x16 = (98) 

25 

30 

([/]), 0 0 0 0 0 0 0 0 

0 0 ([/Ds 0 0 0 0 0 0 
[do-botl4x16 = 

0 0 0 0 ([/Ds 0 0 0 0 

0 0 0 0 0 0 ([/]), Q Q 4xl6 

The down sampling filter [d0 ] 8 x 32 may then be defined 
according to the following equation: 

[ 
[do- top]4x16 0 l 

[dolsx32 = 
0 [do-bo,l4xl6 

(99) 

35 Independently down sampling each up sampled field results 
in the desired field predictions as given by the following 
equation: 

(100) 

[gx2]25 = [g2(0) 0 g2(l) 0 g2(2) 0 ... g,(12)] (95) 40 [ 
[xtop]16xl l [ [xtop']4xl l 

[dolsx32 = 
[xbotli6xl 32xl [xbof]4xl 

The up sampling filter [ u] is then given by the following 
equation: 

([u])32x42 = 

[gx2], 0, 0, 0 .. . ... 0 

... 0 O. O. [gx1].0 .. . 

0, 0, [gx2]. 0 . . . . .. 0 

o ... . .. o, [gx1]. o, o, o 
0 . . . . .. 0, [gx2]. 0, 0, 0 

0 . . . . .. 0, 0, 0, [gxi], 0 

0, [gxz], 0, 0, 0 . . . . .. 0 

0, 0, 0, [gx1]. 0 . . . . .. 0 

0, 0, 0, [gx2]. 0 . . . . .. 0 

0 . . . . .. 0, [gxi]. 0, 0 

0 .. . 

0 .. . 

... 0, [gx2 ]. 0, 0 

. .. 0, 0, 0, [gxiJ 

(96) 

16x42 

16x42 32x42 

45 

A combined up sample-down sample filter is given by the 
following equation: 

(101) 

This combined up sample-down sample filter may be used to 
produce the desired field predictions as given by the fol-

50 lowing equation: 

55 

60 

, [ [xwp'l4xl l 
[Pl;J_,,Jsx42[xib l42xl = , f 

[xbo l4xl 

(102) 

vmvtype=O, vmv odd valued 

As shown above, the independently up sampled field 
prediction is given by the following expression: 

[ 
[x10p]16xl l 
[XboiJi6xl 32xl 

(103) 

Independently up sampling each field of [xtb']42x 1 from the 65 

down sampled reference frame in FIG. 9 is performed in 
accordance with the following equation: 

The separately up sampled fields must be shuffled and 
linearly interpolated. The shuffle/interp operator is given by 
the following equation: 
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r 

.5 0 ... ••• 0 j 

r 

.5 0 ... 

~ ... 

. 5 0 ... ... 0 

~ ... 

. 5 0 ... 

... 0 .S l6xl6 

[SLlh2x32 = 0 . 5 0 ... ... 0 . 5 0 ... 

0 0 . 5 0 ... ... 0 0 .5 0 ... 

0 ... ... 0 . 5 0 ... ... 0 

0 ... ... 0 16xl6 0 ... 

The shuffling and linear interpolation performed on the up 
sampled fields is given by the following equation: 

[ 
[xwpJi6xl l [ [xtopt]16x! l 

[SLlh2x32 = 
[Xbot]16x l 32x l [Xbott]16xl 32xl 

(106) 

28 

••• 0 j 
... 0 

... 0 .S 16xl 6 

(1 04) 

... 0 

... 0 

.5 0 

. .. 0 16xl6 32x32 

manner similar to the derivation of [PL0_eJ and [PLo-odd] 
(shown in equations (101) and (108)), and may be used in 

15 accordance with the following equation in order to produce 
the desired field prediction for the vmv even valued case: 

(113) 

Independently down sampling each up sampled, shuffled, 
20 and linearly interpolated field results in the desired field 

predictions given by the following equation: 
and for the vmv odd valued case: 

[ 
[x,op,]16xl l [ [x,opi']4xl l 

[dolsx32 , = , ., 
[xbott]16xl 32xl [xbott J4xl Sxl 

(107) 

where the down sampling filter [ d0 ] 8 x32 is given by equation 
(99). 

25 

The operations of the up sampling filter [ u ], the shuffling 
and linearly interpolating filter [SLI], and the down sam- 30 

pling filter [d0 ] may be combined according to the following 
equation: 

(108) 

and the desired field predictions are given by the following 35 

equation: 

, [ [xtopt]4xl l 
[Pl;i-oddlsx42 [xtb l42xl = , . 

[xbott]4x1 

vmvtype-1 

(109) 

The down sampler for each field prediction is given by the 
following two equations: 

0 [/ls 0 0 0 0 0 0 0 (ll0) 

0 0 0 [fls 0 0 0 0 0 
[d1-,opl4x16 = 

0 0 0 0 0 [/ls 0 0 0 

0 0 0 0 0 0 0 

40 

45 

, [ [x,opi']4xl l 
[PL1-oddlsx42[xtb l42xl = , ., · 

[xbotl l4 x 1 

(114) 

vmvtype=2 

The down sampling filter for each field prediction is given 
by the following equation: 

[d2-top]4 x l6 = (115) 

0 [fl, 0 0 0 0 0 0 0 

0 0 0 [fls 0 0 0 0 0 
[dz-botl4xl6 = 

0 0 0 0 0 [fl, 0 0 0 

0 0 0 0 0 0 0 Uls Q 4xl6 

which can be combined according to the following equation: 

[ 
[ d2-to;, l4xl6 0 l 

[d2lsx32 = 
0 [d2-bo,]4xl6 

(116) 

Using the down sampling filter of equation (116) in the same 
manner as the derivations for vmvtype=O and 1, the com­
bined filters [PL2 _eJsx42 and [PL2 _odd]sx42 can be derived [fl s Q 4xl6 

50 and can be used according to the following equations in 
order to produce the desired field prediction for the vmv 
even valued case: 

[fls 0 0 0 0 0 0 0 0 (ll l ) 

0 0 [/ls 0 0 0 0 0 0 
[dJ-hot l4xl6 = 

0 0 0 0 [fls 0 0 0 0 

0 0 0 0 0 0 [fl, 0 Q 4xl6 

which may be combined into a single operator as given by 
the following equation: 

(ll2J 

Using this combined down sampling filter [d1], combined 
filters [PL1 _ e J s x 42 and [PL1 _

0
dd]sx42 may be derived in a 

55 
, [ [,'i:wp' l4xl l 

[PL,_,,lsx42[xtb l42xl = , 
[xbof] 4x1 

(117) 

and for the vmv odd valued case: 

60 
(118) 

65 vmvtype=3 

The down sampler for each field prediction is given by the 
following two equations: 
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0 0 [/ls 0 0 0 0 0 0 (119) 

0 0 0 0 [/ls 0 0 0 0 
[d3-top]4x!6 = 

0 0 0 0 0 0 [/ls 0 0 

0 0 0 0 0 0 0 0 [/ls 4xl6 

0 [/ls 0 0 0 0 0 0 0 (120) 

0 0 0 [/ls 0 0 0 0 0 
[d3-bot l4x l6 = 

0 0 0 0 0 [/ls 0 0 0 

0 0 0 0 0 0 0 [/ls Q 4xl6 

These two down sampling filters can be combined according 
to the following equation: 

[ 

[d3-top]4xl6 

[J3_~J4xl6 l (121) 
[d3Jsx32 = O 

Using the down sampling filter of equation (121) in the same 
manner as the derivations for vmvtype=0, 1, and 2, the 
combined filters [PL3_eJsx42 and [PL3 _ 0 aaJsx42 can be 
derived and can be used according to the following equa­
tions in order to produce the desired field prediction for the 
vmv even valued case: 

5 

10 

15 

20 

25 

30 

[PL,i_,,], [P1<J-odd] 

[PL1_,,], [PL1-odd] 

[PL,z_,,], [PLz-odd] 

[PL,_,,], [PL3-odd] 

IID.-Motion Compensator Block Diagram (FIG. 
5, Module 104) 

The motion compensator 104 is shown in more detail in 
FIG. 10. A motion vector translator 150 translates the 
received full resolution motion vector into a low resolution 
motion vector as previously described. This low resolution 
motion vector is then converted into reference picture 
memory addresses for supply to the memory 106. Vertically, 
this translation and conversion depends on the prediction 
type (frame or field) as described in the preceding discus­
sion. The reference pixels read from the memory 106 by the 
addresses from the motion vector translator 150 are supplied 
to a horizontal prediction filter 152. Horizontal prediction 
filtering occurs in the horizontal prediction filter 152 and is 
the same as previously described in connection with the 
minimum drift prediction for a four point IDCT. 

The results of the horizontal prediction filtering are sup­
plied to a vertical prediction filter 154. Vertical prediction 
filtering (up sampling and down sampling) is performed by 
the vertical prediction filter 154 depending upon the predic-

, [ [xtop'J4xl l (122) 30 
tion type and vmv value (odd or even) as described above. 
Thus, depending on prediction type and vmv value (odd or 
even), the correct vertical filter operator [PL] is read from a 
memory 156 and is applied to each column of pixels as they 
are received from the horizontal prediction filter 152. The 

[PL3_,,Jsx4z[xtb ]42x1 = , 
[xbot'J4xl 

and for the vmv odd valued case: 

, [ [xtop(]4x! l 
[PL3-oddlsx42 [xtb ]42xl = , . · 

[xbot(]4x1 

lIC.-Summary of Derived Vertical Prediction 
Filter Operators 

IICl.-Field Prediction for Field Pictures 

(123) 

The following operators from equations (62), (66), (70), 
and (72) are used for field prediction of field pictures and are 
8x25 matrices: 

IIC2.- Field Prediction for Frame Pictures 

The following operators from equations (78), (83), (87), 
and (91) are used for field prediction of frame pictures and 
are 4x21 matrices, with two predictions required per mac­
roblock: 

IIC3.-Frame Prediction for Frame Pictures 

The following operators from equations (101), (108), and 
similar equations are used for frame prediction of frame field 
pictures and are 8x42 matrices: 

35 
horizontally and vertically filtered prediction is supplied by 
the vertical prediction filter 154 to an adder 108 (FIG. 5) to 
be added to the incoming residual macroblock from the 
filtering and down sampling module 102. 

The spatial effect of the vertical down sampling method 

40 implemented by the filtering and down sampling module 
102 of FIG. 5 must be considered. FIG. 11 shows the 
effective spatial relationship between the original full reso­
lution pixels of an interlaced picture (pixels A for the top 
field and pixels B for the bottom field as shown by the first 

45 column of FIG. 11) and those of the corresponding down 
sampled interlaced picture (pixels "a" for the top field and 
pixels "b" for bottom field as shown by the second column 
of FIG. 11). It is noted that the derived "a" pixels fall half 
way between every other pair of A pixels, and the derived 

50 "b" pixels fall half way between every other pair of B pixels. 

55 

It is also noted that, in the original full resolution picture, the 
B pixels fall half way between the A pixels. However, it can 
be seen that, in the resulting down sampled picture, the "b" 
pixels do not fall half way between the "a" pixels. 

Therefore, an interpolator 110 of FIG. 5 contains vertical 
filters to effectively adjust the vertical positions of the "a" 
and "b" fields so that the "b" pixels fall midway between the 
"a" pixels as shown in FIG. 12. One exemplary vertical filter 
consists of a simple linear interpolator that shifts the "a" 

60 field up by 1/8 sample position and the "b" field down by 1/8 
sample position. Filters more complicated than linear inter­
polators may also be used. 

It is also possible to eliminate the need for the interpolator 
110 of FIG. 5 by modifying the filtering and down sampling 

65 module 102 of FIG. 5 in order to achieve the above 
described 1/8 sample shifts for each of the fields. In this 
case, two different filters would be needed as replacements 
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IIE2.-½ Pixel Interpolation in Both Directions for f8 of equation (1), one for the A or top field and one for 
the B or bottom field. A down sampling filter for the A field 
filter given by the following equation would be derived 
similarly to that of equation (1) but would include an 1/8 
sample shift: 

When both the horizontal and the vertical motion vectors 
are odd valued, the standard specifies a four way interpola-

5 
tion given by the following equation: 

[fAH-0.0104 -0.0057 0.1615 0.4130 0.3645 0.0973 -0.0156 
-0.0046] (124) 

Similarly, a down sampling filter for the B field given by the 10 

following equation would include an 1/8 sample shift in the 
opposite direction: 

l/sH-0.0046 -0.0156 0.0973 o.3645 0.4130 0.1615 -0.0057 
-0.0104] (125) 15 

Respective matching prediction filters would have to be 
derived for each of the fields in a manner exactly as 
previously described. 

IIE.-Drift Reduction for the Case of M Pixel 
Resolution Motion Vectors 

IIEl.-½ Pixel Interpolation in One Direction 

20 

l
a+b+c+d j 

4 
+0.5 

(127) 

Equation (127) shows how to handle the LSB of the calcu­
lated interpolated pixel. If a +b+c+d=S, and if S is evenly 
divisible by four ( case 1 ), the above operation is exactly 
equivalent to S/4. Otherwise, there are three other cases to 
consider (% denotes the modulo operation). In case 2, 
(S/4)%4=1, so that S/4=I.25. Equation (127) will reduce S/4 
by 0.25 (-¼ LSB). In case 3, (S/4)%4=2, so that S/4=I.5. 
Equation (127) will increase S/4 by 0.5 (+½ LSB). In case 
4, (S/4)%4=3, so that S/4=I.75. Equation (127) will increase 
S/4 by 0.25 ( +¼ LSB). 

Assuming all four cases are equally probable, then on 
average equation (127) requires an increase of (0-0.25 
+0.5+0.25)/4=1/8 LSB in the calculated interpolated predic­
tion pixel. Therefore, for the case of both horizontal and 
vertical odd valued motion vectors, the prediction output of 

25 FIG. 10 should be modified by adding 0.125 (equivalent to 
1/8 LSB) to the output of the vertical prediction filter 154 
and then rounding the prediction result to an eight bit integer 
before it is provided to the adder 108 of FIG. 5. 

As previously mentioned, motion vectors for MPEG-2 
encoded video have ½ pixel resolution. This ½ pixel reso­
lution means that, when a vertical or horizontal motion 
vector is odd valued, ½ pixel interpolation is required when 
forming a prediction from a full resolution reference or an up 30 

sampled reduced resolution reference, as is the case for the 
down converting decoder 100 of FIG. 5. The MPEG-2 
standard specifies that the ½ pixel interpolation for the case 
of either an odd valued horizontal motion vector or an odd 
valued vertical motion vector be calculated according to the 35 

following equation: 

(126) 

III.- Extension to Other Down Sampling Ratios 

It should be noted that, in the preceding section, both the 
horizontal and vertical down sampling have been effected by 
a factor of two . However, the method described is not so 
restricted, and may be extended to other down sampling 
ratios in a straightforward manner. For example, horizontal 
down sampling by utilizing a three point IDCT (instead of 
the above mentioned four point IDCT) results in horizontal 
down sampling by a factor of 8/3 and is well known in the 

where x and y are integers (assumed to be 8 bits) represent­
ing the values of full resolution reference pixels. 

This equation shows how to handle the least significant bit 
(LSB) of the calculated interpolated pixel. If x+y=S, and if 

40 art. The novel vertical methods described herein can be 
extended to down sampling by a factor, for example, of 8/5. 
A vertical filter f, similar to that of equation (1) may be used 
(perhaps one with somewhat less attenuation at higher 
frequencies). The down sampling process can be decom-

S is even, the above operation is exactly equivalent to S/2. 
45 posed into an up sample by five filter, then down sampled by 

eight. (Rational valued down sampling is well known). A 
minimum drift prediction filter may be derived from the 
down sampling filter f as previously described. 

But if S is odd, then S/2=I.5, where I is an integer, and 
equation (126) will effectively cause a round up to I+l. This 
increase from I.5 to 1+1 is equivalent to an increase of½ 
LSB. Assuming that on average, half the time S is even and 
half the time S is odd, equation (126) requires an average 
increase of ¼ LSB in the calculated interpolated prediction 
pixel. A decoder that linearly combines the calculation of S/2 
with other filtering operations (like the single step matrix 
operator of equation ( 66) executed by the vertical prediction 55 
filter 154 of FIG. 10) and that then rounds the result will 
effectively retain the fractional part of S (S=I.5 50% of the 
time instead of the desired I+ 1) until final rounding. Such a 
decoder, therefore, exhibits a DC prediction drift towards a 
darker picture until the next I frame. 

Certain modifications of the present invention have been 
so discussed above. Other modifications will occur to those 

practicing in the art of the present invention. For example, 
according to the description above, fourteen rows are used 
for performing a vertical IDCT during down conversion. 
However, any number of rows may instead be used. 

Accordingly, the description of the present invention is to 
be construed as illustrative only and is for the purpose of 
teaching those skilled in the art the best mode of carrying out 
the invention. The details may be varied substantially with­
out departing from the spirit of the invention, and the 

60 exclusive use of all modifications which are within the scope 
of the appended claims is reserved. Therefore, to more closely meet the requirements of 

equation (126) for operations such as that of equation (65) 
when the motion vector is odd valued, the prediction output 
from the vertical prediction filter 154 of FIG. 10 should be 
modified by adding 0.25 ( equivalent to ¼ LSB) to its output 65 

and then rounding the prediction result to an 8 bit integer 
before it is provided to the adder 108 of FIG. 5. 

What is claimed is: 
1. A method of down converting received frame and field 

DCT coded blocks to reconstructed pixel field blocks, 
wherein each of the received frame and field DCT coded 
blocks contains NxN values, the method comprising the 
following steps: 
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a) converting the received frame DCT coded blocks to 
converted field DCT coded blocks; 

34 
13. The method of claim 12 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 12: 

[T] 

-/2 

b) performing a horizontal M point IDCT, a vertical N 
point IDCT, vertical spatial filtering, and down sam­
pling on the received field DCT coded blocks and on 5 

the converted field DCT coded blocks in order to 
produce residual and pixel field blocks, wherein at least 
the vertical spatial filtering and down sampling encom­
passes more than N points, and wherein N>M; and, 

wherein [T] is a horizontal IDCT opertor comprising M 

10 point DCT basis vectors. 
c) adding prediction reference pixels to the residual field 

blocks in order to form reconstructed pixel field blocks. 
2. The method of claim 1 wherein N=8>M. 
3. The method of claim 2 wherein M=4. 
4. The method of claim 1 wherein the down sampling of 15 

step b) is based upon a low pass symmetrical FIR filter. 
5. The method of claim 1 wherein the vertical IDCT and 

down sampling are combined as a single operator. 
6. The method of claim 1 wherein the vertical IDCT, 

spatial filtering, and down sampling are combined as a single 20 

operator. 
7. The method of claim 1 wherein step a) comprises the 

step of applying an unshuffling operator to the received 
frame DCT coded blocks in order to convert the received 
frame DCT coded blocks to corresponding converted field 25 

DCT coded blocks. 
8. The method of claim 7 wherein the vertical IDCT and 

down sampling are combined as a single operator. 
9. The method of claim 7 wherein the vertical IDCT, 

spatial filtering, and down sampling are combined as a single 30 

operator. 
10. The method of claim 7 wherein the unshuffling 

operator comprises a plurality of elements, and wherein all 
elements of the unshuffling operator are arranged to convert 
the received frame DCT coded blocks to corresponding 35 

converted field DCT coded blocks. 
11. The method of claim 7 wherein the unshuffling 

operator comprises a plurality of elements, and wherein the 
plurality of elements are arranged to convert a mix of the 
received frame DCT coded blocks and the field DCT coded 40 

blocks to converted field DCT coded blocks. 
12. The method of claim 1 wherein step b) comprises the 

step of applying an operator [Qa,,] to the received field DCT 
coded blocks, wherein [Qa;,] is given by the following 
equation: 

wherein [ d] is a down sampling filter generally having the 

45 

following structure: 50 

14. The method of claim 1 wherein steps a) and b) 
comprise the step of applying an operator [QL] to received 
macroblocks containing the frame DCT coded blocks, 
wherein [QL] is given by the following equation: 

[QL]=[d][US][IT] 

wherein [US] generally has the following structure: 

wherein [IT] is a vertical IDCT operator generally having 
the following structure: 

[F'T]T 0 

[IT] = 0 [FT]7 ... 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

and wherein [ f] is a low pass symmetrical FIR filter. 
15. The method of claim 14 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 14: 

[T] 

-/2 

wherein [T] is a horizontal IDCT operator comprising M 

55 point DCT basis vectors. 
16. The method of claim 1 wherein steps a) and b) 

comprise the step of applying an operator [QL] to received 
macroblocks containing mixed frame and field DCT coded 
blocks, wherein the operator [QL] is given by the following 

wherein [ f] is a low pass symmetrical FIR filter, wherein [IT] 
is a vertical IDCT operator generally having the following 
structure: 

[FT] 7 0 

[IT] = 0 [FTJ' 

and wherein [FT] comprises N point DCT basis vectors. 

60 
equation: 

[QL]=[d][OP] 

wherein [OP] is a matrix containing only [US][IT] elements 
for a picture having only frame DCT coded blocks, wherein 

65 [OP] is a matrix containing [IT] and [US][IT] elements for 
a picture having both frame and field DCT coded blocks, 
wherein [US] generally has the following structure: 
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r~ 
0 0 0 0 

···1 0 1 0 0 ... 

ru,1 ° r: 0 0 0 

···1 0 0 0 ... 

5 

wherein [IT] is a vertical IDCT filter generally having the 10 

following structure: 

[F71 7 0 

[IT] = 0 [FTf 15 

wherein [FT] comprises N point DCT basis vectors, wherein 
[d] is a down sampling filter generally having the following 20 
structure: 

r[f] 

[d] = l 0 

0 0 0 0 ••• 1 
0 [~] 0 0 ••• j 

and wherein [f] is a low pass symmetrical FIR filter. 

25 

17. The method of claim 16 further comprising the post 
processing step of applying the following operator to the 30 
results of the operations recited in claim 16: 

[71 

-,fi 

36 

r 

[fl 0 0 0 0 

···1 [do]= 0 0 [fl 0 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

wherein [g1] and [g2] are derived from the following equa­
tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(n), 0 ... 

f(-n + 2) ... f(n), 0 . 

[d] = 0, f(-n + l) ... /(n), 0 ... 

... 0, f(-n+ I) ... /(-1) 

. .. 0,/(-3) 

... 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

35 21. The method of claim 19 wherein, for field prediction 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

18. The method of claim 1 wherein the frame and field 
DCT coded blocks have motion vectors associated 

40 
therewith, and wherein step c) comprises the following 
steps: 

cl) selecting the prediction reference pixels by use of the 
motion vector; and, 

c2) adding the selected prediction reference pixels to the 45 
residual field blocks to form reconstructed field blocks. 

19. The method of claim 1 wherein the frame and field 
DCT coded blocks have full resolution vertical and hori­
zontal motion vectors associated therewith, and wherein step 
c) comprises the following steps: 50 

cl) selecting the prediction reference pixels based on the 
full resolution motion vectors; 

c2) up sampling the prediction reference pixels; 
c3) down sampling the up sampled prediction reference 

55 
pixels; and, 

c4) adding the up sampled and down sampled prediction 
reference pixels to the residual field blocks to form 
reconstructed field blocks. 

for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d0][ LI][ u] 

wherein [ d0] is a down sampling filter generally having the 
following structure: 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,J 0 

20. The method of claim 19 wherein, for field prediction 60 where1·n [g1J and [g2J are der1·ved from the follow1·ng equa­
for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference lion: 
pixels: 

[d0 ][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

65 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... /(nJ. 0 ... 

f(-n+2J ... /(nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 
5 

38 

ro [fl O O O O ···1 
[d,] = l O O ~ [fl O O •• j 

wherein [ u] is an up sampling filter generally having the 
following structure: wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 

filter, and wherein [LI] is a linear interpolator generally 
having the following structure: 10 [g,] 0 0 

0 [gi] 0 

0 [g,] 0 
rl/2 1/2 0 0 ··· 1 

[LI] = l o 1 /2 1 /2 o •• • r 

22. The method of claim 19 wherein, for field prediction 
for field pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d1][u] 

15 

[u] = 

wherein [g1] and [g2] are derived from the following equa­
tion: 

[ d]'{[ dY{ d]}-1 

20 wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(nJ, 0 ... 

wherein [d1] is a down sampling filter generally having the 25 

following structure: 

f(-n + 2J ... /(nJ, 0 .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

... 0, f(-n+ lJ ... /(-lJ 

. .. 0, /(-3J 

. .. 0 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[g2] 0 0 

[u] = 
D [gi] 0 .. . 

D [g2] 0 .. . 

wherein [g1] and [g2] are derived from the following equa­
tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... /(nJ, 0 ... 

f(-n+2J ... /(nJ,0 .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(- n+lJ ... /( - lJ 

... 0, /(-3) 

... 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

23. The method of claim 19 wherein, for field prediction 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
30 filter, and wherein [LI] is a linear interpolator generally 

having the following structure: 

35 

1/2 1/2 0 0 ... 

[LI]= 0 1/2 1/2 0 

24. The method of claim 19 wherein, for field prediction 
40 for frame pictures, steps c2) and c3) comprise the step of 

applying the following operators to the prediction reference 
pixels: 

[d0 ][u] 

45 wherein [d0] is a down sampling filter generally having the 
following structure: 

50 

55 

r [fl o o o o ... 
1 [do]=l O O [~] 0 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g2] 0 0 

0 [g,J 0 

0 [g,] 0 

for field pictures, steps c2) and c3) comprise the step of 60 

applying the following operators to the prediction reference 
pixels: wherein [g1] and [gJ are derived from the following equa-

[d1][LI][u] 

wherein [d1] is a down sampling filter generally having the 
following structure: 

65 

tion: 

[ d]'{[ dY{ d]}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... /(nJ , 0 ... 

f(-n+2J ... f(nJ , 0 .. . 

[d] = 0, f(-n + l) ... f(n), 0 .. . 

... 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

5 

25. The method of claim 19 wherein, for field prediction 10 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d0 ][LI][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

15 

20 

25 
wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g2] 0 0 ... 

0 [gi] 0 

0 [g2 ] 0 ... 
30 

40 

ro [fl O O O O ···1 
[d,] = l O O O [fl O O ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

wherein [g1] and [g2] are derived from the following equa­
tion: 

[ d]'{[ d]Tidl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... /(nJ, 0 ... 

f(-n + 2J ... /(nJ, 0 . 

[d] = 0, f(-n + lJ ... /(nJ, 0 ... 

... 0, f(-n+ lJ ... /(-lJ 

... 0,/(-3J 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

wherein [g1] and [g2] are derived from the following equa- 35 27. The method of claim 19 wherein, for field prediction 
tion: for frame pictures, steps c2) and c3) comprise a the step of 

applying the following operators to the prediction reference 
[ d]r {[ dY[ d]} - 1 pixels: 

wherein [d] is a down sampling filter generally having the 40 [d,][LI][u] 
following structure: 

/(OJ ... /(nJ, 0 ... 

/(-n+2J ... /(nJ,0 .. . 

[d] = 0, f(-n + l) ... /(nJ, 0 .. . 

... 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

... 0 45 

wherein [ d1] is a down sampling filter generally having the 
following structure: 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [LI] is a linear interpolator generally so 
having the following structure: wherein [ u] is an up sampling filter generally having the 

following structure: 

1/2 1/2 0 0 

[LI] = 0 1/2 1/2 0 

26. The method of claim 19 wherein, for field prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d,][u] 

wherein [d1] is a down sampling filter generally having the 
following structure: 

55 
[u] = 

[g,] 0 0 

0 [gi] 0 

0 [g,] 0 

60 wherein [g1] and [gJ are derived from the following equa­
tion: 

65 

[ d]'{[ djTidl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... / (nJ. 0 ... 
f(-n+2J ... / (nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+l J ... /(-lJ 
. .. 0, /(-3) 

... 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [LI] is a linear interpolator generally 
having the following structure: 

rl/2 1/2 0 0 ··· 1 
[LI] = l o 1 /2 1 /2 o •• • r 

28. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d0 ][u] 

wherein [d0] is a down sampling filter generally having the 
following structure: 

[do] = [
do1 D l 
0 do2 

wherein d01 and d02 are given by the following equation: 

r[f] o o o o ... 
1 [d0i] = [d02 ] = l O O [fl O O ... j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2] 0 0 0 ... 

0 0 [gxi] 0 ... 

0 0 [gx2] 0 ... 

[u] = 
0 [gx2] 0 0 0 ... 
0 0 0 [gxi] 0 ... 
0 0 0 [gx2l 0 ... 

wherein [gx1] and [gx2] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... / (nJ, 0 ... 
f(-n+2J ... / (nJ.O .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

... 0, /(-n+l J ... /(-lJ 
... 0, /(-3J 

... 0 

and wherein [f]=f(-n+l) . . . f(n)=a low pass symmetrical 
FIR filter. 

5 

10 

15 

20 

25 

30 

42 
29. The method of claim 19 wherein, for frame prediction 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d0 ][ SLI][ u] 

wherein [ d0] is a down sampling filter generally having the 
following structure: 

[do]=[do1 0 l 
0 do2 

wherein d01 and d02 are given by the following equation: 

r[f] o o o o ... 
1 [d0i] = [d02 ] = l D O [~] 0 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[u] = 

[gx2 ] 0 0 0 .. . 
0 0 [gxiJ O .. . 

0 0 [gx2 ] 0 

D [gx2 ] 0 0 0 
0 0 0 [gx1] 0 
0 0 0 [gx2 ] 0 

35 
wherein [gx1] and [gx2] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 

40 
following structure: 

/(0) ... f(nJ, 0 ... . .. 0,/(-n+ IJ ... /(-lJ 
f(-n + 2J ... /(nJ, 0 ... . .. 0,/(-3J 

[d] = 0, f(-n + lJ ... / (nJ, 0 ... . .. 0 

45 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 

50 
having the following structure: 

r 1 /2 0 0 0 
l O I /2 0 0 

[SL/]= ro 1/2 0 0 

lo o 112 a 

.. 1 r 1 /2 

•• J l 0 

.. 1 r 1 /2 

•• J l o 

60 30. The method of claim 19 wherein, for frame prediction 

65 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d1][u] 

wherein [ d1] is a down sampling filter generally having the 
following structure: 
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[dil=[du O l 
0 d12 

wherein d11 and d12 are given by the following equations: 

r

o [fl 0 0 0 

···1 [du]= 0 0 0 [/] 0 ... 

r

[/l 0 0 0 0 

···1 [d12l = 0 0 [fl 0 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gxi] 0 ... 

0 0 [gx,] 0 ... 

5 

10 

15 

20 

44 

r[fl o o o 
[d02 ] = l O O [fl 0 

0 ••• 1 
0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gxi] 0 ... 

0 0 [gx2] 0 ... 

[u] = 
0 [gx2 ] 0 0 0 

0 0 0 [gxi] 0 ... 

0 0 0 [gx2] 0 ... 

wherein [gx1] and [gx2] are derived from the following 
equation: 

[ d]'{[ dY[ d]}-1 

[u] = 
0 [gx,] 0 

0 0 0 

0 0 

[gxi] 0 ... 
25 wherein [ d] is a down sampling filter generally having the 

following structure: 
0 0 0 [gx2] 0 ... 

wherein [gx1 ] and [gx2 ]are derived from the following 
equation: 

[d]T{[d]'Id]}-' 

30 

35 
wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... f(n), 0 ... . .. 0,/(-n+l) ... /(-1) 

f(-n+2) ... f(n),0 ... . .. 0, /(-3) 40 
[d] = 

0, f(-n + l) ... f(n), 0 ... . .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 45 
FIR filter. 

31. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 50 

wherein [d1] is a down sampling filter generally having the 
following structure: 

[dil=[du O l 
0 d12 

wherein d11 and d12 are given by the following equation: 

ro [/] 

[du]= l O 0 

0 0 0 ••• 1 
~ [/] 0 ••• j 

55 

60 

65 

/(0) ... f(n), 0 

f(-n + 2) ... f(n), 0 .. . 

[d] = 0, f( - n + l) ... f(n), 0 .. . 

. .. 0, f( - n+ l) ... /( - 1) 

... 0, /(-3) 

. .. 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

r l~2 
0 0 0 .. 1 r 1~2 

0 0 0 

···1 1 /2 0 0 1/2 0 0 ... 

[SL/]= 

r ~ 
1/2 0 0 

r 1~2 
0 0 0 

···1 ···1 0 1 /2 0 ... 1/2 0 0 ... 

32. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d2 ][u] 

wherein [ d2] is a down sampling filter generally having the 
following structure: 

[d2]=[d21 0 l 
0 d22 

wherein d21 and d22 are given by the following equation: 

r O [/] 

[d21] = [dd = l O 0 

0 0 0 ••• 1 
~ [/] 0 ••• j 

wherein [ u] is an up sampling filter generally having the 
following structure: 
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[gx2] 0 0 0 

0 0 [gx,] 0 

0 0 [gx2] 0 

[u] = 
0 [gx,] 0 0 0 

0 0 0 [gxi] 0 ... 

0 0 0 [gxz] 0 ... 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

[dY{[d]T[dl}-1 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(0) ... f(n), 0 ... 

f(-n+2) ... f(n),0 .. . 

[d] = 0, f(-n + 1) ... f(n), 0 .. . 

. .. 0,/(-n+l ) ... /(-1) 

... 0, f(-3) 

... 0 

and wherein [f]=f(-n+ 1) ... f(n)=a low pass symmetrical 
FIR filter. 

33. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[ d2][ SLfj[ u] 

46 

/(0) ... f(n), 0 ... 

f(-n + 2) ... f(n), 0 .. . 

[d] = 0, f(-n + l) ... f(n), 0 .. . 
5 

... 0, f(-n+ l) ... /(-1) 

... 0, /(-3) 

... 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 

10 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

15 

20 

25 

r 1 /2 o o o 
l o 112 o o 

[SL/]= ro
0 

1/2 0 0 

l o 112 o 

. -1 r 1 /2 

•• J l o 

. · 1 r I /2 

•• J l 0 

0 0 0 1 
I /2 0 0 : :j 

: :1 
0 0 0 

1 /2 0 0 

34. The method of claim 19 wherein, for frame prediction 
for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

[d3 ][u] 

wherein [ d3] is a down sampling filter generally having the 

30 
following structure: 

wherein [d2] is a down sampling filter generally having the 
following structure: 

35 
wherein d31 and d32 are given by the following equations: 

wherein d21 and d22 are given by the following equation: 

ro [fl O O O ••• 1 
[d2il=[d22l=lo o ~ [fl o ... j 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2] 0 0 0 

0 0 [gxi] 0 

0 0 [gx2 ] 0 

[u] = 
0 [gx2 ] 0 0 0 

o o o [gx1J o 
0 0 0 [gx2] 0 

wherein [gx1] and [gx2] are derived from the following 
equation: 

[dY{[dY[dU-' 

wherein [ d] is a down sampling filter generally having the 
following structure: 

40 

45 

50 

55 

60 

65 

[d,il = r~ 0 [fl 0 0 

···1 0 0 0 [fl ... 

[d3i] = r~ 0 [fl 0 0 

···1 0 0 0 [fl ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx2 ] 0 0 0 

0 0 [gx1l 0 

0 0 [gx2] 0 

[u] = 
0 [gxz] 0 0 0 

0 0 0 [gx1] 0 

0 0 0 [gx,] 0 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 
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/(OJ ... /(nJ. 0 ... 

f(-n+2J ... /(nJ.D .. . 

[d] = 0, f(-n + lJ ... /(nJ, 0 .. . 

. .. 0,/(-n+lJ ... /(-lJ 

... 0, /(-3) 

. .. 0 

and wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical 
FIR filter. 

5 

r l~2 
0 0 

1/2 0 

IWS
0 r: 1/2 0 

0 I /2 

48 

0 ___ 

1 

r 1 /2 0 0 0 

···1 0 ... 0 1/2 0 0 . .. 

0 ... j r I /2 
0 0 0 

···1 0 .. . 0 1/2 0 0 ... 

36. The method of claim 1 wherein down sampling is 
performed using a down sampling ratio of two. 

37. The method of claim 1 wherein horizontal down 

35. The method of claim 19 wherein, for frame prediction 10 

for frame pictures, steps c2) and c3) comprise the step of 
applying the following operators to the prediction reference 
pixels: 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
15 6, or 7. [d3 ]1.SLfj[u] 

wherein [d3] is a down sampling filter generally having the 
following structure: 

wherein d31 and d32 are given by the following equation: 

r

o o [fl 0 0 ••• j 
[d3i] = 0 0 0 0 [fl ... 

[d32] = r~ 
[fl 0 0 0 

···1 0 0 [fl 0 ... 

wherein [ u] is an up sampling filter generally having the 
following structure: 

[gx,] 0 0 0 

0 0 [gx1l 0 

0 0 [gx,] 0 

[u] = 
0 [gx,] 0 0 0 

0 0 0 [gx1l 0 

0 0 0 [gx,] 0 

wherein [gx1 ] and [gx2 ] are derived from the following 
equation: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

/(OJ ... /(nJ, 0 ... 

/(-n+2J ... /(nJ,0 ... 

[d] = D, f(-n + lJ ... /(nJ, 0 . 

... 0,/(-n+lJ ... /(-lJ 

. .. 0, /(-3) 

. .. 0 

wherein [f]=f(-n+l) ... f(n)=a low pass symmetrical FIR 
filter, and wherein [SLI] is a linear interpolator generally 
having the following structure: 

20 

25 

30 

35 

38. The method of claim 1 wherein vertical down sam­
pling is by a rational factor 8/x, and wherein x=2, 3, 5, 6, or 
7. 

39. A method of decoding a received first DCT coefficient 
block to a reconstructed field pixel block comprising the 
following steps: 

a) applying a vertical operator and a horizontal operator to 
the first DCT coefficient block in order to produce 
intermediate residual or pixel values, wherein the ver­
tical operator is applied concurrently to the first DCT 
coefficient block and to coefficients in second and third 
DCT coefficient blocks, wherein the second DCT coef­
ficient block is above the first DCT coefficient block, 
wherein the third DCT coefficient block is below the 
first DCT coefficient block, and wherein the horizontal 
operator is applied to the first DCT coefficient block but 
not concurrently to the second and third DCT coeffi­
cient blocks; and, 

b) adding prediction reference pixels to the intermediate 
residual values to form reconstructed pixels. 

40. The method of claim 39 wherein step a) comprises the 
further step of applying a vertical down sampling filter 

40 operator in order to produce the intermediate pixel values. 
41. The method of claim 40 wherein the vertical down 

sampling filter operator is a matrix comprised of low pass 
symmetrical FIR filter elements. 

42. The method of claim 40 wherein the vertical operator 
45 and the vertical down sampling filter operator are combined 

as a single operator. 
43. The method of claim 42 wherein the first, second, and 

third coded DCT coefficient blocks are field DCT coded 

50 blocks, wherein step a) comprises the step of applying an 
operator [Ga;,] to the received field DCT coded blocks, 
wherein the operator [Qa,,l is given by the following equa-

55 

60 

tion: 

wherein [ d] is a down sampling filter generally having the 
following structure: 

65 wherein [f] is a low pass symmetrical FIR filter, wherein [IT] 
is a vertical IDCT filter generally having the following 
structure: 
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[FT] 7 0 

[IT] = 0 [FTf 

50 
all of the elements of the unshuflling operator are arranged 
to convert the frame DCT coded blocks of the first DCT 
coefficient macroblock and frame DCT coded blocks of the 
second and third DCT coefficient macroblocks into corre-

5 sponding field DCT coded blocks. 

wherein [FT] comprises N point DCT basis vectors, and 
wherein [T] is a horizontal operator comprising M point 
DCT basis vectors. 

56. The method of claim 48 wherein the first, second, and 
third DCT coefficient macroblocks are comprised of a mix 
of frame DCT coded blocks and field coded blocks, wherein 
step a) comprises the further step of applying an unshuffling 

44. The method of claim 43 further comprising the post 
processing step of applying the following operator to the 
results of the operations recited in claim 43: 

10 operator, wherein the unshuflling operator has a plurality of 
elements, wherein substantially all of the elements of the 
unshuffling operator are arranged to convert the mix of 
frame DCT coded blocks and field DCT coded blocks into 

[T] 

Y2 

wherein [T] is a horizontal operator comprising M point 
DCT basis vectors. 

15 

45. The method of claim 40 wherein down sampling is 
20 

performed using a down sampling ratio of two. 
46. The method of claim 40 wherein horizontal down 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

47. The method of claim 40 wherein vertical down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 25 

6, or 7. 
48. A method of decoding a received first DCT coefficient 

macroblock, having frame DCT coded blocks, to recon­
structed field pixel blocks comprising the following steps: 

a) applying a vertical operator and a horizontal operator to 30 

the first DCT coefficient macroblock in order to pro­
duce intermediate residual or pixel values, wherein the 
vertical operator is applied concurrently to the first 
DCT coefficient macroblock and to coefficients in sec­
ond and third DCT coefficient macroblocks, wherein 35 

the second DCT coefficient macroblock is above the 
first DCT coefficient macroblock, wherein the third 
DCT coefficient macroblock is below the first DCT 
coefficient macroblock, and wherein the horizontal 
operator is applied to each block of the first DCT 40 

coefficient macroblock but not concurrently to the 
second and third DCT coefficient macroblocks; and, 

b) adding prediction reference pixels to the intermediate 
residual values to form reconstructed pixels. 

49. The method of claim 48 wherein step a) further 45 

comprises the step of applying an unshuffling operator in 
order to convert the frame DCT coded blocks of the first 
DCT coefficient macroblocks and frame DCT coded blocks 

corresponding field DCT coded blocks. 
57. The method of claim 48 wherein the first, second, and 

third macroblocks comprise frame DCT coded blocks, 
wherein step a) comprises the step of applying an operator 
[QL] to the first, second, and third macroblocks, wherein the 
operator [QL] is given by the following equation: 

wherein [US] generally has the following structure: 

0 0 0 

0 ~ :: j 

0 ••• 1 
0 •• j 

1 0 0 

0 0 I 

wherein [IT] is a vertical operator generally having the 
following structure: 

[FT]T 0 

[IT] = 0 [FTf ... 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

of the second and third DCT coefficient macroblocks into 
field DCT coded blocks. 

50. The method of claim 49 wherein step a) further 
comprises the step of applying a vertical down sampling 
filter in order to produce the intermediate residual or pixel 
values. 

50 and wherein [ f] is a low pass symmetrical FIR filter. 

51. The method of claim 50 wherein the vertical down 55 

sampling filter is a matrix comprised of low pass symmetri­
cal FIR filter elements. 

52. The method of claim 50 wherein down sampling is 
performed using a down sampling ratio of two. 

53. The method of claim 50 wherein horizontal down 60 

sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

54. The method of claim 50 wherein vertical down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

55. The method of claim 49 wherein the unshuffling 
operator has a plurality of elements, wherein substantially 

65 

58. The method of claim 57 further comprising the post 
processing step of applying the following operator to the 
results of the operations recited in claim 57: 

[T] 

Y2 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

59. The method of claim 48 wherein step a) comprises the 
step of applying an operator [QL] to the first, second, and 
third macroblocks: 

[QL][OP][d] 

wherein [OP] is a matrix containing only [US][IT] elements 
for a picture having only frame DCT coded blocks, wherein 
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a [OP] is a matrix containing [IT] and [US][IT] elements for 
a picture having both frame and field DCT coded blocks, 
wherein [US] generally has the following structure: 

r~ 
0 0 0 0 

···1 0 0 0 ... 

[US]= 

r~ 
0 0 0 

···1 0 0 0 ... 

wherein [IT] is a vertical IDCT filter generally having the 
following structure: 

[FT] 7 0 

[IT] = 0 [FTf 

wherein [FT] comprises N point DCT basis vectors, wherein 
[ d] is a down sampling filter generally having the following 
structure: 

r[f] 

[d] = l 0 

0 0 0 0 ••• 1 
0 [~] 0 0 ••• j 

and wherein [f] is a low pass symmetrical FIR filter. 
60. The method of claim 59 further comprising the post 

processing step of applying the following operator to the 
results of the operations recited in claim 59: 

wherein [T] is a horizontal IDCT filter comprising M point 
DCT basis vectors. 

61. An apparatus arranged to reconstruct pixels from a 
target DCT coefficient macroblock comprising: 

a vertical operator having sufficient size to be applied 
concurrently to the target DCT coefficient macroblock 
and an adjacent DCT coefficient macroblock; 

a horizontal operator arranged to horizontally filter the 
target DCT coefficient macroblock in order to produce 

5 

52 
intermediate pixel values in conjunction with the ver­
tical IDCT filter; and, 

an adder arranged to add prediction reference pixels to the 
intermediate pixel values in order to form reconstructed 
pixels. 

62. The apparatus of claim 61 further comprising a 
vertical down sampling filter arranged to produce down 
sampled intermediate pixel values. 

63. The apparatus of claim 62 wherein the vertical down 
10 sampling filter is a low pass symmetrical FIR filter. 

64. The apparatus of claim 62 wherein the vertical opera­
tor and the vertical down sampling filter are combined as a 
single operator. 

65. The method of claim 62 wherein down sampling is 
15 performed using a down sampling ratio of two. 

66. The method of claim 62 wherein horizontal down 
sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 
6, or 7. 

67. The method of claim 62 wherein vertical down 
20 sampling is by a rational factor 8/x, and wherein x=2, 3, 5, 

6, or 7. 
68. The apparatus of claim 61 wherein the target and 

adjacent DCT coefficient macroblocks are corresponding 
target and adjacent frame DCT coded macroblocks, and 

25 wherein the vertical IDCT filter includes an unshuffling 
operator arranged to convert the target and adjacent frame 
DCT coded macroblocks to corresponding converted target 
and adjacent field DCT coded macroblocks. 

69. The apparatus of claim 68 wherein the unshuffling 
30 operator and the vertical operator are combined as a single 

operator. 
70. The apparatus of claim 68 further comprising a 

vertical down sampling filter arranged to produce down 
sampled intermediate pixel values, and wherein the unshuf-

35 fling operator, the vertical operator, and the vertical down 
sampling filter are combined as a single operator. 

71. The apparatus of claim 68 wherein the unshuffling 
operator comprises a plurality of elements, and wherein all 
elements of the unshuffling operator are arranged to convert 

40 only frame DCT coded macroblocks to corresponding con­
verted target and adjacent field DCT coded macroblocks. 

72. The apparatus of claim 61 wherein the vertical opera­
tor includes an unshuflling operator arranged to convert a 
mix of frame and field DCT coded macroblocks to corre-

45 sponding converted field DCT coded macroblocks. 

* * * * * 




