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MACROBLOCK LEVEL ADAPTIVE 
FRAMEIFIELD CODING FOR DIGITAL 

VIDEO CONTENT 

The present application claims priority under 35 U.S.c. 
§ 119( e) from the following previously filed Provisional 
Patent Applications: Ser. No. 60/333,921, filed Nov. 27, 
2001; Ser. No. 60/395,734, filed luI. 12, 2002; Ser. No. 
60/398,161, filed luI. 23, 2002; all of which are herein 
incorporated by reference. This application is also a Divi- 10 

sional of U.S. patent application Ser. No.1 0/301 ,290 filed on 
Nov. 20, 2002 now U.S. Pat. No. 6,980,596, which is herein 
incorporated by reference. 

2 
Video coding transforms the digital video content into a 

compressed form that can be stored using less space and 
transmitted using less bandwidth than uncompressed digital 
video content. It does so by taking advantage of temporal 
and spatial redundancies in the pictures of the video content. 
The digital video content can be stored in a storage medium 
such as a hard drive, DVD, or some other non-volatile 
storage unit. 

There are numerous video coding methods that compress 
the digital video content. Consequently, video coding stan
dards have been developed to standardize the various video 
coding methods so that the compressed digital video content 
is rendered in formats that a majority of video encoders and 
decoders can recognize. For example, the Motion Picture 

TECHNICAL FIELD 

The present invention relates to encoding and decoding of 
digital video content. More specifically, the present inven
tion relates to frame mode and field mode encoding of digital 
video content at a macroblock level as used in the MPEG-4 
Part 10 AVC/H.264 standard video coding standard. 

15 Experts Group (MPEG) and International Telecommunica
tion Union (ITU-T) have developed video coding standards 
that are in wide use. Examples of these standards include the 
MPEG-l, MPEG-2, MPEG-4, ITU-T H261, and ITU-T 
H263 standards. 

20 

BACKGROUND 

Most modem video coding standards, such as those 
developed by MPEG and ITU-T, are based in part on a 
temporal prediction with motion compensation (MC) algo
rithm. Temporal prediction with motion compensation is 
used to remove temporal redundancy between successive Video compression is used in many current and emerging 

products. It is at the heart of digital television set-top boxes 
(STBs), digital satellite systems (DSSs), high definition 
television (HDTV) decoders, digital versatile disk (DVD) 
players, video conferencing, Internet video and multimedia 
content, and other digital video applications. Without video 
compression, digital video content can be extremely large, 
making it difficult or even impossible for the digital video 
content to be efficiently stored, transmitted, or viewed. 

25 pictures in a digital video broadcast. 
The temporal prediction with motion compensation algo

rithm typically utilizes one or two reference pictures to 
encode a particular picture. A reference picture is a picture 
that has already been encoded. By comparing the particular 

The digital video content comprises a stream of pictures 
that can be displayed as an image on a television receiver, 
computer monitor, or some other electronic device capable 
of displaying digital video content. A picture that is dis
played in time before a particular picture is in the "backward 
direction" in relation to the particular picture. Likewise, a 
picture that is displayed in time after a particular picture is 
in the "forward direction" in relation to the particular 
picture. 

30 picture that is to be encoded with one of the reference 
pictures, the temporal prediction with motion compensation 
algorithm can take advantage of the temporal redundancy 
that exists between the reference picture and the particular 
picture that is to be encoded and encode the picture with a 

35 higher amount of compression than if the picture were 
encoded without using the temporal prediction with motion 
compensation algorithm. One of the reference pictures may 
be in the backward direction in relation to the particular 
picture that is to be encoded. The other reference picture is 

40 in the forward direction in relation to the particular picture 
that is to be encoded. 

Video compression is accomplished in a video encoding, 
or coding, process in which each picture is encoded as either 
a frame or as two fields. Each frame comprises a number of 
lines of spatial information. For example, a typical frame 45 

contains 480 horizontal lines. Each field contains half the 
number of lines in the frame. For example, if the frame 
comprises 480 horizontal lines, each field comprises 240 
horizontal lines. In a typical configuration, one of the fields 
comprises the odd numbered lines in the frame and the other 50 

field comprises the even numbered lines in the frame. The 
field that comprises the odd numbered lines will be referred 
to as the "top" field hereafter and in the appended claims, 
unless otherwise specifically denoted. Likewise, the field 
that comprises the even numbered lines will be referred to as 55 

the "bottom" field hereafter and in the appended claims, 
unless otherwise specifically denoted. The two fields can be 
interlaced together to form an interlaced frame. 

The general idea behind video coding is to remove data 
from the digital video content that is "non-essential." The 60 

decreased amount of data then requires less bandwidth for 
broadcast or transmission. After the compressed video data 
has been transmitted, it must be decoded, or decompressed. 
In this process, the transmitted video data is processed to 
generate approximation data that is substituted into the video 65 

data to replace the "non-essential" data that was removed in 
the coding process. 

However, as the demand for higher resolutions, more 
complex graphical content, and faster transmission time 
increases, so does the need for better video compression 
methods. To this end, a new video coding standard is 
currently being developed jointly by ISO and ITU-T. This 
new video coding standard is called the MPEG-4 Advanced 
Video Coding (AVC)/H.264 standard. 

SUMMARY OF THE INVENTION 

In one of many possible embodiments, the present inven
tion provides a method of encoding, decoding, and bitstream 
generation of digital video content. The digital video content 
comprises a stream of pictures which can each be intra, 
predicted, or bi-predicted pictures. Each of the pictures 
comprises macroblocks that can be further divided into 
smaller blocks. The method entails encoding and decoding 
each of the macro blocks in each picture in said stream of 
pictures in either frame mode or in field mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate various embodi
ments of the present invention and are a part of the speci
fication. Together with the following description, the draw
ings demonstrate and explain the principles of the present 39
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invention. The illustrated embodiments are examples of the 
present invention and do not limit the scope of the invention. 

FIG. 1 illustrates an exemplary sequence of three types of 
pictures that can be used to implement the present invention, 

4 
FIG. 14 shows that each pixel value is predicted from 

neighboring blocks' pixel values according to an embodi
ment of the present invention. 

FIG. 15 shows different prediction directions for intra_ 
as defined by an exemplary video coding standard such as 5 

the MPEG-4 Part 10 AVC/H.264 standard. 
4x4 coding. 

FIGS. 16a-b illustrate that the chosen intra-prediction 
mode (intra_pred_mode) of a 4 by 4 pixel block is highly 
correlated with the prediction modes of adjacent blocks. 

FIG. 2 shows that each picture is preferably divided into 
slices containing macro blocks according to an embodiment 
of the present invention. 

FIG. 3a shows that a macroblock can be further divided 
into a block size of 16 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3b shows that a macroblock can be further divided 
into a block size of 8 by 16 pixels according to an embodi
ment of the present invention. 

FIG. 3c shows that a macroblock can be further divided 
into a block size of 8 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3d shows that a macroblock can be further divided 

FIGS. 17a-d show neighboring blocks definitions in rela-
10 tion to a current macroblock pair that is to be encoded. 

15 

Throughout the drawings, identical reference numbers 
designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

20 
into a block size of 8 by 4 pixels according to an embodi-

The present invention provides a method of adaptive 
frame/field (AFF) coding of digital video content compris
ing a stream of pictures or slices of a picture at a macroblock 
level. The present invention extends the concept of picture 
level AFF to macroblocks. In AFF coding at a picture level, 
each picture in a stream of pictures that is to be encoded is ment of the present invention. 

FIG. 3e shows that a macroblock can be further divided 
into a block size of 4 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3/ shows that a macroblock can be further divided 
into a block size of 4 by 4 pixels according to an embodi
ment of the present invention. 

FIG. 4 shows a picture construction example using tem
poral prediction with motion compensation that illustrates an 
embodiment of the present invention. 

FIG. 5 shows that a macroblock is split into a top field and 
a bottom field if it is to be encoded in field mode. 

FIG. 6a shows that a macroblock that is encoded in field 

encoded in either frame mode or in field mode, regardless of 
the frame or field coding mode of other pictures that are to 

25 be coded. If a picture is encoded in frame mode, the two 
fields that make up an interlaced frame are coded jointly. 
Conversely, if a picture is encoded in field mode, the two 
fields that make up an interlaced frame are coded separately. 
The encoder determines which type of coding, frame mode 

30 coding or field mode coding, is more advantageous for each 
picture and chooses that type of encoding for the picture. 
The exact method of choosing between frame mode and 
field mode is not critical to the present invention and will not 
be detailed herein. 

mode can be divided into a block with a size of 16 by 8 35 

pixels according to an embodiment of the present invention. 
As noted above, the MPEG-4 Part 10 AVC/H.264 stan-

dard is a new standard for encoding and compressing digital 
video content. The documents establishing the MPEG-4 Part 
10 AVC/H.264 standard are hereby incorporated by refer
ence, including "Joint Final Committee Draft (JFCD) of 

FIG. 6b shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 8 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6c shows that a macroblock that is encoded in field 40 Joint Video Specification" issued by the Joint Video Team 
(JVT) on Aug. 10, 2002. (ITU-T Rec. H.264 & ISO/lEC 
14496-10 AVC). The JVT consists of experts from ISO or 
MPEG and ITU -T. Due to the public nature of the MPEG-4 
Part 10 AVC/H.264 standard, the present specification will 

mode can be divided into a block with a size of 4 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6d shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 4 by 4 pixels 
according to an embodiment of the present invention. 

FIG. 7 illustrates an exemplary pair of macroblocks that 
can be used in AFF coding on a pair of macroblocks 
according to an embodiment of the present invention. 

FIG. 8 shows that a pair of macroblocks that is to be 
encoded in field mode is first split into one top field 16 by 
16 pixel block and one bottom field 16 by 16 pixel block. 

FIG. 9 shows two possible scanning paths in AFF coding 
of pairs of macroblocks. 

FIG. 10 illustrates another embodiment of the present 
invention which extends the concept of AFF coding on a pair 
of macro blocks to AFF coding to a group of four or more 
neighboring macroblocks. 

FIG. 11 shows some of the information included in the 

45 not attempt to document all the existing aspects of MPEG-4 
Part 10 AVC/H.264 video coding, relying instead on the 
incorporated specifications of the standard. 

Although this method of AFF encoding is compatible with 
and will be explained using the MPEG-4 Part 10 AVC/H.264 

50 standard guidelines, it can be modified and used as best 
serves a particular standard or application. 

Using the drawings, the preferred embodiments of the 
present invention will now be explained. 

FIG. 1 illustrates an exemplary sequence of three types of 
55 pictures that can be used to implement the present invention, 

as defined by an exemplary video coding standard such as 
the MPEG-4 Part 10 AVC/H.264 standard. As previously 
mentioned, the encoder encodes the pictures and the decoder 

bitstream which contains infonnation pertinent to each mac- 60 

roblock within a stream. 

decodes the pictures. The encoder or decoder can be a 
processor, application specific integrated circuit (ASIC), 
field programmable gate array (FPGA), coder/decoder (CO-

FIG. 12 shows a block that is to be encoded and its 
neighboring blocks and will be used to explain various 
preferable methods of calculating the PMV of a block in a 
macro block. 

FIG. 13 shows an alternate definition of neighboring 
blocks if the scanning path is a vertical scanning path. 

DEC), digital signal processor (DSP), or some other elec
tronic device that is capable of encoding the stream of 
pictures. However, as used hereafter and in the appended 

65 claims, unless otherwise specifically denoted, the tenn 
"encoder" will be used to refer expansively to all electronic 
devices that encode digital video content comprising a 40
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stream of pictures. The term "decoder" will be used to refer 
expansively to all electronic devices that decode digital 
video content comprising a stream of pictures. 

As shown in FIG. 1, there are preferably three types of 
pictures that can be used in the video coding method. Three 5 

types of pictures are defined to support random access to 
stored digital video content while exploring the maximum 
redundancy reduction using temporal prediction with 
motion compensation. The three types of pictures are intra 
(1) pictures (100), predicted (P) pictures (102a,b), and bi- 10 

predicted (B) pictures (lOla-d). An I picture (100) provides 

6 
FIG. 4 shows a picture construction example using tem

poral prediction with motion compensation that illustrates an 
embodiment of the present invention. Temporal prediction 
with motion compensation assumes that a current picture, 
picture N (400), can be locally modeled as a translation of 
another picture, picture N-l (401). The picture N-l (401) is 
the reference picture for the encoding of picture N (400) and 
can be in the forward or backwards temporal direction in 
relation to picture N (400). 

As shown in FIG. 4, each picture is preferably divided 
into slices containing macroblocks (20la,b). The picture 
N-l (401) contains an image (403) that is to be shown in 
picture N (400). The image (403) will be in a different 
temporal position in picture N (402) than it is in picture N-l 

an access point for random access to stored digital video 
content and can be encoded only with slight compression. 
Intra pictures (100) are encoded without referring to refer
ence pictures. 

A predicted picture (102a,b) is encoded using an I, P, or 
B picture that has already been encoded as a reference 
picture. The reference picture can be in either the forward or 
backward temporal direction in relation to the P picture that 
is being encoded. The predicted pictures (102a,b) can be 
encoded with more compression than the intra pictures 
(100). 

15 (401), as shown in FIG. 4. The image content of each 
macroblock (20lb) of picture N (400) is predicted from the 
image content of each corresponding macroblock (20la) of 
picture N-l (401) by estimating the required amount of 
temporal motion of the image content of each macroblock 

A bi-predicted picture (lOla-d) is encoded using two 
temporal reference pictures: a forward reference picture and 

20 (20la) of picture N -1 (401) for the image (403) to move to 
its new temporal position (402) in picture N (400). Instead 
of the original image (402) being encoded, the difference 
(404) between the image (402) and its prediction (403) is 
actually encoded and transmitted. 

For each image (402) in picture N (400), the temporal 
prediction can often be described by motion vectors that 
represent the amount of temporal motion required for the 
image (403) to move to a new temporal position in the 
picture N (402). The motion vectors (406) used for the 

a backward reference picture. The forward reference picture 25 

is sometimes called a past reference picture and the back
ward reference picture is sometimes called a future reference 
picture. An embodiment of the present invention is that the 
forward reference picture and backward reference picture 
can be in the same temporal direction in relation to the B 
picture that is being encoded. Bi-predicted pictures (lOla-d) 
can be encoded with the most compression out of the three 
picture types. 

30 temporal prediction with motion compensation need to be 
encoded and transmitted. 

FIG. 4 shows that the image (402) in picture N (400) can 
be represented by the difference (404) between the image 
and its prediction and the associated motion vectors (406). 

35 The exact method of encoding using the motion vectors can 
vary as best serves a particular application and can be easily 
implemented by someone who is skilled in the art. 

To understand macroblock level AFF coding, a brief 
overview of picture level AFF coding of a stream of pictures 

Reference relationships (103) between the three picture 
types are illustrated in FIG. 1. For example, the P picture 
(102a) can be encoded using the encoded I picture (100) as 
its reference picture. The B pictures (lOla-d) can be 
encoded using the encoded I picture (100) or the encoded P 
picture (102a) as its reference pictures, as shown in FIG. 1. 
Under the principles of an embodiment of the present 
invention, encoded B pictures (lOla-d) can also be used as 
reference pictures for other B pictures that are to be encoded. 
For example, the B picture (lOe) of FIG. 1 is shown with two 
other B pictures (lOlb and 101d) as its reference pictures. 

40 will now be given. A frame of an interlaced sequence 
contains two fields, the top field and the bottom field, which 
are interleaved and separated in time by a field period. The 
field period is half the time of a frame period. In picture level 
AFF coding, the two fields of an interlaced frame can be 

The number and particular order of the 1(100), B (lOla
d), and P (102a,b) pictures shown in FIG. 1 are given as an 
exemplary configuration of pictures, but are not necessary to 
implement the present invention. Any number of I, B, and P 
pictures can be used in any order to best serve a particular 
application. The MPEG-4 Part 10 AVC/H.264 standard does 
not impose any limit to the number of B pictures between 
two reference pictures nor does it limit the number of 
pictures between two I pictures. 

45 coded jointly or separately. If they are coded jointly, frame 
mode coding is used. Conversely, if the two fields are coded 
separately, field mode coding is used. 

Fixed frame/field coding, on the other hand, codes all the 
pictures in a stream of pictures in one mode only. That mode 

50 can be frame mode or it can be field mode. Picture level AFF 

FIG. 2 shows that each picture (200) is preferably divided 
into slices (202). A slice (202) comprises a group of mac- 55 

roblocks (201). Amacroblock (201) is a rectangular group of 
pixels. As shown in FIG. 2, a preferable macroblock (201) 
size is 16 by 16 pixels. 

FIGS. 3a:fshow that a macroblock can be further divided 
into smaller sized blocks. For example, as shown in FIGS. 60 

3a:f, a macro block can be further divided into block sizes of 
16 by 8 pixels (FIG. 3a; 300), 8 by 16 pixels (FIG. 3b; 301), 
8 by 8 pixels (FIG. 3e; 302), 8 by 4 pixels (FIG. 3d; 303), 
4 by 8 pixels (FIG. 3e; 304), or 4 by 4 pixels (FIG. 3j; 305). 
These smaller block sizes are preferable in some applica- 65 

tions that use the temporal prediction with motion compen
sation algorithm. 

is preferable to fixed frame/field coding in many applica
tions because it allows the encoder to chose which mode, 
frame mode or field mode, to encode each picture in the 
stream of pictures based on the contents of the digital video 
material. AFF coding results in better compression than does 
fixed frame/field coding in many applications. 

An embodiment of the present invention is that AFF 
coding can be performed on smaller portions of a picture. 
This small portion can be a macroblock, a pair of macrob
locks, or a group of macroblocks. Each macro block, pair of 
macroblocks, or group of macroblocks or slice is encoded in 
frame mode or in field mode, regardless of how the other 
macroblocks in the picture are encoded. AFF coding in each 
of the three cases will be described in detail below. 

In the first case, AFF coding is performed on a single 
macroblock. If the macroblock is to be encoded in frame 
mode, the two fields in the macroblock are encoded jointly. 41
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Once encoded as a frame, the macroblock can be further 
divided into the smaller blocks of FIGS. 3a:ffor use in the 
temporal prediction with motion compensation algorithm. 

However, if the macroblock is to be encoded in field 
mode, the macroblock (500) is split into a top field (501) and 5 

a bottom field (502), as shown in FIG. 5. The two fields are 
then coded separately. In FIG. 5, the macro block has M rows 
of pixels and N colunms of pixels. A preferable value of N 
and M is 16, making the macroblock (500) a 16 by 16 pixel 
macro block. As shown in FIG. 5, every other row of pixels 10 

is shaded. The shaded areas represent the rows of pixels in 
the top field of the macroblock (500) and the unshaded areas 
represent the rows of pixels in the bottom field of the 
macro block (500). 

As shown in FIGS. 6a-d, a macroblock that is encoded in 15 

field mode can be divided into four additional blocks. A 
block is required to have a single parity. The single parity 
requirement is that a block cannot comprise both top and 
bottom fields. Rather, it must contain a single parity offield. 
Thus, as shown in FIGS. 6a-d, a field mode macroblock can 20 

be divided into blocks of 16 by 8 pixels (FIG. 6a; 600), 8 by 
8 pixels (FIG. 6b; 601), 4 by 8 pixels (FIG. 6c; 602), and 4 

8 
According to an embodiment of the present invention, in 

the AFF coding of pairs of macroblocks (700), there are two 
possible scanning paths. A scanning path determines the 
order in which the pairs of macro blocks of a picture are 
encoded. FIG. 9 shows the two possible scanning paths in 
AFF coding of pairs of macroblocks (700). One of the 
scanning paths is a horizontal scanning path (900). In the 
horizontal scanning path (900), the macroblock pairs (700) 
of a picture (200) are coded from left to right and from top 
to bottom, as shown in FIG. 9. The other scanning path is a 
vertical scanning path (901). In the vertical scanning path 
(901), the macroblock pairs (700) of a picture (200) are 
coded from top to bottom and from left to right, as shown in 
FIG. 9. For frame mode coding, the top macroblock of a 
macroblock pair (700) is coded first, followed by the bottom 
macroblock. For field mode coding, the top field macroblock 
of a macroblock pair is coded first followed by the bottom 
field macroblock. 

Another embodiment of the present invention extends the 
concept of AFF coding on a pair of macroblocks to AFF 
coding on a group of four or more neighboring macroblocks 
(902), as shown in FIG. 10. AFF coding on a group of 
macroblocks will be occasionally referred to as group based 
AFF coding. The same scanning paths, horizontal (900) and 

by 4 pixels (FIG. 6d; 603). FIGS. 6a-d shows that each block 
contains fields of a single parity. 

AFF coding on macroblock pairs will now be explained. 
25 vertical (901), as are used in the scanning of macroblock 

pairs are used in the scanning of groups of neighboring 
macroblocks (902). Although the example shown in FIG. 10 
shows a group of four macroblocks, the group can be more 

AFF coding on macroblock pairs will be occasionally 
referred to as pair based AFF coding. A comparison of the 
block sizes in FIGS. 6a-d and in FIGS. 3a:f show that a 
macro block encoded in field mode can be divided into fewer 30 

block patterns than can a macroblock encoded in frame 
mode. The block sizes of 16 by 16 pixels, 8 by 16 pixels, and 
8 by 4 pixels are not available for a macro block encoded in 
field mode because of the single parity requirement. This 
implies that the performance of single macro block based 35 

AFF may not be good for some sequences or applications 
that strongly favor field mode coding. In order to guarantee 
the performance of field mode macroblock coding, it is 
preferable in some applications for macroblocks that are 
coded in field mode to have the same block sizes as 

40 
macro blocks that are coded in frame mode. This can be 
achieved by performing AFF coding on macro block pairs 
instead of on single macroblocks. 

FIG. 7 illustrates an exemplary pair of macro blocks (700) 
that can be used in AFF coding on a pair of macro blocks 45 

according to an embodiment of the present invention. If the 
pair of macro blocks (700) is to be encoded in frame mode, 
the pair is coded as two frame-based macroblocks. In each 
macro block, the two fields in each of the macro blocks are 
encoded jointly. Once encoded as frames, the macro blocks 50 

can be further divided into the smaller blocks of FIGS. 3a:f 
for use in the temporal prediction with motion compensation 
algorithm. 

than four macroblocks. 
If the group of macroblocks (902) is to be encoded in 

frame mode, the group coded as four frame-based macrob
locks. In each macro block, the two fields in each of the 
macroblocks are encoded jointly. Once encoded as frames, 
the macroblocks can be further divided into the smaller 
blocks of FIGS. 3a:ffor use in the temporal prediction with 
motion compensation algorithm. 

However, if a group of four macro blocks (902), for 
example, is to be encoded in field mode, it is first split into 
one top field 32 by 16 pixel block and one bottom field 32 
by 16 pixel block. The two fields are then coded separately. 
The top field block and the bottom field block can now be 
divided into macroblocks. Each macro block is further 
divided into one of the possible block sizes of FIGS. 3a:f. 
Because this process is similar to that of FIG. S, a separate 
figure is not provided to illustrate this embodiment. 

In AFF coding at the macroblock level, a frame/field flag 
bit is preferably included in a picture's bitstream to indicate 
which mode, frame mode or field mode, is used in the 
encoding of each macroblock. The bitstream includes infor
mation pertinent to each macroblock within a stream, as 
shown in FIG. 11. For example, the bitstream can include a 
picture header (110), run information (111), and macroblock 
type (113) information. The frame/field flag (112) is prefer
ably included before each macroblock in the bitstream if However, if the pair of macro blocks (700) is to be 

encoded in field mode, it is first split into one top field 16 by 
16 pixel block (SOO) and one bottom field 16 by 16 pixel 
block (SOl), as shown in FIG. S. The two fields are then 
coded separately. In FIG. S, each macroblock in the pair of 
macroblocks (700) has N=16 colunms of pixels and M=16 
rows of pixels. Thus, the dimensions of the pair of mac rob
locks (700) is 16 by 32 pixels. As shown in FIG. S, every 
other row of pixels is shaded. The shaded areas represent the 
rows of pixels in the top field of the macro blocks and the 
unshaded areas represent the rows of pixels in the bottom 
field of the macroblocks. The top field block (SOO) and the 
bottom field block (SOl) can now be divided into one of the 
possible block sizes of FIGS. 3a:f. 

55 AFF is performed on each individual macroblock. If the AFF 
is performed on pairs of macroblocks, the frame/field flag 
(112) is preferably included before each pair of macroblock 
in the bitstream. Finally, if the AFF is performed on a group 
of macroblocks, the frame/field flag (112) is preferably 

60 included before each group of macro blocks in the bitstream. 
One embodiment is that the frame/field flag (112) bit is a 0 
if frame mode is to be used and a 1 if field coding is to be 
used. Another embodiment is that the frame/field flag (112) 
bit is a 1 if frame mode is to be used and a 0 if field coding 

65 is to be used. 
Another embodiment of the present invention entails a 

method of determining the size of blocks into which the 42
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encoder divides a macroblock in macro block level AFF. A 
preferable, but not exclusive, method for detennining the 
ideal block size is sum absolute difference (SAD) with or 
without bias or rate distortion (RD) basis. For example, SAD 
checks the perfonnance of the possible block sizes and 5 

chooses the ideal block size based on its results. The exact 
method of using SAD with or without bias or RD basis can 
be easily be performed by someone skilled in the art. 

10 
of E's neighboring blocks does not have the same coding 
mode as does block E, its motion vectors are not used in the 
calculation of block E's PMV. 

The "always method" can also be used to calculate the 
PMV for block E. In the always method, blocks A, B, C, and 
D are always used in calculating the PMV for block E, 
regardless of their frame or field coding mode. If E is in 
frame mode and a neighboring block is in field mode, the 
vertical component of the neighboring block is multiplied by According to an embodiment of the present invention, 

each frame and field based macroblock in macroblock level 
AFF can be intra coded or inter coded. In intra coding, the 
macro block is encoded without temporally referring to other 
macroblocks. On the other hand, in inter coding, temporal 
prediction with motion compensation is used to code the 
macroblocks. 

10 2 before being included in the PMV calculation for block E. 

15 

If E is in field mode and a neighboring block is in frame 
mode, the vertical component of the neighboring block is 
divided by 2 before being included in the PMV calculation 
for block E. 

The "selective method" can also be used to calculate the 
PMV for block E if the macroblock has been encoded using 
pair based AFF encoding or group based AFF encoding. In 
the selective method, a frame-based block has a frame-based 
motion vector pointing to a reference frame. The block is 

20 also assigned a field-based motion vector pointing to a 
reference field. The field-based motion vector is the frame-

If inter coding is used, a block with a size of 16 by 16 
pixels, 16 by 8 pixels, 8 by 16 pixels, or 8 by 8 pixels can 
have its own reference pictures. The block can either be a 
frame or field based macro block. The MPEG-4 Part 10 
AVC/H.264 standard allows multiple reference pictures 
instead of just two reference pictures. The use of multiple 
reference pictures improves the performance of the temporal 
prediction with motion compensation algorithm by allowing 
the encoder to find a block in the reference picture that most 
closely matches the block that is to be encoded. By using the 25 

block in the reference picture in the coding process that most 
closely matches the block that is to be encoded, the greatest 
amount of compression is possible in the encoding of the 
picture. The reference pictures are stored in frame and field 
buffers and are assigned reference frame numbers and 30 

reference field numbers based on the temporal distance they 
are away from the current picture that is being encoded. The 
closer the reference picture is to the current picture that is 
being stored, the more likely the reference picture will be 
selected. For field mode coding, the reference pictures for a 35 

block can be any top or bottom field of any of the reference 
pictures in the reference frame or field buffers. 

Each block in a frame or field based macroblock can have 

based motion vector of the block with the vertical motion 
vector component divided by two. The reference field num
ber is the reference frame number multiplied by two. A 
field-based block has a field-based motion vector pointing to 
a reference field. The block is also assigned a frame-based 
motion vector pointing to a reference frame. The frame
based motion vector is the field-based motion vector of the 
block with the vertical motion vector component multiplied 
by two. The reference frame number is the reference field 
number divided by two. 

The derivation of a block's PMV using the selective 
method will now be explained using FIG. 12 as a reference. 

its own motion vectors. The motion vectors are spatially 
predictive coded. According to an embodiment of the 
present invention, in inter coding, prediction motion vectors 
(PMV) are also calculated for each block. The algebraic 
difference between a block's PMVs and its associated 
motion vectors is then calculated and encoded. This gener
ates the compressed bits for motion vectors. 

In macroblock pair based AFF, each block in a macroblock 
is associated with a companion block that resides in the same 
geometric location within the second macroblock of the 
macroblock pair. In FIG. 12, each of block E's neighboring 
blocks (A, B, C, and D) mayor may not be in the same frame 
or field coding mode as block E. Hence, the following rules 

40 apply: 

FIG. 12 will be used to explain various preferable meth
ods of calculating the PMV of a block in a macroblock. A 
current block, E, in FIG. 12 is to be inter coded as well as 
its neighboring blocks A, B, C, and D. E will refer hereafter 

45 

to a current block and A, B, C, and D will refer hereafter to 50 

E's neighboring blocks, unless otherwise denoted. Block E's 
PMV is derived from the motion vectors of its neighboring 
blocks. These neighboring blocks in the example of FIG. 12 
are A, B, C, and D. One preferable method of calculating the 
PMV for block E is to calculate either the median of the 55 

motion vectors of blocks A, B, C, and D, the average of these 
motion vectors, or the weighted average of these motion 
vectors. Each of the blocks A through E can be in either 
frame or field mode. 

If E is in frame mode and a neighboring block is in frame 
mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMY. 

If E is in frame mode and a neighboring block is in field 
mode, the following rules apply in calculating E's PMV. If 
the neighboring block (e.g.; block A) and its companion 
field-based block have the same reference field, the average 
of the assigned frame-based motion vectors of the two 
blocks is used for the calculation ofE's PMV. The reference 
frame number used for the PMV calculation is the reference 
field number of the neighboring block divided by two. 
However, if the neighboring block and its companion field 
block have different reference fields, then the neighboring 
block caunot be used in the calculation of E's PMV. 

If E is in field mode and a neighboring block is in frame 
mode, the following rules apply in calculating E's PMV. If 
the neighboring block (e.g.; block A) and its companion 
frame-based block have the same reference frame, the 

Another preferable method of calculating the PMV for 
block E is to use a yes/no method. Under the principles of 
the yes/no method, a block has to be in the same frame or 
field coding mode as block E in order to have its motion 
vector included in the calculation of the PMV for E. For 

60 average of the assigned field-based motion vectors of the 
two blocks is used for the calculation of E's PMV. The 
reference field number used for the PMV calculation is the 
reference frame number of the neighboring block multiplied 

example, if block E in FIG. 12 is in frame mode, block A 65 

must also be in frame mode to have its motion vector 
included in the calculation of the PMV for block E. If one 

by two. However, if the neighboring block and its compan
ion field block have different reference frames, then the 
neighboring block caunot be used in the calculation of E's 
PMV. 43
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If E is in field mode and a neighboring block is in field 
mode, the true field-based motion vector of the neighboring 
block is used in the calculation of E's PMY. 

An alternate preferable option can be used in the selective 
method to calculate a block's PMV. In FIG. 12, each of 5 

block E's neighboring blocks (A, B, C, and D) mayor may 
not be in the same frame or field coding mode as block E. 
Hence, the following rules apply for this alternate preferable 
option of the selective method: 

If E is in frame mode and a neighboring block is in frame 10 

mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMV. 

If E is in frame mode and a neighboring block is in field 
mode, the weighted average of the assigned frame-based 
motion vectors of the neighboring block and its companion 15 

field-based block is used for the calculation ofE's PMV. The 
weighting factors are based upon the reference field numbers 
of the neighboring block and its companion block. 

If E is in field mode, and a neighboring block is in frame 
mode, the weighted average of the assigned field-based 20 

motion vectors of the neighboring block and its companion 
frame-based block is used for the calculation of E's PMY. 
The weighting factors are based upon the reference frame 
numbers of the neighboring block and its companion block. 

12 
as follows. A is the block whose field coordinates are 
(xf-l,yf) and has same polarity as E. B is the block whose 
field coordinates are (xf,yf-l) and has same polarity as E. D 
is the block whose field coordinates are (xf-l,yf-l) and has 
same polarity as E. C is the block whose field coordinates are 
(xf+bx+l,yf) and has same polarity as E. If either A, B, Cor 
D is in frame mode then its vertical motion vector is divided 
by 2 before being used for prediction and its reference field 
is computed by multiplying its reference frame by 2. 

In all of the above methods for determining the PMV of 
a block, a horizontal scanning path was assumed. However, 
the scanning path can also be a vertical scanning path. In this 
case, the neighboring blocks of the current block, E, are 
defined as shown in FIG. 13. A vertical scanning path is 
preferable in some applications because the information on 
all the neighboring blocks is available for the calculation of 
the PMV for the current block E. 

Another embodiment of the present invention is direc
tional segmentation prediction. In directional segmentation 
prediction, 16 by 8 pixel blocks and 8 by 16 pixel blocks 
have rules that apply to their PMV calculations only. These 
rules apply in all PMV calculation methods for these block 
sizes. The rules will now be explained in detail in connection 
with FIG. 12. In each of these rules, a current block E is to 

If E is in field mode and a neighboring block is in field 
mode, the true field-based motion vector of the neighboring 
block is used in the calculation of E's PMY. 

25 have its PMV calculated. 

Another preferable method of computing a block's PMV 

First, a 16 by 16 pixel block consists of an upper block 
and a lower block. The upper block contains the top 8 rows 
of 16 pixels. The lower block contains the bottom 8 rows of 
16 pixels. In the following description, block E of FIG. 12 

30 is a 16 by 8 pixel block. For the upper block having a 16 by 
8 pixel block, block B is used to predict block E's PMV if 
it has the same reference picture as block E. Otherwise, 
median prediction is used to predict block E's PMV. For the 
lower block having a 16 by 8 pixel block, block A is used to 

is the "alt selective method." This method can be used in 
single macro block AFF coding, pair based macroblock AFF 
coding, or group based AFF coding. In this method, each 
block is assigned a horizontal and a vertical index number, 
which represents the horizontal and vertical coordinates of 
the block. Each block is also assigned a horizontal and 
vertical field coordinate. A block's horizontal field coordi
nate is same as its horizontal coordinate. For a block in a top 
field macro block, the vertical field coordinate is half of 
vertical coordinate of the block and is assigned top field 
polarity. For a block in the bottom field macroblock, the 
vertical field coordinate of the block is obtained by subtract- 40 

ing 4 from the vertical coordinate of the block and dividing 
the result by 2. The block is also assigned bottom field 
polarity. The result of assigning different field polarities to 
two blocks is that there are now two blocks with the same 

35 predict block E's PMV if it has the same reference picture 
as block E. Otherwise, median prediction is used to predict 
block E's PMV. 

horizontal and vertical field coordinates but with differing 45 

field polarities. Thus, given the coordinates of a block, the 
field coordinates and its field polarity can be computed and 
vIce versa. 

A 16 by 16 pixel block is divided into a right and left 
block. Both right and left blocks are 8 by 16 pixels. In the 
following description, block E of FIG. 12 is a 8 by 16 pixel 
block. For the left block, blockAis used to predict block E's 
PMV if it has the same reference picture as block E. 
Otherwise, median prediction is used to predict block E's 
PMV. For the right block, block C is used to predict block 
E's PMV if it has the same referenced picture as block E. 
Otherwise median prediction is used to predict block E's 
PMV. 

For both 16 by 8 pixel blocks and 8 by 16 blocks, A, B, 
or C can be in different encoding modes (frame or field) than The alt selective method will now be explained in detail 

using FIG. 12 as a reference. The PMV of block E is to be 
computed. Let bx represent the horizontal size of block E 
divided by 4, which is the size of a block in this example. 
The PMVs for E are obtained as follows depending on 
whether E is in frame/field mode. 

50 the current block E. The following rules apply for both block 
sizes. IfE is in frame mode, and A, B, or C is in field mode, 
the reference frame number of A, B, or C is computed by 
dividing its reference field by 2. IfE is in field mode, and A, 
B, or C is in frame mode, the reference field number of A, 

Let block E be in frame mode and let (x,y) represent the 
horizontal and vertical coordinates respectively of E. The 
neighboring blocks ofE are defined in the following manner. 

55 B, or C is computed by multiplying its reference frame by 
2. 

A is the block whose coordinates are (x-l,y). B is the block 
whose coordinates are (x,y-l). D is the block whose coor
dinates are (x-l,y-l). C is the block whose coordinates are 60 

(x+bx+l,y-l). If either A, B, CorD is in field mode then its 
vertical motion vector is multiplied by 2 before being used 
for prediction and its reference frame number is computed 
by dividing its reference field by 2. 

Now, let block E be in top or bottom field mode and let 65 

(xf,yf) represent the horizontal and vertical field coordinates 
respectively ofE. In this case, the neighbors ofE are defined 

According to another embodiment of the present inven
tion, a macroblock in a P picture can be skipped in AFF 
coding. If a macroblock is skipped, its data is not transmitted 
in the encoding of the picture. A skipped macroblock in a P 
picture is reconstructed by copying the co-located macrob
lock in the most recently coded reference picture. The 
co-located macroblock is defined as the one with motion 
compensation using PMV as defined above or without 
motion vectors. The following rules apply for skipped 
macroblocks in a P picture. If AFF coding is performed per 
macroblock, a skipped macroblock is in frame mode. If AFF 44
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coding is performed on macroblock pairs and if both mac
roblocks are skipped, then they are in frame mode. However, 
if only one of the macro blocks in a macroblock pair is 
skipped, its frame or field coding mode is the same as the 
non-skipped macroblock in the same macroblock pair. If 
AFF coding is performed on a group of macroblocks and if 
the entire group of macro blocks is skipped, then all the 
macro blocks are in frame mode. If there is at least one 
macro block that is not skipped, then the skipped macrob
locks in the same group are in the same frame or field coding 
mode as the non-skipped macroblock. 

14 
mode as well. The two frame-based motion vectors of the 
direct mode block are derived from the frame-based forward 
motion vector of the co-located block. The forward refer
ence frame is used by the co-located block. The backward 
reference frame is where the co-located block resides. 

However, if the co-located block for a block in direct 
mode is in field mode, the direct mode block is also in field 
mode. The two field-based motion vectors of the direct mode 
block are derived from the field-based forward motion 

10 vector of the co-located block. The forward reference field 

An alternate method for skipped macroblocks is as fol
lows. If a macro block pair is skipped, its frame and field 
coding mode follows its neighboring macroblock pair to the 
left. If the left neighboring macroblock pair is not available, 15 

its coding mode follows its neighboring macroblock pair to 
the top. If neither the left nor top neighboring macroblock 
pairs are available, the skipped macroblock is set to frame 
mode. 

is used by the co-located block. The backward reference 
field is where the co-located block resides. 

A macroblock in a B picture can also be skipped in AFF 
coding according to another embodiment of the present 
invention. A skipped macroblock in a B picture is recon
structed as a regular direct mode macroblock without any 
coded transform coefficient information. For skipped mac
roblocks in a B picture, the following rules apply. If AFF 
coding is performed per macroblock, a skipped macroblock 

Another embodiment of the present invention is direct 
mode macroblock coding for B pictures. In direct mode 
coding, a B picture has two motion vectors, forward and 
backward motion vectors. Each motion vector points to a 
reference picture. Both the forward and backward motion 
vectors can point in the same temporal direction. For direct 
mode macroblock coding in B pictures, the forward and 
backward motion vectors of a block are calculated from the 
co-located block in the backward reference picture. The 
co-located block in the backward reference picture can be 
frame mode or field mode coded. The following rules apply 
in direct mode macroblock coding for B picture. 

20 is either in frame mode or in the frame or field coding mode 
of the co-located block in its backward reference picture. If 
AFF coding is performed on macroblock pairs and if both 
macroblocks are skipped, then they are in frame mode or in 
the frame or field coding mode of the co-located macroblock 

25 pair in the its backward reference picture. However, if only 
one of the macroblocks in a macroblock pair is skipped, its 
frame or field coding mode is the same as the non-skipped 
macroblock of the same macro block pair. If AFF coding is 
performed on a group of macro blocks and if the entire group 

30 of macroblocks is skipped, then all the macro blocks are in 
frame mode or in the frame or field coding mode of the 
co-located group of macroblocks in the backward reference 
picture. If there is at least one macro block that is not 

If the co-located block is in frame mode and if the current 
direct mode macroblock is also in frame mode, the two 
associated motion vectors of a block in the direct mode 
macroblock are calculated from the co-located block. The 35 

skipped, then the skipped macroblock in the same group are 
in the same frame or field coding mode as the non-skipped 
macroblock. forward reference frame is the one used by the co-located 

block. The backward reference frame is the same frame 
where the co-located block resides. 

If the co-located block is in frame mode and if the current 

As previously mentioned, a block can be intra coded. Intra 

direct mode macroblock is in field mode, the two associated 40 

motion vectors of a block in the direct mode macro block are 

blocks are spatially predictive coded. There are two possible 
intra coding modes for a macro block in macroblock level 
AFF coding. The first is intra_ 4x4 mode and the second is 
intra_16xl6 mode. In both, each pixel's value is predicted 

calculated from the co-located block's motion vector with 
vertical component divided by two. The forward reference 
field is the same parity field of the reference frame used by 
the co-located block. The backward reference field is the 45 

using the real reconstructed pixel values from neighboring 
blocks. By predicting pixel values, more compression can be 
achieved. The intra_ 4x4 mode and the intra 16x16 modes 
will each be explained in more detail below. 

same parity field of the backward reference frame where the 
co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is also in field mode, the two 
associated motion vectors of a block in the direct mode 50 

macroblock are calculated from the co-located block of the 

For intra_ 4x4 mode, the predictions of the pixels in a 4 
by 4 pixel block, as shown in FIG. 14, are derived form its 
left and above pixels. In FIG. 14, the 16 pixels in the 4 by 
4 pixel block are labeled a through p. Also shown in FIG. 14 
are the neighboring pixels A through P. The neighboring 
pixels are in capital letters. As shown in FIG. 15, there are 

same field parity. The forward reference field is the field 
used by the co-located block. The backward reference field 
is the same field where the co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is in frame mode, the two associ
ated motion vectors of the block in the direct mode mac
roblock are calculated from the co-located block's motion 
vector with vertical component multiplied by two. The 
forward reference frame is the frame one of whose fields is 
used by the co-located block. The backward reference field 
is the frame in one of whose fields the co-located block 
resides. 

An alternate option is to force the direct mode block to be 
in the same frame or field coding mode as the co-located 
block. In this case, if the co-located block for a direct mode 
block is in frame mode, the direct mode block is in frame 

nine different prediction directions for intra_ 4x4 coding. 
They are vertical (0), horizontal (1), DC prediction (mode 
2), diagonal down/left (3), diagonal down/right (4), vertical-

55 left (5), horizontal-down (6), vertical-right (7), and horizon
tal-up (8). DC prediction averages all the neighboring pixels 
together to predict a particular pixel value. 

However, for intra_16xl6 mode, there are four different 
prediction directions. Prediction directions are also referred 

60 to as prediction modes. These prediction directions are 
vertical prediction (0), horizontal prediction (1), DC predic
tion, and plane prediction. Plane prediction will not be 
explained. 

An intra block and its neighboring blocks may be coded 
65 in frame or field mode. Intra prediction is performed on the 

reconstructed blocks. A reconstructed block can be repre
sented in both frame and field mode, regardless of the actual 45
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frame or field coding mode of the block. Since only the 
pixels of the reconstructed blocks are used for intra predic
tion, the following rules apply. 

If a block of 4 by 4 pixels or 16 by 16 pixels is in frame 
mode, the neighboring pixels used in calculating the pixel 5 

value predictions of the block are in the frame structure. If 

16 
the current block. However, in the case of decoding the 
prediction modes of blocks numbered 1, 4, and 5, the top 
block (block A) is in a different macro block pair than the 
current macroblock pair. In the case of decoding the pre
diction mode of blocks numbered 2,8, and 10, the left block 
(block B) is in a different macroblock pair. In the case of 
decoding the prediction mode of the block numbered 0, both 
the left and the above blocks are in different macroblock 

a block of 4 by 4 pixels or 16 by 16 pixels is in field mode, 
the neighboring pixels used in calculating the pixel value 
prediction of the block are in field structure of the same field 
parity. 

The chosen intra-prediction mode (intra_pred_mode) of a 

pairs. For a macroblock in field decoding mode the neigh-
10 boring blocks of the blocks numbered 0, 1, 4, 5, 2, 8, and 10 

shall be defined as follows: 
4 by 4 pixel block is highly correlated with the prediction 
modes of adjacent blocks. This is illustrated in FIG. 16a. 
FIG. 16a shows that A and B are adjacent blocks to C. Block 
C's prediction mode is to be established. FIG. 16b shows the 15 

order of intra prediction information in the bitstream. When 
the prediction modes of A and B are known (including the 
case that A or B or both are outside the slice) the most 
probable prediction mode (mosCprobable_mode) of C is 
given. If one of the blocks A or B is "outside" the most 20 

probable prediction mode is equal DC prediction (mode 2). 
Otherwise it is equal to the minimum of prediction modes 
used for blocks A and B. When an adjacent block is coded 
by 16x16 intra mode, prediction mode is DC prediction 
mode. When an adjacent block is coded a non-intra mac- 25 

roblock, prediction mode is "mode 2: DC prediction" in the 
usual case and "outside" in the case of constrained intra 
update. 

To signal a prediction mode number for a 4 by 4 block first 
parameter use_most_probable_mode is transmitted. This 30 

parameter is represented by 1 bit codeword and can take 
values 0 or 1. Ifuse_most_probable_mode is equal to 1 the 
most probable mode is used. Otherwise an additional param
eter remaining_mode_selector, which can take value from 0 
to 7 is sent as 3 bit codeword. The codeword is a binary 35 

representation of remaininlLmode_selector value. The pre
diction mode number is calculated as: 

if (remaining_mode_selector<mosCprobable_mode) 
intra_pred_mode=remaining_mode_selector; 

If the above macroblock pair (170) is decoded in field 
mode, then for blocks number 0, 1, 4 and 5 in the top-field 
macroblock (173), blocks numbered 10, 11, 14 and 15 
respectively in the top-field macroblock (173) of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171) as 
shown in FIG. 17a. For blocks number 0,1,4 and 5 in the 
bottom-field macroblock (174), blocks numbered 10, 11, 14 
and 15 respectively in the bottom-field MB of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171), as 
shown in FIG. 17a. 

However, if the above macroblock pair (170) is decoded 
in frame mode then for blocks number 0, 1, 4 and 5 in the 
top-field macroblock (173), blocks numbered 10,11,14 and 
15 respectively in the bottom-frame macroblock (176) of the 
above macroblock pair (170) shall be considered as the 
above neighboring blocks to the current macroblock pair 
(171), as shown in FIG. 17b. For blocks number 0,1,4 and 
5 in the bottom-field macroblock (174), blocks numbered 
10, 11, 14 and 15 respectively in the bottom-frame macrob
lock (176) of the above macro block pair (170) shall be 
considered as the above neighboring blocks to the current 
macroblock pair (171), as shown inn FIG. 17b. 

If the left macroblock pair (172) is decoded in field mode, 
then for blocks number 0, 2, 8 and 10 in the top-field 
macroblock (173), blocks numbered 5, 7, 13 and 15 respec
tively in the top-field macroblock (173) of the left macrob-

else 
intra_pred_mode=remaining_mode_selector+ 1; 
The ordering of prediction modes assigned to blocks C is 

therefore the most probable mode followed by the remaining 
modes in the ascending order. 

40 lock pair (172) shall be considered as the left neighboring 
blocks to the current macroblock pair (171) as shown in FIG. 
17c. For blocks number 0, 2, 8 and 10 in the bottom-field 
macroblock (174), blocks numbered 5, 7, 13 and 15 respec
tively in the bottom-field macroblock (174) of the left 

45 macroblock pair (172) shall be considered as the left neigh
boring blocks to the current macroblock pair (171), as shown 
in FIG. 17c. 

An embodiment of the present invention includes the 
following rules that apply to intra mode prediction for an 
intra-prediction mode of a 4 by 4 pixel block or an intra
prediction mode of a 16 by 16 pixel block. Block C and its 
neighboring blocks A and B can be in frame or field mode. 
One of the following rules shall apply. FIGS. 16a-b will be 50 

used in the following explanations of the rules. 
Rule 1: A or B is used as the neighboring block of Conly 

if A or B is in the same frame/field mode as C. Otherwise, 
A or B is considered as outside. 

Rule 2: A and B are used as the neighboring blocks of C, 55 

regardless of their frame/field coding mode. 
Rule 3: If C is coded in frame mode and has co-ordinates 

(x,y), then A is the block with co-ordinates (x,y-l) and B is 
the block with co-ordinates (x-l,y). Otherwise, ifC is coded 
as field and has field co-ordinates (xf,yf) then A is the block 60 

whose field co-ordinates are (xf,yf-l) and has same field 
polarity as C and B is the block whose field co-ordinates are 
(xf-l,yf) and has same field polarity as C. 

Rule 4: This rule applies to macroblock pairs only. In the 
case of decoding the prediction modes of blocks numbered 65 

3,6,7,9,12,13,11,14 and 15 of FIG. 16b, the above and 
the left neighboring blocks are in the same macroblock as 

If the left macroblock pair (172) is decoded in frame 
mode, then for blocks number 0, 2, 8 and 10 in the top-field 
macroblock (173), the blocks numbered 5, 7, 13 and 15 
respectively in the top-frame macroblock (175) of the left 
macroblock pair (172) shall be considered as the left neigh
boring blocks to the current macroblock pair (171), as shown 
in FIG. 17d. For blocks number 0, 2, 8 and 10 in the 
bottom-field macroblock (174), blocks numbered 5, 7, 13 
and 15 respectively in the bottom-frame macroblock (176) 
of the left macroblock pair (172) shall be considered as the 
left neighboring blocks to the current macroblock pair (171), 
as shown in FIG. 17d. 

For macroblock pairs on the upper boundary of a slice, if 
the left macroblock pair (172) is in frame decoding mode, 
then the intra mode prediction value used to predict a field 
macroblock shall be set to DC prediction. 

The preceding descriptions of intra coding and intra mode 
prediction can be extended to adaptive block transforms. 

Another embodiment of the present invention is that loop 
filtering is performed on the reconstructed blocks. A recon-46
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structed block can be represented in either frame or field 
structure, regardless of the frame/field coding mode of the 
block. Loop (deblock) filtering is a process of weighted 
averaging of the pixels of the neighboring blocks. FIG. 12 
will be used to explain loop filtering. Assume E of FIG. 12 
is a reconstructed block, and A, B, C and D are its neigh
boring reconstructed blocks, as shown in FIG. 12, and they 
are all represented in frame structure. Since A, B, C, D and 
E can be either frame- or field-coded, the following rules 
apply: 

Rule 1: If E is frame-coded, loop filtering is performed 
over the pixels of E and its neighboring blocks A B, C and 
D. 

10 

Rule 2: IfE is field-coded, loop filtering is performed over 
the top-field and bottom-field pixels ofE and its neighboring 15 

blocks A B, C and D, separately. 
Another embodiment of the present invention is that 

padding is performed on the reconstructed frame by repeat
ing the boundary pixels. Since the boundary blocks may be 
coded in frame or field mode, the following rules apply: 

Rule 1: The pixels on the left or right vertical line of a 
boundary block are repeated, if necessary. 

Rule 2: If a boundary block is in frame coding, the pixels 
on the top or bottom horizontal line of the boundary block 
are repeated. 

Rule 3: if a boundary block is in field coding, the pixels 
on the two top or two bottom horizontal (two field) lines of 
the boundary block are repeated alternatively. 

20 

25 

18 
selectively encoding at least one block within at least one 

of said plurality of smaller portions at a time in inter 
coding mode. 

2. The method of claim 1, wherein at least one motion 
vector is computed for said at least one block within at least 
one of said plurality of smaller portions. 

3. The method of claim 2, wherein said at least one motion 
vector is spatially predictive coded for a current block of 
said plurality of smaller portions. 

4. An apparatus of encoding a picture in an image 
sequence, comprising: 

means for dividing said picture into a plurality of smaller 
portions, wherein each of said smaller portions has a 
size that is larger than one macroblock; 

means for selectively encoding at least one of said plu
rality of smaller portions at a time in frame coding 
mode and at least one of said plurality of smaller 
portions at a time in field coding mode; and 

means for selectively encoding at least one block within 
at least one of said plurality of smaller portions at a 
time in inter coding mode. 

5. The apparatus of claim 4, wherein at least one motion 
vector is computed for said at least one block within at least 
one of said plurality of smaller portions. 

6. The apparatus of claim 5, wherein said at least one 
motion vector is spatially predictive coded for a current 
block of said plurality of smaller portions. 

7. A computer-readable medium encoded with computer 
executable instructions, the computer executable instruc-Another embodiment of the present invention is that 

two-dimensional transform coefficients are converted into 
one-dimensional series of coefficients before entropy cod
ing. The scan path can be either zigzag or non-zigzag. The 
zigzag SCamIer is preferably for progressive sequences, but 

30 tions including instructions which, when executed by a 
processor, cause the processor to perform the steps of a 
method of encoding a picture in an image sequence, com
prising the steps of: 

it may be also used for interlace sequences with slow 
motions. The non-zigzag SCamIers are preferably for inter- 35 

lace sequences. For macroblock AFF coding, the following 
options may be used: 

Option 1: The zigzag scan is used for macro blocks in 
frame mode while the non-zigzag scanners are used for 
macro blocks in field coding. 

Option 2: The zigzag scan is used for macroblocks in both 
frame and field modes. 

Option 3: The non-zigzag scan is used for macroblocks in 
both frame and field modes. 

40 

The preceding description has been presented only to 45 

illustrate and describe embodiments of invention. It is not 
intended to be exhaustive or to limit the invention to any 
precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. 

The foregoing embodiments were chosen and described in 50 

order to illustrate principles of the invention and some 
practical applications. The preceding description enables 
others skilled in the art to utilize the invention in various 
embodiments and with various modifications as are suited to 
the particular use contemplated. It is intended that the scope 55 

of the invention be defined by the following claims. 

dividing said picture into a plurality of smaller portions, 
wherein each of said smaller portions has a size that is 
larger than one macro block; 

selectively encoding at least one of said plurality of 
smaller portions at a time in frame coding mode and at 
least one of said plurality of smaller portions at a time 
in field coding mode; and 

selectively encoding at least one block within at least one 
of said plurality of smaller portions at a time in inter 
coding mode. 

S. A method of decoding an encoded picture having a 
plurality of smaller portions from a bitstream, comprising: 

decoding at least one of said plurality of smaller portions 
at a time in frame coding mode and at least one of said 
plurality of smaller portions at a time in field coding 
mode, wherein each of said smaller portions has a size 
that is larger than one macroblock, wherein at least one 
block within said at least one of said plurality of smaller 
portions at a time is encoded in inter coding mode; and 

using said plurality of decoded smaller portions to construct 
a decoded picture. 

9. The method of claim S, wherein at least one motion 
vector is received for said at least one block within at least 
one of said plurality of smaller portions. 

What is claimed is: 
1. A method of encoding a picture in an image sequence, 

comprising: 

10. The method of claim 9, wherein said at least one 
motion vector is spatially predictive coded for a current 

60 block of said plurality of smaller portions. 
dividing said picture into a plurality of smaller portions, 

wherein each of said smaller portions has a size that is 
larger than one macroblock; 

selectively encoding at least one of said plurality of 
smaller portions at a time in frame coding mode and at 65 

least one of said plurality of smaller portions at a time 
in field coding mode; and 

11. The method of claim 10, wherein said at least one 
motion vector is spatially predictive coded from a plurality 
of motion vectors associated with a plurality of neighboring 
blocks relative to said current block. 

12. The method of claim 11, wherein said motion vectors 
associated with said plurality of neighboring blocks relative 
to said current block are derived to generate at least one 47
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prediction motion vector (PMV), wherein said at least one 
prediction motion vector (PMV) and a difference value 
received in the bitstream are used to derive said at least one 
motion vector of said current block. 

13. The method of claim 12, wherein said at least one 
PMV is calculated in accordance with directional segmen
tation prediction. 

14. An apparatus for decoding an encoded picture from a 
bit stream, comprising: 

means for decoding at least one of a plurality of smaller 10 

portions at a time of the encoded picture that is encoded 
in frame coding mode and at least one of said plurality 
of smaller portions at a time of the encoded picture in 
field coding mode, wherein each of said smaller por
tions has a size that is larger than one macro block, 15 

wherein at least one block within at least one of said 
plurality of smaller portions at a time is encoded in inter 
coding mode; and 

means for using said plurality of decoded smaller portions 
to construct a decoded picture. 20 

15. The apparatus of claim 14, wherein at least one motion 
vector is received for said at least one block within at least 
one of said plurality of smaller portions. 

16. The apparatus of claim 15, wherein said at least one 
motion vector is spatially predictive coded for a current 25 

block of said plurality of smaller portions. 

20 
17. The apparatus of claim 16, wherein said at least one 

motion vector is spatially predictive coded from a plurality 
of motion vectors associated with a plurality of neighboring 
blocks relative to said current block. 

18. The apparatus of claim 17, wherein said motion 
vectors associated with said plurality of neighboring blocks 
relative to said current block are used to generate at least one 
prediction motion vector (PMV), where a difference 
between said at least one PMV and said at least one motion 
vector of said current block is calculated and encoded. 

19. A bitstream comprising: 

a picture that has been divided into a plurality of smaller 
portions, wherein at least one of said plurality of 
smaller portions at a time is encoded in frame coding 
mode and at least one of said plurality of smaller 
portions at a time is encoded in field coding mode, 
wherein each of said smaller portions has a size that is 
larger than one macro block, and wherein at least one 
block within at least one of said plurality of smaller 
portions at a time is encoded in inter coding mode. 

* * * * * 

48
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MACROBLOCK LEVEL ADAPTIVE 
FRAMEIFIELD CODING FOR DIGITAL 

VIDEO CONTENT 

The present application claims priority under 35 U.S.c. 
§ 119( e) from the following previously filed Provisional 
Patent Applications: Ser. No. 60/333,921, filed Nov. 27, 
2001; Ser. No. 60/395,734, filed luI. 12, 2002; Ser. No. 
60/398,161, filed luI. 23, 2002; all of which are herein 
incorporated by reference. This application is also a Divi- 10 

sional of U.S. patent application Ser. No.1 0/301 ,290 filed on 
Nov. 20, 2002 now U.S. Pat. No. 6,980,596, which is herein 
incorporated by reference. 

2 
Video coding transforms the digital video content into a 

compressed form that can be stored using less space and 
transmitted using less bandwidth than uncompressed digital 
video content. It does so by taking advantage of temporal 
and spatial redundancies in the pictures of the video content. 
The digital video content can be stored in a storage medium 
such as a hard drive, DVD, or some other non-volatile 
storage unit. 

There are numerous video coding methods that compress 
the digital video content. Consequently, video coding stan
dards have been developed to standardize the various video 
coding methods so that the compressed digital video content 
is rendered in formats that a majority of video encoders and 
decoders can recognize. For example, the Motion Picture 

TECHNICAL FIELD 

The present invention relates to encoding and decoding of 
digital video content. More specifically, the present inven
tion relates to frame mode and field mode encoding of digital 
video content at a macroblock level as used in the MPEG-4 
Part 10 AVC/H.264 standard video coding standard. 

15 Experts Group (MPEG) and International Telecommunica
tion Union (ITU-T) have developed video coding standards 
that are in wide use. Examples of these standards include the 
MPEG-l, MPEG-2, MPEG-4, ITU-T H261, and ITU-T 
H263 standards. 

20 

BACKGROUND 

Most modem video coding standards, such as those 
developed by MPEG and ITU-T, are based in part on a 
temporal prediction with motion compensation (MC) algo
rithm. Temporal prediction with motion compensation is 
used to remove temporal redundancy between successive Video compression is used in many current and emerging 

products. It is at the heart of digital television set-top boxes 
(STBs), digital satellite systems (DSSs), high definition 
television (HDTV) decoders, digital versatile disk (DVD) 
players, video conferencing, Internet video and multimedia 
content, and other digital video applications. Without video 
compression, digital video content can be extremely large, 
making it difficult or even impossible for the digital video 
content to be efficiently stored, transmitted, or viewed. 

25 pictures in a digital video broadcast. 
The temporal prediction with motion compensation algo

rithm typically utilizes one or two reference pictures to 
encode a particular picture. A reference picture is a picture 
that has already been encoded. By comparing the particular 

The digital video content comprises a stream of pictures 
that can be displayed as an image on a television receiver, 
computer monitor, or some other electronic device capable 
of displaying digital video content. A picture that is dis
played in time before a particular picture is in the "backward 
direction" in relation to the particular picture. Likewise, a 
picture that is displayed in time after a particular picture is 
in the "forward direction" in relation to the particular 
picture. 

30 picture that is to be encoded with one of the reference 
pictures, the temporal prediction with motion compensation 
algorithm can take advantage of the temporal redundancy 
that exists between the reference picture and the particular 
picture that is to be encoded and encode the picture with a 

35 higher amount of compression than if the picture were 
encoded without using the temporal prediction with motion 
compensation algorithm. One of the reference pictures may 
be in the backward direction in relation to the particular 
picture that is to be encoded. The other reference picture is 

40 in the forward direction in relation to the particular picture 
that is to be encoded. 

Video compression is accomplished in a video encoding, 
or coding, process in which each picture is encoded as either 
a frame or as two fields. Each frame comprises a number of 
lines of spatial information. For example, a typical frame 45 

contains 480 horizontal lines. Each field contains half the 
number of lines in the frame. For example, if the frame 
comprises 480 horizontal lines, each field comprises 240 
horizontal lines. In a typical configuration, one of the fields 
comprises the odd numbered lines in the frame and the other 50 

field comprises the even numbered lines in the frame. The 
field that comprises the odd numbered lines will be referred 
to as the "top" field hereafter and in the appended claims, 
unless otherwise specifically denoted. Likewise, the field 
that comprises the even numbered lines will be referred to as 55 

the "bottom" field hereafter and in the appended claims, 
unless otherwise specifically denoted. The two fields can be 
interlaced together to form an interlaced frame. 

The general idea behind video coding is to remove data 
from the digital video content that is "non-essential." The 60 

decreased amount of data then requires less bandwidth for 
broadcast or transmission. After the compressed video data 
has been transmitted, it must be decoded, or decompressed. 
In this process, the transmitted video data is processed to 
generate approximation data that is substituted into the video 65 

data to replace the "non-essential" data that was removed in 
the coding process. 

However, as the demand for higher resolutions, more 
complex graphical content, and faster transmission time 
increases, so does the need for better video compression 
methods. To this end, a new video coding standard is 
currently being developed jointly by ISO and ITU-T. This 
new video coding standard is called the MPEG-4 Advanced 
Video Coding (AVC)/H.264 standard. 

SUMMARY OF THE INVENTION 

In one of many possible embodiments, the present inven
tion provides a method of encoding, decoding, and bitstream 
generation of digital video content. The digital video content 
comprises a stream of pictures which can each be intra, 
predicted, or bi-predicted pictures. Each of the pictures 
comprises macroblocks that can be further divided into 
smaller blocks. The method entails encoding and decoding 
each of the macro blocks in each picture in said stream of 
pictures in either frame mode or in field mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate various embodi
ments of the present invention and are a part of the speci
fication. Together with the following description, the draw
ings demonstrate and explain the principles of the present 60
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invention. The illustrated embodiments are examples of the 
present invention and do not limit the scope of the invention. 

FIG. 1 illustrates an exemplary sequence of three types of 
pictures that can be used to implement the present invention, 

4 
FIG. 14 shows that each pixel value is predicted from 

neighboring blocks pixel values according to an embodi
ment of the present invention. 

FIG. 15 shows different prediction directions for intra_ 
as defined by an exemplary video coding standard such as 5 

the MPEG-4 Part 10 AVC/H.264 standard. 
4x4 coding. 

FIGS. 16a-b illustrate that the chosen intra-prediction 
mode (intra_pred_mode) of a 4 by 4 pixel block is highly 
correlated with the prediction modes of adjacent blocks. 

FIG. 2 shows that each picture is preferably divided into 
slices containing macro blocks according to an embodiment 
of the present invention. 

FIG. 3a shows that a macroblock can be further divided 
into a block size of 16 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3b shows that a macroblock can be further divided 
into a block size of 8 by 16 pixels according to an embodi
ment of the present invention. 

FIG. 3c shows that a macroblock can be further divided 
into a block size of 8 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3d shows that a macroblock can be further divided 

FIGS. 17a-d show neighboring blocks definitions in rela-
10 tion to a current macroblock pair that is to be encoded. 

15 

Throughout the drawings, identical reference numbers 
designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

20 
into a block size of 8 by 4 pixels according to an embodi-

The present invention provides a method of adaptive 
frame/field (AFF) coding of digital video content compris
ing a stream of pictures or slices of a picture at a macroblock 
level. The present invention extends the concept of picture 
level AFF to macroblocks. In AFF coding at a picture level, 
each picture in a stream of pictures that is to be encoded is ment of the present invention. 

FIG. 3e shows that a macroblock can be further divided 
into a block size of 4 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3/ shows that a macroblock can be further divided 
into a block size of 4 by 4 pixels according to an embodi
ment of the present invention. 

FIG. 4 shows a picture construction example using tem
poral prediction with motion compensation that illustrates an 
embodiment of the present invention. 

FIG. 5 shows that a macroblock is split into a top field and 
a bottom field if it is to be encoded in field mode. 

FIG. 6a shows that a macroblock that is encoded in field 

encoded in either frame mode or in field mode, regardless of 
the frame or field coding mode of other pictures that are to 

25 be coded. If a picture is encoded in frame mode, the two 
fields that make up an interlaced frame are coded jointly. 
Conversely, if a picture is encoded in field mode, the two 
fields that make up an interlaced frame are coded separately. 
The encoder determines which type of coding, frame mode 

30 coding or field mode coding, is more advantageous for each 
picture and chooses that type of encoding for the picture. 
The exact method of choosing between frame mode and 
field mode is not critical to the present invention and will not 
be detailed herein. 

mode can be divided into a block with a size of 16 by 8 35 

pixels according to an embodiment of the present invention. 
As noted above, the MPEG-4 Part 10 AVC/H.264 stan-

dard is a new standard for encoding and compressing digital 
video content. The documents establishing the MPEG-4 Part 
10 AVC/H.264 standard are hereby incorporated by refer
ence, including "Joint Final Committee Draft (JFCD) of 

FIG. 6b shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 8 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6c shows that a macroblock that is encoded in field 40 Joint Video Specification" issued by the Joint Video Team 
(JVT) on Aug. 10, 2002. (ITU-T Rec. H.264 & ISO/lEC 
14496-10 AVC). The JVT consists of experts from ISO or 
MPEG and ITU -T. Due to the public nature of the MPEG-4 
Part 10 AVC/H.264 standard, the present specification will 

mode can be divided into a block with a size of 4 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6d shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 4 by 4 pixels 
according to an embodiment of the present invention. 

FIG. 7 illustrates an exemplary pair of macroblocks that 
can be used in AFF coding on a pair of macroblocks 
according to an embodiment of the present invention. 

FIG. 8 shows that a pair of macroblocks that is to be 
encoded in field mode is first split into one top field 16 by 
16 pixel block and one bottom field 16 by 16 pixel block. 

FIG. 9 shows two possible scanning paths in AFF coding 
of pairs of macroblocks. 

FIG. 10 illustrates another embodiment of the present 
invention which extends the concept of AFF coding on a pair 
of macro blocks to AFF coding to a group of four or more 
neighboring macroblocks. 

FIG. 11 shows some of the information included in the 

45 not attempt to document all the existing aspects of MPEG-4 
Part 10 AVC/H.264 video coding, relying instead on the 
incorporated specifications of the standard. 

Although this method of AFF encoding is compatible with 
and will be explained using the MPEG-4 Part 10 AVC/H.264 

50 standard guidelines, it can be modified and used as best 
serves a particular standard or application. 

Using the drawings, the preferred embodiments of the 
present invention will now be explained. 

FIG. 1 illustrates an exemplary sequence of three types of 
55 pictures that can be used to implement the present invention, 

as defined by an exemplary video coding standard such as 
the MPEG-4 Part 10 AVC/H.264 standard. As previously 
mentioned, the encoder encodes the pictures and the decoder 

bitstream which contains infonnation pertinent to each mac- 60 

roblock within a stream. 

decodes the pictures. The encoder or decoder can be a 
processor, application specific integrated circuit (ASIC), 
field programmable gate array (FPGA), coder/decoder (CO-

FIG. 12 shows a block that is to be encoded and its 
neighboring blocks and will be used to explain various 
preferable methods of calculating the PMV of a block in a 
macro block. 

FIG. 13 shows an alternate definition of neighboring 
blocks if the scanning path is a vertical scanning path. 

DEC), digital signal processor (DSP), or some other elec
tronic device that is capable of encoding the stream of 
pictures. However, as used hereafter and in the appended 

65 claims, unless otherwise specifically denoted, the tenn 
"encoder" will be used to refer expansively to all electronic 
devices that encode digital video content comprising a 61
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stream of pictures. The term "decoder" will be used to refer 
expansively to all electronic devices that decode digital 
video content comprising a stream of pictures. 

As shown in FIG. 1, there are preferably three types of 
pictures that can be used in the video coding method. Three 
types of pictures are defined to support random access to 
stored digital video content while exploring the maximum 
redundancy reduction using temporal prediction with 
motion compensation. The three types of pictures are intra 
(1) pictures (100), predicted (P) pictures (102a,b), and bi
predicted (B) pictures (lOla-d). An I picture (100) provides 
an access point for random access to stored digital video 
content and can be encoded only-with slight compression. 
Intra pictures (100) are encoded without referring to refer
ence pictures. 

A predicted picture (102a,b) is encoded using an I, P, or 
B picture that has already been encoded as a reference 
picture. The reference picture can be in either the forward or 
backward temporal direction in relation to the P picture that 
is being encoded. The predicted pictures (102a,b) can be 
encoded with more compression than the intra pictures 
(100). 

A bi-predicted picture (lOla-d) is encoded using two 
temporal reference pictures: a forward reference picture and 
a backward reference picture. The forward reference picture 
is sometimes called a past reference picture and the back
ward reference picture is sometimes called a future reference 
picture. An embodiment of the present invention is that the 
forward reference picture and backward reference picture 
can be in the same temporal direction in relation to the B 
picture that is being encoded. Bi-predicted pictures (lOla-d) 
can be encoded with the most compression out of the three 
picture types. 

6 
These smaller block sizes are preferable in some applica
tions that use the temporal prediction with motion compen
sation algorithm. 

FIG. 4 shows a picture construction example using tem-
5 poral prediction with motion compensation that illustrates an 

embodiment of the present invention. Temporal prediction 
with motion compensation assumes that a current picture, 
picture N (400), can be locally modeled as a translation of 
another picture, picture N-l (401). The picture N-l (401) is 

10 the reference picture for the encoding of picture N (400) and 
can be in the forward or backwards temporal direction in 
relation to picture N (400). 

As shown in FIG. 4, each picture is preferably divided 
into slices containing macroblocks (20la,b). The picture 

15 N-l (401) contains an image (403) that is to be shown in 
picture N (400). The image (403) will be in a different 
temporal position in picture N (402) than it is in picture N-l 
(401), as shown in FIG. 4. The image content of each 
macroblock (20lb) of picture N (400) is predicted from the 

20 image content of each corresponding macroblock (20la) of 
picture N-l (401) by estimating the required amount of 
temporal motion of the image content of each macroblock 
(20la) of picture N-l (401) for the image (403) to move to 
its new temporal position (402) in picture N (400). Instead 

25 of the original image (402) being encoded, the difference 
(404) between the image (402) and its prediction (403) is 
actually encoded and transmitted. 

For each image (402) in picture N (400), the temporal 
prediction can often be described by motion vectors that 

30 represent the amount of temporal motion required for the 
image (403) to move to a new temporal position in the 
picture N (402). The motion vectors (406) used for the 
temporal prediction with motion compensation need to be 
encoded and transmitted. 

Reference relationships (103) between the three picture 35 

types are illustrated in FIG. 1. For example, the P picture 
(102a) can be encoded using the encoded I picture (100) as 

FIG. 4 shows that the image (402) in picture N (400) can 
be represented by the difference (404) between the image 
and its prediction and the associated motion vectors (406). 
The exact method of encoding using the motion vectors can 
vary as best serves a particular application and can be easily 

its reference picture. The B pictures (lOla-d) can be 
encoded using the encoded I picture (100) or the encoded P 
picture (102a) as its reference pictures, as shown in FIG. 1. 
Under the principles of an embodiment of the present 
invention, encoded B pictures (lOla-d) can also be used as 
reference pictures for other B pictures that are to be encoded. 
For example, the B picture (1 Ole) of FIG. 1 is shown with 
two other B pictures (lOlb and 101d) as its reference 
pictures. 

40 implemented by someone who is skilled in the art. 
To understand macroblock level AFF coding, a brief 

overview of picture level AFF coding of a stream of pictures 
will now be given. A frame of an interlaced sequence 
contains two fields, the top field and the bottom field, which 

The number and particular order of the 1(100), B (lOla-

45 are interleaved and separated in time by a field period. The 
field period is half the time of a frame period. In picture level 
AFF coding, the two fields of an interlaced frame can be 
coded jointly or separately. If they are coded jointly, frame 
mode coding is used. Conversely, if the two fields are coded d), and P (102a,b) pictures shown in FIG. 1 are given as an 

exemplary configuration of pictures, but are not necessary to 
implement the present invention. Any number of I, B, and P 
pictures can be used in any order to best serve a particular 
application. The MPEG-4 Part 10 AVC/H.264 standard does 
not impose any limit to the number of B pictures between 
two reference pictures nor does it limit the number of 55 

pictures between two I pictures. 

50 separately, field mode coding is used. 

FIG. 2 shows that each picture (200) is preferably divided 
into slices (202). A slice (202) comprises a group of mac
roblocks (201). Amacroblock (201) is a rectangular group of 
pixels. As shown in FIG. 2, a preferable macroblock (201) 60 

size is 16 by 16 pixels. 

FIGS. 3a:fshow that a macroblock can be further divided 
into smaller sized blocks. For example, as shown in FIGS. 
3a:f, a macro block can be further divided into block sizes of 
16 by 8 pixels (FIG. 3a; 300), 8 by 16 pixels (FIG. 3b; 301), 65 

8 by 8 pixels (FIG. 3e; 302), 8 by 4 pixels (FIG. 3d; 303), 
4 by 8 pixels (FIG. 3e; 304), or 4 by 4 pixels (FIG. 3j; 305). 

Fixed frame/field coding, on the other hand, codes all the 
pictures in a stream of pictures in one mode only. That mode 
can be frame mode or it can be field mode. Picture level AFF 
is preferable to fixed frame/field coding in many applica
tions because it allows the encoder to chose which mode, 
frame mode or field mode, to encode each picture in the 
stream of pictures based on the contents of the digital video 
material. AFF coding results in better compression than does 
fixed frame/field coding in many applications. 

An embodiment of the present invention is that AFF 
coding can be performed on smaller portions of a picture. 
This small portion can be a macroblock, a pair of macrob
locks, or a group of macroblocks. Each macro block, pair of 
macroblocks, or group of macroblocks or slice is encoded in 
frame mode or in field mode, regardless of how the other 
macroblocks in the picture are encoded. AFF coding in each 
of the three cases will be described in detail below. 62
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In the first case, AFF coding is performed on a single 
macro block. If the macroblock is to be encoded in frame 
mode, the two fields in the macroblock are encoded jointly. 
Once encoded as a frame, the macroblock can be further 
divided into the smaller blocks of FIGS. 3a:ffor use in the 5 

temporal prediction with motion compensation algorithm. 
However, if the macroblock is to be encoded in field 

mode, the macroblock (500) is split into a top field (501) and 
a bottom field (502), as shown in FIG. 5. The two fields are 
then coded separately. In FIG. 5, the macro block has M rows 10 

of pixels and N colunms of pixels. A preferable value of N 
and M is 16, making the macroblock (500) a 16 by 16 pixel 
macro block. As shown in FIG. 5, every other row of pixels 
is shaded. The shaded areas represent the rows of pixels in 
the top field of the macroblock (500) and the unshaded areas 15 

represent the rows of pixels in the bottom field of the 
macro block (500). 

8 
bottom field block (SOl) can now be divided into one of the 
possible block sizes of FIGS. 3a:f. 

According to an embodiment of the present invention, in 
the AFF coding of pairs of macroblocks (700), there are two 
possible scanning paths. A scarming path determines the 
order in which the pairs of macro blocks of a picture are 
encoded. FIG. 9 shows the two possible scanning paths in 
AFF coding of pairs of macroblocks (700). One of the 
scanning paths is a horizontal scarming path (900). In the 
horizontal scarming path (900), the macroblock pairs (700) 
of a picture (200) are coded from left to right and from top 
to bottom, as shown in FIG. 9. The other scanning path is a 
vertical scanning path (901). In the vertical scanning path 
(901), the macroblock pairs (700) of a picture (200) are 
coded from top to bottom and from left to right, as shown in 
FIG. 9. For frame mode coding, the top macroblock of a 
macroblock pair (700) is coded first, followed by the bottom 
macroblock. For field mode coding, the top field macroblock 
of a macroblock pair is coded first followed by the bottom 

As shown in FIGS. 6a-d, a macroblock that is encoded in 
field mode can be divided into four additional blocks. A 
block is required to have a single parity. The single parity 
requirement is that a block cannot comprise both top and 
bottom fields. Rather, it must contain a single parity offield. 
Thus, as shown in FIGS. 6a-d, a field mode macroblock can 

20 field macroblock. 

be divided into blocks of 16 by 8 pixels (FIG. 6a; 600), 8 by 
8 pixels (FIG. 6b; 601), 4 by 8 pixels (FIG. 6c; 602), and 4 25 

by 4 pixels (FIG. 6d; 603). FIGS. 6a-d shows that each block 
contains fields of a single parity. 

Another embodiment of the present invention extends the 
concept of AFF coding on a pair of macroblocks to AFF 
coding on a group of four or more neighboring macroblocks 
(902), as shown in FIG. 10. AFF coding on a group of 
macroblocks will be occasionally referred to as group based 
AFF coding. The same scanning paths, horizontal (900) and 
vertical (901), as are used in the scarming of macroblock 
pairs are used in the scanning of groups of neighboring 
macroblocks (902). Although the example shown in FIG. 10 
shows a group of four macroblocks, the group can be more 
than four macroblocks. 

AFF coding on macroblock pairs will now be explained. 
AFF coding on macroblock pairs will be occasionally 
referred to as pair based AFF coding. A comparison of the 30 

block sizes in FIGS. 6a-d and in FIGS. 3a:f show that a 
macro block encoded in field mode can be divided into fewer 
block patterns than can a macroblock encoded in frame 
mode. The block sizes of 16 by 16 pixels, 8 by 16 pixels, and 

If the group of macroblocks (902) is to be encoded in 
frame mode, the group coded as four frame-based macrob
locks. In each macro block, the two fields in each of the 

35 macroblocks are encoded jointly. Once encoded as frames, 
the macroblocks can be further divided into the smaller 
blocks of FIGS. 3a:ffor use in the temporal prediction with 
motion compensation algorithm. 

However, if a group of four macro blocks (902), for 
example, is to be encoded in field mode, it is first split into 
one top field 32 by 16 pixel block and one bottom field 32 
by 16 pixel block. The two fields are then coded separately. 
The top field block and the bottom field block can now be 
divided into macroblocks. Each macro block is further 

8 by 4 pixels are not available for a macro block encoded in 
field mode because of the single parity requirement. This 
implies that the performance of single macro block based 
AFF may not be good for some sequences or applications 
that strongly favor field mode coding. In order to guarantee 
the performance of field mode macroblock coding, it is 40 

preferable in some applications for macroblocks that are 
coded in field mode to have the same block sizes as 
macro blocks that are coded in frame mode. This can be 
achieved by performing AFF coding on macro block pairs 
instead of on single macroblocks. 45 divided into one of the possible block sizes of FIGS. 3a:f. 

FIG. 7 illustrates an exemplary pair of macro blocks (700) 
that can be used in AFF coding on a pair of macroblocks 
according to an embodiment of the present invention. If the 
pair of macro blocks (700) is to be encoded in frame mode, 
the pair is coded as two frame-based macroblocks. In each 
macro block, the two fields in each of the macro blocks are 
encoded jointly. Once encoded as frames, the macro blocks 
can be further divided into the smaller blocks of FIGS. 3a:f 
for use in the temporal prediction with motion compensation 
algorithm. 

However, if the pair of macro blocks (700) is to be 
encoded in field mode, it is first split into one top field 16 by 
16 pixel block (SOO) and one bottom field 16 by 16 pixel 
block (SOl), as shown in FIG. S. The two fields are then 
coded separately. In FIG. S, each macroblock in the pair of 
macroblocks (700) has N=16 colunms of pixels and M=16 
rows of pixels. Thus, the dimensions-of the pair of macrob
locks (700) is 16 by 32 pixels. As shown in FIG. S, every 
other row of pixels is shaded. The shaded areas represent the 
rows of pixels in the top field of the macro blocks and the 
unshaded areas represent the rows of pixels in the bottom 
field of the macroblocks. The top field block (SOO) and the 

Because this process is similar to that of FIG. S, a separate 
figure is not provided to illustrate this embodiment. 

In AFF coding at the macroblock level, a frame/field flag 
bit is preferably included in a picture's bitstream to indicate 

50 which mode, frame mode or field mode, is used in the 
encoding of each macroblock. The bitstream includes infor
mation pertinent to each macroblock within a stream, as 
shown in FIG. 11. For example, the bitstream can include a 
picture header (110), run information (111), and macroblock 

55 type (113) information. The frame/field flag (112) is prefer
ably included before each macroblock in the bitstream if 
AFF is performed on each individual macroblock. If the AFF 
is performed on pairs of macroblocks, the frame/field flag 
(112) is preferably included before each pair of macroblock 

60 in the bitstream. Finally, if the AFF is performed on a group 
of macroblocks, the frame/field flag (112) is preferably 
included before each group of macro blocks in the bitstream. 
One embodiment is that the frame/field flag (112) bit is a 0 
if frame mode is to be used and a 1 if field coding is to be 

65 used. Another embodiment is that the frame/field flag (112) 
bit is a 1 if frame mode is to be used and a 0 if field coding 
is to be used. 63
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must also be in frame mode to have its motion vector 
included in the calculation of the PMV for block E. If one 
of E's neighboring blocks does not have the same coding 
mode as does block E, its motion vectors are not used in the 
calculation of block E's PMV. 

The "always method" can also be used to calculate the 
PMV for block E. In the always method, blocks A, B, C, and 
D are always used in calculating the PMV for block E, 

Another embodiment of the present invention entails a 
method of determining the size of blocks into which the 
encoder divides a macroblock in macro block level AFF. A 
preferable, but not exclusive, method for detennining the 
ideal block size is sum absolute difference (SAD) with or 5 

without bias or rate distortion (RD) basis. For example, SAD 
checks the perfonnance of the possible block sizes and 
chooses the ideal block size based on its results. The exact 
method of using SAD with or without bias or RD basis can 
be easily be performed by someone skilled in the art. 10 regardless of their frame or field coding mode. If E is in 

frame mode and a neighboring block is in field mode, the 
vertical component of the neighboring block is multiplied by 
2 before being included in the PMV calculation for block E. 
If E is in field mode and a neighboring block is in frame 

According to an embodiment of the present invention, 
each frame and field based macroblock in macroblock level 
AFF can be intra coded or inter coded. In intra coding, the 
macro block is encoded without temporally referring to other 
macroblocks. On the other hand, in inter coding, temporal 
prediction with motion compensation is used to code the 
macroblocks. 

15 mode, the vertical component of the neighboring block is 
divided by 2 before being included in the PMV calculation 
for block E. 

The "selective method" can also be used to calculate the 
PMV for block E if the macroblock has been encoded using 
pair based AFF encoding or group based AFF encoding. In 
the selective method, a frame-based block has a frame-based 
motion vector pointing to a reference frame. The block is 
also assigned a field-based motion vector pointing to a 
reference field. The field-based motion vector is the frame-

25 based motion vector of the block with the vertical motion 

If inter coding is used, a block with a size of 16 by 16 
pixels, 16 by 8 pixels, 8 by 16 pixels, or 8 by 8 pixels can 
have its own reference pictures. The block can either be a 20 

frame or field based macroblock. The MPEG-4 Part 10 
AVC/H.264 standard allows multiple reference pictures 
instead of just two reference pictures. The use of multiple 
reference pictures improves the performance of the temporal 
prediction with motion compensation algorithm by allowing 
the encoder to find a block in the reference picture that most 
closely matches the block that is to be encoded. By using the 
block in the reference picture in the coding process that most 
closely matches the block that is to be encoded, the greatest 
amount of compression is possible in the encoding of the 30 

picture. The reference pictures are stored in frame and field 
buffers and are assigned reference frame numbers and 
reference field numbers based on the temporal distance they 
are away from the current picture that is being encoded. The 
closer the reference picture is to the current picture that is 35 

being stored, the more likely the reference picture will be 
selected. For field mode coding, the reference pictures for a 
block can be any top or bottom field of any of the reference 
pictures in the reference frame or field buffers. 

vector component divided by two. The reference field num
ber is the reference frame number multiplied by two. A 
field-based block has a field-based motion vector pointing to 
a reference field. The block is also assigned a frame-based 
motion vector pointing to a reference frame. The frame
based motion vector is the field-based motion vector of the 
block with the vertical motion vector component multiplied 
by two. The reference frame number is the reference field 
number divided by two. 

The derivation of a block's PMV using the selective 
method will now be explained using FIG. 12 as a reference. 
In macroblock pair based AFF, each block in a macroblock 
is associated with a companion block that resides in the same 
geometric location within the second macroblock of the 
macroblock pair. In FIG. 12, each of block E's neighboring 
blocks (A, B, C, and D) mayor may not be in the same frame 
or field coding mode as block E. Hence, the following rules 
apply: 

Each block in a frame or field based macroblock can have 40 

its own motion vectors. The motion vectors are spatially 
predictive coded. According to an embodiment of the 
present invention, in inter coding, prediction motion vectors 
(PMV) are also calculated for each block. The algebraic 
difference between a block's PMVs and its associated 
motion vectors is then calculated and encoded. This gener
ates the compressed bits for motion vectors. 

45 If E is in frame mode and a neighboring block is in frame 
mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMY. 

FIG. 12 will be used to explain various preferable meth
ods of calculating the PMV of a block in a macroblock. A 
current block, E, in FIG. 12 is to be inter coded as well as 50 

its neighboring blocks A, B, C, and D. E will refer hereafter 
to a current block and A, B, C, and D will refer hereafter to 
E's neighboring blocks, unless otherwise denoted. Block E's 
PMV is derived from the motion vectors of its neighboring 
blocks. These neighboring blocks in the example of FIG. 12 55 

are A, B, C, and D. One preferable method of calculating the 
PMV for block E is to calculate either the median of the 
motion vectors of blocks A, B, C, and D, the average of these 
motion vectors, or the weighted average of these motion 
vectors. Each of the blocks A through E can be in either 60 

frame or field mode. 

If E is in frame mode and a neighboring block is in field 
mode, the following rules apply in calculating E's PMV. If 
the neighboring block (e.g.; block A) and its companion 
field-based block have the same reference field, the average 
of the assigned frame-based motion vectors of the two 
blocks is used for the calculation ofE's PMV. The reference 
frame number used for the PMV calculation is the reference 
field number of the neighboring block divided by two. 
However, if the neighboring block and its companion field 
block have different reference fields, then the neighboring 
block caunot be used in the calculation of E's PMV. 

If E is in field mode and a neighboring block is in frame 
mode, the following rules apply in calculating E's PMV. If 
the neighboring block (e.g.; block A) and its companion 
frame-based block have the same reference frame, the 
average of the assigned field-based motion vectors of the 
two blocks is used for the calculation of E's PMV. The 

Another preferable method of calculating the PMV for 
block E is to use a yes/no method. Under the principles of 
the yes/no method, a block has to be in the same frame or 
field coding mode as block E in order to have its motion 
vector included in the calculation of the PMV for E. For 
example, if block E in FIG. 12 is in frame mode, block A 

65 reference field number used for the PMV calculation is the 
reference frame number of the neighboring block multiplied 
by two. However, if the neighboring block and its compan-64
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ion field block have different reference frames, then the 
neighboring block cannot be used in the calculation of E's 
PMV. 

If E is in field mode and a neighboring block is in field 
mode, the true field-based motion vector of the neighboring 5 

block is used in the calculation of E's PMY. 

12 
Now, let black E be in top or bottom field mode and let 

(xf,yf) represent the horizontal and vertical field coordinates 
respectively ofE. In this case, the neighbors ofE are defined 
as follows. A is the block whose field coordinates are 
(xf-l,yf) and has sonic polarity as E. B is the block whose 
field coordinates are (xf,yf-l) and has same polarity as E. D 
is the block whose field coordinates are (xf-l,yf-l) and has 
same polarity as E. C is the block whose field coordinates are 
(xf+bx+l,yf) and has same polarity as E. If either A,B,C or 

An alternate preferable option can be used in the selective 
method to calculate a block's PMV. In FIG. 12, each of 
block E's neighboring blocks (A, B, C, and D) mayor may 
not be in the same frame or field coding mode as block E. 
Hence, the following rules apply for this alternate preferable 
option of the selective method: 

10 D is in frame mode then its vertical motion vector is divided 
by 2 before being used for prediction and its reference field 
is computed by multiplying its reference frame by 2. 

In all of the above methods for determining the PMV of 
a block, a horizontal scanning path was assumed. However, 

If E is in frame mode and a neighboring block is in frame 
mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMV. 

If E is in frame mode and a neighboring block is in field 
mode, the weighted average of the assigned frame-based 
motion vectors of the neighboring block and its companion 
field-based block is used forte calculation of E's PMV. The 
weighting factors are based upon the reference field numbers 
of to neighboring block and its companion block. 

15 the scanning path can also be a vertical scanning path. In this 
case, the neighboring blocks of the current block, E, are 
defined as shown in FIG. 13. A vertical scanning path is 
preferable in some applications because the information on 
all the neighboring blocks is available for the calculation of 

20 the PMV for the current block E. 

If E is in field mode, and a neighboring block is in frame 
mode, the weighted average of the assigned field-based 
motion vectors of the neighboring block and its companion 
frame-based block is used for the calculation of E's PMY. 25 

The weighting factors are based upon the reference frame 
numbers of the neighboring block and its companion block. 

Another embodiment of the present invention is direc
tional segmentation prediction. In directional segmentation 
prediction, 16 by 8 pixel blocks and 8 by 16 pixel blocks 
have rules that apply to their PMV calculations only. These 
rules apply in all PMV calculation methods for these block 
sizes. The rules will now be explained in detail in connection 
with FIG. 12. In each of these rules, a current block E is to 
have its PMV calculated. 

First, a 16 by 16 pixel block consists of an upper block 
If E is in field mode and a neighboring block is in field 

mode, the true field-based motion vector of the neighboring 
block is used in the calculation of E's PMY. 

Another preferable method of computing a block's PMV 
is the "alt selective method." This method can be used in 
single macro block AFF coding, pair based macroblock AFF 
coding, or group based AFF coding. In this method, each 
block is assigned a horizontal and a vertical index number, 
which represents the horizontal and vertical coordinates of 
the block. Each block is also assigned a horizontal and 
vertical field coordinate. A block's horizontal field coordi-

30 and a lower block. The upper block contains the top 8 rows 
of 16 pixels. The lower block contains the bottom 8 rows of 
16 pixels. In the following description, block E of FIG. 12 
is a 16 by 8 pixel block. For the upper block having a 16 by 
8 pixel block, block B is used to predict block E's PMV if 

35 it has the same reference picture as block E. Otherwise, 
median prediction is used to predict block E's PMV. For the 
lower block having a 16 by 8 pixel block, block A is used to 
predict block E's PMV if it has the same reference picture 

nate is same as its horizontal coordinate. For a block in a top 
field macro block, the vertical field coordinate is half of 40 

vertical coordinate of the block and is assigned top field 
polarity. For a block in the bottom field macroblock, the 
vertical field coordinate of the block is obtained by subtract
ing 4 from the vertical coordinate of the block and dividing 
the result by 2. The block is also assigned bottom field 45 

polarity. The result of assigning different field polarities to 
two blocks is that there are now two blocks with the same 
horizontal and vertical field coordinates but with differing 
field polarities. Thus, given the coordinates of a block, the 
field coordinates and its field polarity can be computed and 50 

vIce versa. 

as block E. Otherwise, median prediction is used to predict 
block E's PMV. 

A 16 by 16 pixel block is divided into a right and left 
block. Both right and left blocks are 8 by 16 pixels. In the 
following description, block E of FIG. 12 is a 8 by 16 pixel 
block. For the left block, blockAis used to predict block E's 
PMV if it has the same reference picture as block E. 
Otherwise, median prediction is used to predict block E's 
PMV. For the right block, block C is used to predict block 
E's PMV if it has the same referenced picture as block E. 
Otherwise median prediction is used to predict block E's 
PMV. 

For both 16 by 8 pixel blocks and 8 by 16 blocks, A, B, 
or C can be in different encoding modes (frame or field) than 
the current block E. The following rules apply for both block 
sizes. IfE is in frame mode, and A, B, or C is in field mode, 

The alt selective method will now be explained in detail 
using FIG. 12 as a reference. The PMV of block E is to be 
computed. Let bx represent the horizontal size of block E 
divided by 4, which is the size of a block in this example. 
The PMVs for E are obtained as follows depending on 
whether E is in frame/field mode. 

55 the reference frame number of A, B, or C is computed by 
dividing its reference field by 2. IfE is in field mode, and A, 
B, or C is in frame mode, the reference field number of A, 
B, or C is computed by multiplying its reference frame by 
2. 

Let block E be in frame mode and let (x,y) represent the 
horizontal and vertical coordinates respectively of E. The 
neighboring blocks ofE are defined in the following manner. 60 

A is the block whose coordinates are (x-l,y). B is the block 
whose coordinates are (x,y-l). D is the block whose coor
dinates are (x-l,y-l). C is the block whose coordinates are 
(x+bx+l,y-l). If either A, B, CorD is in field mode then its 
vertical motion vector is multiplied by 2 before being used 65 

for prediction and its reference frame number is computed 
by dividing its reference field by 2. 

According to another embodiment of the present inven
tion, a macroblock in a P picture can be skipped in AFF 
coding. If a macroblock is skipped, its data is not transmitted 
in the encoding of the picture. A skipped macroblock in a P 
picture is reconstructed by copying the co-located macrob
lock in the most recently coded reference picture. The 
co-located macroblock is defined as the one with motion 
compensation using PMV as defined above or without 65
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motion vectors. The following rules apply for skipped 
macro blocks in a P picture. If AFF coding is performed per 
macro block, a skipped macroblock is in frame mode. If AFF 
coding is performed on macroblock pairs and if both mac
roblocks are skipped, then they are in frame mode. However, 
if only one of the macro blocks in a macroblock pair is 
skipped, its frame or field coding mode is the same as the 
non-skipped macroblock in the same macroblock pair. If 
AFF coding is performed on a group of macroblocks and if 
the entire group of macro blocks is skipped, then all the 10 

macro blocks are in frame mode. If there is at least one 
macro block that is not skipped, then the skipped macrob
locks in the same group are in the same frame or field coding 
mode as the non-skipped macroblock. 

14 
An alternate option is to force the direct mode block to be 

in the same frame or field coding mode as the co-located 
block. In this case, if the co-located block for a direct mode 
block is in frame mode, the direct mode block is in frame 
mode as well. The two frame-based motion vectors of the 
direct mode block are derived from the frame-based forward 
motion vector of the co-located block. The forward refer
ence frame is used by the co-located block. The backward 
reference frame is where the co-located block resides. 

However, if the co-located block for a block in direct 
mode is in field mode, the direct mode block is also in field 
mode. The two field-based motion vectors of the direct mode 
block are derived from the field-based forward motion 
vector of the co-located block. The forward reference field 

An alternate method for skipped macroblocks is as fol
lows. If a macro block pair is skipped, its frame and field 
coding mode follows its neighboring macroblock pair to the 
left. If the left neighboring macroblock pair is not available, 

15 is used by the co-located block. The backward reference 
field is where the co-located block resides. 

A macroblock in a B picture can also be skipped in AFF 

its coding mode follows its neighboring macroblock pair to 
the top. If neither the left nor top neighboring macroblock 20 

pairs are available, the skipped macroblock is set to frame 
mode. 

coding according to another embodiment of the present 
invention. A skipped macroblock in a B picture is recon
structed as a regular direct mode macroblock without any 
coded transform coefficient information. For skipped mac-
roblocks in a B picture, the following rules apply. If AFF 
coding is performed per macroblock, a skipped macroblock 
is either in frame mode or in the frame or field coding mode 

Another embodiment of the present invention is direct 
mode macroblock coding for B pictures. In direct mode 
coding, a B picture has two motion vectors, forward and 
backward motion vectors. Each motion vector points to a 
reference picture. Both the forward and backward motion 
vectors can point in the same temporal direction. For direct 
mode macroblock coding in B pictures, the forward and 
backward motion vectors of a block are calculated from the 
co-located block in the backward reference picture. The 
co-located block in the backward reference picture can be 
frame mode or field mode coded. The following rules apply 
in direct mode macroblock coding for B picture. 

If the co-located block is in frame mode and if the current 
direct mode macroblock is also in frame mode, the two 
associated motion vectors of a block in the direct mode 
macroblock are calculated from the co-located block. The 

25 of the co-located block in its backward reference picture. If 
AFF coding is performed on macroblock pairs and if both 
macroblocks are skipped, then they are in frame mode or in 
the frame or field coding mode of the co-located macroblock 
pair in the its backward reference picture. However, if only 

30 one of the macroblocks in a macroblock pair is skipped, its 
frame or field coding mode is the same as the non-skipped 
macroblock of the same macro block pair. If AFF coding is 
performed on a group of macro blocks and if the entire group 
of macroblocks is skipped, then all the macro blocks are in 

35 frame mode or in the frame or field coding mode of the 
co-located group of macroblocks in the backward reference 
picture. If there is at least one macro block that is not 
skipped, then the skipped macroblock in the same group are 

forward reference frame is the one used by the co-located 
block. The backward reference frame is the same frame 40 

in the same frame or field coding mode as the non-skipped 
macroblock. 

As previously mentioned, a block can be intra coded. Intra 
blocks are spatially predictive coded. There are two possible 
intra coding modes for a macro block in macroblock level 
AFF coding. The first is intra_ 4x4 mode and the second is 
intra_16xl6 mode. In both, each pixel's value is predicted 
using the real reconstructed pixel values from neighboring 

where the co-located block resides. 
If the co-located block is in frame mode and if the current 

direct mode macroblock is in field mode, the two associated 
motion vectors of a block in the direct mode macro block are 45 

calculated from the co-located block's motion vector with 
vertical component divided by two. The forward reference 
field is the same parity field of the reference frame used by 
the co-located block. The backward reference field is the 
same parity field of the backward reference frame where the 50 

co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is also in field mode, the two 
associated motion vectors of a block in the direct mode 
macroblock are calculated from the co-located block of the 55 

same field parity. The forward reference field is the field 
used by the co-located block. The backward reference field 
is the same field where the co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is in frame mode, the two associ- 60 

ated motion vectors of the block in the direct mode mac-

blocks. By predicting pixel values, more compression can be 
achieved. The intra_ 4x4 mode and the intra 16x16 modes 
will each be explained in more detail below. 

For intra_ 4x4 mode, the predictions of the pixels in a 4 
by 4 pixel block, as shown in FIG. 14, are derived form its 
left and above pixels. In FIG. 14, the 16 pixels in the 4 by 
4 pixel block are labeled a through p. Also shown in FIG. 14 
are the neighboring pixels A through P. The neighboring 
pixels are in capital letters. As shown in FIG. 15, there are 
nine different prediction directions for intra_ 4x4 coding. 
They are vertical (0), horizontal (1), DC prediction (mode 
2), diagonal down/left (3), diagonal down/right (4), vertical
left (5), horizontal-down (6), vertical-right (7), and horizon
tal-up (8). DC prediction averages all the neighboring pixels 
together to predict a particular pixel value. 

roblock are calculated from the co-located block's motion 
vector with vertical component multiplied by two. The 
forward reference frame is the frame one of whose fields is 
used by the co-located block. The backward reference field 
is the frame in one of whose fields the co-located block 
resides. 

However, for intra_16xl6 mode, there are four different 
prediction directions. Prediction directions are also referred 
to as prediction modes. These prediction directions are 

65 vertical prediction (0), horizontal prediction (1), DC predic
tion, and plane prediction. Plane prediction will not be 
explained. 66
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An intra block and its neighboring blocks may be coded 
in frame or field mode. Intra prediction is performed on the 
reconstructed blocks. A reconstructed block can be repre
sented in both frame and field mode, regardless of the actual 
frame or field coding mode of the block. Since only the 5 

pixels of the reconstructed blocks are used for intra predic
tion, the following rules apply. 

If a block of 4 by 4 pixels or 16 by 16 pixels is in frame 
mode, the neighboring pixels used in calculating the pixel 
value predictions of the block are in the frame structure. If 10 

a block of 4 by 4 pixels or 16 by 16 pixels is in field mode, 
the neighboring pixels used in calculating the pixel value 
prediction of the block are in field structure of the same field 
parity. 

16 
Rule 4: This rule applies to macroblock pairs only. In the 

case of decoding the prediction modes of blocks numbered 
3, 6, 7, 9, 12, 13, 11, 14 and 15 of FIG. 16b, the above and 
the left neighboring blocks are in the same macro block as 
the current block. However, in the case of decoding the 
prediction modes of blocks numbered 1, 4, and 5, the top 
block (block A) is in a different macro block pair than the 
current macroblock pair. In the case of decoding the pre
diction mode of blocks numbered 2,8, and 10, the left block 
(block B) is in a different macroblock pair. In the case of 
decoding the prediction mode of the block numbered 0, both 
the left and the above blocks are in different macroblock 
pairs. For a macroblock in field decoding mode the neigh
boring blocks of the blocks numbered 0,1,4,5,2,8, and 10 

The chosen intra-prediction mode (intra_pred_mode) of a 15 shall be defined as follows: 
4 by 4 pixel block is highly correlated with the prediction 
modes of adjacent blocks. This is illustrated in FIGS. 16a. 
FIG. 16a shows that A and B are adjacent blocks to C. Block 
C's prediction mode is to be established. FIG. 16b shows the 
order of intra prediction information in the bitstream. When 20 

the prediction modes of A and B are known (including the 
case that A or B or both are outside the slice) the most 
probable prediction mode (mosCprobable_mode) of C is 
given. If one of the blocks A or B is "outside" the most 
probable prediction mode is equal DC prediction (mode 2). 25 

Otherwise it is equal to the minimum of prediction modes 
used for blocks A and B. When an adjacent block is coded 
by 16x16 intra mode, prediction mode is DC prediction 
mode. When an adjacent block is coded a non-intra mac
roblock, prediction mode is "mode 2: DC prediction" in the 30 

usual case and "outside" in the case of constrained intra 
update. 

To signal a prediction mode number for a 4 by 4 block first 
parameter use_most_probable_mode is transmitted. This 
parameter is represented by 1 bit codeword and can take 35 

values 0 or 1. Ifuse_most_probable_mode is equal to 1 the 
most probable mode is used. Otherwise an additional param
eter remaining_mode_selector, which can take value from 0 
to 7 is sent as 3 bit codeword. The codeword is a binary 
representation of remaininlLmode_selector value. The pre- 40 

diction mode number is calculated as: 
if (remaining_mode_selector<mosCprobable_mode) 
intra_pred_mode=remaining_mode_selector; 
else 

If the above macroblock pair (170) is decoded in field 
mode, then for blocks number 0, 1, 4 and 5 in the top-field 
macroblock (173), blocks numbered 10, 11, 14 and 15 
respectively in the top-field macroblock (173) of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171) as 
shown in FIG. 17a. For blocks number 0,1,4 and 5 in the 
bottom-field macroblock (174), blocks numbered 10, 11, 14 
and 15 respectively in the bottom-field MB of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171), as 
shown in FIG. 17a. 

However, if the above macroblock pair (170) is decoded 
in frame mode then for blocks number 0, 1, 4 and 5 in the 
top-field macroblock (173), blocks numbered 10,11,14 and 
15 respectively in the bottom-frame macroblock (176) of the 
above macroblock pair (170) shall be considered as the 
above neighboring blocks to the current macroblock pair 
(171), as shown in FIG. 17b. For blocks number 0,1,4 and 
5 in the bottom-field macroblock (174), blocks numbered 
10, 11, 14 and 15 respectively in the bottom-frame macrob-
lock (176) of the above macro block pair (170) shall be 
considered as the above neighboring blocks to the current 
macroblock pair (171), as shown inn FIG. 17b. 

If the left macroblock pair (172) is decoded in field mode, 
then for blocks number 0, 2, 8 and 10 in the top-field 
macroblock (173), blocks numbered 5, 7, 13 and 15 respec
tively in the top-field macroblock (173) of the left macrob
lock pair (172) shall be considered as the left neighboring 

intra_pred_mode=remaining_mode_selector+ 1; 
The ordering of prediction modes assigned to blocks C is 

therefore the most probable mode followed by the remaining 
modes in the ascending order. 

An embodiment of the present invention includes the 
following rules that apply to intra mode prediction for an 
intra-prediction mode of a 4 by 4 pixel block or an intra
prediction mode of a 16 by 16 pixel block. Block C and its 
neighboring blocks A and B can be in frame or field mode. 
One of the following rules shall apply. FIGS. 16a-b will be 
used in the following explanations of the rules. 

45 blocks to the current macroblock pair (171) as shown in FIG. 
17c. For blocks number 0, 2, 8 and 10 in the bottom-field 
macroblock (174), blocks numbered 5, 7, 13 and 15 respec
tively in the bottom-field macroblock (174) of the left 
macroblock pair (172) shall be considered as the left neigh-

Rule 1: A or B is used as the neighboring block of Conly 
if A or B is in the same frame/field mode as C. Otherwise, 
A or B is considered as outside. 

Rule 2: A and B are used as the neighboring blocks of C, 
regardless of their frame/field coding mode. 

Rule 3: If C is coded in frame mode and has co-ordinates 
(x,y), then A is the block with co-ordinates (x,y-l) and B is 
the block with co-ordinates (x-l,y). Otherwise, ifC is coded 

50 boring blocks to the current macroblock pair (171), as shown 
in FIG. 17c. 

If the left macroblock pair (172) is decoded in frame 
mode, then for blocks number 0, 2, 8 and 10 in the top-field 
macroblock (173), the blocks numbered 5, 7, 13 and 15 

55 respectively in the top-frame macroblock (175) of the left 
macroblock pair (172) shall be considered as the left neigh
boring blocks to the current macroblock pair (171), as shown 
in FIG. 17d. For blocks number 0, 2, 8 and 10 in the 
bottom-field macroblock (174), blocks numbered 5, 7, 13 

60 and 15 respectively in the bottom-frame macroblock (176) 
of the left macroblock pair (172) shall be considered as the 
left neighboring blocks to the current macroblock pair (171), 
as shown in FIG. 17d. 

as field and has field co-ordinates (xf,yf) then A is the block 
whose field co-ordinates are (xf,yf-l) and has same field 65 

polarity as C and B is the block whose field co-ordinates are 
(xf-l,yf) and has same field polarity as C. 

For macroblock pairs on the upper boundary of a slice, if 
the left macroblock pair (172) is in frame decoding mode, 
then the intra mode prediction value used to predict a field 
macroblock shall be set to DC prediction. 67
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The preceding descriptions of intra coding and intra mode 
prediction can be extended to adaptive block transforms. 

18 
selectively encoding at least one of said plurality of 

smaller portions at a time in frame coding mode and at 
least one of said plurality of smaller portions at a time 
in field coding mode; and 

selectively encoding at least one block within said at least 
one of said plurality of smaller portions at a time in 
intra coding mode. 

Another embodiment of the present invention is that loop 
filtering is performed on the reconstructed blocks. A recon
structed block can be represented in either frame or field 
structure, regardless of the frame/field coding mode of the 
block. Loop (deblock) filtering is a process of weighted 
averaging of the pixels of the neighboring blocks. FIG. 12 
will be used to explain loop filtering. Assume E of FIG. 12 
is a reconstructed block, and A, B, C and D are its neigh
boring reconstructed blocks, as shown in FIG. 12, and they 
are all represented in frame structure. Since A, B, C, D and 

2. The method of claim 1, wherein said intra coding mode 
employs spatially predictive coding for a current block in 

10 accordance with a plurality of neighboring blocks to said 
current block. 

E can be either frame- or field-coded, the following rules 
apply: 

Rule 1: If E is frame-coded, loop filtering is performed 15 

over the pixels of E and its neighboring blocks A B, C and 
D. 

Rule 2: IfE is field-coded, loop filtering is performed over 
the top-field and bottom-field pixels ofE and its neighboring 
blocks A B, C and D, separately. 20 

3. An apparatus of encoding a picture in an image 
sequence, comprising: 

means for dividing said picture into a plurality of smaller 
portions, wherein each of said smaller portions has a 
size that is larger than one macroblock; 

means for selectively encoding at least one of said plu
rality of smaller portions at a time in frame coding 
mode and at least one of said plurality of smaller 
portions at a time in field coding mode; and 

means for selectively encoding at least one block within 
at least one of said plurality of smaller portions at a 
time in intra coding mode. 

Another embodiment of the present invention is that 
padding is performed on the reconstructed frame by repeat
ing the boundary pixels. Since the boundary blocks may be 
coded in frame or field mode, the following rules apply: 

Rule 1: The pixels on the left or right vertical line of a 
boundary block are repeated, if necessary. 

Rule 2: If a boundary block is in frame coding, the pixels 
on the top or bottom horizontal line of the boundary block 
are repeated. 

4. The apparatus of claim 3, wherein said intra coding 
25 mode employs spatially predictive coding for a current block 

in accordance with a plurality of neighboring blocks to said 
current block. 

Rule 3: if a boundary block is in field coding, the pixels 30 

on the two top or two bottom horizontal (two field) lines of 
the boundary block are repeated alternatively. 

Another embodiment of the present invention is that 
two-dimensional transform coefficients are converted into 
one-dimensional series of coefficients before entropy cod- 35 

ing. The scan path can be either zigzag or non-zigzag. The 
zigzag scanner is preferably for progressive sequences, but 
it may be also used for interlace sequences with slow 
motions. The non-zigzag scanners are preferably for inter
lace sequences. For macroblock AFF coding, the following 40 

options may be used: 

5. A computer-readable medium encoded with computer 
executable instructions, the computer executable instruc
tions including instructions which, when executed by a 
processor, cause the processor to perform the steps of-a 
method of encoding a picture in an image sequence, com
prising the steps of: 

dividing said picture into a plurality of smaller portions, 
wherein each of said smaller portions has a size that is 
larger than one macro block; 

selectively encoding at least one of said plurality of 
smaller portions at a time in frame coding mode and at 
least one of said plurality of smaller portions at a time 
in field coding mode; and 

selectively encoding at least one block within at least one 
of said plurality of smaller portions at a time in intra 
coding mode. 

Option 1: The zigzag scan is used for macro blocks in 
frame mode while the non-zigzag scauners are used for 
macro blocks in field coding. 

Option 2: The zigzag scan is used for macroblocks in both 
frame and field modes. 

6. A method of decoding an encoded picture having a 
45 plurality of smaller portions from a bitstream, comprising: 

Option 3: The non-zigzag scan is used for macroblocks in 
both frame and field modes. 

The preceding description has been presented only to 
illustrate and describe embodiments of invention. It is not 50 

intended to be exhaustive or to limit the invention to any 
precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. 

The foregoing embodiments were chosen and described in 
order to illustrate principles of the invention and some 55 

practical applications. The preceding description enables 
others skilled in the art to utilize the invention in various 
embodiments and with various modifications as are suited to 
the particular use contemplated. It is intended that the scope 
of the invention be defined by the following claims. 60 

What is claimed is: 
1. A method of encoding a picture in an image sequence, 

comprising: 
dividing-said picture into a plurality of smaller portions, 65 

wherein each of said smaller portions has a size that is 
larger than one macroblock; 

selectively decoding at least one of a plurality of smaller 
portions at a time in frame coding mode and at least one 
of said plurality of smaller portions at a time in field 
coding mode, wherein each of said smaller portions has 
a size that is larger than one macro block, wherein at 
least one block within said at least one of said plurality 
of smaller portions is encoded in intra coding mode at 
a time; and 

using said plurality of decoded smaller portions to con
struct a decoded picture. 

7. The method of claim 6, wherein said intra coding mode 
employs spatially predictive coding for a current block in 
accordance with a plurality of neighboring blocks to said 
current block. 

S. The method of claim 7, wherein for said current block, 
said neighboring blocks comprises at least one of a neigh
boring block that is left of said current block to be encoded 
and a neighboring block that is above said current block to 
be encoded. 

9. The method of claim S, wherein one of a plurality of 
prediction directions is deemed to be a most probable mode 
for said current block. 68
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10. The method of claim 9, further comprising: receiving 
at least one codeword in said bitstream, wherein said at least 
one codeword indicates if said most probable prediction 
coding mode is used. 

11. The method of claim 9, wherein said most probable 
prediction mode for a current block is selected in accordance 
with a neighboring block that is left of said current block to 
be encoded and a neighboring block that is above said 
current block to be encoded, wherein if one of said neigh
boring blocks is outside a slice, then said most probable 10 

prediction mode for said current block is DC prediction, and 
wherein if both of said neighboring blocks are inside said 
slice, then said most probable prediction mode for said 
current block is selected in accordance with a minimum of 
prediction modes used for said left neighboring block and 15 

said above neighboring block. 
12. The method claim 6, wherein a size of said current 

block is selected in accordance with any block size defined 
in adaptive block transforms. 

13. An apparatus for decoding an encoded picture from a 20 

bit stream, comprising: 
means for selectively decoding at least one of a plurality 

of smaller portions at a time of the encoded picture that 
is encoded in frame coding mode and at least one of 25 

said plurality of smaller portions at a time of the 
encoded picture in field coding mode, wherein each of 
said smaller portions has a size that is larger than one 
macroblock, wherein at least one block within at least 
one of said plurality of smaller portions is encoded in 30 

intra coding mode at a time; and 

means for using said plurality of decoded smaller portions 
to construct a decoded picture. 

14. The apparatus of claim 13, wherein said intra coding 
mode employs spatially predictive coding for a current block 35 

in accordance with a plurality of neighboring blocks to said 
current block. 

20 
15. The apparatus claim 14, wherein a size of said current 

block is selected in accordance with any block size defined 
in adaptive block transforms. 

16. The apparatus of claim 14, wherein for said current 
block, said neighboring blocks comprises at least one of a 
neighboring block that is left of said current block to be 
encoded and a neighboring block that is above said current 
block to be encoded. 

17. A computer-readable medium encoded with computer 
executable instructions, the computer executable instruc
tions including instructions which, when executed by a 
processor, cause the processor to perform the steps of a 
method for decoding an encoded picture having a plurality 
of smaller portions from a bitstream, comprising the steps 
of: 

selectively decoding at least one of said plurality of 
smaller portions at a time in frame coding mode and at 
least one of said plurality of smaller portions at a time 
in field coding mode, wherein each of said smaller 
portions has a size that is larger than one macro block, 
wherein at least one block within said at least one of 
said plurality of smaller portions is encoded in intra 
coding mode at a time; and 

using said plurality of decoded smaller portions to con
struct a decoded picture. 

18. A bitstream comprising: 
a picture that has been divided into a plurality of smaller 

portions, wherein at least one of said plurality of 
smaller portions at a time is encoded in frame coding 
mode and at least one of said plurality of smaller 
portions at a time is encoded in field coding mode, 
wherein each of said smaller portions has a size that is 
larger than one macro block, and wherein at least one 
block within at least one of said plurality of smaller 
portions is encoded in intra coding mode at a time. 

* * * * * 

69
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MACROBLOCK LEVEL ADAPTIVE 
FRAMEIFIELD CODING FOR DIGITAL 

VIDEO CONTENT 

The present application claims priority under 35 U.S.c. 
§ 119( e) from the following previously filed Provisional 
patent applications: Ser. No. 60/333,921, filed Nov. 27, 
2001; Ser. No. 60/395,734, filed luI. 12, 2002; Ser. No. 
60/398,161, filed luI. 23, 2002; all of which are herein 
incorporated by reference. This application is also a Divi- 10 

sional of U.S. patent application Ser. No.1 0/301 ,290 filed on 
Nov. 20, 2002 now U.S. Pat. No. 6,980,596, which is herein 
incorporated by reference. 

2 
Video coding transforms the digital video content into a 

compressed form that can be stored using less space and 
transmitted using less bandwidth than uncompressed digital 
video content. It does so by taking advantage of temporal 
and spatial redundancies in the pictures of the video content. 
The digital video content can be stored in a storage medium 
such as a hard drive, DVD, or some other non-volatile 
storage unit. 

There are numerous video coding methods that compress 
the digital video content. Consequently, video coding stan
dards have been developed to standardize the various video 
coding methods so that the compressed digital video content 
is rendered in formats that a majority of video encoders and 
decoders can recognize. For example, the Motion Picture 

TECHNICAL FIELD 

The present invention relates to encoding and decoding of 
digital video content. More specifically, the present inven
tion relates to frame mode and field mode encoding of digital 
video content at a macroblock level as used in the MPEG-4 
Part 10 AVC/H.264 standard video coding standard. 

15 Experts Group (MPEG) and International Telecommunica
tion Union (ITU-T) have developed video coding standards 
that are in wide use. Examples of these standards include the 
MPEG-l, MPEG-2, MPEG-4, ITU-T H261, and ITU-T 
H263 standards. 

20 

BACKGROUND 

Most modem video coding standards, such as those 
developed by MPEG and ITU-T, are based in part on a 
temporal prediction with motion compensation (MC) algo
rithm. Temporal prediction with motion compensation is 
used to remove temporal redundancy between successive Video compression is used in many current and emerging 

products. It is at the heart of digital television set-top boxes 
(STBs), digital satellite systems (DSSs), high definition 
television (HDTV) decoders, digital versatile disk (DVD) 
players, video conferencing, Internet video and multimedia 
content, and other digital video applications. Without video 
compression, digital video content can be extremely large, 
making it difficult or even impossible for the digital video 
content to be efficiently stored, transmitted, or viewed. 

25 pictures in a digital video broadcast. 
The temporal prediction with motion compensation algo

rithm typically utilizes one or two reference pictures to 
encode a particular picture. A reference picture is a picture 
that has already been encoded. By comparing the particular 

The digital video content comprises a stream of pictures 
that can be displayed as an image on a television receiver, 
computer monitor, or some other electronic device capable 
of displaying digital video content. A picture that is dis
played in time before a particular picture is in the "backward 
direction" in relation to the particular picture. Likewise, a 
picture that is displayed in time after a particular picture is 
in the "forward direction" in relation to the particular 
picture. 

30 picture that is to be encoded with one of the reference 
pictures, the temporal prediction with motion compensation 
algorithm can take advantage of the temporal redundancy 
that exists between the reference picture and the particular 
picture that is to be encoded and encode the picture with a 

35 higher amount of compression than if the picture were 
encoded without using the temporal prediction with motion 
compensation algorithm. One of the reference pictures may 
be in the backward direction in relation to the particular 
picture that is to be encoded. The other reference picture is 

40 in the forward direction in relation to the particular picture 
that is to be encoded. 

Video compression is accomplished in a video encoding, 
or coding, process in which each picture is encoded as either 
a frame or as two fields. Each frame comprises a number of 
lines of spatial information. For example, a typical frame 45 

contains 480 horizontal lines. Each field contains half the 
number of lines in the frame. For example, if the frame 
comprises 480 horizontal lines, each field comprises 240 
horizontal lines. In a typical configuration, one of the fields 
comprises the odd numbered lines in the frame and the other 50 

field comprises the even numbered lines in the frame. The 
field that comprises the odd numbered lines will be referred 
to as the "top" field hereafter and in the appended claims, 
unless otherwise specifically denoted. Likewise, the field 
that comprises the even numbered lines will be referred to as 55 

the "bottom" field hereafter and in the appended claims, 
unless otherwise specifically denoted. The two fields can be 
interlaced together to form an interlaced frame. 

The general idea behind video coding is to remove data 
from the digital video content that is "non-essential." The 60 

decreased amount of data then requires less bandwidth for 
broadcast or transmission. After the compressed video data 
has been transmitted, it must be decoded, or decompressed. 
In this process, the transmitted video data is processed to 
generate approximation data that is substituted into the video 65 

data to replace the "non-essential" data that was removed in 
the coding process. 

However, as the demand for higher resolutions, more 
complex graphical content, and faster transmission time 
increases, so does the need for better video compression 
methods. To this end, a new video coding standard is 
currently being developed jointly by ISO and ITU-T. This 
new video coding standard is called the MPEG-4 Advanced 
Video Coding (AVC)/H.264 standard. 

SUMMARY OF THE INVENTION 

In one of many possible embodiments, the present inven
tion provides a method of encoding, decoding, and bitstream 
generation of digital video content. The digital video content 
comprises a stream of pictures which can each be intra, 
predicted, or bi-predicted pictures. Each of the pictures 
comprises macroblocks that can be further divided into 
smaller blocks. The method entails encoding and decoding 
each of the macro blocks in each picture in said stream of 
pictures in either frame mode or in field mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings illustrate various embodi
ments of the present invention and are a part of the speci
fication. Together with the following description, the draw
ings demonstrate and explain the principles of the present 81
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invention. The illustrated embodiments are examples of the 
present invention and do not limit the scope of the invention. 

FIG. 1 illustrates an exemplary sequence of three types of 
pictures that can be used to implement the present invention, 

4 
FIG. 14 shows that each pixel value is predicted from 

neighboring blocks' pixel values according to an embodi
ment of the present invention. 

FIG. 15 shows different prediction directions for intra_ 
as defined by an exemplary video coding standard such as 5 

the MPEG-4 Part 10 AVC/H.264 standard. 
4x4 coding. 

FIGS. 16a-b illustrate that the chosen intra-prediction 
mode (intra_pred_mode) of a 4 by 4 pixel block is highly 
correlated with the prediction modes of adjacent blocks. 

FIG. 2 shows that each picture is preferably divided into 
slices containing macro blocks according to an embodiment 
of the present invention. 

FIG. 3a shows that a macroblock can be further divided 
into a block size of 16 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3b shows that a macroblock can be further divided 
into a block size of 8 by 16 pixels according to an embodi
ment of the present invention. 

FIG. 3c shows that a macroblock can be further divided 
into a block size of 8 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3d shows that a macroblock can be further divided 

FIGS. 17a-d show neighboring blocks definitions in rela-
10 tion to a current macroblock pair that is to be encoded. 

15 

Throughout the drawings, identical reference numbers 
designate similar, but not necessarily identical, elements. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

20 
into a block size of 8 by 4 pixels according to an embodi-

The present invention provides a method of adaptive 
frame/field (AFF) coding of digital video content compris
ing a stream of pictures or slices of a picture at a macroblock 
level. The present invention extends the concept of picture 
level AFF to macroblocks. In AFF coding at a picture level, 
each picture in a stream of pictures that is to be encoded is ment of the present invention. 

FIG. 3e shows that a macroblock can be further divided 
into a block size of 4 by 8 pixels according to an embodi
ment of the present invention. 

FIG. 3/ shows that a macroblock can be further divided 
into a block size of 4 by 4 pixels according to an embodi
ment of the present invention. 

FIG. 4 shows a picture construction example using tem
poral prediction with motion compensation that illustrates an 
embodiment of the present invention. 

FIG. 5 shows that a macroblock is split into a top field and 
a bottom field if it is to be encoded in field mode. 

FIG. 6a shows that a macroblock that is encoded in field 

encoded in either frame mode or in field mode, regardless of 
the frame or field coding mode of other pictures that are to 

25 be coded. If a picture is encoded in frame mode, the two 
fields that make up an interlaced frame are coded jointly. 
Conversely, if a picture is encoded in field mode, the two 
fields that make up an interlaced frame are coded separately. 
The encoder determines which type of coding, frame mode 

30 coding or field mode coding, is more advantageous for each 
picture and chooses that type of encoding for the picture. 
The exact method of choosing between frame mode and 
field mode is not critical to the present invention and will not 
be detailed herein. 

mode can be divided into a block with a size of 16 by 8 35 

pixels according to an embodiment of the present invention. 
As noted above, the MPEG-4 Part 10 AVC/H.264 stan-

dard is a new standard for encoding and compressing digital 
video content. The documents establishing the MPEG-4 Part 
10 AVC/H.264 standard are hereby incorporated by refer
ence, including "Joint Final Committee Draft (JFCD) of 

FIG. 6b shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 8 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6c shows that a macroblock that is encoded in field 40 Joint Video Specification" issued by the Joint Video Team 
(JVT) on Aug. 10, 2002. (ITU-T Rec. H.264 & ISO/lEC 
14496-10 AVC). The JVT consists of experts from ISO or 
MPEG and ITU -T. Due to the public nature of the MPEG-4 
Part 10 AVC/H.264 standard, the present specification will 

mode can be divided into a block with a size of 4 by 8 pixels 
according to an embodiment of the present invention. 

FIG. 6d shows that a macroblock that is encoded in field 
mode can be divided into a block with a size of 4 by 4 pixels 
according to an embodiment of the present invention. 

FIG. 7 illustrates an exemplary pair of macroblocks that 
can be used in AFF coding on a pair of macroblocks 
according to an embodiment of the present invention. 

FIG. 8 shows that a pair of macroblocks that is to be 
encoded in field mode is first split into one top field 16 by 
16 pixel block and one bottom field 16 by 16 pixel block. 

FIG. 9 shows two possible scanning paths in AFF coding 
of pairs of macroblocks. 

FIG. 10 illustrates another embodiment of the present 
invention which extends the concept of AFF coding on a pair 
of macro blocks to AFF coding to a group of four or more 
neighboring macroblocks. 

FIG. 11 shows some of the information included in the 

45 not attempt to document all the existing aspects of MPEG-4 
Part 10 AVC/H.264 video coding, relying instead on the 
incorporated specifications of the standard. 

Although this method of AFF encoding is compatible with 
and will be explained using the MPEG-4 Part 10 AVC/H.264 

50 standard guidelines, it can be modified and used as best 
serves a particular standard or application. 

Using the drawings, the preferred embodiments of the 
present invention will now be explained. 

FIG. 1 illustrates an exemplary sequence of three types of 
55 pictures that can be used to implement the present invention, 

as defined by an exemplary video coding standard such as 
the MPEG-4 Part 10 AVC/H.264 standard. As previously 
mentioned, the encoder encodes the pictures and the decoder 

bitstream which contains infonnation pertinent to each mac- 60 

roblock within a stream. 

decodes the pictures. The encoder or decoder can be a 
processor, application specific integrated circuit (ASIC), 
field programmable gate array (FPGA), coder/decoder (CO-

FIG. 12 shows a block that is to be encoded and its 
neighboring blocks and will be used to explain various 
preferable methods of calculating the PMV of a block in a 
macro block. 

FIG. 13 shows an alternate definition of neighboring 
blocks if the scanning path is a vertical scanning path. 

DEC), digital signal processor (DSP), or some other elec
tronic device that is capable of encoding the stream of 
pictures. However, as used hereafter and in the appended 

65 claims, unless otherwise specifically denoted, the tenn 
"encoder" will be used to refer expansively to all electronic 
devices that encode digital video content comprising a 82
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stream of pictures. The term "decoder" will be used to refer 
expansively to all electronic devices that decode digital 
video content comprising a stream of pictures. 

As shown in FIG. 1, there are preferably three types of 
pictures that can be used in the video coding method. Three 
types of pictures are defined to support random access to 
stored digital video content while exploring the maximum 
redundancy reduction using temporal prediction with 
motion compensation. The three types of pictures are intra 
(1) pictures (100), predicted (P) pictures (102a,b), and bi
predicted (B) pictures (lOla-d). An I picture (100) provides 
an access point for random access to stored digital video 
content and can be encoded only with slight compression. 
Intra pictures (100) are encoded without referring to refer
ence pictures. 

A predicted picture (102a,b) is encoded using an I, P, or 
B picture that has already been encoded as a reference 
picture. The reference picture can be in either the forward or 
backward temporal direction in relation to the P picture that 
is being encoded. The predicted pictures (102a,b) can be 
encoded with more compression than the intra pictures 
(100). 

A bi-predicted picture (lOla-d) is encoded using two 
temporal reference pictures: a forward reference picture and 
a backward reference picture. The forward reference picture 
is sometimes called a past reference picture and the back
ward reference picture is sometimes called a future reference 
picture. An embodiment of the present invention is that the 
forward reference picture and backward reference picture 
can be in the same temporal direction in relation to the B 
picture that is being encoded. Bi-predicted pictures (lOla-d) 
can be encoded with the most compression out of the three 
picture types. 

6 
These smaller block sizes are preferable in some applica
tions that use the temporal prediction with motion compen
sation algorithm. 

FIG. 4 shows a picture construction example using tem-
5 poral prediction with motion compensation that illustrates an 

embodiment of the present invention. Temporal prediction 
with motion compensation assumes that a current picture, 
picture N (400), can be locally modeled as a translation of 
another picture, picture N-l (401). The picture N-l (401) is 

10 the reference picture for the encoding of picture N (400) and 
can be in the forward or backwards temporal direction in 
relation to picture N (400). 

As shown in FIG. 4, each picture is preferably divided 
into slices containing macroblocks (20la,b). The picture 

15 N-l (401) contains an image (403) that is to be shown in 
picture N (400). The image (403) will be in a different 
temporal position in picture N (402) than it is in picture N-l 
(401), as shown in FIG. 4. The image content of each 
macroblock (20lb) of picture N (400) is predicted from the 

20 image content of each corresponding macroblock (20la) of 
picture N-l (401) by estimating the required amount of 
temporal motion of the image content of each macroblock 
(20la) of picture N-l (401) for the image (403) to move to 
its new temporal position (402) in picture N (400). Instead 

25 of the original image (402) being encoded, the difference 
(404) between the image (402) and its prediction (403) is 
actually encoded and transmitted. 

For each image (402) in picture N (400), the temporal 
prediction can often be described by motion vectors that 

30 represent the amount of temporal motion required for the 
image (403) to move to a new temporal position in the 
picture N (402). The motion vectors (406) used for the 
temporal prediction with motion compensation need to be 
encoded and transmitted. 

Reference relationships (103) between the three picture 35 

types are illustrated in FIG. 1. For example, the P picture 
(102a) can be encoded using the encoded I picture (100) as 

FIG. 4 shows that the image (402) in picture N (400) can 
be represented by the difference (404) between the image 
and its prediction and the associated motion vectors (406). 
The exact method of encoding using the motion vectors can 
vary as best serves a particular application and can be easily 

its reference picture. The B pictures (lOla-d) can be 
encoded using the encoded I picture (100) or the encoded P 
picture (102a) as its reference pictures, as shown in FIG. 1. 
Under the principles of an embodiment of the present 
invention, encoded B pictures (lOla-d) can also be used as 
reference pictures for other B pictures that are to be encoded. 
For example, the B picture (1 Ole) of FIG. 1 is shown with 
two other B pictures (lOlb and 101d) as its reference 
pictures. 

40 implemented by someone who is skilled in the art. 
To understand macroblock level AFF coding, a brief 

overview of picture level AFF coding of a stream of pictures 
will now be given. A frame of an interlaced sequence 
contains two fields, the top field and the bottom field, which 

The number and particular order of the 1(100), B (lOla-

45 are interleaved and separated in time by a field period. The 
field period is half the time of a frame period. In picture level 
AFF coding, the two fields of an interlaced frame can be 
coded jointly or separately. If they are coded jointly, frame 
mode coding is used. Conversely, if the two fields are coded d), and P (102a,b) pictures shown in FIG. 1 are given as an 

exemplary configuration of pictures, but are not necessary to 
implement the present invention. Any number of I, B, and P 
pictures can be used in any order to best serve a particular 
application. The MPEG-4 Part 10 AVC/H.264 standard does 
not impose any limit to the number of B pictures between 
two reference pictures nor does it limit the number of 55 

pictures between two I pictures. 

50 separately, field mode coding is used. 

FIG. 2 shows that each picture (200) is preferably divided 
into slices (202). A slice (202) comprises a group of mac
roblocks (201). Amacroblock (201) is a rectangular group of 
pixels. As shown in FIG. 2, a preferable macroblock (201) 60 

size is 16 by 16 pixels. 

FIGS. 3a:fshow that a macroblock can be further divided 
into smaller sized blocks. For example, as shown in FIGS. 
3a:f, a macro block can be further divided into block sizes of 
16 by 8 pixels (FIG. 3a; 300), 8 by 16 pixels (FIG. 3b; 301), 65 

8 by 8 pixels (FIG. 3e; 302), 8 by 4 pixels (FIG. 3d; 303), 
4 by 8 pixels (FIG. 3e; 304), or 4 by 4 pixels (FIG. 3j; 305). 

Fixed frame/field coding, on the other hand, codes all the 
pictures in a stream of pictures in one mode only. That mode 
can be frame mode or it can be field mode. Picture level AFF 
is preferable to fixed frame/field coding in many applica
tions because it allows the encoder to chose which mode, 
frame mode or field mode, to encode each picture in the 
stream of pictures based on the contents of the digital video 
material. AFF coding results in better compression than does 
fixed frame/field coding in many applications. 

An embodiment of the present invention is that AFF 
coding can be performed on smaller portions of a picture. 
This small portion can be a macroblock, a pair of macrob
locks, or a group of macroblocks. Each macro block, pair of 
macroblocks, or group of macroblocks or slice is encoded in 
frame mode or in field mode, regardless of how the other 
macroblocks in the picture are encoded. AFF coding in each 
of the three cases will be described in detail below. 83
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In the first case, AFF coding is performed on a single 
macro block. If the macroblock is to be encoded in frame 
mode, the two fields in the macroblock are encoded jointly. 
Once encoded as a frame, the macroblock can be further 
divided into the smaller blocks of FIGS. 3a:ffor use in the 5 

temporal prediction with motion compensation algorithm. 
However, if the macroblock is to be encoded in field 

mode, the macroblock (500) is split into a top field (501) and 
a bottom field (502), as shown in FIG. 5. The two fields are 
then coded separately. In FIG. 5, the macro block has M rows 10 

of pixels and N colunms of pixels. A preferable value of N 
and M is 16, making the macroblock (500) a 16 by 16 pixel 
macro block. As shown in FIG. 5, every other row of pixels 
is shaded. The shaded areas represent the rows of pixels in 
the top field of the macroblock (500) and the unshaded areas 15 

represent the rows of pixels in the bottom field of the 
macro block (500). 

8 
bottom field block (SOl) can now be divided into one of the 
possible block sizes of FIGS. 3a:f. 

According to an embodiment of the present invention, in 
the AFF coding of pairs of macroblocks (700), there are two 
possible scanning paths. A scarming path determines the 
order in which the pairs of macro blocks of a picture are 
encoded. FIG. 9 shows the two possible scanning paths in 
AFF coding of pairs of macroblocks (700). One of the 
scanning paths is a horizontal scarming path (900). In the 
horizontal scarming path (900), the macroblock pairs (700) 
of a picture (200) are coded from left to right and from top 
to bottom, as shown in FIG. 9. The other scanning path is a 
vertical scanning path (901). In the vertical scanning path 
(901), the macroblock pairs (700) of a picture (200) are 
coded from top to bottom and from left to right, as shown in 
FIG. 9. For frame mode coding, the top macroblock of a 
macroblock pair (700) is coded first, followed by the bottom 
macroblock. For field mode coding, the top field macroblock 
of a macroblock pair is coded first followed by the bottom 

As shown in FIGS. 6a-d, a macroblock that is encoded in 
field mode can be divided into four additional blocks. A 
block is required to have a single parity. The single parity 
requirement is that a block cannot comprise both top and 
bottom fields. Rather, it must contain a single parity offield. 
Thus, as shown in FIGS. 6a-d, a field mode macroblock can 

20 field macroblock. 

be divided into blocks of 16 by 8 pixels (FIG. 6a; 600), 8 by 
8 pixels (FIG. 6b; 601), 4 by 8 pixels (FIG. 6c; 602), and 4 25 

by 4 pixels (FIG. 6d; 603). FIGS. 6a-d shows that each block 
contains fields of a single parity. 

Another embodiment of the present invention extends the 
concept of AFF coding on a pair of macroblocks to AFF 
coding on a group of four or more neighboring macroblocks 
(902), as shown in FIG. 10. AFF coding on a group of 
macroblocks will be occasionally referred to as group based 
AFF coding. The same scanning paths, horizontal (900) and 
vertical (901), as are used in the scarming of macroblock 
pairs are used in the scanning of groups of neighboring 
macroblocks (902). Although the example shown in FIG. 10 
shows a group of four macroblocks, the group can be more 
than four macroblocks. 

AFF coding on macroblock pairs will now be explained. 
AFF coding on macroblock pairs will be occasionally 
referred to as pair based AFF coding. A comparison of the 30 

block sizes in FIGS. 6a-d and in FIGS. 3a:f show that a 
macro block encoded in field mode can be divided into fewer 
block patterns than can a macroblock encoded in frame 
mode. The block sizes of 16 by 16 pixels, 8 by 16 pixels, and 

If the group of macroblocks (902) is to be encoded in 
frame mode, the group coded as four frame-based macrob
locks. In each macro block, the two fields in each of the 

35 macroblocks are encoded jointly. Once encoded as frames, 
the macroblocks can be further divided into the smaller 
blocks of FIGS. 3a:ffor use in the temporal prediction with 
motion compensation algorithm. 

However, if a group of four macro blocks (902), for 
example, is to be encoded in field mode, it is first split into 
one top field 32 by 16 pixel block and one bottom field 32 
by 16 pixel block. The two fields are then coded separately. 
The top field block and the bottom field block can now be 
divided into macroblocks. Each macro block is further 

8 by 4 pixels are not available for a macro block encoded in 
field mode because of the single parity requirement. This 
implies that the performance of single macro block based 
AFF may not be good for some sequences or applications 
that strongly favor field mode coding. In order to guarantee 
the performance of field mode macroblock coding, it is 40 

preferable in some applications for macroblocks that are 
coded in field mode to have the same block sizes as 
macro blocks that are coded in frame mode. This can be 
achieved by performing AFF coding on macro block pairs 
instead of on single macroblocks. 45 divided into one of the possible block sizes of FIGS. 3a:f. 

FIG. 7 illustrates an exemplary pair of macro blocks (700) 
that can be used in AFF coding on a pair of macroblocks 
according to an embodiment of the present invention. If the 
pair of macro blocks (700) is to be encoded in frame mode, 
the pair is coded as two frame-based macroblocks. In each 
macro block, the two fields in each of the macro blocks are 
encoded jointly. Once encoded as frames, the macro blocks 
can be further divided into the smaller blocks of FIGS. 3a:f 
for use in the temporal prediction with motion compensation 
algorithm. 

However, if the pair of macro blocks (700) is to be 
encoded in field mode, it is first split into one top field 16 by 
16 pixel block (SOO) and one bottom field 16 by 16 pixel 
block (SOl), as shown in FIG. S. The two fields are then 
coded separately. In FIG. S, each macroblock in the pair of 
macroblocks (700) has N=16 colunms of pixels and M=16 
rows of pixels. Thus, the dimensions of the pair of mac rob
locks (700) is 16 by 32 pixels. As shown in FIG. S, every 
other row of pixels is shaded. The shaded areas represent the 
rows of pixels in the top field of the macro blocks and the 
unshaded areas represent the rows of pixels in the bottom 
field of the macroblocks. The top field block (SOO) and the 

Because this process is similar to that of FIG. S, a separate 
figure is not provided to illustrate this embodiment. 

In AFF coding at the macroblock level, a frame/field flag 
bit is preferably included in a picture's bitstream to indicate 

50 which mode, frame mode or field mode, is used in the 
encoding of each macroblock. The bitstream includes infor
mation pertinent to each macroblock within a stream, as 
shown in FIG. 11. For example, the bitstream can include a 
picture header (110), run information (111), and macroblock 

55 type (113) information. The frame/field flag (112) is prefer
ably included before each macroblock in the bitstream if 
AFF is performed on each individual macroblock. If the AFF 
is performed on pairs of macroblocks, the frame/field flag 
(112) is preferably included before each pair of macroblock 

60 in the bitstream. Finally, if the AFF is performed on a group 
of macroblocks, the frame/field flag (112) is preferably 
included before each group of macro blocks in the bitstream. 
One embodiment is that the frame/field flag (112) bit is a 0 
if frame mode is to be used and a 1 if field coding is to be 

65 used. Another embodiment is that the frame/field flag (112) 
bit is a 1 if frame mode is to be used and a 0 if field coding 
is to be used. 84
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must also be in frame mode to have its motion vector 
included in the calculation of the PMV for block E. If one 
of E's neighboring blocks does not have the same coding 
mode as does block E, its motion vectors are not used in the 
calculation of block E's PMV. 

The "always method" can also be used to calculate the 
PMV for block E. In the always method, blocks A, B, C, and 
D are always used in calculating the PMV for block E, 

Another embodiment of the present invention entails a 
method of determining the size of blocks into which the 
encoder divides a macroblock in macro block level AFF. A 
preferable, but not exclusive, method for detennining the 
ideal block size is sum absolute difference (SAD) with or 5 

without bias or rate distortion (RD) basis. For example, SAD 
checks the perfonnance of the possible block sizes and 
chooses the ideal block size based on its results. The exact 
method of using SAD with or without bias or RD basis can 
be easily be performed by someone skilled in the art. 10 regardless of their frame or field coding mode. If E is in 

frame mode and a neighboring block is in field mode, the 
vertical component of the neighboring block is multiplied by 
2 before being included in the PMV calculation for block E. 
If E is in field mode and a neighboring block is in frame 

According to an embodiment of the present invention, 
each frame and field based macroblock in macroblock level 
AFF can be intra coded or inter coded. In intra coding, the 
macro block is encoded without temporally referring to other 
macroblocks. On the other hand, in inter coding, temporal 
prediction with motion compensation is used to code the 
macroblocks. 

15 mode, the vertical component of the neighboring block is 
divided by 2 before being included in the PMV calculation 
for block E. 

The "selective method" can also be used to calculate the 
PMV for block E if the macroblock has been encoded using 
pair based AFF encoding or group based AFF encoding. In 
the selective method, a frame-based block has a frame-based 
motion vector pointing to a reference frame. The block is 
also assigned a field-based motion vector pointing to a 
reference field. The field-based motion vector is the frame-

25 based motion vector of the block with the vertical motion 

If inter coding is used, a block with a size of 16 by 16 
pixels, 16 by 8 pixels, 8 by 16 pixels, or 8 by 8 pixels can 
have its own reference pictures. The block can either be a 20 

frame or field based macro block. The MPEG-4 Part 10 
AVC/H.264 standard allows multiple reference pictures 
instead of just two reference pictures. The use of multiple 
reference pictures improves the performance of the temporal 
prediction with motion compensation algorithm by allowing 
the encoder to find a block in the reference picture that most 
closely matches the block that is to be encoded. By using the 
block in the reference picture in the coding process that most 
closely matches the block that is to be encoded, the greatest 
amount of compression is possible in the encoding of the 30 

picture. The reference pictures are stored in frame and field 
buffers and are assigned reference frame numbers and 
reference field numbers based on the temporal distance they 
are away from the current picture that is being encoded. The 
closer the reference picture is to the current picture that is 35 

being stored, the more likely the reference picture will be 
selected. For field mode coding, the reference pictures for a 
block can be any top or bottom field of any of the reference 
pictures in the reference frame or field buffers. 

vector component divided by two. The reference field num
ber is the reference frame number multiplied by two. A 
field-based block has a field-based motion vector pointing to 
a reference field. The block is also assigned a frame-based 
motion vector pointing to a reference frame. The frame
based motion vector is the field-based motion vector of the 
block with the vertical motion vector component multiplied 
by two. The reference frame number is the reference field 
number divided by two. 

The derivation of a block's PMV using the selective 
method will now be explained using FIG. 12 as a reference. 
In macroblock pair based AFF, each block in a macroblock 
is associated with a companion block that resides in the same 
geometric location within the second macroblock of the 
macroblock pair. In FIG. 12, each of block E's neighboring 
blocks (A, B, C, and D) mayor may not be in the same frame 
or field coding mode as block E. Hence, the following rules 
apply: 

Each block in a frame or field based macroblock can have 40 

its own motion vectors. The motion vectors are spatially 
predictive coded. According to an embodiment of the 
present invention, in inter coding, prediction motion vectors 
(PMV) are also calculated for each block. The algebraic 
difference between a block's PMVs and its associated 
motion vectors is then calculated and encoded. This gener
ates the compressed bits for motion vectors. 

45 If E is in frame mode and a neighboring block is in frame 
mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMY. 

FIG. 12 will be used to explain various preferable meth
ods of calculating the PMV of a block in a macroblock. A 
current block, E, in FIG. 12 is to be inter coded as well as 50 

its neighboring blocks A, B, C, and D. E will refer hereafter 
to a current block and A, B, C, and D will refer hereafter to 
E's neighboring blocks, unless otherwise denoted. Block E's 
PMV is derived from the motion vectors of its neighboring 
blocks. These neighboring blocks in the example of FIG. 12 55 

are A, B, C, and D. One preferable method of calculating the 
PMV for block E is to calculate either the median of the 
motion vectors of blocks A, B, C, and D, the average of these 
motion vectors, or the weighted average of these motion 
vectors. Each of the blocks A through E can be in either 60 

frame or field mode. 

If E is in frame mode and a neighboring block is in field 
mode, the following rules apply in calculating B's PMV. If 
the neighboring block (e.g.; black A) and its companion 
field-based block have the same reference field, the average 
of the assigned frame-based motion vectors of the two 
blocks is used for the calculation ofE's PMV. The reference 
frame number used for the PMV calculation is the reference 
field number of the neighboring block divided by two. 
However, if the neighboring block and its companion field 
block have different reference fields, then the neighboring 
block caunot be used in the calculation of E's PMV. 

If E is in field mode and a neighboring block is in frame 
mode, the following rules apply in calculating E's PMV. If 
the neighboring block (e.g.; block A) and its companion 
frame-based block have the same reference frame, the 
average of the assigned field-based motion vectors of the 
two blocks is used for the calculation of E's PMV. The 

Another preferable method of calculating the PMV for 
block E is to use a yes/no method. Under the principles of 
the yes/no method, a block has to be in the same frame or 
field coding mode as block E in order to have its motion 
vector included in the calculation of the PMV for E. For 
example, if block E in FIG. 12 is in frame mode, block A 

65 reference field number used for the PMV calculation is the 
reference frame number of the neighboring block multiplied 
by two. However, if the neighboring block and its compan-85
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ion field block have different reference frames, then the 
neighboring block cannot be used in the calculation of E's 
PMV. 

If E is in field mode and a neighboring block is in field 
mode, the true field-based motion vector of the neighboring 5 

block is used in the calculation of E's PMY. 

12 
Now, let block E be in top or bottom field mode and let 

(xf,yf) represent the horizontal and vertical field coordinates 
respectively ofE. In this case, the neighbors ofE are defined 
as follows. A is the block whose field coordinates are 
(xf-l,yf) and has same polarity as E. B is the block whose 
field coordinates are (xf,yf-l) and has same polarity as E. D 
is the block whose field coordinates are (xf-l,yf-l) and has 
same polarity as E. C is the block whose field coordinates arc 
(xf+bx+l,yf) and has same polarity as B. If either A,B,C or 

An alternate preferable option can be used in the selective 
method to calculate a block's PMV. In FIG. 12, each of 
block E's neighboring blocks (A, B, C, and D) mayor may 
not be in the same frame or field coding mode as block E. 
Hence, the following rules apply for this alternate preferable 
option of the selective method: 

10 D is in frame mode then its vertical motion vector is divided 
by 2 before being used for prediction and its reference field 
is computed by multiplying its reference frame by 2. 

In all of the above methods for determining the PMV of 
a block, a horizontal scanning path was assumed. However, 

If E is in frame mode and a neighboring block is in frame 
mode, the true frame-based motion vector of the neighbor
ing block is used for E's PMV. 

If E is in frame mode and a neighboring block is in field 
mode, the weighted average of the assigned frame-based 
motion vectors of the neighboring block and its companion 
field-based block is used for the calculation ofE's PMV. The 
weighting factors are based upon the reference field numbers 
of the neighboring block and its companion block. 

15 the scanning path can also be a vertical scanning path. In this 
case, the neighboring blocks of the current block, E, are 
defined as shown in FIG. 13. A vertical scanning path is 
preferable in some applications because the information on 
all the neighboring blocks is available for the calculation of 

20 the PMV for the current block E. 

If E is in field mode, and a neighboring block is in frame 
mode, the weighted average of the assigned field-based 
motion vectors of the neighboring block and its companion 
frame-based block is used for the calculation of E's PMY. 25 

The weighting factors are based upon the reference frame 
numbers of the neighboring block and its companion block. 

Another embodiment of the present invention is direc
tional segmentation prediction. In directional segmentation 
prediction, 16 by 8 pixel blocks and 8 by 16 pixel blocks 
have rules that apply to their PMV calculations only. These 
rules apply in all PMV calculation methods for these block 
sizes. The rules will now be explained in detail in connection 
with FIG. 12. In each of these rules, a current block E is to 
have its PMV calculated. 

First, a 16 by pixel block consists of an upper block and 
If E is in field mode and a neighboring block is in field 

mode, the true field-based motion vector of the neighboring 
block is used in the calculation of E's PMY. 

Another preferable method of computing a block's PMV 
is the "alt selective method." This method can be used in 
single macro block AFF coding, pair based macroblock AFF 
coding, or group based AFF coding. In this method, each 
block is assigned a horizontal and a vertical index number, 
which represents the horizontal and vertical coordinates of 
the block. Each block is also assigned a horizontal and 
vertical field coordinate. A block's horizontal field coordi-

30 a lower block. The upper block contains the top 8 rows of 16 
pixels. The lower block contains the bottom 8 rows of 16 
pixels. In the following description, block E of FIG. 12 is a 
16 by 8 pixel block. For the upper block having a 16 by 8 
pixel block, block B is used to predict block E's PMV if it 

35 has the same reference picture as block E. Otherwise, 
median prediction is used to predict block E's PMV. For the 
lower block having a 16 by 8 pixel block, block A is used to 
predict block E's PMV if it has the same reference picture 

nate is same as its horizontal coordinate. For a block in a top 
field macro block, the vertical field coordinate is half of 40 

vertical coordinate of the block and is assigned top field 
polarity. For a block in the bottom field macroblock, the 
vertical field coordinate of the block is obtained by subtract
ing 4 from the vertical coordinate of the block and dividing 
the result by 2. The block is also assigned bottom field 45 

polarity. The result of assigning different field polarities to 
two blocks is that there are now two blocks with the same 
horizontal and vertical field coordinates but with differing 
field polarities. Thus, given the coordinates of a block, the 
field coordinates and its field polarity can be computed and 50 

vIce versa. 

as block E. Otherwise, median prediction is used to predict 
block E's PMV. 

A 16 by 16 pixel block is divided into a right and left 
block. Both right and left blocks are 8 by 16 pixels. In the 
following description, block E of FIG. 12 is a 8 by 16 pixel 
block. For the left block, blockAis used to predict block E's 
PMV if it has the same reference picture as block E. 
Otherwise, median prediction is used to predict block E's 
PMV For the right block, block C is used to predict block 
E's PMV if it has the same referenced picture as block E. 
Otherwise median prediction is used to predict block E's 
PMV. 

For both 16 by 8 pixel blocks and 8 by 16 blocks, A, B, 
or C can be in different encoding modes (frame or field) than 
the current block E. The following rules apply for both block 
sizes. IfE is in frame mode, and A, B, or C is in field mode, 

The alt selective method will now be explained in detail 
using FIG. 12 as a reference. The PMV of block E is to be 
computed. Let bx represent the horizontal size of block E 
divided by 4, which is the size of a block in this example. 
The PMVs for E are obtained as follows depending on 
whether E is in frame/field mode. 

55 the reference frame number of A, B, or C is computed by 
dividing its reference field by 2. IfE is in field mode, and A, 
B, or C is in frame mode, the reference field number of A, 
B, or C is computed by multiplying its reference frame by 
2. 

Let block E be in frame mode and let (x,y) represent the 
horizontal and vertical coordinates respectively of E. The 
neighboring blocks ofE are defined in the following manner. 60 

A is the block whose coordinates are (x-l,y). B is the block 
whose coordinates are (x,y-l). D is the block whose coor
dinates are (x-l,y-l). C is the block whose coordinates are 
(x+bx+l,y-l). If either A, B, CorD is in field mode then its 
vertical motion vector is multiplied by 2 before being used 65 

for prediction and its reference frame number is computed 
by dividing its reference field by 2. 

According to another embodiment of the present inven
tion, a macroblock in a P picture can be skipped in AFF 
coding. If a macroblock is skipped, its data is not transmitted 
in the encoding of the picture. A skipped macroblock in a P 
picture is reconstructed by copying the co-located macrob
lock in the most recently coded reference picture. The 
co-located macroblock is defined as the one with motion 
compensation using PMV as defined above or without 86
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motion vectors. The following rules apply for skipped 
macro blocks in a P picture. If AFF coding is performed per 
macro block, a skipped macroblock is in frame mode. If AFF 
coding is performed on macroblock pairs and if both mac
roblocks are skipped, then they are in frame mode. However, 
if only one of the macro blocks in a macroblock pair is 
skipped, its frame or field coding mode is the same as the 
non-skipped macroblock in the same macroblock pair. If 
AFF coding is performed on a group of macroblocks and if 
the entire group of macro blocks is skipped, then all the 10 

macro blocks are in frame mode. If there is at least one 
macro block that is not skipped, then the skipped macrob
locks in the same group are in the same frame or field coding 
mode as the non-skipped macroblock. 

14 
An alternate option is to force the direct mode block to be 

in the same frame or field coding mode as the co-located 
block. In this case, if the co-located block for a direct mode 
block is in frame mode, the direct mode block is in frame 
mode as well. The two frame-based motion vectors of the 
direct mode block are derived from the frame-based forward 
motion vector of the co-located block. The forward refer
ence frame is used by the co-located block. The backward 
reference frame is where the co-located block resides. 

However, if the co-located block for a block in direct 
mode is in field mode, the direct mode block is also in field 
mode. The two field-based motion vectors of the direct mode 
block are derived from the field-based forward motion 
vector of the co-located block. The forward reference field 

An alternate method for skipped macroblocks is as fol
lows. If a macro block pair is skipped, its frame and field 
coding mode follows its neighboring macroblock pair to the 
left. If the left neighboring macroblock pair is not available, 

15 is used by the co-located block. The backward reference 
field is where the co-located block resides. 

A macroblock in a B picture can also be skipped in AFF 

its coding mode follows its neighboring macroblock pair to 
the top. If neither the left nor top neighboring macroblock 20 

pairs are available, the skipped macroblock is set to frame 
mode. 

coding according to another embodiment of the present 
invention. A skipped macroblock in a B picture is recon
structed as a regular direct mode macroblock without any 
coded transform coefficient information. For skipped mac-
roblocks in a B picture, the following rules apply. If AFF 
coding is performed per macroblock, a skipped macroblock 
is either in frame mode or in the frame or field coding mode 

Another embodiment of the present invention is direct 
mode macroblock coding for B pictures. In direct mode 
coding, a B picture has two motion vectors, forward and 
backward motion vectors. Each motion vector points to a 
reference picture. Both the forward and backward motion 
vectors can point in the same temporal direction. For direct 
mode macroblock coding in B pictures, the forward and 
backward motion vectors of a block are calculated from the 
co-located block in the backward reference picture. The 
co-located block in the backward reference picture can be 
frame mode or field mode coded. The following rules apply 
in direct mode macroblock coding for B picture. 

If the co-located block is in frame mode and if the current 
direct mode macroblock is also in frame mode, the two 
associated motion vectors of a block in the direct mode 
macroblock are calculated from the co-located block. The 

25 of the co-located block in its backward reference picture. If 
AFF coding is performed on macroblock pairs and if both 
macroblocks are skipped, then they are in frame mode or in 
the frame or field coding mode of the co-located macroblock 
pair in the its backward reference picture. However, if only 

30 one of the macroblocks in a macroblock pair is skipped, its 
frame or field coding mode is the same as the non-skipped 
macroblock of the same macro block pair. If AFF coding is 
performed on a group of macro blocks and if the entire group 
of macroblocks is skipped, then all the macro blocks are in 

35 frame mode or in the frame or field coding mode of the 
co-located group of macroblocks in the backward reference 
picture. If there is at least one macro block that is not 
skipped, then the skipped macroblock in the same group are 

forward reference frame is the one used by the co-located 
block. The backward reference frame is the same frame 40 

in the same frame or field coding mode as the non-skipped 
macroblock. 

As previously mentioned, a block can be intra coded. Intra 
blocks are spatially predictive coded. There are two possible 
intra coding modes for a macro block in macroblock level 
AFF coding. The first is intra_ 4x4 mode and the second is 
intra_16xl6 mode. In both, each pixel's value is predicted 
using the real reconstructed pixel values from neighboring 

where the co-located block resides. 
If the co-located block is in frame mode and if the current 

direct mode macroblock is in field mode, the two associated 
motion vectors of a block in the direct mode macro block are 45 

calculated from the co-located block's motion vector with 
vertical component divided by two. The forward reference 
field is the same parity field of the reference frame used by 
the co-located block. The backward reference field is the 
same parity field of the backward reference frame where the 50 

co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is also in field mode, the two 
associated motion vectors of a block in the direct mode 
macroblock are calculated from the co-located block of the 55 

same field parity. The forward reference field is the field 
used by the co-located block. The backward reference field 
is the same field where the co-located block resides. 

If the co-located block is in field mode and if the current 
direct mode macroblock is in frame mode, the two associ- 60 

ated motion vectors of the block in the direct mode mac-

blocks. By predicting pixel values, more compression can be 
achieved. The intra_ 4x4 mode and the intra 16x16 modes 
will each be explained in more detail below. 

For intra_ 4x4 mode, the predictions of the pixels in a 4 
by 4 pixel block, as shown in FIG. 14, are derived form its 
left and above pixels. In FIG. 14, the 16 pixels in the 4 by 
4 pixel block are labeled a through p. Also shown in FIG. 14 
are the neighboring pixels A through P. The neighboring 
pixels are in capital letters. As shown in FIG. 15, there are 
nine different prediction directions for intra_ 4x4 coding. 
They are vertical (0), horizontal (1), DC prediction (mode 
2), diagonal down/left (3), diagonal down/right (4), vertical
left (5), horizontal-down (6), vertical-right (7), and horizon
tal-up (8). DC prediction averages all the neighboring pixels 
together to predict a particular pixel value. 

roblock are calculated from the co-located block's motion 
vector with vertical component multiplied by two. The 
forward reference frame is the frame one of whose fields is 
used by the co-located block. The backward reference field 
is the frame in one of whose fields the co-located block 
resides. 

However, for intra_16xl6 mode, there are four different 
prediction directions. Prediction directions are also referred 
to as prediction modes. These prediction directions are 

65 vertical prediction (0), horizontal prediction (1), DC predic
tion, and plane prediction. Plane prediction will not be 
explained. 87
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An intra block and its neighboring blocks may be coded 
in frame or field mode. Intra prediction is performed on the 
reconstructed blocks. A reconstructed block can be repre
sented in both frame and field mode, regardless of the actual 
frame or field coding mode of the block. Since only the 5 

pixels of the reconstructed blocks are used for intra predic
tion, the following rules apply. 

If a block of 4 by 4 pixels or 16 by 16 pixels is in frame 
mode, the neighboring pixels used in calculating the pixel 
value predictions of the block are in the frame structure. If 10 

a block of 4 by 4 pixels or 16 by 16 pixels is in field mode, 
the neighboring pixels used in calculating the pixel value 
prediction of the block are in field structure of the same field 
parity. 

16 
Rule 4: This rule applies to macroblock pairs only. In the 

case of decoding the prediction modes of blocks numbered 
3,6,7,9, 12, 13, 11, 14 and 15 of FIG. 16b, the above and 
the left neighboring blocks are in the same macro block as 
the current block. However, in the case of decoding the 
prediction modes of blocks numbered 1, 4, and 5, the top 
block (block A) is in a different macro block pair than the 
current macroblock pair. In the case of decoding the pre
diction mode of blocks numbered 2, 8, and 10, the left block 
(block B) is in a different macroblock pair. In the case of 
decoding the prediction mode of the block numbered 0, both 
the left and the above blocks are in different macroblock 
pairs. For a macroblock in field decoding mode the neigh
boring blocks of the blocks numbered 0, 1,4,5,2,8, and 10 

The chosen intra-prediction mode (intra_pred_mode) of a 15 shall be defined as follows: 
4 by 4 pixel block is highly correlated with the prediction 
modes of adjacent blocks. This is illustrated in FIG. 16a. 
FIG. 16a shows that A and B are adjacent blocks to C. Block 
C's prediction mode is to be established. FIG. 16b shows the 
order of intra prediction information in the bitstream. When 20 

the prediction modes of A and B are known (including the 
case that A or B or both are outside the slice) the most 
probable prediction mode (mosCprobable_mode) of C is 
given. If one of the blocks A or B is "outside" the most_ 
probable prediction mode is equal DC prediction (mode 2). 25 

Otherwise it is equal to the minimum of prediction modes 
used for blocks A and B. When an adjacent block is coded 
by 16x16 intra mode, prediction mode is DC prediction 
mode. When an adjacent block is coded a non-intra mac
roblock, prediction mode is "mode 2: DC prediction" in the 30 

usual case and "outside" in the case of constrained intra 
update. 

To signal a prediction mode number for a 4 by 4 block first 
parameter use_most_probable_mode is transmitted. This 
parameter is represented by 1 bit codeword and can take 35 

values ° or 1. Ifuse_most_probable_mode is equal to 1 the 
most probable mode is used. Otherwise an additional param
eter remaining_mode_selector, which can take value from ° 
to 7 is sent as 3 bit codeword. The codeword is a binary 
representation of remaininlLmode_selector value. The pre- 40 

diction mode number is calculated as: 
if (remaining_mode_selector<mosCprobable mode) 
intra_pred_mode=remaining_mode_selector; 
else 

If the above macroblock pair (170) is decoded in field 
mode, then for blocks number 0, 1, 4 and 5 in the top-field 
macroblock (173), blocks numbered 10, 11, 14 and 15 
respectively in the top-field macroblock (173) of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171) as 
shown in FIG. 17a. For blocks number 0, 1,4 and 5 in the 
bottom-field macroblock (174), blocks numbered 10, 11, 14 
and 15 respectively in the bottom-field MB of the above 
macroblock pair (170) shall be considered as the above 
neighboring blocks to the current macroblock pair (171), as 
shown in FIG. 17a. 

However, if the above macroblock pair (170) is decoded 
in frame mode then for blocks number 0, 1, 4 and 5 in the 
top-field macroblock (173), blocks numbered 10, 11, 14 and 
15 respectively in the bottom-frame macroblock (176) of the 
above macroblock pair (170) shall be considered as the 
above neighboring blocks to the current macroblock pair 
(171), as shown in FIG. 17b. For blocks number 0,1,4 and 
5 in the bottom-field macroblock (174), blocks numbered 
10, 11, 14 and 15 respectively in the bottom-frame macrob-
lock (176) of the above macro block pair (170) shall be 
considered as the above neighboring blocks to the current 
macroblock pair (171), as shown inn FIG. 17b. 

If the left macroblock pair (172) is decoded in field mode, 
then for blocks number 0, 2, 8 and 10 in the top-field 
macroblock (173), blocks numbered 5, 7, 13 and 15 respec
tively in the top-field macroblock (173) of the left macrob
lock pair (172) shall be considered as the left neighboring 

intra_pred_mode=remaining_mode_selector+ 1; 
The ordering of prediction modes assigned to blocks C is 

therefore the most probable mode followed by the remaining 
modes in the ascending order. 

An embodiment of the present invention includes the 
following rules that apply to intra mode prediction for an 
intra-prediction mode of a 4 by 4 pixel block or an intra
prediction mode of a 16 by 16 pixel block. Block C and its 
neighboring blocks A and B can be in frame or field mode. 
One of the following rules shall apply. FIGS. 16a-b will be 
used in the following explanations of the rules. 

45 blocks to the current macroblock pair (171) as shown in FIG. 
17c. For blocks number 0, 2, 8 and 10 in the bottom-field 
macroblock (174), blocks numbered 5, 7, 13 and 15 respec
tively in the bottom-field macroblock (174) of the left 
macroblock pair (172) shall be considered as the left neigh-

Rule 1: A or B is used as the neighboring block of Conly 
if A or B is in the same frame/field mode as C. Otherwise, 
A or B is considered as outside. 

Rule 2: A and B are used as the neighboring blocks of C, 
regardless of their frame/field coding mode. 

Rule 3: If C is coded in frame mode and has co-ordinates 
(x,y), then A is the block with co-ordinates (x,y-l) and B is 
the block with co-ordinates (x-l,y). Otherwise, ifC is coded 

50 boring blocks to the current macroblock pair (171), as shown 
in FIG. 17c. 

If the left macroblock pair (172) is decoded in frame 
mode, then for blocks number 0,2, 8 and 10 in the top-field 
macroblock (173), the blocks numbered 5, 7, 13 and 15 

55 respectively in the top-frame macroblock (175) of the left 
macroblock pair (172) shall be considered as the left neigh
boring blocks to the current macroblock pair (171), as shown 
in FIG. 17d. For blocks number 0, 2, 8 and 10 in the 
bottom-field macroblock (174), blocks numbered 5, 7, 13 

60 and 15 respectively in the bottom-frame macroblock (176) 
of the left macroblock pair (172) shall be considered as the 
left neighboring blocks to the current macroblock pair (171), 
as shown in FIG. 17d. 

as field and has field co-ordinates (xf,yf) then A is the block 
whose field co-ordinates are (xf,yf-l) and has same field 65 

polarity as C and B is the block whose field co-ordinates are 
(xf-l,yf) and has same field polarity as C. 

For macroblock pairs on the upper boundary of a slice, if 
the left macroblock pair (172) is in frame decoding mode, 
then the intra mode prediction value used to predict a field 
macroblock shall be set to DC prediction. 88
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The preceding descriptions of intra coding and intra mode 
prediction can be extended to adaptive block transforms. 

18 
macroblocks as a processing block, said plurality of 
macroblocks including a pair of macro blocks or a 
group of macroblocks; and 

selectively encoding at least one of said processing blocks 
at a time in frame coding mode and at least one of said 
processing blocks at a time in field coding mode, 

wherein said encoding is performed in a horizontal scan
ning path or a vertical scauning path. 

Another embodiment of the present invention is that loop 
filtering is performed on the reconstructed blocks. A recon
structed block can be represented in either frame or field 
structure, regardless of the frame/field coding mode of the 
block. Loop (deblock) filtering is a process of weightcd 
averaging of the pixels of the neighboring blocks. FIG. 12 
will be used to explain loop filtering. Assume E of FIG. 12 
is a reconstructed block, and A, B, C and D are its neigh
boring reconstructed blocks, as shown in FIG. 12, and they 
are all represented in frame structure. Since A, B, C, D and 

2. The method of claim 1, wherein said processing block 
10 includes a pair of macroblocks. 

B can be either frame- or field-coded, the following rules 
apply: 

Rule 1: If E is frame-coded, loop filtering is performed 15 

over the pixels of E and its neighboring blocks A B, C and 
D. 

3. The method of claim 2, wherein each pair of macrob
locks of said image is encoded from left to right and from top 
to bottom if said encoding is performed in said horizontal 
scauning path, and 

wherein each pair of macro blocks of said image is 
encoded from top to bottom and from left to right if said 
encoding is performed in said vertical scanning path. 

Rule 2: IfE is field-coded, loop filtering is performed over 
the top-field and bottom-field pixels ofE and its neighboring 
blocks A B, C and D, separately. 

Another embodiment of the present invention is that 
padding is performed on the reconstructed frame by repeat
ing the boundary pixels. Since the boundary blocks may be 
coded in frame or field mode, the following rules apply: 

4. The method of claim 2, wherein said pair of macrob
locks comprises a top block and a bottom block, where said 

20 top block is encoded prior to said bottom block in said frame 
coding mode. 

Rule 1: The pixels on the left or right vertical line of a 25 

boundary block are repeated, if necessary. 
Rule 2: If a boundary block is in frame coding, the pixels 

on the top or bottom horizontal line of the boundary block 
are repeated. 

Rule 3: if a boundary block is in field coding, the pixels 30 

on the two top or two bottom horizontal (two field) lines of 
the boundary block are repeated alternatively. 

Another embodiment of the present invention is that 
two-dimensional transform coefficients are converted into 
one-dimensional series of coefficients before entropy cod- 35 

ing. The scan path can be either zigzag or non-zigzag. The 
zigzag scanner is preferably for progressive sequences, but 
it may be also used for interlace sequences with slow 
motions. The non-zigzag scanners are preferably for inter
lace sequences. For macroblock AFF coding, the following 40 

options may be used: 
Option 1: The zigzag scan is used for macro blocks in 

frame mode while the non-zigzag scauners are used for 
macro blocks in field coding. 

Option 2: The zigzag scan is used for macroblocks in both 45 

frame and field modes. 
Option 3: The non-zigzag scan is used for macroblocks in 

both frame and field modes. 
The preceding description has been presented only to 

illustrate and describe embodiments of invention. It is not 50 

intended to be exhaustive or to limit the invention to any 
precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. 

The foregoing embodiments were chosen and described in 
order to illustrate principles of the invention and some 55 

practical applications. The preceding description enables 
others skilled in the art to utilize the invention in various 
embodiments and with various modifications as are suited to 
the particular use contemplated. It is intended that the scope 

5. The method of claim 2, further comprising: 
splitting said pair of macro blocks into a top field block 

and a bottom field block when said pair of macroblocks 
are encoded in said field coding mode, and where said 
top field block is encoded prior to said bottom field 
block. 

6. The method of claim 1, wherein said processing block 
includes a group of at least four macroblocks blocks. 

7. An apparatus for encoding a picture in an image 
sequence, comprising: 

means for dividing said picture into a plurality of mac
roblocks, each macroblock containing a plurality of 
blocks; and 

means for generating a plurality of processing blocks, 
each processing block being generated by grouping 
said plurality of macroblocks as a processing block, 
said plurality of macro blocks including a pair of mac
roblocks or a group of macroblocks; 

means for selectively encoding at least one of said pro
cessing blocks at a time in frame coding mode and at 
least one of said processing blocks at a time in field 
coding mode, 

wherein said encoding is performed in a horizontal scan
ning path or a vertical scauning path. 

8. The apparatus of claim 7 wherein said processing block 
includes a pair of macroblocks. 

9. The apparatus of claim 8, wherein each pair of mac
roblocks of said image is encoded from left to right and from 
top to bottom if said encoding is performed in said horizon
tal scauning path, and 

wherein each pair of macro blocks of said image is 
encoded from top to bottom and from left to right if said 
encoding is performed in said vertical scanning path. 

10. The apparatus of claim 8, wherein said pair of 
macroblocks comprises a top block and a bottom block, 
where said top block is encoded prior to said bottom block 
in said frame coding mode. 

11. The appartus of claim 8, wherein said pair of mac-
of the invention be defined by the following claims. 

What is claimed is: 
1. A method of encoding a picture in an image sequence, 

comprising: 

60 roblocks are split into a top field block and a bottom field 
block when said pair of macroblocks are encoded in said 
field coding mode, and where said top field block is encoded 
prior to said bottom field block. 

dividing said picture into a plurality of macroblocks, each 
macroblock containing a plurality of blocks; 

generating a plurality of processing blocks, each process
ing block being generated by grouping said plurality of 

12. The apparatus of claim 7, wherein said processing 
65 block includes a group of at least four macroblocks blocks. 

13. A computer-readable medium encoded with computer 
executable instructions, the computer executable instruc-89
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tions including instructions which, when executed by a 
processor, cause the processor to perfonn the steps of a 
method for encoding a picture in an image sequence, com
prising the steps of: 

dividing said picture into a plurality of macroblocks, each 
macroblock containing a plurality of blocks; 

generating a plurality of processing blocks, each process
ing block being generated by grouping said plurality of 
macroblocks as a processing block, said plurality of 
macroblocks including a pair of macroblocks or a 10 

group of macroblocks; and 

20 
encoded picture that is encoded in frame coding mode 
and at least one of said plurality of processing blocks at 
a time that is encoded in field coding mode, 

wherein said decoding is performed in a horizontal scan
ning path or a vertical scanning path; and 

means for using said plurality of decoded processing 
blocks to construct a decoded picture. 

23. The apparatus of claim 22, wherein said processing 
blocks include a pair of macroblocks. 

24. The apparatus of claim 22, wherein said decoding is 
applied to a group of at least four macroblocks. 

selectively encoding at least one of said processing blocks 
at a time in frame coding mode and at least one of said 
processing blocks at a time in field coding mode, 

wherein said encoding is performed in a horizontal scan
ning path or a vertical scanning path. 

25. The apparatus of claim 24, further comprising: means 
for joining said group of at least four macroblocks into a top 
field block and a bottom field block when said group of at 

15 least four macroblocks is decoded in said field coding mode. 
26. The apparatus of claim 23, wherein each pair of 

macroblocks of said image is decoded from left to right and 
from top to bottom if said decoding is performed in said 
horizontal scanning path, and 

14. A method of decoding an encoded picture having a 
plurality of processing blocks, each processing block con
taining macroblocks, each macroblock containing a plurality 
of blocks, from a bitstream, comprising: 

decoding at least one of a plurality of processing blocks 
at a time, wherein each of said plurality of processing 
blocks includes a pair of macroblocks or a group of 
macroblocks, in frame coding mode and at least one of 
said plurality of processing blocks at a time in field 
coding mode, wherein said decoding is applied to a pair 
of blocks, or a group of blocks, 

20 wherein each pair of macro blocks of said image is 
decoded from top to bottom and from left to right if said 
decoding is perfonned in said vertical scanning path. 

27. The apparatus of claim 23, wherein said pair of 
macroblocks comprises a top block and a bottom block, 

25 where said top block is decoded prior to said bottom block 
in said frame coding mode. 

wherein said decoding is performed in a horizontal scan
ning path or a vertical scanning path; and 

28. The apparatus of claim 23, wherein said pair of 
macroblocks is represented by a top field block and a bottom 
field block in said field coding mode, the method further 

using said plurality of decoded processing blocks to 
construct a decoded picture. 

30 comprising: 

15. The method of claim 14, wherein said processing 
blocks include a pair of macroblocks. 

16. The method of claim 14, wherein said decoding is 
applied to a group of at least four macroblocks. 

17. The method of claim 16, further comprising: joining 
said group of at least four macro blocks into a top field block 
and a bottom field block when said group of at least four 
macro blocks is decoded in said field coding mode. 

35 

18. The method of claim 15, wherein each pair of mac- 40 

roblocks of said image is decoded from left to right and from 
top to bottom if said decoding is perfonned in said horizon-
tal scanning path, and 

wherein each pair of macroblocks of said image is 
decoded from top to bottom and from left to right if said 45 

decoding is perfonned in said vertical scanning path. 
19. The method of claim 15, wherein said pair of mac

roblocks comprises a top block and a bottom block, where 
said top block is decoded prior to said bottom block in said 
frame coding mode. 

20. The method of claim 15, wherein said pair of mac
roblocks is represented by a top field block and a bottom 
field block in said field coding mode, the method further 
comprising: 

50 

decoding said top field block and said bottom field block, 55 

and 
joining said top field block and said bottom field block 

into said pair of macroblocks. 
21. The method of claim 14, wherein said processing 

block includes a group of at least four macro blocks blocks. 60 

22. An apparatus for decoding an encoded picture from a 
bit stream, comprising: 

means for decoding at least one of a plurality of process
ing blocks at a time, each processing block containing 
a pair of macro blocks or a group of macro blocks, each 65 

macroblock containing a plurality of blocks, from said 

decoding said top field block and said bottom field block, 
and 

joining said top field block and said bottom field block 
into said pair of macroblocks. 

29. The apparatus of claim 22, wherein said processing 
block includes a group of at least four macroblocks blocks. 

30. A computer-readable medium encoded with computer 
executable instructions, the computer executable instruc
tions including instructions which, when executed by a 
processor, cause the processor to perfonn the steps of a 
method for encoding a picture in an image sequence, com-
prising the steps of: 

decoding at least one of a plurality of processing blocks 
at a time, each processing block containing a pair of 
macroblocks or a group of macroblocks, each macrob
lock containing a plurality of blocks, from said encoded 
picture that is encoded in frame coding mode and at 
least one of said plurality of processing blocks at a time 
that is encoded in field coding mode, 

wherein said decoding is performed in a horizontal scan
ning path or a vertical scanning path; and 

using said plurality of decoded processing blocks to 
construct a decoded picture. 

31. A bitstream comprising: 
a picture that has been divided into a plurality of process

ing blocks, each processing block containing a pair of 
macroblocks or a group of macroblocks, each macrob
lock containing a plurality of blocks, 

wherein at least one of said plurality of processing blocks 
from said picture is encoded in frame coding mode at 
a time and at least one of said plurality of processing 
blocks is encoded in field coding mode at a time, 

wherein said encoding is performed in a horizontal scan
ning path or a vertical scanning path. 

* * * * * 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,310,376 B2 
APPLICATION NO. : 11/026394 
DATED : December 18,2007 
INVENTOR(S) : Wang et al. 

Page 1 of 1 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

PAGE 2: 
Title Page item 56, Under "Other Publications", in Colunm 2, Line 4: Please delete 
"Secotr" and replace with --Sector--

COLUMN 10: 
Line 49: Please delete "B's" and replace with --E's-
Line 50: Please delete "black" and replace with --block--

COLUMN 12: 
Line 8: Please delete "arc" and replace with --are-
Line 9: Please delete "B." and replace with --E.-
Line 29: Please delete "by" and replace with --by 16--

COLUMN 17: 
Line 7: Please delete "weightcd" and replace with --weighted-
Line 13: Please delete "B" and replace with --E--

COLUMN 18: 
Line 59: In Claim 11, please delete "appartus" and replace with --apparatus--

Signed and Sealed this 

Twenty-fifth Day of August, 2009 

David J. Kappos 
Director of the United States Patent and Trademark Office 
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Description
The EM847x family is a single-chip MPEG audio/video decoder that supports
DVD-Video, Superbit™ DVD, SVCD, VCD and audio CD media formats.
Video decoding support includes MPEG-1, MPEG-2 MP@ML and MPEG-4
advanced simple video profile Level 51. Audio decoding support includes
Dolby® Digital, MPEG-1 Layers 1 and 2, MPEG-4 high quality profile Level 2,
and 16-bit linear PCM. DVD-Video support includes hardware CSS decryp-
tion, 16:9 and 4:3 aspect ratios, letterboxing, 3:2 pull-down, multiple angles
and sub-picture.

Based on the company’s award-winning REALmagic® Video Streaming Tech-
nology, the EM847x family provides highly-integrated solutions for high-qual-
ity decoding of MPEG-1, MPEG-2 and MPEG-4. Positioned as a cost-
effective solution for streaming video clients, advanced digital set-top boxes
and next-generation interactive DVD players, the EM847x enables manufac-
turers to easily incorporate streaming video, progressive DVD playback and
video-on-demand into their products. 

Common Features
• Pin and functionally compatible with EM8400 

(EM8470 and EM8471 only)

• Compatible with MPEG-4 Client Players from 
Envivio and iVAST and a wide variety of 
MPEG-2 video servers

• Supports ISMA and MPEG-2 streaming 
formats, IP multicasting

• Supports DVD-Video, Superbit DVD, SVCD, 
VCD, audio CD media formats

• MPEG-1, MPEG-2 MP@ML, MPEG-4 
Advanced Simple Profile Level 51 video 
decoding

• Dolby Digital, MPEG-1 Layers 1 and 2, MPEG-
4 High Quality Profile Level 2, and linear PCM 
audio decoding

Block Diagram

Lightly shaded blocks are only available on the EM8475 and EM8476
1Without 1/4 pixel and global motion compensation
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Bitstream Demultiplexing
The host processor performs MPEG-4 file demultiplexing and system decod-
ing (except audio and video decoding), MPEG-2 transport and program
stream and MPEG-1 system stream demultiplexing. The EM847x operates as
a PCI bus master while audio and video elementary streams are transferred
from host system memory to EM847x memory by the EM847x’s DMA engine. 

Software drivers for the x86, available from Sigma Designs, include MPEG-4
audio decode, MPEG-2 transport and program stream demultiplex, MPEG-1
system stream demultiplex and DVD-Video/SVCD/VCD stream demultiplex
and navigation. Supported operating systems for our x86-based reference
designs include Windows® XP Embedded, Windows CE .NET and Linux. For
other operating systems and hardware platforms, our Professional Services
Group can assist in supporting your requirements.

DVD-Video Decryption

The EM847x includes decryption logic and supports DVD-Video CSS proce-
dural specifications. It also fully supports DVD-Video control features includ-
ing up to 8 language sound tracks, 32 subtitle settings, letterbox, pan and
scan, multi-angles and 3:2 pull-down.

MPEG Video Decoding
The MPEG video decoder engine contains the following modules used for
MPEG-1, MPEG-2 and MPEG-4 video decoding:

• MPEG-1 & 2 Huffman Decoder

• MPEG-4 Huffman Decoder

• Motion Compensation

• IDCT

• Inverse Quantizer

• AC / DC Predictor

The Huffman Decoder receives bitstream data from DRAM and works in col-
laboration with the internal RISC processor to decode bitstream elements
down to the block level. It then decodes transformed coefficients and sends
them to the Inverse Quantizer. The Inverse Quantizer mainly performs two
consecutive multiplications on the transformed coefficients (quantizer scale
and quantizer matrix) and sends them to the IDCT. The IDCT converts them
into pixels (or pixel differences for non-intra pictures), which are sent to the
Motion Compensation block. The Motion Compensation block loads decoded
macroblocks from DRAM (for prediction), adds the pixel differences and
stores the result back to DRAM. 

Common Features
• Programmable display output with improved 

scaling up to 1920x1080 resolution, interlaced 
or progressive, up to 120 Hz refresh

• 2-, 4-, 7- or 8-bit OSD with optional run-length 
compression, alpha blending and flicker 
filtering

• 80 MHz digital video output interface: 8- or 16-
bit CCIR 601 / 656 YCbCr 

• Improved NTSC/PAL composite and s-video 
outputs with optional Macrovision v7.1 
protection and VBI data support (10-bit DACs)

• Digital audio output interface: I2S for PCM or 
S/PDIF (IEC 60958) for PCM, compressed 
Dolby Digital and compressed DTS

• Improved PCI v2.1 bus master / slave interface 
supports both read and write operations

• 2.5V core with 3.3V I/O (5V tolerant) for low 
power operation

• Package: 208 PQFP for EM8470 and EM8471 
(pin compatible with EM8400), 328 BGA for 
EM8475 and EM8476

EM8475 / EM8476 Features
• Digital audio input interface: I2S

• 80 MHz digital video input interface: 8- or 16-
bit CCIR 601 / 656 YCbCr supporting 
resolutions up to 1920x1080i

• 80 MHz 24-bit digital RGB output interface for 
DVI with HDCP support

• Interlaced or progressive analog RGB or 
YPbPr video outputs with optional Macrovision 
AGC v1.03 protection and VBI data support 
(10-bit DACs)

• Stereo audio DACs

• Flexible Local Bus interface

Applications
• Consumer products needing PVR and 

playback of video-on-demand (VOD), 
streaming video, progressive DVD

• Set-top boxes, media/home gateways, video 
end points, convergence appliances
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MPEG-1 and MPEG-2 Huffman Decoder 

The MPEG Video Decoder engine uses the Huffman
Decoder as its front end. It can decode either a MPEG-1 or
MPEG-2 formatted data stream. The Huffman Decoder is
commanded directly from the RISC processor. It extracts
fixed-length, variable-length or start codes from the bitstream
and returns the value to the RISC processor or passes it
directly to the Inverse Quantizer. The Huffman Decoder can
also do tasks such as decode the macroblock increment
address, get the macroblock type, get coded block pattern,
get motion vector codes and decode a delta motion vector.

MPEG-4 Huffman Decoder

The MPEG-4 Huffman Decoder is the front-end to the
MPEG-4 engine. It provides specialized instructions to the
RISC processor to enable the decoding of Simple Profile
MPEG-4 streams. These instructions are of three different
kinds: get or view a fixed-length bit field, get an individual
variable length code and get the DCT coefficients for the
whole macroblock. Additionally, the Huffman Decoder pro-
vides support for the error-resiliency features of MPEG-4. It
can be used to read data-partitioned Video Object Planes,
with or without Reversible Variable Length Codes (RVLCs). It
cannot, however, read RVLCs backwards.

AC/DC Predictor

If the input stream is MPEG-1 or MPEG-2, the AC/DC predic-
tor passes through. Otherwise, it receives data from the zig-
zag through a 19-bit stream interface. A predictor is added to
the incoming AC/DC coefficients. The result is saturated and
output to the inverse quantizer through a similar interface.
This result will also be used as future predictors. For predic-
tion, this block must save an entire macroblock line of infor-
mations. This module supports MPEG-4 simple profile. 

Inverse Quantizer

The Inverse Quantizer block resides between the AC/DC
predictor block and the inverse DCT block. Its primary func-
tion is to receive coefficients from the AC/DC predictor, scale
them and send them to the IDCT. It supports the MPEG-1,
MPEG-2 MP@ML and MPEG-4 simple profile.

Inverse DCT

The IDCT (Inverse Discrete Cosine Transform) module is a
hardware implementation of the DCT/IDCT of an 8x8 pixel
block used in MPEG compression/ decompression. The DCT
transforms a block of 8x8 pixels into a block of 8x8 trans-
formed coefficients. The IDCT transforms a block of 8x8
transformed coefficients back into a block of 8x8 pixels.

Video Decoder Block Diagram
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Motion Compensation Module

The Motion Compensation Module performs all the motion
compensation tasks required to decode MPEG-1, MPEG-2
and MPEG-4 bitstreams. This includes predicting the image
block for the picture being decoded, using pixels from previ-
ously decoded pictures.

Audio Input and Output Interfaces
The audio decoding block supports the following audio bit-
stream formats:

• Dolby Digital with conformance to Group A (20-bit)

• MPEG-1 Layers 1 and 2

• MPEG-4 CELP and Low Complexity AAC (decoded using 
software on x86 host CPU)

• 16-bit linear PCM data

• Compressed Dolby Digital and DTS® digital output via 
S/PDIF

I2S Digital Audio Output

The I2S serial audio output block receives either the 2-chan-
nel down-mixed decoded Dolby Digital audio, decoded
MPEG-1 audio, decoded MPEG-4 audio or PCM audio data.
It then converts this data into a serial bitstream compatible
with the I2S specification. The 256x Fs serial clock is gener-
ated by an internal digital PLL or an external clock source
may be used.

S/PDIF Digital Audio Output

In addition to receiving the same audio data as the I2S digital
audio output block, the S/PDIF output block can receive
compressed DTS and compressed Dolby Digital audio data.
It then converts this data into a serial bitstream compatible
with the S/PDIF specification.

Analog Stereo Audio Output

The EM8475 and EM8476 include two on-chip audio DACs
that receive the same 2-channel information as the I2S digi-
tal output and convert it to analog.

I2S Digital Audio Input

The EM8475 and EM8476 also support an I2S digital audio
input. This audio data may be output onto the I2S or S/PDIF
outputs.

Video Display Controller
The display controller reads picture data from DRAM and
displays it with proper format, timing and synchronization sig-
nals. This is a real-time process driven by the video clock. 

The display controller operates in one of four modes:

• Master mode -- the display controller generates HSYNC and 
VSYNC from an internal or external video clock up to 80 
MHz

• Slave mode -- the display controller receives HSYNC and 
VSYNC from an internal or external video clock up to 80 
MHz

The video display timing can be set for interlaced or non-
interlaced (progressive) video output up to 120 Hz.

Sub-Pictures

Sub-pictures are compressed bit maps overlaid on decoded
MPEG video which can be scrolled up and down and faded
in and out. The area, content, color and contrast in every
video field can be changed. These modifications produce
special effects such as highlighting.

OSD (On-Screen Display) 

The OSD enables simple full screen graphical menus to be
displayed and blended with the MPEG decoded video and
sub-picture. It supports 4 palletized color depths: 4 colors (2
bits per pixel), 16 colors (4 bits per pixel), 128 colors (7 bits
per pixel) and 256 colors (8 bits per pixel). The bit map can
be compressed using Run-Length Coding (RLC) in 2-, 4- and
7-bit per pixel modes. A 256x32 color look-up table (CLUT) is
provided to convert the 2-, 4-, 7- or 8-bit code into a 24-bit
YCbCr color and 16 levels of alpha blending. The Highlight
function is supported in 2-, 4- and 7-bit per pixel modes.

The OSD supports programmable 3-line flicker filtering to
improve the graphics quality on interlaced displays.

Letterbox Display 

Letterbox mode provides vertical downscaling; 16:9 pictures
can be displayed in a letterbox fashion on a traditional 4:3
display.

Pan and Scan Display 

Pan and scan mode expands the video image to 16:9. A sec-
tion of the image can be displayed at full height on a 4:3 TV
display.
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Alpha Blending 

Alpha blending provides two layers of blending: sub-picture
over the MPEG video and OSD over both the sub-picture
and MPEG video. Up to 16 levels of blending are available.

Video Input and Output Interfaces
Video output ports provide digital RGB or YCbCr outputs and
include an integrated NTSC/PAL video encoder and video
DACs for composite, s-video and component analog outputs. 

VBI Support

NTSC closed captioning on lines 21 and 284 is supported. In
addition, NTSC widescreen signaling (WSS) and copy gen-
eration management (CGMS-A) on lines 20 and 283, as
defined by IEC 61880, is supported. This information speci-
fies the aspect ratio of the current program and also provides
copy protection capabilities.

PAL widescreen signaling (WSS) on line 23, as defined by
ETSI EN300284 and ITU-R BT.1119, is supported. This infor-
mation specifies the aspect ratio of the current program.

Digital Video Output

The digital video output, controlled by the video display con-
troller, supports 8- / 16-bit CCIR 601 / 656 4:2:2 YCbCr data.
An additional 24-bit RGB output mode is supported on the
EM8475 and EM8476. It may be operated as a timing master
or slave at rates up to 80 MHz (160 MBps) and resolutions
up to 720p or 1080i.

The 24-bit RGB output mode supports HDCP (High-band-
width Digital Content Protection) when interfaced to a DVI
transmitter chip.

TV Encoder - Composite and S-Video Output 

A high-quality NTSC/PAL encoder (with optional Macrovision
v7.1 protection) that supports the NTSC-M, NTSC-J, PAL-
B/D/G/H/I, PAL-60 and PAL-M baseband video standards is
available. It features three 10-bit video DACs to generate
simultaneous composite and s-video outputs. The analog
video outputs are capable of driving a doubly-terminated 75-
ohm load.

Component Analog Output

The EM8475 and EM8476 also include component YPbPr or
RGB analog outputs, with optional Macrovision AGC v1.03
protection in 480p YPbPr mode. This component analog out-
put can be programmed to be either RGB or YPbPr video
data, interlaced or progressive, from NTSC / PAL resolution
up to 1920x1080. The analog video outputs are capable of
driving a doubly-terminated 75-ohm load. 

When generating analog RGB or YPbPr video, the compos-
ite video output is always present; the s-video output is not
available. 

Supported analog formats are:

• RGB and composite video for SCART support

• RGB with sync on green

• SMPTE GBR

• Betacam YUV

• M-II YUV

• SMPTE YPbPr

If copy protection is used during DVD-Video playback, the
resolution on the EM8475 analog YPbPr / RGB outputs may
not be higher than standard definition (720x480 or 720x576)
unless driving a VGA monitor. If the output is configured to
be progressive YPbPr, only 480p video may be generated.

Digital Video Input

The video input port, available only on the EM8475 and
EM8476, is designed to capture video data in 8- / 16-bit
CCIR 601 / 656 YCbCr video data formats. The capture port
must operate in slave mode, synchronized to the input clock
and sync signals. The capture port is designed to support
video rates up to 80 MHz (160 MBps) and resolutions up to
720p or 1080i.

This input may be converted to progressive using either field
merging or scan line interpolation.

Note that only one video stream can be displayed at a time -
either MPEG video or input video.
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Local Bus Controller Interface 
The Local Bus Controller (LBC) interface, supported on the
EM8475 and EM8476, is a versatile block, designed to inter-
face the DRAM controller and PCI interface to an external
device, such as a non-PCI MPEG encoder chip. The LBC is
designed to handle DMA transfers (FIFO read/write from the
DRAM) and single register read/write from the external
device to or from the PCI interface. The same DMA transfers
and register read/write operations can be done from the
external device to or from the DRAM controller within the
EM8475 and EM8476. 

The LBC interface is compatible with the 16-bit multiplexed
address / data format (Intel format), 16-bit data and 8-bit
address format (generic format) and 16-bit compressed data
format. It also directly supports the Stream Machine SM2210
/ 2288 MPEG codecs.

PCI Host Interface
The PCI interface is the main conduit between the EM847x
and the host processor. It is designed for both master reads
and writes with programmable burst length and is PCI v2.1
compliant. The PCI interface supports 3.3V and 5V operation
and ACPI power management from the PCI v2.2 specifica-
tion.

Additional Software Available

VOD Client Software (MPEG-2)

VOD client software for the x86 is available that supports
select MPEG-2 video servers, including:

• Cisco's IPTV family

• Concurrent's MediaHawk

• InfoValue’s MediaQuick

• Kasenna’s MediaBase

• nCUBE's NVS

• Streaming21's Media Server

• Thirdspace’s OVS (Oracle Video Server)

For the latest list, please check with your local sales repre-
sentative.

VOD Client Software (ISMA, RTSP)

VOD client software for the x86 is available that supports
RTSP-based ISMA streaming.

IP Multicasting Client Software

IP multicasting client software for the x86 is available.

MPEG-4 Client System Software

Third party x86 client software is available that supports the
EM847x, including Envivio and iVAST. For the latest list,
please check with your local sales representative.

Memory Requirements
The EM847x requires a minimum of 4 MB (1Mb x 32) of 100
MHz SDRAM.
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Application Example: Set-top Box with PVR, DVD-Video Playback, DVI Output

The set-top box example below supports PVR, DVD-Video playback, and DVI output capability. System integration requires
very little external logic since the EM847x provides most of the features including:

• Streaming video or video-on-demand (VOD) playback

• Progressive DVD-Video playback

• Interlaced or progressive YPbPr or RGB video outputs

• NTSC / PAL composite and s-video outputs

• Analog and S/PDIF audio outputs
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ANALOG STEREO OUTPUT

NTSC / PAL COMPOSITE AND S-VIDEO

CD / DVD DRIVE

HDD

USB,  I2C, RS-232

IR

ETHERNET

SDRAM
4 MB

SDRAM
2 MB

INTEL

CELERON

CPU

INTEL

82810
GMCH

SDRAM
PC100
64 MB

TI
TSB43AB22
IEEE 1394

MPEG
ENCODER

OPEN

PCI SLOT

CABLE OR

SATELLITE

TUNER / CA

SDRAM
4 MB

TV VIDEO

DECODER

ANALOG

TV
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TV AUDIO
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82801
ICH

OPTIONAL PVR

FOCUS

FS460
VIDEO MIXER

SMARTCARD

EM8475
OR

EM8476

DVD, MPEG
DECODER

Application Example: Gateway

The home gateway example below also supports PVR and DVD-Video playback. System integration requires very little external
logic since the EM847x provides most of the features including:

• Streaming video or video-on-demand (VOD) playback

• Progressive DVD-Video playback

• Analog and S/PDIF audio outputs

100

Case 2:10-cv-01823-JLR   Document 252-1   Filed 04/06/12   Page 73 of 196



EM8470, EM8471, EM8475, EM8476

- 9 -

Sigma Designs, Inc.
355 Fairview Way • Milpitas, CA, USA 95035 • Tel: 408.262.9003 • Fax: 408.957.9740

www.sigmadesigns.com • sales@sigmadesigns.com

Hardware vs. Software MPEG Decoding

Use hardware-based MPEG decoding when:

• Delivery of audio and video to a television is the primary function of the system. Standard consumer-oriented connectors
for audio and video must be used, instead of PC-oriented break-out cables and mini jacks. (Example: set-top box.)

• Home theater quality audio and video (such as 6-channel audio analog outputs, component YPbPr or RGB analog video
outputs and a SPDIF digital audio output) are required. Although specifications for audio and video solutions for the PC
market look good on paper, the products themselves rarely meet consumer expectations.

• A relatively slow CPU, such as an embedded processor, is used to lower system costs. Slower CPUs also reduce power
consumption and eliminate noisy fans. Decoding full-screen MPEG-4 requires a 1 GHz CPU, which is currently far too
costly for low-cost set-top boxes to employ.

• Multiple video streams must be decoded simultaneously to support picture-in-picture (PIP).

• Ancillary data processing, such as copy protection, closed captioning (multiple languages), teletext (multiple languages),
v-chip (multiple regions) and widescreen signaling must be performed for each active video stream displayed. Wide-
screen processing must be able to handle anamorphic and letterboxed content for either 4:3 or 16:9 televisions. These
are typically overlooked in software-based solutions.

• Alpha blending is required when overlaying text and graphics (such as closed captioning, teletext, EPG, OSD, etc.) over
video to avoid artifacts (such as flicker) when displayed on a television. Such artifacts are caused by the limited-band-
width video connection between the set-top box and television. It is typically implemented using anti-aliased fonts and
graphics.

• High quality video scaling is required for large television screen sizes. Artifacts not noticeable on a small VGA monitor
are magnified on a large television.

Use software-based MPEG decoding when:

• MPEG decoding is a secondary, rather than a primary function of the system. (Example: PC.)

• MPEG decoding is used in a single-tasking environment. Since MPEG decoding requires substantial CPU resources,
using other applications usually affects playback quality.

• A fast CPU is already available on the platform.

• Only standard stereo audio and video (composite or VGA) outputs are needed.
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Media Formats

• DVD-Video, Superbit DVD, SVCD (IEC 62107-2000), VCD 1.x, 
VCD 2.0, audio CD

• 15 Mbps sustained input data rate

Streaming Formats

• MPEG-2, ISMA

• 15 Mbps sustained input data rate

Video Decoding Standards

• MPEG-1, MPEG-2 MP@ML

• MPEG-4 Advanced Simple Profile Level 51. Rectangular shape 
video decoding up to CCIR 601 resolution (720x480 or 720x576), 
support for B pictures, data partitioning support for error resiliency, 
up to 4 objects decoded in CIF resolution and compositing with 
text and graphics.

• Error concealment

• DVD-Video and Superbit DVD

• CSS decryption

• 16:9 and 4:3 playback, letterbox, 3:2 pull-down

• Multiple angles and sub-picture

• DVD-Video navigation software 

Video Processing

• Brightness, color, contrast controls

• Advanced scaling up to 1920x1080 pixels

• Interlaced or non-interlaced output up to 120 Hz

• 2-, 4-, 7- or 8-bit OSD with optional run-length compression, alpha 
blending and flicker filtering

Video Interfaces

• 80 MHz 8- / 16-bit CCIR 601 / 656 YCbCr video input port 
supports capture resolutions up to 1920x1080i (EM8475 and 
EM8476 only)

• 80 MHz 8- / 16-bit CCIR 656 / 601 YCbCr video output port

• 80 MHz 24-bit RGB video output port for DVI with HDCP support 
(EM8475 and EM8476 only)

• NTSC/PAL composite and s-video analog outputs with optional 
Macrovision v7.1 protection (10-bit DACs)

• Analog RGB / YPbPr (SDTV or HDTV resolution, interlaced or 
progressive) with optional Macrovision AGC v1.03 protection in 
480p output mode (10-bit DACs, EM8475 and EM8476 only)

Audio Decoding Standards

• 16-bit linear PCM

• MPEG-1 Layers 1 and 2

• MPEG-4 High Quality Profile Level 2

• CELP and low-complexity AAC

• Dolby Digital down-mixed to 2 channels 

Audio Interfaces

• I2S serial digital output for PCM or S/PDIF (IEC 60958) serial 
digital output for PCM, compressed Dolby Digital and compressed 
DTS

• I2S serial digital input (EM8475 and EM8476 only)

• On-chip stereo audio DACs (100 dB SNR, EM8475 and EM8476 
only)

General Specifications

1Without 1/4 pixel and global motion compensation
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General Specifications (continued)

Host Interface

• PCI v2.1 with programmable burst length

Local Bus Interface

• PCI-to-Local Bus bridge

• 16-bit multiplexed address / data (Intel mode)

• 16-bit data and 8-bit address (generic mode)

• 16-bit data compressed

• Supports Stream Machine SM2210 / SM2288 MPEG encoder

Power Management

• 2.5V core with 3.3V I/O (5V tolerant)

• Typical power dissipation:

• Analog video outputs off: 1.2W

• Analog video outputs on: 1.4W

Package

• 208-pin PQFP for EM8470 and EM8471 (pin compatible with 
EM8400)

• 328-pin BGA for EM8475 and EM8476
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Product Selection Guide

1May be sampled or sold only to companies that are both Macrovision and Dolby licensed.
2May be sampled or sold only to companies that are Dolby licensed.
3Without 1/4 pixel and global motion compensation.

Feature EM84701 EM84712 EM84751 EM84762

Media Formats
DVD-Video, Superbit DVD, SVCD, VCD 1.x, VCD 2.0, audio CD yes yes yes yes

Video Decoding
MPEG-1, MPEG-2 MP@ML, MPEG-4 Advanced Simple Profile Level 53 yes yes yes yes

Audio Decoding
Dolby Digital, MPEG-1 Layers 1 and 2
MPEG-4 High Quality Profile Level 2

yes
yes

yes
yes

yes
yes

yes
yes

Digital Video Inputs
8- / 16-bit YCbCr (80 MHz) - - yes yes

Digital Video Outputs
8- / 16-bit YCbCr (80 MHz)
24-bit RGB for DVI / HDCP support (80 MHz)

yes
-

yes
-

yes
yes

yes
yes

NTSC/PAL Composite and S-video Outputs
Macrovision v7.1 protection

yes
yes

yes
-

yes
yes

yes
-

YPbPr or RGB Analog Video Outputs
Macrovision AGC v1.03 protection for 480p output mode

-
-

-
-

yes
yes

yes
-

Audio Inputs and Outputs
Stereo analog output
S/PDIF / I2S digital output
I2S digital input

-
yes

-

-
yes

-

yes
yes
yes

yes
yes
yes

Local Bus Interface - - yes yes

Package 208 PQFP 208 PQFP 328 BGA 328 BGA

Power Supply 2.5v / 3.3v 2.5v / 3.3v 2.5v / 3.3v 2.5v / 3.3v
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CS92210
P R O D U C T  B U L L E T I N

CS92210 Features

MPEG-2 VIDEO Encoder/Decoder

The CS92210 is a real time MPEG-2 video encoder and decoder
(CODEC) that fully complies with the ISO/IEC-13818 Main
Profile@Main Level (MP@ML) format, Simple Profile@ Main Level
(SP@ML), and Main Profile @ Low Level (MP@LL).

In encode mode, the CS92210 accepts digital video in ITU-R BT.601
(CCIR-601) or ITU-R BT.656 (CCIR-656) format. The input is filtered
and then encoded to produce compressed bitstreams in MPEG-2
MP@ML syntax. In decode mode, CS92210 accepts an MPEG
bitstream, decodes it, and then filters the video output to produce
either ITU-R BT.601 or ITU-R BT.656 format digital video. Designed
for flexibility, the CS92210’s video interface supports multiple video
formats, resolutions, and frame rates including NTSC, PAL, and
FILM.

The CS92210’s versatile time-stamp feature enables flexible muxing
of audio and video elementary bit streams. Also, the CS92210 can
encode and decode bitstreams in both the VCD and SVCD formats.

The algorithmic and architectural innovations of the CS92210 enable
a high degree of integration while still providing exceptional video
quality over the widest range of bit rates. Also, the CS92210
provides ease of system design by interfacing to a wide variety of
commodity components such as Philips video decoders and
encoders, Flash and SDRAM memories.

� Single chip MPEG-2 Video CODEC
� Supports real time MPEG-1 encoding and

decoding
� Supports real time MPEG-2 MP@ML, SP@ML,

and MP@LL encoding and decoding
� Support for constant and one-pass variable bit

rate
� IPB-pictures, CBR or VBR to 15 Mbps
� I-pictures only to 30 Mbps

� Proprietary high performance motion estimation
� Low external memory

� 8 Mbytes for full D1 (720) NTSC/PAL pictures
� Provides complete video encoding and decoding

(half-duplex) when combined with system
function and supporting commodity devices

� Direct interface to video modulator &
demodulator

� Supports multiple resolutions & scan rates
� NTSC: (720-D1, 704-D1, 640-VGA, 544, 480-

2/3D1, 352-1/2D1) x 480, or 352 x 240 (CIF),
320 x 240 (MPEG-1) or 176 x 112 (QCIF) at
30 or 29.97 Hz

� PAL: (720-D1, 704-D1, 640-VGA, 544, 480-
2/3D1, 352-1/2D1) x 576, or 352 x 288
(CIS/SIF), or 176 x 144 (QCIF) at 25 Hz

� Intel/Motorola 16-bit host interface
� 5 V I/O tolerance, 3.3 V and 1.8 V power

supplies
� 0.65 watts @ 87.75 MHz average power

consumption
� 256-pin PQFP package

Refinement &
Decision Unit (RDU)

DRAM Control
Unit (DCU)

Bitstream/
Intel/Motorola
16-Bit Host Interface

Bitstream/Generic
8-Bit Interface

8 MB SDRAM

Video I/O

Video Engine
Unit (VEU)

Microcontroller
RiSC Unit (MCU)

SYSCLK

Pre-process
Unit (PPU)

Post-process
Unit (POU)

Video Stream
Unit (VSU)

Motion Est.
Unit (MEU)

Host I/F Unit
(HIU)

DBUS

PLL
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Austin, TX 78744
USA
T (512) 445-7222
T (800) 888-5016
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www.cirrus.com

United States: Asia, Europe, 
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Please access our website, 
www.cirrus.com, for your 
nearest local distributor.

Regional Offices: United States
Cirrus Logic, Inc.
46831 Lakeview Blvd
Fremont, California 94538
T (510) 623-8300
F (510) 252-6020

Japan
Cirrus Logic K.K.
Aioi Sonpo, bldg 6F
5-6 Niban-cho, Chiyoda-ku 
Tokyo, Japan
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Asia
Cirrus Logic Intl. Ltd.
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CS92210

The CS92210 is organized as a process pipeline that imple-
ments the MPEG-2 encoding and decoding algorithms.

The CS92210 provides application program control over a
large number of encoding parameters such as I, P, B-picture
cadence, GOP structure and decoder buffer sizes.

For communications applications, the CS92210 can match its
output bit rate to the channel rate. This feature allows the host
controller to make bit rate changes as needed to demonstrate
better bandwidth utilization across multiple channels.

Internal rate control provides a high degree of flexibility in
relation to the output bit rate, including the ability to generate
variable bitrate compressed video stream in one pass. This
makes it suitable for storage sensitive applications such as
digital camcorders and personal video recorders (PVRs).

The CS92210 also has features geared toward MPEG-2 pub-
lishing and authoring systems.

Pre- and post-processing supports includes pre- and post-fil-
tering and up and down chroma conversions. Other features
include:

� DMA in either 8-b or 16-b modes
� Encodes/decodes full D1 to QCIF video resolutions
� Bit rates up to 15 Mb/s in either CBR or VBR modes
� Debugging and DMA monitoring control
� Asynchronous video and system clocks
� Support for commodity video NTSC/PAL encoders and

decoders 

VCD, Super-VCD Support
The CS92210 supports MPEG-1 and MPEG-2 video encoding
at 1/2 (VCD), 2/3 (SVCD), and full D1 resolutions. In addition,
the CS92210’s versatile pre-processing features allow the
input video to be either scaled or cropped to the desired
encode size.

Interfaces
The CS92210 includes a 64-bit SDRAM memory interface, a
video interface, 16-bit Motorola/Intel host interface, a generic
8-bit interface, and a serial EPROM /Flash memory interface.

Applications
The CS92210 can be used in a variety of applications:

� VCD, Super-VCD player and recorder
� DVD-recordable products
� Advanced set-top boxes
� Personal video recorder (time shifting)
� PC-based content creation/editing boards
� USB-based products for video capture and display
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SAA7201 
Integrated MPEG2 AVG decoder 

Objective specification 
Supersedes data of 1997 Jan 29 
File under Integrated Circuits, IC02 

2001 Mar28 

Philips 
Semiconductors PHILIPS 109
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Philips Semiconductors Objective specification 

Integrated MPEG2 AVG decoder SAA7201 

FEATURES 

General 

¯ Uses single external Synchronous DRAM (SDRAM) 
organized as 1M x 16 interfacing at 81 MHz; compatible 
with the SDRAM ’lite’ or ’PC’ 

¯ Fast external CPU interface; 16-bit data + 8-bit address 

¯ Dedicated input for audio and video data in PES or ES 
format; data input rate: _<9 Mbytes/s in byte mode; 
_<20 MbitJs in bit serial mode; audio and/or video data 
can also serve as input via CPU interface 

¯ Single 27 MHz external clock for time base reference 
and internal processing; all required decoding and 
presentation clocks are generated internally 

¯ Internal system time base at 90 kHz can be 
synchronized via CPU port 

¯ Flexible memory allocation under control of the external 
CPU enables optimized partitioning of memory for 
different tasks 

¯ Boundary scan (JTAG) plus external SDRAM self test 
implemented 

¯ Supply voltage 3.3 V 

¯ Package 160 QFP. 

CPU relation 

¯ 16-bit data, 8-bit address, or 16-bit multiplexed bus; 
Motorola and Intel mode supported 

¯ Support for fast DMA transfer to either internal registers 
or external SDRAM 

¯ Maximum sustained rate to the external SDRAM is 
9 Mbytes/s. 

MPEG2 system 

¯ Parsing of MPEG2 PES and MPEG1 packet streams 

¯ Double System Time Clock (STC) counters for 
discontinuity handling 

¯ Time stamps or CPU controlled audio/video 
synchronization 

¯ Support for seamless time base change (edition) 

¯ Processing of errors flagged by channel decoding or 
demux section 

¯ Support for retrieval of PES header and PES private 
data. 

MPEG2 audio 

¯ Decoding of 2 channel, layer I and II MPEG audio; 
support for mono, stereo, intensity stereo and dual 
channel mode 

¯ Constant and variable bit rates up to 448 kbitJs 

¯ Audio sampling frequencies: 48, 44.1, 32, 24, 22.05 and 
16 kHz 

¯ CRC error detection 

¯ Selectable output channel in dual channel mode 

¯ Independent volume control for both channels and 
programmable inter-channel crosstalk control through a 
baseband audio processing unit 

¯ Storage ancillary data up to 54 bytes 

¯ Dynamic range control at output 

¯ Muting possibility via external controller; automatic 
muting in case of errors 

¯ Generation of ’beeps’ with programmable tone height, 
duration and amplitude 

¯ Serial two channel digital audio output with 16, 18, 20 or 
22 bits per sample, compatible with either 12S or 
Japanese formats 

¯ Serial SPDIF audio output 

¯ Clock output 256 or 384 x fs for external D/A converter 

¯ Audio input buffer in external SDRAM with 
programmable size (default is 64 kbit) 

¯ Programmable processing delay compensation 

¯ Software controlled stop, pause, restricted skip, and 
restart functions. 

MPEG2 video 

¯ Decoding of MPEG2 video up to main level, main profile 

¯ Nominal video input buffer size equals 2.6 Mbit for Video 

Main Profile and Main Level (MP@ML) 

¯ Output picture format: CCIR-601 4 : 2 : 2 interlaced 
pictures; picture format 720 x 576 at 50 Hz or 720 x 480 

at 60 Hz 

¯ 3 : 2 pull-down supported with 24 and 30 Hz sequences 

¯ Support of constant and variable bit rates up to 15 Mbit/s 

¯ Output interface at 8-bit wide, 27 MHz UYVY 
multiplexed bus 

¯ Horizontal and vertical pan and scan allows the 
extraction of a window from the coded picture 

2001 Mar 28 2 
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Philips Semiconductors Objective specification 

Integrated MPEG2 AVG decoder SAA7201 

¯ Flexible horizontal continuous scaling from 0.5 up to 4 
allows easy aspect ratio conversion including support 
for 2.21 : 1 aspect ratio movies 

¯ Vertical scaling with fixed factors 0.5, 1 or 2 to support 
picture scaling and up-sampling 

¯ Scaling of incoming pictures to 25% of their original size 
with anti-aliasing filtering to free screen space for 
graphics applications like electronic program guides 

¯ Non-full screen MPEG pictures will be displayed in a box 
of which position and background colour are adjustable 
by the external CPU 

¯ Video output may be slaved to internally (master) 
generated or externally (slave) supplied HV 
synchronization signals; the position of active video is 
programmable; MPEG timebase changes do not 
affected the display phase 

¯ Video output direct connectable to SAA718X encoder 
family 

¯ Various trick modes under control of external CPU: 

- Freeze I or P pictures; restart on I picture 

- Freeze on B pictures; restart at any moment 

- Scanning and decoding of I or I and P pictures 

- Single step mode 

- Repeat/Skip field for time base correction. 

Graphics 

¯ Graphics is region based and presented in boxes 
independent of video format 

¯ Screen arrangement of boxes is determined by display 
list mechanism which allows for multiple boxes, 
background loading, fast switching, scrolling and fading 
of regions 

¯ Support of 2, 4, 8 bits/pixel bit-maps in fixed bit-maps or 
coded in accordance to the DVB variable/run length 
standard for region bases graphics 

¯ Optimized memory control in MPEG video decoding 
allows for storage of graphical bit-maps up to 1.2 Mbit in 
50 Hz and 2.0 Mbit in 60 Hz systems 

¯ VL/RL encoding enables full screen graphics at 
8 bitJpixel in 50 Hz 

¯ Fast CPU access enables full bit-map updates within a 
display field period 

¯ Display colours are obtained via colour look-up tables; 
CLUT output is YUVT at 8-bit for each signal component 
thus enabling 16M different colours and 6-bit for T 
(transparency) which gives 64 mixing levels with video 

¯ Bit-map table mechanism to specify a sub-set of entries 
if the CLUT is larger than required by the coded bit 
pattern; supported bit-map tables are 16 to 256, 

4 to 256 and 4 to 16 

¯ Graphics boxes may not overlap vertically; if 256 entry 
CLUT has to be down loaded, a vertical separation of 
1 field line is mandatory 

¯ Internal support for fast block moves in the external 
SDRAM during MPEG decoding 

¯ Graphics mechanism can be used for signal generation 
in the vertical blanking interval; useful for teletext, wide 
screen signalling, closed caption etc. 

¯ Support for a single down-loadable cursor of 1 kpixel 
with programmable shape; supported shapes are 

8 x 128, 16 x 64, 32 x 32, 64 x 16 and 128 x 8 

¯ Cursor colours are determined via a 4-entry CLUT with 
YUVT at 6, 4, 4 respectively 2 bits; mixing of cursor with 
video + graphics in 4 levels 

¯ Cursor can be moved freely across the screen without 
overlapping restrictions. 

2001 Mar 28 3 
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Philips Semiconductors Objective specification 

Integrated MPEG2 AVG decoder SAA7201 

GENERAL DESCRIPTION 

The SAA7201 is an MPEG2 decoder which combines 
audio decoding and video decoding. Additionally to these 
basic MPEG functions it also provides means for 
enhanced graphics and/or on-screen display. 

Due to an optimized architecture for audio and video 
decoding, maximum capacity in the external memory and 
processing power from the external CPU is available for 
the support for graphics. 

QUICK REFERENCE DATA 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD functional supply voltage 3.0 3.3 3.6 V 

Vcc pad supply voltage 3.0 3.3 3.6 V 

IDD(tot) total supply current at VDD = 3.3 V - tbf - mA 

fCLK clock frequency - 27.0 - MHz 

Z~fCLK frequency deviation -30 x 10 6 _ -I-30 X 10 6 

ORDERING INFORMATION 

TYP E PAC KAG E 

NUMBER NAME DESCRIPTION VERSION 

SAA7201H QFP160 plastic quad flat package; 160 leads (lead length 1.95 mm); SOT322-4 
body 28 x 28 x 3.4 mm; high stand-off height 

2001 Mar 28 4 
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Philips Semiconductors Objective specification 

Integrated MPEG2 AVG decoder SAA7201 
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PINNING 

SYMBOL PIN DESCRIPTION 

MUX 1 multiplexed/non-multiplexed (active LOW) bus input 

CPU_TYPE 2 Intel/Motorola (active LOW) selection input 

DMA_ACK 3 DMA acknowledge input 

DMA_REQ 4 DMA request input and output 

DMA_DONE 5 DMA end input 

DMA_RDY 6 DMA ready output 

Vssl 7 ground for pad ring 

CS 8 chip select input 

DS 9 data strobe input 

AS 10 address strobe input 

R/W 11 read/write (active LOW) input 

DTACK 12 data acknowledge output 

VDD1 13 supply for pad ring 

IRQ0 14 individually maskable interrupts 

IRQ1 15 individually maskable interrupts 

IRQ2 16 individually maskable interrupts 

IRQ3 17 individually maskable interrupts 

Vss2 18 ground for pad ring 

Vsscol 19 ground for core logic 

VDDCO1 20 supply for core logic 

DATA0 21 CPU data interface 

DATA1 22 CPU data interface 

DATA2 23 CPU data interface 

DATA3 24 CPU data interface 

VDD2 25 supply for pad ring 

DATA4 26 CPU data interface 

DATA5 27 CPU data interface 

DATA6 28 CPU data interface 

DATA7 29 CPU data interface 

Vss3 30 ground for pad ring 

DATA8 31 CPU data interface 

DATA9 32 CPU data interface 

DATA10 33 CPU data interface 

DATA11 34 CPU data interface 

VDD3 35 supply for pad ring 

DATA12 36 CPU data interface 

DATA13 37 CPU data interface 

DATA14 38 CPU data interface 

DATA15 39 CPU data interface 

Vss4 40 ground for pad ring 

v I/O 

5.0 I 

5.0 I 

3.3 I 

3.3 I/O 

3.3 I 

3.3 O/Z 

3.3 - 

5.0 I 

5.0 I 

5.0 I 

5.0 I 

5.0 O/Z 

3.3 - 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 - 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

3.3 - 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 

5.0 I/O 
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SYMBOL PIN 

ADDRESS1 41 

ADDRESS2 42 

ADDRESS3 43 

ADDRESS4 44 

VDD4 45 

ADDRESS5 46 

ADDRESS6 47 

ADDRESS7 48 

ADDRESS8 49 

Vss5 50 

Vssco2 51 

VDDCO2 52 

SDRAM DATA0 53 

SDRAM DATA15 54 

SDRAM DATA1 55 

VDD5 56 

SDRAM DATA14 57 

SDRAM DATA2 58 

SDRAM DATA13 59 

Vss6 60 

SDRAM DATA3 61 

SDRAM DATA12 62 

SDRAM DATA4 63 

VDD6 64 

SDRAM DATA11 65 

SDRAM DATA5 66 

SDRAM DATA10 67 

Vss7 68 

SDRAM DATA6 69 

SDRAM DATA9 70 

SDRAM DATA7 71 

VDD7 72 

SDRAM DATA8 73 

SDRAM WE 74 

SDRAM CAS 75 

Vss8 76 

SDRAM RAS 77 

SDRAM_UDQ 78 

VDD8 79 

READI 80 

DESCRIPTION 

CPU address interface 

CPU address interface 

CPU address interface 

CPU address interface 

supply for pad ring 

CPU address interface 

CPU address interface 

CPU address interface 

CPU address interface 

ground for pad ring 

ground for core logic 

supply for core logic 

memory data interface 

memory data interface 

memory data interface 

supply for pad ring 

memory data interface 

memory data interface 

memory data interface 

ground for pad ring 

memory data interface 

memory data interface 

memory data interface 

supply for pad ring 

memory data interface 

memory data interface 

memory data interface 

ground for pad ring 

memory data interface 

memory data interface 

memory data interface 

supply for pad ring 

memory data interface 

SDRAM write enable output 

SDRAM column address strobe output 

ground for pad ring 

SDRAM row address strobe output 

SDRAM write mask output 

supply for pad ring 

read command input 

v I/O 

5.0 I 

5.0 I 

5.0 I 

5.0 I 

3.3 - 

5.0 I 

5.0 I 

5.0 I 

5.0 I 

m 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

m 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

I/0 

0 

0 

0 

0 
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SYMBOL PIN DESCRIPTION 

READo 81 read command output 

Vss9 82 ground for pad ring 

CP81MEXT 83 81 MHz clock return path input 

CP81M 84 81 MHz memory clock output 

VDD9 85 supply for pad ring 

SDRAM_ADDR8 86 memory address 

SDRAM_ADDR9 87 memory address 

SDRAM_ADDR11 88 memory address 

Vssl0 89 ground for pad ring 

SDRAM_ADDR7 90 memory address 

SDRAM_ADDR10 91 memory address 

SDRAM_ADDR6 92 memory address 

VDD10 93 supply for pad ring 

SDRAM_ADDR0 94 memory address 

SDRAM_ADDR5 95 memory address 

SDRAM_ADDR1 96 memory address 

Vssll 97 ground for pad ring 

SDRAM_ADDR4 98 memory address 

SDRAM_ADDR2 99 memory address 

SDRAM_ADDR3 100 memory address 

Vssco3 101 ground for core logic 

VDDCO3 102 supply for core logic 

VDD11 103 supply for pad ring 

TEST8 104 IC test interface 

TEST7 105 IC test interface 

HS 106 horizontal synchronization input and output 

VS 107 vertical synchronization input and output 

Vss12 108 ground for pad ring 

YUV0 109 YUV video output at 27 M Hz 

YUV1 110 YUV video output at 27 MHz 

YUV2 111 YUV video output at 27 MHz 

YUV3 112 YUV video output at 27 MHz 

VDD12 113 supply for pad ring 

YUV4 114 YUV video output at 27 MHz 

YUV5 115 YUV video output at 27 MHz 

YUV6 116 YUV video output at 27 MHz 

YUV7 117 YUV video output at 27 MHz 

TEST6 118 IC test interface 

GRPH 119 indicator for graphics information output 

TEST5 120 IC test interface 

V I/O 

3.3 O 

3.3 I 

3.3 O 

3.3 - 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 - 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 O 

3.3 - 

3.3 - 

3.3 I/O 

3.3 I/O 

3.3 I/O 

3.3 I/O 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 - 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 O/Z 

3.3 I/O 

3.3 O 

3.3 I/O 
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SYMBOL 

VDDA 

VSSA 

VSS13 

CLK 

VSS14 

TCLK 

TRST 

TMS 

TDo 

TDI 

VDD13 

TEST4 

TEST3 

TEST2 

TEST1 

TEST0 

VDD14 

RESET 

FSCLK 

VDDCO4 

Vssco4 

SCLK 

SD 

Vss15 

WS 

SPDIF 

ERROR 

V STROBE 

VDD15 

AV DATA0 

AV DATA1 

AV DATA2 

AV DATA3 

Vss16 

AV DATA4 

AV DATA5 

AV DATA6 

AV DATA7 

A STROBE 

VDD16 

DESCRIPTION PIN 

121 supply for analogue blocks 

122 ground for analogue blocks 

123 ground for pad ring 

124 27 MHz clock input 

125 ground for pad ring 

126 boundary scan test clock input 

127 boundary scan test reset input 

128 boundary scan test mode select input 

129 boundary scan test data output 

130 boundary scan test data input 

131 supply for pad ring 

132 IC test interface 

133 IC test interface 

134 IC test interface 

135 IC test interface 

136 IC test interface 

137 supply for pad ring 

138 hard reset input (active LOW) 

139 256 or 384 fs (audio sampling) output 

140 supply for core logic 

141 ground for core logic 

142 serial audio clock output 

143 serial audio data output 

144 ground for pad ring 

145 word select output 

146 digital audio output 

147 flag for bitstream error input 

148 video strobe input 

149 supply for pad ring 

150 MPEG input port for PES data 

151 MPEG input port for PES data 

152 MPEG input port for PES data 

153 MPEG input port for PES data 

154 ground for pad ring 

155 MPEG input port for PES data 

156 MPEG input port for PES data 

157 MPEG input port for PES data 

158 MPEG input port for PES data 

159 audio strobe input 

160 supply for pad ring 

v I/O 

3.3    - 

m 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

3.3 

5.0 

5.0 

3.3 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

3.3 

m 

I 

I 

I 

I 

O 

I 

I/0 

I/0 

I/0 

I/0 

I/0 

I 

O/Z 

O/Z 

O/Z 

O/Z 

O/Z 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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FUNCTIONAL DESCRIPTION 

General 

The SAA7201 is an MPEG2 decoder which combines 
audio decoding, video decoding and enhanced region 
based graphics. The decoder operates with a single 
16 Mbit external synchronous dynamic random access 
memory (SDRAM) and runs from a single external 27 MHz 
clock. Due to the optimized memory control for MPEG2 
decoding, more than 1 Mbit is available for graphics in 
50 Hz systems. 

MPEG2 data can be accepted up to 9 Mbytes/s through a 
dedicated byte wide interface. The data on this interface 
can be either in PES (Packetized Elementary Stream), 
MPEG1 packet or ES (Elementary Stream) format as 
described in Chapter "References". Two additional strobe 
signals distinguish between audio and video data. 

The internal video decoder is capable of decoding all 
MPEG compliant streams up to main level main profile as 
specified in Chapter "References". The audio decoder 
implements 2 channel audio decoding according to the 
standards in Chapter "References". 

All real time audio/video decoding and synchronization 
tasks are performed autonomously, so the external 
microcontroller only needs to perform high-level tasks like 
initialization, status monitoring and trick mode control. 

The main support task of the external microcontroller 
concerns the control of the graphical unit. This unit should 

be supplied with bit-maps, determining the contents of the 
graphical regions and by a simple set of instructions 
determining the appearance of the graphical data on the 
screen. Most graphical information should be stored in the 
external memory which implies multiple data transfers 
between CPU and the external memory. By performing 
these data transfers on a direct memory access (DMA) 
basis, full bit-maps can be transferred within one video 
frame period. 

The video output, containing a mix of MPEG video and 
graphical data, is at a YUV multiplexed format which can 
be directly connected to an external composite video 
encoder. The audio output, containing a mix of MPEG 
audio and programmable ’beeps’, is in a serial, 12S or 
Japanese format which can be directly supplied to most 
commercially available up-sampling audio DA converters. 

A functional block diagram of the decoder is given in Fig. 1. 
Its application environment is depicted in Fig.24. In the 
following sections, a brief description of the individual 
internal blocks of the MPEG2 decoder will be given. 

Audio/video interface 

In a basic set-top box application the SAA7201 receives 
audio and video PES data in a byte wide format at rates up 
to 9 Mbytes/s. A timing diagram is shown in Fig.3. Next to 
the 8-bit wide data bus an audio and video strobe is 
expected at the input. Erroneous data may be flagged via 
the error indicator. 

AVDAT0 
to 

AVDAT7 

\ 
/ 

VSTROBE --~        / 

ASTROBE 

/ 
video byte (n) 

\ 
video byte (n + 1 ) 

X 
audio byte (m) 

ERROR / \ 
MGD323 

Fig.3 Timing diagram of parallel input mode. 
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AVDAT0 
to 

AVDAT7 

\ 
/ 

VSTROBE --~        / 

ASTROBE 

/ 
video bit (n + 6) 

\ 
/ video bit (n + 7) ~Z/ 
\ /\ 

audio bit (m + 0) 

first bit of a byte 

ERROR / 
Fig.4 Timing diagram of serial input mode. 

\ 
MGD324 

Alternatively data can be received in a 1-bit serial format at 
rates up to 20 MbitJs. In this mode, data is input at the LSB 
input of the AV_DATA bus. Audio and video data must be 
input in multiples of 8 bits. The first bit after switching from 
audio to video (or the other way around) must be the first 
bit of a byte since this transition will be used for the internal 
bit-to-byte conversion. 

Audio/video data can also be received via the CPU 
interface in 8 or 16-bit mode. The peak rate is 27 Mbytes/s 
in bursts of <128 bytes with a sustained rate up to 
9 Mbytes/s. However, the MPEG bit rate is still limited to 
15 MbitJs for video and 448 kbitJs for audio. 

Independent of the input mode all audio and video input 
data are stored sequentially in the audio or video input 
buffer area of the external memory. The audio and video 
data can be either in MPEG2 PES, MPEG1 packet or ES 
format. 

Memory interface unit 

The memory interface takes care of addressing and 
control of the 16-Mbit external SDRAM. The SDRAM 
should be either JEDEC compliant either the ’lite/PC’ 
version. 

Due to memory communication requirements this interface 
runs at 81 MHz. The SDRAM types used with the 
SAA7201 should be organized as 1M x 16, split internally 
in two banks, each having 2048 pages of 256 words of 
16 bits. 

The target SDRAM type is NEC pPD 4516161G5-A12-7FJ 
(83 MHz JEDEC version) or NEC 
pPD 4516421G5-A83-7FJ-PC (83 Mhz PC version). 

Clock generation 

The clock generation unit generates all the internal 
processing clocks, the clock for the system time base 
counter and the audio oversampling clock for the audio 
DAC. For this purpose a non-integer divider plus a PLL is 
implemented. In order to get reliable audio and video 
decoding the 27 MHz input clock should be locked 
externally to the MPEG time base. 

Host interface system 

The host interface system handles the communication 
between on one side the SAA7201 plus SDRAM and on 
the other side the external CPU. The interface consists of 
a 16-bit wide data bus plus 8 address lines. It is compatible 
with both Motorola’s 68xxx and Inters x86 family. 
An optimized interface with the SAA7208 is also 
supported. Via this interface a fast direct access to a large 
number of internal status and data registers can be 
achieved. Moreover, the external SDRAM can be 
accessed via a specific register in combination with an 
internally implemented auto increment counter. 
The access to the external SDRAM is guaranteed up to a 
sustained data rate of 9 Mbyte per second. However, in 
practice the achievable data rate can be much higher. 

Next to the data and address lines, 4 interrupt lines are 
part of the host interface bus. Each interrupt line can 
monitor up to 32 internal events which all can be masked 
individually. Examples of internal events are audio/video 
bit stream information, decoder status, internal error 
conditions and input buffer occupation. The latter may be 
very useful in interactive applications to serve as input data 
request line. 
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System time base unit 

The system time base unit serves as a timing master for all 
internal processes. It consists of two 24-bit wide System 
Time Clock (STC) counters, running at 90 kHz. The STCs 
will be used as internal synchronization reference for audio 
and video.The contents of the STC can be loaded by the 
external CPU which should insure that the phase of the 
SAA7201 internal STC is identical to the main system time 
clock in the system demultiplexer. The CPU should correct 
for possible latency problems. 

Because two counters are implemented, the previous time 
base reference which might still be required as reference 
for some time in case of time base discontinuity, can be 
maintained. Thus all information for audio/video 
synchronization is available in the decoder chip and only 
minor support of the external controller is required. 

The synchronization of graphics for e.g. subtitling, should 
be controlled by the external CPU. 

Video input buffer and synchronization control 

The size and position of the video input buffer in the 
external SDRAM is programmable. By default 2.6 Mbit/s 
are reserved for the video input buffer but in principle any 
other value can be programmed. The current fullness of 
the video input buffer can be monitored by the CPU and an 
internal interrupt will be generated is case of either near 
over- or near underflow. 

Data retrieval from the input buffer can be controlled by 
DTS time stamps parsed from the PES or MPEG1 packet 
stream. For those frames where no DTS time stamp is 
present in the video bitstream a DTS is emulated by the 
SAA7201. 

Obviously this emulation mode can also be used when the 
input stream is a video elementary stream (ES). The latter 
case should be handled by start and stop decode 
commands from the CPU. 

The external CPU can select to retrieve the video PES 
header and/or video PES private data for further software 
processing. 

Audio input buffer and synchronization control 

The audio input buffer and synchronization control 
basically behaves identical to its video counter part. 
The default buffer size is 64 kbit in this case. 
Synchronization will be controlled by PTS time stamps in 
the audio Packetized Elementary Stream. Also in this case 
an PTS emulation or a free running start/stop controlled 
mode are supported. 

Audio decoder 

A functional block diagram for the audio decoding part is 
depicted in Fig.5. 

~ BUFFER AND t-- SYNC UNIT 

DRAM-bus 

AUDIO 
81 MHz ¯ CLOCK 

GENERATOR 

MPEG 
AUDIO 

DECODER 

AUDIO 
BEEP 

.~~ OUTPUT 

INTERFACE _ 

~ecoding 
unit 

Sony or 
12S_bus 

¯ SPDIF 

MGD325 

Fig.5 Audio decoding unit. 
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Audio decoding will be performed at a clock locked to the 
video decoding clock and only the output interface is 
running on the audio oversampling clock. 

The audio decoder unit performs the decoding of the 
selected MPEG audio stream in a range from 8 up to 
448 kbit/s in a fixed or variable bit rate format. Decoding is 
restricted to 2 channel, layer I, II MPEG audio at sampling 
frequency of 48.0, 44.1, 32.0, 24.0, 22.05 or 16.0 kHz. 

The audio decoder support the stop, mute, and skip 
function to support insertion 

Apart from basic MPEG processing the audio decoder 
core contain also: 

¯ Support for: stop, mute and skip function. 

¯ Fully parameterized dynamic range compression unit to 
decrease the dynamic range of the output signal on 
audio frame basis. Depending on the power level a 
programmable amplification and offset may be applied. 

¯ Fully programmable base band audio processing unit to 
control the gain in both output channels independently 
and/or to mix both channels. 

¯ MPEG de-emphasis filtering on the output data, thus 
avoiding the need of external analog de-emphasis filter 
circuitry. 

¯ Storage buffer for the last 54 bytes of each audio frame. 
The CPU can retrieve eventual ancillary data from this 
buffer. 

The output of the audio decoder unit can be mixed with 
square waveform audio signals which are generated by a 
beep generator. Programmable parameters for the beep 
generator are amplitude, frequency and duration. 

The audio output interface module produces stereo base 
band output samples on two different outputs at the same 
time: 

¯ Serial digital audio in 12S-bus or in Japanese format in 

16, 18, 20 or 22-bit 

¯ SPDIF (Sony/Philips Digital Interface). 

Any of the two outputs may be enabled or set to high 
impedance mode. The 12S-bus format with 18-bit sample 
precision is shown in Fig.6. 

The difference between 12S-bus and the Japanese format 
is that 12S-bus is MSB aligned whereas the Japanese 
format is LSB aligned. 

The 1-bit serial interface SPDIF contains 64-bit per audio 
sample period. Complete frames must be transmitted at 
the audio sample rate. Not only left/right information but 
also validity flags, channel status, user data and parity 
information is contained in an SPDIF frame (see Chapter 
"References"). 

SCLK 

WS 

SD 

"~0 

l left sample n 

MSB aligned 

31//32 
,/ 

right sample n 

/m 

left sample n + 1 MGD326 

Fig.6 12S-bus format with 18-bit sample precision. 
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Video decoder 

The video decoding unit provides all actions required for 
compliant decoding of MPEG2 main level, main profile 
coded video bit streams. The decoding process consists of 
fixed and variable length decoding, run length decoding, 
inverse quantization, inverse discrete cosine 
transformation, motion compensation and interpolation. 

In general the arithmetic decoding result is stored as 
reference picture in the external memory. 
Decoded B-frames are only stored for the conversion from 
the frame coded macro block (MB) to the scanning line 
format. In many cases a field storage is sufficient for this 
conversion but in some cases the user might decide to use 
a full frame storage to enable chroma frame up-conversion 
or full performance 3 : 2 pull-down in 60 Hz systems. 
Obviously when using less memory for the video decoding 
process more memory is available for non-video decoding 
tasks. 

The Frame Buffer Management unit (FBM) manages the 
allocation of frame buffers in external SDRAM for both 
video decoding and display unit and can be programmed 
to use less memory in not fully MP@ML bitstreams: 
smaller pictures (e.g. 544 x 576), simple profile, etc. 

Apart from decoding compliant MPEG video streams the 
decoder deals with some trick modes. Supported are field 
or frame freeze at I or P pictures or freeze field on 
B-pictures. In the latter case decoding will continue as a 
background process and the output can be restarted at 
any moment. When receiving non-compliant MPEG 
streams the decoder can be switched to a scanning mode 
in which only I or I + P frames are decoded while skipping 
all other pictures. In the single step mode, the decoder 
decodes just one frame and awaits a next step command. 

The functional diagram of the video decoding unit is shown 
in Fig.7. 

from 
input - - 

buffer 
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Fig.7 Video decoding unit. 
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Graphics unit 

The SAA7201 incorporates the display support for pixel 
based graphics. Possible applications are the user 
interface, loges and subtitling. Graphical data should be 
grouped logically in regions and will be displayed in boxes 
at the screen. 

The definition of each region in the decoder consists of 
four parts being a region descriptor, a top-field descriptor, 
a bottom-field descriptor and a table-data descriptor: 

¯ The region descriptor contains information relevant for 
the full region like format, size, position and pointers to 
the other descriptors. 

¯ The top-field and bottom-field descriptor contain a pixel 
based bit-map for the contents of that region for both 
fields independently. The bit-maps can be stored in 
either straight forward or in a compressed bit-map 
format. 

¯ The table-data descriptor defines the tables to be used 
for the transformation of bit-maps to display colours. 

All descriptors should be loaded under control of the 
external CPU in the external memory. 

The appearance of graphical data at the display is 
determined by the assembly of region descriptors in a so 
called display list. An example of such a display list for the 
4 regions example is shown in Fig.9. 
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Fig.8 Graphics unit. 
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Fig.9 Display list. 
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Basically there is no restriction on the number of different 
regions but because regions may not vertically overlap the 
practical limit will be the number of lines within a field. 
However, one should realize that each region requires its 
own 128-bit region descriptor. 

The display list will be scanned twice per frame, once for 
each display field. The region descriptors should be 
ordered properly in the external SDRAM, starting from the 
graphics anchor address. The last descriptor in the list 
must have the end of display list indicator set. 

Multiple pixel bit-maps, CLUTs and map tables may be 
stored in the external memory but per region only two 
bit-maps (one for each fields) and two tables 
(CLUT + map table) may be used. Obviously bit-maps and 
tables may be shared by multiple regions. 

Pixel data bit-maps can be described in 2, 4 or 8 bit/pixel 
in either a direct bit-map or coded in a one-dimensional (H) 
variable and run length encoded format according the 
pixel-data-sub-block syntax as specified in Chapter 
"References" and illustrated in Chapter "Appendix". 
The actual coding format is specified in the region 
descriptor for each region thus allowing different coding 
schemes within a picture. 

During display the 2, 4 and 8 bit/pixel bit-maps will be 
transformed, eventually with run length decoding, via a 
table look-up mechanism into a 4, 16 or 256 different YUV 
colours with 8-bit resolution for each component plus a 
factor T for mixing of graphics and MPEG video. 

In order to obtain maximum flexibility two cascaded tables 
are active in this bit-map to pixel conversion as indicated 
in Fig. 10. 

The tables are retrieved from the external memory just 
before the region is going to be displayed. One table per 
region can be updated and for small tables this occurs 
during the horizontal blanking interval. However, updating 
a 256 entry CLUT may take about one line period which 
means that a spatial separation of one line with the 
previous region is mandatory in this case. If the required 
tables for a certain region are already stored in the local 
memory, the table down load action can be skipped. 

Additionally some special bits can be set in the region 
descriptor. 

¯ Transparency shift: this parameter overrules the pixel 
based transparency in order to support fading of the 
entire graphical region. 

¯ Zoom: this parameter initiates horizontal pixel repetition. 
It should be noted that a copy of pixels in vertical 
direction can be achieved by pointing to a single bit-map 
for both fields. 

Regions can also be defined in the vertical blanking 
interval. In combination with 8 bit/pixel coding, arbitrary 
test signals on 13.5 MHz grid can be programmed. 
Possible application areas are teletext, closed caption, 
wide screen signalling bits, Video Programming Signals 
(VPS) and Vertical Interval Test Signals (VITS). 

As indicated above multiple regions can be specified in a 
display list which will be scanned sequentially every frame. 
In case of stationary graphics no updates of the display list 
are required, but the external CPU can update it 
dynamically to achieve scrolling and/or fading of one or 
more graphical boxes. The display list mechanism also 
allows for non real time transfer of large bit-maps by 
keeping that region out of the display list during loading. 

/ 
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Fig.10 Bit-map to pixel conversion. 
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CURSOR PROCESSING 

Additionally to the above defined graphics boxes one 
cursor can be activated on the screen. Since the cursor 
data is fully stored locally, no overlapping restriction apply 
to this box so the cursor can moved over the entire screen. 
The cursor can be as large as 1 kpixel with a 2 bits/pixel 
colour depth. Obviously data transfer can be done on DMA 
basis and need only be performed when a cursor is 
required or when its contents must be modified. 

The cursor XY dimensions (where the Y dimension refers 
to frame lines) can be selected between 8 x 128, 16 x 64, 
32 x 32, 64 x 16 and 128 x 8. On top of these shapes, a 
zoom with a factor 2 can be applied in both directions 
independently. 

The cursor pixels will be translated via a 4-entry CLUT to 
YUV colours and a transparency factor T. The resolution 
of the YUV parameters is 6, 4, 4 bits respectively. 
The T parameter is coded in 2 bits to enable the mixing 
with video and graphics in 4 steps being 100% (cursor 
only), 50%, 25% and 0% (fully transparent cursor). 

Display unit 

Before feeding the MPEG decoded and graphical data to 
the output, a display unit re-formats the MPEG specific 
4 : 2 : 0 format to CCIR-601 4 : 2 : 2 format and performs 
a mixing between video and graphics where required. 
The output picture can be up to 720 x 576 pixels at 50 Hz 
or 720 x 480 pixels at 60 Hz. 

A schematic representation of this unit is shown in Fig.11. 

¯ In a first step a selected window can be retrieved from 
the decoded MPEG data. This might be useful for e.g. 
pan and scan operations for aspect ratio conversion. 

In case the resulting number of pixels per line does not 
match the 720 pixels/line output format a horizontal 
scaler can be activated. This scaling unit can transform 
any number of bits below 720 to the required output 
format. Internally a poly-phase filter is used which 
performs a 64 phases interpolation. Not only 
up-conversion but also down-conversion is supported 
up to a scaling by a factor 2. Thus horizontal scaling can 
be performed in a range from 0.5 up to 64. In practice 
the maximum up-conversion factor will be less or equal 
to 4. 

In vertical direction the picture can be expanded or 
scaled down, in both cases by a factor 2. Expansion with 
a factor 2 might be relevant for the up-conversion of SI F 
resolution pictures to full screen. The factor 2 scaling, if 
combined with the appropriate horizontal scaling, results 
is 1/4 picture thus freeing-up a large screen area for 
graphics. This might be very useful for electronic 
program guide applications. It should be noted that in 
case of picture compression an anti-aliasing filter can be 
activated. 

¯ Shifting: when the resulting MPEG picture is smaller 
than the 720 x 576 (480) display format, this picture can 
be located anywhere on the display screen. 
Moreover, the non-covered area can be given any 
background colour. 

¯ Clipping: the amplitude of the MPEG decoded and 
re-scaled video signal is kept within the range 16 to 235 
for luminance and 16 to 240 for both chrominance 
components. 

MPEG 
decoded - - 

picture 

I 
J WINDOW        er,^, ,r,,r- eU,CT,r,,r- r,, ,oo,Mr- b 

I EXTRACT’ONI "1 ........ I "1 .......... I "1 ......... I 

I CHROMA 
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Fig.11 Display unit. 
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¯ The chroma up-conversion unit converts the MPEG 
4 : 2 : 0 format into the at the output required 
4 : 2 : 2 format. This vertical up-conversion is performed 
by a simple 8-phase interpolation between two adjacent 
lines. 

¯ The mixer units combine MPEG video with graphics and 
cursor information in two steps. In a first step the MPEG 
decoded information is mixed with graphical information. 
Mixing can be done at pixel basis in 64 steps and is 
controlled by the internally implemented colour look up 
table. In a second step, the video plus graphics can be 
mixed in 4 steps with the internally generated cursor. 

¯ The output formatting unit performs two main tasks, i.e. 
synchronization and formatting. Synchronization is 
characterized by three signals being horizontal (H), 
vertical (V) and field parity (FP), all having 
programmable length and polarity. 

Since the decoder can operate in master or slave mode, 
the synchronization signals can be generated by the 
decoder or should be delivered by an external device. 
In both cases the length and polarity should be 
programmed internally. 

The video output samples are supplied in a multiplexed 
YUV format to the output. Next to this byte wide YUV 
stream, which can directly be supplied to most 
commercially available composite video encoder ICs, 
three additional signals are delivered at the output. 
HREF indicates all active samples; CREF can flag any 
combination of pixels: U, V, Yodd and/or Yeven; GRPH 
flags all the pixels inside a graphical box. 

Additionally the full YUV bus can be set to a HIGH 
impedance state under control of the signal YUV_ENA. 
This might be useful for multiplexing the MPEG decoder 
output with any other signal source on static basis. 

YUV 

HREF / 

(exacmRlEe~ / X / X / 

GRPH / \ 
MGD332 

Fig. 12 Timing diagram of graphics information output. 
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JTAG 

The SAA7201 supports the standard Boundary Scan test 
instructions: bypass, extest, sample, intest, runbist, 
idcode. 

Memory requirements 

As indicated before the MPEG source decoder operates 
with 16 Mbit of external memory. Several processes 
require access to the external memory, mostly being the 
video decoding process. In normal main level, main profile 
video applications about 1.2 Mbit of memory space is free 
for non-video processes. In practice most of this capacity 
will be used for graphics. In combination with the internal 
variable length decoding, full screen graphics at 8-bit per 
pixel is feasible. Moreover, by having introduced a flexible 
memory allocation procedure the available memory 
capacity for graphics may be enlarged when decoding 
lower resolution MPEG pictures or when the input bit rate 

is less than 15 Mbit/s. 

Obviously for graphics-only applications all 16 Mbit can be 
used for the storage of bit-maps and look-up tables. 

In Table 1 an overview is given of the required memory 
capacity for some user defined modes. 

In 50 Hz systems memory capacity can be saved by 
restricting the chroma vertical interpolation to field 
interpolation. This mode would only bring some extra 
chroma resolution in case the input stream contains 
progressive coded pictures. 

In 60 Hz systems the reduction of storage capacity for 
B-frames to field capacity has not only consequences for 
the chroma vertical interpolation but also for the 
3 : 2 pull-down operation mode. The operation 
repeat-first-field is not possible in all cases and a modified 
3 : 2 pull-down is performed under the control of the 
SAA7201. The user may decide to use this modified 
3 : 2 pull-down mode in order to have more memory 
available for OSD or graphics. 

Table 1 Required memory capacity for some user defined modes 

System 50 Hz 60 Hz 

Bit rate (R) 15 Mbit/s 15 Mbit/s 9 Mbit/s 

Chroma interpolation frame field field frame field field 

3 : 2 pull-down n.a. n.a. n.a. full MPEG modified modified 

Picture format 720x576 720x576 544x576 720x480 720x480 720x480 

Audio input buffer 64 kbit 64 kbit 64 kbit 64 kbit 64 kbit 64 kbit 

Video input buffer 1 835 kbit 1835 kbit 1835 kbit 1 835 kbit 1 835 kbit 1 835 kbit 

Video implementation buffer (R/P) 600 kbit 600 kbit 400 kbit 500 kbit 500 kbit 300 kbit 

Slave synchronization buffer (R/2P) 300 kbit 300 kbit 200 kbit 250 kbit 250 kbit 150 kbit 

Reference and decoded picture 13456 kbit 12719 kbit 9609 kbit 12441 kbit 10634 kbit 8042 kbit 

Total for video + audio 16255 kbit 15518 kbit 12108 kbit 15090 kbit 13292 kbit 10391 kbit 

Remains for OSDG (224 = 16777 kbit) 522 kbit 1259 kbit 4669 kbit 1687 kbit 3485 kbit 6386 kbit 
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LIMITING VALUES 

In accordance with the Absolute Maximum Rating System (IEC 60134). 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

VDD supply voltage (on all supply pins) 3.0 3.6 V 

Vmax maximum voltage on all pins 0 5.5 V 

Ptot total power dissipation Tamb = 25 °C - tbf W 

Tstg storage temperature -55 +150 °C 

Tamb operating ambient temperature 0 +70 °C 

THERMAL CHARACTERISTICS 

SYMBOL PARAMETER VALUE UNIT 

Rth j-a thermal resistance from junction to ambient in free air 30 K/W 
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CHARACTERISTICS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Supply 

VDD supply voltage 3.0 3.3 3.6 V 

IDD supply current - tbf - mA 

Inputs 

VIH HIGH level input voltage 2.0 -- VDD -I- 2.0 V 

ViE LOW level input voltage -0.5 - 0.8 V 

ILl leakage current - - 20 mA 

Ci input capacitance 0 - 10 pF 

Outputs 

VOH HIGH level output voltage 2.4 - - V 

VOL LOW level output voltage - - 0.4 V 

CLK timing 

Tc cycle time 37.036 37.037 37.038 ns 

5 duty factor 40 - 60 % 

tr rise time 2 - 4 ns 

tf fall time 2 - 4 ns 

Input timing with respect to CLK rising edge 

tsu set-up time 8 - - ns 

th hold time 0 - - ns 

Timing (see Figs. 13, 14, 15, 16, 17, 18, 19, 20, 21, 21 and 21) 

tsu(A-CS) address/CS set-up time 20 - - ns 

th(A-CS) address/CS hold time 75 - - ns 

tsu(D-W) data write set-up time 20 - - ns 

tsu(D_R) data read set-up time 20 - - ns 

trel(D) data release time 0 - 10 ns 

th(CT) control signal hold time 0 - - ns 

tW(ACK) acknowledge pulse width 25 - - ns 

trel(ACK) acknowledge release time 0 - 10 ns 

td(ACK_R) delay time for acknowledge read 96 - 125 ns 

td(ACK_W) delay time for acknowledge write 48 - 75 ns 

tW(RW) write/read pulse width 25 - - ns 

Output timing with respect to CLK rising edge 

th hold time 3 - td ns 

td delay time th - 20 ns 

CL load capacitance 10 - 30 pF 
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Fig.13 Motorola write timing (non-multiplexed). 
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Fig.15 Intel write timing (non-multiplexed). 
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Fig.16 Intel read timing (non-multiplexed). 
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Fig.17 DMA read access. 
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Fig.18 DMA write access. 
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Fig.20 SAA7208 mode; read timing. 
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Fig.23 Intel read/write timing multiplexed. 
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APPLICATION INFORMATION 
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Fig.24 Application diagram. 
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APPENDIX 

Syntax of pixel-data-sub-block 

data type pixel-code-string of N-coded words end of string 

2 bitJpixel 01 1 pixel in colour 1 

10 1 pixel in colour 2 

0001 0000 11 1 pixel in colour 3 00 00 00 

00 01 1 pixel in colour 0 

00 00 01 2 pixels in colour 0 

00 1 L LL CC L pixels (3 to 10) in colour C 

00 00 10 LL LL CC L pixels (12 to 27) in colour C 

00 00 11 LL LL LL LL CC L pixels (29 to 284) in colour C 

4 bitJpixel 0001 1 pixel in colour 1 

4, 4, 4, 4, 
0001 0001 1111 1 pixel in colour 15 0000 0000 

0000 1100 1 pixel in colour 0 

0000 1101 2 pixels in colour 0 

0000 0LLL (L>0) L pixels (3 to 9) in colour 0 

0000 10LL CCCC L pixels (4 to 7) in colour C 

0000 1110 LLLL CCCC L pixels (9 to 24) in colour C 

0000 1111 LLLL LL11 CCCC L pixels (25 to 280) in colour C 

8 bitJpixel 00000001 1 pixel in colour 1                00000000 .... 00000000 

4, 4, 4, 4, 
0001 0010 11111111 1 pixel in colour 255 

00000000 0LLLLLLL L pixels (1 to 127) in colour 0 

00000000 1LLLLLLL CCCCCCCC L pixels (3 to 127) in colour C 
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PACKAGE OUTLINE 

QFP160: plastic quad flat package; 
160 leads (lead length 1.95 mm); body 28 x 28 x 3.4 mm; high stand-off height SOT322-1 
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DIMENSIONS (mm are the original dimensions) 

UNIT 
A    A1 

A2 A3 bp c D(1) E(1) e HD HE L Lp v w y ZD(1) ZE(1) (~ 
max. 

mm 3.95 0.40 3.70 0.40 0.23 28.1 28.1 32.2 32.2 1.1 1.5 1.5 8° 
0.25 3.15 

0.25 
0.25 0.13 27.9 27.9 0.65 31.6 31.6 1.95 0.7 0.3 0.15 0.1 

1.1 1.1 O° 

Note 

1. Plastic or metal protrusions of 0.25 mm maximum per side are not included. 

OUTLINE 

VERSION 

EUROPEAN 

PROJECTION 

REFERENCES 

JEDEC EIAJ 

MO-112 

IEC 

SOT322-1                                                          ~-~ 

ISSUE DATE 

97-08-04 
99-12-27 
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SOLDERING 

Introduction to soldering surface mount packages 

This text gives a very brief insight to a complex technology. 
A more in-depth account of soldering ICs can be found in 
our "Data Handbook IC26; Integrated Circuit Packages" 
(document order number 9398 652 90011 ). 

There is no soldering method that is ideal for all surface 
mount IC packages. Wave soldering can still be used for 
certain surface mount ICs, but it is not suitable for fine pitch 

SMDs. In these situations reflow soldering is 
recommended. 

Reflow soldering 

Reflow soldering requires solder paste (a suspension of 
fine solder particles, flux and binding agent) to be applied 
to the printed-circuit board by screen printing, stencilling or 
pressure-syringe dispensing before package placement. 

Several methods exist for reflowing; for example, 
convection or convection/infrared heating in a conveyor 
type oven. Throughput times (preheating, soldering and 
cooling) vary between 100 and 200 seconds depending 
on heating method. 

Typical reflow peak temperatures range from 
215 to 250 °C. The top-surface temperature of the 
packages should preferable be kept below 220 °C for 
thick/large packages, and below 235 °C for small/thin 
packages. 

Wave soldering 

Conventional single wave soldering is not recommended 
for surface mount devices (SM Ds) or printed-circuit boards 
with a high component density, as solder bridging and 
non-wetting can present major problems. 

To overcome these problems the double-wave soldering 
method was specifically developed. 

If wave soldering is used the following conditions must be 
observed for optimal results: 

¯ Use a double-wave soldering method comprising a 
turbulent wave with high upward pressure followed by a 
smooth laminar wave. 

¯ For packages with leads on two sides and a pitch (e): 

- larger than or equal to 1.27 mm, the footprint 
longitudinal axis is preferred to be parallel to the 
transport direction of the printed-circuit board; 

- smaller than 1.27 mm, the footprint longitudinal axis 
must be parallel to the transport direction of the 
printed-circuit board. 

The footprint must incorporate solder thieves at the 
downstream end. 

¯ For packages with leads on four sides, the footprint must 
be placed at a 45° angle to the transport direction of the 
printed-circuit board. The footprint must incorporate 
solder thieves downstream and at the side corners. 

During placement and before soldering, the package must 
be fixed with a droplet of adhesive. The adhesive can be 
applied by screen printing, pin transfer or syringe 
dispensing. The package can be soldered after the 
adhesive is cured. 

Typical dwell time is 4 seconds at 250 °C. 
A mildly-activated flux will eliminate the need for removal 
of corrosive residues in most applications. 

Manual soldering 

Fix the component by first soldering two 
diagonally-opposite end leads. Use a low voltage (24 V or 
less) soldering iron applied to the flat part of the lead. 
Contact time must be limited to 10 seconds at up to 
300 °C. 

When using a dedicated tool, all other leads can be 
soldered in one operation within 2 to 5 seconds between 
270 and 320 °C. 

2001 Mar 28 33 
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Suitability of surface mount IC packages for wave and reflow soldering methods 

SOLDERING METHOD 
PAC KAG E 

BGA, HBGA, LFBGA, SQFP, TFBGA 

HBCC, HLQFP, HSQFP, HSOE HTQFP, HTSSOE HVQFN, SMS 

PLCC(3), SO, SOJ 

LQFP, QFP, TQFP 

SSOE TSSOP, VSO 

WAVE 

not suitable 

not suitable(2) 

suitable 

not recommended(3)(4) 

not recommended(5) 

REFLOW(1) 

suitable 

suitable 

suitable 

suitable 

suitable 

Notes 

1. All surface mount (SMD) packages are moisture sensitive. Depending upon the moisture content, the maximum 
temperature (with respect to time) and body size of the package, there is a risk that internal or external package 
cracks may occur due to vaporization of the moisture in them (the so called popcorn effect). For details, refer to the 
Drypack information in the "Data Handbook IC26; Integrated Circuit Packages; Section: Packing Methods". 

2. These packages are not suitable for wave soldering as a solder joint between the printed-circuit board and heatsink 
(at bottom version) can not be achieved, and as solder may stick to the heatsink (on top version). 

3. If wave soldering is considered, then the package must be placed at a 45° angle to the solder wave direction. 
The package footprint must incorporate solder thieves downstream and at the side corners. 

4. Wave soldering is only suitable for LQFP, TQFP and QFP packages with a pitch (e) equal to or larger than 0.8 mm; 
it is definitely not suitable for packages with a pitch (e) equal to or smaller than 0.65 mm. 

5. Wave soldering is only suitable for SSOP and TSSOP packages with a pitch (e) equal to or larger than 0.65 mm; it is 
definitely not suitable for packages with a pitch (e) equal to or smaller than 0.5 mm. 

2001 Mar 28 34 
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DATA SHEET STATUS 

PRODUCT 
DATA SHEET STATUS(1)                                       DEFINITIONS 

STATUS(2) 

Objective data Development 

Preliminary data Qualification 

Product data 

Notes 

1. 

2. 

Production 

This data sheet contains data from the objective specification for product 
development. Philips Semiconductors reserves the right to change the 
specification in any manner without notice. 

This data sheet contains data from the preliminary specification. 
Supplementary data will be published at a later date. Philips 
Semiconductors reserves the right to change the specification without 
notice, in order to improve the design and supply the best possible 
product. 

This data sheet contains data from the product specification. Philips 
Semiconductors reserves the right to make changes at any time in order 
to improve the design, manufacturing and supply. Changes will be 
communicated according to the Customer Product/Process Change 
Notification (CPCN) procedure SNW-SQ-650A. 

Please consult the most recently issued data sheet before initiating or completing a design. 

The product status of the device(s) described in this data sheet may have changed since this data sheet was 
published. The latest information is available on the Internet at URL http://www.semiconductors.philips.com. 

DEFINITIONS 

Short-form specification --The data in a short-form 
specification is extracted from a full data sheet with the 
same type number and title. For detailed information see 
the relevant data sheet or data handbook. 

Limiting values definition-- Limiting values given are in 
accordance with the Absolute Maximum Rating System 
(IEC 60134). Stress above one or more of the limiting 
values may cause permanent damage to the device. 
These are stress ratings only and operation of the device 
at these or at any other conditions above those given in the 
Characteristics sections of the specification is not implied. 
Exposure to limiting values for extended periods may 
affect device reliability. 

Application information -- Applications that are 
described herein for any of these products are for 
illustrative purposes only. Philips Semiconductors make 
no representation or warranty that such applications will be 
suitable for the specified use without further testing or 
modification. 

DISCLAIMERS 

Life support applications -- These products are not 
designed for use in life support appliances, devices, or 
systems where malfunction of these products can 
reasonably be expected to result in personal injury. Philips 
Semiconductors customers using or selling these products 
for use in such applications do so at their own risk and 
agree to fully indemnify Philips Semiconductors for any 
damages resulting from such application. 

Right to make changes -- Philips Semiconductors 
reserves the right to make changes, without notice, in the 
products, including circuits, standard cells, and/or 
software, described or contained herein in order to 
improve design and/or performance. Philips 
Semiconductors assumes no responsibility or liability for 
the use of any of these products, conveys no licence or title 
under any patent, copyright, or mask work right to these 
products, and makes no representations or warranties that 
these products are free from patent, copyright, or mask 
work right infringement, unless otherwise specified. 

ICs with MPEG-2 functionality-- Use of this product in 
any manner that complies with the MPEG-2 Standard is 
expressly prohibited without a license under applicable 
patents in the MPEG-2 patent portfolio, which license is 

available from MPEG LA, L.L.C., 250 Steele Street, Suite 
300, Denver, Colorado 80206. 

2001 Mar 28 35 
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Philips Semiconductors- a worldwide company 

Argentina: see South America 

Australia: 3 Figtree Drive, HOMEBUSH, NSW 2140, 
Tel. +61 2 9704 8141, Fax. +61 2 9704 8139 

Austria: Computerstr. 6, A-1101 WIEN, P.O. Box 213, 
Tel. +43 1 60 101 1248, Fax. +43 1 60 101 1210 

Belarus: Hotel Minsk Business Center, Bid. 3, r. 1211, Volodarski Str. 6, 
220050 MINSK, Tel. +375 172 20 0733, Fax. +375 172 20 0773 

Belgium: see The Netherlands 

Brazil: see South America 

Bulgaria: Philips Bulgaria Ltd., Energoproject, 15th floor, 
51 James Bourchier Blvd., 1407 SOFIA, 
Tel. +359 2 68 9211, Fax. +359 2 68 9102 

Canada: PHILIPS SEMICONDUCTORS/COMPONENTS, 
Tel. +1 800 234 7381, Fax. +1 800 943 0087 

China/Hong Kong: 501 Hong Kong Industrial Technology Centre, 
72 Tat Chee Avenue, Kowloon Tong, HONG KONG, 
Tel. +852 2319 7888, Fax. +852 2319 7700 

Colombia: see South America 

Czech Republic: see Austria 

Denmark: Sydhavnsgade 23, 1780 COPENHAGEN V, 
Tel. +45 33 29 3333, Fax. +45 33 29 3905 

Finland: Sinikalliontie 3, FIN-02630 ESPOO, 
Tel. +358 9 615 800, Fax. +358 9 6158 0920 

France: 7 - 9 Rue du Mont Val6rien, BP317, 92156 SURESNES Cedex, 
Tel. +33 1 4728 6600, Fax. +33 1 4728 6638 

Germany: Hammerbrookstral~e 69, D-20097 HAMBURG, 
Tel. +49 40 2353 60, Fax. +49 40 2353 6300 

Hungary: Philips Hungary Ltd., H-1119 Budapest, Fehervari ut 84/A, 
Tel: +36 1 382 1700, Fax: +36 1 382 1800 

India: Philips INDIA Ltd, Band Box Building, 2rid floor, 
254-D, Dr. Annie Besant Road, Worli, MUMBA1400 025, 
Tel. +91 22 493 8541, Fax. +91 22 493 0966 

Indonesia: PT Philips Development Corporation, Semiconductors Division, 
Gedung Philips, Jl. Buncit Raya Kav.99-100, JAKARTA 12510, 
Tel. +62 21 794 0040 ext. 2501, Fax. +62 21 794 0080 

Ireland: Newstead, Clonskeagh, DUBLIN 14, 
Tel. +353 1 7640 000, Fax. +353 1 7640 200 

Israel: RAPAC Electronics, 7 Kehilat Saloniki St, PO Box 18053, 
TEL AVIV 61180, Tel. +972 3 645 0444, Fax. +972 3 649 1007 

Italy: PHILIPS SEMICONDUCTORS, Via Casati, 23 - 20052 MONZA (MI), 
Tel. +39 039 203 6838, Fax +39 039 203 6800 

Japan: Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, 
TOKYO 108-8507, Tel. +81 3 3740 5130, Fax. +81 3 3740 5057 

Korea: Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL, 
Tel. +82 2 709 1412, Fax. +82 2 709 1415 

Malaysia: No. 76 Jalan Universiti, 46200 PETALING JAYA, SELANGOR, 
Tel. +60 3 750 5214, Fax. +60 3 757 4880 

Mexico: 5900 Gateway East, Suite 200, EL PASO, TEXAS 79905, 
Tel. +9-5 800 234 7381, Fax +9-5 800 943 0087 

Middle East: see Italy 

Netherlands: Postbus 90050, 5600 PB EINDHOVEN, Bldg. VB, 
Tel. +31 40 27 82785, Fax. +31 40 27 88399 

New Zealand: 2 Wagener Place, C.P.O. Box 1041, AUCKLAND, 
Tel. +64 9 849 4160, Fax. +64 9 849 7811 

Norway: Box 1, Manglerud 0612, OSLO, 
Tel. +47 22 74 8000, Fax. +47 22 74 8341 

Pakistan: see Singapore 

Philippines: Philips Semiconductors Philippines Inc., 
106 Valero St. Salcedo Village, P.O. Box 2108 MCC, MAKATI, 
Metro MANILA, Tel. +63 2 816 6380, Fax. +63 2 817 3474 

Poland: Al.Jerozolimskie 195 B, 02-222 WARSAW, 
Tel. +48 22 5710 000, Fax. +48 22 5710 001 

Portugal: see Spain 

Romania: see Italy 

Russia: Philips Russia, UI. Usatcheva 35A, 119048 MOSCOW, 
Tel. +7 095 755 6918, Fax. +7 095 755 6919 

Singapore: Lorong 1, Toa Payoh, SINGAPORE 319762, 
Tel. +65 350 2538, Fax. +65 251 6500 

Slovakia: see Austria 

Slovenia: see Italy 

South Africa: S.A. PHILIPS Pty Ltd., 195-215 Main Road Martindale, 
2092 JOHANNESBURG, P.O. Box 58088 Newville 2114, 
Tel. +27 11 471 5401, Fax. +27 11 471 5398 

South America: AI. Vicente Pinzon, 173, 6th floor, 
04547-130 S,~,O PAULO, SP, Brazil, 
Tel. +55 11 821 2333, Fax. +55 11 821 2382 

Spain: Balmes 22, 08007 BARCELONA, 
Tel. +34 93 301 6312, Fax. +34 93 301 4107 

Sweden: Kottbygatan 7, Akalla, S-16485 STOCKHOLM, 
Tel. +46 8 5985 2000, Fax. +46 8 5985 2745 

Switzerland: AIImendstrasse 140, CH-8027 ZORICH, 
Tel. +41 1 488 2741 Fax. +41 1 488 3263 

Taiwan: Philips Semiconductors, 5F, No. 96, Chien Kuo N. Rd., Sec. 1, 
TAIPEI, Taiwan Tel. +886 2 2134 2451, Fax. +886 2 2134 2874 

Thailand: PHILIPS ELECTRONICS (THAILAND) Ltd., 
60/14 MOO 11, Bangna Trad Road KM. 3, Bagna, BANGKOK 10260, 
Tel. +66 2 361 7910, Fax. +66 2 398 3447 

Turkey: Yukari Dudullu, Org. San. Big., 2.Cad. Nr. 28 81260 Umraniye, 
ISTANBUL, Tel. +90 216 522 1500, Fax. +90 216 522 1813 

Ukraine: PHILIPS UKRAINE, 4 Patrice Lumumba str., Building B, Floor 7, 
252042 KIEV, Tel. +380 44 264 2776, Fax. +380 44 268 0461 

United Kingdom: Philips Semiconductors Ltd., 276 Bath Road, Hayes, 
MIDDLESEX UB3 5BX, Tel. +44 208 730 5000, Fax. +44 208 754 8421 

United States: 811 East Arques Avenue, SUNNYVALE, CA 94088-3409, 
Tel. +1 800 234 7381, Fax. +1 800 943 0087 

Uruguay: see South America 

Vietnam: see Singapore 

Yugoslavia: PHILIPS, Trg N. Pasica 5/v, 11000 BEOGRAD, 
Tel. +381 11 3341 299, Fax.+381 11 3342 553 

For all other countries apply to: Philips Semiconductors, 
Marketing Communications, Building BE-p, P.O. Box 218, 5600 MD EINDHOVEN, 
The Netherlands, Fax. +31 40 27 24825 
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STi3520

MPEG AUDIO / MPEG-2 VIDEO INTEGRATED DECODER

October 1996

BRIEF DATA

PQFP160
(Plastic Quad Flat Pack)

ORDER CODE : STi3520CV

.SINGLE CHIP COMBINING THE DECODING
FUNCTIONS OF THE STi3500A VIDEO DE-
CODER AND THE STi4500 AUDIO DECODER.ON-CHIP PLL ALLOWING FULL CHIP OP-
ERATION WITH TWO EXTERNAL CLOCKS.VIDEO DECODER FULLY SUPPORTS MPEG-
2 MAIN PROFILE/MAIN LEVEL (MP@ML).AUTOMATIC VIDEO ERROR CONCEALMENT.ENHANCED ON-SCREEN DISPLAY GENER-
ATOR : 16 COLORS/REGION, LINKED LIST
MEMORY MANAGEMENT.AUDIO DECODER SUPPORTS LAYERS I & II
OF MPEG.ALL POPULAR PCM AUDIO OUTPUT FOR-
MATS SUPPORTED.STANDARD 8-BIT INTERFACE FOR MICRO-
CONTROLLER AND COMPRESSED DATA
INPUT.SUPPORT FOR SYNCHRONOUS DRAM.3.3VPOWER SUPPLY, I/Os 5VTTL COMPATIBLE.0.5µm CMOS TECHNOLOGY

APPLICATIONS.DBS RECEIVER.DIGITAL TV RECEIVER.DIGITAL CABLE TV RECEIVER

This is advance information on a new product now in development or undergoing evaluation. Detailsare subject to change without notice.

DESCRIPTION

The video decoder is a real-time video decompres-
sion processorsupportingthe MPEG-1 andMPEG-
2 standards at video rates up to 720 x 480 x 60Hz
or 720 x 576 x 50Hz. Picture format conversion for
display is performed by a vertical and a horizontal
filter (sample rate converter). External DRAM, typi-
cally of size 16 Mbits is required.
The audio decoder is compliant with layers I and II
of the MPEG standard. Sampling rates of 32, 44.1
and 48kHz can be used.

The STi3520 requires minimal support from an ex-
ternal microcontroller, which is mainly required to
initialise the video decoder at the start of every
picture. Separate audio and video data streams are
input through the 8-bit data port. Time stamps are
detected and made available to the microcontroller
for themanagementof audio/videosynchronization.
User-definedbitmaps may be superimposedon the
displayed picture through use of the on-screen
display function. These bitmaps are written directly
into the DRAM memory by the microcontroller.
Undetected bitstream errors which would cause
decoder errors activate the error concealment
functions.

This specification refers to versions 3.1 or later (marking CB or higher).

1/1
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Virtual Components for the Converging World 

The CS6651 MPEG2 decoder is designed to provide high performance solutions for a broad range of motion 

image applications. This highly integrated application specific virtual component (ASVC) is for standard 

definition video, compliant with ISO/IEC 13818-2 (MPEG2) and capable of decoding video streams at the Main 

Profile at Main Level (MP@ML). The CS6651 is at home in mainstream consumer applications and can also 

decode MPEG1 (ISO/IEC 11172-2) bitstreams. The CS6651 been handcrafted by Amphion for optimal 

performance while minimizing power consumption and silicon area. 

Input Video 
Data Stream 

Host 
Microprocessor 

Frame 
Store 

SDRAMs 

Output 
Picture 

Data 

Figure 1:CS6651 Overview Diagram 

DECODER FEATURES 

Supports progressive scan and interlaced 
streams 
ISO/IEC 13818-2 (H.262) Compliant 

MP@ML 
Decodes ISO/IECl1172-2 (MPEG 1) Con- 
strained Parameter bitstreams 

High performance solution for MPEG2 
decoding 

Supports input bit rates up to 30MbitJsec 
Real time decode and display of MP@ML 

Supports PAL and NTSC SDTV resolutions 
and frame rates 
Bitstream error detection and recovery 

Glueless interface to external SDRAM 

Capable of standalone stream decoding or 
host CPU controlled operation 
Fully synchronous design with host shut- 
down and restart control 

APPLICATIONS 

Digital cable and satellite set-top decoder box 
for SDTV 
DVD Players 

PC video hardware accelerator 

Amphion continues to expand its family of appficafion-specific cores 
See http://www.amphion.com for a current list of products 
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CS6651 FUNCTIONAL DESCRIPTION 

The CS6651 ASVC is a highly integrated MPEG2 video decoder suitable for a wide range of video applications. The CS6651 

accepts the input video elementary stream as aligned bytes from conditional access decryption, transport stream demulti-plexer, 

or similar source. The maximum average input bit rate is 30Mbits/sec. The core can operate in a default mode on an input stream 

without the intervention of a host CPU. In this mode pictures will be decoded from the video stream and output in correct 

display order. A host CPU has access to a full range of information and control to manipulate the behavior of the decoder to 

permit audio/video synchronization, pan and scan and letterbox conversion, and various trick modes. 

The output from the core is provided by a highly configurable pixel stream DMA (Direct Memory Access) engine. This engine 

allows adjustable output video component sequencing and provides external logic with control over the display of the picture. 

To meet the bandwidth requirements of MP@ML decoding, a bank of two dedicated SDRAM chips is used. These SDRAM chips 

are commodity 64Mbit SDRAMs in 2Mx32 configuration. 

FUNCTIONAL BLOCK OVERVIEW 

VIDEO STREAM PARSER 

The Video Stream Parser unit extracts various encoding para- 

meters from the input video stream and any requested user 

specific data contained within the stream, such as closed- 

caption or teletext data. This information is contained in 

headers at each layer of the stream and may be used 

throughout the rest of the decoding and reconstruction 

process. Selected user data is stored to buffer space and made 

available to the host CPU. Having removed header 

information from the stream, the Video Stream Parser unit 

passes the variable length encoded picture data to the Variable 

Length Code (VLC) Decoder unit. A range of parameters 

describing the overall stream and the picture currently being 

decoded is made available to the rest of the decoder. 

VARIABLE LENGTH CODE DECODER 

The Variable Length Code Decoder unit decodes the 

Huffman- style variable length encoded picture data. The 

outputs of this unit include the Discrete Cosine Transform 

(DCT) block run-level information for the Inverse DCT (iDCT) 

unit and decoded macroblock motion vectors for the motion 

compensation unit as well as a number of information fields 

describing the section of the picture currently being decoded. 

These decoded fields are made available to the rest of the 

decoder. 

RUN-LEVEL DECODER & INVERSE 
QUANTIZATION 

The output run-level information from the VLC decoder is 

converted into complete blocks of 64 quantized DCT 

coefficients by the Run-Level decoder. These coefficients are 

passed to the Inverse Quantizer for conversion back to actual 

DCT coefficients. To perform this, the Inverse Quantizer keeps 

track of a number of tables and scale factors, all extracted from 

the input video stream. 

INVERSE DCT 

This high performance unit performs the inverse quantization 

of 8x8 DCT-encoded Y, Cr and Cb pixel blocks. This key unit is 

capable of streaming data through continuously; transforming 

every 64 clock cycles an entire block of 8x8 DCT coefficients 

into an 8x8 block of pixel samples or estimated sample 

corrections. 

MOTION COMPENSATION 

Where the video data is encoded as an estimate using 

previous pictures and a set of corrections, the Motion 

Compensation unit forms the estimated pixel values. The 

Motion Compensation unit takes decoded motion vectors 

from the Variable Length Code Decoder unit and translates 

them into row and column coordinates within the pictures 

from which the estimations are being made. The reference 

samples for these coordinates are requested from the Frame 

Store Interface and the resulting pixels combined where 

necessary to form the estimated values for the block being 

decoded. 

PICTURE RECONSTRUCTION 

The Picture Reconstruction unit combines decoded pixels or 

corrections from the iDCT unit with the estimated pixels from 

the Motion Compensation Unit and writes the resulting pixels 

to the Frame Store, ready for subsequent display or reference. 

FRAME STORE INTERFACE 

The Frame Store is required for the storage of the two 

reference pictures used in the MPEG2 algorithm to form the 

estimated pixels. It also stores the frame currently being 

decoded and another frame currently being displayed. This 

allows the decoding and the display operations to be 

decoupled making audio/video synchronization simpler to 

maintain. 
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The Frame Store is implemented using two SDRAM chips 

which are commodity PC133 64Mbit parts, each with 2Mx32 

organization. The memory interface runs at the core speed 

and can be directly connected to the SDRAM chip. 

The Frame Store SDRAM Interface handles the mapping of 

pixel read and write requests from the Motion Compensation, 

Picture Reconstruction and Picture DMA units into linear 

memory addresses. Additionally, the host interface can access 

the memory banks. Arbitration between the various accessing 

units and memory transaction queues are all maintained by 

the SDRAM Interface. 

PICTURE DISPLAY DMA 

The Picture Display DMA has a double-byte output interface 

which can carry Y, Cr or Cb pixel data. Y and Cr or Cb data 

can be output simultaneously as 16-bit wide values or 

sequentially as four separate bytes. The Picture Display DMA 

unit will upsample the chrominance vertically to provide a 

4:2:2 output. The Display DMA engine has the capability to be 

programmed by the host CPU to display only a certain 

portion of the picture or, in stand-alone mode, will display the 

entire coded picture. 

A number of handshake signals are provided on the Picture 

Display DMA interface to allow the external logic to control 

the timing of the pixel output stream and to control the end of 

the current scan row or picture display. Outputs indicate to 

the external logic the nature of the pixel being currently 

driven; and end of row and end of picture flags are available 

to allow, for example, sync pulse generation. 

HOST INTERFACE 

When the CS6651 is operating with the assistance of a host 

CPU, a number of additional features can be accessed. All 

interfacing between the host and the CS6651 is performed 

through the Host Interface unit. This unit allows read/write 

access to all the internal control, status and video stream 

parameter registers contained within the decoder. 

The Host Interface also provides a simple 32-bit read/write 

access to the Frame Store SDRAM. Normally, the areas of the 

SDRAM used for storage of picture data cannot be accessed 

by the Host Interface; however, a bypass mode allowing direct 

access is provided for system diagnostic tests, etc. 

A number of conditions arising from the decoding of the 

video stream may require the software on the CPU to be 

alerted. An interrupt controller within the Host Interface unit 

provides a simple Interrupt Request signal and an interrupt 

status and mask register. 

13~ Clk SD_Data(63:0) 

SD_DQM(7:0) ---u 

13-O notReset SD_Addr(10:0) ---u 

u~ CoreReset SD_BA(1:0) 

SD_notRAS 0-43 
13~ ES_Data(7.0) SD_notCAS 0-43 
u~ ES_Valid SD_notWE O-13 
13~ ES_Stall SD_notCS O4U 

u-- H_DataOut(31:0) 

13-- H_Dataln(31:0) 

u-O H_notDatDrv 
P_Data(15:0) ---u 

u-- H_Addr(21:0) P_DataAvail ---u 

u-O H_notRegCS P_DataType(3:0) ---u 

u-O H_notWrite P_DataStrobe ---u 

u-O H_notlRQ P_RowDoneOut ---u 

P_PicDoneOut ---u u-O H_notMernRead 
P_RowDoneln ---u u-O H_notMernWrite 

u-- H_MemBusy                 P_PicDoneln ---u 

13-- H_ByteEnable(3:0) P_General(7:0) --u 

u-- H_MemRdValid 
13-- H_MemRdStrb 
u-- H_MemWrValid 
u-- H_MemWrReady 

Figure 2:CS6651 Symbol and Pin Description 

Table 1: Global Signals 

CIk 

notReset 

CoreReset 

Core Clock. Master clock used for all logic and the external SDRAM interface. This clock should also be 
routed to the external SDRAM chips. This clock should be 27 MHz. 

Core reset. Asynchronous, active low global core reset 

Core reset. Synchronous, active high core reset 
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Table 2: Input Interface 

ES_Data[7:0] 

ES Valid 

ES Stall 

I 

I 

O 

Elementary Stream Data, byte aligned video elementary stream data from the Conditional Access decryp- 
tion unit or transport stream demux. Maximum average input bit rate is 30Mbits/s 

Data Valid Strobe. ES Data is latched on the positive edge of Clk when ES Valid is asserted, and 
ES Stall is de-asserted. 

Data Stall. Input data may be bursted into the core at a rate higher than the specified maximum 30Mbit/ 
sec. In this case the core will indicate that it temporarily cannot receive any more data by assertion of 
ES Stall. ES Data will not be latched while ES Stall is asserted. 

Table 3: Picture Output Interface 

P_Data[15:0] 

P DataStrobe 

P DataAvail 

P_DataType[3:0] 

P RowDoneln 

P PicDoneln 

P RowDoneOut 

P PicDoneOut 

P_General[7:0] 

O 

O 

O 

0 

0 

0 

Picture Output Data. Output from the decoded picture display DMA engine. Contains either Y, Cr or Cb, as 
indicated by P_DataType. In 16 bit mode, the upper 8 bits carry Y and the lower 8 bits carry either Cr or Cb 
as indicated by P_DataType. 

Data Valid Strobe. 

Indicates that the external logic will consume the current P Data on the next rising edge of clock. This sig- 
nal is also used to qualify the P_RowDoneln and P_PicDoneln signals. 

Picture Data Available. Indicates that the DMA engine has been configured and is running and that 
P_Data carries a valid picture sample. 

Picture Data Type, indicates the type of sample on P Data. the bottom two bits carry the component iden- 
tification as follows: 00 = Y1, 01 = Y2, 10 = Cb, 11 = Cr. The top two bits carry display frame/field informa- 
tion as follows: 00 = progressive, 01 = undefined, 10 = top field, 11 = bottom field. 

Last Pixel In Row. This input can be used to terminate a row scan and move on to the next. This may be 
used with pan and scale external logic. This input is ignored in certain DMA engine configurations. Should 
be asserted for the last byte of the pixel sample group - the engine will move to the next row after the last 
component for the group is taken. 

Last Pixel In Picture. Indicates to the DMA engine that the display of the picture is complete at the end of 
the current pixel. The engine will revert to idle mode. This input is ignored in certain DMA engine configu- 
rations. Should be asserted for the last byte of the pixel sample group - the engine will stop after the last 
component for the group is taken. 

Last Pixel In Row. This output can be programmed to indicate the last component of the last pixel of the 
row. This requires correct configuration of the DMA engine row length register. 

Last Pixel In Picture. This output can be programmed to indicate the last component of the last pixel of the 
picture. This requires correct configuration of the DMA engine vertical size register. 

General Outputs. These outputs directly reflect the programmed value in the DMA General Output regis- 
ter. They can be used by the host CPU to inform the display logic of specific display parameters such as 
PAL/NTSC encoding information etc. 
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Table 4: Frame Store Interface 

SD_Data[63:0] 

SD_Addr[10:0] 

SD_BA[1:0] 

SD_DQM[7:0] 

SD notRAS 

SD notCAS 

SD notWE 

SD notCS 

II0 

0 

0 

0 

0 

0 

0 

0 

SDRAM Data Bus. Bidirectional read/write databus to the external SDRAM 

SDRAM Address Bus. Carries row or column addresses or commands to the external SDRAM. 

SDRAM Bank Address. Indicates selected bank for the current SDRAM command. 

SDRAM DQ Mode. Used to control burst transfers of data to/from the SDRAM. 

SDRAM Row Address Strobe. Strobes a row address or command into the SDRAM. 

SDRAM Column Address Strobe. Strobes a column address or command into the SDRAM. 

SDRAM Write Enable. Indicates to the SDRAM that a write command is required. 

SDRAM chip select. Initiates a command to the SDRAM. 

Table 5: Host Interface 

H_Dataln[31:0] 

H_DataOut[31:0] 

H notDatDrv 

H_Addr[21:0] 

H_notRegCS 

H notWrite 

H_notlRQ 

H_ByteEnable[3:0] 

H notMemWrite 

H_MemBusy 

H MemRdValid 

H MemRdStrb 

H MemWrValid 

H_MemWrReady 

Host Data Input. Host Write data into the core. 

O Host Data Output. Host Read data from the core. 

O Host Data Drive. Indicates that a read is active. This can be used to control external tristate drivers if 
required. Active low. 

Host Address. Used to select a register for read/write, or a Frame Store SDRAM word to be accessed. 

Host Chip Select. Active low enable signal controls all host register accesses. 

Host Write Select. If asserted when H_notRegCS is asserted, the register addressed by H Addr will have 
the value on H Dataln assigned to it on the rising edge of the CIk signal, if the appropriate-byte write 
enable signal i~also asserted. If de-asserted when H_notRegCS is asserted then a register read is initi- 
ated and H_DataOut will show the selected registers data on the next clock cycle. 

O Host interrupt request. Active low output 

Host Byte Write Enables. Used on write accesses to control which bytes in a register or SDRAM word 
actually get written. 

O Host Memory Write Access. Initiates an SDRAM host write transaction. 

O Host Memory Interface Busy. Indicates that a memory access transaction is in progress. This can be used 
to insert read wait states and to stall for posted writes to complete. 

O Host Memory Read Data Valid. Indicates that the read data is available on the H_DataOut port. 

Host Memory Read Data Strobe. Indicates that the host will consume the data from the H_DataOut port 
on the next rising edge of CIk. 

Host Memory Write Data Valid. Indicates that the host has placed valid write data on the H_Dataln port. 
Note that H_ByteEnable should be valid at the same time as the data. 

O Host Memory Write Data Ready, indicates that the core is ready to consume the data on H_Dataln on the 
positive edge of CIk when it is signalled as valid with H_MemWrValid 
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CIk 

ES_Data[7:0] 

ES_Valid 

ES_Stall 

TIMING DIAGRAMS 

VIDEO ELEMENTARY STREAM INTERFACE 

\ I 
1--\ 

Figure 3: Using ES_Valid and ES_Stall 

In the above figure, the MPEG2 Video Sequence Start Code is 

being loaded into the decoder core. The value on ES_Data is 

loaded by the core when ES_Valid is asserted and ES_Stall is 

not being asserted. The external stream data source logic can 

use ES_Valid to indicate the presence of real video data. The 

CS6651 core will assert ES_Stall when it is temporarily unable 

to accept any more bytes. The average data rate entering the 

core can be up to 30 Mbits/second. The data rate is further 

constrained by the maximum frame rate defined in MPEG2 

MP@ML for the resolution of image coded into the stream. If 

the core is unable to process data due to the input frame rate 

exceeding the display frame rate, then it will assert ES_Stall. 

DISPLAY DMA OUTPUT PIXEL INTERFACE 

Clk 

P_DataOut[7:0] 

P_DataType[3:0] 

P_DataAvail 

P_DataStrobe 

P_RowDoneOut 

P_RowDoneln 

--\ I 
\ / \ / 

\ 

/ 
/ 

Figure 4: Picture DMA Outputs 

In this example, the 4:2:2 sampled pixel set consists of the 

luminance (Y) values 5F and 52, the blue chrominance 

difference value 3C, and the red chrominance difference value 

A7. The bottom two bits of P_DataType are indicating the 

sample type currently being output on P_DataOut. The top 

two bits indicate that a progressive frame is being output. 

This waveform shows P DataAvail is not asserted for the 

clock cycle before the pixel group commences. During this 

time the P_DataOut and P_DataType values are undefined 

and P_DataStrobe is ignored. Also, the initial clock cycles of 

the 3C and 52 values are not accepted by the external logic, 

P_DataStrobe is not asserted, so the CS6651 continues to drive 

those old values for another clock cycle. 

In this example the sample set is the last in the current row, so 

P_RowDoneOut is asserted. The diagram also shows how the 

external logic can indicate P_RowDoneIn to the core. In this 

case the signal has no effect since P_RowDoneOut was 

asserted already. Use of P_PicDoneOut and P_PicDoneIn is 

similar. 

P_General is not shown here and simply reflects the value 

currently programmed into the Display DMA Controller’s 

GeneralDataValue register. 
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TM 

THE SDRAM INTERFACE 

The SDRAM interface timing is completely specified by ]EDEC SDRAM standards. 

HOST INTERFACE 

The host interface is effectively in two parts, a Configuration and Status register read and write section and a Host to memory 

read and write access section. 

elk 

H_Addr [21:0] 

H_Dataln [31:0] 

H_DataOut [31:0] 

H_notRegCS --~ / \ / 

,-,_not,’Vr,te--\ / 
,-,_notOotOrv \ / 

Figure 5: Host Write to Configuration Register and Host Read of Configuration or Status Register 

Figure 5 illustrates a host write to a configuration register and 

a host read of a configuration or status register. The write 

happens on the rising edge of the Clk signal indicated by the 

line A. The H_DataOut bus reflects the new value in the 

register on the next clock cycle. The read cycle is synchronous. 

Whenever H_notRegCS is asserted and the H_notWrite signal 

is not, then H_notDatDrv will be asserted in the following 

cycle, when H_DataOut is valid. This can be used to enable 

tristate drivers on a hi-directional host data bus, if required. 
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Clk 

H_Addr[21:0] 

H_Dataln[31:0] 

I 

I 

H_ByteEnable[3:0] 

H_notRegCS 

H_notMemWrite 

H_MemWrValid 

H_MemWrReady 

H_MemBusy 

I 

\ ’/ I 

I 

/ 
I 

I 

I 

I 

I 

i 

I 

I 

I 

I 

,\ I 

I 

I 

I 

\ 
\ 

G D 

Figure 6: Host Writing Location in Memory 

In Figure 6, the host is writing a location in memory. On clock 

cycle A the write address is latched since H_notMemWrite 

was asserted by the host. A single clock cycle of data is made 

available to the decoder core on clock cycle B using 

H_MemWrValid. On clock cycle C the core loads the data and 

performs the write. The data load is indicated by the assertion 

of H_MemWrReady. 

In this example the bottom two bytes of H_DataIn, i.e. 15:0, 

were enabled. Only these two bytes of the memory will be 

written. Bits 31:16 of the memory location will remain 

unchanged. 

The above diagram shows the write spread out over three 

clock cycles. Normally, when the memory interface is not busy 

and the host has the address and data available together, clock 

cycles A, B and C will all be on the same rising edge. 

H_MemBusy remains asserted until clock cycle D, when the 

memory write actually reaches the memory controller. This 

signal can be used to insert wait states into a host interface 

controller if necessary. 
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Clk 

H_Addr[21:0] 

H_Dataln[31:0] 

H_notRegCS 

H_notMemRead 

H_MemRdValid 

H_MemRdStrb 

H_MemBusy / 
A 

/ ,\ I 

I 

I 

I 

I 

I 

Figure 7: Host Reading Location in Memory 

In Figure 7, the host is reading a location in memory. On clock 

cycle A the read address is latched due to H_notMemRead 

being asserted by the host. On this edge H_MemBusy will be 

asserted until the read is completed. A single clock cycle of 

data is made available by the decoder core on clock cycle B 

using H_MemRdValid. On clock cycle C the external logic 

loads the data and completes the read, indicated by the 

assertion of H_MemRdStrb. On this clock cycle the core clears 

H_MemBusy. The entire word is read from memory and made 

available on H_DataOut, regardless of the state of the 

H_ByteEnable port. 
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CS6651 DESIGN METHODOLOGY 

Typical ASIC or FPGA Design Flow 
(Conceptual) 

ASVC Data Formats 
Supplied by AMPHION 

System-Level "C" Code simulation 

4, 
Hardware RTL Development 

4, 
RTL Simulation 

4, 
Logic Synthesis         -~ 

4, 
Gate-level analysis 

(timing & functional) 

4, 
Physical Design 

Figure 8: Design Data Formats Supplied by Amphion 
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AVAILABILITY AND IMPLEMENTATION INFORMATION 

PROGRAMMABLE LOGIC CORES FOR ACTEL SILICON DEVICES 

For ASIC prototyping or for projects requiring the fast time-to-market of a programmable logic solution, Amphion’s 

programmable logic core solutions offer the silicon-aware performance tuning found in all Amphion products, combined with 

the rapid design times offered by today’s leading programmable logic solutions. 

Table 7:CS6651 Programmable Logic Cores 

CS6651 Actel Contact Amphion or Actel TBD TBD Contact us 

11 
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MPEG-2 Video Decoder: TMS320C62x Implementation
Ngai-Man Cheung Texas Instruments Incorporated

ABSTRACT

This application report describes the implementation of the MPEG-2 video decoder on the
TMS320C62x DSP. The MPEG-2 video standard specifies the decompression and coded
representation for entertainment-quality digital video, and is widely used in different digital
video systems including DVB, DTV, DVD, DSS, etc. The decoder software implements all the
MPEG-2 main-profile-at-main-level functionality, and conforms to the eXpressDSP™
Algorithm Standard (xDAIS) to enhance reusability. This report describes different aspects
of the decoder software, including algorithm overview, coding guidelines, decoder APIs,
memory requirement, and performance.
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1 Introduction
This application report describes the implementation of the MPEG-2 video decoder on the
TMS320C62x DSP. The decoder software implements all the MPEG-2 main-profile-at-main-level
functionality, and conforms to the eXpressDSP Algorithm Standard (xDAIS) to enhance
reusability. In the following sections we will describe different aspects of the decoder software,
including algorithm overview, coding guidelines, decoder APIs, memory requirement, and
performance.

1.1 Algorithm Overview
The MPEG-2 video [1,2] standard specifies the decompression and coded representation for
entertainment-quality digital video. It is widely used in different digital video systems, including
DTV (digital television), DVB (Digital Video Broadcast), DSS (direct satellite system), and DVD
(digital versatile disc). The MPEG-2 video decoder plays an important role in consumer
electronics like DVD players, set-top boxes, and DSS units. Compared with the hardware
implementation, software implementation of the decoder is more flexible, easier to be customize
for different applications, and easier to upgrade with new features. Also, the programmability of
the device offers the advantage of putting multiple functions (e.g., video decoding, modem
function, and speech control interface) in the same hardware platform.

We have implemented the MPEG-2 main-profile-at-main-level video decoder, which has the
maximum input bit rate of 15 Mbps (megabit per second) and chrominance format of 4:2:0. This
is the most common format and is being used in many applications.

2 Algorithm Description
Figure 1 shows the MPEG-2 video-decoding algorithm. The MPEG-2 standard employs a
number of techniques to achieve high compression ratio while preserving good video quality.

2.1 Interframe Coding Using Motion Compensation
Motion compensation (MC) achieves compression by using the fact that within a short sequence
of pictures, the scenes are similar and many objects move only a short distance. By using these
temporal redundancies, many parts of the current picture could be predicted by the previously
decoded pictures. In MC, the picture is divided into blocks. Two-dimensional motion vectors are
computed to tell where to retrieve blocks of pixel values from the previously decoded pictures to
predict the block of pixels of the current picture. Compression is achieved by encoding the
motion vectors and prediction error instead of the block of pixels. The prediction error has less
spatial redundancy and can be compressed effectively by transform coding.
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Figure 1. MPEG-2 Video Decoding Algorithm

2.2 Transform Coding Using Discrete Cosine Transform

During encoding, the discrete cosine transform (DCT) is applied to the prediction error in
interframe coded macroblock and the pixel values in intraframe coded macroblock. The picture
is divided into blocks of 8-by-8 pixels. The DCT transforms the pixel values into another block of
the same size, consisting of the horizontal and vertical spatial frequency coefficients
representing the detail of the block. While the energy of the image signal and prediction error
can be distributed randomly across a block, the energy of the DCT block is concentrated on the
low frequency. Compression is achieved by using a quantizer with quantization steps varied by
the frequency, according to psycho-visual characteristics such that quantization noise is unlikely
to be perceived. Also, many high-frequency coefficients are very small and have a value of zero
after quantization. Compression can be achieved by using a zig-zag order to gather the
coefficients of value zero, and encoding the block into a series of zero-run and level pairs with
run-length encoding.
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2.3 Variable-Length Coding

The variable-length coding (VLC) assigns each run-level pair a code word based on the
frequency of occurrence of the pair. Pairs that occur more frequently are assigned short code
words while those that occur less frequently are assigned long code words. Compression is
achieved by the fact that overall, the more frequent shorter code words dominate.

3 Decoder Implementation
In this section, we describe different aspects of our implementation of the video decoder.

3.1 Features

These are the features of the video decoder software:

• The whole video decoding is software-based working on the programmable DSP. There is no
hardware assistance of decoding. This ensures maximum flexibility.

• The decoder is completely MPEG-2 main-profile-at-main-level compliant. We have tested the
decoder thoroughly with the official MPEG-2 compliance test-streams and have verified that
the decoder is completely compliant with the specification. This ensures both the correctness
of the algorithm implementation and the quality of the output picture.

• The decoder could also handle MPEG-1 constrained parameters bit-streams (CPB).

• The decoder is xDAIS [3] compliant. We implemented all the xDAIS rules and most of the
guidelines. This ensures the decoder algorithm can be easily integrated into different
framework systems and environments. Please note that as xDAIS itself may undergo some
changes, the software will be updated to reflect these changes.

• The decoder is multichannel enabled. The decoder is reentrant and can handle several
different decoding channels simultaneously (this is subject to further testing). The decoder
can be interrupted at any place other than the software pipeline code. The interrupt latency
shall be less than 10 μs at 250 MHz.

3.2 Decoder Structure

The decoder is divided into the following modules (see Figure 2):

• VLD, which includes functions to perform variable-length decoding, run-length expansion
and dequantization

• IDCT, which includes functions to perform inverse discrete cosine transform

• Motion compensation address calculation, which includes functions to calculate the
reference blocks location and to fetch the blocks into internal memory

• Motion compensation kernel, which includes functions to calculate the prediction pixels

• Miscellaneous functions to decode header information, motion vectors, etc.

• Implementation of IALG and IRTC interfaces as required in xDAIS
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The modules are glued together with the decoder control code. The control code invokes the
functions in different modules as well as passes and receives the data.

IALG IRTC

Control code

Decode headers,
motion vectors, ...

VLD IDCT Motion Motioncompensation
address

calculation
compensation

kernel

Figure 2. MPEG-2 Video Decoder Structure

3.3 Coding Guidelines
The decoder program is a mixed C and TMS320C62x assembly language implementation. The
coding follows all the xDAIS rules. Some of them are:

• The decoder is reentrant.

• All the data references are fully relocatable. Also, all the decoder code is fully relocatable.

• All external definitions are prefixed with MPEG2VDEC or MPEG2VDEC_ti.

Please refer to the xDAIS document for a complete listing of coding rules.

3.4 Interrupt Issues
The decoder can be interrupted at any place other than the software pipelined loops. The
maximum interrupt latency is less than 10 μs at 250 MHz, as recommended in the xDAIS
guideline.

3.5 Multichannel Implementation
The decoder is reentrant and can be used in multichannel environment. The decoded
information of each channel is retained in the algorithm instance object, MPEG2VDEC_Handle.
Client or framework uses the decoder’s API (Application Programming Interfaces)
MPEG2VDEC_create to create the algorithm instance object for each decoding channel. After
that, the framework passes the instance object to the API MPEG2VDEC_apply to decode a
picture.

4 Interfacing With the Decoder
The decoder can be configured to run on its own or link to some framework systems. In the latter
case, framework can use the decoder’s APIs to interface with the decoder. In this section we will
describe the decoder APIs. Also, we will give an example framework code to illustrate the
interfacing.
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4.1 Decoder APIs

The decoder APIs include:

• MPEG2VDEC_init

Void MPEG2VDEC_init(Void);

Parameters
NULL.

Return Value
NULL.

Description
Decoder initialization. Should be the first call to the decoder.

• MPEG2VDEC_create

MPEG2VDEC_Handle MPEG2VDEC_create(

                const IMPEG2VDEC_Fxns *fxns,

                const MPEG2VDEC_Params *prms);

Parameters
Parameter Meaning

const IMPEG2VDEC_Fxns *fxns Functions table

const MPEG2VDEC_Params *prms Creation parameter

Return Value
MPEG2VDEC algorithm instance handle.

Description
Create an algorithm instance object. Call this for every decoding channel.

• MPEG2VDEC_delete

Void MPEG2VDEC_delete(MPEG2VDEC_Handle handle);

Parameters
Parameter Meaning

MPEG2VDEC_Handle handle MPEG2VDEC algorithm instance handle

Return Value
NULL.

Description
Delete an algorithm instance object. Call this after completion of a decoding channel.
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• MPEG2VDEC_exit

Void MPEG2VDEC_exit(Void);

Parameters
NULL.

Return Value
NULL.

Description
Decoder finalization.

• MPEG2VDEC_apply

Void MPEG2VDEC_apply(MPEG2VDEC_Handle handle,

                      Int *input[],Int *output[]);

Parameters
Parameter Meaning

MPEG2VDEC_Handle handle MPEG2VDEC algorithm instance handle.

Return Value
NULL.

Description
This applies the decoder to the input bit stream and outputs the result in the output buffer. The function code,
input[1], should be FUNC_START_PARA at the beginning of a video sequence and FUNC_DECODE_FRAME
afterward. The pass-in algorithm instance object identifies the decoding channel.

Int *input[1] Address of the function code, functionCode. The functionCode
could be FUNC_DECODE_FRAME or FUNC_START_PARA.

Int *input[2] Starting of external input bit-stream buffer.

Int *input[3] Address of the size of the external input bit-stream buffer.

Int *output[1] Address of the output parameter buffer.

Int *output[2] Starting of the external output frame buffer.

Others Reserve for framework specific extension.

Framework should call the API MPEG2VDEC_init to initialize the decoder. After that, framework
should call the MPEG2VDEC_create to create an algorithm instance object for each channel.
The algorithm instance object contains all the status information for each decoding channel.
Then, framework can call the MPEG2VDEC_apply to apply the decoder to the input bit stream.

4.1.1 Input Raw Data
Framework passes the MPEG-2 raw input data to the decoder through an input buffer starting at
input[2] when calling MPEG2VDEC_apply. The size of the input buffer is pointed by input[3]. The
input buffer is organized in a circular fashion. Framework is responsible for filling the buffer and
ensuring enough input data to feed the decoding of one picture. Framework can learn how much
input data the decoder has consumed by the variable ((DECODE_OUT *) (output[1])
->next_wptr ), which points to the head of the circular input buffer. The input buffer must be a
multiple of 4 bytes and aligned on a 4-byte boundary. We recommend the input buffer size to be
512 KB or more. The input buffer should reside in external memory.
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4.1.2 Output Decoded Picture

The MPEG2VDEC algorithm returns the decoded picture in the output frame buffer pointed by
output[2] at the return of MPEG2VDEC_apply. The algorithm requires keeping four output
frames, so the output frame buffer should be of size 4 x Picture_Size at the minimum, where
Picture_Size = Picture_Height x Picture_Width x 1.5. Moreover the output frame buffer has to be
aligned on a 4-byte boundary. We recommend the output buffer size to be 2440 KB, which can
handle 720x576 4:2:0 video properly.

The output picture is stored in the 4:2:0 YU12 format. When algorithm returns, the client should
check the variable ((DECODE_OUT *) (output[1]) ->outputting) to see if a decoded picture is
ready, and if so the output picture could be found at the memory location ((DECODE_OUT *)
(output[1]) ->outframe). The output picture is always in frame format. This is to avoid the
confusion in decoding interlaced video when the output picture can be in frame or field format
within the same sequence.

4.1.3 Output Parameters

The decoder returns the output parameter in output[1] at the return of MPEG2VDEC_apply. The
parameter is either the structure START_OUT at the beginning of a sequence or DECODE_OUT
afterward, as shown in Figure 3.
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/*********************************************************/

/* Output parameter at the beginning of sequence.       */

/*********************************************************/

typedef struct _START_OUT {

  Int fault;                        /* Any problem occur?    */

  Int ld_mpeg2;                     /* MPEG-2 stream?        */

  Int bit_rate;                     /* Input bit rate        */

  Int picture_rate;                 /* Output picture rate   */

  Int vertical_size;                /* Ori. pic. dimension   */

  Int horizontal_size;

  Int coded_picture_width;          /* Coded pic. dimension  */

  Int coded_picture_height;

  Int chroma_format;

  Int chrom_width;

  Int prog_seq;                     /* Progressive seq.?     */

} START_OUT;

/*********************************************************/

/* Output parameter afterward.                          */

/*********************************************************/

typedef struct _DECODE_OUT {

  Int fault;                        /* Any problem occur?    */

  Int pict_type;                    /* I, P or B-pic.       */

  Int pict_struct;

  Int next_wptr;                    /* Head of cir. input    */

  Int topfirst;

  Int end_of_seq;                   /* End of sequence?      */

  Int outputting;                   /* Output any frame?     */

  SmUns outframe;                   /* Starting of out pic. */

} DECODE_OUT;

Figure 3. Video Decoder Output Parameters
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4.2 Example Framework Code

Figure 4 shows an example framework code to illustrate the usage of the decoder’s APIs.

#define SHARE_MPEG2_RDBUF_SIZE    (128 * 1024)
unsigned int share_bsbuf_storage[SHARE_MPEG2_RDBUF_SIZE];
/* 512KB input buffer. 4-bytes alignment. */
#define MAX_PICT_SIZE             0x098800
/* 610KB. Enough for 720x576 4:2:0. */
#define NO_OF_FRAME_BUF           4
unsigned char frame_all_storage[NO_OF_FRAME_BUF * MAX_PICT_SIZE];
/* Output buffer. 4-bytes alignment. */
#define MAXPARAM                  5
int *in[MAXPARAM];
int *out[MAXPARAM];
int h_share_mpeg2_rdbuf_size = SHARE_MPEG2_RDBUF_SIZE;
int functionCode;
…
MPEG2VDEC_Handle mpeg2vdec;
/*********************************************************/
/* To do -- fill up the whole input buffer               */
/*********************************************************/
old_ptr = 0; /* head of circular buffer */
MPEG2VDEC_init();
mpeg2vdec = MPEG2VDEC_create(&MPEG2VDEC_TI_IMPEG2VDEC, NULL);
in[1] = &functionCode;                   out[1] = (int *) &out_para[0];
in[2] = (int *) &share_bsbuf_storage[0]; out[2] = (int *) &frame_all_storage[0];
in[3] = &h_share_mpeg2_rdbuf_size;
functionCode = FUNC_START_PARA;
MPEG2VDEC_apply(mpeg2vdec, in, out);          /* decode sequence header */
while (! (decode_out-> end_of_seq) ){         /* not end of sequence    */
  functionCode = FUNC_DECODE_FRAME;
  MPEG2VDEC_apply(mpeg2vdec, in, out);        /* decode one picture     */
  decode_out = (DECODE_OUT *)(out[1]);
  if (decode_out-> outputting) {
    /**********************************************/
    /* To do -- output the frame                  */
    /* starting at location decode_out-> outframe */
    /**********************************************/
  }
  /*************************************************/
  /* To do -- fill the input buffer between        */
  /* old_ptr and decode_out->next_wptr from source */
  /*************************************************/
  old_ptr = decode_out->next_wptr;
} /* while */
MPEG2VDEC_delete(mpeg2vdec);
MPEG2VDEC_exit();
/* End of program */

Figure 4. An Example Framework to Interface the Video Decoder
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5 Running the Program
This section describes the procedure to build and run the video decoder.

5.1 Build Procedure

To build the code:

1. Compile and assemble individual files with

cl6x –@cl.cmd

or use the Code Composer Studio™ (CCS) project file Mpg2vdec.mak.

2. Create the decoder library Mpeg2vdec_ti.lib with

ar6x @ar.cmd

3. Link the decoder library with the target system.

The code directories contain all the files to compile, assemble, and link the decoder. The CCS
project file Mpg2vdec.mak compiles and assembles all the source files, and links them with the
linker file Mpg2vdec.cmd to produce an example stand alone executable Mpg2vdec.out. The
executable Mpg2vdec.out can be loaded into the DSP and tested with the Windows™ GUI
interface program. The object files can also be packaged into the decoder library
Mpeg2vdec_ti.lib using the ar6x command and linked to the target system by following the
above steps.

5.2 Run the Program

To run the example executable:

1. Load and start the DSP executable Mpg2vdec.out using CCS or evm6xldr.

2. Start the Windows GUI interface program Mplay.exe.

3. In the Mplay.exe program, select File –> Open, and choose an MPEG-2 video file.

4. In the Mplay.exe program, select Control –> Play to start decoding.

If you have Microsoft™ DirectDraw™ software package on your computer, then you would be
able to see the decoded video.

5.3 Test and Validation

We have tested the decoder thoroughly with the official MPEG-2 compliance test streams and
have verified that the decoder is completely compliant with the requirements. This ensures both
the correctness of the algorithm implementation and the quality of the output picture.

Code Composer Studio is a trademark of Texas Instruments.
Windows, Microsoft, and DirectDraw are registered trademarks of Microsoft Corporation.
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6 Memory Requirements and Performance
The section reports the memory requirements and performance of the decoder.

Table 1 lists all data and program memory requirements.

Table 1. Memory Requirements of the Decoder

Internal Memory External Memory

Data Memory
Heap data memory
Stack space data memory
Static data memory

Total

7552 (7.4 KB)
16384 (16 KB)
10616 (10.4 KB)
34552 (33.8 KB)

3022848 (2952 KB)

3022848 (2952 KB)

Program Memory
Total 65504 (64 KB) 26432 (26 KB)

The external memory includes the input bit-stream buffer and the output frame buffers. They are
allocated by framework and passed to the decoder as arguments of API MPEG2VDEC_apply.

We have benchmarked the video decoder with several MPEG-2 video streams. The results are
shown in Table 2. The decoder software was benchmarked on a C6201 DSP with internal
memory configured as mapped mode (cache disabled). The performance was interpreted by the
cycle count measured in CCS. Please contact Texas Instruments for the latest performance
information.

Table 2. Performance of the Decoder

Test Stream Information Format
Bit-rate
(Mbps)

Numbers
of picture

Performance
(MHz)

Public domain
MPEG-2 stream

Mobl_080.m2v. Available
from http://www.mpeg.org.

704x576
x25fps

7.629 375 Av.
Max.

214
239

DVD test stream #1 Vts_05_1.vob in Panasonic
DVD Demonstration Disc.

720x480
x30fps

9.346 10000 Av.
Max.

204
255

DVD test stream #2 Vts_40_1.vob in Philips
DVD Demonstration Disc.

720x576
x25fps

9.346 1000 Av.
Max.

190
220

MPEG-2
compliance test
stream

Bitstream gi_9.m2v in
MPEG-2 test suite.

720x480
x30fps

14.305 16 Av.
Max.

261
267
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Datasheet: MAP-CA DSP MPEG-4 Video Decoder
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Copyright © 2001 Equator Technologies, Inc.

Equator makes no warranty for the use of its products, assumes no responsibility for any errors
which may appear in this document, and makes no commitment to update the information
contained herein. Equator reserves the right to change or discontinue this product at any time,
without notice. There are no express or implied licenses granted hereunder to design or
fabricate any integrated circuits based on information in this document.

The following are trademarks of Equator Technologies, Inc., and may be used to identify
Equator products only: Equator, MAP, MAP1000, MAP1000A, MAP-CA, MAP Series,
Broadband Signal Processor, BSP, FIRtree, DataStreamer, iMMediaC, iMMediaTools, Media
Intrinsics, VersaPort, SofTV, StingRay, Equator Around, and the Equator Around logo. Other
product and company names contained herein may be trademarks of their respective owners.

The MAP-CA digital signal processor was jointly developed by Equator Technologies, Inc.,
and Hitachi, Ltd.
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MAP-CA DSP MPEG-4 video decoder at a glance

The Equator Technologies, Inc. MAP-CA DSP MPEG-4 Decoder Media Library Reference Source
Code Software Package provides an example implementation of MPEG-4 video image decoding on the
MAP-CA digital signal processor. This software can be used by developers as a reference for creating
their own MPEG-4 decoders for the MAP-CA DSP.

Features
The MAP-CA DSP MPEG-4 video decoder provides a number of important features for software
developers:

• implementation as a well-documented set of C source code modules that utilize MAP-CA DSP
Media Intrinsics C extensions

• inclusion of highly optimized, re-usable software modules, designed to allow users of the
MAP-CA DSP to quickly adopt these modules to their own code base

• examples of efficient and parallel use of resources on the MAP-CA DSP, including
• DataStreamer DMA controller
• VLx coprocessor
• Media Intrinsics C extensions
• data cache and instruction cache

Benefits
The MAP-CA DSP MPEG-4 video decoder provides easily adaptable software modules for software
developers.  The benefits include

• substantial savings in development costs
• greatly improved time to market

Performance
The MAP-CA DSP MPEG-4 Decoder Media Library Reference Source Code is intended to provide a
basis for customer development of MPEG-4 decoder software, and has not yet been fully optimized for
performance, nor does it contain comprehensive error handling or other production-level code routines.
As such, it does not demonstrate the full potential performance of optimized code running on the
MAP-CA DSP. 

The MAP-CA DSP is capable of decoding two Simple Profile at Simple Level (SP@SL) MPEG-4 video
streams in real time, with sufficient cycles left to perform other tasks, such as the audio and system
decoding.
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Processor support
The MAP-CA DSP MPEG-4 Decoder Media Library Reference Source Code Software Package fully
supports the MAP-CA digital signal processor.

Development platform support
The MAP-CA DSP MPEG-4 Decoder Media Library Reference Source Code Software Package fully
supports the Shark series of evaluation and development platforms from Equator Technologies.

Functionality
The MAP-CA DSP MPEG-4 video decoder passes all MPEG-4 standard conformance streams. This
decoder supports 4:2:0 coded video format and Simple Profile at Simple Level (SP@SL) video streams.
The decoder performs DC prediction and AC prediction. The current version of this decoder does not
support error checking.

Ordering information
To order the MAP-CA DSP MPEG-4 Decoder Media Library Reference Source Code Software
Package, use part number 098-0208-10.

For more information, contact your nearest Equator sale office:
Corporate Headquarters Japan
Equator Technologies, Inc. Equator Japan KK
1300 White Oaks Road Harmony Wing 5F
Campbell, CA 95008 1-32-4 Hon-cho, Nakano-ku
Phone: (408) 369-5200 Tokyo, Japan 164-0012
FAX: (408) 371-9106 Phone + 81-3-5354-7530
Email: info@equator.com FAX: +81-3-5354-7540
URL: http://www.equator.com Email: info@equator.com

Western North America Europe
Equator Technologies, Inc. Equator Europe
19782 MacArthur Blvd, Suite 210 Les Algorithmes
Irvine, California 92612 Batiment Aristote A 06410 Biot 2000 Route Des Lucioles
Phone: (949) 260-0974 Sophia Antipolis, France
FAX: (949) 263-0926 Phone: +33 (0) 492944716
Email: info@equator.com FAX: +33 (0) 492944717

Email: info@equator.com
Eastern North America
Equator Technologies, Inc.
571 West Lake Avenue, Suite 12
Bay Head, New Jersey 08742
Phone: (732) 892-5221
FAX: (732) 892-5234
Email: info@equator.com

To locate your local Equator sales office, or for further information, go to  http://www.equator.com
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Type style conventions

With the exception of section and subsection headings, the formatting of text in this document follows
the following conventions:

Normal descriptive text is presented in Times New Roman font.

Italicized Times New Roman text is used for document titles.

Underlined Times New Roman text is used for emphasis in normal descriptive text.

Any input or output text for any computer program is presented in Courier New font. This includes
source code, command-line text, and program output.

Italicized Courier New text is used for any portion of a path, including individual file
names.

Bold Courier New text is used for any placeholder for a set of text input or output items for a
program.
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Chapter 1 Overview of the MAP-CA DSP

The MAP-CA digital signal processor is a high-performance, fully programmable processor developed
for various multimedia applications that require real-time processing of video, audio, and image data.
The MAP-CA DSP is capable of executing up to 30 billion operations per second on 8-bit data. The
MAP-CA DSP also integrates several peripheral devices on the chip, such as input and output ports for
real-time video and audio data.

1.1 VLIW core CPU
Much of the computational power of the MAP-CA DSP comes from its VLIW (very long instruction
word) core central processing unit. In addition to offering high performance on intensive numeric and
multi-dimensional matrix operations found in video and signal processing applications, the VLIW core
CPU offers a high level of programmability and supports serial and irregular code found in control and
data-driven functions. This joint ability to handle serial processing as well as parallel processing avoids
the need for a separate host processor for control functions, thus making the MAP-CA DSP a
cost-effective solution for consumer and embedded systems.
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The VLIW core architecture is a fusion of general-purpose microprocessor and DSP paradigms. Like
most modern RISC microprocessors, the VLIW core uses a traditional load/store architecture so that all
operations are performed on the data available in the registers. Also integrated on the chip are a
32-kilobyte, 4-way set-associative data cache with true least-recently-used (LRU) cache replacement
policy; a 32-kilobyte, 2-way set-associative instruction cache; and full virtual memory support with
multiple translation look-aside buffers (TLB). On the other hand, like most modern DSPs, the VLIW
core supports a wide array of partitioned and application-specific operations, which can be very efficient
when used to operate on multimedia data such as image bitmaps and audio samples.

The MAP-CA DSP’s VLIW core consists of two execution clusters, as shown above. Each cluster
contains an integer arithmetic and logic unit (I-ALU), an integer and graphics arithmetic and logic unit
(IG-ALU), a register file consisting of thirty-two general purpose 64-bit registers, and a set of predicate
and special registers. The I-ALU and IG-ALU on a cluster operate concurrently and independently of
one other. They are controlled by separate opcode fields in the instruction word but share a register file
and program counter.

The I-ALU executes 32-bit integer arithmetic operations, 32- and 64-bit load and store operations, and
branch operations. This unit is primarily used for memory accesses, program flow control, and address
calculations. The IG-ALU has a 64-bit adder and shifter, which can be partitioned into 8, 16, 32, or 64
bits for SIMD (single instruction, multiple data) operations. For example, a byte-wise partitioned
subtract operation performs eight subtractions, each on an 8-bit partition. In other words, when a
partitioned operation is executed, the same base operation (e.g., addition or subtraction) is applied to
each partition independently. We thus get eight 8-bit results packed into a 64-bit value for byte-wise
partitioned operations. 

The IG-ALU is also capable of performing 128-bit integer MAD (mean absolute difference) operations
as well as 128-bit vector sum operations. This allows the sum of absolute differences and inner product
operations to each be computed with a single instruction, greatly improving the performance of video
compression and decompression applications. One IG-ALU can execute eight 16-bit fixed-point MAD
operations each cycle. 

1.1.1 Pipelining of VLIW core instructions
Because of the way the execution stages are pipelined in the hardware, each execution unit is capable of
independently issuing one instruction per cycle. Most integer instructions take only one cycle to
complete, but partitioned instructions take multiple cycles for the result to become available and be
written to the destination register. However, since a new instruction can be issued on every cycle, even

Register File

I-ALU IG-ALU
PLC

PLV

Cluster 0

Register File

I-ALU IG-ALU
PLC

PLV

Cluster 1

Figure 1-2: Simplified block diagram of two execution clusters in the MAP-CA DSP
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though the one previously issued has not been completed, the effective number of execution cycles per
pipelined instruction can always be one.

1.1.2 Register files
The register file on each cluster consists of thirty-two 64-bit general-purpose registers. Since the I-ALU
and IG-ALU on each cluster are connected to the same register file, each register can be accessed as a
single 64-bit quantity or a pair of 32-bit quantities. This unique feature is very useful in transposing a
2-dimensional matrix, as discussed in later sections.

1.2 Video and graphics coprocessors
The MAP-CA DSP integrates on-chip coprocessors to remove from the VLIW core tasks that do not
make efficient use of the VLIW core’s wide data path. One such coprocessor on the MAP-CA DSP is
the Variable Length Encoder/Decoder (VLx), a 16-bit microprocessor specifically designed for
variable-length decoding and encoding. The Video Filter (VF) is a coprocessor integrated on the
MAP-CA DSP to handle the scaling of images at the pixel clock rate. 

1.2.1 Variable Length Encoder/Decoder (VLx)
The Variable Length Encoder/Decoder (VLx) is a 16-bit RISC microprocessor, with an instruction set
optimized for bit-serial processing. The VLx’s dedicated RAM (VLmem) consists of two 2-kilobyte
banks for data and a 4-kilobyte bank for instructions.

The primary use of the VLx is the decoding and encoding of variable-length codes (VLCs). The
bit-serial nature of the coded data and data dependencies in the control flow of video coding algorithms
do not make efficient use of the highly parallel VLIW core. Such algorithms can be implemented more
efficiently on serial processors like the VLx, which runs concurrently with the VLIW core. By using the
VLx for sequential bit-parsing algorithms, the VLIW core is free to process more computationally
intensive parallel code.

1.2.2 Video Filter (VF)
The Video Filter (VF) can scale an image to an arbitrary size using a separable convolution filter with
five horizontal and three vertical taps. The VF can take images in YUV color format with 4:2:0 or 4:2:2
chroma sampling and produce output images with 4:4:4 chroma sampling to the Display Refresh
Controller.

1.3 DataStreamer DMA controller
In several signal and image processing algorithms, the same sequence of operations is repeatedly
performed on subsets of a large set of data. The access pattern of the data is typically sequential and
known beforehand. Although most processors with cache memory allow a small subset of the data to be
brought into the cache, this scheme does not fit well in signal and image processing algorithms. In the
cache memory architecture, copying of the data from external memory to cache memory is initiated only
after the data are found to not exist in the cache memory (cache miss). It takes several cycles to copy the
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data from memory to cache, and during this time the processor is usually idle and cannot execute other
instructions. In other words, on cache-based architectures, the data transfer from external memory to the
cache does not overlap with data processing.

Since data access patterns are often regular and well known beforehand, many DSPs have employed a
DMA (direct memory access) engine that can transfer a data set between external memory and the cache
in parallel with the processing of a previous data set. For example, the Texas Instruments TMS320C80
contains the Transfer Controller, which can transfer data without the processor’s intervention. Only the
transfer parameters — such as the starting address and the byte to transfer — are set up by the processor
at the beginning of the processing of a data set; once the Transfer Controller starts transferring the data,
the processor is not involved in individual data transfers.

One of the disadvantages of this sort of DMA engine is that the on-chip memory must have a separate
address space from the external memory, because the source and destination addresses specified by the
transfer parameters must be unique. This necessitates that the on-chip memory be used only as a
scratchpad memory rather than as cache memory.

The MAP-CA DSP provides the best characteristics of both approaches with the DataStreamer DMA
controller, a sophisticated 64-channel DMA controller with 8 kilobytes of dedicated on-chip buffer
memory. All 64 channels can be allocated at the same time; the DataStreamer DMA controller uses a
priority-based scheme to schedule which channel will be active at any given time. In contrast with
previous solutions using DMA engines, cache memory does not need to have a separate address space. 

A DataStreamer DMA controller transfer is specified as a memory-to-memory copy, with the cache
coherency mode specifying different types of transfer. If the source address is specified to be coherent
and the destination address is specified to be non-coherent, then data will be read from the cache
(assuming the data is already in the cache) and data will be written directly to external memory.
Similarly, if the source address is non-coherent and the destination address is coherent, then data will be
read directly from external memory and written to the cache. See the figure below for an illustration of
the latter example.

Each memory-to-memory transfer requires two channels: one source channel and one destination
channel. A buffer allocated from the 8-kilobyte buffer memory is used to hold the data temporarily
between the source and destination channels. The source and destination channels, along with the buffer,
constitute a data flow called a ‘path’. For transfers to or from an I/O device, only one channel is
specified, since the other channel is connected directly to the I/O device.

The transfer parameters — such as the starting address and the transfer size — are specified in a data
structure called a ‘descriptor’. The descriptors are allocated in memory; the DataStreamer DMA
controller reads one descriptor at a time as it transfers data. Multiple descriptors can be chained, one
pointing to another, so that transfers of data from disjoint memory locations or with different geometry
can be performed without interrupting the VLIW core.
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Unmodified C code will run through the normal cache mechanism.

Figure 1-3: Transferring data from memory to the data cache using the DataStreamer DMA controller

1.4 I/O devices
The MAP-CA DSP integrates several I/O devices, including the Transport Channel Interface (TCI) to
receive MPEG transport or program streams, a PCI bus interface for connection to another MAP-CA
DSP or host system, and an I2C bus interface. For the display of images on a monitor, the MAP-CA DSP
also has a Display Refresh Controller (DRC) that can accept image data in various formats and can
multiplex between multiple image streams. The display timing is completely programmable in the DRC,
supporting a range from interlaced NTSC scans to high-resolution progressive scans with up to
1280×1024 pixels. The output from the DRC can be sent to the internal DAC (digital-to-analog
converter) for display on a high-resolution PC monitor or to an external NTSC encoder chip for display
on an NTSC monitor.

1.5 Pipelined nature of decoding on the MAP-CA DSP
The VLIW core, coprocessors, DataStreamer DMA controller, and Display Refresh Controller operate
in a pipelined fashion. For example, while the VLx coprocessor is decoding a macroblock, the VLIW
core can be processing the previous macroblock. Also, while the Display Refresh Controller is scanning
out a frame, the VLx and VLIW core can be decoding the next frame.
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Chapter 2 MPEG-4 video decoder 

2.1 Overview of the MAP-CA DSP MPEG-4 video decoder
MPEG-4 decoding on the MAP-CA DSP utilizes several functional blocks in parallel. First, the
variable-length codes (VLCs) in the input bitstream are decoded by the VLx coprocessor. The decoded
information is then passed to the VLIW core, which performs the pixel-processing operations — such as
the inverse quantisation, inverse discrete cosine transform (IDCT), and half-pel interpolation — to
reconstruct the coded picture. The reconstructed picture can be displayed on an NTSC monitor by the
Display Refresh Controller (DRC) and an external NTSC encoder chip. Data transfers between the VLx,
the VLIW core, the DRC, and memory are handled by the DataStreamer DMA controller so that the
processing units do not wait for data to arrive from memory.

2.1.1 Variable length decoding

Figure 2-1: Transferring DCT coefficient blocks from the VLx to the VLIW core

The input bitstream arrives at the VLx via a DataStreamer DMA controller buffer. For a standalone
configuration, the entire input bitstream is usually loaded into the memory by the host PC. In this case,
the starting address is set to the beginning location of the bitstream in the memory, and the transfer size
is set to the size of the bitstream. The DataStreamer DMA controller can loop the descriptor, so the
bitstream can be repeated indefinitely if desired. For a streaming configuration where a small portion at
a time of the input bitstream is passed from the host PC or TCI, the transfer descriptors specify a set of
circular buffers in memory.

The VLx receives data from the DataStreamer DMA controller through the GetBits engine (GB). The
VLx can request an arbitrary number of bits (up to 16) from the GetBits engine, which supplies the data
from its 112-bit input buffer. When the GetBits engine runs out of bits, it reads the next 32 bits of data
from the DataStreamer DMA controller buffer.
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The VLx has three stages of processing and uses a dedicated region in its coprocessor memory to store
the data in each stage. The first stage decodes all of the header symbols. The decoded information is
stored in the header information buffer. The VLx then decodes the macroblock symbols and stores them
into a macroblock information buffer. The third stage produces DCT coefficients in 8×8 matrix form.

Each macroblock in the MPEG-4 bitstream can contain up to six 8×8 blocks of DCT coefficients. The
VLIW core allocates four circular buffers in the data cache to receive the DCT coefficients from the
VLx, as shown in the figure above. The DataStreamer DMA controller source channel reads one
macroblock of data from one of two buffers in the coprocessor memory and the destination channel
stores them to one of four buffers in the data cache. After the transfer of a macroblock is complete, the
source and destination channels advance to their next buffer, waiting for a command from VLx to
transfer the next macroblock.

The transfer of macroblocks from the coprocessor memory to the data cache is done while the VLIW
core is processing the previous macroblock. During the transfer, the VLIW core does not need to check
for the arrival of each and every block. When the VLIW core is ready to process the next macroblock, it
checks to see if all of the blocks from a macroblock have been transferred.

2.1.2 VLIW core processing
The VLIW core performs all of the pixel-processing operations. Using the header and macroblock
information and the DCT coefficients from VLx, the VLIW core performs the inverse quantisation,
inverse DCT, motion compensation, half-pixel interpolation, and pixel additions. The VLIW core also
uses the DataStreamer DMA controller to load the pixel data from the reference pictures and to store the
reconstructed picture.

2.1.2.1  Data flow

Figure 2-2: Data flow paths in VLIW core processing.

The VLIW core operates on a macroblock unit; this means that a complete set of operations is
performed on a macroblock before the next macroblock is processed. There are two paths of data flow in
the VLIW core, as shown above. The first path involves the inverse quantisation followed by the inverse
DCT. This path produces six 8×8 arrays of 16-bit values, representing the reconstructed macroblock of
the motion-compensated residual values. The second path performs motion compensation on the
macroblock of reference pictures using the half-pel motion vectors decoded by VLx. This path also
involves half-pel interpolation and bidirectional interpolation on previous and future reference
macroblocks. The results from the two paths are then combined in the pixel addition stage, producing
the reconstructed pixels of a macroblock.
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2.1.2.2  Instruction cache management
The MAP-CA DSP MPEG-4 video decoder software has been designed to maximize performance by
minimizing instruction cache misses during execution. The MAP-CA DSP MPEG-4 video decoder has
been designed to break up the decoding algorithm along frame processing lines, using separate software
routines for decoding each type of frame picture: I, P, and B. The routines for these frame types are
designed so that each routine can fit into the 32K instruction cache. Alignment of functions is forced to
16K to ensure that the instruction cache is fully utilized.

Instruction cache misses are further reduced through the use of inline expansion of functions. Inlining
can increase program performance by removing function call overhead and revealing additional
opportunities for parallel scheduling of operations and other optimizations. All of the function calls
inside the frame processing routines are inlined. 

2.1.2.3  Data cache management
The MAP-CA DSP MPEG-4 video decoder software has been designed to maximize performance by
minimizing data cache misses during execution. This is accomplished through the use of a specially
designed C language structure, DCACHE_MAP, that contains a linear map of all locally used memory.
This structure allows the MAP-CA DSP MPEG-4 video decoder to use no global variables; all of the
shared variables used in the program are contained in the DCACHE_MAP structure.

2.1.3 Video display

Figure 2-3: Data flow in displaying an image frame to an NTSC monitor through the DRC

The MAP-CA DSP MPEG-4 video decoder supports 4:2:0 coded video output.

An image frame to be displayed on a screen is transferred from the memory to the Display Refresh
Controller (DRC) via the DataStreamer DMA controller, as shown above. Since the destination of the
DataStreamer DMA controller transfer is an I/O device, only the source channel needs to be set up for
this path. When the output device is an interlaced NTSC monitor, the source channel descriptor must be
set up to read the scan lines in an interlaced order: all of the active scan lines in the first field are
transferred first, followed by all of the active scan lines in the second field. The DRC generates the
horizontal and vertical timing information and sends the formatted digital video data conforming to the
ITU-R BT.656 standard to an external NTSC encoder chip.

It is also possible for the DRC to route the pixel data to an integrated digital-to-analog converter (DAC)
on the MAP-CA DSP for display on a PC monitor. Only the progressive-scan timings are supported in
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this mode. The Video Filter can be used to do the necessary conversion from the interlaced source image
to a progressive format.

2.1.4 Synchronization
For the correct display of images, a new frame should be displayed only after the all of the scan lines in
the current frame have been scanned out. A frame is read from the output buffer to the DRC via a
DataStreamer DMA controller buffer. Associated with this buffer is a source channel descriptor that
gives the starting address and size of the frame to be transferred. The starting address of a frame is read
only at the beginning of the transfer of the frame. Therefore, as long as the transfer of a frame has
begun, the starting address of the associated source channel descriptor can be changed without affecting
the transfer of that frame. Before queuing a new frame, the core checks to see that the transfer of the
previous frame has begun. If the transfer of the previous frame has already begun, the starting address of
the source channel descriptor is modified to point to the next frame to be scanned out. This descriptor
chains to itself (loops) at the end of the transfer of a frame to begin the transfer of the next frame — the
one now pointed to by the new starting address. This scheme ensures that the transfer of a frame to the
DRC will be completed before the transfer of the next frame begins, preventing a frame from being
prematurely overwritten on the display by a new frame.

It is also necessary to synchronize decoding of frames in the VLIW core with the display. As the
DataStreamer DMA controller is passing data from one output buffer to the DRC, the VLIW core is
writing data to the other output buffer. Since the MAP-CA DSP MPEG-4 video decoder can decode a
frame faster than real-time, it is necessary to synchronize decoding of frames in the VLIW core with the
display to prevent the output buffer for the frame currently being scanned out from being overwritten by
a new frame. The code running on the VLIW core incorporates a mechanism for waiting for the
previous frame to be completely scanned out before the VLIW overwrites the output buffer from which
that frame was read. A wait function checks for the current transfer address in the DataStreamer DMA
controller; before starting to decode a new frame, the VLIW core calls this function to make sure that
the buffer it will decode into is not currently being displayed. If the buffer is currently being displayed,
the function will not return until the all of the lines in the frame have been scanned out.

2.2 Current implementation limitations
The current version of the MAP-CA DSP MPEG-4 video decoder passes all MPEG-4 standard
conformance streams. This decoder supports 4:2:0 coded video format and Simple Profile at Simple
Level. This includes AC prediction and short and long headers.

The current version of this decoder does not support error checking and does not function under the beta
version of the VxWorks operating system.

2.3 Example bitstreams and sample application
The MPEG-4 video decoder library is shipped with example bitstreams and a sample application ready
to run — once built from the source code — on any MAP-CA DSP platform. 
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2.4 Accuracy
In order to achieve consistent picture quality across different decoder implementations and
technologies, the MPEG-4 standard uses the IEEE standard specification 1180-1990 to limit the
inaccuracy of the IDCT outputs.

The MAP-CA DSP MPEG-4 video decoder IDCT implementation meets the IEEE specification in all
tests. The overall mean error and mean square error are -0.00007 and 0.00816, respectively. The
allowable limits are 0.0015 and 0.02, respectively. The largest mean error and mean square error in any
of the 8×8 locations are 0.0029 and 0.0098, respectively, well within the allowed values of 0.015 and
0.06, respectively. The peak error at any of the 64 locations is one in magnitude, also meeting the
specification.

2.5 Performance
The MAP-CA DSP is capable of decoding two Simple Profile at Simple Level (SP@SL) MPEG-4 video
streams in real time, with sufficient cycles left to perform other tasks, such as the audio and system
decoding.

2.5.1 I-frame performance
The first I-frame of the coastguard.m4v bitstream (included with the MAP-CA DSP MPEG-4
video decoder) was processed for this performance evaluation. The following table presents cycles
needed for each sub-algorithm to process the frame:

The “Miscellaneous” row of this table encompasses all tasks not specifically mentioned in the
sub-algorithm performance breakdown (e.g., waiting for data from the VLx).

IntraDCpred 203,515 cycles

IntraACpred 231,332 cycles

UpdateIntraACpred 154,662 cycles

Iquant 394,667 cycles

idct 255,886 cycles

PixelAddI 158,351 cycles

OutputData 73,017 cycles

PadBorder 18,342 cycles

Miscellaneous 1,631,111 cycles

Total 3,120,883 cycles
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2.5.2 P-frame performance
Of the first 40 frames of the coastguard.m4v bitstream, the largest P-frame (the 27th frame overall,
the 26th P-frame) was processed for this performance evaluation. The following table presents cycles
needed for each sub-algorithm to process the frame:

The “Miscellaneous” row of this table encompasses all tasks not specifically mentioned in the
sub-algorithm performance breakdown (e.g., waiting for data from the VLx).

The MAP-CA DSP is capable of decoding two Simple Profile at Simple Level (SP@SL) MPEG-4 video
streams in real time, with sufficient cycles left to perform other tasks, such as the audio and system
decoding.

ProcSkippedP not needed for this frame

PadBorder not needed for this frame

ComputeMV 87,760

LoadRefP 94,602

UpdateIntraACpred 304,503

IntraDCpred not needed for this frame

IntraACpred not needed for this frame

Iquant 334,587

idct 234,128

InterpP 166,146

PixelAddP 219,146

PixelAddI not needed for this frame

OutputData 64,373

PadBorder 15,958

Miscellaneous 1,382,952

Total 2,904,155
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2.6 MPEG-4 video decoder API
The MAP-CA DSP MPEG-4 video decoder is written with an application program interface (API) that aids in the
management of caches and buffers, the setting up of the DataStreamer DMA controller and VLx, initialization of
data items, and various other low-level tasks.
The MAP-CA DSP MPEG-4 video decoder API uses the Mpeg4VdecStatus structure to communicate
between API elements. The pointers frameJustDecoded, frameToQueueForDisplay,
frameToDecode, frameToDecodeIntoNext point to the internal frame buffers of the decoder and are
rotated with the API calls. The dcachePtr points to the structure containing all local memory references. The
decodeValid field is set if the decoder determines a new picture exists in the stream. The frame_no field is
the frame number of the frame to be decoded next. The result field is reserved for error flags.

typedef struct
{
unsigned char *frameJustDecoded;
unsigned char *frameToQueueForDisplay;
unsigned char *frameToDecode;
unsigned char *frameToDecodeIntoNext;
//    unsigned char *BframeToDecodeIntoNext;    // For PB-mode
//    unsigned char *BframeToQueueForDisplay;   // For PB-mode display
void          *dcachePtr;
int           decodeValid;
int           pb_mode;
int           frame_no;
SCODE         result;
} MPEG4VdecStatus; 

void
MPEG4VideoDecodeOpen(
    void * bitstreamAddr,
    unsigned int bitstreamNumFrames,
    unsigned int bitstreamLength,
    MPEG4VdecStatus *mpeg4VdecStatus);

This call does the following.
1. Initializes the data cache pointer to allow for data cache management.
2. Initializes the frame buffer pointers for the double buffering of the input and output frame buffers.
3. Initializes various arrays, tables, and data values.
4. Sets up the DataStreamer DMA controller.
5. Sets up the GetBits data for the VLx.
6. Loads and starts the VLx program.
7. Initializes the Mpeg4VdecStatus structure.

void
MPEG4VideoDecodeFrame(MPEG4VdecStatus *mpeg4VdecStatus);

This call does the following.
1. Decodes an I, P, or B frame based on the next picture header in the bitstream.
2. Outputs the decoded frame into a frame buffer in SDRAM.
3. Rotates the output frame buffer’s pointer.
4. Modifies Mpeg4VdecStatus appropriately.
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ABSTRACT 
This paper presents a low-power, 32-bit RISC micro- 

processor with a 64-bit “single-instruction multiple-data” 
multimedia coprocessor, V830R/AV, and its MPEG-2 video 
decoding performance. This coprocessor basically performs 
multimedia-oriented four 16-bit operations every clock, 
such as multiply-accumulate with symmetric rounding and 
saturation, and accelerates computationally intensive proce- 
dures of the video decoding; an 8 x 8 IDCT is performed in 
201 clocks. The processor employs the Concurrent Rambus 
DRAM interface, and facilities for controlling cache behav- 
iors explicitly by software to speed up enormous memory 
accesses necessary to motion compensation. The 200-MHz 
V830R/AV processor with the 600-Mbytekec. Concurrent 
Rambus DRAMS decodes MPEG-2 MP@ML video in real- 
time (30 framedsec.). 

1. INTRODUCTION 

Multimedia signal processing, such as compression and 
decompression of voice, audio and video, is indispensable 
in consumer electronic products such as video games, digital 
video disc players and set-top boxes, as well as personal 
computers and workstations. Multimedia signal processing 
is so demanding that it is necessary to incorporate application 
specific ICs or digital signal processors (DSPs) in addition 
to a main general-purpose processor. 

In progress of processor technology, there is a strong 
requirement to implement multimedia equipment using soft- 
ware on a general-purpose processor. These systems could 
be easily compliant to multiple standards by software up- 
grades. Moreover, it is quite advantageous in system size, 
power and cost to implement systems’ multimedia capability 
in software without additional signal processing hardware. 

Some high-end processors for personal computers and 
workstations have introduced multimedia-oriented execu- 
tion units and associated instructions [ 1, 21. These pro- 
cessors have already attained sufficient signal processing 

performance to decode MPEG-2 main profile at main level 
(MP@ML) bitstreams in real-time [3, 41. It was not the 
case, however, in inexpensive consumer electronic products, 
because low-cost, embedded processors have not introduced 
multimedia-oriented facilities so aggressively. 

For software signal processing in low-cost, low-power 
systems, a low-power, embedded RISC processor with a 
64-bit multimedia coprocessor, named V830R/AV, has been 
developed. This processor provides high signal process- 
ing performance up to 1.6 GOPS by “single-instruction 
multiple-data (S1MD)-type” parallel operations and a fast 
600-Mbyte/sec, Concurrent Rambus DRAM interface. 

In this paper, the V83OWAV processor architecture 
is described first. Next, the processor’s signal processing 
performance is evaluated taking an MPEG-2 video decoding 
as an example. 

2. PROCESSOR ARCHITECTURE 

The V83ORlAV processor is a new member in the 
NEC’s V800 embedded RISC family [5].  This processor is 
designed to support real-time signal processing of broadcast- 
quality video. It integrates a 64-bit multimedia coprocessor, 
the Concurrent Rambus interface, and 16-Kbyte, 4-way, 
set-associative instruction and data caches, with the V830- 
compatible integer execution pipeline (Figure 1). The 
integer execution pipeline integrates a 1-clock throughput 
32-bit integedfixed-point multiply-accumulator for high- 
precision signal processing such as audio encoding and 
decoding [6]. 

The processor can issue two instructions simultaneously 
when the current and the next instructions can be issued to 
multimedia and integer execution units, respectively. This 
asymmetric two-way superscalar capability makes maxi- 
mum use of both execution units, while simplifying an 
instruction decoder. 

The V830R/AV processor is fabricated in a 0.25pm, 4- 
level metal layer CMOS technology, resulting in 3.9 million 
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Figure 1: Processor Core Block Diagram. 

- l o 1  

transistors. The processor core clock frequency is 200 MHz 
at 2.5V power supply. It dissipates less than 2.0 W. 

Pack 
Interleave 

2.1. Multimedia Coprocessor 

The multimedia coprocessor performs SIMD parallel op- 
erations on eight 8-bit, four 16-bit and two 32-bit packed 
data in thirty-two 64-bit multimedia registers. This large 
multimedia register file eliminates instructions for saving 
or restoring intermediate results. The coprocessor mainly 
supports four 16-bit data type, which is sufficient preci- 
sion for video applications. Table 1 shows the multimedia 
instruction set supported by the coprocessor, called MIX2 
(Multimedia Instruction extension 2). The multimedia ex- 
ecution unit is fully pipelined, and has 1-clock throughput 
and fixed 4-clock latency for simplicity in both the chip 
design and software programming. 

0 0  
0 0 0  

2.2. Cache Management 

In embedded processors, which cannot afford large multi- 
level caches, cache misses impose heavy penalties on their 
performance. To make matters worse, caching strategy is 
not very effective on multimedia data, which usually have 
very large working set and less temporal locality. Therefore, 
this processor incorporates mechanisms to control cache be- 
haviors explicitly by software according to memory access 

Logical Lq7 
Logical Right 
Arithmetic Rigkt 

0 0 0  
0 0 0  
0 0 0  

Absolute Dilference 
Shiji and Add 

0 
0 

characteristics of multimedia applications, in addition to 
general automatic mechanisms to reduce m i s s  penalties. 

For efficient software execution, it is necessary to reduce 
both cache miss  counts and m i s s  penalties per cache miss. 
First, to reduce cache miss counts, the instruction and data 
caches have a “freeze” attribute bit in each 64-byte cache 
line to suppress cache line replacements. When this bit is 
set, the current data reside in the cache line; the data stored 
in a “frozen” line is accessible without a cache miss .  

Second, to reduce apparent penalties per cache miss, 
this processor employs a non-blocking data cache which 
allows one pending miss. The processor deals with a data 
cache m i s s  in parallel to instruction execution, when there 
is a enough time between a load instruction which caused 
the miss and an instruction which refers to the load result. 

specified data to the data cache prior to load instructions. 
This instruction further increases the possibility to handle 
cache misses in background and prevents the processor 
pipeline from stalling. 

Third, the processor has a “preload” instruction to fill the 

2.3. External Memory 

The processor employs a fast memory interface called Con- 
current Rambus [7, 81. The Concurrent Rambus interface 
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Figure 2: MPEG-2 Video Decoding Process. 

has data bandwidth up to 600 Mbytelsec., because it trans- 
fers access commands and data through the 8-bit bus on both 
edges of fast 300-MHz clock. This interface can provide 
twice the bandwidth than the synchronous DRAM interface 
with a 32-bit, 66-MHz bus, with much less pin count. This 
fast memory interface also reduces cache m i s s  penalties per 
miss. 

3. SOFTWARE MPEG-2 VIDEO DECODING 

An MPEG-2 video software decoder for the V830WAV 
processor has been developed, based on the sample decoder 
implementation, mpeg2decode, from MPEG Software Sim- 
ulation Group 193. The original decoder compiled by a 
C compiler without MIX2 instructions, takes 891 M in- 
structions/ 1.5 G clocks to decode 30 frames of a 4 Mbps 
MPEG-2 MP@ML bitstream; it is 7.5 times the processor 
performance. Therefore the decoder has been optimized by 
rewriting the macroblock layer and subsidiary functions in 
the MIX2 assembler. 

The MPEG-2 video decoding process mainly comprises 
of four procedures as shown in Figure 2; variable length 
decoding (VLD), inverse quantization (IQ), inverse discrete 
cosine transform (IDCT), and motion compensation (MC). 

3.1. VLD and IQ 

A variable-length codeword is extracted from the current 
bit position of an MPEG-2 video bitstream in VLD. The- 
oretically, variable-length codes are decoded one by one, 
because it is impossible to determine each code length in 
advance. 

A douhleword shifi instruction in the integer execution 
unit can efficiently extract a 32-bit word containing a cur- 
rent variable-length cordword even when the codeword is 
stored across two bitstream buffer entries (Figure 3). IQ is 
performed every time the codeword is decoded. 

__ Current Position, 

i 
i+1 

I- 32bits -’ 
Bitstream Buffer 

a 

Figure 3: VLD Using Doubleword Shift Instruction. 

The software decoder “freezes” data cache lines corre- 
spond to variable-length code tables to avoid cache misses 
during code table lookups. For the effective use of the 
16-Kbyte data cache, small multi-level code tables are 
employed instead of a large single-level code table. Each 
element is packed into bit fields for further table compaction. 

3.2. IDCT 

Since IDCT is a multiplication intensive procedure with 
high data parallelism, this procedure is very appropriate 
to the SIMD coprocessor. SIMD multiply-accumulate in- 
structions are very suitable for fast IDCT. An 8x8  2D 
IDCT is first decomposed into two consecutive 1D 8-point 
IDCT, and four 1D 8-point IDCTs are performed in parallel 
by SIMD multiply-accumulate instructions with symmetric 
rounding. This instruction contributes to simple and fast 
implementation of an IDCT compliant to the IEEE1180 
standard [IO]. 

Thirty-two @-bit registers in the coprocessor are large 
enough to hold all the 8x 8 elements during an IDCT. They 
eliminate instructions for saving and restoring intermidiate 
results. As a result, an 8 x 8 2D IDCT is performed in 272 
instructions/201 clocks at the V830R/AV processor, which 
is 6.8 times faster than the original. 

3.3. MC 
A macroblock is reconstructed by adding difference signals, 
which are the IDCT outputs, and reference block(s) pointed 
by motion vector(s). There are heavy cache miss penalties 
in MC, because of extensive read and write accesses to 
external frame buffers in main memory. 

Figure 4 shows how the preload instruction is used to 
mitigate cache miss penalties in reading reference mac- 
roblocks. There is not sufficient time to preload a cur- 
rent reference macroblock shown in solid lines between a 
macroblock’s motion vector decode and the reference mac- 
roblock access, since motion vectors and difference signals 
are successive in a bitstream. 

Therefore, preload instructions are issued for the next 
MC. Assuming that motion vectors are similar in adjacent 
macroblocks, the center of the next reference macroblock 
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Figure 4: Preloading Reference Macroblocks. 

area shown in dashed lines is considered to be a prospective 
candidate for preloading. Therefore, preload instrcutions 
are issued to the hatched area. 

The preload instruction is also effective to allocate cache 
lines corresponding to a current block in a reconstructed 
frame to reduce write cache miss penalties. These explicit 
cache control greatly reduces a clock count necessary in MC 
to 14% compared to the original version. 

3.4. Implementation Results 

Figure 5 shows clock and instruction counts necessary to 
decode a 30 frame, 4 Mbps, MPEG-2 MP@ML video 
sequence for the original and optimized decoders. After 
optimizing software decoder using MIX2 instruction set 
and explicit cache control. clock and instruction counts are 
reduced to 196.7 M and 168.2 M, respectively. This result 
shows the 200-MHz V830R/AV has enough performance 
to decode MPEG-2 MP@ML video (720x480 pixels, 30 
framedsec.) in real-time. 

4. CONCLUSION 

The software MPEG-2 video decoder implemented on the 
low-power, low-cost, RISC microprocessor with a 64-bit 
multimedia coprocessor, V83OR/AV, is presented. This 
processor’s multimedia instructions, which perform parallel 

instruction count for decoding 30 frames of MPEG-2 video 
from 891 million to 168.2 million. In addition, cache line 
freezing and cache preloading mechanisms reduce the clock 
count to 196.7 million. As aresult, the 200-MHz V830R/AV 
processor with the Concurrent Rambus DRAMS achieves 
software MPEG-2 MPOML video decoding in real-time. 
It shows that this processor can provide sufficient signal 
processing performance to deal with broadcast-quality video 
in low-power, low-cost, consumer products. 

operations on multimedia registers, reduce the dynamic 

Original 

Optimized 

/ \  \ Clockd30 frames 

(a) Clock Count 
48.5M 24.2M 124M 

Optimized m: 168.2M 

/ \ \  Instructiond30 frames 

(b) Instruction Count 
52.OM 35.OM 81.2M 

Figure 5: Software Decoder Performance. 
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Konstantinos Konstantinides, Cheng-Tie Chen, Ting-Chung Chen,
Hown Cheng, and Fure-Ching Jeng

In 1988, the International Organization for Stan-
dardization (ISO) established the Moving Pictures
Experts Group (MPEG) with the mission to de-
velop standards for the coded representation of

moving pictures and associated audio for digital storage
media. The work of the MPEG group led to the develop-
ment of several ISO standards, including ISO 11172,
known as MPEG-1 [1]; ISO 13818, known as MPEG-2
[2]; and ISO 14496, known as MPEG-4 [3].

In recent years, digital video has become a key ingredi-
ent in entertainment, digital broadcasting, education,
and business. The adoption of the MPEG standard of-
fered consumers a new generation of products, such as
DVD players, digital TV, personal video recorders, and
DVD recorders. Among the key components for all these
new products are integrated circuits (ICs) for MPEG-2
encoding and decoding. While the first generation of
MPEG ICs [4] offered playback-only capability, the sec-
ond generation of MPEG-encoding solutions [5], [6] al-
lowed for a new class of affordable digital video recording
products. These ICs integrated complete MPEG-2 video
encoders and decoders (codecs); however, a complete au-
dio/video (a/v) system would still require additional
hardware for audio processing (encoding and decoding)
and for multiplexing or demultiplexing the audio and
video streams [7].

The third generation of MPEG ICs [8], [9] pushed
system integration even further by integrating both audio
and video encoding and decoding into a single chip. In
addition to real-time audio and video coding, these ICs
provide flexible host interfaces, programmable support
for a/v multiplexing and demultiplexing, and other func-
tions, such as video pre- and post-processing of video
data, and on-screen display (OSD). These features in-
crease chip complexity and go far beyond the mandatory
specifications of the ISO standards, but they are essential
for the development of cost-effective, MPEG-based con-
sumer appliances.

In this article, we review the design of a single-chip
MPEG-2 a/v codec, covering the design process from the
MPEG specifications and system requirements to the fi-
nal design. After a brief overview of MPEG-1 and
MPEG-2 standards, we examine the system requirements
using as an example a universal serial bus (USB)-based
MPEG-2 real-time digital video recorder. Finally, we
present in more detail the hardware and software archi-
tecture of a specific MPEG a/v codec.

MPEG Overview
The MPEG standards are published in several parts, cov-
ering such areas as video, audio, systems, and compliance
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testing. The video and audio parts of the
MPEG standard specify the coded representa-
tion of the video and audio data (which are re-
ferred to as elementary streams) and a decoding
process for the reconstruct ion of
MPEG-coded bit streams. The systems part
specifies how audio, video, and ancillary data
can be multiplexed and provides guidelines for
buffer management. Even though it is beyond
the scope of this article to provide a detailed
explanation of MPEG, in this section, we do
provide a brief review of the basic principles so
that a reader with little or no prior exposure to
the standard can have a better understanding
of the core requirements for the design of an
MPEG-2 processor.

MPEG Video
As mentioned before, MPEG does not define the encod-
ing process. Based on the specifications of the coded bit
stream and the requirements of the decoder, Fig. 1 shows
the functions that need to be executed by a typical
MPEG-1 or MPEG-2 video encoder [4].

MPEG uses a variety of tools for video coding, in-
cluding:
� block-based discrete cosine transform (DCT) and
quantization;
� block-based motion estimation and compensation;
� entropy coding for the lossless compression of motion
vectors (MVs) and the quantized DCT coefficients.

MPEG defines three main types of coded pictures:
� Intra-pictures (I-pictures) are compressed without ref-
erence to any other pictures in the coded bit stream.
� Predicted-pictures (P-pictures) are coded using mo-
tion-compensated prediction from past I-pictures or
P-pictures.
� Bidirectionally predicted pic-
tures (B-pictures) are coded using
motion-compensated prediction
from either past and/or future
I-pictures or P-Pictures.

I-pictures provide fast random
access, but B-pictures yield the
best compression. An MPEG
stream can consist of only I-pic-
tures or a combination of I,P, and
B pictures. The output bitstream
is divided into a group of pictures
(GOPs). Each GOP has at least
one I-picture and must end with
either an I- or P-picture. A typical
GOP has 15 pictures.

While the core of MPEG-2
video coding is the same as in
MPEG-1, MPEG-2 differs in two
main areas: a) it extends the
nonscalable syntax of MPEG-1

with additional support for the coding of interlaced sig-
nals, and b) it provides a scalable syntax, which allows for
a layered coding of the video stream.

The MPEG committee understood from the begin-
ning the importance of cost-effective integration of the
MPEG standards into silicon. Hence, to assist product
development, it decided to use a tool-kit approach. The
MPEG-2 syntax is divided into profiles and levels, which
can be considered a collection of tools that satisfy the
specific requirements of major applications. For exam-
ple, the Main Profile at Main Level (MP@ML) ad-
dresses the needs of consumer applications. Table 1
shows the most common nonscalable profiles and levels
in MPEG-2 (see “Digital Video Resolutions” for more
details on video resolutions).

In addition to the profiles and levels shown in Table 1,
MPEG-2 defines the MPEG-2 4:2:2 Profile@ML. Here
the tools address the needs of professional video produc-
tion environments, where a video stream may be com-
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� 1. Block diagram of an MPEG encoder.

Table 1. Nonscalable Profiles and Levels in MPEG-2 Video Coding.

Levels

Profiles (Nonscalable)

Simple 4:2:0
(I,P)

Main 4:2:0
(I,B,P)

High
Max resolution/rate (Hz) N/A 1920 × 1152/60

Bit rate (Mbit/s) N/A 80

High-1440
Max resolution/rate (Hz) N/A 1440 x 1152/60

Bit rate (Mbit/s) N/A 60

Main
Max resolution/rate (Hz) 720 × 576/30 720 × 576/30

Bit rate (Mbit/s) 15 15

Low
Max resolution/rate (Hz) N/A 352 × 288/30

Bit rate (Mbit/s) N/A 4
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pressed and decompressed across several generations.
The 4:2:2 Profile allows for higher bit rates (up to 50
Mbit/s), 4:2:2 chrominance subsampling, and higher
precision in DCT coding. Most consumer-grade MPEG
encoders support the main and simple profiles at the main
and low levels.

From a chip implementation point of view, MPEG
leaves chip architects with a number of areas where they

can make design tradeoffs that affect not only implemen-
tation cost but also video quality. Such areas include the
following.
� Video preprocessing and postprocessing. Since video en-
coding can be done in multiple resolutions, there is a need
for a preprocessing unit for scaling, filtering, and color
subsampling (from 4:2:2 to 4:2:0) of the input video.
Similarly, during video playback, there is a need for
chroma up-sampling (from 4:2:0 to 4:2:2), picture
up-scaling, and other post-processing functions, such as
the removal of blocking artifacts.

None of the algorithms for these functions is defined in
the MPEG standard. For example, for scaling, designers
have a variety of algorithms to choose from: from simple
pixel removal or duplication to spline-based interpolation.
� Motion estimation algorithm. Motion estimation is the
most compute-intensive operation in MPEG, and there is
no limit on the choices of algorithms and tradeoffs a de-
signer can make [4]. For example, full-search,
block-based motion estimation yields better quality, but
requires more hardware and higher memory bandwidth
than hierarchical methods.

As another example of design tradeoffs in this area,
many consumer MPEG-2 encoders do not support field
prediction. They support only frame prediction. In frame
prediction, during motion estimation, the two fields from
an interlaced TV input are treated as a single frame (as
done in MPEG-1). In field prediction, each field is treated
separately, and MVs can point to a field in another refer-
ence frame or to a field in a current frame. Field prediction
yields better quality for interlaced input, but requires addi-
tional compute power and memory bandwidth.
� Bit allocation and rate control. The rate control (or bit al-
location) algorithm used during encoding can be a major
quality differentiator among MPEG encoders, specially
when coding at low bit rates (below 3-4 Mbit/s) See
“Rate Control Considerations” for more details on rate
control algorithms.

Audio Coding
Digital audio is an integral part of any audio-visual sys-
tem. There are two main compression schemes for digital
audio: MPEG audio and Dolby Digital, also known as
AC-3 [10]. Both schemes combine transform-based cod-
ing and psychoacoustic models to remove audio informa-
tion that is perceptually irrelevant.

MPEG audio is an integral part of the MPEG stan-
dards [1], [2], [4] and defines three layers of compres-
sion. Each successive layer offers better compression
performance, but at a higher complexity. In recent years,
Layer III (MP3) has been the coder of choice for portable
audio players and for distributing audio files over the
Internet; however, most a/v applications require only
Layer II encoding support.

Dolby Digital was developed and is licensed by Dolby
Laboratories. This was the first compression scheme to
support the coding of up to six channels. Dolby Digital is
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Digital Video Resolutions

The specifications for a digital video signal are de-
fined by the International Telecommunications

Union (ITU) Recommendation BT.601 [17]. An
ITU-601 image (also referred to by video professionals
as full D1 image) is defined as 720 pixels x 480 lines at
60-Hz interlaced (NTSC) or 720 pixels x 576 lines at 50
Hz interlaced (PAL). (Many consumer devices support
only 704 pixels of horizontal resolution; this is also re-
ferred to as full D1.)

A color ITU-601 image has one luminance (Y) and
two chrominance color components (Cb and Cr). Each
of the chroma frames has 360 pixels x 480 lines in
NTSC or 360 pixels x 576 lines in PAL. This is referred to
as 4:2:2 subsampling. The MPEG-1 and MPEG-2 Main
Profile at Main Level use a 4:2:0 subsampling format,
where the resolution of the chroma components is
half of the luminance resolution in both the horizontal
and vertical dimensions. MPEG-1 also defines the
source input format (SIF), with a luminance resolution
of 352 x 240 pixels at 30 Hz or 352 x 288 pixels at 25
Hz. Other popular formats are half-D1 (352 x 480 at 30
Hz), 2/3-D1 (480 x 480 at 30 Hz), the common inter-
change format (CIF) (352 x 288), and quarter-CIF
(QCIF) (176 x 144). Half-D1 and 2/3-D1 resolutions
are used mostly for coding video at rates below 3
Mbit/s. CIF and QCIF resolutions are used mostly for
video transmissions at rates below 1.5 Mbit/s.

ITU Recommendation BT.656 [18] defines another
popular interface for transmitting digital video. Instead
of the conventional horizontal and vertical synchroni-
zation video signals (HSYNC and VSYNC) used by
BT.601, BT.656 uses unique timing codes that are em-
bedded within the video stream. This reduces the
number of wires required for a BT.656 video interface.

The adoption of the MPEG
standard offered consumers a
new generation of products,
such as DVD players, digital TV,
personal video recorders,
and DVD recorders.
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mandatory for HDTV transmission and DVD authoring
in North America.

System Specifications
While the MPEG systems standards specify generic
guidelines for the multiplexing of audio and video ele-
mentary streams into program streams, most of the im-
plementation details are application specific. For
example, MPEG specifies the syntax of a program stream
packet, which combines a packet header with other audio,
video, or data packets, but puts no constraints on its size.
However, the DVD format restricts the size of a program
packet to 2048 bytes. Most MPEG-based consumer ap-
pliances provide support for the following applica-
tion-specific specifications: video CD (VCD), super
VCD (SVCD), and DVD.

VCD [11] was developed by JVC, Matsushita,
Philips, and Sony. It uses MPEG-1 audio and video to
compress a/v material into CDs. SVCD [12] (or Chaoji
VCD) is based on VCD and allows for MPEG-2-based
recordings on low-cost CDs [7]. SVCD uses MPEG-2
and supports higher picture resolutions (up to 2/3-D1)
and higher bit rates (up to 2.6 Mbit/s) than VCD. SVCD
was developed by the Chinese Ministry of Information,
and it is used mostly in Asia. Both VCD and SVCD sup-
port only two channels of audio.

The video DVD format [13], developed by members
of the DVD Forum, provides the best possible video and
audio quality. Video is recorded in full D1 resolution and
a DVD-video disc may have up to eight audio tracks. Au-
dio can be in either linear PCM, Dolby Digital, or MPEG
(Layer II). Audio is also sampled at 48 kHz, compared to
the 44.1 kHz used for audio CDs. Most DVD players can
play VCD discs, and many can play SVCD discs as well.
Table 2 shows the main characteristics of the VCD,
SVCD, and DVD formats.

Design Example
In every video recording or playback system, MPEG ICs
need to be connected to a variety of other devices, such
as memory, NTSC/PAL video encoders and decoders,
audio converters, system controllers, and recording me-
dia. In this section we will review the most common sys-
tem-interface requirements for an MPEG codec IC. As
an example, we look into the system design of a
USB-based digital video recorder and player (DVR),
targeted as a peripheral for computers with a USB port
and their own recording media.

Fig. 2 shows a block diagram of the design. The re-
cording device can be either the computer’s hard disk
or a recordable CD or DVD drive. The DVR consists
of an MPEG a/v codec, memory, a USB controller, an
optional TV tuner (for TV recording), and analog to
digital (A/D) and digital to analog (D/A) audio and
video converters.

Encoding
Analog video from either the TV tuner or another video
source, such as a videocassette recorder (VCR) or cam-
corder, is demodulated using the NTSC/PAL decoder
and is passed to the MPEG codec. The setup and control
of the NTSC/PAL decoder is handled by either the
MPEG codec or the USB controller using an inter-IC bus
(I C2 ). This is a two-wire serial bus (one wire for clock
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Rate Control Considerations

Rate control or bit allocation is one of the most im-
portant differentiating factors among MPEG video

encoders. A good rate control algorithm maintains the
target bit rate while it preserves the best possible
video quality.

There are two types of rate control: constant bit rate
(CBR) control and variable bit rate (VBR) control. In
CBR, the main goal is to maintain the average bit rate
within each GOP. Thus, the average bit rate remains
constant, but the output quality varies depending on
the complexity of the input source [19], [20] (see part
(a) in the figure below). CBR works quite well when
the variations in the input source are gradual, but, it
will yield poor perceptual quality when there are sud-
den changes, such as increased motion or scene cuts.

In VBR, the goal is to maintain constant picture
quality. Hence, a VBR algorithm will try to allocate
more bits in the segments with high activity (or mo-
tion) than in the segments with low activity. This re-
sults in better picture quality, but video coded using
VBR has higher fluctuations in the average bit rate than
video coded using CBR (see (b) in the figure below).
Examples of two-pass and one-pass-VBR algorithms
can be found in [20] and [21].

Visual
Quality

Bit Rate

Visual
Quality

Bit Rate

Time

Time(a)

Time

(b) Time

� CBR versus VBR rate control in MPEG. (a) CBR, (b) VBR.
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and the other for data) developed by Philips [14]. Input
video can be overlayed by on-screen graphics and passed
back to the NTSC/PAL encoder for video loop-back.
Digital video to the MPEG IC can be either in ITU-R
601 or ITU-R 656 video formats. (See “Digital Video
Resolutions” for details on video formats.)

Analog audio is digitized by an audio A/D converter
and linear PCM data is transferred to the codec using an
Inter-IC Sound (I S2 ) interface [15]. This is a three-wire,
serial, bus interface (clock, data, and word select) de-
signed by Philips, and it is considered the defacto stan-
dard for the inter-connection of audio devices.

The audio and video are compressed by the MPEG
codec, and the compressed bit stream is transferred to the
recording device using the USB controller and the USB
bus. The USB controller serves also as the system control-
ler of the DVR. It downloads microcode and recording
or playback parameters and commands from the host
computer to the MPEG codec. It communicates with the
MPEG codec via the codec’s host interface bus. Most
microcontrollers have interfaces that resemble either an
Intel-like or Motorola-like microprocessor. These inter-
faces include address and data buses and special control
signals for data read and writes, direct memory transfers,
and interrupts.

Decoding
During decoding, using the USB controller, compressed a/v
data are transferred from the playback drive to the MPEG

codec, where they are demultiplexed and decoded into au-
dio and video streams. Digital video is transferred via the
output digital video bus to an NTSC/PAL encoder for play-
back on a monitor or TV. Digital LPCM audio is transferred
via an I S2 bus to a digital to analog audio converter for au-
dio playback. As before, the settings of the NTSC/PAL en-
coder are controlled using the I C2 interface.

In summary, the architects of an MPEG codec have to
support a variety of system interfaces so that their devices
can be connected without expensive glue-logic to as many
peripheral devices as possible. Since each additional inter-
face adds both pins and control logic, the designers have to
trade off between market requirements and design cost. The
design of a specific codec is described in the next section.

Design of an MPEG-2 Codec
In this section we describe the design and architecture of the
CS92288 MPEG-2 a/v codec from Cirrus Logic. This is a
half-duplex (that is, it either encodes or decodes), MPEG-2,
MP@ML, audio and video codec with programmable sys-
tem multiplexor and demultiplexor and OSD.

Overall Architecture
Fig. 3 shows the major functional units of the codec. These
units include: the RISC microcontroller, the video inter-
face unit (VIU), the audio interface unit (AIU), the video
engine unit (VEU), the audio engine (DSP), the host in-
terface unit (HIU), and the SDRAM control unit (DCU)

All blocks intercommunicate using two major buses: a
64-bit wide data bus (D-Bus) and a 16-bit wide register
bus (R-Bus). In addition to the above seven major blocks,
the I C2 CTRL block provides control for external
NTSC/PAL video encoders and decoders. The PLL block
provides clocking for all internal blocks and also external
memory. Given an input 27-MHz clock, all internal com-
ponents operate at 108 MHz. A separate audio PLL can
be used to provide an output master clock to external au-
dio A/D and D/A converters.

RISC Microcontroller
This is an embedded, programmable, 32-bit ARC RISC
processor [16]. It performs multiplexing of audio and

video elementary streams into pro-
gram or transport streams and de-
multiplexing of MPEG program or
transport streams. The programma-
bility of the RISC core allows the
codec to support a variety of record-
ing formats.

A key operation of the ARC
microcontroller is to control all
subunits of the codec. All these
units operate independently; how-
ever, from time to time, they may
request special service requests
from the central controller. Then,
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Table 2. Key characteristics
of VCD, SVCD, and DVD Formats.

Disc
Format

Video
Stream

Audio
Stream

Picture
Size

Max.
Rate
(Mbit/s)

VCD MPEG-1 MPEG-1 SIF 1.5

SVCD MPEG-2 MPEG-1 2/3 D1 2.6

DVD MPEG-2
MPEG-1,
Dolby,
LPCM

D1 10.08

Video
In

Antenna
Cable

TV

Audio
In

Video Out

Audio Out

USB Cable

NTSC/PAL
Video Decoder

Tuner

Analog
Audio
Mux

NTSC/PAL
Video Encoder

MPEG
A/V

Codec

USB
Controller

A/D

I C Bus2 D/A

SDRAM

USB Data/
MPEG A/V

� 2. Block diagram of USB-based digital video recorder and player.
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depending on the priority of the service requests (also
known as interrupts), the ARC processor has to
switch between tasks, a process known as context
switching.

In traditional context switching, the processor per-
forms the following tasks: a) saves the current state of all
CPU resources (such as register values), b) switches to the
new task, and c) upon completion, restores the state of the
CPU so that it can continue executing the original task.

One solution for context switching is to use a single
RISC processor running a real-time operating system
(RTOS). In this case, context switching time is very im-
portant, and unless the RISC processor is very powerful it
is very difficult to guarantee a predictable behavior for
time-critical tasks.

In our MPEG codec, not all tasks have the same prior-
ity. In general, we distinguish two distinct types of tasks:
time-critical tasks, such as video compression, and
non-time-critical tasks, such as multiplexing of audio and
video and user communications. Hence, another solution
for context switching could be to use two different pro-
cessors: one processor for time-critical tasks and one for
noncritical tasks. However, this solution requires to dou-
ble the hardware requirements for the chip’s controller.

Our solution is different. We decided to use a single
ARC core, but enhance its architecture so that time-criti-
cal tasks can be handled with guaranteed performance.

The modified core features additional memory mapping
and interrupt controlling schemes that allows it to handle
both critical timing requirements and traditional soft-
ware applications. A real-time operating system is still
used, but only for non-time-critical applications.

Fig. 4 shows a simplified block diagram of the modi-
fied ARC core and its interface circuitry to the rest of the
architecture. In Fig. 4, shaded blocks show our enhance-
ments to the original ARC core for time-critical tasks.
Specifically, we have added a dedicated interrupt control-
ler, dedicated instruction and data memories, and a sepa-
rate set of ALU registers. Since all time-critical tasks are
interrupt driven and have their own memory space, con-
text switching for time-critical tasks is performed much
faster and with predictable performance.

Host Interface Unit
The host interface is used to communicate with the host
controller and external EPROM or flash memory. It sup-
ports a variety of communication protocols, including
16-bit Motorola- or Intel-like interfaces and a generic
8-bit interface. The host interface has a glueless interface
to USB controllers, and it may also be used in PC-based
host systems using a PCI bridge interface. The HIU is
also used for the I/O of the compressed bit streams be-
tween the codec and an external controller.
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� 3. Block diagram of the MPEG-2 a/v codec.
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Audio Interface Unit
The AIU provides the interface between the codec and
external audio devices. Audio samples are transferred in
and out of the codec using I S2 signaling. During audio
encoding, the CS92288 can be either a slave or a master
to the external A/D. As a master, it can use a separate au-
dio PLL to provide a user- configurable output clock for
external audio A/D and D/As. Thus, if there is no other
master audio clock, this feature eliminates the need for a
separate, external, clock crystal.

Video Engine Unit
The VEU consists of dedicated hardware units that com-
pute all MPEG video compression and decompression
functions, as described by the block diagram in Fig. 1. Fig. 5
shows a block diagram of the VEU. It includes a video com-
pression unit (VCU), a motion search unit (MSU), and the
motion prediction unit (MPU). During encoding, it oper-
ates on the video data and generates an MPEG-compliant
video elementary stream. It performs, among its many func-
tions, motion estimation and compensation, DCT,
quantization, rate control, and variable length coding.

During decoding, it operates on a
video elementary stream and generates
decompressed video frames. It per-
forms variable length decoding, in-
verse quantization, IDCT, and motion
compensation. The IDCT output is
fully compliant with the IEEE-1180
accuracy requirements.

Motion Search and Prediction Units
The MSU computes all necessary
MVs at a half-pel accuracy. The esti-
mation algorithm involves two steps.
In the first step, the motion estima-
tion unit computes MVs with a
coarser accuracy. Next, the motion
refinement unit refines the MVs into
half-pel accuracies. MSU supports

frame estimation and field estimation, including 16 × 16,
16 × 8, top-to-top, top-to-bottom, bottom-to-top, and
bottom-to-bottom estimation. The motion-search range
is up to ±63.5 pixels horizontally and ±31.5 pixels verti-
cally. For each macroblock, up to six candidate MVs may
be generated for B-pictures and up to three candidate
MVs may be generated for P-pictures.

The computation of the MVs is based on minimizing the
sum of absolute errors [4]; however, to reduce the computa-
tional load of a full search, in the first phase of motion esti-
mation, the computations are simplified by adopting a
method similar to hierarchical motion search [4], where the
macroblock pixels are down-sampled into a lower resolu-
tion. Fig. 6 shows a simplified block diagram of the MEU
block [5]. It includes local RAMs for storing the search area
and the current macroblock, multiplexers, an array of
sum-of-absolute-differences (SAD) blocks and compara-
tors. At each cycle, the array of SAD units computes the
SAD between pixels in a row of the current macroblock and
pixels in a row of the search window. After the SAD opera-
tion, an array of comparators computes the MVs.

In addition to motion prediction and compensation,
the MPU computes a measure of activity for each input
frame, which is being used by the rate control algorithm.

Audio Engine
The audio engine provides the core processing power for
all audio-related functions. Since an MPEG codec needs
to support a variety of audio algorithms, such as MPEG
audio and Dolby Digital, a programmable digital signal
processor (DSP) is more cost effective and flexible than
hardwired logic.

In this codec, the audio engine consists of a propri-
etary, 24-bit, general purpose, programmable DSP. The
DSP features a 24 × 24-bit multiplier and can perform a
multiply-accumulate operation in a single cycle, with no
overhead pipeline delay. It features dual data memory
banks and a separate program memory.
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A separate six-channel DMA engine provides a seam-
less interface between the external and internal memories
and automatic translation from 64 to 24 bits. The audio
engine can support all popular audio formats, such as
Dolby Digital and MPEG audio. In addition, it can be
programmed for audio post-processing, such as en-
hanced stereo or virtual surround.

SDRAM Control Unit
The DCU provides an interface between all functional
units and the off-chip memory (SDRAM) storage. It sus-
tains real-time audio and video encoding and decoding at
30 frames per second. The DCU arbitrates the requests
from all function units and generates all necessary hand-
shake and control signals for both the requesting unit and
the external SDRAM. The data storage boundaries are
user-programmable for custom applications.

Because of the large data bandwidth needed to do mo-
tion estimation and data I/O, the chip requires 8 Mbytes
of synchronous DRAM (SDRAM) running at 108 MHz.
Not all of this memory is being used, but this size allows
for coding at least two B-pictures between P-pictures, say,
IBBPBBP. Note that, in this case, the codec needs to store
at least four frames of input video before it starts coding
the first B-picture.

In addition to storing uncompressed video and audio
data, the SDRAM is used for storing: the video and audio
compressed elementary streams, the multiplexed pro-
gram stream, MVs, DSP program and data, and the ARC
program and data.

Video Interface Unit
As mentioned before, MPEG leaves quite open the de-
sign and implementation of all pre- and post-processing
functions, such as filtering, and color downsampling and
upsampling. Because of the variety of application in digi-
tal video encoding, there is a need for a programmable
and flexible VIU.

Fig. 7 shows a block diagram of the VIO. It includes
the video input unit (VIU), the video output unit
(VOU), the video processing unit (VPU), and the OSD
unit. The VIU selects the input video active area and per-
forms chroma conversion, detection of repeated fields (to
reduce the compression effort), spatial and/or temporal
noise prefiltering, and other data operations that facilitate
the subsequent encoding processes.

The VOU can perform a variety of postprocessing op-
erations, including horizontal and vertical scaling, and
video format and frame-rate conversion. The OSD block
mixes text and/or graphics from the OSD buffer (in
SDRAM) with the output of the VOU and generates a
correctly sequenced ITU-R BT.601 or 656 4:2:2 output
video stream. The VPU is a separate processing unit that
operates in parallel with the VIU and VOU. A short de-
scription of its features is given later in this section. The
flexible architecture of the VIO unit allows it to operate in
a number of different configurations.

For example, Fig. 8 shows the flow of operations when
the VIO is used during encoding. The input video is cap-
tured by the VIU and is transferred to SDRAM. The buf-
fered input is passed first to the VOU and then to the
OSD unit, where it is mixed with text or graphics from
the OSD buffers. The output of the OSD unit provides
digital loop-back of the input video, overlaid with
on-screen text or graphics.
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If necessary, input video can also be preprocessed by
the VPU. Among its functions, the VPU can initialize the
video frame buffer with specific YCbCr values (e.g., blue
screen generation), copy data from one video buffer to

another, or scale data from one frame-buffer region to an-
other frame-buffer region.

Bringing Everything Together
Consider now the time between two input video frames.
The following operations occur in parallel during encoding:
� Raw input and audio data are captured and stored into
SDRAM. Input video data may be prefiltered and scaled
by the VIU.
� The video engine generates a video elementary stream.
� The DSP generates an audio elementary stream.
� The ARC controller monitors the HIU for host com-
mands, multiplexes audio and video elementary streams
into a program stream, monitors a/v synchronization,
and provides rate control.
� The HIU interacts with an external controller so that
the compressed a/v data are transferred from the
SDRAM to an external recording device.

Table 3 summarizes the key features of the codec.

Software Architecture
Fig. 9 shows the overall software architecture for our
codec. At the top layer, we have the top-level applications,
such as video recording or playback. These applications
are written purely in C. Below, we have a collection of
high-level functions (such as OSD, multiplexing,
demultiplexing, and host interface). These functions are
written mostly in C, but critical tasks may be written in
assembly as well. RTOS services, such as threads and
memory management, are provided for all functions in
these two top layers.

The bottom layer includes miscellaneous application
and hardware drivers. These include such functions as:
I C2 and I S2 control, the control for the encoding and
decoding of audio and video elementary streams, a/v syn-
chronization, and OSD control. These are all considered
time-critical functions and are written mostly in assembly.
For the time-critical functions, all necessary data and in-
structions are preallocated in special memory and register
banks, as it was shown by the shaded blocks in Fig. 4.

During encoding, the top-level recording applications
can generate bit streams that comply with all popular for-
mats (VCD, SVCD, and DVD), but they still allow users a
variety of programming options for prefiltering, coding and
multiplexing audio and video elementary streams, and for
OSD. During decoding, the playback application will auto-
matically parse and decode the input bit stream, but users
can still program specific OSD and data transfer options.

Conclusions
In this article we presented a brief overview of the critical
engineering concerns for the design and implementation
of an MPEG-2 a/v codec IC. By taking into consideration
the overall system requirements in consumer-based digi-
tal video recording, we designed the codec with unique
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� 9. Software architecture layers in the MPEG codec.

Table 3. Key Features of the A/V Codec.

Video coding MPEG-1, MPEG-2 MP@ML,
SP@ML, MP@LL, I/P/B frames

Audio coding

Resolutions

Dolby Digital,
MPEG (all layers)
Up to 24-bit/sample

Resolutions

Rates

D1, 2/3 D1, 1/2 D1
CIF, SIF, QCIF
24, 25 , 29.97, 30 Hz

Prediction

Rate Control

Adaptive field/frame/16×8
Adaptive frame/field DCT
Adaptive inter/intra
CBR, VBR (one-pass)
I-only to 30 Mb/s

Interfaces Video: ITU-601/656
I C2 , I S2 ,SDRAM,EPROM,
Flash, 16-b/8-b parallel

Other

Pre-, post-filtering
4:2:2 to 4:2:0
4:2:0 to 4:2:2
Temporal/spatial filtering
Frame-rate conversion
8-bit OSD
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and flexible RISC controller and VIUs, a programmable
audio DSP, and hardwired video processing units. The
codec has been implemented using a standard-cell library
in 0.18 µm CMOS technology. At 108 MHz, it consumes
about 1 W of power.
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MPEG-2 decoding and encoding
are important applications for multimedia sys-
tems. Real-time capability and low-cost
implementation are the main design consid-
erations for these systems. Due to the high
computational requirements of real-time
applications, multimedia systems typically use
special-purpose processors to handle data.1

However, due to the inherent inflexibility of
their designs, these dedicated processors are
of little use in various application environ-
ments—digital videocassette recorders, for
example. This article introduces Mitsubishi’s
D30V/MPEG multimedia processor, which
integrates a dual-issue RISC2,3 with minimal
hardware support for a real-time MPEG-2
decoder. This approach is advantageous
because of the small chip area it requires and
the flexibility of the easy-to-program RISC
processor for multimedia applications.

The 2.3-V, 300-MHz multimedia proces-
sor uses instruction decode and clock skew
control to achieve the MPEG-2 decoding.
The processor contains a CPU core, dedicat-
ed hardware, a 32-Kbyte data RAM, and a 64-
Kbyte instruction RAM. We met the 3.3-ns
clock’s timing requirements for fetch and
decode from the large instruction RAM by
using advanced circuit techniques including

dynamic logic4 together with place-and-route
tools. The careful design of global and local
clock networks achieves a clock skew of 0.238
ns. The chip’s 6.7 million transistors are inte-
grated in an area of 8.77 × 8.28 mm2 in a
0.25-micron CMOS process.

Decoding chip
High-performance hardware provides a flex-

ible system solution to the problem of MPEG-
2 decoding. Processors must decode 243,000
8 ×8-pixel blocks each second for video decod-
ing in NTSC format of the MPEG-2 main
profile at main level (MP@ML).5 Video
decoding accounts for more than 80% of the
MPEG-2 decoding computations. The
D30V/MPEG, running at 243 MHz, uses
1,000 cycles to decode one block.

Figure 1 illustrates the MPEG-2 decoding
process. MPEG-2 video decoding starts with
a single bitstream, Huffman-decoded5 into 12-
bit data elements. The D30V core, a two-way
VLIW and two-way SIMD processor, sepa-
rates the MPEG-2 system bitstream into video
and audio bitstreams. The D30V decodes the
data via a well-defined algorithm and sends the
final information to an output device. The
D30V decodes a bidirectionally predicted non-
intra5 video block in less than 800 cycles of a
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243-MHz clock.6 Video decoding requires two
special, dedicated hardware blocks in addition
to the core: the variable-length decode unit
(VLD) and the block loader (see Figure 3 on
next page). The block loader transfers macro
blocks between the external memory and the
on-chip memory and computes the half-pixel-
element operation for the motion compensa-
tion process. No special hardware is necessary
for audio decoding. The D30V core performs
all the remaining operations.

Running at 243 MHz, the processor has an
available throughput of 243 million execution
cycles per second. Since decoding an 8 × 8-
pixel video block requires 800 cycles in the
worst-case scenario—bidirectionally predict-
ed non-intra blocks,7—the processor uses 200
million cycles per second. Of the remaining
available cycles, 5 million per second are need-
ed for system decoding and 40 million per sec-
ond for AC-3 (Digital Audio Compression
Standard) audio decoding. The D30V takes
4,076 cycles to compute the 128-point, com-
plex IFFT used in AC-3 decoding. Figure 2
illustrates the allocation of available through-
put to the D30V’s tasks running at 243 MHz.

Chip description
Figure 3 shows a block diagram of the

D30V/MPEG. The chip consists of the mul-
timedia processor core, the 64-Kbyte instruc-
tion RAM, the 32-Kbyte data RAM,
peripherals, and a DRAM interface block. The
peripherals include the system bus interface, a
cyclic redundancy check (CRC) block, a vari-
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Figure 1. MPEG-2 video and audio decoding.
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Figure 2. D30V core decoding tasks.

Acronyms
DVD digital video disk
DVC digital videocassette
HDTV high-definition television
IDCT inverse discrete cosine transform
IFFT inverse fast Fourier transform
MPEG Motion Pictures Expert Group
NTSC National Television System Committee
RISC reduced instruction set computer
SDTV standard-definition television
SIMD single instruction, multiple data
VLC/VLD variable-length coder/decoder
VLIW very long instruction word

215

Case 2:10-cv-01823-JLR   Document 252-1   Filed 04/06/12   Page 188 of 196



able-length coder/decoder, an input interface
block, a video/audio output interface block,
and the block loader. The memory unit, one
of two execution units in the D30V core (the
other is the integer unit), controls data trans-
fer between the core and the peripherals via
the high-bandwidth peripheral bus. The
D30V core reads and writes commands into
control registers in the peripherals with
load/store instructions. The peripherals trans-

fer block data to and from the
data RAM with direct memo-
ry access. The DRAM inter-
face block controls data
transfer between the periph-
erals and the synchronous
DRAMs (SDRAMs), which
are the external memory.

Table 1 summarizes the
D30V/MPEG’s characteris-
tics. The processor exploits
two modes of parallelism
through the memory unit
and the integer unit. It exe-
cutes the dual-issue instruc-
tions through two-way
VLIW and two-way subword
operations, for a maximum of
four operations per cycle. It
achieves a peak sustained
throughput of 1.2 billion
operations per second when
running at 300 MHz. The
power dissipation at 243
MHz with a 2.5-V power
supply is 2.0 W in typical
conditions.

Figure 4 is a chip micro-
graph of the D30V/MPEG.
We laid out the processor
core’s data path by hand and
used the core as a hard macro.
We used Verilog HDL, syn-
thesis, and place-and-route
tools to design the seven
peripheral blocks, which are
located at the left and bottom
of the chip.

Multimedia instructions
The D30V/MPEG incor-

porates several enhancements
to speed up multimedia pro-

cessing. The functional units in the integer and
memory units can operate on either 32-bit data
elements or two 16-bit data elements, as spec-
ified by each subinstruction. Tables 2 and 3 list
subinstructions that operate on a single pair of
halfwords (16-bit data) and on subwords (two
pairs of halfwords). The single halfword oper-
ations of Table 2 are flexible, allowing the
operands to be stored in either the upper or
lower halfword of a register. A single halfword
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Figure 3. D30V/MPEG block diagram.

Table 1. D30V/MPEG chip features.

Feature Description

Instructions 102 subinstructions
Parallelism Two-way VLIW, two-way SIMD
Register file Sixty-four 32-bit general-purpose registers, two 64-bit accumulators
On-chip RAMs 64 Kbytes (instruction), 32 Kbytes (data), 4 Kbytes (VLC/VLD tables)
Clock frequency 243 MHz (max. 300 MHz)
Peak performance 1.2 GOPS
Supply voltage 2.5 V (internal), 3.3 V (external)
Power (typical) 2.0 W (2.5 V at 243 MHz)
Chip size 8.77 mm × 8.28 mm (6,760,000 transistors)
Processor core size 7.4 mm2 (360,000 transistors)
Peripheral size 9.4 mm2 (694,000 transistors)
Process technology 0.25-micron, 1-poly, 4-metal CMOS
L (effect) 0.21-micron (n-channel transistor), 0.235-micron (p-channel transistor)
Package 257-pin grid array
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operation operates on two 16-bit data elements
in two independent registers to generate a 16-
or 32-bit result. For example, ADDH can oper-
ate on the high halfword of one register with
the low halfword of another register to gener-
ate a 16-bit result. JOIN concatenates any two
16-bit data elements in the high and low por-
tions of registers to generate a 32-bit result. This
feature effectively doubles the number of avail-
able registers to 128 for many multimedia
applications.

The processor can perform the same sub-
word operation on two sets of 16-bit data ele-
ments in the upper and lower 16-bit portions
of registers to generate two 16-bit results or
two 32-bit results, respectively. To maximize
the deliverable throughput, a subword multi-
plication operating on two pairs of 16-bit data
elements generates either two 16-bit results
(MUL2H) or two 32-bit results (MULX2H),
depending on the desired operand precision.

For digital signal-processing applications,
we included instructions such as load-store
with modulo addressing, block-repeat, and
multiply-accumulate. Load-store instructions
can access memory operands with an autoin-
crement or autodecrement addressing mode.
For these load-store instructions, the D30V
hardware, using the MOD_S and MOD_E
registers, executes modulo addressing. Also, a
block-repeat instruction executes branches at
the end of a loop with no delay penalties. The
RPT_S, RPT_E, and RPT_C registers keep
the start address, the end address, and the
repeat count of a loop specified by a block-
repeat instruction. Therefore, the hardware
executes the branches for the block-repeat
instructions without using any clock cycles.
The multiply-accumulate instruction performs
a 32 × 32-bit multiply followed by a 64-bit
addition; the multiplication result can shift
one bit to the left before accumulation to sup-
port fixed-point arithmetic. The processor also
supports multiply-subtract subinstructions.

Saturate and add sign subinstructions
increase the processor’s performance for video
applications. The saturate subinstructions
(SAT, SATZ, SAT2H, SATZ2H, SATH) sat-
urate 32-bit or two 16-bit data elements with
any precision specified by operands. The add
sign subinstructions (ADDS, ADDS2H) add
16-bit or 32-bit data with the sign of the third
operand to generate the second operand.
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Table 2. Halfword operations.

Subinstruction Operation

ADDH Add a halfword to another halfword
SUBH Subtract a halfword from another halfword
JOIN Join two halfwords to generate a word
SATH Saturate a word into a halfword
MULH Multiply a halfword with another halfword to

generate a word
LDH Load a halfword
STH Store a halfword
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Figure 4. D30V/MPEG chip micrograph.

Table 3. Subword operations.

Subinstruction Operation

ADD2H Add two pairs of halfwords
ADDS2H Add the sign bits of two halfwords to two halfwords
SUB2H Subtract two pairs of halfwords
AVG2H Average two pairs of halfwords
MUL2H Multiply two pairs of halfwords
MULX2H Multiply two pairs of halfwords with extended precision
SAT2H Saturate two halfwords
SATZ2H Saturate two halfwords to positive
SRA2H Shift arithmetic right two halfwords
SRL2H Shift logical right two halfwords
ROT2H Rotate two halfwords
LD4BH Load 4 bytes into four halfwords with unpacking
ST4HB Store four halfwords into 4 bytes with packing
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These operations, executed by simple hard-
ware in one clock cycle, increase MPEG
video-processing performance.

Implementation issues
To achieve the frequency of 243 MHz, we

designed the D30V/MPEG for a 3.3-ns, 300-
MHz cycle time, operating at 2.3 V and 27°C.
We provided 19% of the operation power (57
MHz) for worst-case process and temperature
conditions. Because of the instruction mem-
ory’s large capacity (64 Kbytes), the imple-
mentation of the high-speed instruction fetch
is critical. Another important issue is con-
trolling the clock skew.

Floor planning
Figure 5 shows the processor’s pipeline and

operand bypass mechanism. The memory
unit and the integer unit pipes execute two
subinstructions in parallel. Register operation
instructions execute in the instruction fetch
(I), instruction decode (D), execution (E), and
write-back (W) stages. Memory access
instructions execute in the instruction fetch
(I), instruction decode and address generation
(D/A), memory access (M), and write-back
(W) stages. Operand bypasses can take place
not only in each pipe but also between the
pipes. The operand fetched from memory in
the M stage of the memory unit pipe is

bypassed to the following
instructions both in the
memory unit and integer unit
pipes. The result of a multi-
ply operation in the I stage of
the integer unit pipe is
bypassed to the following
instructions in both pipes.

Multimedia applications
requiring many parallel and
multiply operations frequent-
ly use these two interpipe
bypasses. We have obtained a
12% speedup via these
bypasses in the MPEG block-
decoding program. We have
also eliminated unimportant
bypasses and used interlock
controls to insert wait cycles
for the eliminated bypasses.

Figure 6 shows the instruc-
tion memory floor plan and

timing chart of the instruction fetch and
decode stages. To achieve 300-MHz access, we
allow 3.3 ns for each stage’s cycle time. The I
stage performs address decoding and memory
reading. The D stage executes instruction
decoding and generates control signals for the
memory and integer units. The amount of
instruction decoding in the D stage is large
because of the complicated interlock controls.
Therefore, we separated the interlock controls
into two functions: generating interlock con-
ditions and generating interlock signals. Each
function is divided into a predecode block and
a decode block, both implemented with
dynamic circuits to shorten access time.

To make matters worse, because of the large
instruction memory, the access path—6 mm
from a memory cell to the decoder—is inher-
ently long. Therefore, we placed the prede-
code blocks on the access paths. In the
high-clock (φ) I stage, the address decoder
decodes the instruction address and drives it
to the instruction memory blocks. In the low-
clock (–φ) I stage, the word lines are activated,
and the sense amplifiers detect the difference
in the bit lines and forward the memory data
to the predecode units. The predecode results
are repeated at the center of the data path and
decoded in the D stage (φ). In the D stage ( –φ),
the MU and IU controls generate the control
signals for the memory and integer units. The
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data path begins instruction execution imme-
diately at the rising edge of the clock in the 
E stage.

To shorten instruction memory read-out
time, we used a selective sensing circuit, as
shown in Figure 7. The least-significant bit
(LSB) address activates one of the coupled sense
amplifiers, and the selection occurs in the latch.
In this way, we avoided a slow 32-to-1 selector
and maximized the output’s speed. As a result,
we achieved an access speed for the 64-Kbyte
memory of a memory half that capacity.

Predecode/decode with dynamic circuits
Both the predecode and decode blocks use

dynamic circuits, which guarantee synchro-
nization of these operations at the clock edge.
The predecode dynamic gates are enabled at
the rising edge of the D stage, and the decode
dynamic gates at the falling edge of the D
stage. Figures 8a and 8b (next page) show typ-
ical dynamic circuits for the predecode block.
The domino circuit in Figure 8a realizes a 7-
input AND, 8-input OR function. The

dynamic circuit in Figure 8b realizes a com-
pare followed by an OR of the results. Figure
8c shows typical dynamic circuits for the
decode block. They use a combination of sta-
tic and dynamic logic to shorten the total
operation time. The 3-input AND, 4-input
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OR static CMOS logic completes before the
falling edge of the clock, followed by the 20-
input OR dynamic circuit. The combined 3-
input AND, 80-input OR static and dynamic

logic fully optimizes the complete clock fre-
quency for fast throughput to the data path.

We implemented the physical layout of the
predecode and decode blocks using a place-
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and-route tool. The tool registers the dynam-
ic circuits as standard cells. To protect the
dynamic nodes from noise, they are sealed and
protected against overlap routing, as shown
in Figures 8a–c.

Clock skew control
Because of the large die, large memory, and

high-speed instruction fetch, controlling clock
skew is especially important. In the
D30V/MPEG, we minimized preskew by cen-
trally routing and driving the clock to the eight
main clock drivers, as shown in Figure 9. We
chose the size and position of the repeaters
carefully to minimize delay from the phase-
locked loop and to ensure sharp rise and fall
times. The eight main clock drivers drive the
clock mesh in the blocks implemented by the
place-and-route tool and the data path blocks.
In the tool-implemented blocks, a place-and-
route option for the shortest
and straightest connection to
the clock helps reduce the
clock skew.

We used mesh routing net-
works for all processor core
blocks, including the instruc-
tion RAM, the data RAM, and
the peripherals. The outputs of
the eight main drivers connect
to the mesh routing networks.

Results of SPICE simulation
Figure 10 shows results of

SPICE simulation of the
D30V/MPEG’s instruction
fetch and decode. The simu-
lation conditions were the
Mitsubishi 0.25-micron
CMOS process parameters at
2.3 V and 27°C. In this case,
the results are for the path
shown in Figure 6, including
the predecode and decode cir-
cuits shown in Figures 8b and
8c. In the I stage, the proces-
sor completed instruction
memory access and input to the predecode
block. In the first half of the D stage, it fin-
ished the output of the predecode block and
the input of the decode block. It executed
instruction fetch and instruction decode in
one and a half cycles, meeting the 3.3-ns, 300-

MHz cycle time requirement.
Figure 11 (next page) shows the results of

the clock skew simulation. We extracted and
simulated the RC nets of the clock lines at data
points over the entire chip. The worst skew,
0.238 ns, occurs in the left side of a block
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implemented by the place-and-route tool.
The clock skew, except for peripheral blocks,
is 0.150 ns in the worst case. This is 4.5% of

a 3.3-ns (300-MHz) clock cycle. The simula-
tion conditions are 2.5 V and 27°C.

Chip evaluation results
Figure 12 shows the

schmoo plot of the chip run-
ning at 300 MHz with a 2.3-
V power supply. In this case,
we executed an ALU bypass
operation. We executed the
interlock controls during
instruction fetch and decode. 

Figure 13 shows the chip’s
power dissipation, depending
on the supply voltage and the
running frequency. The total
ICC current when executing
IDCT operations at 243
MHz with a 2.5-V power sup-
ply is 807 mA. The power dis-
sipation for this case is 2.0 W.

Applications of the D30V/
MPEG include DVD

and DVC encoder/decoders
and SDTV/HDTV endod-
ing/decoding systems. In our
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Figure 12. Schmoo plot (ALU bypass operation).
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future work on the multimedia processor, we
plan process migrations, speed enhancement,
and processor core reuse. MICRO
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