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Claim

1. A digital video decompression processor for a compressed video

bitstream: representative of successive video frames of pixel data, comprising:

means for extracting a decode time stamp from said video bitstream; and

memory manager for mapping a random access memory to provide:

a FIFO buffer for said compressed video bitstream;
a first luminance anchor frame buffer and a first chrominance anchor frame

buffer for storing a full frame of luminance data and a full frame of chrominance data
for a first anchor frame used to predict B-frames and for subsequent output for use in
reconstructing said successive video frames;

a second Iuminance anchor frame buffer and a second chrominance anchor

frame buffer for storing a full frame of luminance data and a full frame of chrominance
data for a second anchor frame used to predict said B-frames and for subsequent output
for use it reconstructing said successive video frames;

& first B-frame luminance buffer sized to store less than 100% of the amount of

huminance data in a first B-frame field for use in reconstructing said successive video
frames;

a second B-frame luminance buffer sized to store at least 100% of the amount

of luminance dats in & second B-frame field for use in reconstructing said successive
video frames: and
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a B-frame chrominance buffer sized to store at least 100% of the amount of
chrominance data in a B-frame for use in reconstructing said success..’e video frames;

wherein:

storage locations of said first B-frame luminance buffer ate available for reuse
to provide storage space for remaining portions of said first field B-frame luminance
data as the reconstruction of the B-frame continues; and

said first and second ancher frames are decoded according to said decode time

stamp.
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DRAM MAPPING FOR A DIGITAL VIDEO
DECOMPRESSION PROCESSOR

BACKGROUND OF THE INVENTION

The present invention relates to a video
decompression processor, and more particularly to an
efficient memory mapping scheme useful in
decompressing phase alternating line (FAL) digital
video signals having B-frames.

Digital transmission of television signals can
deliver video and audio services of much higher
quality than analeég techniques. Digital
transmission schemes are particularly advantageous
for signals that are broadcast via a cable
television network or by satellite to cable
talevision affiliates and/or directly to home
satellite television receivers. It is expected that
digital televisi#sn transmitter and receiver systems
will replace existing analog systems just as digital
compact discs have replaced analog phonograph
records in the audio industry.

A substantial amount of digital data must be
transmitted in any digital television system. 1In a
digital television system, a subscriber receives the
digital data stream via a receiver/descrambler that
provides video, audio and data to the subscriber.

In order to most efficiently use the available radio
frequency spectrum, it is advantageous to compress
the digital television signals to minimize the
amount of data that must be transmitted.

The video portion of a television signal
comprises & sequence of video "frames" that together
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provide a moving picture. In digital television
systems, each line of a video frame is defined by a
sequence of digital data bits referred to as
"pixels." A large amount of data is required to
define each video frame of a television signal. For
example, 9.7 megabits of data is required to provide
one video frame at PAL resolution. This assumes a
704 pixel by 576 line display is used with eight
bits of intensity value for each of the primary
colors red, green and blue. In order to manage this
amount of information, the data must be compressed.

Video compression techniques enable the
efficient transmission of digital video signals over
conventional communication channels. Such
techniques use compression algorithms that take
advantage of the correlation among adjacent pixels
in order to derive a more efficient representation
of the important information in a video signal. The
most powerful compression systems not only take
advantage of spatizl correlation, but can also
utilize similarities among adjacent frames to
further compact thé data. In such systems,
differential encoding is usually used to transmit
only the difference hetween ai. actual frame and a
prediction of the actual frame. The prediction is
based on information derived from a previous frame
of the same video sequence.

Examples of video compression systems using
motion compensation ¢an be found in Krause, et al.
U.8. patents 5,057,916; 5,068,724;: 5,091,782;
5,093,720¢ and 5,235,419. Generally, such motion
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compensation systems take advantage of a block-
matching motion estimation algorithm. 1In this case,
a motion vector is determined for each block in a
current frame of an image by identifying a block in
a previous frame which most closely resembles the
particular current block. The entire current frame
can then be reconstructed at a decoder by sending
the difference between the corresponding block
pairs, together with the motion vectors that are
requirad to identify the corresponding pairs.
Often, the amount of transmitted data is further
reduced by compressing both the displaced block
differences and the motion vector signals. Block
matching motion estimation algorithms are
particularly effective when combined with block-
based spatial compression techniques such as the
discrete cosine transform (DCT).

In order to implement video compression in
practical systems, a video decompression processor
is required for each digital television receiver.
The development of very large scale integration
(VLSI) integrated circuit chips is currently
underway to implement such video decompression
processors. In consumer products such as television
sets, it is imperative that the cost of the system
compenents be kept as low as possible. One of the
significant costs associated with a video
decompression processor is the memory required to
(1) buffer the compressed data prior to
decompression, (ii) store the previous frame data
necessary to predict a current frame using motion
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estimation techniques, and (iii) buffer the
decompressed data prior to its output to a video
appliance such as a television set, video tape
recorder, or the like. The minimization of the
memory requirements is particularly important when
the transmitted video has been encoded using
bidirectionally predicted frames (B-frames).

Each of a succession of digital video fiames
that form a video program can be categorized as an
intra frame (I-frame), predicted frame (P-frame), or
B-frame. The prediction is based upon the temporal
correlation between successive frames. Portions of
frames do not differ from one another over short
periods of time. The encoding and decoding methods
differ fox each type of picture. The simplest
methods are those used for I-frames, followed by
those for P-frames and then B-franes.

I-frames completely describe a single frame
without reference to any other frame. For improved
error concealment, motion vectors can be included
with an I-frame. An error in an I-frame has the
potential for greater impact on the displayed video
since both P-frames and B-frames are predicted from

. an I-frame.

P-frames are predicted based on previcus I or P
frames. The reference is from an earlier I or P
frame to a future P-fram¢ and is therefore called
"forward prediction." B-frames are predicted from
the closest earlier I or P frame and the closest
later I or P frame. The reference to a future
picture (i.e., one that has not yet been displayed)
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is called "backward prediction." There are cases
where backward prediction is very useful in
increasing the compression rate. For example, in a
scene in which a door opens, the current picture may
predict what is behind the door based upon a future
picture in wh.ch the door is already open.

B-frames yield the most compression but also
incorporate the most error. To eliminate error
propagation, B-frames may never be predicted from
other B-frames. P-frames yield less error and less
compression. I-frames yieid the least compression,
but are able to provide random access entry pcints
into a video sequence.

One standard that has been adopted for encoding
digital video signals is the Motion Picture Experts
Group (MPEG) standard, and more particularly the
MPEG-2 standard. This standard does not specify any
particular distribution that I-frames, P-frames and
B-frames must take within a sequence. Instead, the
standard allows different distributions to provide
different degrees of compression and random
accessibility. One common distribution is to have
I-frames about every half second and two B-frames
between successive I or P frames. To decode P
frames, the previous I-frame must be available.
Similarly, to deccde B frames, the previous and
future P or I frames must be available.
Consequently, the video frames are encoded in
dependency order, such that all pictures used for
prediction are coded before the pictures predicted
therefrom. Further details of the MPEG-2 standard
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(as well as the alternative DigiCipher®II standard)
and its implementation in a video decompression
processor can be found in document MC68VDP/D, a
preliminary data sheet entitled “"MPEG-2/DCII Video
Decompression Processor," © Motorola Microprocessor
and Memory Technologies Group, 1994, incorporated
herein by reference.

It would be advantageocus to provide a memory
mapping scheme for use in a video decompression
processor that is economical and efiiciently
utilizes memory capacity. More particularly, such a
scheme should enable the decoding of PAL images with
B-frames using a minimal amount of dynamic random
access memory (DRAM). Ideally, MPEG-2 PAL images of
704 pixels x 576 lines with B-frames should be
accommodated using just sixteen Mbits (megabits,
i.e., 2% bits) of DRAM. An MPEG-2 video signal
using B-frames in a PAL format and having video
frames containing 576 video lines of 352 pixels each
should also be able to be accommodated in 8 Mbits of
DRAM.

The present invention provides a memory mapping
scheme which enables the implementation of a video
decompression processor having the aforementioned
advantages.
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SUMMARY OF THE INVENTION

The present invention provides a digital video
decompression processor for a compressed video
bitstream representative of successive video frames
of pixel data. A memory manager maps a random
access memory to provide various buffers. A first-
in first-out (FIF0)} buffer is provided for the
compressed video bitstream. A first luminance
anchor frame buffer and a first chrominance anchor
frame buffer are provided for storing a full frame
of luminance data and a full frame of chrominance
data for a first anchor frame used to predict B-
frames and/or P-frames. The first anchor frame is
subsequently sutput from the buffer for use in
reconstructing the successive video frames. A
second luminance anchor frame buffer and a second
chrominance anchor frame buffer are provided for
storing a full frame of lumisance data and a full
frame of chrominance data for a second anchor frame
used to predict the B-frames and/or P-frames. The
second anchor frame is also subsequently output from
the buffer for use in reconstructing the successive
video frames. A first B-frame luminance buffer,
sized to store less than 100% (and preferably about
50% to 66%) of the amount of luminance data in &
first B~frame field, is provided for use in
reconstructing the suc¢cessive video frames. A
second B-frame luminance buffer, sized to store at
least 1003 (and preferably about 100% to 120%) of
the amount of luminance data in a second B-«frame
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field is provided for use in reconstructing the
successive video frames. A B-frame chrominance
buffer, sized to store at least 100% (and preferably
about 100% to 120%) of the amount of chrominance
data in a B~frame, is provided for use in
reconstructing the successive video frames.

In a preferred, illustrated embodiment the FIFO
buffer comprises substantially all of the storage
space left in the random access memory after
acceunting for the first and second luminance and
chrominance anchor frame buffers, the first and
second B-frame luminance buffers and the B frame
chrominance buffer.

In a more specific embodiment, a digital video
decompression processor is provided for
decompressing an MPEG-2 video signal using B-frames
in a PAL format and having video frames containing
576 video lines of 704 pixels each. The first and
second luminance anchor frame buffers each
accommodate 576 video lines. The first and second
chrominance anchor frame buffers each accommodate
288 video lines. The first B-frame luminance buffer
accommpodates 184 video lines and the second B-frame
lunminance buffer and B-frame chrominance buffer each
accommodate 320 video lines. In this embodiment,
the random access memory can comprise a sixteen
megabit memory. The memory manager can further
provide a portion of the random access memory,
equivalent to about one video line, for storing data
{such as pan control data, closed caption data,
horizontal and vertical size data, repeat first
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field and top field first flags, chroma post
processing type, sample aspect ratio, field sequence
and scan method flags, etc.) required to properly
display a decoded video frame.,

In another specific embodiment, a digital video
decompression processor is provided for
decempressing an MPEG~2 video signal using B-frames

in a PAL format and having video frames containing

576 video lines of 352 pixels each. Each of the

first and second luminanee anchor frame buffers
accommodates 576 video lines. The first and second
chrofiihance anchor frame buffers each accommodate
288 video lines. The first B-frame luminance buffer
accommodates 144 video lines and the second B-frame
luminance buffer and B-frame chrominance buffer each
accommodate 288 video lines. This specific
embodiment g¢an be implemented in an eight megabit
&M, with the memory manager providing a portion of
the RAM gqguivalent to about one video line for
storing data required to properly display a decoded
video frame.

A digital video decompression processdr in
accordance with the present invention can also
comprise means for decoding the compressed video
bitstream to reconstruct the B-frames from
predictions based on the anchor frames. The memory
maﬁaggr writes portions of a B-frame being
reconstructed into corresponding portions of the B-
frame buffers. The memory manager commences reading
first field luminance data for the B-frame being
reconstructed from the first B-frame luminance
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buffer, for use in reconstructing a video frame for
display, before the B-~frame has been entirely
reconstiucted by the decodin~ means.

A method is provided for mapping a random
agcess memory of a digital video decompression
processor to enable the reconstruction of successive
video frames of pixzel data represented by a
compressed video kitstream. A FIFO buffer is

provided in the RAM for the compressed video

bitstream. A first luminance anchor frame buffer
and a first chrominance anchor frame buffer are
provided in tki RAM for storing a full frame of
luminance data and full frame of chrominance data
for a first anchor frame used to predict B~frames
and/or P-frames. A second luminance anchor frame
buffer and second chrominance anchor frame buffer
are provided in the RAM for storing a full frame of
luminance and a full frame of chrominance data for a
second anchor frameé used to predict the B-frames
and/or P-frames., A first B-frame luminance buffer
is provided in the RAM and sized to store less than
100% (and preferably about 50% - 66%) of the amount
of luminance data in a first B-frame field. A
second B-frame luminance buffer is provided in the
RAM and sized to store at least 100% [fand preferably
about 100% = 1203%) of the amount of luminance data
in a second B-frame field. A B-frame chrominance
buffer is provided in the RAM and sized to store at
least 100% (and preferably about 100% = 120%) of the
amotint of chrominance data in a B-frame. The anchor
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frames and B-frames are read from the RAM to enahle
the reconstruction of the successive video frames.
The step of providing the FIFO buffer in
accordance with the present invention can allocate
to the FIFO buffer substantially all of the storage

space left in the random
accounting for the first
chrominance anchor frame
second B-frame luminance
chrominance buffer. The
further steps of writing

access memory after

and second luminance and
buffers, the first and
buffers and the B-frame
method can comprise the
first and second field

luminance and chrominance portions of a B-frame

being reconstructed into

corresponding portions of

the B-frame buffers. The first field luminance data
for the B-frame being reconstructed is read from the
first B-framé luminance buffer before the B-frame
has been entirely reconstructed. 1In this manner,

storage locations of the
buffer are available for

first B-frame luminarce
reuse to provide storage

space for remaining portions of the B=frame as the
reconstruction of the B-frame continues.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a video
decompression processor in accordance with the
present invention;

Figure 2 is a diagrammatic illustration of a
memory mapping scheme for a PAL implementation
having lines of 352 pixels each and B-frames, using
eight megabits of memory:;

Figure 3 is a diagrammatic iJlustration of a
memory mapping scheme for a PAL implementation
having lines of 704 pixels each with B-frames, using
16 megabits of memory; and

Fig. e 4 is a timing diagram illustrating the
decoding ("processing") and display of successive
video frames.
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DETAILED DESCRIPTION OF THE INVENTION

Figure 1 is a block diagram of a video
decompression processor incorxporating a memory
manager that maps external DRAM 22 in accordance
with the present invention. The processor,
generally designated 20, is a pipelined processor
designed to decode both the transport layer (i.e.,
control and other non-video information) and the
video layer of the compressed bitstream input via
terminal 10, sometimes referred to as the "transport
packet interface" of the wvideo processor.

A user processor interface is provided at
terminal 14 for control of the video data processor
via an M-bus controller 50 that configures wvarious
registers in processor 20. The M-bus is a two-wire,
bidirectional serial bus which provides a simple and
efficient means of data exchange between devices,
and is fully compatible with the I?C bus standard.

An interface to the DRAM is provided via
address lines 24 and data lines 26. In the specific
embodiment illustrated in Figure 1, DRAM 22 has a
nine bit address port and a thirty-two bit data
port.

A video output interface 38 is provided for the
deconpressed, reconstructed video which may, for
example, be output as a standard CCIR (International
Radio Consultive Committee) 656, eight bit, twenty-
seven MHz multiplexed luminance (YY) and chrominance
(Cr, ¢b} signal.
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A test interface can be provided via terminal
62 to a conventional JTAG (Joint Test Action Group)
controller 60. JTAG is a standardized boundary scan
methodology used for board-level testing to detect
faults in package and board connections, as well as
internal circuitry.

The video decompression processor 20 receives a
clock via terminal 12. The clock provides timing
information for, e.g., enabling a transport syntax
parser 32 to recover timing information and video
information from transport packets in the compressed
bit stream input via terminal 10. An acquisition
and error management circuit 34 utilizes a program
clock reference (PCR) and decode time stamp (DTS)
detected by a video syntax parser 40 to synchronize
the start of picture decoding. This circuit sets
vertical synchronization and provides global
synchronization for all video decode and display
functions.

The video layer is buffered in an input buffer
(FIFO) configured by a memory manager 30 in the
external DRAM 22. The video syntax parser 40
receives the compressed video data output from the
DRAM FIFO via memory manager 30, and separates the
motion vector information from the coefficients
describing the video information. The goefficients
are processed by a Huffman decoder 52, inverse
quantizer 54, and inverse discrete c¢osine transform
(1DCT) processor 56.

Motion vectors are recovered and used to
address previously decoded video frames required for
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reconstructing a current video frame. In
particular, a motion vector decoder 42 decodes the
motion vectors received from video syntax parser 40
and passes them to a prediction address generator
44, The prediction address generator generates the
necessary addresses to retrieve, via memory manager
30, the necessary anchor frame data to enable
prediction calculator 46 to reconstruct a current
frame block. Differential decoder 48 combines the
prediction signal with the decoded coefficient data
to provide decompressed video data. The
decompressed data is stored in appropriate buffers
of DRAM 22 via memory manager 30.

It should be appreciated that the video
decompression process carried out by motion vector
decoder 42, prediction address generator 44,
prediction calculator 46, differential decoder 48,
Huffman decoder 52, inverse quantizer 54 and IDCT 56
are conventional and well understood by those
skilled in the art. These components do not provide
any part of the present invention, although they do
provide the decompressed video that is stored in
DRAM 22 in accordance with the present memory
mapping scheme.

Memory manager 30 schedules all activity on the
external DRAM address and data buses 24, 26 and
efficiently maps DRAM 22 in accordance with the
present invention. Thus, the memory manager insures
that the data transfer requirements of the input
FIFO portion of DRAM 22, the video syntax parser 40
and the video reconstruction circuit 36 (as well as
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prediction calculator 46 and differential decoder
48) are all met. The video reconstruction circuit
36 calculates a current picture and inserts closed
caption, a vertical interval test signal (VITS) and
test pattern data for output on video output line
38. The output display is synchronized by comparing
the PCR to a presentation time stamp (PTS). A
determination of when the decoding of a video frame
must commence is made by comparing the decode time
stamp (DTS) to the program clock reference (PCR).

The memory manager also provides a variable
size for the FIFO portion of DRAM 22 depending on
the decoding mode, which can be, for example, PAL
with or without B-frames. The present invention is
concerned with the processing of PAL signals using
B-frames. The video buffer control ensures that the
FIFO provided by DRAM 22 does not overflow or
underflow. Buffer control is a function of system
timing parameters including the PCR and DTS.

DRAM 22 is illustrated as an external memory
and may be provided by a plurality of DRAM chips,
such as two, four Mbit DRAMs for an eight Mbit
implementation or four, four Mbit DRAMs for a
sixteen Mbit implementation. It should be
appreciated that in future implementations, and as
nemory technology advances, DRAM 22 may be provided
as internal memory within the video decompression
processor. The DRAM is mapped in accordance with
the present invention to provide various decode and
output video buffers as well as the circular FIFO
for the compressed input video bitstream. The DRAM
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may also be used to provide a test pattern buffer, a

-VITS buffer and a closed captioning display

reordering buffer as well as to store various
picture structure data necessary to properly display
the decoded video frames. The DRAM can be
reinitialized via memory manager 30 to provide
different memory maps as required when variables are

" modified such as the video frame vertical size, PAL

or NTSC video, the presence of test patterns, eight
or sixteen Mbit memory configuration, and whether B-
frames are present.

The memory manager 30 schedules all of the
activity on the external DRAM buses including the
data transfer requirements of the input FIFO, the
video parser and the video reconstruction circuit.
The memory manager also performs the required DRAM
refresh in a conventional manner. For example, the
same row in each of two or four external DRAMs can
be refreshed simultaneously.

Figure 2 illustrates a first memory map for
DRAM 22 in accordance with the present invention.
The embodiment of Figure 2 is useful in connéction
with a PAL video format using B-frames, where each
video frame comprises 576 lines of active video,
with each line having 352 eight-bit pixels. The
memory map corresponds to an eight Mbit DRAM. The
DRAM is divided into 512 pages 72, with each page
holding 512 thirty-two bit words for a total of
8,388,608 (eight Mbits) of memory.

The DRAM of Figure 2 is mapped into eight
separate buffers. A first buffer 70 is used to
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store a full frame of luminance at a time, and
particularly frames designated as first luminance
anchor frames. When decoding B-frames, there are
two "anchor" frames which can each be either an I-
frame or a P-frame. One of the anchor frames is
used for forward prediction and the other is used
for backward prediction.

A second luminance anchor frame buffer 76 shown
in Figure 2 is also the size of one frame of
luminance. Two chrominance anchors 74, 78 are each
the size of one frame of chroma. Thus, the first
luma anchor buffer 70 and the second luma anchor
buffer 76 each have sufficient storage to hold 576
lines of PAL luminance data, where each line
contains 352 pixels. Each video frame has half as
much chrominance data as luminance data, and
therefore the first and second chrominance anchor
buffers 74, 78 respectively are one-half the size of
the first and second luminance anchor buffers. The
chrominance anchor buffers each hold 288 lines of
pixel data, with each line containing 352 pixels.
The luminance and chromihance data for the anchors
is stored in the associated buffers 70, 74, 76 and
28 after‘decompression, for use in decoding the B-
frames. The anchor frame data is subsequently
output from the buffers, when needed for display by
the video appliance for which the video data is
being decoded.

In addition to the anchor buffers, the memory
mapping of the present invention provides a first B-
frame luminance buffer 80 and a second B-frame
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luminance buffer 82, as well as a B-frame
chrominance buffer 84. The first B-frame luminance
buffer is sized to store less than the full amount
of luminance data in a first B-frame field, whereas
the second B-frame luminance buffer is sized to
store at least 100% of the amount &6f luminance data
in a secaond B-frame field. The provision of a first
B-frame luminance buffer 80 that is smaller than the
second B-frame luminance buffer 82 enables an
advantageous conservation of memory, allowing only
eight Mbit of memory to be used for PAL processing
with B-frames when each video line contains 352
pixels, and 16 Mbit of memory to be used for PAL
video with B-frames when each video line contains
704 pixels. In the eight Mbit implementation
illustrated in Figure 2, the first B-frame luminance
buffer has a vertical size that is only one quarter
of a full video frame {i.e., one-half of a field).
Thus, buffer 80 only accommodates 144 video lines
instead of the full 288 video lines contained in the
first field of a B~-frame. The second B-frame
luminance buffer 82, on the other hand, must
accommodate a full field (288 lines) of a B-frame.
Similarly, the full 288 lines of chrominance data
for a videco frame is accommodated by B-frame
chrominance buffer 84.

~ Except for about one video lihe worth of memory
that is used £o store frame specific data required
to properly display a decoded video frame and for
test patterns and the vertical interval test signal
(VITS); the remaining storage space in DRAM 22
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(after accounting for the anchor buffers and B-=field
buffers) is allocated to the input FIFO. This FIFO
is used to temporarily store the compressed video
data from the input bitstream until it is ready to
be processed (i.e., decompressed) by the motion
compensation/motion estimation cireuitry. Aas
illustrated in Figure 2, the FIFO 86 includes memory
page portions 88 which are not entirely filled by
the anchor buffers and B-frame buffers. No portion
of the DRAM is wasted.

Implementation of the memory map of Figure 2 in
accordance with the present invention is possible
due to the fact that display of the first field of
each B-frame can commence before that field has been
entirely decoded. Thus, it is possible to write
into the buffer lines vacated by display of the
first half of the first B-frame field, when decoding
the second half of that field. The result is most
clearly explained with reference to Figure 4.

Figure 4 is a timing diagram illustrating the
decoding ("processing") of successive video frames
and the display of those frames. As indicated
above, the compressed video bitstream will c¢ontain
data for I-frames, P-frames and B-frames. The B-
frames are predicted from the closest earlier I-
frame or P-frame and the closest later I-frame or P-
frame. As ar. example, these frames can be
transmitted in the following order:

11 P4 B2 B3 P7 BS B6 I10 B8 B9 P13 Bll Bl2 P16

Bl4 Bl15 119 B17 Bl8...
and displayed in the order:
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I1 B2 B3 P4 B5 B6 P7 B8 B9 I10 Bll Bi2 P13

Bl14 B15 P16 Bl17 B18 I19 ... .

Although the frames are transmitted with each pair
of B-frames surrounded by I and/or P anchor frames,
they cannot be processed in this order. Instead,
the necessary anchor frames must be processed first
so that the B-frames bracketed thereby can then be
derived. This is illustrated by the "“processing"
time line 110 of Figure 4. When a decode time stamp
(DTS) for a picture is received, processing of the
first I-frame (I1) commences. At time DTS+n,
processing of the next anchor frame (in this case
P4) commences. The time increment designated by n
is the amount of time between successive frames in
the particular television format. In the PAL
format, there are 25 frames per second, so that n =
1/25 second.

Time line 112 illustrates when the video frames
that are processed at the times indicated by time
line 110 are output to a video appliance, e.g., for
display. As illustrated in Figure 4, frame 11 is
ready for display after this frame has been
processed and half of the following anchor frame P4
has been processed. After the anchor frames I1 and
P4 have been decoded and stored in their respective
buffers 70, 74 and 76, 78, it is possible to decode
the first B-frame B2. This B-frame must be output
for display directly after I-frame I1 is output for
display, since the proper ordering of the frames is
I1 B2 B3 P4 BS5 ... as indicated above.



10

15

20

25

22

As can bé seen by comparing time lines 110 and
112 of Figure 4, the display of each B-frame (e.g.,
B2) commences after only half of that frame has been
decoded. Thus, as soon as the video decompression
processor is one-half way through the decoding of a
B-frame, the display of that frame is commenced.
Further, as soon as the display of the last field of
a frame commences, decoding of the next frame can
commence. Since field one of each B-frame is
displayed at twice the rate it is being decoded, it
is only necessary to decode one-half of the field
before the display thereof is commenced. It should
be appreciated that by providing a suitable rate
flow buffer, decoding could commence even earlier.

The buffers illustrated in Figure 2 have a
circular architecture. Since the MPEG-2 standarad
provides for the decodiwg of data in a frame order,
with display of the data in a field order, the
buffers are also used to reorder the video data from
frame order to field order. The decoding of half
the B-frame in a frame order involves the processing
of one-half of field one of the B-Frame and one-half
of field two of the B-frame. Oneé-half of the first
field is equivalent to one quarter of the whole
frame. For a 576 line frame, this represents 144
lines. Thus, by the time one-half of B-frame B2 has
been precessed, there are 144 lines of field one and
144 lines of field two to be stored in the
respective first and second B-frame buffers 80, 82.
The 144 lines of field one data will completely fill
the field one B-frame buffer 80. However, at this
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point the system can start displaying B-frame B2
while it continues to process the second half of
this B=~frame.

The concurrent processing and display of field
one enables the field one buffer 80 to be
immediately used to store new data for the field as
previously stored data for the same field is output
for display. Since the MPEG-2 standard dictates
that data is decoded in frame order but displayed in
field order, field one will be output for -“isplay in
its entirety before the output of field two
commences. Accordingly, it is necessary to hold all
of field two in the second B-frame buffer 82 prior
to outputting this field for display. Thus, the
siz~ of buffer 82 must accommodate a full field of
the B-frare, and cannot be reduced to the size of
one half of a field as was the case for buffer 80.

It should be appreciated that the only buffer
which can be reduced in size in accordance with the
present invention is buffer 80. As indicated above,
the second B~frame luminance buffer 82 must be sized
to store a full B-frame field. Similarly, ‘the B-
frame chrominance buffer 84 must store a full frame
of chrominance data, since this data is used in
connection with the display of both of the B-~frame
fields. Each of the anchor buffers must be full
size, since all of the information for the two
anchors bracketing a B-frame wust be available in
ordei to complete the processing of that B-frame.

The resultant treduction of the amount of memory
required to store one-half of one field of B-frame
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data is significant. As indicated by the memory map
of Figure 2, a full field (e.g., buffer 82) requires
288 lines x 352 pixels x 8 bits = 811,008 bits of
storage. Saving one-half of this represeiits a
savings of over 406 Khits of DRAM.

Figure 3 illustrates a memory map in accordance
with the present invention for a PAL embodiment
where each video frame includes 576 active lines of
video, each line containing 704 eight bit pixels.
This embodiment requires.-a 16 Mbit DRAM 22. Eazh
DRAM page 72 comprises 512 thirty-two bit words. As
with the eight Mbit embodiment of Figure 2, each of
the first and second luminance anchor buffers 90, 94
holds a full frame (576 lines) of data. Similarly,
each of the first and second chrominance anchor
buffers 92, 96 holds a full frame (288 lines) of
chrominance data.

Figure 3 is also similar to the embodiment of
Figure 2 in that the first B-frame luminance buffer
98 is sized to store less than the full amount of
luminance data in a first B-frame field. The second
B-frame luminance buffer is sized to store at least’
100% of the amount of luminance data in the second
field of the B-frame. The B-frame chroma buffer 102
is the same size as the second B-frame luminance
‘buffer 100. The FIF¢ buffer 104 comprises
substantially all of the storage space left in the
DRAM after accounting for the first and second
luminance and chrominance anchor frame buffers (90,
94, 92, 96), the first and second B-frame luminance
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buffers (98, 100) and the B-frame chrominance buffer
(102).

The embodiment of Figure 3 differs from that of
Figure 2 in that the first and second B-frame
lumninance buffers and the B-frame chrominance buffer
each include storage space for a number of
additional video lines to provide rate flow
buffering. Specifically, in the illustrated
embodiment the first B-frame luminance buffer 98 is
a circular buffer that holds one-half of the field
one luminance pixel data for the B-frame and an
additional forty lines of field one data as a rate
flow buffer. The second B-frame luminance buffer
100 is a circular buffer that holds all of the field
two luminance pixel data for the B-frame as well as
thirty~twe additional lines of rate flow buffering.
The B-frame chrominance buffer holds one frame of
chrominance (Cr and Cb) pixels and an additional
thirty-two lines of rate flow buffering.

The rate flow buffering provides a cushion
betweeri the processing of the B~frames and the
display thereof, to prevent a buffer overflow or
underflow condition. The number of additional lines
provided for rate flow buffering can be determined
empirically. However, it is preferable for the
first B-frame luminance buffer to be sized to store
about 50% to 80%, and even more preferably between
50% to 66% of the amount of data contained in the
first B-frame field. The second B-frame luminance
buffer is preferably sized to store about 100% to
120% of the amount of luminance data in the second
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B-frame field. The B-frame chrominance buffer is
preferably sized to store abeut 100% to 120% of the
amount of chrominance data in the B-frame.

The eight Mbit B-frame memory map of Figure 2
does not require such rate flow buffering. The
reason is that the images decoded when using this
memory map are only one-half the size of the maximum
resolution that the video decompression processor is

- designed to decode. Therefore, decoding speed is

not an issue and rate flow buffering is not
reguired.

It should now be appreciated that the present
invention provides a method and apparatus for
mapping a random access memory in a digital video
decompression processor. Instead of buffering
complete PAIL B-frames in the memory, only a portion
of the first field of weach B-frame is buffered. 1In
an illustrated embodiment using eight megabits of
DRAM, only one-half of the field one data for each
B-frame needs to be buffered. 1In a sixteen megabit
DRAM embodiment for full resolution PAL formatted
video data, the buffer for the first field of B-
frame luminance data is sized to store somewhere
between 50 and 80%, and preferably about 66% of the
amount of luminance data contained in the full
field. A meaningful amount of menory is therefore
saved.

Although the invention has been describad in

connection with various specific embodiuents

thereof, those skilled in the art will appreciate

- that numercus adaptations and modifications may be
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made thereto without departing from the spirit and
scope of the invention as set forth in the claiwms.
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The claims defining the invention are as follows:

1. A digital video decompression processor for a compressed video
bitstream representative of successive video frames of pixel data, comprising:

means for extracting a decode time stamp from said video bitstream; and
memory manager for mapping a random access memory to provide:

a FIFO buffer for said compressed video bitstream;

a first luminance anchor frame buffer and a first chrominance anchor frame
buffer for storing a full frame of luminance data and a full frame of chrominance data
for a first anchor frame used to predict B-frames and for subsequent output for use in
reconstructing said successive video frames;

a second luminance anchor frame buffer and a second chrominance anchor
frame buffer for storing a full frame of luminance data and a fuii frame of chrominance
data for a second anchor frame used to predict said B-frames and for subsequent output
for use in reconstructing said successive video frames;

a first B-frame luminance buffer sized to store less than 100% of the amount of
luminance data in a first B-frame field for use in reconstructing said successive video
frames;

a second B-frame luminance buffer sized te store at least 100% of the amount
of luminance data in a second B-frame field for use in reconstructing said successive
video frames; and

a B-frame chrominance buffer sized to store at least 100% of the amount of
chrominance data in a B-frame for use in reconstructing said succes$ive video frames;

wherein:

storage locdtions of said first B-frame luminance buffer are available for reuse
to provide storage space for remaining portions of said first field B-frame luminance
data as the reconstruction of the B-frame continues; and

said first and second anchor frames are decoded according to said decode time
stamp.

2. A digital video decompression processor in accordance with claim 1
wherein said FIFO buffer comprises substantially all storage space left in said random
access memory after accounting for said first and second luminance and chrominance
anchor frame buffers, said first and second B-frame luminance buffers and said B-frame
chrominance buffer.

3. A digital video decompression processor in accordance with claim 2
for decompressing an MPEG-2 video signal using B-frames in a PAL format and
having video frames containing 576 video lines of 704 pixels each, wherein said first
and second fuminance anchot frame buffers each accommodate 576 video lines, said

\ first and second chrominance anchor frame buffers each accommodate 288 video lines,

T \RDp:0040Y
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said first B-frame luminance buffer accommodates 184 video lines, and said second B-
frame luminance buffer and B-frame chrominance buffer each accommodate 320 video
lines.

4, A digital video decompression processor in accordance with claim 3,
wherein said memory manager provides a portion of said random access memory
equivalent to about one video line for storing frame specific data required to properly
display a decoded video frame.

S. A digital video decompression processor in accordance with claim 2
for decompressing an MPEG-2 video signal using B-irames in a PAL format and
having video frames containing 576 video lines of 352 pixels each, wherein said first
and second luminance anchor frame buffers each accommodate 576 video lines, said
first and second chrominance anchor frame buffers each accommodate 288 video lines,
said first B-frame luminance buffer accommodates 144 video lines, and said second B-
frame luminance buffer and B-frame chrominance buffer each accommodate 288 video
lines.

6. A digital video decompression processor in accordance claim S5,
wherein said ‘memory manager provides a portion of said random access memory
equivalent to about, one video line for storing data required to properly order a video
frame for display.

7. A digital video decompression processor in accordance with claim 1
further comprising:

means for decoding said compressed video bitstream to reconstruct said B-
frames from predictions based on said anchor frames;

wherein said memory mgnager:

writes portions of a B-frame being reconstructed into corresponding portions
of said B-frame buffers, and commences reading first field luminance data for the B-
frame being reconstructed from said first B-frame luminance buffer, for use in
reconstructing a video frame for display, before the B-frame has been entirely
reconstructed by said decoding means.

8. A digital video decompression processor in accordance with claim 1
wherein said first B-frame luminance buffer is sized to store only about 50% to 66% of
an amount of luminance data contained in said first B-frame field.

9. A digital video decompression processor in accordance with claim 8
wherein:

said second B-frame luminance buffer is sized to store about 100% to 120% of
an amount of luminance data contained in said second B-fraine field; and

said B-frame chrominance buffer is sized to store about 100% to 120% of an
amount of chrominance data contained in said B-frame.

U P TP VU
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10. A digital video decompression processor in accordance with claim 1
wherein:

said second B-frame luminance buffer is sized to store about 100% to 120% of
an amount of luminance data contained in said second B-frame field; and

said B-frame chrominance buffer is sized to store about 100% to 120% of an
amount of chrominance data contained in said B-frame.

11. A method for mapping a random access memory (RAM) of a digital
video decompression processor to enable the reconstruction of successive video frames
of pixel data represented by a compressed video bitstream, comprising the steps of:

extracting a decode time stamp from said video bitstream;

providing a FIFO buffer in said RAM for said compressed video bitstream;
providing a first luminance anchor frame buffer and a first chrominance anchor frame
buffer in said RAM for storing a fi..« frame of luminance data and a full frame of
chrominance data for a first anchor frame used to predict B-frames;

providing a second luminance anchor frame buffer and a second chrominance
anchor frame buffer in said RAM for storing a full frame of luminance data and a full
frame of chrominance data for a second anchor frame used to predict said B-frames;

decoding said first and second anchor frames according to said decode time
stamp;

providing a first B-frame lutainance buffer in said RAM sized to store less than
100% of the amount of luminance data in a first B-frame field;

providing a second B-frame luminance buffer in said RAM sized to store at
least 100% of the amount of luminance data in a second B-frame field; and

providing a B-frame chrominance buffer in said RAM sized to store at least
100% of the amount of chrominance data in a B-frame;

wherein said anchor frames and B-frames are read from said RAM to enable
the reconstruction of said successive video frames.

12. A method in accordance with claim 11 wherein said step of providing said
FIFO buffer allocates to the FIFO buffer substantially all storage space left in said
random access memory after accounting for said first and second luminance and
chrominance ancheor frame buffers, said first and second B-frame luminance buffers and
said B-frame chrominance buffer.

13. A method for storing and retrieving B-frame data from the RAM mapped
in accordance with the method of claim 11, comprising the steps of:

writing first and second field luminance and chrominance portions of a B-
frame being reconstructed into corresponding portions of said B-frame buffers; and
teading first field luminance data for the B-frame being reconstructed from

2\ Said first B-frame Juminance buffer before the B-frame has been entirely reconstructed;

00401
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wherein storage locations of said first B-frame luminance buffer are available
for reuse to provide storage space for remaining portions of said first field B-frame
luminance data as the reconstruction of the B-frame continues.

14. A method in accordance with claim 11 wherein said first B-frame
luminance buffer is sized to store only about 50% to 66% of an amount of luminance
data contained in said first B-frame field.

15. A method in accordance with claim 14 wherein:

said second B-frame luminance buffer is sized to store about 100% to 120% of
an amount of luminance data contained in said second B-frame field; and

said B-frame chrominance buffer is sized to store about 100% to 120% of an
amount of chrominance data contained in said B-frame.

16. A method in accordance with claim 11 wherein:

said second B-frame luminance buffer is sized to store about 100% to 120% of
an amount of luminance data contained in said second B-frame field; and

said B-frame chrominance buffer is sized to store about 100% to 120% of an
amount of chrominance data contained in said B-frame.

17. A digital video decompression processor for a compressed video bitstream
representative of successive video frames of pixel data, said pixel data including
chrominance and luminance data, said processor comprising:

a FIFO buffer for receiving successive frames of said chrominance and
luminance data;

a decoder for decoding said successive frames of chrominance and luminance
data to provide successive frames of decoded chrominance and luminance data,

respectively, wherein respective ones of said successive frames of decoded chrominance

and luminance data include anchor frames for use in reconstructing first and second

 fields of a B-frame of said video bitstream;

decoder synchronization means for providing said successive frames of said
chrominance and luminance data from said FIFO buffer to said decoder according to
timing data of said bitstream;

a first lvminance anchor frame buffer and a first chrominance anchor frame
buffer for storing, respectively, said decoded luminance and chrominance data of said
first anchor frame;

a second luminance anchor frame buffer and a second chrominance anchor
frame buffer for storirg, respectively, said decoded luminance and chrominance data of
said second anchor frame;

a first B-frame luminance buffer sized to store less than 100% of the amount of
luminance data in said first field of said B-frame;

a second B-frame luminance buffer sized to store at least 100% of the amount
ninance data in said second field of said B-frame; and
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a B-frame chrominance buffer sized to store at least 100% of the amount of
chrominance data in said B-frame;

wherein storage locations of said first B-frame luminance buffer are available
for reuse to provide storage space for remaining portions of said first field B-frame
luminance data as reconstruction of said B-frame progresses.

18. A digital video decompression processor in accordance with claim 17,
wherein said timing data requires that said decoder synchronization means provide said
successive frames of said chrominance and luminance data from said FIFO buffer 1o
said decoder at substantially regular intervals.

19. A digital video decompression processor in accordance with claim 17,
further comprising:

a memory manager for mapping a random access memory to provide said
FIFO buffer, said first luminance and chrominance anchor frame buffers, said second
luminance and chrominance anchor frame buffers, said first and second B-frame
luminance buffers, and said B-frame chrominance buffer.

20. A digital video decompression processor in accordance with claim 17,
wherein said timing data is determined according to a time stamp of said bitstream, said
processor further comprising:

a video syntax parser for extracting said time stamp from said video bitstream.

Dated 4 June, 1998
NextLevel Systems, Inz.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON

ANy 00407
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DRAM Mapping for a Digital
Video Decompression Processor

ABSTRACT OF THE DISCLOSURE

A random access memory (22) of a digital video
decompression processor (20) is mapped to enable the
reconstruction of successive video frames of pixel
data represented by a compressed video bitstream. A
FIFO buffer (86) is provided in the RAM for the
compressed video bitstream. A first luminance
anchor frame buffer (70) and a first chrominance
anchor frame buffer (74) are provided for storing a
full frame of luminance data and a full frame of
chrominance data for a first anchor frame used to
predict B-frames. A second luminance anchor frame
buffer (76) and second chrominance anchor frame
buffer (78) are provided for storing a full frame of
luminance data and a full frame of chrominance data
for a second anchor frame used to predict the B-
frames. A first B-frame luminance buffer (80) is
provided in the RAM and sized to storge less than
100% of the amount of luminance data in a first B-
frame field. A second B-frame luminance buffer (82)
ie provided in the RAM and sized to store at least
1003 of the amount of luminance data in a second B-
frame field. A B-frame chrominance buffer (84) is
provided in the RAM to store at least 100% of the
amount of chrominance data in a B-frame. The anchor



L

e

frames and B-frames are read from the RAM (22) to
enable the reconstruction of successive video
frames. The memory mapping is particularly well
suited for the decompression of PAL formatted video
in an MPEG-2 decoder.
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