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{57) Abstract

A video processor (10) receives coded digital image data which is decoded (12—20) into MPEG compatible pixel blocks. The pixel
blocks are horizontally and vertically decimated (30) to produce a reduced size image suitable for picture~-in-picture, picture-on-—picture,
or picture-in—graphics display (26). Decoded input data to the decimation network is alias filtered (36) and decimated at 2 factor of § to
3. Decimated output pixel data (24) is derived solely from a respectively associared decoded input pixel block.
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DECIMATION OF A HIGH DEFINITION VIDEO SIGNAL

This invention relates to digital video signal subsampling or decimation.

High definition television (HDTV) signals typically are not compatible with
current broadcast standards such as NTSC. A preferred signal coding standard
suitable for use with the HDTV compatible signals is MPEG-2 (Motion Picture
Experts Group, "Information Technolégy - Coding of Moving Pictures and Associated
Audio Information: Vidad." ISO/IEC 13818-2, May 15, 1996) as adopted by the
Grand Alliance for use in the United States. This well-known standard provides
formatting guidelines for coding and compressing video, audio and auxiliary data.

Formatting television signals with the MPEG-2 standard required both
television broadcast transmission and receiving system architectures to be
redesigned. Designers intraduced compression systems which reduce the amount of
broadcast data. HDTV receivers decode and decompress the received coded HDTV
data and reconstruct a full resolution signal for display. Losses in the signal are
minimal because of the sophistication of the coding/decoding and reconstruction
techniques employed, and expected losses typically occur where the human eye is
perceptually limited, for example, in fine detail of diagonal motion.

Whereas much research and development has occurred in all aspects of
transmission and reception of HDTV, designers are focusing on HDTV receivers
because of competition to produce a consumer product with the best features at the
lowest cost. The first consumer HDTV receivers may include fewer featuras than
current standard definition television receivers, but will offer new features such as a

16:9 display. Manufacturers are now designing consumer receivers which not only

. include features available today in standard definition receivers, such as PIP, but also

features which support other applications, such as interactive television and Intemet
access. Manufacturers are challenged to design system architectures which
incorporate into the HDTV receiver new services and features not currently available
in a TV receiver, or which are only available via a set top box or some other interface.

HDTYV receivers will be able to display graphics, for example a spread sheet
program, as well as traditional programming. Displaying graphics may also occur if
the viewer is using the HDTV receiver to access information on the Intemet, for

example. The viewer may wish to monitor traditional high definition (HD)
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pragramming or another HD video signal at the same time the graphics are
being displayed. This is known as picture-in-graphics, or PIG. Or the viewer
may wish to view two programs, at least one of which is HD, using the picture-
in-picture (PIP) or picture-on-picture (POP) feature. An HDTV video signal
which is transmitted according to the MPEG2 standard presents a different set
of design problems to overcome because the video data is formatted into blocks

. and macroblocks in a spatial domain representing the video signal instead of

lines.

Presenting a second, smaller image in a larger image by PIP, POP or
PIG requires the smaller image to be filtered and subsampled to attain the
desired size for display. This Is easily done in the horizontal direction. Vertical
decimation of a video signal, however, has always been a challenge to
designers when dealing with an interlaced video signal. Vertical decimation of
an interdaced signal produces noticeable artifacts because the phase of the new
lines must be calculated. To get the correct phase, either the preceding or
following field must be available, requiring storage of the needed field in
memory. This increases memory and bandwidth requirements. To reduce
aliasing, the signal must be band limit filkered, but without all of the lines
avéiilable to the filter, the resulting spectrum is incorract,

These traditional problems are compounded by the complexity of pixel
blocks and macroblocks of the MPEG2 format, Traditional line memories are
not sufficient to accommodate an Input data stream which is not in line by line
order. Known HDTV receivers reformat the data to raster scan format before
converting the full resolution signal to the PIP, POP or PIG signal to be
displayed,

According to one aspect of the present invention there is provided a
block based video progessor including:

a video decoder for decoding a compressed video slg‘nal, the video
decoder including blocking circuitry for forming NxM blocks of pixel values in a
spatial domain representing said video signal, where N and M are integers less
than 17; and ) )
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decimating circuitry responsive to blocks of pixel values for providing a
lesser number of pixel values for respective blocks; wherein each one of said )
pixel values of said lesser number Is derived solely from its associated input
block.

According to a further aspect of the present invention there is provided a
method for processing a data stream of coded image representative data,
including the steps:

decoding said data steam to produce a decoded data stream
representing pixel values in a spatial domain, wherein said decoded data
stream includes pixel blocks of NxM pixel values, N and M integers less than
17; and

decimating said data stream representing pixel values in the spatial
domain to produce a reduced data stream, wherein said decimating step
produces pixel values lesser in number per hiock and each one of said
decimated pixel values is derived solely from its assoclatad input pixel block.

WO AZNODELISOMM-50.00¢
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2b
BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the present invention will now be described with

5 reference to the accompanying drawings wherein:

Figure 1 is a block diagram of an HDTV receiver including the preseht

invention.
10 Figure 2 is a block diagram of element 30 of Figure 1.

Figures 3 to 6 illustrate examples of vertical decimation for field and

frame based images.

WimariiGABNODELIS0§ 18-99.doc
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3
Figure 7 is another exemplary block diagram of element 30 of Figure 1.

Figure 8 is an exemplary flow chart of the data processing method according
to the present invention.

Figure 1 illustrates a portion of an HDTV receiver including an MPEG2
compatible decoder 10 and element 30 according to the principles of the present
invention. The received HDTV signal was compressed prior to broadcast in a
manner which is substantially inverse to the decompression and decoding performed
by decoder 10, The illustrated confiéuration of decoder 10 is weli known.

Compressed data s received from a {uner and demodulator (not shown) and
input to a buffer 12. Buffer 12 monitors the data rate of the compressed input data
stream and supplies a variable length decoder (VLD) 14. VLD 14 decodes the
variable length encoded data stream. VLD 14 passes the decoded data stream to an
inverse quantizer 16, which returns the decoded data stream to dequantized .
coefficients representing video data. Inverse quantizer 16 passes the dequantized
coefficients to inverse discrete cosine transformer (IDCT) 18, which in_yerse

- transforms the dequantized coefficients into pixel data:

The pixel data are formatted as blocks and macroblocks compatible with the
MPEG2 standard. Also according to the MPEG2 standard, the pixe! blocks define |,
P or B frames or fields. The | and P frames or fislds, and optionally the B frame or
field, are storad in frame memory 24 via combiner 20 for use during reconstruction of
complete frames or fields. Writing data into and reading data out of memary 24
occurs under the control of local memory controller 28,

When pixel data exits IDCT 18, related pixel data required for image
reconstruction are retrieved from memory 24 and sent to motion compensator 22.
Motion compensator 22 calculates the information required to reconstruct the current
pixel of a field or frame and sends the data to combiner 20. Combinar 20 combines
pixel data from IDCT 18 and motion compensator 22 and stores the reconstructed
result in memory 24. This newly reconstructed data is stored until needed to
reconstruct subsequent fields and frames from newly decoded pixel data comprising
P or B fields and frames. The reconstructed data is also sent to display processor 26
for processing prior to display, or output to a storage device, etc. (not shown.)

When a viewer chooses to view a program by PIP, POP or PIG, reconstructed
image fields or frames are sent from combiner 20 to filter and decimator 30 under the
control of a microcontraller according to the principles of the present invention.
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Element 30 filters the data in both the venital and horizontal directions for aliasing
purposes, and decimates the pixel data to the desired number of bixels to produce a
reduced resolution image for display. The decimated image is stored in memory 24
until needed by display processor 26. Decimation, in this context, includes the
reduction of pixels by any manner, such subsampling, weighted combination of
pixels, and the like. .

Atthe same time that fiter and decimator 30 is providing the decimated first
image to memory 24, a background second image is also provided to memory 24 for
display via input 32. The background image comprises the graphics or program
displayed prior to selecting the PIP, POP, or PIG option. The decimated image
provided by element 30 is a foreground image which is switched or mapped into the
background image by known methods. For example, known integrated circuits
includes provisions for accessing both images from memory and displaying the
decimated image in a window within the background image.~

If the second image is a graphics image, provided by a computer for example,
the image has been formatted to the requirements of display processor 26 prior to
being stored in memory 24. The formatting may or may not occur in the television
receiver. If the second image is a broadcasted telsvision program, a secong tuner
provides the decoded image to dispiay processor 26. Such a system for providing
PIP, POP and PIG displays is found in television receivers and video tape recorders

- asis known, The second tuner provides the second image to memory 24 formatted

to the requirements of display pracessor 26. An alternative to storing the second
image in memory 24 is for the device supplying the second image to have its own
memory which is coupled to and accessible by display procéssor 26, or processing
the image in real time and providing the image directly to display processor 26.

Figure 2 illustrates one possible configuration of filters and decimators
comprising element 30 according to the principles of the present invention.
Macroblock buffer 90 receives a decompressed and decoded macroblock of pixels
from decoder 10 and holds the data until needed by vertical filter decimator 100.
Vertical filter/decimator 100 performs aliasing filtering and decimation in the vertical
direction. Horizontal filter/decimator 200 performs aliasing filtering and decimation in
the horizontal direction.

Element 100 includes an aliasing polyphase low pass filter comprised of filter
elements 110, 112 and 114. Other filter types can also be employed here, such as a
finite impulse response (FIR) filter, for example. MPEG2 compatible systems
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5
resemble a raster scan system because the bitstream represents consecutive raster

scan rows of contiguous image representative macroblocks. In a raster scan system,
vertical FIR filters are expensive to implement because a large amount of memory is
required for each tap. The memory required for each tap of an MPEG2 compatible
system would be the amount of data in each line times the number oflinesina
macroblock.

The output of elements 110 to 114 provide data to muttipliers 120, 122 and
124, respectively, which each apply a desired weighting coefficient to their respective
input signal. The weighted outputs of multipliers 122 and 124 are summed in adder
130, and the outputs of adder 130 and multiplier 120 are summed in adder 132.
Alternatively, a three input adder could be substituted to receive the outputs of
multipliers 120 to 124. The output of adder 132 provides data to horizontal
filter/decimator 200.

Element 200 includes an aliasing filter comprised of individual FIR filters 21 0,
212,10 210 + 2n, where n+1 equals the number of filters used to achieve the desired
horizontal decimation. The output of each FIR filter is provided to muttipliers 220,
222, 10 220 + 2n, respectively, each of which applies a desired weighting coefficient
to the input signal. The waighted outputs of the multipliers are summed in adder 230
and sent to memory 24 for storage until needed by.display processor 26. The
structure of horizontal filter/decimator 200 is that of a sample rate converter
employing FIR filters and is well knawn in the art of video processing.

Figure 2 operates on data from a single block, e.g., a macroblock or subblock
thereof, at any given time. Evenina boundary situation, each decimated pixel vaiue
is derived solely from the input block of pixel data. No blending of pixel values from
preceding or adjacent blocks occurs.

For example, filter decimator 30 of Figure 1 may comprise the structure of
Figure 2. For this structure, three or fewer pixels enter the polyphase filter internai to
element 100 from buffer 80 and are weighted appropriately. When fewer than three
pixels enter the filter, the weighting cosfficient applied to multipliers without valid data
are set to zero so as not to create error. Altemately, the structure of Figure 2 may be
repeated in parallel to accept an entire vertical row of pixels from a macroblock
simultaneously. Repeating the structure of Figure 2 increases processing speed, but
also increases costs and chip size.

The structure of vertical filter/decimator 100 advantageously exhibits PIP, POP
or PIG capabilities. Each output line of element 100 is a function of at most three
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input lines, and is a function of lines from a6 single macroblack or subblock of that
macroblock. If fess than three lines are input to the ‘structure of unit 100, a weighing
coefficient of zero is applied to the multiplier receiving invalid data. This structure
provides several advantages which simplify its design. First, by limiting the data input
to element 30 (Figure 1) to be from the same macroblock or subblock, the vertical
filter's (elements 110 to 114) need for muttiple line memories or other memory
structures necessary to access an entirs line is eliminated. Memory requirements
are thereby reduced to a buffer capable of storing one block or macroblock. This
memory may reside in or be Iocated'prior to vertical filter/decimator 100 (not shown),
or it may be included in frame memory 24, Previous filter/decimator structures
require an entire line memory for the vertical filter/decimator, Fora high definition
signal comprising 1920 by 1080 pixels per image presented as macroblocks, a single
line includes portions from 120 macroblocks. Known line decimators in a macroblock
environment would require all 120 macroblocks to be decoded and stored before
vertical filtering and decimation a video signal.

Second, the vertical decimation ratio of 8:3 (=2.67:1) obtains substantially
equivalent results as the 3:1 reduction now used for PIP, POP.or PIG iinages. The
known vertical decimation ratio of 3:1 was chosen because 2:1 provided too little
decimation for PIP, POP or PIG applications, and 4:1 provided too much decimation
for PIP, POP or PIG applications. For raster line formatted video signals, 3:1
decimation provided the desired vertical image size and required three line
memories. The perceptual difference to viewers between 8:3 and 3:1 is negligible.

Third, element 100 generates six luminance line segments from each
luminance mécroblock in this example. Because the data is processed in
macroblock form, element 100 will accept both field and frame formatted video
signals.

For chrominance data, the same or similar structure of filter/decimator 30 may
be used. Chrominance data is already reduced in vertical resolution by fifty percent.
Therefors, the chrominance pixel block is further vertically decimated by a ratio of 4:3
in element 30. To accomplish the vertical decimation, two of four pixels in a block
bypass element 100 or pass unchanged through element 100 to element 200 for
horizontal fitering and decimation. The other two pixels are filtered, weighted, and
added together by the structure of element 100 before passing to element 200. The
two pixels are processed in substantially the same manner as the luminance pixels
described above.

Printed from Mimosa 01/01/15 08:20:14 Page: 8
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Figure 3 illustrates vertical decimatiZn of pixels in a field. Luminénce pixels
are represented as circles before vertical decimation, and chrominance pixels are
represented by squares before decimation. Decimated luminance and chrominance
pixels are represented by asterisks, Figure 3 only illustrates three pixels in gach of
the eight-pixel line segments included in each luminance macroblock field, and three
pixels in each of the four-pixel line segments included in each chrominance
macroblock field. ‘

In Figure 3, the source is a 1H interlaced video signal containing 30 frames
per second, for example The decimated output signal is a 1H interlaced video signal
occurring at the same rate. The first two vertical pixels of the first field are processed
into one pixel. The next three vertical pixels are also processed into one pixel, and
the last three vertical pixels of the pixel block of the first field are processed into one
pixel. For the alternate field, the groupings of vertical pixels to be vertically filtered
and decimated are different. Two groups of three vertical pixels are each processed
into one pixel, and the last two vertical pixels of the block of the respective alternate
field are processed into one pixel.

For groupings of vertical pixels being decimated into one pixel, the summed
weighting coefficients applied to the multipliers equal unity (1). For example, the
exemplary embodiment muitiplies the first and third pixels of a three pixel group by
0.25 and the middle pixel of the group by 0.50. For groups of two pixels, each pixel
is multiplied by 0.50. Other weighting functions are available for each group that
when summed together equal unity. 1t may also be desired that the summed
weighting functions do not equal unity, but that the total of all coefficients of the block
or macroblock equal some predetermined value, »

For chrominance pixe! blocké, the alternate fields are vertically decimated in
substantially the same manner. As is seen in Figure 3, the value of the first and last
vertical pixels are maintained, whereas the middle two pixels are processed into one
pixel. For the exemplary embodiment, weighting coefficients applied to the two
middle pixels by the multiplier elements equal 0.50. Alternate weighting coefficients
may be applied for the chrominance pixels as desired or as required to
accommodate the correct balance between luminance and chrominance vertical
tiltering and decimation,

Filter coefficients for field based data are carefully chosen to give the proper

_ phase to the new lines since filter coefficients determine the effective placement of

the filtered lines relative to the input fines. Constraining the input lines for a given
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oufput line to lie within the same macroblock does not add difficulty to determining
the coefficients, but it does limit the quality of the filter to the filter order. Filter order
is a function of the number of input lines used to construct an output line. However,
constraining the structure of Figure 2 to a single 16-line macrablock does not
noticeably affect PIP, POP or PIG images because the reduction is 8:3.

Figure 4 illustrates vertical decimation of pixels in a frame. In this example the
video signal source is progressive scan occurring at a rate of either 24, 30 or 60
frames per second. The decimated output signal is a 1H interlaced signal occurring
atthe same rate. Asin Fi“gure 3, circles represent luminance pixels, squares
represent chrominance pixels and asterisks represent decimated pixels. Data is read
from memory at a rate of 60 Hz. Data occurring at 24 or 30 frames per second is
read twice for each vertical line, and data occurring at 60 frames per second is read
once for each vertical line. Data occurring at 24 frames per second is converted to
the display rate in the display processor. Figure 4 illustrates the frame being read at
60 Hz and generating 3 pixels from 16 input vertical pixels during each read. The
result is the macroblock generates 6 pixels for each 16 input pixels, which is equal to
an 8:3 decimation rate at 30 fr'ames'perv second. Ata frame rate of 24 mand 30 frames
per second, no data skipping occurs because the same data is read twice. Ata
frame rate of 60 frames per second, some data is skipped but the effects are not
noticeable to the viewer, and the result is an image occurring at the display rate of 30
frames per second. This eliminates further decimation in the display processor. As
in Figure 3, the weighting coefficients applied to each input pixel contributing to an
output pixel are shown as a fraction beside the input pixel. Weighting coefficients will
be discussed below.

Figures 5 and 6 itlustrate the decimated output in a 2H progressive format.
Figures 5 and 6 have as inputs the same source video signals as shown in Figures 3
and 4, respectively. For this case, the decimation rate is 8 to 6 for luminance data
because of the progressive format output requirement. For chrominance data, a
block of four-by-four pixels must actually be upsampled to six pixels for each of four
vertical input pixels. The circuit structure of Figures 2 and 7 may inciuded additional
muitipliers and adders to support the increased resolution of these examples.

The same basic circuit structure may be utilized for both field and frame based
image block data. For this example, up to four input pixels are processed into cne
output pixel. The filter/decimation structure is shown in Figure 7. Exemplary
weighting coefficients for the groups of pixels are given in Figures 3to 6. The
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weighting coefficients are the numbers be;da the input pixel. If input pixel values
are used to determine more than one output pixel, the weighting coefficient on top
corresponds to the output pixe! indicated by the arrow pointing generally up, and the
weighting coefficient on the bottom corresponds to the output pixel indicated by the
arrow pointing generally down.

The chrominance frame based macroblack filtering/decimation structure also
reads data at the rate of 60 Hz. The exemplary input/output from filter/decimator 30
is shown in Figures 4 and 6. Exemplary weighting coefficients for the pixel groups
are indicated as described above. Both frame based luminance and chrominance
coefficients are exemplafy and rﬁay be changed to achieve a desired phase or other
effects.

For the above embodiments, filter/decimator 30 is located ahead of frame
memory 24 as shown in Figure 1. Traditionally, filtering and decimation occur before
memory because memoary capacity requirements and memory bandwidth are
reduced. However, it is possible to place element 30 after memory 24, For an
MPEG compatible system, placing element 30 ahead of memory reduces memory
bandwidth, but, because | and P frames must be stored for réconstruction, memory
capacity is only minimally reduced. Memory bandwidth is reduced because only the
decimated PIP, POP or PIG image is read from memory during the critical display
interval. Placing element 30 after memory 24 requires the full resolution image to be
read during the display interval,

Vertical and horizontal filtering/decimation are mutually independent.
processes and may be separated, for example, one before and one after memory 24,
arbitrarily. Known systems typically have horizontal filtering/decimation before
vertical fitering/decimation. For the reasons stated above, vertical
filtering/decimation will generally reside before memory 30. Horizontal
fitering/decimation capabilities may exist in display processor 26 in the form of a
sample rate converter. Whereas vertical filttering/decimation most efficiently occurs
prior to frame memory storage, a vertical sample rate converter capable of expansion
and limited decimation may be effective and efficient in the display processor as well,

The circuitry of Figures 2 and 7 may be replaced by a microprocessor or
programmabfe logic which perform the filtering and decimation under the control of a
program. A microprocessor may take more time to procass the data stream, but is
generally less expensive to implement. Implementing hardware to process the data
stream is faster but generally more expensive. Asthe state of the art progresses,
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however, implementation of the ¢i rcuitry d:acs)cribed above may be faster via a
microprocessor. Al of these implementations are within the scope of the invention.

Figure 8 is a flow chart of the data processing method including decimation
‘network 30. In step 80, a data stream of coded image representative data is input
into a decoder for processing, The data stream may be, for example, MPEG-2
compatible data which was received by a tuner via a terrestrial broadcast. The data
stream is deceded in step 82, and the decoded data stream is in the form of pixel
blocks. In step 84, the data stream is vertically decimated. The decimation process
operates on a single pixel block at a time. The pixel block may again be, for
example, an MPEG-2 cofnpatible pixel block. The pixel block is decimated by first
alias filtering the vertical input line pixels values to be decimated into a single pixel
value. Then, the filtered pixel values are weighted, and finally the weighted pixel
values are summed into a single pixel value. Each decimated output pixel value is a
combination of selected input pixel values from their respective input pixel block
alone. An efficient decimation factor is 8 input.pixels to 3 output pixels when the pixel
blocks are MPEG compatible macroblocks, because a macroblock is generally iG by
16 pixels for luminance data. However, other decimation rates may be used as
described above, or as is suggested by the input data. Step 86 completes the
decimation of the pixel block by decimating the block horizontally to provide a
reduced resolution pixel block which may be combined with other reduced resolution
pixel blocks, formatted as is known and displayed as a foreground image in a PIP,
POP or PIG display.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A block based video processor including:

a video decoder for decoding a compressed video signal, the video
decoder including blocking circuitry for forming NxM blocks of pixel values in a
spatial domain representing said video signal, where N and M are integers less
than 17; and '

decimating circuitry responsive to blocks of pixel values for providing a
lesser number of pixel values for respactive blocks; wherein each one of said
pixel values of said lesser number is derived solely from its associated input
block.

2, The processor of claim 1, further comprising a memory between said
blocking circultry and said decimating circuitry for storing a pixel block to be
decimated.

3. The processor of claim 1 or 2, further comprising a frame memory
coupled to said blocking circultry; wherein said decoder is MPEG compatible
and said blocks of pixel values are macroblocks.

4, The processor of claim 1, 2 or 3, wherein said decimating circuitry
comprises a macroblock memory, an alias reduction filter and a pixel decimator.

5. The processor of claim 4, wherein said alias reduction filter is one of a
polyphase filter and a finite response filter.

B. The processor of any one of the preceding claims wherein said
decimating circuitry has a decimating factor of 8 to 3.

7. A method for processing a dafa stream of coded image representative
data, including the staps: )
decoding said data steam to produce a decoded data stream

representing pixel values in a spatlal domain, wherein said decoded data

WAmBASAENODELIS018-80.co¢
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12
stream includes pixel blocks of NxM pixel vaiues, N and M integers less than
17; and )
decimating said data stream representing pixel values In the spatial
domain to produce a reduced data stream, wherein said decimating step
5 produces pixet values lesser in number per block and each one of said
decimated pixel values is derived solely from Its associated input pixel block,

8. The method of claim 7, wherein said data stream is MPEG compatible
and said blocks of pixel values are macroblocks.

10
9. The methed of claim 7 or 8, wherein said decimating step includes the
steps of alias reduction filtering and pixel decimating.

10.  The method of claim 7, 8 or 9, wherein said decimating step has a
15 decimaﬁng factorof 8 to 3.

11, A block based video pracessor substantially as herein described with
reference to the accompanying drawings.

20 12. A method for processing a data stream of coded image representative
data substantially as herein described with reference to the accompanying
drawings.

DATED: 3 March 2004
25 PHILLIPS ORMONDE & FITZPATRICK
' Attorneys for:
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