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This invention relates to a decoder for receiving, decoding and conversion of
frequency domain encoded signals, e.g. MPEG-2 encoded video signals, into standard
output video signals, and more specifically to a decoder which converts and formats an

encoded high resolution video signal to a decoded Iower resclution output video signal.
10 BACKGROUND OF THE INVENTION

In the United States a standard, the Advanced Television System Committee
(ATSC) standard defines digital encoding of high definition television (F(IDTV) signals.
A portion of this standard is essentially the same as the MPEG-2 standard, proposed by
the Moving Picture Experts Group (MPEG) of the International Organization for

15 Standardization ISO). The standard is described in an International Standard (IS)

publication entitled, "Information Technology - Generic Coding of Moving Pictures and
Associated Audio, Recommendation H.626", ISO/IEC 13818-2, IS, 11/94 which is
available from the ISO and which is hereby incorporated by reference for its teaching on
the MPEG-2 digital video coding standard.

20 The MPEG-2 standard is actually several different standards. In MPEG-2 several
different profiles are defined, each corresponding to a different level of complexity of the
encoded image. For each profile, different levels are defined, each level corresponding to
a different image resolution. One of the MPEG-2 standards, known as Main Profile,
Main Level is intended for coding video signals conforming to existing television

25 standards (i.e., NTSC and PAL). Another standard, known as Main Profile, High Level
is intended for coding high-definition television images. Images encoded according to the
Main Profile, High Level standard may have as many as 1,152 active lines per image

frame and 1,920 pixels per line.
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The MPEG-2 standard defines a complex syntax which contains a mixture of data
and control information. Some of this control information is used to enable signals
baving several different formats to be covered by the standard. These formats define

15 images having differing numbers of picture elements (pixels) per line, differing numbers
of lines per frame or field and differing numbers of frames or fields per second. In
addition, the basic syntax of the MPEG-2 Main Profile defines the compressed MPEG-2
bit stream representing a sequence of images in five layers, the sequence layer, the group
of pictures layer, the picture layer, the slice layer, and the macroblock layer. Each of

20 these layers is introduced with control information. Finally, other control information,
also known as side information, {e.g. frame type, macroblock pattern, image motion
vectors, coefficient zig-zag patterns and dequantization information) are interspersed

throughout the coded bit stream.

Format conversion of encoded high resotution Main Profile, High Level pictures
25 to lower resolution Main Profile, High Level pictures; Main Profile, Main Level pictures,
or other lower resolution picture formats, has gained increased importance for a)
providing a single decoder for use with multiple existing video formats, b) providing an
interface between Main Profile, high level signals and personal computer monitors or
existing consumer television receivers, and c) reducing implementation costs of HDTV.

30 For example, conversion allows replacement of expensive high definition monitors used
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which receives, decodes and displays video signals that have been encoded in a plurality

of different formats. The system includes a digital video decoder which may be

15 controlled to decode the encoded video signal and, optionally, provide a reduced
resolution version of the decoded video signal. The system processes the received
encoded video signal to determine the format and resolution of the image which would be
produced if the signal were decoded. The system includes a controller which receives the
determined format and resolution information and which also receives information

20 concerning the format and resolution of a display device on which the received image will
be displayed. The controller then generates signals to cause the digital video decoder to
provide an analog video signal having a resolution and aspect ratio that is appropriate for

the display device.

According to one aspect of the invention, the encoded video signals are encoded
25  using a frequency-domain transform operation and the digital video decoder includes a

low-pass filter which operates on the frequency-domain transformed digital video signal.

According to another aspect of the invention, digital video decoder is coupled to a
programmable spatial filter which is responsive to a control signal provided by the

controller to resample the decoded digital video signal provided by the digital video
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device through which a user may configure the system to produce an output video signal

which is compatible with the display device.

15 According to another aspect of the invention, the system includes apparatus which

automatically determines the aspect ratio and resolution of the display device.

According to another aspect of the invention, the system includes apparatus which
sequentially produces video signals corresponding to a plurality of display device types
and is responsive to a selection signal provided by a user to identify one of the display

20 types as corresponding in resolution and aspect ratio to the display device.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features and advantages of the present invention will become
apparent from the following detailed description, taken in conjunction with the

accompanying drawings, wherein:

25 Figure 1A is a high level block diagram of a video decoding and format

conversion system according to an exemplary embodiment of the present invention.
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Figure 2C is a block diagram which illustrates a configuration of the decoder
shown in Figure 2B which is used to decode a video signal in 11251 format including a

downconversion by factor of 3 to 525P/5251 format.

10 Figure 2D is a block diagram which illustrates a configuration of the decoder
shown in Figure 2B which is used to decode a video signal in 750P format including a

downconversion by factor of 2 to 525P/5251 format.

Figure 3A is a pixel chart which illustrates subpixel positions and corresponding

predicted pixels for the 3:1 and 2:1 exemplary embodiments of the present invention.

15 Figure 3B is a flow-chart diagram which shows the upsampling process which is
performed for each row of an input macroblock for an exemplary embodiment of the

present invention.

Figure 4 is a pixel chart which illustrates the multiplication pairs for the first and

second output pixel values of an exemplary embodiment of a block mirror filter.

20 Figure 5 is a block diagram which illustrates an exemplary implementation of the
filter for down-conversion for a two-dimensional system processing the horizontal and

vertical components implemented as cascaded one-dimensional IDCTs.

Figure 6A is a macroblock diagram which shows the input and decimated output

pixels for 4:2:0 video signal using 3:1 decimation,

23 Figure 6B is a pixel block diagram which shows the input and decimated output

pixels for 4:2:0 video signal using 2:1 decimation.
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Figure 7A is a block diagram illustrating a vertical programmable filter of one

embodiment of the present invention.

Figure 7B is a pixel diagram which illustrates the spatial relationships between
10 vertical filter coefficients and a pixel sample space of lines of the vertical programmable

filter of Figure 7A.

Figure 8A is a block diagram illustrating a horizontal programmable filter of one

embodiment of the present invention.

Figure 8B is a pixel diagram which illustrates spatial relationships between
15 horizontal filter coefficients and pixel sample values of one embodiment of the present

invention.

Figure 9A i¢ a graph of pixel number versus resampling ratio which illustrates a

resampling ratic profile of an exemplary embodiment of the present invention.

Figure 9B is a graph which shows a first ratio profile for mapping a 4:3 picture
20  onto a 16:9 display.

Figure 9C is a graph which shows a second ratio profile for mapping a 4:3 picture

onto 2 16:9 display.

Figure 9D is a graph which shows a first ratio profile for mapping a 16:9 picture
onto a 4.3 display.

25 Figure 9E is a graph which shows a second ratic profile for mapping a 16:9
picture onto a 4:3 display.

Figure 10 is a chart of image diagrams which illustrates the effect of using

resampling ratio profiles according to an exemplary embodiment of the present invention.
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exemplary embodiment of the present invention in which the output format matches the
input format and the video data is provided to either a 27 MHz DAC or 74 MHz DAC

depending on the input format.

Figure 12 is a high leve! block diagram of the video decoder having high
15  bandwidth memory as employed by an exemplary embodiment of the present invention to

decode ATSC video signals.
DETAILED DESCRIPTION

System Overview

The exemplary embodiments of the invention decode conventional HDTV signals

20  which have been encoded according to the MPEG-2 standard and in particular, the Main
Profile High Level (MP@HL) and the Main Profile Main Level MP@ML) MPEG-2
standards, and provides the decoded signals as video signals having a lower resolution

than that of the received HDTV signals and having a selected one of multiple formats.

The MPEG-2 Main Profile standard defines a sequence of images in five levels:

25 the sequence level, the group of pictures level, the picture level, the stice level, and the
macroblock level. Each of these levels may be considered to be a record in a data stream,
with the later-listed levels occurring as nested sub-levels in the earlier listed levels. The
records for each level include a header section which contains data that is used in

decoding its sub-records.
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transformed coefficients are further encoded by applying run-length and variable length
encoding techniques. A decoder which recovers the image sequence from the data stream
reverses the encoding process. This decoder employs an entropy decoder (e.g. a variable
length decoder), an inverse discrete cosine transform processor, 2 motion compensation

10 processer, and an interpolation filter.

The video decoder of the present invention is designed to support a number of
different picture formats, while requiring a minimum of decoding memory for
downconversion of high resolution encoded picture formats, for example, 48 Mb of

Concurrent Rambus dynamic random access memory (Concurrent RDRAM).

15 Figure 1A shows a system employing an exemplary embodiment of the present
invention for receiving and decoding encoded video information at MP@HL or at
MP@ML, formatting the decoded information to a user selected output video format
{which includes both video and audio information), and interfaces for providing the
formatted video output signals to display devices. The exemplary embodiments of the

20 present invention are designed to support all ATSC video formats; and in a Down
Conversion (DC) mode the present invention receives any MPEG Main Profile video
bitstream (constrained by FCC standards) and provides a 525P, 5251 or NTSC format
picture.

The exemplary system of Figure 1A includes a front end interface 100, a video
25 decoder section 120 and associated Decoder Memory 130, a primary video output
interface 140, an audio decoder section 160, an optional computer interface 110, and an

optional NTSC video processing section 150.

Referring to Figure 1A, the exemplary system includes a front end interface 100,

having a transport decoder and processor 102 with associated memory 103. Also included
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the display sectjon of Ehe .

: television tuner (not shown). The transport decoder 102 converts the received
5  compressed data bit stream from the communication channel bit stream into compressed

video data, which may be, for example, packetized elementary streams (PES) packets
according to MPEG-2 standard. The transport decoder may provide either the PES
packets directly, or may further convert the PES packets into one or more clementary

streains.

10 The video decoder section includes an ATV Video Decoder 121 and phase-locked
loop (PLL) 122. The ATV video Decoder 121 receives an elementary stream or video
(PES) packets from the front end interface 100, from the front end interface and converts
the packets to the elementary stream. A front end picture processor of the ATV Video
Decoder 121 then decodes the elementary streams according to the encoding method used,

15  to provide luminance and chrominance pixel information for each image picture. The
PLL 122 synchronizes the audio and video processing performed by the system shown in

Figure 1A.

The ATV Video Decoder 121 further includes a memory subsystem to control
decoding operations using an external memory which provides image picture information
20 and a display section to process decoded picture information into a desired picture format.
The ATV Video Decoder 121 employs the Decoder Memory 130 to process the encoded
video signal. The Decoder Memory 130 includes memory units 131, 132, 133, 134, 135
and 136, which may each be a 16 Mb RDRAM memory. Exemplary embodiments the
present invention are subsequently described with respect to, and implemented within, the

25 video decoder section 120 and Decoder Memory 130.

| The primary video output interface 140 includes a first Digital to Analog (D/A)
converter (DAC) 141 (which actually has three D/A units for the luminance signal and the
Cy and Cy chrominance signals) which may operate at 74 MHz, followed by a filter 142.
This interface produces analog video signals having a 11251 or 750P format. The

30 interface 140 and also includes a second (D/A) converter (DAC) 143 (also with three D/A



ATV Vi deo Decoder of an exenplary embodi ment of the present invention.
Figure 11B is a block diagramwhich illustrates a 27 MHz Dual output nbde

?L an_d dexerrplary enbodi ment of the present invention which, for which
e video data is 525P 5 or 5251, a first processing ch es vi deo
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DESCRI PTI QN componesty SiviMhededinéd @d¥mat using a (D/A) conviher, excfijdrathy apatbpdideent s
of the |nvent|on decode conventional HDTV signals 20  which have been

encoded accor digng te eenaye samEne ArEHaehabbhe DAA ORISR BPE - ar, the Main
Profile H gh Level (MP@L) and the Main Profile Main Level 1gél\/P \ MPEG- 2
standards, and proVhalewlia dreodseeestien 1&) igplies 2adAGA Huto Spgen 162 t’f‘%ﬁ]g a | ower
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eve e group of pictur ture | evel , d
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record in a daff. o8 nalog output at cutput ports 163, 164 and 165 is well known in the art,
and an audio decoder suitable for use as the decoder 160 is a ZR38500 Six Channel Dolby

Digital Surround Processor, available from the Zoran Corporation of Santa Clara, CA.

The optional computer interface 110 transmits and receives computer image

15 signals which conform, for example, to the IEEE 1394 standard. The computer interface
110 includes a physical layer processor 111 and link layer processor 112. The physical
layer processor 111 converts electrical signals from output port 113 into received
computer generated image information and control signals, and provides these signals, for
decoding by the link layer processor 112 into IEEE 1394 formatted data. The physical

20  layer processor 111 also converts received centrol signals encoded by the link layer
processor 112 originating from the transport decoder 102 into electrical output signals

according to the IEEE 1394 standard.

The NTSC video processing section 150 includes an optional ATV-NTSC
Downconversion processor 151 which converts the analog HDTV signal provided by the
25  filter 142 into a 525 I signal. This conversion between standards is known in the art and
may be accomplished using spatial filtering techniques such as those disclosed in, for
example, U.S. Patent 5,613,084 to Hau et al. entitled INTERPOLATION FILTER
SELECTION CIRCUIT FOR SAMPLE RATE CONVERSION USING PHASE
QUANTIZATION, which is incorporated herein by reference. In the exemplary



with the later-listed | evels occurring as nested sub-levels in the earlier
listed | evels. The records for each level include a header section
whi ch contains data that is used in decoding its sub-records.

- 8- Each macrobl ock of the encoded HDTV signal contains siXx
bl ocks and &XeR¥HPdck contains data representing 6HCFESHELH ve
coefficient values of a discrete cosine transform (DCT)
representation of 64 picture elenments (pixels) in the HDTV i mage.

In the encodi ng process, the pixel data mhly- be subject to notion

conpensated 5 differential coding prior tgo the discrete cosine
t ransf or mat i oTPRAHRGThE! BF HvRRHags this processipg seRueTols Hed @BV RITCRR Atceddr e

further encoiﬁgcgg%s@qggmidgguﬂ@;ghﬁngt h and variable |ength encodi ng
t echni ques. decoder which recovers the i mge sequence fromthe data

SLTEAM o o VBRI R Ao L aE Ot OIS AR en oDy

decoder (e.g. a varia ength rete cosine
transform pr odsydlirgcty fiw teriecaioptd(; ahd convads the pignd es deNTSibranted

i nterpol ation filter The vi decoder .of the present
i nvenlto i on’is HEH Ség{’éhatt"Btpé‘hB‘ﬁE?rlﬁ és“l‘ﬂﬁ’ﬁ%earndggg (composif; ‘f“?eé’P'ent pi cture

formats, whilg requiring a ni nrum of decodi ng nenory for

downconver si oRSE2-LREQYART pechion Lmpoping Jesocen re formats, for exanple, 48
Mo of Concurrent Ranmbus dynam ¢ random access menory (Concurrent
RDRAM) . Figure 1B is a high leével block diagram showing the functional blocks of the ATV

Video Decoder 121 including an interface to external Memory 130 as employed in an
exemplary embodiment of the present inventioni. The ATV Video Decoder 121 includes a

10 Picture Processor 171, a Macroblock Decoder 172, a Display section 173, and a Memory
subsystem 174. The Picture processor 171 receives, stores and partially decodes the
incoming MPEG-2 video bitstream and provides the encoded bitstream, on-screen display
data, and motion vectors, which may be stored in memory 130 under the contro} of the
Memory subsystem 174. The Macroblock Decoder 172 receives the encoded bitstrearn,

15  motion vectors, aﬁd stored motion compensation reference image data, if predictive
encoding is used, and provides decoded macroblocks of the encoded video image to the
memory subsystem 174. The Display Section 173 retrieves the decoded macroblocks
from the Memory subsystem 174 and formats these into the video image picture for

display. The operation of these sections is described in detail below.

20 a) Main Profile Format Support for Picture Processing

The ATV video decoder 121 of the present invention is designed to support all
ATSC video formats. For simplicity, the operation of the ATV video decoder 121 is
termed Down Conversion (DC}, and ATV video decoder 121 receives any MPEG Main
Profile video bitstreams shown in Table 1 and provides a 525P, 5251 or NTSC format
25 video signal. For the exemplary video decoder of Figure 1A, in DC mode, any HDTV or
SDTV signal is decoded and a display output signal provided at either of two ports, with
port one providing either a progressive or interlaced image, and port two providing an

interlaced image.



15 Figure 1A shows a system enpl oyi ng an exenpl ary enbodi nent of
t he present I nvention for receiving and decodi ng encoded vi deo
informati on at MP@HL or at MP@L, formatting the decoded infornmation
to a user selected output video format (whi ch includes both video and
audi o i nf or n&yd sgMreizand i nterfaces for providing the PCOAIRRI/484? vi deo
out put signals to display devices. The exenpl ary enbodi nents of the 20
present invention are designed to support all ATSC video formats; and in a

Down Conversion (DC) node the pré&sent invention receives any MPEG
Main Profile video bitstream (constrai ned by FCC standards) and
provi des a 525P, 5251 or NTSC format Table! picture. The

exenpl ary system of Figure 1A includes a front end interface 100, a video
25 decoder section 120 and as¥i¥&? BitEHaDEBIRS Menory 130, a primary video

out put rtertace 140, an agd gecoder, seciion |160, . an al
conput er | iepbesapd Famat oy, flogizonta %%?a?onélsf’qﬁﬁ' #%ildeo ﬁ?lgggés%élhg{c} secft i on
150. - RETErrj ng Frgur A1 the enpliary syff egigyncl udes a
front end| fAdét¥ace 100, 1§R‘hav nql%gartranspjloésgfS dedoder_and processor| 102
W th assofpat nory 108. £0 | hclyagded 16x9 30, 29.97, 24, 23.98
-9- @\}? gﬂ;n optiohal nmultiplexer 101 for selecting re,c_gi,_ued_(;.gn!t r ol
i nf or mat i ppsyaRep conpt enzgenel at gz | nagesigxpom t|hesd; Garddt 88, 2h%Er flace
110 at, for exanple, the | EEE 1394 lijnk layer priotocol,0nsfgar
recovering an encoded trapsport stieamfrom a digital ’
(4) 525P 704 480 16x9 60, 59.94, 30, 29.97,
24, 23.98
(5) 525P 704 480 4x3 60, 59.94, 30, 29.97,
24, 23.98
(6) 525P 640 480 4x3 60, 59.94, 30, 25.97,
24, 23.98
(7) 5251 704 480 16x9 30, 29.97
(8) 5251 704 480 4x3 30, 29.97
(9) 5251 640 430 4x3 30, 29.97

In DC mode, low pass filtering of the high frequency components of the Main
5  Level picture occurs as part of the decoding process to adjust the resolution of the high
resolution picture to a format having a lower resolution. This operation includes both
horizontal and vertical filtering of the high resolution picture. Note that in DC Mode, the
display format conversion may display 16x9 aspect ratio sources on 4x3 displays, and
vice-versa. This process is described subsequently with reference to the display section of
10 the video decoder section 120. Table 2 gives the supported primary and secondary output

picture formats for the respective input bitstreams of Table 1:



tel evision tuner (not shown). The transport decoder 102 converts the
received 5 conpressed data bit stream fromthe communi cation channel bit
streaminto conpressed vi deo data, which may be, for exanple,

packeti zed el enentary streans (PES) packets according to MPEG 2

st andard. Thewbnewsport decoder may provi de either the PES PCT/USSBEBERRt s
directly, or may further convert the PES packets into one or nore

el enentary streans. 10 The vi deo decoder section includes
an ATV Vi deo Decoder 121 and phase-| ocKéd l oop (PLL) 122. The ATV
vi deo Decoder 121 receives an elenentary stream or video (PES)
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u) bIfirer f ace 14

b) Decoding. Downconversion and Downsampling

5 1) Overview

Figure 2A is a high level block diagram of a typical video decoding system: of the

prior art which processes an MPEG-2 encoded picture. The general methods used to
decode an MPEG-2 encoded picture, without subsequent processing, downconversion or
format conversion, are specified by the MPEG-2 standard. The video decoding system

10 includes an entropy decoder (ED) 211, which may include a parser 209, a variable length
decoder (VLD) 210 and run length decoder 212. The system also includes an inverse
quantizer 214, and inverse discrete cosine transform (IDCT) processor 218. A Controller
207 controls the various components of the decoding system responsive to the control
information retrieved from the input bit stream by the ED 211. For processing of

15  prediction images, the system further includes a memory 199 having reference frame
memory 222, summing network 230, and Motion Compensation Processor 2062 which

may have a motion vector processor 221 and half-pixel generator 228.



- 10 - units for lum nance signal and CJerr] and (Jerr] chrom nance
signal s) which may operate at 27 WMHz, followed by a filter 142 for

vi deo signals having a 5251 or 525P format. The primary video out put
interface 140 converts the digitally encoded video signals hayi

desired for WR%M4$dat es an anal og vi deo signal having chrb ﬁT’HE’ﬁ@%“and
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display is most pleasing. During normal operation, the controller 207 also receives

information on the resolution and aspect ratio of the encoded video signal from the parser
15 209 of the ED 211. Using this information and the stored information relating to the

resolution and aspect ratio of the display device, the controller 207 automatically

configures the system to process the received encoded signal to produce an analog output

signal appropriate for display on the display device.

The parser 209 scans the received bit stream for MPEG start codes. These codes
20 include a prefix which has a format of 23 consecutive zero-valued bits followed by a
single bit having a value of one. The start code value follows this prefix and identifies
the type of record that is being received. In the exemplary embodiment of the invention,
when the parser 209 stores the bit stream into the memory 199 and the bit stream s then
supplied from the memory 199 to the VLD for further processing. In the block diagram
35  shown in Figure 2A, this has been shortened to show the parser providing the bit stream

directly to the VLD.

When the parser 209 finds a start code in the bit stream, it passes the bit stream
onto the memory 199 for storage in the VBV buffer and also stores a pointer to the start
code in an area of the memory 199 which is accessed by the controller 207. The

30 controller 207 continually accesses the start code pointers and, through them, the record



The NTSC vi deo processing section 150 includes an optional

filtering t &h*Ues such as those disclosed in, for
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by the 25 filter 142 into a 525 | signal. This conversion between

standards is known in the art and may be acconpli Shﬁ@nﬁk@w sopatial
exanﬁﬁe,

Patent 5,613,084 to Hau et al. entitled | NTERPOLATI ON FI LTER

SELECTI ON Cl RCU T FOR SAMPLE RATE CONVERSI ON USI NG PHASE

u. S

QUANTI ZATI ON, which is incorporated her eilﬁ‘by reference. In the exenplary

onl'y when t héetERoaien e Consiler GRS 1 Sipats® Byt Pio0) CErgan

Se

bbb Used

The NTSC encqﬁ@ge%%%gg hE88 W& Rdrded theRee0datd SiatsoRitloh@F tHerimagd fquence

processor
si gnal to thehdlSeplesantedthyate eBoded\spahisoces | Agsarding to gl MEEG,

Y

or directly fromthe decoder 120, and converts the
poAngdard ) s

(5 1000) 20 A RS B praee gl 1P IRERIGeeSBgE0D 1 0 o

I agram

showi ng the functignal blocks of  t ATV, Vi : ' di
an interface to exUEFHEP" B r‘@spiaéfggﬁ’ég@ﬂ%%?"e"é‘“% %ggonggr&?ﬂ%ﬁé%g%r%#ug%u e
enbodi ment  ofynf BB BRSNS alkd¥dBlinednn thENRadd\of helgpkdebeemerty sireant udes a

(PES) packets. It is conternplated that in another exemplary embodiment of the invention,

the parser 209 may receive PES packets, strip the headers from them to reconstruct the bit

stream and pass this header information, including the display format of the received

16 video signal, to the controller 207.

As described below, the controller 207 uses information on the display format of

the received video signal and information on the display format of the display device (not

shown) which is connected to the decoder system to automatically or semiautomatically

adjust the processing of the received video signal for proper display on the display device.

15 . The VLD 210 receives the encoded bit stream from the parser 209 via the VBV

buffer (not shown) in the memory 199, and reverses the encoding process to produce

macroblocks of quantized frequency-domain (DCT) coefficient values. The VLD 210

also provides control information including motion vectors describing the relative

displacement of a matching marcoblock in a previously decoded image which corresponds

20 to a macroblock of the predicted picture that is currently being decoded. The Inverse

Quantizer 214 receives the quantized DCT transform coefficients and reconstructs the

quantized DCT coefficients for a particular macroblock. The quantization matrix to be

used for a particular block is received from the ED 211.

The IDCT processor 218 transforms the reconstructed DCT coefficients to pixel

25  values in the spatial domain (for each block of 8 X 8 matrix values representing

laminance or chrominance components of the macroblock, and for each block of 8 X 8

matrix values representing the differential luminance or differential chrominance

components of the predicted macroblock).



10 Picture Processor 171, a Macrobl ock Decoder 172, a Display section
173, and a Menory subsystem 174. The Picture processor 171 receives,
storez andhpartiaglé gecodes t he i ncom ng MPEG 2 video bitstream and
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- 12 - summing nefwork 230 to produte the corresponding macroblock of pixels for the current

10 video image, which is then stored into the reference frame memory 222.

Figure 2B is a high level block diagram of the down conversion system of one
exemplary embodiment of the present invention employing such 2 DCT filtering
operation, and which may be employed by an exemplary embediment of the present
invention in DC mode. As shown in Figure 2B, the down conversion system includes a

15 variable length decoder (VLD) 210, a run-length (R/L) decoder 212, an inverse quantizer
214, and inverse discrete cosine transform (IDCT) processor 218. In addition, the down
conversion system includes a Down Conversion filter 216 for filtering encoded pictures
and a Down Sampling processor 232. While the following describes the exemplary
embodiment for a MP@HL encoded input, the present invention may be practiced with

20 any similarly encoded high-resolution image bit stream.

The down conversion system also includes a Motion Compensation Pro;esscr 206b
including a Motion Vector (MV) Translator 220, a Motion Block Generator 224 including
an Up-Sampling Processor 226, Half-Pixel Generator 228, and a Reference Frame
Memory 222.

25 The system of the first exemplary embodiment of Figure 2B also includes a
Display Conversion Block 280 having a Vertical Programmable Filter (VPF) 282 and
Horizontal Programmable Filter (HZPF) 284. The Display Conversion Block 280
converts downsampled images into images for display on a particular display device
having a lower resolution than the original image, and is described in detail subsequently

30  in section d)(2) on Display Conversion.



Table 1 Vi deo Bitstream Formats

Nunmber and For mat Hori zontal Vertical Aspect Ratio Frane rate
ggu)zg o7 (1) 11§5|1125P 1920 1080 16x9

: : 1920 108 16x9
30, 29.97, Q%?”éé!“_)és (3) 750P 12809“’”5”3"’”‘750
16x9 60, 59.94, 30, 29.97,
24, 23.98 (4) 525P 704 480 16x9
60, 59.94, 30, 29.97, -17 -
24, 23.98 (5)..525P 704 480 4x3

60, 59.94, 30, 29.1%g Down Conversion Filter 216 performs a lowpass filtering of the high
gg gg gi 3 Oresoé\gt% 7(5%5 Rlain Profile, High Level DCT%Eboefficients in tH3fequency domain. 4X3
24, 23.98  The DFyn 5@spling Process 232 eliminates spayial pixels by deciggion of the filteredsy 9

3 : , . . .
38, gg g; Main%%%)fxgg g:igh Level picture to produce ags%gof pixel valuesj@%ch can be dlspleﬂﬁg 3

30, 29.975  ona monitor havi'nE 1d%er iERitioh Diah BAS feqliirdd ©1disply afMP@&Ihpiglare. The
frequency conponents of the Main 5 Level picture occurs as part of the
decodi ng” pr oceneswiagy Refieresee Frame Mageniry 225 porss thergatisl gise! values pIegspoRdmefo

picture to a fQLIuAL,N3wiARiAeb MR reth SR flnvink Y BsdARfRh 8boPohdisd t4dgs Dot h
down-sampled picture. For interframe encoding, the MV Translator 220 scales the motion
vectors for each block of the received picture consistent with the reduction in resolution,

10 and the High Resolution Motion Block Generator 224 receives the low resolution motion
blocks provided by the Reference Frame Memory 222, upsamples these motion blocks
and performs half-pixel interpolation as needed to provide motion blocks which have pixel

positions that correspond to the decoded and filtered differential pixel blocks.

Note that in the down conversion system of Figure 1B the downsampled images
15 are stored rather than high definition images, resulting in a considerable reduction of

memory required for storing reference images.

The operation of an exemplary embodiment of the down-conversion system of the
present invention for intra-frame encoding is now described. The MP@HL bit-stream is
received and decoded by VLD 210. In addition to header information used by the HDTV

20 system, the VLD 210 provides DCT coefficients for each block and macroblock, and
motion vector information. The DCT coefficients are run length decoded in the R/L

decoder 212 and inverse quantized by the inverse quantizer 214.

Since the received video image represented by the DCT coefficients is a high
resolution picture, the exemplary embodiment of the present invention employs lowpass
25  filtering of the DCT coefficients of each block before decimation of the high resclution
video image. The inverse quantizer 214 provides the DCT coefficients to the DCT filter
216 which performs a lowpass filtering in the frequency domain by weighting the DCT
coefficients with predetermined filter coefficient values before providing them to the
IDCT processor 218. For one exemplary embodiment of the present invention, this filter

30  operation is performed on a block by block basis.



hori zontal and vertical filtering of the high resolution picture. Note that

i n DC Mode, the di splay format conversion may display 16x9 aspect
éatlo sources on 4x3 displays, and vice-versa. This process is
escribed s tly with reference to the display sect iy t he
vi deo decodﬁég@éﬁ}on 120. Table 2 gives the supported pri ?r'g/}xgsfsgl‘ga '
secondary out put picture formats for the respective input bitstreans
of Table 1: - 13 -
'II\'IalrJTLe 2 | - 8C Supported Vi deo Fornmats
unmber and For mat |
( MHz) 5158? p ocessmp El@d?rﬁsggcs spauaf p;xdlasaxlplgjvta}%&% %{Jerp rz%%!ga%l) Cll(i)ggl
gggg inverse dzscretﬁs%ine transform of the filtered D%?I‘ Q)@fficxcnts (I‘:%e) D%%Ig gﬁ’mphnv
525P processor 232 Egﬁqes the picture sample size by gl;mgr@unv spanag pirebpgple values
gggg according to a grfg?termmed decimation ratio; tb%%ﬁgg storing tﬁes?ow@gégolunon

5  picture uses a smaller frame memory compared to that which would be needed to store the

higher resclution MP@HL picture.

The operation of an exemplary embodiment of the down-conversion system of the
present invention for predicted frames of the encoding standard is now described. In this
example, the current received image DCT coefficients represent the DCT coefficients of

10 the residual compenents of the predicted image macroblocks, which is now referred to as
a predicted frame (P-frame) for convenience. In the described exemplary embodiment, the
horizontal components of the motion vectors for a predicted frame are scaled since the
lIow resolution reference pictures of previous frames stored in memory do not have the

same number of pixels as the high resolution predicted frame (MP@HL).

15 Referring to Figure 2B, the motion vectors of the MP@HL bit stream provided by
the VLD 210 are provided to the MV Translator 220 Each motion vector is scaled by the
MV Translator 220 to reference the appropriate prediction block of the reference frame of
a previous image stored in reference frame memory 222 of memory 199. The size
(number of pixel values) in the retrieved block is smaller than block provided by the

20 IDCT processor 218; consequently, the retrieved block is upsampled to form 2 prediction
block having the same number of pixels as the residual bleck provided by the IDCT

Processor 218 before the blocks are combined by the summing network 230.

The prediction block is upsampled by the Up-Sampling Processor 226 responsive
to a control signal from the MV Translator 220 to generate a block corresponding to the
25  original high resolution block of pixels, and then half pixel values are generated - if
indicated by the motion vector for the up-sampled prediction block in the Half Pixel
Generator 228 - to ensure proper spatial alignment of the prediction block. The
upsampled and aligned prediction block is added in summing network 230 to the current
filtered block, which is, for this example, the reduced resolution residual component from

30  the prediction block. All processing is done on a macroblock by macroblock basis. After
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27.00 g‘gﬁ)g%e%@gdi ng, Downconversion and Downsanpling P%Tmsggégﬁ’/erw ew
Figure 2A is a high level block diagramof a typical video decoding system
of the prior art which processes an WPEG 2 encoded picture. The
general nethods used to decode an NPEG 2 encoded pi cture, wthout

] ' f . i on,
speci T eq by raoae REGONER s imBlets o the £GP by B PR G Pl udes
an entropy deleademstidd Ractoblovki i€ BeciBdted AebidaR1y2byORE BRWn lif PRLERH e

I h VLD) 210 and run |ength decoder 212. The system al so
iﬁ(r:] Inges an gﬁgg er’épr%“ess éﬁﬁﬂé‘ﬁE fedeqe %@?Olﬁgﬂ# of ilecimege Bitsimply eerowsb ne
transform (1 RCEhaRk BHES 36 B fw AR Bld-& ; 207 controls the various

. age.
conponents of the decodi ng systemresponsi Ve 6t he control

i nf tion retri ' i [ eam by_t he. 11 . For
:opog(ragg i Ing of 15 %g{i%é ?gﬁ%ﬁﬁﬁeﬁaﬂgg}so be %Set%}s ?/%?%aﬁle %ﬁeratvﬁ%ﬁ%g’ ﬁ&]%‘a%‘gy a nenmory
199 havi ng r élosversice Biock 80 adjusts theranage Yor2AghlaysaaioNGrestRitivaked36h digsisy

A G O BN N R
282 and HZPF 284 respectively.
The relationship between the functional blocks of the ATV Video Decoder 121 of

10 Figure 1A and Figure 1B is now described. The picture processor 171 of Figure 1B
receives the video picture information bitstreams. The Macroblock Decoder 172 includes
VLD 210, inverse quantizer 214, the DCT filter 216, IDCT 218, summing network 230,
and the motion compensated predictors 206a and 206b. The picture processor 171 may
share the VLD 210. External Memory 130 corresponds to memory 199, with 16Mb

15 RDRAM 131-136 containing the reference frame memory 222.

Figure 2C illustrates the operation of the system in DC mode, converting an 11251
signal to 525P/5251 format. In this scenario, after low pass filtering by DCT filter 216 as
described above with reference to Figure 2B, the system down samples the high resolution
signal by a factor of 3, and stores the pictures in the 48 Mb memory as 640H and 1080

20V, interlaced. For this system, the motion compensation process upsamples the stored
pictures by a factor of 3 (as well as translation of the received motion vectors) before
motion-predictive decoding is accomplished. Also, the picture is filtered horizontally and

vertically for display conversion.

Figure 2D similarly illustrates the relationship between DC mode format
25 downconversion from 750P to 525P/5251 format. This conversion operates in the same
way as the 11251 to 525P/525] conversion except that downsampling for memory storage,

and upsampling for motion compensation, is by a factor of 2.

2) Macroblock Prediction for Downconversion



- 14 - The controller 207 is coupled to an infrared receiver
208 whi ch recei ves command signal s provided by, for exanple, a user
renote control device. The controller 207 decodes these commands and
causes the ' r of the systemshown in Figure 2A t0 popmsofffzdor m t he
specified cg’m}ﬁgﬂfl n the exenplary enbodi nent of the invention, the 5
system shown in Figure 2A includes a set-up node in which the user may
specify a configuration for the system In one exenplary enbodi nent
of the invention, this configurati"on " may include the specification of
a display device .1t s contenpl ated : t | fevi ce
type nay be speci H{xgtge F’ﬁeﬂ}p&rﬂéo%?cog? egf}?%}m‘r:eesg’oslmﬁ% F}%nm%%g‘cgg%géﬁtﬂg

rati o. The ugedyidhe¥msgRs elefdowhlized st Byridoypbdiytios | ietetsigedampant vectotsar

di splay aspect ratio 10 and resolution froma nmeny of Joossi bl.e .choi ces or
by causing t meingys iathieseragies By lspbg gansiated aCFWd\Rﬁit‘_bH‘%P’ﬁﬁ&sI“g‘ 8¢ r pondi ng
to different (i anhAest Wl BieIndlich HUGEERTHY B Yorhlilik YR8k iPihe horizontalle di spl ay
device and the usér 1s asked to indicate, via the renote control device,
whi ch 5 diregloay O shidsd ipthe agicogd ey iemgndhthe fellovoerdisausion totmpesion
controller 207 also receives .. . jnfor ion on the resol utj spect
ratio of the t’@ﬁ@%f&?é‘dn\‘}‘?ed"égi“% Gregton %ngﬁlﬁeﬁZ’Sﬁé’P{é%F aEy as %ﬁu%%dt?%g@%c 11.
Using this i &g&femhlmragﬁﬁl e FiafleC Dy il HRIHFRLARN dedinadidn fctbOaridty, as

resol ution and aspect ratio of the di spl ay device, the controller 207

aut omat i cal | ythe half pixe dntizqal swtiomsccigraf din arigingt beags SramRethe edUr$ o iR ded
slgnal 10 ProgHSeerdt Bl AbRG ﬁb‘ék“:ﬂ%hﬁ]oerigé%a; b3t RIBRA W K mhe BIIEPKAY O

t he di spl ay scans the recelved bit
stream f qs Minfp, Bigaveh bpqees. These codes 20 include a prefix which has a
format of 23 consecutive zero-valued bits foll owed by a single bit
having a value of one. The start codemvakugyfollows this prefix &nd
identifies the type of record that is being received. In the

exenpl ary enbodi rent of the invention, when the parser 209 stores the

bit streaminto t fsepiebroyres®ndiag thaeasion block stams inghs -sampled 1@@gH)| i ed

fromth 199 to t F o LRtiBe (B! ock  di
25" shown | Erg b Tt an & plt ! BEY pPUGERTRY g dABE O CEr ' 20T

providing the bit stream directlysio the VLD When
the parser 209 finds a start code in*thghi:ty St¥eam it passes t e bit
stream

15  The division of equation (2) is an integer division with truncation.

Because the exemplary filter 216 and Down Sampling Processor 232 only reduce
the horizontal components of the image, the vertical component of the motion vector is
not affected. For the chrominance data, the motion vector is one-half of a Juminance
motion vector in the original picture. Therefore, definitions for translating the

20  chrominance motion vector may also use the two equations (1) and (2).

Motion prediction is done by a two step process: first, pixel accuracy motion
estimation in the original image frame may be accomplished by upsampling of down-
sampled image frame in the Up Sampling Processor 226 of Figures 2A and 2B, then the
half pixel Generator 228 performs a half pixel interpolation by averaging of ngarest pixel

25 values.

The reference image data is added to output data provided by the IDCT processor

218. Since the output values of the summing network 230 correspond to an image having



onto the nmenory 199 for storage in the VBV buffer and al so stores a pointer
to the start code in an area of the nenory 199 which is accessed by
the controller 207. The 30 controller 207 continually accesses the start
code pointers and, through them the record

- 15 - WRMHENS  \Wien the control | er 207 finds a seqlSheS &fAart code,
It accesses information in t he sequence header which indicates the
aspect ratio and resolution of the inage sequence that is represented
byfthe encoded sequence. According to the2MPEG standard this

in orrrationirrrrediatelyfollpwsthes e start c i.n the sequence
header . 5 a mumber of P%’Ff-']érc?%s?edhw%ath rﬂ-’r"i‘ﬁoaﬁm’?m qse Brlu?sﬁgayet??coded vi deo
signal (i.e. plondg 2] diPRY HaFRE S lowdtiBhuribs. BoffsepMh@inge i n

t he headers o?‘&ﬁ %‘ eadagaerlr%n?ary gtroeamr 1 (P S)spackets It is

cont enpl at ed Dban Samplargqirh@ssoe L3hissabsiantiathostiuivelent tofsubsaapling afriniipage
the parser 20 ém‘fm urg Ss'n\{xgrgspgxg% ack t%dg%cg{[lgroquqgego %gg% %510 aﬁlﬁﬁnﬁﬁe

reconstruct t
i ncl udi ng &t hecgdi gps-a¥ohasaiilin®fthd ﬁlﬁnﬂe@@ﬁhﬁ&%n&ﬂy dowishepled pg.aralare G orife

controller 207 As described bel ow, the contraller ﬁO? uses
i nformati on oeechfieputimegsoblpcls, aadribe fst downsampladepireloat PRIAIYIEdBSPIGhE e nd
i nformati on on th ay format of the display device (not shown
which is conn¥®te ac?étﬁ%%(e decoder systemto automatically or :

serm aut ot Cal |y yuer acnBAREL b BAGEARNRR POl Foh SPloikattble el

for proper displa
upsampling is used to get the corresponding prediction block in the high resolution

10 picture. Consequently, subpixel accuracy in motion block prediction is desirable in the
down sampled picture. For example, using 3:1 decimation, it is desirable to have 1/3 (or
1/6) subpixel accuracy in the down-converted picture for proper motion prediction. The
subpixel which is a first pixel required by the motion vector, in addition to the down-
sampled motion block, is determined. Then, subsequent subpixel positions are

15 determined using modulo arithmetic as described in the following. The subpixel positions

are denoted as x, as given in equation (3):

X, =(—Xf-)%(nx) 3)

where “%” represents modulo division.

For example, the ranges of x, are 0, 1, 2 for 3:1 upsampling and 0, 1 for 2:1
20  upsampling. Figure 3A shows subpixel positions and corresponding 17 predicted pixels

for the 3:1 and 2:1 examples, and Table 3 gives the legend for Figure 3A.

Table 3
Symbol Pixel
v Downsampled
Pixel
A Upsampled Pixel
) Prediction Pixel
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- 16 - As prévitdaly dessribedt thmmm.mblmg:ﬁﬁtdrsmapbe prsenipling pad¥ppasencoded,
then the output matrix val ues pr.ovi ded I Pracess 218 are

the pixel val ﬁi’é%s éfnd trfﬁ}éle&&“feéé brgRrdgrisges of mes?rﬁ%?‘%‘l‘ ?HB“’%%@ Nt vi deo
image. If th roblock is interframe encoded, the correspondi ng

macr obl ock of 't
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Processor ° 206 receives a

previ ousl

206. The

TRt

e previous video picture frane is stored in nmenory 199 5

Mot i on Conpensati on

ded macrobl ock from nmenory 199

responsi ve to ffhe 3.1 2.1
Upsampling | Upsampling
Number of Polyphase Filters 3 2
Number of Taps 3 5
Maximum number of horizontal downsampled pixels | 9 13

Next two tables, Table 5 and Table 6, show polyphase filter coefficients for the

exemplary 3:1 and 2:1 upsampling polyphase filters.

Table 5: 3:1 Upsampling Filter
Phase 0 Phase 1 Phase 2
Double Precision  |.0,1638231735591 [0.0221080691070 | 0.3737642376078
0.79 00589359512 0.9557838617858 | 0.7900589359512
0.3737642376078 |0.0221080691070 |-0.1638231735591

Fixed Point {9 bits)

-0.1640625 (-42)

0.0234375 (6)

0.3750000 (96)

0.7890625 (202)
0.3750000 (96)

0.95703125 (244)
0.0234375 (6)

0.7890625 (202)
-0.1640625 (-42)

10



notion vector, and then adds the previous macroblock to the current |DCT

macr obl ock (corresponding to a residual conponent of the present
predlctlvgly encoded frame) in summi ng network 230 to produce the
correspondi ng macrobl ock of pixels for the current 10 % gﬁg Apgse. which
is then sto ‘ﬁ the reference frane nenory 222. b s Figure 2B

is a high level block diagramof the down conversion system of one
exenpl ary enbodi nent of the present invention enploying such a DCT

filtering operation, and which may Pe enpl oyed by an exenpl ary

enbodi ment of the present invention in DC node. As shown in Figure
2B, the down conversion system iTablefd@s! HpsegplingFiltah| e Iengt h decoder (VLD)
210, a run-length (Rftj—decoder—21¢,—an_jTverse guamnt Zer } 214, and

i nverse discrete cosine transform (I DCTY as5¢ cessgr 218885¢ ) addiltion, the
down conver si OISyt m {rch uges a Down conyersion fi1lter 216 for
filtering encoded pi¢ i{ TECISION o1 §.04 LOORR3BE0p | rhéA3386TBLLGr | 232. Wil e

the foll (ﬁvvi ng descri bes the exenpl apy283886402000 001 TB4H3363R87HL3
i nput, the present invention may be t i
encoded hi gh-resol utiion i nage bit sP%éiféﬁgﬁ%%“ %'8%336%%21130
system al so includes}a Mtion Conpe¢RLEB338G40298¢ es301433061R87113

Motion Vector (M) Thansl ator 220, @d\{%ggg@gg%@cb 0008086000002
an Up-Sanpling Processor 226, Half-iPixel Ceneratar 228  and

Frame Menory 22 2ixed 23int (9 bits) tem|o
enbodi ment of Figure|2B also include 081%@55)@) Di 4 61&45@115 3

v
having a Vertical Programmable Fil t§r02(7§/]ﬁ|3)5 Dg2 4n G%X‘ﬁg??s ﬁléf)i
Programmabl e Filter (HZPF) 284. The QR23pT589 (IH)ver 653005280

converts downsanpl ed|i mages into i Myqes i splia i qul ar displa
devi ce having a | ower resol ut}i¢ %{132% (%I adl%g?zj)@ﬁ) and is P

. . . on t’he qrigina
described in detail subsequently 3@ C.017K8%843) on |d 899008?10 spllay
Conver si on.

conver si on
i ncluding a
i ncl udi ng
ef er ence
xenpl ary

n Bl ock 280
ont al

In a fixed point representation, the numbers in parenthesis of Table 5 and Table 6

are 2°s complement representations in 9 bits with the corresponding double precision

s numbers are on the left. Depending upon the subpixel position of the motion prediction
block in the downsampled reference image frame, one corresponding phase of the
polyphase interpolation filter is used. Also, for the exemplary embodiment additional
pixels on the left and right are used to interpolate 17 horizontal pixels in the original
image frame. For example, in the case of 3:1 decimation, a maximum of & horizontally

10 downsampled pixels are produced for each input macroblock. However, when
upsampling, 9 horizontal pixels are used to produce the corresponding motion prediction
block values because an upsampling filter requires more left and right pixels outside of
the boundary for the filter to operate. Since the exemplary embediment employs half
pixel motion estimation, 17 pixels are needed to get 16 half pixels which are the average

15 values of nearest two pixel samples. A half pixel interpolator performs the interpolation
operation which provides the block of pixels with half-pixel resolution. Table 7A
illustrates an exemplary mapping between subpixel positions and polyphase filter
elements, and shows a number of left pixels which are needed in addition to the pixels in

the upsampled block for the upsampling process.



17 - ~ The Down Conversion Filter 216 perfornms a | owpass
filtering of the high resolution (e.g. Main Profile, H gh Level DCT)
coefficients in the frequency domain. The Down Sanpling Process 232

elimnates spatial pixels by decimation of the filtered I rofile,
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MP@iL picture. The exenpl ary Reference Frane Menory 222 stores the
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motion vector is used to calculate the coordinates of the desired reference image half

macroblock stored in memory 130. At step 316 the subpixel point for the half

macroblock is determined and the initial polyphase filter values for upsampling are then

determined at step 318. The identified pixels for the reference half macroblock of the

stored downsampled reference frame are then retrieved from memory 130 at step 320.

Before the first pass at the filtering step 324, the registers of the filter may be

initialized at step 322, which, for the exemplary embodiment includes the step of loading

the registers with the initial 3 or 5 pixel values. Then, after the filtering step 324, the

process determines, at step 326, whether alt pixels have been processed, which for the

exemplary embodiment is 17 pixels. If all pixels have been processed, the upsampled

block is complete. For an exemplary embodiment, a2 17 by 9 pixel half macroblock is

returned. The system returns upper or lower half macroblocks to allow for motion

prediction decoding of both progressive scan and interlaced scan images. If all pixels

have not been processed, the phase is updated at step 328, and the phase is checked, for

the C value. If the phase is zero, the registers are updated for the next set of pixel values.

Updating the phase at step 328 updates the phase value 10 0, 1, and 2 for the filter loop

period for exemplary 3:1 upsampling and to 0, and 1 for the filter loop peried for 2:1



25 filtering of the DCT coefficients of each bl ock before decimation of
the high resolution vi deo i mage. The inverse quantizer 214 provides
the DCT coefficients to the DCT filter 216 which perforns a | owpass
filtering in the frequency domain by weighting the DCT ffshCients
with predet ¥APHEAY i1 ter coefficient values before provi é'F‘F{b’g‘?ﬁ’em to the

| DCT processor 218. For one exenpl ary enbodi nent of the present invention,
this filter 30 operation is perfornmed on a bl ock by bl ock basis.

- 18 - The | DCT processor 23%- provi des spatial pixel sanple
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LWR(4) for each clock transition for each reference block being combined with

corresponding filter coefficients to provide one output pixel, and 4) the sum of filter
coefficients h(0)-h(4) combined with respective pixels LWR(0)-LWR(4) provide the
output pixel of the sampling block.

15 Filter coefficients are desirably reversed because the muitiplication ordering is
opposite to the normal ordering of filter coefficients, and it may be desirable to zero some
coefficients. Table 7B gives exemplary coefficients for the 3:1 upsampling filter, and

Table 7C gives exemplary coefficients for the 2:1 upsampling filter:

Table 7B

Subpixel 0 | Subpixel 1 | Subpixel 2 | Subpixel 3 | Subpixel 4 | Subpixel 5
Filter 6 -18 -42 -21 96 51
Coett. 244 223 202 149 202 223

6 51 96 149 -42 -18

0 0 0 21 0 0

0 0 0 0 0 0
Reference | X -1 x -1 x -1 x -1 X X
Phase 01 00 10 01 00 10
Half Pixel {0 I 0 1 0 1
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Tn Tables 7B and 7C, x_ is the downsampled pixel position defined in equations

accor di ngl f Pirel Sanpl.ing Prodessor $32  This
reduce the resolution of the inmage but sinply renoves

(1) and (2), and subpixel position, x,, is redefined from equation (3) as equation (3°)

%, = (XH)%(2Dx) 37
For chrominance vatues of the exemplary implementation, XH is scaled by two

and equations (1),(2) and (3") are applied. In one embodiment, phase and half pixel

information {coded as two bits and one bit, respectively) is used by motion compensatioﬁ

processor 220 and half-pixel generator 228 of Figure 2B. For example, reference block
10 pixels are provided as U pixels first, V pixels next, and finally Y pixels. U and V pixels
are clocked in for 40 cycles and Y pixels are clocked in for 144 cycles. Reference blocks
may be provided for 3:1 decimation by providing the first five pixels, repeating twice,
shifting the data by one, and repeating until a row is finished. The same method may be
used for 2:1 decimation except that it is repeated once rather than twice. Input pixels are
15  repeated since decimation follows addition of the output from motion compensation and
half-pixel generation with the residual value. Consequently, for 3:1 decimation, two of

three pixels are deleted, and dummy pixels for these pixel values do not matter.

3) DCT Domain Filtering Employing Weighting of DCT Coefficients

The exemplary embodiment of the present invention includes the DCT filter 216
20 of Figure 2A processing the DCT coefficients in the frequency domain, which replaces a

lowpass filter in the spatial domain. There are several advantages in DCT domain



redundant pixels fromthe ow resolution filtered imge. 5 Once
t he downsanpl ed macrobl ocks for an imge are available, the Display
Conversion Block 280 adjusts the inmage for display on a | ow resol ution

television dis unit by filtering the vertical apd. horij t al
conponent s &f° F?é‘}/lélomsarrpl ed i mage in VPF 282 and ﬁéwﬁﬁ)gégp

respectively. The rel ationship between the functional bl ocks
of the ATV Video Decoder 121 of 10 Figure 1A and Figure 1B is now
described. The picture processor 171 of -F27gure 1B receives the video

picture informatjion bitstreans. The Mjcrobl o oder 172 i ncl ude
VLD 210, i nveidsangnsicad Qéﬁpa%%uk’mﬁﬁeﬁlﬂ?ﬁg o c@fg picjuysesy suches C%‘Efﬁ‘f}f?‘ﬁ'ﬁd

network 230, py e Mp@tﬂoﬁmmxid%s qqa&a%ﬁefyegw:%ﬁ&mﬁ@@@nmoﬁggb The

pi cture processor share the V . External Menor
cor responds tmomffmn;nt mﬁneqqu tesd Badwars thanRDRAGA! temaindBter eppliad i thg spatial

f
operatton of T FEYRE S ToEchumc: Ag AP By s i WALSRIEN

525P/ 5251 sf or fttiond! Budli 1Rt AAL additiohl tleadtOsyatd Skl dahiphs valg. Mitis D&’ﬁpirbi ter
216 as descri bed above with reference to Fi ?ure 2B, the system down

sanpl es t he HP@RIY s arditipnshmultiplication imie QyT domaiR fiPT- of 3, and stores the
pictures in the 48 Mo nenory as 640H and 1080 20 V, interlaced. For this
system the noti othesivpmess BETalensinoiless of thepsieprisés & wercatiy efghe high  pj ctures

by 2 factor ofedel@Duebeiih! 25kl Mofludhlf ANy TRH ARrGHOr S)

before I've decoding acco e pi cture
is filtered hagek Zx&ﬂ'&@ﬂﬂ iy a@mdoth filter andera's ki@&lbhqksfsmh asll“smgsag” nmv@w irothe
Figure 2D simlarly illustrates the relationshi p between rmdeg{ rmat 25

downconvelsi offepiedicryppliecDS2 sipnsindpwhast Histr. of iy FCWBAVETRIGHTH es in
the sane $re¥¥‘?1§’ infehtibh & dbdided bR 2 MR/ n%(?jz%f fift& N %{esépﬁ’dihl ﬁ&ﬁﬁﬁt The‘ker

downsanpl i ng menory storage, and upsanpling for notion
conpensat i on, caeficppt valicadethe bockmirror filter ar2) faviesaropie kameédl}’ aumgrical or

Downconver si on
analysis in the spatial domain, and these values are then converted into coefficients of the

DCT domain filter.

15 Although the exemplary embodiment shows DCT domain filtering in only the
horizontal directionr, DCT domain filtering can be done in either horizontal or vertical

direction or both by combining horizontal and vertical filters.

4) Derivation of the DCT Domain Filter Coefficients

. One exemplary filter of the present invention is derived from two constraints:
20 first, that the filter process image data on a block by block basis for each block of the
image without using information from previous blocks of a picture; and second, that the
filter reduce the visibility of block boundaries which occur when the filter processes

boundary pixel values.

According to the first constraint, in the DCT based compression of an MPEG
25  image sequence, for example, N X N DCT coefficients yield N X N spatial pixel values.
Consequently, the exemplary embodiment of the present invention implements a DCT

domain filter which only processes a current block of the received picture.

According to the second constraint, if the filter is simply applied to a block of

spatial frequency coefficients, there is a transition of the filtering operation at the block



- 20 - For the exenplary downconversion process, since the
reference frames of the previ ous i nages are down sized in the
hori zontal direction, the received notion vectors poi nting to these

frames may al so be translated according to the conversion_rati e
foll owi ng d¥X¥BYE the notion translation for the | uni naﬁ%ﬁ&%ﬁfg‘gyi n the

hori zontal 5 direction. One skilled in the art could easily extend the
fol |l ow ng di scussion to notion translation in the vertical direction
if desired. Denoting x and y as the curre®8-macrobl ock address in the
original image frame, Dx as the horizontal decimation factor and nv[err] as
tgg hal f ]E)i Xﬁboumémzwha;ﬁ catised inan ssuiBeienmumber PrtzhPHE] VaRage PR fite, the
address of t £o PRI t L.Qn ' el gl

mage. 1 rame, | TRGREdP U tg febudof e oter. 1 RS 43ncdumR o Wyl uR e B
XH=2x+nmv[ er r] block cannot be properly filtered because thé Nytap filter has values for Thip N32 saps, the

and has an AdEEREPUAN S BOR Ba ROREE, Aok ot R i g N S
(2). [errls missing pixel values exist: 1) repeat a predetermined constant pixel value beyond a
boundary; 2) repeat the same pixel value as the boundary pixel value; and 3) mirror the
pixel values of the block to simulate previous and subsequent blocks of pixel values
adjacent to the processed block. Without prior information on the contents of the
previous or subsequent block, the mirroring method of repeating pixel values is
10 considered as a preferred method. Therefore, one embodiment of the present invention

employs this mirroring method for the filter and is termed a “block mirror filter.”

The following describes an exemplary embodiment which implements a horizontal
block mirror filter that lowpass filters 8 input spatial pixel sample values of a block. If
the size of input block is an 8 X 8 block matrix of pixel sample values, then a horizontal

15 filtering can be done by applying the block mirror filter to each row of 8 pixel sample
values. It will be apparent to one skilled in the art that the filtering process can be
implemented by applying the filter coefficients columnwise to the block matrix, or that
multidimensional filtering may be accomplished by filtering the rows and then filtering

the columns of the block matrix.

20 Figure 4 shows an exemplary correspondence between the input pixel values Xo
through %, (group X0) and filter taps for an exemplary mirror filter for 8 input pixels
which employs a 15 tap spatial filter represented by tap values hy through hy,. The input
pixels are mirrored on the left side of group X0, shown as group X1, and on the right
side of group X0, shown as group X2. The output pixel value of the filter is the sum of

25 15 multiplications of the filer tap coefficient values with the corresponding pixel sample
values. Figure 4 illustrates the multiplication pairs for the first and second output pixel

values.

The following shows that the block mirror filter in the spatial domain is equivalent
1o DCT domain filter. The mirror filtering is related to a circular convolution with 2N

30 points (N=8).



15 The division of equation (2) is an integer division with truncation.
Because the exenplary filter 216 and Down Sanpling Processor 232 only

reduce f t he horizontal conponents of the inmge, the vertical
conponent of the notion vector is not affected. Fo m nance
data, the nGB#¥éctor is one-half of a |uninance h%#’?%ﬁﬁ%égtor in

the original picture. Therefore, definitions for translating the 20
chrom nance notion vector may also use the two equations (1) and (2).
Motion prediction is done by a two step pZdbcess: first, pixel accuracy

notion estimation in the original image frame may be acconplished b
upsanpl i ng of dowPefine the VECKHR RPISSHOWRHPRIUAYONH)-i n the Up Sanpling Pr ocesso?/
226 of Figures 2A and 2B, then the hal f pi xel Generator 228 perforns

a hal f pixel interpol att(@p=%y)-ex@Naghyng of nedf<stm<p=2NI1 25  valldes.
The reference imag[e data is added to output data provided by the | DCT
processor pdhe e856,80NFRe out put val ues of the summing network 230
correspond to an inmage havi ng

x’=(x0, x1, x2, x3, x4, x5, x6, x7, x7, %6, x5, x4, x3, x2, X1, x0)

5 Rearranging the filter tap values by through hy,, and denoting the rearranged

values by b’
K =(h7, h8, h9, h10, hil, hi2, hi3, hi4, 0, k0, hi, h2, h3, hd, h5, ho)

Therefore, the mirror filtered output y(n) is a circular convolution of x’(n) and

h’(n) which is given by equation (5).

10 ym=x'(n) ® h’(m (5)

‘Which is equivalent to equation (6).

: IN-1 | ,
y(n) = k§0 x [n-kj-h(m 6)

where x’[n-k] is a circular modulo of x’(n) and

x'[n}=x"(n) for n> =0
15 x’[n}=x"(n+2N) for n<0.

The circular convolution in the spatial domain shown in equation (5) corresponds
to the scalar multiplication in the Discrete Fourier Transform (DFT) domain. Defining
Y{(k) as the DET of y(n), then equation (5) becomes equation (7) in the DFT domain.

Yx)=X"(k) - H’(k) )
.20 where X’(k) and H’(k) are the DFTs of x’(n) and h’(n) respectively.

Equations (4) through (7) are valid for a filter with a number of taps less than 2ZN.

In addition, the filter is limited to be a symmetric filter with an odd number of taps, with
these constraints H’(k) is a real number. Therefore, X’(k), the DFT of x’(n), can be
weighed with a real number H'(k) in the DFT frequency-domain instead of 2N

25  multiplication and 2N addition operations in the spatial domain to implement the filtering
operation. The values of X’(k) are very closely related to the DCT coefficients of the
original N-point x(n), because an N-point DCT of x(n) is obtained by the 2N-point DFT
of x’(n) which is the joint sequence composed of x(n) and its mirror, x(2N-1-n).



-21 - a nunber of pixels consistent with a high resolution format,

t hese val ues may be downsanpl ed for display on a display having a

| ower resolution. Downsanpling in the Down Sanpling processor 232 is
substantial ly equival ent to subsanpling of an inage HEs0 P4

adj ust nent s 51’B'(Q.lmatde based upon the conversion ratio. If’:%r exanple, in

the 5 case of 3:1 downsanpling, the nunber of horizontally downsanpl ed

pi xels are 6 or 5 for each input macrobl ock, and the first downsanpl ed
pi xel s are not always first pixel in the-30- input nacrobl ock.

After acquiring the correct notion prediction block fromthe down-sanp

i mge, ups anmpTlierfgllaveng descrilies thyaterivition of thed¥poeasifinienty ddie snads fB?eBck in

the high resojyij ep a&s@xmmgoasshuﬁe@m ﬁ&&%ﬁ%ﬁ@ﬁﬁb&dn@&?bﬁ&bs 20 Urwhiyh sn not i on

ek Brent e e L e AT IRLED. M 6,

subpi xel accusgeayon 8).t he down-converted picture for proper noti on

predi ction. The subpi xel 2;4,\lql ch is a firstyRixel qU| red by the notion
vector, in addition to the(gews- n(n) wyStapi®e2 Qph(m)mos i s dé®er m ned.
Then, subsequent subpi xel posi1t=Pons are 15 det er i neld u5| ng nodul o
arithmetic as described in the follow ng. The subpixel positions are

denoted as x[err] as givep in equation (3): Terr] where "%
represents modul o H#ei¢ Yapn=exp{-2nkn/(2N)}; an‘j)’ifcﬁb ﬁi%ﬁ”'@ the ranges of x[err]

are 0, 1, 2 for 3: Upampihhd@:Ghthed that tHe®N- éoﬂtﬁ@l‘ofk’ am)(ik%,rlﬂnbgi gure 3A
shows subplxel positions and corresponding 1 predlcte pi xel s for
the 3:1 and 2edpresaigl iessDCHookcffcibiteassshgive asequagon @hend for Figure 3A
Table 3

Xk} = 3 X'(m) Wyp @ = W,y 1\Z—: 2 x(n)-cosﬁk%%ﬂ 'e))
n=0 n=
10 whereas the DCT coefficient of x (n), C(k), is given by equation (10).
C{k)= % 2x(n)-cos m(§;+ D ow, 2.3 for 0sksN-1  (10)
n=l

and C(k)=0 elsewhere.
The values of X'(k), the DFT coefficients of x’(n), can be expressed by C(k), the

DCT coefficients of x’(n) by the matrix of equation (11).
Won ¥2.0(k)  for  ksSN-1

15 X'{k)= 0 for k=N (11)
Wy K2 .CaN-k) for N+I1<k<2N-1

The original spatial pixel sample values, x{n), can be also obtained by IDCT
(Inverse Discrete Cosine Transformation) shown in equation {12).

Lo wkin+1/2
x(n) = L a(k)- C(k)- cos——(————l (12)
Nis
where a(k)=1/2 for k=0 and 1 otherwise.
20 The values of y(n) for 0< =n< =N-1, are obtained by IDFT of X’(X)H'(k) given

in (13):



Synbol Pi xel [err]

Downsanpl ed Pi xel

[err] Upsanpl ed Pi xel [err]
Predi ction Pixel

Synbol WO 984151, o | PCT/gFaB(4749

Extra Right and Left Pixels
for Upsanpl i ng As

previously described, the upsanpling filtefls may be upsanpling pol yphase
filters, and Table 4 gives characteristics, of these upsanpling polyphase

i nter pol ati on filters, (¥ _ Tabl e
4. 3’(“)="2'ﬁ‘ k=0 X'(k)-H (k) Wy ™ 3.1 2.1

- N£ IC(k)'H'(k)lqu_k(n”,z) + 21*23:-1 _ C(2N _ k)-H'(ZN - k)_WZN—k(nHIZ)
N k=0 - k=N+1

=—.;7§ a(k)- {C(k)- H'(k)} cos—dc(—n;Tl-/—z—) (13)

The values y{(n) of equation (13) are the spatial values of the IDCT of C(k)H’(k).
5  Therefore, the spatial filtering can be replaced by the DCT weighting of the input
frequency-domain coefficients representing the image block with H’(k) and then
performing the IDCT of the weighted values to reconstruct the filtered pixe] values in the

spatial domain.

One embodiment of the exemplary block mirror filtering of the present invention
10 is derived as by the following steps: 1) a one dimensional lowpass symmetric filter is
chosen with an odd number of taps, which is less than 2N taps; 2) the filter coefficients
are increased to 2N values by padding with zero’s; 3) the filter coefficients are rearranged
so that the original middle coefficient goes to the zeroth position by a left circular shift; 4)
the DFT coefficients of the rearranged filter coefficients are determined; 5) the DCT
15 coefficients are multiplied with the real number DFT coefficients of the filter; and 6) an
inverse discrete cosine transform (IDCT) of the filtered DCT coefficients is performed to

provide a block of lowpass-filtered pixels prepared for decimation.

The cutoff frequency of the lowpass filter is determined by the decimation ratio.
For one exemplary embodiment, the cutoff frequency is n/3 for a 3:1 decimation and n/2

20 for a 2:1 decimation, where = corresponds to one-half of sampling frequency.

A DCT domain filter in MPEG and JPEG decoders allows memory requirements
to be reduced because the inverse quantizer and IDCT processing of blocks already exists
in the decoder of the prior art, and only the additional scalar multiplication of DCT

coefficients by the DCT domain filter is required. Therefore, a separate DCT domain



lzJpsarrpI ing Upsanpling Nunber of Pol yphase Filters 3

Nunmber of Taps 3 5
llll/h;xi mum nunEler of horizontal downsanpl ed pixels 9 13
xt two tables, Table 5 and Table 6, show pol yphase filt fi.gients
for the WaRMM ary 3:1 and 2:1 upsanpl i I?\g )p/)gl yphase f?he?@?ﬂlmg
Table 5: 3:1 Upsanpling Filter Phase 0
Phase 1 Phase 2 Doubl e Preci sion -0.1638231735591
0. 0221080691070 0. 3737642376078 -32- 0.79

00589359512 0. 9557838617858 . 0.7900589359512 _ .
0. 37376423760 7F8er Pogomilighietion Foot PhysitahRmeyisesss g particular implemenialigno i e (g

bits) -0.164Q0628 (A2 kimend e . et ¥
0. 7800625 ( 2037005 e HmegLet il Ebricd ot ( 8‘8%1{’&% DCT domain filter
0. 3750000 ( 96)coeffibie? 34 e {DB)T procesging copdigaenty 2d)appligy the combined coefficients

to the IDCT operation.

5 For the exemplary down conversion system of the present invention, the horizontal
filtering and decimations of the DCT coefficients were considered; and the following are

two exemplary implementations for:

1. 1920H by 1080V interlace to 640 by 1080 interlace conversion

(Horizontal 3:1 decimation).

10 2. 1280H by 720V progressive to 640 by 720 progressive conversion

{(Horizontal 2:1 Decimation)

Table 8 shows the DCT block mirror filter (weighting) coefficients; in Table 8 the
numbers in the parenthesis are 10 bit 2’s complementary representations. The “*” of
Table 8 indicates an out of bound value for the 10 bit 2’s complement representation

15 because the value is more than 1; however, as is known by oxe skilled in the art, the
multiplication of the column coefficients of the block by the value indicated by the * can
be easily implemented by adding the coefficient value to the coefficient multiplied by the

fractional value (remainder) of the filter value.

Table 8

3:1 Decimation 2:1 Decimation
HI0] 1.000000000000000 (511) 1.0000000000000000 (511)
Hi1} 0.986934590759779 (5035) 1.0169628157945179 (*)
Hi2] 0.790833583171840 (405) 1.0000000000000000 (511)
HI3] ' 0.334720213357461 (171) 0.82247656390475166 (421)
Hi4l -0.0323463361027473 (-17) 0.46728234862006007 (239)
HIS5] -0.0377450036954524 (-19) 0.10634261847436199 (54)
Hi6 -0.0726889747360758 (37) -0.052131780559049545 (-27)
H7] 0.00954287167337307 (5) -0.003489737967467715 (-2)




- 23 - Table 6: 2:1 Upsanpling Filter
Phase 0 Phase 1 Doubl e Preci si on

0.0110396839260 - 0. 1433363887113

0. 0283886402920 0. 6433363887113

0. 9211433515¥888/410110 5433363887113 PCT/US98/04749

0. 0283886402920 - 0. 1433363887113

0. 0110396839260 0. 0000000000000 Fi xed Point (9 bits)
0.01718750 (3) - 0. 14453125 (-37) -33-

0. 02734375 (7) 0. 64453125 (165)

0.92187500 (236)  0.64453125 (165)

0. 02734375 (7) - 0. 14453125 (-37) ,

0.01718750 (3) Thaobodoon! p@jr filter coefﬁcients weightreagh ¢qlway inyde ftX 8 block of

representatio he 1 ren are
2's conpl erren[bqqgefﬁeéé“m ﬁl& %nc pdgy e|°t ‘Wt o{'é%ﬂh@of‘cpg?g:gn%gffﬁm gl?g | e

precision 5 coufiaeE® A€ ¥eiphtct b H{&]f, tand e (DT Eorgfidigumoftthefistudyumuehreposi t i on
of the notion prediction bl ock in the downsanpl ed reference i mage
frame, oneS corfeiEFEMYi HG] pK¥L 0t t he pol yphase interpol ation filter
is used. Also, for the exenplary enbodi ment additional l{)l xels on the

left and right ar eTheawpve descripddnginsiietes 2 horiennia) SHecmplsroeaRUECT BSI& P i gi nal
i mage frane. [ 0, 6
nor zont al Iy 1P RBRRRGTs AR ¢ BRuatE ket Sefi Pl de, Ruc bl an
macr obl ock. H@eemndedwmm-dunensmm ajrmh'risng:‘,qu&idmdu)zﬁuﬂtmtes ﬁmaCé" far éxemed to
produce the correspondi ng notion. predicti ck vaI nge‘caus
upsanpl i ng fi |dgr§§nspga@a§ue§01}§5q1@nt|l)gfeguaélﬁa (](r)% bﬁf’es‘ﬂ{@(@f’? %ﬁ?rg ensIon:
boundary fipr tpefilter to operate. Since the exenplary enbodi nent errpl oys

hal f pi xel notion estimtion, 17 pixels are needed to get 16 half
pi xel s which are the average
N-1 N-1 1
f(x,y)=%§ > CICOIF7)oosE DT oos AT (12

1
where C(u), C{v) are {75—

1 otherwise

uv=0

where f(x,y) is the spatial domain representation, x and y are spatial coordinates in the
sample domain, and u,v are the coordinates in the transform domain. Since the
15 coefficients C(u), C(v) are known, as are the values of the cosine terms, only the

transform domain coefficients need to be provided for the processing algorithms.

For a two-dimensional system, the input sequence is now represented as a matrix
of values, each representing the respective coordinate in the transform domain, and the
matrix may be shown to have sequences periodic in the column sequence with period M,

20 and periodic in the row sequence with period N, N and M being integers. A two-
dimensional DCT can be implemented as a one dimensional DCT performed on the
columns of the input sequence, and then a second one dimensional DCT performed on the
rows of the DCT processed input sequence. Also, as is known in the art, a two-

dimensional IDCT can be implemented as a single process.



15 values of nearest two pixel sanples. A half pixel interpolator perforns

the interpolation operation which provides the block of pixels with
Balf-p|xelbresolut|on. Tabl e 7A illustrates an exenplary mappi ng
et ween subpi xel positions and pol yphase filter el e shows a
nunber of | Y41 s which are needed in addition to t heggfég%sg@?ﬂ
t he upsanpl ed bl ock for the upsanpling process.
- 24 - Table 7A
Sub Pi xel Pol yphase No. of Extra -3%Coordinate
Posi tion ' : [
0 Figure 5 shows an clig;n%lagrl x)r(n%llesmentation ofcttﬂg B i;?;; gig\%x;gdlﬁ?erlsjf%%%gp ling
2 a two-dimensional sgétem daroc?gésir?ﬁ({*he Yorizontal and vertical components implemented
0 0 :1 Upsanmpling O

0 . 2
X*- > x*-2  ascascaded one-dimensional IDCTs. As shown in Figure 5,jthe DCT Filter Mask 236 and

X*- > X*-2 . i . [ ki s N : s whi ch
is perforned F%(FT%QSC?F%%%C%M& l%%ée%{éﬂr%lw%%ngeé{rl%gr% . |1P’st9°,n&irn%ﬁ§f§ep 318,
the notion vevt@iealTarT Fher b3ald 200ertibgd IDCPEK0 Sand a HMiargpentat Buveeskoei 530,

processed is received. At step 312, the notion_vector is transl
containing a horizontal D%T Filter and horizontal IDCT wh?ch are the same asa&zgs% to

implemented for the vertical components. Since the filtering and IDCT processes are
linear, the order of implementing these processes can be rearranged (e.g, horizontal and
vertical DCT filtering first and horizontal and vertical IDCTs second, or vise-versa, or

10 Vertical Processor 520 first and Horizontal Processor 510 (second)).

In the particular implementation shown in Figure 5, the Vertical Processor 510 is
followed by a block Transpose Operator 550, which switches the rows and columas of the
block of vertical processed values provided by the Vertical Processor. This operation may
be used to increase the efficiency of computation by preparing the block for processing by

15 the Horizontal Processor 520.

The encoded video block, for example an 8 X 8 block of matrix values, is
received by the Vertical DCT filter 530, which weights each row entry of the block by
the DCT filter values corresponding to the desired vertical decimation. Next, the Vertical
IDCT 540 performs the inverse DCT for the vertical components of the block. As

20 described previously, since both processes simply perform a matrix multiplication and
addition, the DCT LPF coefficients can be combined with the vertical DCT coefficients
for matrix multiplications and addition operations. The Vertical Processor 510 then
provides the vertically processed blocks to the Transpose Operator 550, which provides
the transposed block of vertically processed values to the Horizontal Processor 520. The

25 Transpose Operator 550 is not necessary unless the IDCT operation is only done by row
or by column. The Horizontal Processor 520 performs the weighting of each column
entry of the block by the DCT filter values corresponding to the desired horizontal

filtering, and then performs the inverse DCT for the horizontal components of the block.

As described with reference to equation (12°), only coefficients in the transform

30  domain are provided to the processing algorithms; and the operations are linear which



correspond to the downsanpl ed reference frame in nmenory. At step 314, the

scal ed notion vector is used to cal culate the coordi nates of the

desired reference i mge hal f macrobl ock stored in nmenory 130. At step
316 the sub x 0| nt for the half macrobl ock is d g and the
initial pol 111|Iter val ues for upsanpling are then 1€é %gterm ned at

step 318. The |dent|f|ed pi xel s for the reference half macrobl ock of the
stored downsanpl ed reference frane are then retrieved fromnenory 130 at
sthep 320. . Before the first-Pass at the filtering step 324,
tereglsterso the filter may b Lhitialjz at s hch,
for the exenpH 1o masERH ﬁ?ef?qﬂ?FBHét?sec??é%fgfeéﬁ OH}YI oqpﬁfj&mgs fgré‘?ﬁgh
registers with; Ep&dﬂ}né aﬁht §01Hre witiBh X2), Yo £ shim d8Bduch! t@dnséduently, lat eri ng
step 324, the 1 proces ete m nes, at step 32 whet her all pixels have
been processelardwiie mhplﬁmcntatm reqmres kmn@bﬁrcyne fhbRIstoRSA {0 EMOTY, SHRASE. | f

all pixels h e ed y F
an exerpl ary EobbERRERPREE S bl BB R R s RS WATRAELE, O
The System I elndinBeMRRA: R HORSM Bﬁlvéll ABglcefel ocdtticitms binake fmatrixmft input

predi ction decodi ng of both %rogresswe scan and_interlaced sc n |ma
al | pixel s 20transframeopiginaigs.e Fopmgrasyaged %Mﬁ@%hfthM”é"CB’&H]éfoé&‘ 333328

and the phase,l. éf:t?g g%ﬁ?g?fr}x eratical ogExQﬁo% iy ﬂx'a d o t{cofdlilf'g BBk zer o, the

regi sters are upda e nex et o p|x ues Updating the
phase at st epafdifietipaabes:t fan phm@fpa:ldues tmplﬁnema,txoamja bitkertalt he filter

| oo df
fil F er | Ooppgrgl}xgogaerg%pgé ”Bl t%crﬂ};uques are esczr‘tig fo%g:garﬁp e %tar&e@dA 1th% the

- 25 - 10 UBSRARbASE Dléﬂli&ft&i Aﬂ@lﬂeﬁé icrlmgﬁil S?grﬁﬁi’rob@sxﬁgttﬁl’lﬁi&)rﬁf Revibpundary
of the imge picture, the first BIXE value in the |magetg|cture may
be repeated. IEEE ASSP Magazine, July, 1989, which take advantage of symmetrie§ in

computations to reduce a total gate count of the sum of products implementation.

In an alternative embodiment of the present invention, the DCT filter operation
may be combined with the inverse DCT (IDCT) operation.- For such an embodiment,

15 since the filtering and inverse transform operations are linear, the filter coefficients may
be combined with the coefficients of the IDCT to form a modified IDCT. As is known in
the art, the modified IDCT, and hence the combined IDCT and DCT downconversion
filtering, may be performed through a hardware implementation similar to that of the

simple IDCT operation.

20 ¢) Memory Subsystem

1) Memory Access and Storage of Bitstream and Picture Data

As shown in Figure 1B, the exemplary embodiment of the present invention
employs an ATV Video Decoder 121 having a Memory Subsystem 174 which controls the
storage and reading of information to and from Memory 130. Memory Subsystem 174

25 provides picture data and bitstream data to Memory 130 for video decoding operations,
and in the preferred embodiment, at least 2 pictures, or frames, are used for proper
decoding of MPEG-2 encoded video data. An optional On-Screen Display (OSD) section
in the Memory 130 may be available to support OSD data. The interface between the
Memory Subsystem 174 and Memory 130 may be a Concurrent RDRAM interface

30 providing a 500 Mbps channel, and three RAMBUS channels may be used to support the



For an exenplary enbodi ment, the upsanple filtering operation may be

I npl emented in accordance with the followi ng guidelines. First, several
factors may bfe I5I usefj: 1) the hal f-pixel notion prediction operation
averages two fu pi xel s, and corresponding filter c LGl S are

al so aver agetP ¥ Provi de the hal f - pi xel f!ol ter ) coeff?gjf’@%gt%%gﬁ% a fixed
nunber of filter coefficients, five for exanple, which may be

equi valent to the nunber of filter taps, may be enpl oyed regardl ess of the
particul ar downconversion; 3) five padfallel input ports may be

provi ded to the upsanpling bl ock for 10 each forward and backward | ower
and upper bl ogseessaiythandwigl. | 4 embgsiiment of hoRresent mvenuanqﬁwgﬁcwrg PTESERT ¢l ock
transition fof;E3¢R Gel&g" r P1OGKI RRERY, SBRRIRCH4WpkAting with e@fEESpondi ng
filter coefficieénts to provide one output” piXel, and 4) t%e sumof filter
coefficients hefprhl30)mayosnploed systetthasrdespibed in/. SpiPrientsd, 624 10) enti MPEG

provi de the i t ' . - Filter
coefficients XFBEB%%L‘?%% }rmﬂi&#@igg@? %WBF%E%“%%P%&F ale'fi ng i s
opposite tp tBicAGY FBbrpSraftehbth B referdrcerFig@e b iicd Bigh feveldsistki diagnay obech
desirable to zero sone coefficients. Table 7B gives exenpl ar

coef ficients ystem pfca Bdeo {psaderpayinghigh ppndwidth memory as'emplgyed by @n grqraary
exenpl ary coefficCi. ) 21 . i i . .
e&mb&iﬁ%ﬁ%‘f %rplégﬁgﬁe%gW%ﬁégﬁdng@%ﬁngﬁp ictures,

Table 7B _ _ pI X xel 2 Subpi xel 3
Subpi xel 4 Subpi xgl 15mmary, 2pd ﬁggc}lg%o%ﬁ retatiBn to Figyrs 1A and'l'—;iéxﬁ';z éB, U.S. Paiehd

-21 96 202

ijg 2@,35223,311 descriBR3 single, high bandwidth memor§ having a single mexiory port. The 96
- -18 0

0 10 _ memory 130 holdsgnput bitstream, first gnd second reference frames usecbg}r motion 0

0 . cgrfpensated processiné), and image data reflesenting thEGERCBRERLY beitig-dbcoded.

X*- 1 X* - x*-1 X X

The decoder includes 1) circuitry (picture processor 171) which stores and fetches the
bitstream data, 2) circuitry that fetches the reference frame data and stores the image data
for the currently decoded field in block format (Macroblock decoder 172), and fetches the

15  image data for conversion to raster-scan format (display section 173). The memory
operations are time division multiplexed using a single common memory port with a
defined memory access time period, called Macroblock Time (MbIkT) for control
operations. A digital phase locked oop (DPLL) 122 counts pulses of a 27 MHz system
clock signal, defined in the MPEG-2 standard, to generate a count value. The count

20 value is compared to a succession of externally supplied system clock reference (SCR)
values to generate a phase difference signal that is used to adjust the frequency of the

signal produced by the digital phase locked loop.

Table 9 summarizes the picture storage requirements for DC configurations to

support multiple formats:



Phase 01 00 10 01 00

10 Hal f Pixel 0 1 : 0 1 0o -

1 - 26 -

Table 7C _ Subpi xel 0 Subpi xel 1 Subpi xel 2
Subpi xel 3 whiskkRg Coeff. 3 2 PCT/USY8/0474% 37
-17 7 -15 165

86 236 200 165

200 7 -37- 86 - 37

-15 3 -17 0

2 Ref er ence X -2 Pable X X*-1 X*-1
Phase ale’ 80 o3 01
Hal f Pi xelf Formafp Pixels Macro- Pixels Macro- Oﬁits per Storage 1

In Tabl es|7B and 7 X#)is {tHeckd@hsang¥ad p| Rlerksi®3ilt i Bicuges i n&}Picres)

equations| 1g20(1) | ang462) .| andgosubpi xebggos| ti agg x[|e[3ss5,846 | ed@bT 500
from equat ( hs equatijon (3') |5

x[err]= (3 ) 319
1280 X 640 40 720 45 5,529,600 | 16,588,800
720 BC
704 x 480 | 704 44 480 30 4,055,040 | 12,165,120
640 x 480 640 40 480 30 3,686,400 | 12,165,120

For DC mode, 1920 x 1080 pictures are reduced by a factor of 3 horizontally,
yielding a 640 x 1080 picture; 1280 x 720 pictures are reduced by a factor of 2
5 horizontally yielding a 640 x 720 picture. The 704 x 480 and 640 x 480 pictures are not

required to be reduced in DC mode.

Accommodating multiple DC pictures in Memory 130 alsc requires supporting
respective decoding cpﬂerations according to corresponding picture display timing. For
example, progressive pictures occur at twice the rate of interlaced pictures (60 or 59.94

10 Hz progressive vs. 30 or 25.97 Hz interlace) and, as a result, progressive pictures are
decoded faster than interlaced pictures (60 or 59.94 Frames per second progressive vs. 30
or 29.97 Frames per second interlace). Consequently, the decoding rate is constrained by
the display rate for the format, and if the less stringent 59.97 or 28.97 frames per second
decoding rates are used rather than the 60 or 30 frames per second, one frame out of

15 every 1001 frames may be dropped from the conversion. For convenience, decoding
operations for a format may be measured in units of “Macroblock Time” (MbIkT) defined
as the period during which all decoding operations for a macroblock may be completed
(clock cycles per macroblock decoding). Using this period as a measure, as defined in
equation 14, control signals and memory access operations can be defined during the

20 regularly occurring MbIXT period.

MBIKT (clock cycles/macroblock) = system clock rate (clock cycles/sec.) / Frame

rate {frames/sec.) / Picture Size (macroblocks/frame) {(14)



For chrom nance val ues of the exenplary inplenentation, XH is scaled by two
and equations (1),(2) and (3') are applied. In one enbodi nent, phase and

hal f pi xel i nformati on (coded as two bits and one bit, respectivel y)
is used by notion conpensation processor 220 and half E{ss? 4generat or
228 of Fi guVe8silFor exanpl e, reference block 10  pi xel®§T %“6? vi ded as

Upixels first, V pixels next, and finally Y pixels. U and V pixels
are clocked in for 40 cycles and Y pixels are clocked in for 144 cycles.

Ref er ence bl ocks may be provided feB83:1 deci nation by prow di ng t he
first five pixels, repeating tw ce, shifting the data p ? tg
repeating until alnragditios, # blaniirsimtervahmay ameberisethid Picaye B%COdmg of oy 2: 1

deci mati on exeeply WAl kbl Sl BPEALEHLLRESA BLARK I BRhuk WoGRoodiflpy lingd el s

are 15 rep@g ce I on o the out put from
nmot i on conpegEaiikaousn dnterlaced) il §6-ljnex shnubareusit {poopressive). t'ﬁeraf@s; gual

val ue. Consequently, for 3. eci mation, t t.hr ee re

del et ed, anda@lﬂ?ﬁ?’ﬁn&fﬁ‘%‘:@l @dﬂécgﬂ‘?é{rs% aﬂ&)%éf’ @‘%ﬁ%ﬁ%@ ﬁfog“r‘l%‘tmﬁﬁ'fatng K5 add
DCT Donmai {é ering Enpl oyi ng Wei ghting of DCT Coefficients

The exenpl ary gnbodi ment of the present invention includes the DCT filter

216 20 of Fi QUTA%P%& hAeeSSL Q&taﬁ ﬂﬁequgftﬁQleJﬂﬂk%rEm@ ridiaitihes f r@gpency

dormai n, which repla wpass ter in the Spatial donmain. There

are several advan
- 27 - fil ng(lpll%ﬁgtgg"% o] 0{5}%)21 Fa 6>c4c§?r%lllri‘lm¥i |tering for DCT coded

pi ctures, such aS(mpnterrpI at ed

Table 10 lists MbIKT for each of the supported formats:

10 Table 10
Format Mblk per Frame Time MbIkT Adjustment Active
frame {msec) {clks) factor Decoding

MblkT

1920 x 1080 8160 33.33 255.3 0.9729 248.4

1280 x 720 3600 16.67 283.4 0.9787 283.2

704 x 480 P 1320 16.67 789.1 0.9695 765.1
704 x 480 I 1320 33.33 1578 0.9419 1486.6

640 x 480 P 1200 16.67 368 0.9695 841.6

640 x 4801 1200 33.33 1736 0.9419 1635.3

In an exemplary embodiment of the present invention, a MbIKT of 241 clocks is
employed for all formats to meet the requirement of the fastest decode time including a
small margin. For such chosen MbIKT period, slower format decoding includes periods
15 in which no decoding activities occur; consequently, a counter may be employed to refiect
the linear decoding rate with a stall generated to stop decoding in selected MbIKT

intervals.

Referring to Figure 1B, the Memory Subsyster 174 may provide internal picture
data interfaces to the Macroblock decoder 172 and display section 173. A decoded

20  macroblock interface accepts decoded macroblock data and stores it in correct memory



by the MPEG or JPEG standards. Most notably, a DCT domain filter is

conput ationally nore efficient and requires |ess hardware than a
spatial domain filter applied to the spati al pi xel sanple val ues. For
exanple, a .4%'11“ | ter having N taps nmay use as many axfc%s? m,,g)ddi tional
mul tiplications and additions for each spatial pixel sanple value.” This
conpar es to only one additional nultiplication in the DCT domain
filter. The sinplest DCT donain filter of the prior art is a
truncati on of the high frequency DAP -coef fi ci ents. However,

t ti f . hi fr. ffjci t t [t i
Sroth 111t orddir nealiSih s Mkt 1o Bones e e PGB F &R 10
decoded pi Ct Ygrghat. TR G addOd¥Bes Mady WeRIBS Sedl frdch &le Ricrddi@x Oxenpy ﬁlﬂ%{)ic@foOdi ment

of the present invention is derived froma block mrror filter in the
spati al donmithmbearheltrjmaceblocks may bpeseeived wsrft mecaptiesk rowrontthise BhagEs.AYr or

filter are, .fcggnn%%m 89&1{:1&" &ofle Qx%g%‘s‘@"o? %rf@kr At mefsg&l:r}i%]lof%k e ¢ hE

spatial donmmin, a ese val'des ar én “conve I'n coerrrcrénts of
t he 5 DCEadipfiembryf device inay hive two partitions fohleidQiigitire] &eh @X@iPh asiyg an
enbodi mrent shows DCT domain filtering in only_ the .. hori zontgl
direction, DEPPEGREIVEr Afqressi FGT EiHIap%d RIEHIES, the ane pREiitioRsaTTEs hield U gpta
verti cal Je ' : ; ¥ | ZOoNL; n '
iters, 0 S O R R e o Py ol B &
One exenpl ar yowdrlpagitions are kreatpd sssesinglé patition o dagy detiforde Putbefiame. Every
constraints: 20 firs at .the .filter process i  da on _a bl ock by
bl ook basi o FOProBieek Eesrietand e ror ety RERE” SReh TR Saath o PR dhin i
f'rom prevp OUSle@ddaEKE pitisePfoP bk bifre fieRNneReRAJ In 8NGullBéW¥n mode, a sidnhl @kingeduce
the visibility of block boundaries which occur when the filter processes
boundary pi xéiframg gieef 24 frames per second is dispigiedizh@l framesder fieldgwersrAd i nt, in

t he DCT base(ai%%?@%%iéF’g&ﬁ%écﬁg%d\@g%’%meitﬁggﬁ sg¢quence, for example, N X

N DCT coeffici yie patial pixel values. Consequent |y,
th I nbqdi ' ' ' J
e SXCTPL Y STOAd R RhbREPLRSAD! chBNE AN (A ATIBRO T aus

Accor di ng t o tb e rseecobiatk desvder Hi2rfor mibfiort dvenpiendatian. The iseripk wmaappppledvd,0 a
bl ock of 15 one or no macroblocks corresponding to bi-directional predictive (B) encoding, uni-
directional predictive (P) encoding or intra (I} encoding. Each reference block is supplied
using two channels, and each channel contains one-half of a macroblock. For DC mode
employing a decimation factor of 2, each retrieved half macroblock is 14x9 (Y), 10x5

(Cy) and 10x5 (Cp) to allow for up-sampling and half-pixel resolution.

20 A display interface provides retrieved pixel data to the display section 173,
multiplexing Y, Cg, and Cy pixel data on a single channel. Two display channels may be
provided to support conversion from/to interlaced to/from progressive formats. In DC
mode, a first channel may provide up to 4 lines of interlaced or progressive data

simultaneously and a second channel may provide up to 4 lines of interlaced data.

25 For downconversion, downsampled macroblocks are merged into a single
macroblock for storage. The downsampling process of the DC mode is described
subsequently with reference to Figure 6A and Figure 6B. Figure 6C illustrates a merging
process of two macroblocks into a single macroblock for storage in memory 130 for

downconversion by 2 horizontally. Figure 6D illustrates a merging process of three



spatial frequency coefficients, there is a transition of the filtering
operation at the bl ock

- 28 - boundary which is caused by an insufficient nunber spati al
pi xel val ues beyond t he boundary to fill the residu g filter.
That is to %gyé%}éfflm ent values at the edge of a F%Tlﬂg ﬁ“é’annot be

properly filtered because the N-tap filter has values for only N2 taps,

t he remai ni ng val ues are beyond the boundary of the bI ock. Sever al
met hods of supplying the 5 m ssi ng pi xe#0 val ues exr st: repeat a
predeterm ned constant pixel value beyond a ﬁh&’r‘ %? ea% t he
sanme pi xel vam@l@'o%léﬂﬁ H’@o Béﬁ’ﬁ@é?%fﬁ%glfmv%‘i’rﬁ%? ma"rf'ﬁf"’@} SPW'E‘ GVETSIOn Y ;i v el
val ues of theg 3 si mul ate previous and subsequent bl ocks of pixel

val ues Jacent to the processed bl ock. Wthout prior information on

the contents ;2 \Dr?samphn}gl anH?ﬁ ﬂl%orﬂf:lsﬁﬂ%?%% 1aP§Q6kn the mirroring

nmet hod of rep ered as a preferred nethod.

Ther ef or e, ﬁ)o)‘é"?’%gﬁ%ﬂ‘g fgﬁrlr‘;‘p%e e.%gri;tmhm/ent i on enpl oys thi s

mrroring met er an s P8fmed a "block mirror filter.

he foll describ :
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pi xel sanpl e ualk#es tof mantet QiC;ﬁxelé fn the downcbﬁh%rt&d feagef anmmm floos kheiispan 8 X
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be done by appid/desgaisleommubeielfifonadt: 20 SF&né]rfOf‘Batéar&lrdWB °r’8 FiguepB sanpl e
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process can be ted ying the filter coefficients
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Figures 6A and 6B are the interlaced (3:1 decimation) and progressive (2:1 decimation)

cases respectively.

Table 11
Symbol Pixel

+ Luminance Before
Decimation

X Chrominance

Before Decimation

* Luminance After
decimation

A Chrominance After
Decimation

15 For down sampling of the interlaced image, which may be the conversion from a

1920 by 1080 pixel image to a 640 by 1080 pixe] horizontally compressed image, two out
of every three pixels are decimated on the horizontal axis. For the exemplary 3:1
decimation, there are three different macroblock types after the down conversion process.
In Figure 6A, original macroblocks were denoted by MBO, MBI, MB2. The down

30 sampled luminance pixels in MBO start at the first pixel in the original macroblock, but in
MB1 and MB?2 the down-sampled pixels start at the third and the second pixels. Also the

number of down-sampled pixels in each macroblock are not the same. In MBO, there are



20 Figure 4 shows an exenpl ary correspondence between the input
pi xel val ues x[err] through x[err] (group X0) and filter taps for an
exenplﬁr¥ F1rror filter for 8 input pixels whi ch enploys a 15 tap
spati a ilter resented by tap values h[err] through h SI I nput
pi xel s are HVQP%FEH on the left side of grgup &D shoan a gﬁﬁlg agd on
the right side of group X0, shown as group X2. The out put plxel val ue
of the filter is the sumof 25 15 multiplications of the filer tap
coefficient values with the correspondi ng4ptxel sanple val ues.
Figure 4 illustrates the nultiplication pairs for the first and second

out put pi xel 6 down-sangpied jpixels horizontally, but 5 pixelsrin MRy 406\ Ry JRSRAEHMB | e
bl ock mi rror ' | teg répea}tfé)??@{%?éré ﬂodgﬁ%ﬂ{uh?_gégkﬂoly ?ﬁéd able 12 duthrbdeikes

d_omalnfllter. eringisre I rcu ar convol ution
with 2N 30 mxacmmb& dfNe®hsampling pixels and offsets for each input macroblock MBO, MBI,

- 29 - Define the vector x' as shown in equation (4).
X" (n3=x(n) +X(M‘@21- n); 0< =n< =2N-1 (4)
In the case of N =8, x'=(x0, x1, x2, x3, x4, x5, x6,
X7, x7, x@& x5, x4, x3, x2, x1, x0) 5 TablelZRearrangl ng the filter tap
val ues h[err] through—hfertfs—and—denotingy 1{455' ueamoiugs MB2 val ues by h'
No. of Down Sampled 6 5 5
Luminance Pixels
No. of Down Sampled 3 3 2
Chrominance Pixels
Offset of 1st Down 0 2 1
Sampled
Luminance Pixel
Offset of 1st Down 0 1 2
Sampled
Chrominance Pixel

For downsampling of the progressive format image the luminance signal is
subsampled for every second sample horizontally. For the chrominance signal, the down-
sampled pixel has a spatial position that is one-half pixel below the pixel position in the

10 original image.
2) Display Conversion

The display section 173 of the ATV Decoder 121 of Figure 1B is used to format
the stored picture information (the decoded picture information} for a particular display
format. Figore 11A is a high level block diagram illustrating the display section of the

15 ATV Video Decoder 121 for an exemplary embodiment of the present invention.

Referring to Figure 11A, two output video signals are supported, a first output
signal VID,,; which supports any selected video format, and a second output signal
VID,,; which supports 5251 (CCIR-601) only. Each output signal is processed by
separate sets of display processing elements 1101 and 1102, respectively, which perform

20  horizontal and vertical upsampling/downsampling. This configuration may be preferred



h' =(h7, h8, h9, hl10, hl1, h12, h13, h4, 0, hO, hl, S2, h3, h4, h5, h6)
Therefore, the mrror filtered output y(n) is a circular convol ution of

X'((;]) a?d) h* (n) which is given by equation (5). 10

y(n)=x"(n err] h'(n) (5) Wi ch i

equi val ent t 8ion (6). [err] wher e ECT’H-SSW)??*% a
circular nodulo of x'(n) and X'"[n]=x"(n) for n> =0
15 x'[n] =x' (n+2N) for n<0. The circul ar

convol ution in the spatial domain shown 142 equation (5) corresponds
to the scalar nultiplication in the D screte Fourier Transfor
domai n. Def i nwhep the displayypepyct sagiordogs pytmassh ¢ pypectpiicofdss %VUHC‘\“% comes

aq?% ion (7) &ﬁmhﬁ%r% Te&%?ﬂlgy (OSD) se (Uﬂ] 11%40may be included to é?\)e{&éQn(‘%)refeK) [err]

|(4'4 § ) are t h?ﬁsaﬁiﬁhﬁmmﬁc(m caadf fit Guiportabmemttisigadly VID,,, and VIDqy, to foBguat i ons
t hroug 7) are valid for, a fiJter with a _nu of, ta t han, 2N.
In addition, SRy $pRals Vs Of {’mlt é\if Erﬂcaﬁﬁn?alsé’g?m% aﬁﬂ’leﬂ’tf’@gfw&ﬁatgﬁx%eg&
number of stap cés\ﬁ&& Rof the outpﬁ{'fiéﬁlso‘.@oﬂ?&r ugtaﬁoﬁipﬁmcmn%u@fs €24 addUTheS which
Therefore,” X (k), be ighed with a real nunber

H'dg k% in the E{ﬁﬁné atethmemﬁwlmrmc ;J p?lc@@ w@ewﬂ ez?gf@cnt ¥ Rikg [clogk Fatp MR ke 2N
addi tion oper a tb s.in t L %%’éﬂ’irﬁn t the filtering
gt P 1?%@9 tw {: rel a?

oper ati on. Th@ are very close ed to the DCT
coefficien .y
cients r‘fecause the display sets of processing elements 1101 and 1102 operate similarly,

only the operation of the display processing set 1101 is described. Referring to the

10 display processing set 1101, four lines of pixel data are provided from the memory 130
(shown in Figure 1A} to the vertical processing block 282 (shown in Figure 2B) in raster
order. Each line supplies Cy,Y,Cs,Y data 32 bits at a time. Vertical Processing block
282 then filters the four lines down to one line and provides the filtered data in 32 bit
CrYCpY format to horizontal processing block 284 (also shown in Figure 2B). The

15 horizontal processing block 284 provides the correct number of pizels for the selected
raster format as formatted pixel data. Consequently, the filtered data rate entering the
horizontal processing block 284 is not necessarily equal to the output data rate. Inan
upsampling case, the input data rate will be lower than the output data rate. Ina down
sampling case, the input data rate will be higher than the output data rate. The formatted

20  pixel data may have background information inserted by optional background processing

block 1110.

As would be known to one skilled in the art, the elements of the display section
173 are controlled by a controller 1150, which is set up by parameters read from and
written to the microprocessor interface. The controller generates signal CNTRL, and
25 such control is necessary to coordinate and to effect proper circuit operation, loading and

transfer of pixels, and signal processing.

Data from the horizontal processing block 284, data from a second horizontal
processing block 284a, and HD (non processed) Video data on HD Bypass 1122 are
provided to Multiplexer 118 which selects, under processor control (not shown), one

30  video data stream which is provided to mixer 116 to combine the video data stream and



original N-point x(n), because an N-point DCT of x(n) is obtained by the
2N- poi nt DFT of x'(n) which is the joint sequence conposed of x(n)
and its mrror, xX(2N 1-n). - 30 -
The follow ng describes the derivation of the DFT coefficients of the
spatial fil Y940 (1) py assuming a symmetric filter REVPSR§OHA® odd
nunber of taps, 2N-1, which is h(n)=h(2N-2-n), and equivalently

h' (n)=h'"(2N-n) and h' (N)=0. Define H (k) as in equation (8). [err] 5

(8) where Werr]=exp{- 2[err]kn7“(r12+\l)} and H'(k) = H'(2N-k).
The inventor has determ ned that the 2N-point DFT of x'(n), & , .can be
expressed by ‘Pﬁt‘é‘r’%@lﬁ%%ﬁ‘ f“PE’iW@%%SS%IhH\% lﬁtﬁné%ﬁéa%“%h‘”@% datg.efhg mixed 10

wher eas the’ DETef G iosh heRhrovidedo MBK1126 $:09 148D by equation (10).

For the first set of processing elements 1101, MUX 1120 may select from mixed
output video data, HD data provided on HD bypass 1122, or data from background
5  inmsertion block 1110.. The selected data is provided to output control processor 1126
which also receives the pixel clock. Output control processor 1126 then changes the data
clock rate from the internal processing domain to the pixel clock rate according to the

output mode desired.

For the second processing elements 1102, MUX 1124 may select from mixed
10 output video data or data from background insertion block 1110a.. The selected data is
provided to output control processor 1128 which also receives the pixel clock. Qutput
control processor 1128 then changes the data clock rate from the internal processing
domain to the pixel clock rate according to the output mode desired. MUX 1132 provides
either the received selected data (601 Data Out) of MUX 1124 or optional OSD data from
15 OSD processor 1104.

Raster Generation and Control processor 1130 also receives the pixel clock and
includes counters {not shown) which generate the raster space, allowing control
commands to be sent on a line by line basis to Display Control Processor 1140. Display
Control processor 1140 coordinates timing with the external memory 130 and starts the

20 processing for each processing chain 1101 and 1102 on a line by line basis synchronized
with the raster lines. Processor 1130 also generates the horizontal, vertical and field

synchronization signals (H, V and F).

Figures 11B through 11D relate the output modes provided by Display section 173
shown in Figure 11A of the Video Decoder 121 to the active blocks of Figure 1A.
25  Figure 11B illustrates a 27 MHz Dual output mode which, for which the video data is
525P or 5251, first processor 1101 (shown in Figures 11A) provides 525P video data to
27 MHz DAC 143 as well as 5251 data (601 Data Out) to NTSC Encoder 152. Figure
11C illustrates that in 27 MHz single output mode, only 5251 data (601 Data Out) is
provided to NTSC encoder 152. Figure 11D illustrates a 74 MHz/27 MHz mode in

30 which the oufput mode matches the input format and the video data is provided to either



[err] o and C(k)=0 el sewhere. The val ues of X (k), the
DFT coefficients of x'(n), can be expressed by C(k), the DCT
coefficients of x'(n) by the matrix of equation (11). [err]

The original spatial pixel sanple values, x(n), can be al i nhed by
| DCT (1 rﬁ%@g’g‘b‘“_ﬂi screte Cosine Transformation) shown i %%’8’8%?’?‘%2 (12) .
[err] where [err] (k) = 1/2 for k=0 and 1 otherw se. 20

The val ues of y(n) for 0< =n< =N-1, are obtained by IDFT of X (k)H (k)
gi ven in (13): - 44 -

the 27 MHz DAC 143 or 74 MHz DAC 141 depending on the output format. The 74
MHz DAC is used for 1920 x 1088 and 1280 x 720 pictures; the 27 MHz DAC is used

for all other output formats.

Display conversion of the downsampled image frames is used for display the
5 image in a particular format. As noted previously, the Display Conversion block 280
shown in Figure 2B includes the vertical processing block (VPF) 282 and horizontal
processing block (HZPF) 284 which adjust the down converted and down sampled images

for display on the lower resolution screen.

VPF 282 which, for the exemplary embodiment, is a vertical line interpolation
10  processor implemented as a programmable polyphase vertical filter, and HZPF 284
which, for the exemplary embodiment, is a horizontal line interpolation processor also
implemented as a programmable horizontal polyphase filter. The filters are
programmable, which is a design option in order to accommeodate dispiay conversion for a

number of display formats.

15 As shown in Figure 2B, four lines of downsampled pixel data enter the VPF 282
in raster order. For the exemplary embodiment this data includes luminance (Y) and
chrominance (Cy and Cg) pixel pairs which enter VPF 282 32 bits at a time. VPF 282
filters the four lines of data into one line and passes this line to the HZPF 284 as 32 bit
values each containing luminance and chrominance data in 2 YCRYCg, and HZPF 284

20 then generates the correct number of pixels to match the desired raster format.

Figure 7A. is a high level block diagram illustrating an exemplary filter suitable for
use as the VPF 282 of one embodiment of the present invention. In the following, the
VPF 282 is described as processing pairs of input pixels (each pair includes two
luminance pixels, Y, pixel and a chrominance Cy or Cy, pixel) to produce 2 pair of output

25  pixels. This facilitates processing of the 4:2:0 format because color pixels may be easily

associated with their corresponding luminance pixels. One skilled in the art, however,
would realize that only luminance pixels or only chrominance pixels may be so processed.
In addition, the VPF 282 as described produces lines in progressive format. In another
embodiment employing a dual output and supporting both a main output channel and a

30 secondary output channel, a second VPF 282 may be added.



- 31 - [err] [err] [err] The val ues y(n) of
equation (13) are the spatial values of the IDCT of C(k)H (k). 5
Therefore, the spatial filtering can be replaced by the DCT wei ghting of

t he i nput frequency-donmai n coefficients representin ' bl ock
with H (k) JRP8HEH perforning the IDCT of the wei gﬂ?‘é@&\?g u%g to

reconstruct the filtered pixel values in the spatial donain.

One enbodi ment of the exenplary block mirror filtering of the present

i nvention 10 is derived as by the fol14w ng steps: 1) a one di nensional
| owpass symmetric filter i

. S chosen with an_odd nu of ta whi ch
is |ess than 2N t &sderring tokigure 7hs dPFIFEApsideppt %éionmngorgo' hﬁ“sﬁ‘ggﬂe{% 2N
val ues by paddj L iAo Bnisia : Fd d r ggg)f i5C N804 Meand anged
so that the g%“gﬁg&r%\glggﬁlﬁe Iconé?%)f}{grg%{xsg%gyto t’{?g’zer’g?h’ pngsition bg a

| eft circul arChdoininanceMixel MUXs (P BRIXs) Gé4.1 7161 €1, and¥20; second mnuitipleyer] filter

coeffici ' :
cients al e LS dinddee F&: Mxs (LF MUXs) 726, 728, 730 and 732 and

5 Chrominance Filter MUXs (CF MUXSs) 734, 736, 738 and 740; Luminance Coefficient
RAM 704; Chrominance Coefficient RAM 724; Luminance Coefficient Multipliers 742,
744, 746, and 748; Chrominance Coefficient Multipliers 750, 752, 754, and 756;
Luminance Adders 760, 762 and 764; Chrominance Adders 766, 768 and 770; Round and
Clip processors 772 and 776; Demux/Registers 774 and 778; and Output Register 780.

10 The operation of the VPF 282 is now described. Vertical resampling is
accomplished with two 4-Tap polyphase filters, one for the Luminance pixels and one for
the Chrominance pixels. The following details operation of the filter for the Luminance
pixels only, since the operation for the Chrominance pixels is similar, but points out those
differences in the paths as they occur. Vertical filtering of Luminance pixels can use up

15 to 8 phases in the 4-Tap polyphase filter and filtering of Chrominance pixels can use up to
16 phases in the 4-Tap polyphase filter for the exemplary embodiment. The VPF
Controller 702, at the beginning of a field or frame, resets the vertical polyphase filter,
provides control timing to the first and second multiplexer networks, selects coefficient
sets from Luminance Coefficient RAM 704 and Chrominance Coefficient RAM 724 for

20 the polyphase filter phases, and includes a counter which counts each line of the field or

frame as it is processed.

The VPF Controller.702, in addition to coordinating the operation of the network
of MUXs and the polyphase filters, keeps track of display lines by tracking the integer
and fractional parts of the vertical position in the decoded picture. The integer part

25 indicates which lines should be accessed and the fractional part indicates which filter
phase should be used. Furthermore, use of modulo N arithmetic when calculating the
fractional part allows less than 16 phases to be used, which may be efficient for exact
downsampling ratios such as 9 to 5. The fractional part is always truncated to one of the

modulo N phases that are being used.



15 coefficients are multiplied with the real nunber DFT coefficients of
the filter; and 6) an I nverse discrete cosine transform (1 DCT) of the
}‘l |tered DCT coefficients is perforned to provi de a bl ock of
owpass-filtered pixels prepared for decimation. tof f
frequency ofw?ﬁ¥4lﬁﬂvvpass filter is deternmined by the deci ﬁ'g?viuon%?g‘ i 0.
For one exenpl ary enbodinent, the cutoff frequency is [err]/3 for a 3:1
decimation and [err]/2 20 for a 2:1 decimation, where [err] corresponds
todone- hal f of sanpling frequency. - 46 - A DCT domain filter in MPEG
and JPEG decoders all ows nenory requirenents i tqQ he reduced because
the inverse quantisefo¥ade Fiser Hh.deaianssqog chigmitapes %qu@é’ﬁi/ Tom g ur in

the decoder ofy LB, 0fi@kepated iADY BRIMniREpARYAd & RRBhandS BRI THEUG Hibikegat i on
of DCT coe#?i gl er€t sepg{? et ﬁe DéT do?rai npfi l'ter is E“rnqu‘% red. Thelﬂro%f ore, a
separ at e DCT pairitain the luminance path may be further multiplexed into an 8-bit even (Y-even)

- 32- filter bl tiplicati i t,physi cal Ly r ired.,
32l ar | oS T Rk SRS RECIORDY, Sl b, AP
si mply conbi nggr i8e EbmeRAR patd inlol Rr8-bit Cp a8 HItiCsi fomias bMCPIMUKE 7T1RCTLS,
processing coefficients and applies the conmbi ned coefficients t,0 .t he
| DCT operati 018 and 720. The luminance filter MUXSs 706, 708, 710 and 712 are used to repeat pixel

values of a line at the top and a line at the bottom at the boundaries of a decoded image in

order to allow filter pixel boundary overlap in the polyphase filter operation.

Pixel pairs for the four lines corresponding to luminance pixel information and

16 chrominance pixel information are then passed through the respective polyphase filters.
Coefficients used by Multipliers 742, 744, 746 and 748 for weighting of pixel values for
a filter phase are selected by the VPF Controller 702 based on a programmed up or down
sampling factor. After combining the weighted luminance pixel information in Adders
760, 762 and 764, the value is applied to the Round and Clip prof:essor 772 which

15  provides eight bit values (since the coefficient multiplication occurs with higher
accuracy). DEMUX register 774 receives the first 8 bit value corresponding to an
interpolated 8 bit even (Y-even) luminance value and second 8-bit value corresponding to
the interpolated 8-bit odd (Y-odd) value, and provides a vertical filtered luminance pixel
pair in 16 bits. Register 780 collects and provides the vertical filtered pixels in the

20  luminance and chrominance paths and provides them as vertically filtered 32 bit values

containing a luminance and chrominance pixel pair.

Figure 7B shows the spatial relationships between the coefficients and pixel sample
space of the lines. The coefficients for the luminance and chrominance polyphase filter
paths each have 40 bits allocated to each coefficient set, and there is one coefficient set

25 for each phase. The coefficients are interpreted as fractions with a denominator of 512.
The coefficients are placed in the 40-bit word from left to right, C0O to C3. CO0 and C3
are signed ten bit 2°s complement values, and C1 and C2 are 10 bits which have a given
range, for example, from -256 to 767, which are each subsequently converted to 11-bit

2’s complement values.



5 For the exenplary down conversion systemof the present

I nvention, the horizontal filtering and deci mations of the DCT

_coe}‘fi cients Werfe considered; and the follow ng are two exenpl ary

I npl enentations for: 1. 1920H by 1080V interl 40 b
1080 i nt er | ¥R5¥BPher si on (Hori zont al 3?/1 deci mat i onfé%igé}a“% d 2.
1280H by 720V progressive to 640 by 720 progressive conversion

(Horizontal 2:1 Decimation) Tabl e 8 shows the DCT bl ock mrror
filter (weighting) coefficients; in Tabl e48-the nunbers in the

parenthesis are 10 bit 2's conplenentary representatigons. The "*" of
Tabl e 8 indi cat es Egure {4 ipgludss an gptinspllamingpce goafficipnpadjusiment Eg?»rﬁﬂdenent
representatio . t i i \ ' nown
by one. sk | 1 caPRingd CaAnE s ottt fod, PLUER; Coekthfh, igped i arB 7 el
coefficients gdedtdéerive ekl 1yt 2'beonpibmentinndiberafoe €1 layd CRe If bitsahand 9(the st

easily inplenented by adding the coefficient value taq the coefficient
mul tiplied bysighicant bir aqerbg& {6%%‘1’1 tg?/éf%@%{;’?é}?ﬁ?rhwb?‘ﬁm % ]h@egifulvf)er val ue.
Table 8 5 oherwise the value is positive. 3: 1 Deci mation

:1 Decinmation H[ 0] 1. 000000000000000 (511)

0169628157045179 F2) 4 i  bigh i lock dagram iuggadeg ddsdaty ot A ER o
. 000000000002CH 6 KBRA P84 of one enfdp@irent of the present DVEBYT2 BIZPTRIA4ELIEI71)
: iégggggggggg&%gge %rg‘%é%ominance pixlj ilrlxlformation pair, whichon'la%f?’b% @D?{g c?a;l‘aq %170%7%8( -17)
VPD 282. The HZPF 284 includes a HZPF Controller 802; Cy latches 804; Cg latches
10 806; Y latches 808; Selection MUXs 810; Horizontal Filter Coefficient RAM 812;
Multiplying network 814; Adding network 816; Round and Clip processor 818, DEMUX

OORFrREFREFEDN

register 820 and output register 822.

Horizontal resampling is accomplished by employing an 8 tap, 8 phase polyphase

filter. Generation of display pixels is coordinated by the HZPF Controller 802 by

15 tracking the integer and fractional parts of the horizontal position in the decoded and
downsampled picture. The integer part indicates which pixels are to be accessed and the
fractional part indicates which filter phase should be used. Using modulo N arithmetic
when calculating the fractional part may allow for less than 8 phases to be used. For
example, this may be useful if an exact downsampling ratio such as 9 to 5 is used. If the

20 down-sampling ratio cannot be expressed as a simple fraction, the fractional part is
truncated to one of the N phases. The HZPF 284 of the exemplary embodiment of the
present invention filters pixel pairs, and uses alignment on even pixel boundaries to
facilitate processing of the 4:2:0 formatted picture and to keep the Cr and Cy pixels (the

color pixels) together with the corresponding Y pixels.

25 The operation of the HZPF 284 is now described with reference to Figure 8A.
The HZPF Controller 802, at the beginning of a horizontal line, resets the horizontal
polyphase filter, provides control timing to the first and second multiplexer networks,
selects coefficient sets from Horizontal Coefficient RAM 812 for the Cy, Cp and Y filter
coefficients for each of the polyphase filter phases, and selects each set of Cg, Cyand Y

30 values for processing. In addition, when the horizontal position is near the left or right



H 5] - 0. 0377450036954524 (- 19) 0. 10634261847436199 (54)

H 6] -0.0726889747390758 (37) -0.052131780559049545 (-27)

H 7] 0. 00954287167337307 (5) -0.003489737967467715 (-2)

- 33 - These horizontal DCT filter coefficient | ght each
col um in t A0 &M bl ock of DCT coefficients of thePgﬁggﬁﬁgh i deo

I mge. For exanple, the DCT coefficients of colum zero are wei ghted
by HO], and the DCT coefficients of the first colum are 5 wei ghted by
H 1] and so on. The above de®+iption illustrates a horizonta
filter inplenentation using one- di mensi onal DCTs. As is known in the

digital signalidewfdbelins, thy BERE Covietilep Beiosesh thy edgmpixel valugptodigr \8pRakd of o
o 0 onsy o1l B A B4R Rl 10V gl Bl Lot b,
di mensi onal  18mpkifiXafion [sefsdlly hidden in the overscan portion of the displayed image.
The pixel data received from the VPF 282 is separated into Y, Cp and G values,
5 and these values are individually latched into Cg latches 804; Cp latches 806; and Y
latches 808 for filtering. The HZPF Controller 802 then selects the Y, Cy and Cp values
by an appropriate signal to the selection MUXs 810. In the exemplary embodiment, there
are more Y values than Cy or Cp values so the filter uses additional latches in the Y
luminance latches 808. At the same time, the HZPF Controller 802 selects the
10 appropriate filter coefficients for the filter phase, and for the Cgor Cgor Y values, based
on a programmed upsampling or downsampling value by a control signal to Horizontal
Filter Coefficient RAM 812.

Horizontal Filter Coefficient RAM 812 then outputs the coefficients to the
respective elements of the Multiplying Network 814 for multiplication with the input pixel
15  values to produce weighted pixel values, and the weighted pixel values are combined in

Adding Network 816 to provide a horizontally filtered Cy, Cp or Y value.

After combining the weighted pixel values in Adding network 316, the
horizontally filtered pixel value is applied to the Round and Clip processor which
provides eight-bit values (since the coefficient multiplication occurs with higher

20 accuracy). DEMUX register 820 receives a series of 8 bit values corresponding to a Cr
value, an 8 bit even (Y-even) Y value, an eight-bit Cp value, and finally an eight-bit value
corresponding to an 8-bit odd (Y-odd) Y value; and the DEMUX register 820 nultiplexes
the values into a horizontally filtered luminance and chrominance pixel pair having a 32
bit value (Y even, Cy, Y odd, Cp). Register 822 stores and provides the pixel pair as 2

25 vertically and horizontally filtered 32 bit pixel luminance and chrominance pixel pair.

Figure 8B illustrates the spatial relationships between coefficients stored in
Horizontal Filter Coefficient RAM 812 and used in the polyphase filter and the pixel
sample values of the down sampled jmage for a horizontal line. The coefficients for the
exemplary embodiment are placed in a 64 bit word from left to right, CO to C7. The
30 coefficients CO, C1, C6 and C7 are signed 7-bit 2’s complement values, and C2 and C5



where C(u), C(v) are [err] where f(x,y) is the spatial domain
representation, x and y are spatial coordinates in the sanpl e domai n,
and u,v are the coordinates in the transformdonmain. Since the 15
coefficients C(u), C(v) are known, as are the values of the cosine ternms,
only the Wotss/aredf or m domai n coefficients need to be prorinesshonst he
processing al gorithms. For a two-di nensional system the

i nput sequence i s now represented as a nmatrix of val ues, each
representing the respective coordinate®¥m the transform domain, and the

matri x may. _be s 0 have se griodic in the colum sequence with
period M 20588 g%\é\@b%ﬂc%}ﬂémﬁ?f%ﬁg% %&ﬁ%%‘ﬁ?@ Wirkite'p sprppigranpt VAushd M

bei ng i nt egpesentidy 4 Whge from -256HoMBNSiCANAK dCGle S@Gstébeto'dgﬂb@{ﬁgrﬁ%ﬁ a one
di mensi onal DCT perfor med on colums “of the 1 nput sequence, and

t he
then a secoHwpleasat ‘tﬁllwénsﬁf(bﬁtﬁlblmndﬁétrﬁ thenadst significent bit) are I, dlven the sighe DCT

h
b ocessed AR FERSLE ol B3els YR o BFoBhl o Mins c

5  be interpreted as fractions with a denominator of 512.

Table 13 lists coefficient for the VPF 282 and HZPF 284 for exemplary

embodiments of the present invention performing the indicated format conversion.

Table 13
Coefficients for 750P to 525P or 750P to 5251
10 4 tap and 2 polyphase Luminance Vertical Filter

Tap O Tap 1 Tap 2 Tap 3
Phase 0 103 306 103 0
Phase 1 10 246 246 10

Coefficients for 750P to 525P or 750P to 5251

4 tap and 4 polyphase Chrominance Vertical Filter

Tap O Tap 1 Tap 2 Tap 3
Phase 0 25 462 25 0
Phase 1 -33 424 145 -24
Phase 2 -40 296 296 -40
Phase 3 -24 145 424 -33
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10 Coefficients for 112571 to 525P
4 tap and 16 polyphase Chrominance Vertical Filter

Tap O Tap 1 Tap 2 Tap 3

Phase 0 29 454 29 0

Phase 1 13 455 49 ~5

Phase 2 ¢ 445 73 -6

Phase 3 -9 428 101 -8




As described with reference to equation (12'),

transform

30

operations are |inear which
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oper at i ong—i s npdirfiedraccordrng—tp—cistr+bated ar+thaette—teo—convert
froma sumid®sest oducts! inpl enenrB|on to a BPiserial 165 i npl enent atl bn.
Such techr*lmxuseﬁ are dekcribed i n20 f or exanplsgs |Stanl ey Agihite, 10 -14
l'icatid T Distriputed ArTtRETTIc to Di ar—Sigmnat OCESSTT A
%FOI‘I al rb?m%v HEEE-ASSRAA gazi-ne -..) ; 19?;9J ,335 ht a.k.e._gduéﬁ. age
of synmet rjiRbaseid t he conput&lions to r@dlce a totad7ddate count -p§ |t he
sum of pragyeles; | Npl enent at i on. _ 237I n an al tegl%ct I've embodjgrent
of the pregsent—inventton—the—BEF—f+tter—opefatton y—be-corbi-iefl
with the i DCT_ (I DCT) _operdt ] on. For $Q&h an enboddent . 15 sPhke
the filteribhgseayld i nverse transf.pr m operatiqggs|are |ineaggithe filterg
coefficiertﬁlw be conbi n WTHh THhE agTTICIemS fthe TDCT
forma mogHtrse-4-DeT—AS—-s—knrewi4-n 4 artthe Nddified IIX‘IE nd
hence t he |gatsilded | DAT and DCT ebwnconver silén 428 -9
Phase 14 -6 73 445 0
Phase 15 -5 49 455 13
In the exemplary embodiments of the display conversion system horizontal
couversion is, in part performed by the DCT domain filter 216, and the downsampling
Processor 232 shown in Figure 2B. These provide the same number of horizontal pixels
5  (640) whether the conversion is from 11251 or 750P. Accordingly, the HZPF 284
upsamples these signals to provide 720 active pixels per line and passes 525P or 5251
signals unmodified, as these signals have 720 active pixels per line as set forth above in
Tables 1 and 2, the values of the coefficients of the Horizontal Filter do not change for
conversion to 480P/4801/525P/5251. These Horizontal filter coefficients are given in
10 Table 14,
Table 14
Coefficients for Horizontal Filter
Tap O Tap 1 Tap 2 Tap 3 Tap 4 Tap 5 Tap 6 Tap 7
Phasge 0 -8 13 ~-17 536 -17 13 -8 0
Phase 1 -13 28 -62 503 48 -9 0 17
Phase 2 -14 37 -90 477 134 -37 10 -5
Phase 3 -13 38 -96 406 226 -64 22 -7
Phase 4 -10 31 -85 320 320 -85 31 -10
Phase 5 -7 22 -64 226 406 -96 38 -13




filtering, may be perforned through a hardware inplenentation simlar to

that of the sinpl e I DCT .operation. 20 c) Menory Subsystem

1) Menory Access and Storage of Bitstream and Picture Data As

shown in Figure 1B, the exenplary enbodi ment of the present invention

enpl oys an AWOMmlen Decoder 121 having a Menory Subsyst emPETAISHRMHE4?

controls the storage and reading of information to and from Menory

130. Menory Subsystem 174 25 provi dg% pi cture data and bitstreamdata to
S

I\/Enbrmry 130 for video decodi ng operati , and in the preferred
enbodi nept—at—teast—2—ptctures—or~franes—are—userfuor 0]

decodi ngjof MPEG 2 BichiedTd Hpo Heid| AkaRvd i ohan Q-%ﬂpwﬁg&m
_se;:tl;)n Phase 6 N the Mepory 18D may3be avaps abl e 479 supp®bt OSD3fdt a. The
i nterface tEgn T e TOT Y Syst 1774 a Me 130 be _
Concurrer%di%&&éce 3(“‘,@ prc‘:rl g gglseo ‘ggg*g——ekgﬂ%%)l ar%a%/hrccﬁ
RAMBUS channel s may be used to support the

- 36 - necessary..bandw dt An ' r i ntion
naving Pi ct ur o SERBEEL B Brerniabe GRS Y ol Epe aal Mf6P CBbutlRUER
subsyst empbhAdore 8! | Fighry\bA Rihsititey Dftsampling mgnprofileh8ficimyy sapinployed syst em

as described in U S  Patent 5,6623,311 entjtled MPEG VI DEQ DECODER
HAVI NG A Iith-thespaqsaf iSFERNORVARPReW 1A respmpiinggatg o1 ,5“’ HZPF 284 may be

5 varied across the horizontal scan line and may be changed in piecewise linear fashion. In

the exemplary configuration of Figure 9A, at the beginning of the scan line, the
resampling ratio increases (or decreases) linearly until a first point on the scan line, where
the resampling ration is held constant until a second point is reached where the resampling
ratio decreases (or increases) linearly. Referring to Figure 9A, h_initial_resampling ratio
10 is the injtial resampling ratio for a picture, h_resampling_ratio_change is the first change
per pixel in the resampling ratio, -h_resampling_ratio_change is the second change per
pixel in the resampling ratio, and h__resamplmg_grationhdld column and
h_resampling ratio reverse_column are the display column pixel points between which
the resampling ratio is held constant. The value display_width is the last pixel {column)
15 of the picture line.

Figures 9B and 9C show ratio profiles for mapping a 4:3 picture onto 2 16:9
display. The ratios are defined in terms of input value to output value, so 4/3 is
downsampling by 4 to 3 and 1/3 is up sampling 1 to 3. The ratio profiles shown in
Figures 98 and 9C map an input picture image having 720 active pixels to a display

20 having 720 active pixels. For example, in Figure 9B mapping 2 4:3 aspect ratio display to
a 16x9 aspect ratio display uses a 4/3 downsampling, but to fill all the samples of the
display requires a 1/1 average across the horizontal line. Consequently, the profile of
Figure 9B has the correct aspect ratio in the center between display pixels 240 and 480,
while the values at the sides are upsampled to fill the display. Figures 9D and 9E

25  illustrate the profiles used for resizing from a 16x9 display image to a 4:3 display which
is the inverse of the profiles shown in Figures 9B and 9C.

The effect of using resampling ratio profiles according to an exemplary
embodiment of the present invention may be seen pictorially in Figure 10. A video



5 which is incorporated herein by reference. Figure 12 is a high | evel

bl ock di agram of such system of a video decoder havi ng hi gh bandw dth
menory as enpl oyed by an exenpl ary enbodi ment of the present invention
to decode MP MPEG- 2 pi ctures. In summary, and descri bed
with rel ati oWoO¥4¥iyure 1A and Figure 1B, U.S. Patent POYIUSH04%P,

descri bes a single, high bandwi dth nenory having a single nenory port. The
10 menory 130 holds input bitstream first and second reference franes

used for notion conpensat ed processiig, and i mage data representing
the field currently being decoded. The decoder includes 1) circuitry
(pi cture procemswission formahbayingsitberasl6af dr fx whent rativenay be dispiayed as ¢ifer dat a,

aaca Y oot o RE R oA el iR TR bR Y R bl B

decoder 172),CaRehubatly iesorighel $eo pioRgemenbashoah it QN ebdh Mdutede r@st er - scan
format (display section 173). The nenory operations are tine division

nul ti pl exed ugFiApe gxRAHEEke ormon nermory port with a defi ned nenory
access tine period, called Mcroblock Tinme (Ml kT) for control )
operationd. A di gikgisysimslowsaRE & selsha pofaricy mepping Sefwesn fhalagnsst BHo gf 27
MHz system G . 1S ' | s , t ner at e
2 count val uehe TREhEE e SRRl ardlfl bBE b 410 UG GhRECRIA Slece'uhedf
external | y suppdd = irmympaivlec | Actet feefherbeve; ehe( BOIY! processor RAT (sRswit in Ejgmer at e a

phase differepce signal that is ed to adjust the frequency_of th
si gnal produ rsgiﬁl‘?@ﬁglecﬁsgqq gﬁloﬁﬁigéeqeggigjaagcggﬂg} Sle parser 209. "The co le 9

summari zes t hgoRksGh BYPaRd 85ta98nds FtHHEIBRL T R diddlayGRREL et Mo Hnich is
support nulti'ple formats:

- 37 - 10 connected to receive the output signal of the system. If, for example, the display device

is connected to the S-video output 153 or the composite video output 154 (both shown in
Figure 1A), then the aspect ratio of the display device must be 4 by 3. If, however, the
display device is connected to the primary video output port 146, the aspect ratic may be
either 4 by 3 or 16 by 5.

15 In the exemplary embodiment of the invention, the user specifies the aspect ratio
of the display device as a part of a start-up process which may be invoked through the
remote control IR receiver 208 {shown in Figure 2A). The start up process may only be
run if the video decoder system includes a primary output port and the system senses that
there is a display device coupled to the primary output port. The start-up process may

20 determine the display format of the display device (i.e. aspect ratio and maximum video
resolution) in several ways. First, the process may present the user with a menu of
possible display devices, each represented, for example, by 2 manufacturer name and
model number. The user may then use the remote control device to select one of these
display devices. The decoder system may be configured with a modem to periodically

25  contact a central location to receive an updated list of display types as well as other
updates to the programming of the controller 207. Alternatively, this type of information
may be encoded in the user data of a received ATSC video signal and the decoder may be

programmed to access this information to update its internal programming.

Alternatively, to determine the aspect ratio of the display device, the user may be

30  presented with a menu showing a 4 by 3 rectangle and a 16 by 9 rectangle and asked to



Table 9 For mat Pi xel s Macr o- Pi xel s Macr o-

Bits per St or age (H blocks (H) (V) bl ocks (V)
Picture (3 Pictures) 1920 x 640 40 1088
68 8, %898%01 25,067, 520 1088 DC 1280 X 640

40 "t 45 5,529,600 16,588,800 CTUSHBSEAHC

704 x 480 704 44 480 30 4, 055, 040
12, 165, 120 640 x 480 640 40 480 30

3, 686, 400 12,165, 120 For S npde, 1920 x 1080 pictures are
reduced by a factor of 3 horizontally, ielding a 640 x 1080 picture;
1280 x 720 pindicatesdiclyis mosyilikecilicipdisplay detiesr éﬁa@thsr altepyptivg, ghe Ber payi el di ng

a 640 x 720 pi . . i Gk 0
required to ggek&?g{ ugg%qi@ﬁz%éu)rér%égeg’ g&qls’%g p&Si%éq'A%géan%ngs?’%lgo%u di pl e DC
pi ctures in bsoteeryistiiOhoadilie aspecpurti®@S supporti ng respective decodi ng

operations according to corresponding picture display timng. For

exanpl e, progr essiygetph@hit@EmAG@RY theadbonthMipestedsbL£207ahe Mbgrani BE bReebn
pi ctures (60 or 59.94 10 Hz progressive vs. 30 or 29.97 Hz interl ace)
and, as @ re4iSPeY SHREERTS Brofuca s Eais.dfer grample a circlps dpsraeral differept tigah

interlaced pi&bui&s (é.gpsﬁg, 552%??‘}?@', %;ir&ﬁ 8@&&1&%9&1%& x?ﬁ%iﬁ’gx\%ﬁtvag?éé&aﬁgp

or 29.97 Franes per sécond I nterl ace). nsequént Y, eco g rate is
constrai ned fyg. 4 by 3 alrk1@bsh), syithriadt eskingy the Rewkotormmtss adodon én thheenhas s

stringent 59.97 or, 29.97 fra e ecand . .. . decqding rates are used

r at Ihe? t han F‘Hgmgéevé‘iﬁ &6 s%?‘ﬁﬁg@’egéﬁe &5‘&:‘8??23 18 8ﬁg§a¥qdag§{ec§g§tengna15 e\ljer y

1001 franmes gaveRRIFbRRRIGGadl F1hdsh EndpRORR 2 Few Becoli®at @ﬁrptmxfb B&E\u igecodi ng
cr obl oc

operations for a format may be neasured in units of "M ' Ti me"
(Mol KT) &hef i aergelate the pressing gEthe bptterdondilie reaveptoveangml davicepadabe digplaxpelrat i ons
for a macrob . . <0Gl l.es. cr.obl aock
decodi ng) . Ug?rﬁéﬂﬁ%ﬁg‘g%eﬁﬁgg) llgé%gldﬁeﬂgsngtéI% ﬁ%gﬁ%ﬁgﬁlﬁoﬁ{mﬁ& & etﬁ1 ation 14,
control si gnadssludndamieaspacy ratic dersthe digginypdéviles can be defined during the 20
regul arly occurring Ml KT peri od.

With information on the display format of the display device, the system may

automatically adapt the received video signal for the best possible presentation on the

15 display device. When, for example, there is a mismatch between the aspect ratio of the
received video signal and the aspect ratio of the display device, this may be indicated to
the viewer and the viewer may be allowed, by invoking a command using the remote
control device (pot shown), to sequentially see all of the possible conversions between the
two aspect ratios, as shown in Figures 9A through 9E and Figure 10, and to select one of

20  these conversions to be used. This applies when the aspect ratio of the received video
signal is 4 by 3 and the aspect ratio of the display device is 16 by 9 as well as when the
aspect ratio of the received video signal is 16 by 9 and the aspect ratio of the display
device is 4 by 3.

As a final alternative, the system may be configured to sense information provided
25 by the display device in order to determine the display format. For example, a two-way
data path may be provided via one of the output signal lines (Y, CR, CB) of the decoder
systern by which data in a digital register in the display device may be read. The data in

this register may indicate a manufacturer and model number or a maximum resolution and

aspect ratio for the display device. Alternatively, the display device may impose a direct-



Mol kT (cl ock cycl es/ macrobl ock) = systemclock rate (clock cycles/sec.) /

I(:rligre rate (franmes/sec.) / Picture Size (macrobl ocks/frane)
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In addition, _a blanking interval may not be used for pictuy l,ng of
interl aced WOkt yres, and an 8¥I ine margin to thg ti %E%Ggﬁgggigig added
to account for decoding 8 lines simul taneously (interlaced) and 16
l'ines simultaneously (progressive). Therefore, an adj ust nent factor
(Adj Fact) may be added to the M kT, as gbven in equations (15) and 5

(16). Adj Fact (interl acet) = g_t otal lines - vertical  blank
lines -8) / towwnt (DGieignghgyone or more of these lingg anddhis FIgRY GrayLe;sewsed by fgq o

lines -16) / ' . : : Tabl e 10
lists Mol kT f%@@ééﬁ%ﬁ%  indicanion of éhé(dfj‘%%ar"raf?rs’?a{ of fe display device.

Tabl e 10 For r . Fr Ti . .
Adj us t ment AI\& {sic\gg%ﬁxplated that a '}ﬁ%'nﬁ‘-sﬁl% momtoE vﬁﬁ@r %E@ble of dlsplly%l% gglf,o
ﬁ/g: E_SI_ ) sif@0d 1Ring several QiEFfepeht Ogplay formats may be connected to the primary output

5 port of the video decoder. In this instance, the video resolution component of the display
type information recovered by the control processor 207 desirably includes an indication
that the display is a multi-sync device so that the only format conversion that occurs is the
aspect ratio adaptation shown in Figurés 9A through 9E and Figure 10, when the aspect

ratio of the received video signal does not match that of the display device.

10 While exemplary embodiments of the invention have been shown and described
herein, it will be understood that such embodiments are provided by way of example
only. Numerous variations, changes, and substitutions will occur to those skilled in the art
without departing from the spirit of the invention. Accordingly, it is intended that the

appended claims cover all such variations as fall within the scope of the invention.



1920 x 1080 8160 0.9729

248. 4 1280 x 720 289. 4

0. 9787 283. 2 i i HRE : 16. 67

789. 1 0. 9695 “f? ; A lgﬁg

33.33 WO 98Ha61R 0.9419 ' " 9486.6 RAUSSAER p

1200 16. 67 868 0. 9695 841.6

640 x 480 | 1200 33. 33 1736 _—9.94;9,
1635. 3 In an exenpl ary emfédi nent of t h&HSr 88ERTt HASE&EREiion,
a Mol kT of 241 clocks is enpl oyed for all formats to REPeACEDe

requi rement OVbARECREdest decode time including a sTarer gi . For
such chosen Mol KT period, slower format decoding includes periods 15 in
whi ch no Hecodi ngladtdigiia video %&%POHV%W@émeYVEC@l%ﬁt@p PIpAiase enpl oyed

to reflect febaricf'egx %P%@mﬂﬁﬁ&%&@l {VQJICF sé'éfugx{haﬁy ?Jp?és!ent@ﬁﬂ&ﬁrfﬁ[ s%gnntd%n&%o})

decodi ng |n se

Figure 1B; t hﬁspl@rmm;atsﬁntpsqcmeemﬁécﬁdemﬁ&eomimi ﬂ&abmf(ﬁrdtsglaym apwdaermmed dat a

interfaces to crobl ock degoder (172 and di s section 173, A decoded
00 racs Bl Jed PR S AL STt riBE b Sped St A TCMRE, L i

correct nenorye system comprising:

6 a digital video signal decoder including:
7 an input terminal coupled to receive the encoded digital video signal;
8 data retrieval circuitry which extracts from the encoded digital video signal
9 an indication of the video display format for the decoded video signal; and
10 signal processing circuitry which decodes the encoded digital video signal
11 to produce an output video signal, wherein the decoder is responsive to a control
12 signal to process the encoded digital video signal according to respective first and
13 second down conversion processes to produce an output signal in the
14 predetermined video display format from encoded digital video signals in the
15 respective first and second video display formats; and
16 a controller, coupled to receive data which identifies the extracted video display

17 format, the controller producing control signals for the digital video signal decoder which
18 cause the decoder to convert the encoded digital video signal corresponding to the
19  extracted display format into the output video signal having the predetermined video

20  display format in both the first and second intervals.

=

2. A digital video signal conversion system according to claim 1, wherein the

2 encoded digital video signal is encoded using a frequency-domain transform operation and
3 the digital video signal decoder includes a low-pass filter which operates on the

4  frequency-domain transformed digital video signal to cause the d"igital video signal

5  decoder to produce a decoded digital video signal having a resolution less than a

6  resolution specified by the extracted video display format.

1 3. A digital video signal conversion system according to claim 2, wherein the

2 digital video signal decoder includes a programmable spatial filter which is responsive to
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- 39 - address | ocations of Menory 130 according to a nenory nmap
defined for the given for g @Tm)r addresses may be derived from
1

t he macrobl ock nunber and pi ct ':ﬁ g '. ﬁl The macrobl ocks may be
recei ved as a nmacrobl ock row on '} one channel per 16 M
memory devi CROP¥4I136 of Figure 1A) at the system cl ock PETASI4M Each
menory device nmay have two partitions for each pi ?a—{ i on

usi ng an upper and | ower address. For inter dd&dgbﬁﬁzﬁ Hf:gﬁﬁw He one
partition carries Field 0 data and §he ot helf par tREAL&GETarrigs Field
1 data, and for progressive pictures, both upper amd—""""TOWer partitions
are treatéd AJOHDaCARICESITgoniTel signakpravided by the sentroller torhsampis: the decodeshe.

Every 4 r@tﬁfa?p a8 Kigﬁﬁ Egﬁfﬁgﬁlgg ﬂ%r]ﬁcrl&ﬁ Q{de%jdgc% r‘f?d/ ?foﬁu&' tﬁ% rtgutf ? ept . for

3:2 pull down‘?mde ng 1S pause el'd time
period. |#& 3.s&npmmdxgmmpm&heamlaxedlvgiaaldxsbaylfmat a frame rate of 24
frames per second is displayed at 60 frames (or fields) per second by
di spl ayi ng one frama diyitat eidedsigial orvestonlsyaem atdor@Ss fol diE&.- 3, wherein the A
reference macrobl ock interface supplies stored, previously decoded picture
dat a 2"t GISIHE VR HEW 15RCefied SHIaE an yEodias HEbRINUsPESHhISHE MONIRE The

interfaces m%xéﬁ&ei)@fns&y@mux%gu?ﬁ@?m%hﬁp RLRR &Qﬁaa&&[’r e ’%?réeﬁlu cti ve

bi -directional predictiVe encodi ng, unl - Irec
(P) encod#ng pduralutm tof aao@d:t)zeé rlemeitary. stz (PESpacietsc eadh| RitSkpariet sm\mlg 2ed

usi ng two, chann d annel ns.one-half of a obl ock. For
DC nmode Eh IW%%’ Bl’? %\é‘f fog@i dJr‘gléq 1330 ¥ d?“@fi‘?lllﬁ S RS

macr obl ock | a*orlé&&%cn{nﬁ)me HaxPdisplay fonﬁé?e[cﬁrtﬁd éncéﬁéd dﬂé?séﬁv:&éa ﬁgﬂai drofnQneéhdagiy f oOr
up- sanpling and hal i xel resolution. di splay interface

provi des fet rqf@%@IftbFE'ES PaEER - to the di spI ay section 173
mul tipl exi ng Y, C%;e1 ({@ and (ferr] pixel data on a single channel. Two
di spl ay channel s ital video Slgnﬁé)wrd’eﬁmm@y&mppmotdmgm\p@mwomh&mnﬁmo

011 00 Bt TR AL ek o Hoth” e

si mul t anedusIpictandepesegons (dRABGNE witely the easodeddighaltvided signilds cafiaihaatienl aced
data. 25 For downconversi on, downsanpl ed macrobl ocks are mnerged

into a sifgl &igital bit-stgeam iggpding sqqyence W&Beeacfrﬁ@uarefmsfaﬁ%hﬁ% ahegdEs&dof t he
DC node i§ J&RLHADPRE eval circuiBy RS BRUBEA ¥idkh Libndl BERESENEQudSR gféaﬂsuﬂroﬁ 6A and

Figure 6B. Figure 6Cillustrates a nerglng process two macr obl ocks
into a sifgl exirestiosieoddeofdinplaytfomeagef tha emmlm {igit8 ¥rideosignal from the header of

7  one of the sequence record.

1 6. A digital video signal conversion system according to claim 1 further including
2 auser input device through which a user may enter the data which identifies the

3 predetermined video display format.

1 7. A digital video signal conversion system according to claim 1 wherein the video
2 display device includes a register which holds an identification signal and the controller is
3 coupled to the display device to read the identification signal and, use the identification

4  signal to generate the data identifying the predetermined video display format.

1 8. A digital video signal conversion system aécording to claim 1, wherein the

2 digital video signal decoder further includes:

3 analog to digital conversion means for converting the output signal of the signal

4  processing circuitry of the video decoder to an analog signal;

5 transmission means for applying the analog signal to the display device;
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downconversion by 2 horizontally. Figure 6D illustrates a nerging process

(r)r;c'; g[fgcks into a single macrobl ock “EEI%L”E“ 'Hm)ry 130 for
C

downconversion b 3 horizontally. = ¢ d)r Dewnsanpl i ng and Di spl ay
Conver si on BYO?%%O!L& splay Section 1) Down Sanpl i ng PS’?’UEWT-’(%SOI ution
Formats 5 Down sanpling is acconplished W@W j‘%ﬁ“ggr*[ g
process 232 of Figure 2B to reduce the nunber q“ﬁﬁ%x% ' iﬁ"\‘ e .
downconverted i mage. Figure 6A shows the SBrput land dEEPHALERd out put

pi xels for a 4:2:0 signal format for 3:1 decination. Frgure 6B shows

the i nputé and decmganseePuplet iuthe sputeilier. fioy sexsipe @ disent evrrerh (R€) paipdiab: 1

deci mat i : ' e i tl.fication for the Lum nance
aﬁgll gr o?npnaﬁ%leg?ggﬂggl%ﬁﬁ%ﬁm%ﬂgﬂg}géﬁgéaﬁgﬁ%%ure 6B. The pi xel positions
before and after nver si on .of Figures 6A.and 6B are the

I nterlac ezg (3:1 d;évgi&ﬁ%%%@%g%%’ %P%o&ﬁlgg 8 ‘\1/‘5 n{e?slfgﬁﬁeg?lﬁ%tlfi%ﬁ%es %e cases

respect i vel y predetermined display type to be used by the digital video signal decoder. Tabl e 11
synbol Pi xel

1 9. A digital video signal conversion system according to claim 6 wherein:
2 the video signal decoder further includes an on-screen display processor which
3 may be programmed to produce a plurality of output video signals, each corresponding to

4  arespectively different one of the plurality of video display formats; and

5 the controller includes means, responsive to a first user control signal provided via
6  the user input device, to cause the on-screen display device to sequentially provide video
7 signals having respectively different video display formats and responsive to a second

8  selection signal provided via the user input device to define one of respective video

9  display formats as the predetermined video display format.

1 10. A digital video signal conversion system for decoding and reformatting a

2 baseband encoded digital video signal, which is encoded using a frequency-domain

3 transform operation and which may represent a plurality of video display formats, to

4  produce a decoded video signal, each video display format having an aspect ratio and a

5  resolution, the system comprising:

6 a display device having a predetermined video display format;

7 a digital video signal decoder including:

8 an input terminal coupled to receive the encoded digital video signal;

9 data retrieval circuitry which extracts from the encoded digital video signal
10 an indication of the video display format for the decoded video signal;

11 a low-pass filter, responsive to a first control signal, which operates on the
12 frequency-domain transformed digital video signal to selectively cause the digital
13 video signal decoder to produce a decoded digital video signal having a resolution
14 less than the resolution of the extracted video display format; and
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+ Luni nance Before

S MM

Luni nance Af ot s

deci mati on ‘{'853"410%1 [err] PEM’%“??(O HRce After
Deci mation 15 For down sanpling of the irt®eng axedT iNASgREENAhI ch
may be the conversion froma 1920 by 1080 pixeal inmagepitages 640 by
1080 pixel horizontally conpressed image,3%wo out e —every—t

pi xel s are decimated on the horjzontal axis. For the exenplary 3 ;1

deci mati 8k, there are VHIREBORFSEPS FEFHEIHIBIPEBIIR 21555084 coi Oéﬁlgi(ﬂewa’ﬁ%
conver si proces | bt 4 o ot ed
by NEO NBL B2, e e R T o
the firstl7pi xel i nutphtevidaoisggnaklandracr obl ock, but in MBL and MB2 the
down-sanpl ed pixels start at the third and the second pixels. Also the
nunber ofis down- saapbrcblipr,celiged 1o reetve damowidi dekifas eerpotdetehminsdmdeo | N VBO,
there are

6 down- safpl vl feimat r ths sxiracted yideg display Sprmat. dhe spriyalier profucias theogil

three MByp  signats for the digital video signal decoder which cause the decoder to convert the

2t encoded digital video signal corresponding to the extracted display format into the output

22 video signal having the predetermined video display format.
1 11. A digital video signal conversion system according to claim 10, wherein:

2 the digital video signal decoder further includes a programmable spatial filter
3 which is responsive to a format conversion control signal to resample the decoded digital
4  video signal provided by the signal processing circuitry to produce the output video signal

5  having the predetermined video display format; and
6 the controller produces the format conversion control signal.

i 12. A digital video signal conversion systém according to claim 11, wherein the

2 digital video signal is encoded using an encoding technique specified by the moving

3 pictures experts group (MPEG) in which the encoded digital video signal is contained in a
4  plurality of packetized elementary stream (PES) packets, each PES packet having a

5  header, and the data retrieval circuitry of the digital video signal decoder includes means
6 for extracting the video display format of the encoded digital video signal from the header
7  of one of the PES packets.

1 13. A digital video signal conversion system according to claim 11, wherein the

2 digital video signal is encoded using an encoding technique specified by the moving

3 pictures experts group (MPEG) in which the encoded digital video signal is contained in a
4 digital bit-stream including sequence records, each sequence record having a header, and
5  the data retrieval circuitry of the digital video signal decoder includes means for

6  extracting the video display format of the encoded digital video signal from the header of

7 one of the sequence record.
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types are repeating, therefore Mdulo 3 arithnetic is to be applied. Table
12 summari zes t he nunber of d s and offsets for each

S Elﬂ?tlllilm

i nput macrobl ock MBO, MB1,

T :

Nggl ° 1 WO 9841011 No  of Down Sanpl ed Nggmsgsmmgwé
Lum nance Pi xels No. of Down Sa Ied1 3

2 Chromi nance Pixels " 1”*&5 QFE‘j QHAS sgftw Dawn
0 2 1 -8l ed \1 uninance
Pi xel O fset of 1st Down 0 2
Sanpled 1 14. A dlﬂtﬁb’iﬁmlmhw"mlﬁé systemn according to clainrd/ f‘éfSWﬁsarrpl i ng
of the pr gres I d for
cvery second DAyt s ipst R o0l VLR RS adl 8ABE ke wtjcr SHEAEELES
sanpl ed IOBXelpréta&rmnﬁwaidesamsgﬂm)sfdrmmm that is one-half pixel below the pixel
position in the 10 ori gi nal i nmage. 2) Display Conversion

The display sectiqp. Adgiaf vitiesighVedreside systed anbrdiigyorchint B3 ivgeresed t o

f or mat the stored picture information (the decoded picture

informatign) for anPaddol stehkPdecsties Rlrtt¢r includesf @ diBicreefr tigplae pibtdisdrantacthi gh
| evel block diagramillustrating the display section of the 15 TV Vi deo

Decoder 121 froay mré&rémeéﬁwp@ﬁ%wmﬁlﬂtY@f OBt HRCaSEILS| $3FR RETFESRONAING to
Referring,to F' ?ve%y ﬁﬁ‘ereﬁv&e%"ﬁﬁ%urﬂ geo?vﬁlecg@@}lélﬁ){ RrfasipOr ted, a first

out put any ected video format and

a second qut
2 put S 'ﬂ%nc%ntroﬂer includes means, responsive to a first user control signal provided via

6 the user input device, to cause the on-screen display device to sequentially provide video
7 signals having respectively different video display formats and responsive to a second
8  selection signal provided via the user input device to define one of respective video

9 display formats as the predetermined video display format.

1 16. A digital video signal conversion system according to claim 11 further

2 inchuding a video display device having the predetermined video display format, wherein
3 the video display device includes a register which holds an identification signal and the

4  controller is coupled to the display device to read the identification signal and, use the

5  identification signal to generate the data identifying the predetermined video display

6 format.

1 17. A digital video signal conversion system for decoding and reformatting a

2 baseband encoded digital video signal which represents a video display format having a

3 first aspect ratio to produce a decoded video signal suitable for display in a predetermined
4  video display format having a second aspect ratio, different from the first aspect ratio, the

5  system comprising:

6 a digital video signal decoder including:

7 an input terminal coupled to receive the encoded digital video signal;

8 data retrieval circuitry which extracts from the encoded digital video signal
9 an indication of the aspect ratio for the decoded video signal; and
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ViD err] which supports 5251 (CClR-601) only. Each output signal is

processed by separate sets of "display ‘processing elenents 1101 and
1102, respectively, which peL | ilmpnt al and verti cal

upsanpl i ng/ ling. Thi st iy be preferre

- 42 - \98%@1%{?“ di spl ay "aspect ratfo Hoes not natcﬁc?%ﬁgsé%ggct ratio
of the input picture. An optional On Screen Di&plz&yw—-%%_‘ c?g?‘ CITpn 1104
may be included to provide on screen di spl ay ig‘nﬂﬁﬁr@ﬁ;ﬁaﬁﬁgo fiel of the

supported output signals VID err]Jand VIEfkrr] to fol#m REPUAGEDI ay sﬂgnal S
V[err] or V[err]. Al praocessing i.s perfqorned at the=rmternal .cl ock rate
except 5 for controlsz‘é’BidPLr"l"ﬁsS c&gpx?rgi%cgecqﬁeéﬂ}e]en eé/[:lgm%]vx &P put
Controllgrs 1126 @g%a%é@& ot GRieo signal, WheriAMe REodeP & RépbBivecloQontratt € For
the preferred enbodi nent, the pixel "clock rate may be at the

| umi nanck pi xel rdgnsl orpregess thi ersodddalifitalividen signad accotdingatoagspective first and
Because (. he di spl S _of processin lements 1101 and,.1102 operate
Simlarl ¥ Bhord e B IEERS BEORR I pPh BRALE R oo 1101 i s
descri bed. Ref er rpredetdrivel 91dk0 display Firitis PivBEaespbdlige Siedt add Stond svverbiones of
pi xel data are provided fromthe nenor (shown in Figure 1A to

f 130
t he vertiscal proc@‘%‘%ﬁﬁﬁéheom%'&:ﬁﬁp%iﬂneéiﬁ@)%/h‘? speontpepastaatmrnd n 1 ast er
order. Each line supplies CRY,CB,Y data 32 bits at a tinme. Verti_cal
Processi Hg bl ock # controllgrgeoupled o faceivedaia whish idpntifigsi theextaeias video diselay i ne and
provi des,.t he.fl i o) o for.nat . i . al
pr ocessi 1ni; bf%ﬂg%lt g&}% Fg(?}segpis g%ﬁb ?dr{lttrlg% Sglﬁl}atlas %&%&%ﬁw Sléxﬁ%)?%é%‘%&%t‘&
processi g btamskthz 8dcoderowisetpendalig comvertahd desudddeddeofsignalimbing filer fisthepecel ect ed
e T a8 B Sl Uehns SRRSE gy, b5l hd Gy data rate

20 conversions between the first aspect ratio and the second aspect ratic.

1 18. A digital video signal conversion system according to claim 17, wherein the
2 first aspect ratio is wider than the second aspect ratio and the first and second conversions
3 use respective first and second compression techniques to produce the output signal

4  having the second aspect ratio.

1 19 A digital video signal conversion system according to claim 17, wherein the
2 first aspect ratio is narrower than the second aspect ratio and the first and second
3 conversions use respective first and second expansion techniques to produce the output

4  signal having the second aspect ratio.
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hori zontal processing block 284 is not necessarily equal to the output data

rate. In an upsanpling case, the input data rate will be I ower than
the output data rate. In a down sanpling case, the input data rate

wi |l be higher than the output data rate. The formatted 20 i xel data may
have backgr¥@f¥439Hf or mati on i nserted by opti onal backgroﬁﬁﬁ“@&%@@@sing |

bl ock 1110. As woul d be known to one skilled in the art, the
el enents of the display section 173 are controlled by a controller
1150, which is set up by paraneters H&4d from and witten to the

m croprocessor interface. The controller generates signal CNTRL, and 25
such control is necessary to coordinate and to effect proper circuit

e e R e )

operation, |oading and transfer of pixels,mand signal processing.
Data fromthe horizontaé.grocessing bhpgk 284, dat agf rgmua sépond
hori zont al g roc?és ng bl ock \R88ag gnd HD KoR. pfhgess Vi deo data
on HD Bypass 1120%_ _%Oprovi de(ifozi\ﬂl I pl ex < whi ch Jsel ect s,
under processor ng Mol & 397 vid ta str which is
provi ded to mixerst} @Sgat a stfr and S|z
- 43 - ' optgogal £5l Eacessgr §104 intogwﬁged out put
vi deo data. irhe nix&d vi dgg 'outpEt d&{a i sgtih&n| provided to MUXs 1120
and 1124. | £ 8 S| & A S
. 3 : b S
' e 8%
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For the first set of processing elenents 1101, MJX 1120 may sel ect from

m xed out put video data, HD data provided on HD bypass 1122, or data
from background 5 insertion block 1110 .. The selected data is provided
to output control processor 1126 whi ch al so recelves t he 8IX6| cl ock.
Qut put contms‘ﬁﬂ‘ﬂgessor 1126 then changes the data Y4t e from
the internal processing donain to the pixel clock rate accordl ng to the
out put node desired. For the second processing elenents 1102,
MUX 1124 may select from m xed 10 @yeaput video data or data from
background insertion block 1110a.. The selected data is provided to
out put control processor 1128 which al so receives the pixel clock. Qutput
control processor 1128 then changes the data clock rate fromthe internal
processi ng domain to th m,,xel .gJ q.d<.n.a;.e acGerding to the output
node desired. MJX 1132 proij ecePved sel ected data
(601 Data Qut) of MJUX 1124 opt i onal om 1§ CSD processor

1104. Rast er gGener ati of) procgssor 1130 al so
recei ves the pixel clock and ik ¢rs (Mot shown) which
generate the raster space, Bi1owi ng co com’r‘nds to b@dsent on a

line by line basis to Displ‘ay Contr ol :Eospl ay = Control
processor 1140 coordinates imng with Al e 130 and starts

rol®
rocé%sor 134

t he 20 processing for ea processi ng 1101 and on @ i ne by
| i ne basis synchronized with the mgstd||ines. PMogessor 30 al so
generates the horizontal, rtical and el @ syn bfoni zat signal s
(H, V and F). ngures 1lB hragiph 11D rellate @ he out put nodes
provi ded by Di splay section f&qwn § Fi gure 1A t he Vi deo
Decoder 121 to the active b'oc'gs og% gile 1A reklxlB illustrates
a 27 Mz Dual output node wh wWhi-eh—the €0 d 525P or
5251, first processor 1101 |>hovvn nnz Fi gure§11A) prov?ldec 525/ vi deo data
to 27 MHz DAC 143 as Wl als=529 dat (601 I%]a CQutf) to|NTSC Encoder
152. Figure 1 1Cillu rgt ep th:at git dqut pu§ node, only
5251 data (601 Data Qut) is O jed s I\FI'SCJ"enc erngz. Figure 11D
illustrates a 74 MHz/ 27 MHz| %e whitBh t he] out put elmatches the
i nput format and the video iF @rgﬂ/ ded go ei ther 3
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- 44 - the 27 MHz DAC 143 or 74 MHz DAC 141 dependi ng on the out put
format. The 74 MHz DAC is used for 1920 x 1088 and 1280 x 720

pi ctures; the 27 MHz DAC i s used for all other output formats.

Di spl ay conveysdsatypf the downsanpl ed image frames is used for display the
5 imge in a part?cular format. As noted previously, theq¥EBs¥edj49

Conversi on bl ock 280 shown in Figure 2B includes the vertica
processi ng bl ock (VPF) 282 and hori zontal processi ng bl ock (HZPF) 284
whi ch adj ust the down converted and dgM%ﬂsanpled i mges for display
on the | ower resolution screen. VPF 282 which, for the
exenpl ary enbodinent, is a vertical line interpolation 10 processor
i npl enented as a programrabl e pol yphase vertical filter, and HZPF 284
whi ch, for the exenplary enbodinent, is a horizontal line interpolation
processor al so i npl enented as a programmabl e horizontal polyphase
filter. The filters 4re programmabl e, which is a design option in
order to accommodat e jdrsplay conversiton 1or a nunoer. oy di spl ay
fonnats. 15 As shown in Figure 2B, four |ines of gownsanpl ed
pi xel data enter the|VPF 282 in raster order. For the exenplary
enbodi nent this datajincludes |um nance (Y) and shrom pance (C[err]
and (err]) pixel pailrs which enter VPF 282 32 bits at&a tinmp. VPF 282
filters the four lings of data into one |line and pas?e%lthis line to the
HZPF 284 as 32§'t (Tog- 2
. |
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val ues each containing |um nance and chrom nance data in a Y(err]Y(err],
and HZPF 284 20 then generates the correct nunber of pixels to nmatch the
desired raster format. Figure 7A is a high | evel block
diagramillustrating an exenplary filter suitable for t he VPF
282 of one SYRYMEnt of the present invention. In the fongg#%§TQ€he

VPF 282 is described as processing pairs of input pixels (each pair

i ncl udes two | um nance pixels, Y, pixel and a chrom nance Clerr] or
Clerr], pixel) to produce a pair of od/dht 25 pi xels. This facilitates
processing of the 4:2:0 format because col or pixels nmay be easily
associated with their corresponding | um nance pixels. One skilled in the
art, however, woul d realize that only | um nance pixels or only

chrom nance pi xels may be so processed. In addition, the VPF 282 as
descri bed produces lines in progressive format. |In another enbodi nment
enpl oyi ng a dual ouffput and supporting both a nmain autput.channel and a 30
secondary out put chdnnel, a second VPF 282 may be added.

- 45 - a ffeferring to Figure 7A, VPF 282 includgs a VPF
Control ler 702; of §§E ul i pl exer networ k i ncl udi ng Lumi nance Pi xel
MJXs (LP MJUXs) 7062 §08, 710, and &12 and Chr omghance |Pi xel MJUXs (CP
MJUXs) 714, 716, 7 hd 720; seco mul tiplexer }§ N netwdrk including
Lum nance Filter (LF MJUXs) 72& 728, 730 and_ 7 gEﬁ d 5 Chr om nance
Filter Mixs (CR 734, 736,_73% and 740; Lun s:oeffici ent
i |
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e e T

'RAM 704 Chr om nance Coeffl cient RAM 724; Lum nance Coefficient Multipliers

742, 744, 746, and 748; Chrom nance Coefficient Multipliers 750, 752,
754, and 756; Lum nance Adders 760, 762 and 764; Chrom nance Adders
766, 768 and 770; Round and Clip processors 772 apgr/gshe/d74d

Denux/ Reﬂwﬁs‘?{lﬁl 1774 and 778; and Qutput Register 780. 10 The
operatio e VPF 282 is now described. Vertical resanpling is

acconplished with two 4-Tap pol yph/#8e filters, one for the Lum nance pixels
and one for t he Chrom nance pixels. The follow ng details operation
of the filter for the Lum nance pixels only, since the operation for
t he Chrom nance pixels is simla, ~but ﬁagﬂts out those di fferences
in the paths as they occur. VertBcgR fRI%&ing of Lumi nance pixels can use
up 15 t08phaseS|nthe4Tap®% h3s8%i |l ter and filtering of

Chr omi nance pixels can use up to® 1% phases in the 4-Tap pol yphase
filter for the exenplary enbodi nent.} The VPF Controller 702, at the
beginning of a field or frane, ress b vertical pol yphase fllter

provi des control timng to the fir~t£ﬁ§d second nul ti pl exer netmorks

sel ects coefficient sets fro ﬁp ance Coefficient RAM 704 and
Chrom nance Coefficient RAM 724 for t he pol yphase filter phases, and

i ncludes a counter which counts eac ne of the field or franme as it
i S processed. The VPE Cobtroller.702, in addition to
coordinating the operation of the @r : of MJXs and the pol yphase
filters, keeps track of display Pi®&d ing the integer and
fractional parts of the vertical po-lﬁl nli'n.fghe decoded picture. The

i nteger part 25 i ndi cat es whi gh 'hould be2accessed and the
fractional part indicates which fifter ggé?should be used.

Furt hernore, use of nodulo N arithmetg gTul ating the

fractional part allows |ess than 16} :Sed whi ch may be

efficient for exact downsanpl i 1las 9 to 5. The
fractional part is always truncatedt o nodul o N phases
t hat are being used. ) :

11251 —> 525P1525|



- 46 - As shown in Figure 7A, |lum nance and chrom nance pi xel

pairs fromthe four image lines are separated into a chrom nance path
and a |lum nance path. The 16 bit pi xel pair data in the |um nance path
may be further nultiplexed into an 8-bit even (Y-even) and 8-bit odd

(Y-odd) for W8P MUXs 706, 708, 710, and 712, and t hePGRUBPMY el 5
pair in the chrom nance path into an 8-bit Cerr] and 8-bit Cerr] fornat

by CP MUXs 714, 716, 718 and 78024 The |umi nance filter MJXs 706, 708,
710 and 712 are used to repeat pixel values of a line at the top and
a line at the bottom at the boundaries of a decoded inmage in order to

allow filter pixel boundary over &% in t Be=pol yphase filter operation.

Pi xel pairs for the four lines cée p@nd /g to | um nance pixel information
and 10 chromi nance pixel infor&&gion1a&St hen passed through the
respective pol yphase filters. ~=lcodff1cients used by Multipliers 742,
744, 746 and 748 for weighting of pilxell values for a filter phase are
sel ected by the VPF Controller 702fbgsed| on a progranmed up or down
sanpling factor. After conbining t e-g_vgi ght ed | um nance pixel information

i n Adders 760, 762 and 764, Twalue is applied to the Round and
Clip processor 772 which 15 provitdes_el ght bit. values (since the
coefficient multiplication ,oceurs wi t#& higher accuracy). DEMJX

regi ster 774 receives the first 8hi Vval ue corresponding to an
interpolated 8 bit even (Y-every ﬁ nknange val ue and second 8-bit val ue
corresponding to t he interpolia®ed B-hit odd (Y-odd) val ue, and
provides a vertical filtered |um n@ezp xel S pair in 16 bits.

Regi ster 780 collects and provi¥ed +g—rerti dal fgltered pi xel s in the 20

| um nance and chrom nance paths a'nd_g ovi des he as vertically filtered 32
bit val ues containing a | unim =T 811 nance pixel pair.
Figure 7B shows the spatial relatyd ~the coefficients and

{ ‘ci ents for the |um nance
h have 40 bits allocated to
TTTCIEnt set

iy s

pi xel sanple space of the I‘i'
and chrom nance pol yphase filter
each coefficient set, and there i\;
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25 for each phase. The coefficients are interpreted as fractions with a
denom nator of 512. The coefficients are placed in the 40-bit word
fromleft toright, C to C3. CO and C3 are signed ten bit 2's

conpl ement values. and Cl and C2 are 10 bits which have a

range, for 3&5?6”&} from-256 to 767, which are each subs%%ﬂéﬁ@pvﬁ%onverted
to 11-bit 2's conpl enent val ues.

- 47 - Figure 7A includé&4an optional |uminance coefficient
adj ust rent 782 and chrom nance coefficient adjustnent 784. These
coefficient adjustnments 782 and 784 are used to derive the 11 bit 2's
conpl enent nunber for ClL and C2. If bits 8 and 9(the nost significant
bit) are both 1, then the sign of the eleven bit nunber is 1 (negative), 5
ot herwi se the value is positive. Figure 8A is a high |evel

bl ock diagramillustrating an exenplary filter suitable for use as
the HZPF 284 of one enbodi nent of the present invention. HZPF 284 receives
a | um nance and chrom nance pixel information pair, which may be
32-bit data, fromthe VPD 282. The HZPF 284 includes a HZPF
Controller 802; Clerr] latches 804; C[err] | & ches 10 806; Y |l atches 808;
Sel ection MJXs 810; Horizongal Filter Coeffi & ent RAM 812;

Ml tiplying network 814; Ad@ ng, netyork B816; oggd and Aip processor 818,
DEMUX regi ster 820 ang o0t put regl ster W27, Hori zont al
resanpling is acconpli shed enpl oying an 8&@ap, 8 phase pol yphase

filter. Generation of displ pi xel s is coor{@ nated by the HZPF Controller
802 by
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15 tracking the integer and fractional parts of the horizontal position
in the decoded and downsanpl ed picture. The integer part indicates
whi ch pixels are to be accessed and the fractional part indicates
which filter shoul d be used. Using nodulo N arithnet] when

cal cul ating ‘Y(ﬁgﬁﬁ&%cti onal part may allow for |less than 85)%%1%%8‘?4'{48 be
used. For exanpl e, this may be useful if an exact downsanpling ratio
such as 9 to 5 is used. If the 20 dopp-sanpling ratio cannot be expressed
as a sinple fraction, the fractional part is truncated to one of the
N phases. The HZPF 284 of the exenplary enbodi nent of the pr esent
invention filters pixel pairs, and uses alignnent on even pixel boundaries
to facilitate processing of the 4:2:0 formatted picture and to keep
the (Jerr] and CJerr] pixels (the col or pixels) together with the
corresponding Y pixels. 25 The QR8T ation of the HZPF 284 is now
described with reference to Figure L/éf_/__ +heqHZPF Controller 802, at

t he begi nning of a horizontal |ine, |r E; he hqri zont al pol yphase
filter, provides control timng to tihe, g_.‘{u and |second mnul ti pl exer

net wor ks, sel ects coefficient ‘sets—+ermHofi zontal Coefficient RAM
812 for the (Jerr], (err] and Y filter ¥ coefficients for each of the
pol yphase filter phases, and sel ect sfgacn_set_ ol };[35"2!], Clerr] and Y 30
val ues for processing. In addition, Wwh¥Y &#8aie8rizontal position is near
the left or right
- 48 - side of the line, the HZPF (*ntroller 802 forces the edge

pi xel values to be repeated or ﬁ%ﬁ;‘ﬁ&&?k&&d&se b e 8-tap
pol yphase filter. Any distortion |§ett Dol RgSmsosiaad b'f‘%&ﬁ{]s
|

e
simplification is usually hidden '8 “Overscan portilon of the di spl ayed
i mage. |

Y

Get Subpizel point | 2!

|
Y
Set Initial polyphase 313

1

Pull the Pixels from |/ 320
Reference frame

Y

/33.7. Inidialize Registers

Update Registers v q
A YES I 32
NO Filter

322




The pixel data received fromthe VPF 282 is separated into Y, (err] and
Clerr] values, 5 and these values are individually latched into (Jerr]

| at ches 804; Cerr] |atches 806; and Y | at ches 808 for filtering. The
HZPF Control | wo 8%t hen selects the Y, (Jerr] and C[err] val ues by
an appropriate signal to the selection MUXs 810. In the exclfl/esoyo0s749

enbodi nent, there are nore Y values than (Jerr] or Cferr] values so
the filter uses additional latches in 2424 v | um nance | atches 808. At
the sane tine, the HZPF Controller 802 selects the 10 appropriate filter
coefficients for the filter phase, and for the (Jerr] or CJerr] or Y

val ues, based on a progranmmed upsanpling or downsanpling value by a
control signal to Horizontal Filter Coefficient RAM 812.

Horizontal Filter Coefficient RAM 812 then outputs the coefficients to the
respective elenents of the Multiplying Network 814 for nmultiplication with
the i nput pixel 15 values to produce wei ghted pixel values, and the

wei ght ed pi xel val ues are conbined in Addi ng Network 816 to provide a
horizontally filtered CJerr], Cerr] or Y val ue. Af ter
conbi ni ng the wei ghted pi xel values in Adding network 816, the

hori zontally filtered pixel value Js applied to the Round and dip
processor which provi des ei §ht-bit v&l yes (since the coefficient

mul tiplication occurs with hlgher*2§ accarzcy) DEMJX regi ster 820

receives a series of 8 bit val ues=térrespogding to a,CR val ue, an 8
bit even (Y-even) Y value, an eiglt{bit Cgrf] vaIuE! and finally an
ei ght-bit val ue corresponding to aneltbit odX (Y-odd) Y value; and
the DEMUX register 820 nultipl exegp ﬁha values into a horizontally
filtered lumi nance and chrom nance, jpi xel pEif having a 32 bit val ue
(Y even, C[err], Y odd, Cerr]). Register 2P stores and provi des the pixel
pair as a 25 vertically and horiezgntal | yefllsered 32 bit pixel |um nance
and chrom nance pixel parr~ — =% | g#— ~F e~8B i ustrates the
spatial rel ationships between coeFf|CLents~s ed in Hori zont al
Filter Coefficient RAM 812 and us&d}im t hefppldphase filter and the pixel
sanpl e val ues of the down sanpl ed¥ fefle f ok ﬁéhorlzontal i ne. The
coefficients for the exenphalynenboﬁl pt are placed in a 64 bit
word fromleft to right, COto C7= fhe 30% | cveffigjents €0, O, C6 and C7
are signed 7-bit 2's conpl enent vé:'l ge§, ang CZ‘and% <t
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-49 - are signed 8-bit 2's conplenment and C3 and C4 are signed 10-bit
2's conpl enent val ues representing a range from-256 to 767. C3 and C4
are adjusted to derive the 11-bit 2's conpl ement values.. If both bit
8 and bit 9 (the nost significant bit) are 1, then the si So8/ .f the
11-bit val u¥9 %401} negative), otherwise the value is O (p‘%‘grlﬂflv%‘s. Al
coefficients can 5 be interpreted as fractions with a denom nator of 512.
Table 13 lists coefficient for the VPF 282 and HZPF 284 for exenplary
enbodi ments of the present invention"ﬁgiforning the indicated fornat

conver si on. Table 13
Coefficients for 750P to 525P or 750P to 5251 10 4 tap
and 2 pol yphase Lum nance Vertical Filter

Tap O Tap 1 Tap 2 Tap 3 Phase 0

103 306 103 0 Phase 1

10 246 246 10

Coefficients for 750P to 525P or 750P t é\525I 4 tap

and 4 pol yphase Chrom nance Vertical Filjter
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Tap O Tap 1 Tap 2 Tap 3 Phase 0

25 462 25 0 Phase 1
-33 424 145 -24 Phase 2
B o G s a3
-24 145 424 -33
- 50 - 14724 Coefficients for 750P to 5251
4 tap and 2 pol yphase Lum nance Vertical Filter
Tap O Tap 1 Tap 2 Tap 3 Phase 0
145 222 145 0 Phase 1
84 172 172 84
Coefficients for 750P to 525l 4 tap and 4 pol yphase Chrom nance
Vertical Filter Tap O Tap 1 Tap 2
Tap 3 Phase 0 57 398
57 0 Phase 1 -6 382
166 -30 Phase 2 -29 285
285 -29
<
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Phase 3 -30 166 382

-6 Coefficients for 11251 to 525P
4 tap and 8 pol yphase Lum nance Vertical Filter Tap O
Tap 1 Tap 2 Tap 3 Phase 0
20 WO 98/43633 20 0 PCT/BRRAES
-20 425 70 37 Phase 2
-52 472 1632724 - 69 Phase 3
-62 397 238 -61 Phase 4
-63 319 319 -63 Phase 5
-61 238 397 -62 Phase 6
- 69 161 472 -52 Phase 7
37 70 425 -20 10
Coefficients for 11251 to 525P 4 tap,and 16 pol yphase
Chrom nance Vertical Filter g) Tap 0 .
Tap 1° Tap 2 Tap 3 Phase 0 G
29 454 29 0 ~ Phase 1
13 - 455 _ 49 -5 ~Phase 2
0 445 73 -6 \
Phase 3 -9 428 191 -8

: > - - > L] o 2__ ]
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- 51 - Tap O Tap 1 Tap 2 Phase 4

.15 404 132 -9 Phase 5

.18 376 165 11 Phase 6
.20 345 201 - 14 7
19 WO 98/41031 237 - 16 PCT’“%F@E’ 8

- 18 274 274 218 Phase 9
- 16 237 3é9/24 - 19 Phase 10
- 14 201 34 220 Phase 11
-11 165 376 -18 Phase 12
-9 132 404 - 15 Phase 13
-8 101 428 -9 Phase 14
-6 73 445 0 Phase 15
-5 49 455 13 In the

exenpl ary enbodi nents of the display conversion systemcori zont al
conversion is, in part performed by the DCT donmin filTer 216, and the
downsanpl i ng Processor 232 shown in Figure 2B. The$e provi de the same
nunber of horizontal pixels 5 (640) whether the con¥%ersion is from 11251
or 750P. Accordingly, the HZPF 284 upsanpl es thqu_signals to provide
720 active pixels per line and passes 525P or 525I signal s unnodi fi ed,

as these signals haye 72 tive pi line as set forth above in
Tables 1 and 2, the Ligs] df they cpeflfdignts of the Horizontal Filter do
not change for Fert-ersSijon to%}m. 4O N 525P/ 5251. These Hori zont al
filter coefficient$>uer>e§1men in Lo} > Irauvgd .
Table 14 >l > y% ffINa Hori zontal Filter
o foud > e«
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Tap O Tap 1 Tap 2

Tap 3 Tap 4 Tap5 Tap
6 Tap 7 Phase 0 -8 13 - 17 536 -17
13 -8 0 Phase 1 - 13 28 -62
503 48 -9 0 17 Phase - 14
37 _ QWO s8I 477 134 -37 10°¢ Fermssgoarss 14
3 -13 38 -96  14/2406 226 -64 22
-7 Phase 4 - 10. 31 -85 320 320
- 85 31 - 10 Phase 5, § -7 22 -64
226 406 -96 38 €% -13
- 52 - Tap 0 Taf1 Tap2 Tap3 Tap4 Tap 5
Tap 6 Tap 7 Phase 6 25 10 - 37 134
477 -90 37 -14 @ “fPhase 7 17
48 503 - 62 28 In ﬁdition, t he
programmuabl e capability of the HZPF 2 all ows for agnonlinear
hori zontal scan. Figurer9A_illustsatesa—+esanprtmy Batio piofile which may
be enpl oyed With tResbsesent invention. As s t he @isanpling ratio
of the HZPF 284 may be 5

aried across the hori tal sthn line and may
be changed in piecew seul Ilhear fashion

I n rt he_exenpl ary configuration
of Figure 9A, at the be@i 'g? of the scan line™

hd23 resanpling ratio
i ncreases (or decreases)\*i a'ly until a first pom [@?n the scan i ne,
wher e the resanpling fa®zn is held constantgyntil a second point is
reached where the resanpdi1lg rati o decreasesk(jor increases) linearly.
Referring to Figure 9A, fA~gmitial _resanpling rati o¥i0 is the initia
resanpling ratio for a pi e,
change

le.}gresarrplinggrat' _chqnge is the first
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per pixel in the resanpling ratio, -h resanpling ratio change is the second
change per pi xel in the resanpling ratio, and h resanpling ratio_hold
col um and h resanpling ratio reverse_columm are the display colum
pi xel points_ between which the resanpling ratio is ant. The
val ue displé@“ﬂ%ﬁﬂﬁ is the | ast pixel (colum) 15 of th E%ﬂ%%@?églinej
Figures 9B and 9C show ratio profiles for nmapping a 4:3 picture onto a 16:9
di splay. The ratios are defined in terns of input value to output value, so
4/3 is downsanpling by 4 to 3 al@2 3 is up sanpling 1 to 3. The
ratio profiles shown in Figures 9B and 9C map an input picture inmge
havi ng 720 active pixels to a display 20 havi ng 720 active pixels. For
exanple, in Figure 9B mapping a 4:3 aspect ratio display to a 16x9
aspect ratio display uses a 4/3 downsanpling, but to fill all the sanples
of the di splay requires a 1/1 average across the horizontal Iine.
Consequently, the profile of Figure 9B has the correct aspect ratio
in the center between display pixels 240 and 480, whi l e the val ues
at the sides are upsanpled to fill the display. Figures 9D and 9E 25
illustrate the profiles used for resizing froma 16x9 display imge to a
4:3 di splay which is the inverse of the profiles shown in Figures 9B
and 9C. The effect of using resanpling ratio profiles
according to an exenpl ary embodi nent of the fesent invention may
be seen pictorially in Figure 10. A video

- 53 - transm ssion format having either a 16&5 or 4x3 aspect ratio
may be displayed as either =
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16x9 or 4x3, but the original video picture nmay be adjusted to fit within

t he di splay area. Consequently, the original video picture may be
shown in full, zoom squeeze, or vari abl e expand/ shrink. 5

The system alW@sgapgers to select a preferred mappi ng between the aspect
rati o of the received video signal and the aspect raPCHUEBOIMKR

di spl ay device, when these aspect rati os are inconpatible. As set
forth above, the control processor 207’5(/§ﬁovm in Figure 2A) receives

the aspect ratio of the received inage fromthe parser 209. The control
processor 207 also determ nes the aspect rarp of the display device (not
shown) which is 10 connected to receive t out put signal of the system
I f, for exanple, the display device .i'$ &onnected to the S-video

out put 153 or the conposite video out put R both shown in Fi gure
1A), then the aspect ratio of the displ ayjedavice nust be 4 by 3. If,
however, the di splay device is conpet€ed to he primary video out put
port 146, the aspect ratio nay be t her 4by ®or 16 by 9. 15

In the exenplary enbodi nent of the invent :tfﬂ t he ttj\ser specifies the aspect
ratio of the display device as a part§of a stdrt-up cess which may
be i nvoked through the renot e cont¥o RY ecgiver Zﬁ(shown in
Figure 2A). The start up process nay only pejiu run if vi deo decoder
system i ncludes a prinmary output port and %/stem senses‘ t hat

there is a display device coupled to the prifmary output port. The start-up
process may 20 det€®mi et he—di sptay for ¥t of—t-he—dtr sptay el-e,\‘/i ce (i.e.

aspect ratio and maxywum vi deo resolufqn) in several ways. First,
the process nay prese t he user wi th~a nmenu of possi bl e |di spl ay
devi ces, each representad, for exgnple, by a manufactjurer name 'and

nodel nunber. The user may then yde the renote contrgh device to select one

of these di spl ay devi ces~ The™dgcoder systemfay be confilgured with a
nodemto periodically 2 copntact a central |ocphtion to rleceive an updated
list of display types as welff as ot her/ Upgtes to t A prqg;_arrm’ ng of
the controller 207. t ernd+WetHy, —tM-8 Y\ype oFf + Neor mmatA on —1 = may be
encoded in the user=data of & rieceired -AlSC vijdeagignal—an eydecoder
may be progr aied tj@accs t s i Morngdi onRk o YBdat ¢ t i nt er nal
progr anm ng. - —ft tter ratjivkl 3 o [deltef rinei-t e aspect ratio of
the di splay device,|theg efay| bg 3P ptegented Wwith g4 rrean showing a 4
by 3 rectangle and e%sl::b_,,_L reetangl p dnd| agked fo j
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- 54 - indicate which is nore |ike their display device. As another
alternative, the user may asked to choose two nenu choi ces, one

| i sting possible video display resolutions and anot her listing
possi bl e a i 0S. As yet another alt i t he
control pr§@§§§@&ﬁE07 may programthe on-screen 5 dispﬁggﬁég%g?gtor to
produce a figure, for exanple a circle, in several different signa
resolutions (e.g. 5251, 525P, 750P, ggl and 1180P) and several different
aspect ratios (e.g. 4 by 3 and by 9), with text asking the viewer
to press a button on the renote control device (not shown) when the
best circle is displayed. The system nmay sequentially provide each of
these i mages for a few seconds at the prinmary output to 10 correlate the
pressing of the button on the renote control device with the display of a
particular imge. This will provide the systemw th the needed information
on i nmage resol ution and aspect ratio for the display device.

Wth information on the display format of the display device, the system
may automatically adapt the received video signal for the best
possi bl e presentation on the 15 di spl ay device. Wen, for exanple, there
is a msmtch between the aspect ratio of the recei ved vi deo signal
and the aspect ratio of the display device, this be indicated to

the viewer and the viewer may be all owed, by invoﬂgég a command using the
renot e control device (not shown), to sequentially see all of the
possi bl e conversi ons between the - two aspect tios, as shown in

Fi gures 9A through 9E and Figure 10, and to sel ect Mene of 20 t hese

conversions to be used. Thrs appltes When e aspect ratio of the received
vi deo
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signal is 4 by 3 and the aspect ratio of the display device is 16 by 9 as

wel | as when the aspect ratio of the received video signal is 16 by 9
and the aspect ratio of the display device is 4 by 3.

As a final t ive, the systemnmay be configured to zﬁﬂﬁ%' mat i on
provi ded 25@bﬁ%ﬁ§$e di splay device in order to determn eﬂ%%éﬁay
format. For exanple, a two-way data path nay be provided via one of

the output signal lines (Y, CR, CB) éy he decoder system by which
data in a digital register in the di 6? y device may be read. The data in
this register may indicate a manufacturer and nodel nunber or a maxi mum

resol ution and aspect ratio for the display device. Alternatively,
t he di splay device nay inpose a direct-
- 55 - current (DC) signal on one or nore of these lines and this

signal may be sensed by the decoder system as an indication of the
di splay format of the display device. It is contenpl ated that
a multi-sync nonitor, which is capable of displaying video signal s
havi ng several different display formats nmay be connected to the primary

output 5 port of the video decoder. In this instance, the p deo
resol uti on conponent of t ~spl ay

type i nformation r??overed by the
control processor 207 deﬁ%rably i ncl udes an indication .
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that the display is a nmulti-sync device so that the only format conversion
that occurs is the aspect ratio adaptation shown in Figures 9A through

9E and Figure 10, when the aspect

does not nat e§p dgadsyof the di splay device.
enbodi ments of the invention have been shown and descri bedPCT/USIBREAS| n,

w Il be understood that such enbodi nents are provided by way of exanple

only. Nunerous variations, changes,
skilled in the art

al8/28ubstitutions will
wi t hout departing fromthe spirit of the invention.
appended cl ai ns cover al

Accordingly, it is intended that the

variations as fall within the scope of the invention.

ratio of the received video signa
10

VWi |l e exenpl ary

digital video signal conversion systemfor decoding and reformatting a

baseband encoded digital video sigpal gwhich sequentially rrgpresents first
and second vi deo displ.ay..formmilsgtd@ produc
a predef@rm

sui table for di spl ay i
di spl ay format havi ng:
conpri si ng: a digital: vi
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i ndication of the video displpy fof
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si gnal
to
that is

frequenci es, whes¥/api t he
process the encoded-digital

produce an output signal
encoded digital video signa
video display formats; and

identifies the extracted Vi
control signals for the dig
decoder to convert the enco
extracted display format in
predeterm ned vi deo displ ay
i ntervals. 2. Adigital v
1, wherein the encoded d
frequency-domai n transform
t he frequency-domai n transf
digital video signal decode
having a resolution less th

vi deo di splay format. 3.
according to claim?2, where
a programmabl e spatial filt

vi deo
configured with the respective first gggasecond

si gnal

processing circuitry which decodes the encoded digital
produce an out put vi deo signal

in the predeternlned vi deo
ective first and

V|deo S|gna

and which includes a | ow pass filter
switchably configured to have first and second cut-off

decoder is responsive to a control
usi ng the | ow BEEYSI8ONTARS

signal to

cut-of f frequencies to
di splay format f.rom

second
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O

er, coupled to receive data which
led format} the controller producing
ta i gnal jecoder which cause the
deo] si gpal corresponding to the
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de pnver si op system according to claim
g 5ignal i p encoded using a
2 and it he Jow pass filter operates on
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57 to a format conversion control signal provided by the controller to
resanpl e the decoded digital video signal provided by the digital video
decorder to produce the out put vi deo signal having the predeterm ned

vi deo di spl a%égﬁﬂ‘wg. 4. A digital video signal conversion system :
according to wherein the digital vi deo signal Por/esyendsesl usi ng
an encodi ng techni que specified by the noving pi ctures experts group
(MPEG in which the encoded digital 21/28o0 signal is contained in a
plurality of packetized el enentary stream (PES) packets, each PES packet
having a header, and the data retrieval circuitry of the digital video

si gnal decoder includes neans for extracting the video display format of

t he encoded digital video signal fromthe header of one of the PES
packets. 5. A digital video signal conversion systemaccording to claim
3, wherein the digital vi deo signal is encoded using an encodi ng

techni que specified by the noving pictures experts group (MPEQ in which
the encoded digital vided signal js clint alaned inadigital bit-stream

i ncludi ng sequence recpordls, each iseque g record havi ng a header, and
the data retrieval ci rg:wtry of t%ﬁe digital & \gr deo si gnal decoder

i ncl udes neans for ext¥ det i ng t hé vi deo 7dr§|slﬁ.'a:y fm‘n&t >0k t heggncoded

digital video si gn,a-l Fror the-he e ce re.cord 6. A
digital video signal conyersion s stsbnacq; oyl 1 forther
including a user inpu devrlce t hr ougrﬁ% r ente t he data
which identifies thez g i ned vi{d€o di s ! & . Adigital
vi deo si gnal var si h3 &y st em adcor di ngd jo} gkdi

| if
vi deo di spl ay ydevice cp8glled to the drgrtar ggceo $iig
' Vi

! e

t§ er=igfcl uding a
= precodter f or
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di spl ay device includes a register which holds an identification signal and
t he controller is coupled to the display device to read the

i dentification signal and, use the identification signal to generate the
data identifying the predeternlned video display fornag gital

vi deo signa %&w }si on system according to claima1, furt%‘é‘f’usgsm@éﬂprl si ng
a display device wherein the digital video signal decoder further

i ncl udes: 22/24 58 digital to
anal og conversion neans for converting the output signal of the signal
processing circuitry of the video decoder to an anal og signal;

transm ssion neans for applying the analog signal to the display device;
means, coupled to the controller, for sensing a direct current (DC)

pot enti al applied to the transm ssion means by the display device;
wherein the controller, respon5|ve to the means fOLesEnsing, identifies the
predet erm ned di spl ay fau««- e DE5@iay (TR I5E aoin vi deo si gnal

decoder. 9. Adigital video signal conversion syg { ézﬂxxndlng to claimé6

wher ei n: the video sig der further i'‘AitLudes an on-screen displ ay
processor which may be | | bty of output video
signal s, each correspondi ng t -y lfferent one of the
plurality of video displ ay fo and 1 rdntrol I er includes
means, responsive to a fir{st usef_contjrol si gria]**pr

video ' 1
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via the user input device, to cause the on-screen dlsplay deV|ce to
sequentially provi de video signals having respectively different video
di splay formats and responsive to a second sel ection signal provided via
the user inpwip skysige to define one of respective video display formats
as the predeterm ned video di splay format. 10. A di gi t BET/UEseer43i gnal
conversion system for decoding and refornattlng a baseband encoded
digital video signal, which is encodeéd/ ¢sing a frequency- domai n
transform operation and whi ch may represent a plurality of video di spl ay
formats, to produce a decoded video signal, each video display formt
havi ng an aspect ratio and a resolution, the system conpri sing: a

di spl ay devi ce having a predeterm ned video di splay format; a digital

vi deo signal decoder i ncluding: an input termnal coupled to receive the
encoded digital video signal; data retrieval circuitry which extracts
fromthe encoded digital video signal an i ndi cation of the video display
format for the decoded video signal; a lowpass filter, responsive to a
first control signal, which operates on the frequency-domai n transfornmed
digital video signal to selectively cause the digital video signal
decoder to produce a decoded digital video signal having a resol ution

| ess than the resolution of the extracted video display fornmat: and

59 signal processing circuitry, responsive to a second control signal,

whi ch .decodes the filtgregd frequency domai n encoded dhgltal vi deo signa
to produce an out put dgo signal; and
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a controller, coupled to receive data which identifies the predeterm ned
vi deo display format and the extracted video display format, the
control |l er producing the control signals for the digital video signal
decoder whic lthe decoder to convert the encoded digital video
signal corresponding to the extracted di splay fornmat i rRCI/SH$0404% put
vi deo signal having the predeterm ned video di splay format. 11 . A
digital video signal conversion syse&f®according to claim 10, wherein:
the digital video signal decoder further includes a programmuabl e spati al
filter which is responsive to a format conversion control signal to
resanpl e the decoded digital video signal provided by the signa
processing circuitry to produce the out put visgdeo signal having the
predet ermi ned vi deo display fornat; and égt controll er produces the
format conversion control signal. 12. A dUgSzﬂgQideo si gnal conversion
SYSt €M ACCOr (firtrepta@ g @rimmisimm—tyeepegsm i M- hdog signal is
encoded using an

vigigE siggnal S
S

N ¢
contained inja pl &R ke qgé§p1,PES) packet s,
each PES fjacke 1§§ @ rievall circuitry of the
di gi tal videq ' fecofde$ iy efi ng the video
di splay forng ' odé t he header of
one of the P L A di, conviefsi gn_system
according tolcl i 1= neg_ki(@§ i B gdncoded using
an encodi ng é@ iC expernts group
(MPEG) in whi di gi ingd in a
digital bit-j 3% 8 ords, eagdh record
havi ng a header &% ircuigry (of i 24| vi deo
si gnal deqoddr act;u_% tké;:' i @hay format of
t he encoded [ t he3tgadgns g;p he sequence
record. € N i - | ©
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gital video signal o

60 4. A di tal ., system according to claim11
fyrtheriAcl udi ng t hrough whi ch a ug@mpiRy: :
dat, asskidri ‘m‘mne THIS $eC" o Eed vi deo display f R@BWEWMSHEET
dl;gm mw‘ Ff | onve__rij:'_',,_ firaccordi ng to clai m 43 |wher ei n:

t he"xkaeo tsi fnal deco farther include3t an on-screen disgdl dy prokey 630
whi ch may be programed t.o produce a plurality of output{ i deo signals,
each cor r espondi ng tAMENREPeCLAIMS/WATH REMISIONaMaRKSle prurality of

vi deo di spl ay formats; and the controller includes neans. responsive
to a first user gomtdigita]VidkoAdig Qe ] UekSdihg! &ﬁg’ to
cause the on-screen d‘?spl ay de%i ce tg@glgalusggﬂtelﬁ'laﬁ?ye éﬁ%ﬁg\?}?%fd\%ﬁﬁeo ?gnal S
havi ng respeastbare] gncodéd digital videdaigmil swhichyseqoentdully ®pesents fRSPAESI ve to a

second sel ection signal provided via the user input device to defi ne one
of respect i $60Rd ¥ideodisplay formats e produce adegndsdetideasignal suitable for displayl ay

f or mat 16. A di“ Lt al '\Li de Mi nAal conv.erslon, system a .cordi ng to claim1l1l
further' i ndRFIPIFECETRIRN ¥ "d’ﬂgﬁ Vé?“'ﬁ@w?ﬁ‘é"%gﬁ?ﬁﬁe REHECEEREHed vi deo

di spl ay -f or g I,el Virden..di.spl ay . ice includes a register
whi ch hol dsﬁg%mieggﬁtaﬁpi%crae??lgﬁg%i %‘ggﬁﬂgﬁ an&mﬁﬁ% controller is coupled to
the display device to read the identification_  signal and, use the
i denti fi cation si gnal@ digita}eridecsignalidecedersinclading: f yi ng t he pr edet er m ned
vi deo display format.

an input terminal coupled to receive the encoded digital video signal;

data retrieval circuitry which extracts from the encoded digital video
signal an indication of the video displdy format for the decoded video

signal; and

signal processing circuitry which decodes the encoded digital video

signal to produce an output video signal and which includes a low-pass filter

that is switchably configured to have first and second cut-off frequencies,

wherein the decoder is responsive to a control signal to process the encoded

digital video signal [according to] using the low-pass filter configured with

the respective first and second [down conversion processes] cut-off
frequencies to produce an output signal in the predetermined video display

e formar from encoded digital video signals [in] having the respective first and
second video display formats; and

a controller, coupled to receive data which identifies the extracted video
display format, the controtler producing centrol signals for the digital video signal
decoder which cause the decoder to convert the encoded digital video signal
corresponding to the extracted display format into the output video signal having

the predetermined video display format in both the first and second intervals.

2. A digital video signal conversion £ystem according te-claim -1, ‘whercin

the encoded digiral video signal is encoded using a frequency-domain transform
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17. A digital video-sigral—conversion system for decoding and ref ormatti ng a

baseband encoded di Gl maiis@€0..Si anal which represents a video display
f or mat havi ng a ﬁmﬁmﬁi ; ﬂ@Lo to producdrg decoeed=videa-gj gnal
c [ [ A a’i‘i@p\'ﬁ‘.

(O -. n
sui tabl e for displays rm ned vi deg HETfRASBEENdVI ng a

second aspect ratio, different from@®e firs{_aspeBEPkAGED, the
conpri si ng: i

t erm nal I co‘_ﬂﬁﬂr%r_go‘? !6'?4 g%gd&g?ﬁﬁeb?é?}{fé 2&? e:@%ﬁﬂWm& I
et eVl el b RS A ! TR SHECH S Sl el 972
Dt oduce an EIE ik sRAE decoBEP Py FRERR dleRl o) URED VDY (1. 1

swit chably gestutionlad theh HwehitdbipetifibdIBCcoR Extrabred iddd Si9pIap ThRsar. Wher ei n
t he decoder is responsive to a control “signal to process the encoded

. Si gnal

CeTng L he oo, o7 4 figig) vidsqrsignal sanvgreinn syetemulor Sepeding and sefdmaring, ong

cut-off fr i 1] i Ng; ; i ned

vi deo dﬁfﬁghﬁ?%ﬁ&ﬂ%ﬁ% v?%éggig@ﬁtvtwetﬁif‘l?r tman},ig gglcégﬁm%gér@dgns

bet ween’ t hehavirigs4 first ApeEtThtio a peoduad aldeeoded viddo aipariuitadld for digiflay in a
controller, coupled to receive data which identifies the extracted video

di spl ay 4§ preggterminegd vider displayrfopmauiaving) 2 seeandadspsttgatip sdifferentifromi gi t al
vi deo si gngtg decoder .whi.ch cause the .decoder to sequentially convert the
decoded vi dB® Tirst aspectARtin e Y SR COMPENEs pect ratio into a first and
second out put signals having, respectively, the first and second

coRyer sions bet ween wahligitilrddemsignatidecadémineluding: t he second aspect ratio.

system

-y

an input terminal coupled to receive the encoded digital video signal;

data retrieval circuitry which extracts from the encoded digital video

signal an indication of the aspect ratjo for the decoded video signal; and

signal processing circuitry which decodes the encoded digital video

signal to produce an output video signal and which includes a low-pass filter

wherein the decoder is responsive to a control signal to process the encoded

digital video signal [according t0] using the low-pass filter configured with

the respective first and second [down conversion processes] cut-off
frequencies 1o produce an output signal [in] having the predetermined video
display formar having respective first and second conversions between the

first aspect ratio and the second aspect ratio; and

a controller, coupled to receive data which identifies the extracted video
display format, the controller producing control signals for the digital video signal
decoder which cause the decoder to sequentially convert the decoded video signal

having the first aspect ratio into a first and second cutput signals having,
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18. A di gi taI vi deo si gn‘T“onve*rm*eﬁ—syst em according to claim. 17 wherein

the first aspect m "H han the seg 2CORd—aS et |\p and t he
first and second I "Z’ imnmmmrespectl Ve ﬁq\s |HERA End i‘tcorrpresm on
t echni ‘ques to pr oduce © the butsput- 'si gnal ha

19-A digital video signal conversion sydtlem ac

ng tHEPb%‘E_ ond_aspect ratio.
ordiAg 10 claim 17, wherein
the first r i s .nar r than the second aspect rati o and the
first and secon y’c‘@%ﬁ%ﬁ”&@“@l‘ﬁe conveptiens hesween the firsd aspreo pdiceambei On
t echni ques mom@%&?r&nothe out put signal having the second aspect ratio.
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(87) Abstract

A video decoder compliant with the Advanced Television Systems Standard (ATSC) includes circuitry which decodes an ATSC
encoded image and employs a downconversion process to produce a standard definition video signal. The video decoder includes a
frequency—domain filter to reduce the resolution of the ATSC encoded signal. The video decoder downconversion system also includes
a formatting section having vertical and horizontal filters, as well as resampling processing, to format the decoded and downconverted
video image for a particular display and aspect ratio, The decoder senses the display format of the encoded video signal and changes the
processing provided by the decoder to produce a standard definition output signal regardiess of the display format of the encoded input
signal. The system alsg includes a format converter which may be programmed to use 2 plurality of metiiods to converi the aspect ratio
of the input signal for display on a display device having a different aspect ratio. In one mode, the system sequences through the possible
methods to allow the user o select one methed.




