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However, there still remains a need for a lower-resolution second decoder

25  suitable for deriving a PIP in real time from a received coded HD video signal which is
significantly simpler and less expensive to implement than is the second decoder
~ disclosed by Boyce et al, but still conforms with the ISO 13818-2 standard.

A system for decoding compressed image data in the form of pixel
30  blocks representing an image of a first resolution to provide an image of a reduced
second resolution decompresses a pixel block of the first resolution image. The system
involves selecting a sub-set of frequency domain coefficients in the compressed pixel
block data, and processing elements of the sub-set of coefficients to provide pixel data
representing pixels comprising a spatially distributed sub-set of pixels in the pixel block
35 in the first resolution image and excludes other pixels of the pixel block. The pixel data
representing pixels comprising the spatially distributed pixels is formatted to provide

the reduced second resolution image.
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2 RWFEF DESCRI PTION OF THE DRAWNG FIGURE 1 is a functional block diagram
according to the invention, show ng a vari abl e-1ength decoder (VLD)
responsive to an input HD MPEG data bit-streamfor 5 applying a first
sel ected MPEG data output therefromto a_PIP decoding neans and a second
sel ected MPEG data output therefromto ah HD decodi ng neans. FIGURE 2 is a

sinplified functional bl BRIBFPBSERIFIIOMNOETHE DRRWING t he Pl P decodi ng
means of FIGURE 1 which incorporates features of the present 10

i nvention. Fl GURES 3, 3(;1, 3b and 3c relate to enbodi nents of the
sanpl e-rate conV3GURE §hoafunctiond] GURE dlagrah, Rebrling roght inveh@iREhdwingher e i s

shown VLD ' : : ' / e _of the
ooponsps. afiarIEleheRP BOids0 (VER] Sechiy At MMM RIPAGAAR B eat Rof
bi t - st r eam?BPYINgR fiEY selgcted MPEG flatc oy pristhersfronntpes PB deqwdpiigomeans and a

i nf or mat i oRed@lisBROted MPBG atdf outpift GRSEMR tS¥BHD) d&éb&ingfmeﬂHﬁnt i zed discrete
20 cosine transform (DCT) coefficients as an input To HD decodi ng neans

104. Further, anong the functions perfornmed by HD decodi ng neans 104 is to
first perform i FIGURE guantsimatified furfctional blecke diagminy of &ix 8mbbdieteno fof EXST
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means déentigdr f orm notion 25  conpensation for each inter-coded
macrobl ock after |1 DCT has been perforned on that inter-coded nacrobl ock.

FI GURE | a shows | ock,, of oefficients, erein (1) the val ue of
coef fici ent DCT[@&P%% g’c%‘ 53 qnﬁ%gfaffp@eqmlpquq\exggﬂgheoqan} rags 8OTHIeHEK )

r epr esent s shoren avEIGIGRE(2DC) val ue (i.e., both the horizontal and vertical
frequencies are 0) of the 30 pi cture defined by the 64 values of a

corresEondi ng 8x8 bl ock of pixels prior to having undergone DCT, while (2)
the valfe of coefficient DCT7,7 (located in the | ower right conmer of the

8x8 bl ock) repr %#fﬁﬁg?@ﬂ@ﬂﬁ?&h&@ésj %@anvmrl@gmumza/eca@?lg 'ﬂ'&&?@%@z ¥fd i cal
reauency SOMRELE ok 160 1 U e tericncd B K ottt Vs g o
case of an ddf gufiniedrby, thalongoing bSstreamesppliyd ab bn infut tigetb4s BCIomeglchbiled ent s
Fesul ts 1 n B iR aoied 85 o B guccle s S O afRiRed Bkl T °
acconplPsh cosiag tﬁansﬁoaal(nq'lgez%ﬁ"miqm&aa% anrinpudto Hohdesoding weans| 4. Fagusrr es a
large anmounindgl thdBgR1BAOSEEHIRE B IBWERbAAY nienf ¢6P bR deforRBhvdrsde:
quantization of each successive 8x8 block of DCT coefficients and then perform
inverse discrete cosine transformation (IDCT) of the DCT coefficients of each
successive 8x8 block. Finally, HD decoding means 104 must perform motion
25  compensation for each inter-coded macroblock after IDCT has been performed on that
inter-coded macroblock.

FIGURE la shows an 8x8 block of DCT coefficients, wherein (1) the value of
coefficient DCTop (located in the upper left comner of the 8x8 block) represents the
average (DC) value (i.e., both the horizontal and vertical frequencies are 0) of the

30 picture defined by the 64 values of a corresponding 8x8 block of pixels prior to having
undergone DCT, while (2) the value of coefficient DCTy7 (located in the lower right
corner of the 8x8 block) represents the highest horizontal frequency and highest vertical
frequency components of the picture defined by the 64 values of a corresponding 8x8
block of pixels prior to having undergone DCT. For the case of an HD picture, all, or

35 nearly all, of the 64 DCT coefficients from DCTgg to DCT5 inclusive of FIGURE la
have non-zero values. This results in a relatively huge amount of image-processing
computation to accomplish IDCT in real time. Further, motion compensation also
requires a large amount of image-processing computation to accomplish in real time.



+3 Therefore, HD decoding nmeans 104 (Figure 1) requires about 96 Mits
menory to tenporarily store MPEG decoded i nage frames prior to display. HD
decodi ng nmeans 104 requires these frames for notion conpensation to
reconstruct accurate inmages for display. Thus, a physical inplenentation of
HD decodi ng neans 104 is relativel y 5 sgxpensive. Returning to FIGURE 1,
anot her of h es&onaﬁes of VLD 1 t}g t he coded HD MPEG dat a defined by
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t he foll owghgh 5&&5@&* 1@fsettfbgh@glgwesal d el ements 200, 202, 204, 205,
206, 208 and 2 assu of these el_e}tr}te s bei g og ted in
accordance with esuélB “ﬂ:‘ﬂg O‘H? dragram, gt { m@%ﬂ’ﬂ ding
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operation of this embodiment of PIP decoding means 102, it should be understood that
25  suitable control means that conform with the requirements of the ISO 13818-2 standard
would be included in a physical implementation of this embodiment.
For illustrative purposes, the following description of the aforesaid elements
200, 202, 204, 205, 206, 208 and 210 assumes that each of these elements is being
opérated in accordance with the above-discussed preferred tutorial example.
30 In this example, RLD 200 outputs 6 DCT coefficients for each 8x8 coded block
using the 2 scan patterns defined in the ISO 13818-2 standard. The positioning of the 6
DCT coefficients within each 8x8 block is illustrated in Figure 1b. If the alternate_scan
flag from the picture coding extension for the current picture is 0, the 6 DCT
coefficients shown in Figure 1b correspond to coefficients 0,1,2,3,4,5 in 1-dimensional
35 scan order, whereas if alternate_scan is 1, the 6 DCT coefficients of interest are
coefficients 0,1,2,4,5,6 in scan order. There are two run values that have a meaning in
RLD 200 which is different from that described in the ISO 13818-2 standard,
depending on the value of the alternate_scan. If alternate_scan is 0, a run value of 6



coefficients 0,1,2,4,5,6 in scan order. There are two run values that have
a neaning in RLD 200 which is different fromthat described in the |ISO
13818- 2 standard, depending on the value of the alternatescan. |If alternate
scan is 0, a run value of 6 4 indicates that the coefficients needed by
Pl P decoder 102 are all O and there is no, subsequent non-zero coefficient.
Simlarly, if alternate_scan is 1, a run A(/al ue of 7 indicates that the
coefficient mdmtedethanoghemffmmmge@deb)am’ decnddr 102me 2¥ Mand these duiaot
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quanti zation arith i C fpgdefritdiS841 ON ON InfdpRtdion id PIP REPETT1 Cl gnts as
described in the | $Q 13818-2 sf andard. re specifically, 1Q 202 fust
performthe inversg¢ quanti zation arithmegic and saturation portio s of the
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mi smat ch control pation|of tHe inverse quasemeasis IB8cass is ngt needed.
15 Conventlional |y, an_extensive|conput astarglasd _pr ocess _requi ri ng
three separate stepg i s neededdto converf the Nwietlowsd ormation in an 8x8
bl ock, defined in tke fréequency domai n by tphpDCQ‘%@ﬁfcliéﬁ%NgmeS oT
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of a smaller block of deci mated pi xels, for use in deriving a reduced- 20
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al t ernat e quantization process is not needed.

15 ' Conventionally, an extensive computational process requiring three separate
steps is needed to convert the coded information in an 8x8 block, defined in the
frequency domain by the respective values of inversely-quantized DCT coefficients at
the output from IQ 202, into picture information, defined in the spatial domain by the
respective values of a smaller block of decimated pixels, for use in deriving a reduced-

20  resolution video signal for the PIP display. The first step is to determine the value of
each of the 64 (i.e., full pixel density) pixel values of each 8x8 block of picture
information as an IDCT function of the inversely-quantized DCT coefficient values.
Thereafter, the second step of lbwpass filtering followed by the third step of pixel
decimation may be performed on the pixels each successive 8x8 block to provide the

25  desired smaller block of decimated pixels. For instance, a decimation of alternate
horizontal and vertical filtered pixels for the case of a progressive scan would resultin a
75% reduction in pixel density. Similarly, a decimation of 3 out of 4 successive filtered
pixels solely in the horizontal direction for the case of an interlaced scan would also
result in a 75% reduction in pixel density. Thus, in either case, such a decimation would

30 result in a reduction in pixel density from 64 per 8x8 block to only 16 per 8x8 block.
However, the amount of hardware'required to implement this conventional three-step
computational process is relatively large and, therefore, relatively expensive.



horizontal and vertical filtered pixels for the case of a progressive scan
would result in a 75% reduction in pixel density. Simlarly, a decimtion

of 3 out of 4 successive filtered pixels solely in the horizontal direction
for the case of an interlaced scan would also result in a 75% reduction in
pi xel density. Thus, in either case, suclsa decimtion would 30 result in-
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PI XEL VALUEg"’gi("g,g%)v Qge{%t{[%?gﬂ’égdﬁ%%ﬁﬁﬂ‘e | + 10DCT[err] + 7DCT[err] +
13DCT[err] + 7DCT[err] / 64 g(1,0) = [8DCTo,0 + 4DCT[err] + | ODCT[err] +

7DCT[ ergd +PREOGRESSIVE-SCRNTSET OF DE¢IMAHD PECHISVAE g ] - 4DCT[err] +
10DCT[err] + err =[8 0,0 -

. - 3 0)_ =
1oocTerr] 8OO % 1(10 "‘j%'—[ié?‘ E?DE- ;QB%#I" g%bwe%l?‘ﬁ'aﬂ/ 4 g(0,1) =
[ ODCTo, 0 + gQEYH BD(Tsp K4DOTTes + [10DCTRCH CTTy 2+ SIDCT] 1 TDCF, o P64[ err] / 64
o 1~ B ot i st rben O ity T
2DCT[err] - g@gﬁj‘p{ Tqjo -6HDCT; o + 10DCTy,; + 7DCTy; - 13DCT, 3 + 7DCT, 0} / 64
25 g(0,1) = [8DCTyp + 10DCT, g + 4DCTy, - 7DCTg 2 + SDCT, 1 + 7TDCT,0] / 64
g(1,1) = [8DCTop + 4DCT1,0 + 4DCTy,; - 7DCToz + 2DCTy,; - 7DCT,p} / 64
g(2,1) = [8DCTyp - 4DCT) 0 + 4DCTy,; - 7DCTy;2 - 2DCTy; - 7DCT,0) / 64
g(3,1) = [BDCTy - 10DCT; 0 + 4DCTy,1 - 7DCTy3 - SDCT); + 7DCT,p] / 64
£(0,2) = [8DCTy + 10DCT) o - 4DCTy, - 7DCToz - SDCT,; + 7DCT2)/ 64
30 g(1,2) =[8DCToo +4DCT; - 4DCTy,; - 7DCTyz - 2DCT, | - 7DCT20] / 64
g(2,2) = [8DCTop - 4DCT,; o - 4DCTy,; - 7DCTop2 + 2DCT, ; - 7DCT20) / 64 .
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g(1,3) = [8DCTgp + 4DCT p - 10DCTy,; + 7DCTyg3 - SDCT1,1 - 7TDCT, 0} / 64
35  g(2,3) = [8DCTop - 4DCTyp - 10DCTo, + 7DCTo, + SDCT1,1 - TDCT20] / 64
g(3,3) = [8DCTyp - 10DCTy - 10DCTy,; + 7DCTo + 13DCT1,1 +.7DCTa0] / 64




g(3,1) = [8DCTo,0 - 10DCT[err] + 4DCT[err] - 7DCT[err] - S5DCT[err] +
7DCT[err] / 64 g(0,2) = [8DCT[err] + 10ODCT[err] - 4DCT[err] - 7DCT[err] -
5DCT[err]+ 7DCT[err]/ 64 30 g(1,2) = [8DCTo,0 + 4DCT[err] - 4DCT[err] -
7DCT[err]2 - 2DCT[err] - 7DCT[err] / 64 g(2,2) = [8DCTo,0 - 4DCT[err],
ADCT[err] - 7DCT[err] + 2DCT[err] - 7DCT[grr] / 64 g(3,2) = [8DCToo -
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18DCTo, o + 10DCT err ,0 - 1CDCT[err] t 7DCT[err] - 13DCT[err] + 7DCT[err] [/
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it st e Sl gl ool
ADCT[err] -8 8DCﬁQP6T 'Blrlﬂ 64 2DCT[err] -
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ODCT[ err - -
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Set of Deci gw:e)d=mnmoo\mn@s,oammmqwemmm@r-lml@m Set of Deci mated
Pi xel Val d t
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frequency index v, then the IDCT equati on which would be used to decode a

bl ock dggoted f (Ea¥ﬂ oﬁﬁlefaﬁbv}e Fﬁ@%ﬁ*@@c&%[ﬁ%amﬁed Pixel ValuesMand abovéd

0..... | SO st andar
N l‘ﬁ\tg'la\égg-s égt of Dec1matc ixe alues was c?enved in the following manner:

1. If DCT,, denotes the DCT coefficient with horizontal frequency index # and

vertical frequency index v, then the IDCT equation which would be used to

decode a block denoted f(x,y) at full resolution (where x = 0,......, N;y=
25 0,......,.N) is given by
2 G (2x+ ur 2y +1)uvx
= = C(u)C()DCT, C 1
fxy) = T 207_:,) (@)Cw) N S5 ¢))
(per ISO 13818-2 standard )
30
2. Using only the 6 DCT coefficients shown in FIGURE 1b, gives the approximation
equation 2
1 1 2x+Ln 1 @Cx+1)2r ]
{- DCT,, + 5 DCT, jcos ———+ ;i DCT, scos N + |
2] 1 J2y+bn 1 @x+)n  Qy+m |
= —= 2
f(x, Y) NI -J_ DCTO 1 2N + 4—2- DCTLICOS 2N COS 2N + ,( )
| 1 @y +1gn |

|35 PCToac0s ™55 ]



‘30 2. Using only the 6 DCT coefficients shown in FIGURE 1b, gives the
approxi mati on equation 2 7 3. Let the right-hand side of approximation
equation 2 be denoted f(x,y). In the case of a progressive scan (i.e., the
progressive-sequence flag is 1), the average value of the values of a set
of 4 contiguous pixels (or prediction errors) arranged in a 2x2 block 5
portion of the 8x8 block could be conput@d by [err] In the case of an
interlaced scan (i.e., the progressive-sequence flag is 0), the 10

aver age valug 0f Vi (o) 3 4 ' ' o] redi ction
errors) ar r3' ﬁ"@égéh% ﬂgtét %I(l ﬁE‘}ecrfgka?’B%?‘%rf‘g‘EP“o qqltgﬁzéﬁ g%@@f‘@%ﬁé’%&? dﬁb@’efﬁ%ut ed
by [err] 1%faprogressiverisan (i-a.rfhe PEPSRSEIVAaIcAtENSE K188 ds Hofhe ayerage valug ok thy a
2x8 bl ock (abisefiantet Of 4 eantigne pisels er peedirsinn erorggirapgedein A&x2gilaek

val ues br poetétincefitbe18x% block coulthbs chinpeted by denoted [err](x,y) , X =
0,...,K y=0,...,L. If the progressivesequence flag is 0, then K=l and
L=7. If the progressive.sequence flag is 1, then K=3 and,L-3. 20 4. The 16

equat i ons @)= (gt,ay)}}fm{héyhbﬂﬁx,zwng-rﬁgxwﬂysm)&u Set of Degdymated
Pi xel Val ues" wer# derived by substituting equation 2 into equation (3),
substituting nuneric values for x and y in g(x,y), substituting N= 8, and

i mat i t i ghti f for.the DCT fficient f.t 6 25
2D 2ot o bl AR DREhEEP o} BT gROS L N Bk f B
rationdD val ues.average valub pf thefrealdss of qusat ofoh sordigDos pikels §éripredictién efmmershbove
| nterl aced- Scanygbedly £ BTBUCHribK 6F VBt Bock W56 BlEbipaHalty
né‘ (Z?), subs neric val ues for

substituting equati I nto equation tituting n
x and y in g(x,y), substituting N = 8, and approxi mating the wei ghting

fact f 7 fE el t 6 ti f
et o acen- SRS b R e KPR SRR R IP PR U BT

result, a different spatially distributed sub-set of pixels is
advant ageously selected for interlace i mage output than for progressive
i mage dbt put. 35Thus\thet iécddcimsed pinelsofiormi d 44 blogk can 2x8 bdarke(depertdingadn y on

either a frame t@(? ip?ﬁgglésg% ?eétxérf‘cleﬁlnagggg %:ﬁher%i?él%deg%lr %rediétio'ﬁaéfr&g Aserved

that wh | ot [
a en & 1ot flock'is denrc])tedcg&r,jsr) . X =0,.,K;y= 0,..L. If the progressive_sequence

flag is 0, then K=1 and L=7. If the progressive_sequence flag is 1, then K=3 and
L=3.
20
4. The 16 equations g(0,0) to g(3,3) of the above “Progressive-Scan Set of
Decimated Pixel Values” were derived by substituting equation 2 into equation
(3), substituting numeric values for x and y in g(x,y), substituting N = 8, and
approximating the weighting factors for the DCT coefficients of the 16
25 equations of the ‘Progressive-Scan Set of Decimated Pixel Values” with
rational values. Similarly, the 16 equations g(0,0) to g(1,7) of the above
“Interlaced-Scan Set of Decimated Pixel Values” were derived by substituting
equation 2 into equation (4), substituting numeric values for x and y in g(x,y) ,
substituting N = 8, and approximating the weighting factors for the DCT
30 coefficients of the 16 equations of the “Interlaced-Scan Set of Decimated Pixel
Values” with rational values.

As a result, a different spatially distributed sub-set of pixels is

advantageously selected for interlace image output than for progressive image output.

35 Vertical decimation filtering can be done vertically on either a frame basis or on a field-
basis. Subjectively, it may be obsérved that when a lot of motion occurs in 2 frame,
field-based filtering may be better and conversely, when there's a lot of spatial detail,



field-based filtering may be better and conversely, when there's a | ot of
spatial detail, 8 frame-based filtering may be better. Consequently, in
order to mnimze the problens associated with the pixel decimtion
process, the preferred enbodi nent uses exenplary decoding at 1/4 hori zontal
resolution and full vertical resolution fgr interlaced sequences. In
contrast, the preferred _ enbodi nent uses decoding at 1/2 horizontal and 5
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predictions l;e)orrer @é?erdybmn%é Beifig wr Ltte‘hhﬁtorfﬁg Finde bk & A (Q?Bémgfnlea'ﬂrbut from

i ntracoded (| erence_picture, rediction, val ues are

Ot herwi se, pgh&dirg Wﬁ?ﬁﬁﬂ@&rﬁ‘&ﬂéﬂmrﬁﬂ‘?l ef ,w Tarefodesimaed @ixgt meaory 0@ In)the
reference p'dé&é«”d?(@):uﬁérﬁrpdr PN (pteditfic) eflamhe o2 | figl"Béc¥mated pixel memory 206

25 includes a buffer thereof which applies a macroblock first readout output, which
conforms with the ISO 13818-2 standard, as an input to MCU processing means 208 in
order to provide motion compensation.

In accordance with the above-discussed preferred tutorial example, MCU
processing means 208 operates to form a block of luma predictions and 2 blocks of

30 chroma predictions for every macroblock. If the macroblock is part of an intracoded (I)
reference picture, the prediction values are all 0. Otherwise, pixels from decimated non-
intracoded (predictive P and B) reference picture(s) stored in decimated pixel memory
206 are read and lowpass filtered in MCU processing means 208 to obtain the
predictions in the following manner:

35 There are 3 elements of the motion compensation process performed by MCU
processing means 208. First, there is the location of the current block of decimated
pixels, which must be fetched from a buffer storing a reference picture. Second, there is
the size of the current block of decimated pixels which must be fetched, and third, there



206 are read and | owpass filtered in MCU processing neans 208 to obtain the
predictions in the foll ow ng manner: 35 There are 3 elenents of the
notion conpensation process performed by MCU processi ng neans 208. First,
there is the location of the current bl ock of decimated pixels, which nust
be fetched froma buffer storing a reference picture. Second, there is the
size of the current block of deci mated pigxel s which nmust be fetched, and
third, ther.e g IS tge filt r|n which is to be performed on this current
bl ock of ddtitfafiieriog which is £ B¢ imettamRed-on M curent of | depimpated Pixgls. &y nbol
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The location of a block to be read from decimated pixel memory 206 for motion

compensation by MCU processing means 208 is determined using x, y, dx, dy, where x

25 and y are again the full-resolution coordinates of the block currently being predicted
and (dx,dy) is the decoded motion vector. Table 2 below shows the locations of blocks
for various prediction modes. The sizes of the blocks to be read from decimated pixel
memory 206 for motion compensation in the MCU processing means 208 are specified
for various prediction modes in Table 3 below.



‘menory 206 for notion conpensation in the MCU processing neans 208 are

specified for various prediction nodes in Table 3 bel ow. 10 Prediction
Mbde Hori zont al Vertical coordinate coordinate
Progressi ve sequence, |una x/2 + dx/ 4 yl2 + dy/4
Progr essi ve sequence, chrona x4 + (dx//2)]4 yl4 +
(dy//2)/4 Interlaced sequence, |uma 10 x4 + dx/8 y
+ dy/ 2 Interlaced sequence, chroma x18 + (dx//2)/8 yl2 +

Edlie £ r.an J\Ihnmy\J 2006 {nr [\W/a¥d
v

(dy//2)/L -+ Z LITJI‘I\T ~| Bt NS oot O IV E T o == ..ir
Conpensat orﬁ"eflﬁuw ocessi }‘ @%0‘2‘6]8 Predi ct|i oferiigalgoordinate

FaVal
=4

Hori zont a Vertical  $i ze coordinate Size HBrogressjve sequence, uma 9

9 Progrespi veProgmssvece, chrorfa 5 5 Interl aced sequence,
luma, frape spqurdts; tina x/2 + dx/4 5 y/2 + dy/4 17
Interl acef segjdeRegve I UNR, Tijel'd prediction 5

9 Interl ac gq&% edﬂ?cﬁna chromét }Ma%xwzi,gi ct | on vi4 + (dy/2)/4 3
9 Interl aped cITGe; chr o1Tg, T 1T ert pltcuﬂ,Tru 1 3
55 Tabl e L%?

Q% s of Blodks read from Menory| 206 for Mption

Conpensat MMM&MLQ block 18Ydi xel s needéd for
mot i on cofrpendeieiléngdhas been {read from deci mat ed| pi xel menory 206, it |nust
be filtergpdequencbichioma he prddi &f8 -(dx//2VBere are] 5 MR + (dy/fDBrent filfers

whi ch ar e Tabk®-f ocatiphedf Blocksirehd ffioat Méghory bE6 for MdticarGomgeasationtiaMCU Tabl e

4 processing means 208
Prediction Mode Horizontal Vertical
Size Size
Progressive sequence, luma
9 9
Progressive sequence, chroma
5 5
Interlaced sequence, luma, frame
prediction 5 17
Interlaced sequence, luma, field
prediction 5 9
Interlaced sequence, chroma, frame
prediction 3 9
Interlaced sequence, chroma, field
prediction 3 5

5 Table 3-Sizes of Blocks read from Memory 206 for Motion Compensation in MCU
processing means 208

After a block of pixels needed for motion compensation has been read from

decimated pixel memory 206, it must be filtered to obtain the predictions. There are 5

10  different filters which are used for prediction filtering. The S filters are listed in Table 4
below. Filter 1 has 2 phases, and is the same as the filter described in the ISO 13818-2
standard, where phase 0 of filter 1 is used if the motion vector is even and phase 1 of

filter 1 is used if the motion vector is odd. Filter 2 has 4 phases and is used only for

both horizontal and vertical luma predictions in progressive sequences. Filter 3 has 8

15  phases and is used only for horizontal luma predictions in interlaced sequences. Filter 4
has 4 phases and is used only for both horizontal and vertical chroma predictions in
progressive sequences. Filter 5 has 8 phases and is used only for horizontal chroma
predictions in interlaced sequences. The selection of the phase to be used in each of
filters 2, 3, 4 and 5 is based on the motion vector. Tables 5 through 12 below show the



‘below. Filter 1 has 2 phases, and is the sane as the filter described in
the 1 SO 13818-2 standard, where phase 0 of filter I is used if the notion
vector is even and phase 1 of filter 1 is used if the notion vector is odd.
Filter 2 has 4 phases and is used only for both horizontal and vertical

| uma predictions in progressive sequenies. Filter 3 has 8 15 phases and
Is used only for horizontal |unma predi lions in interlaced sequences.
Filter 4 filees add phaseas bamded for difftemtrprydition fodd3. The syraby] 8b reprében8ithd cal
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predi cti opfiuehth AfmALd il TSI B Yerk Bl add 24527 1 NG and

pi xel - deci mat1 on processSi ng ne I's saturated so that all pixel val ues
writtlén to_decimated pixel peopry 206 lie between 0 and 255. 15 |

Pr edi ct i on|_FPtetlietion Filters FFiltéreert{elrFumktidrunct i on
| Filter 1 Filter 1 (L 1png Filter 2 D
(-2~ L1118 My 20 18 7 T° T @ IerTT8ob30,26,187.1-1.2)32 T

1,-2,-4,-5 5 ;6
) ) 1 _ ! r—j, T,_- ,-_,, - ’ ’ ’ ,3 45,53,58’601
79 4’58. 3. 5,35’9’6/,51622%} Y
1

58.53. 45, 36, 26, TH 2 -2
O A I Y0525 5.4, 2.1 -1)/64

' 5
(1,2,3,4,5)6, 7 &itergt 5 4.3 2 11/8 Table 4- F{1.2.34A3.28% for Prediction
Filtering Predi dfiltemd Mode (R2,BHex,6,8,7,6,5,4,3,2,1)/8 | Phpse
Table 4-Filters Used for Prediction Filtering

Prediction Mode Filter No. Phase
Progressive
sequence, luma Filter 2 See Table 7
Interlaced
sequence, luma Filter 3 See Table 8
Progressive
sequence, chroma Filter 4 See Table 9
Interlaced
sequence, chroma Filter 5 See Table 10

Table 5-Filters Used for Horizontal Prediction Filtering
20



‘Progressi ve sequence, |uma Filter 2 See

Table 7 Interlaced sequence, |uma Filter 3
See Tabl e 8 Progressive sequence, chroma Filter 4
See Table 9 Interlaced sequence, chroma Filter 5
See Table 10 Table 5-Filters Used for Hfil zontal Prediction Filtering 20
12 Prediction Mde Filte Phase
Progr essi (8—s8at8a6-8r—tia __Eilter 2 See
Table 11 | nfg@qm@dode Filter No. Phase
sequence, |l unBrogisssive Filter 1 even Inpterlaced
1 sequenceq, {edi@ncedMma Fitletper 1 o d d Pr (gggqggpe\,lq sequence,
chroma Interlaced F1 1L el See Tablge 12 tmrertaced
0 sequencd, e@}tqgn%g%ma dy @Her 1 dy//% even Interlaced
1 sequencé ter 1 dy/12 odd Table 6-Filters |Used
for Verti da—PRe& 'j‘i HoR—H-teri-Rrg—eax4t Phaseo
0-3,1 Interlaced 1 -2,2 l 2 -1,3
3 sequence, luma, dy Filter 1
odd
Progressive
sequence, chroma Filter 4 See Table 12
Interlaced ' 0
sequence, chroma, Filter 1
dy//2 even
Interlaced 1
sequence, chroma, Filter 1
dy//2 odd )
Table 6-Filters Used for Vertical Prediction Filtering
dx %4 _ Phase
0 0
-3,1 1
-2,2 2
-1,3 3
Table 7-Phase Selection for Horizontal Luma Prediction Filtering in
5 Progressive Sequences
dx %8 Phase
0 0
-7,1 1
-6,2 2
-5,3 3
4,4 4
-3,5 5
-2,6. 6
-1,7 7

Table 8-Phase Selection for Horizontal Luma Prediction Filtering in

Interlaced Sequences
10



- Tabl e 7-Phase Sel ection for Horizontal Luma Prediction Filtering in 5

Progressi ve Sequences dx%8 Phase o

o-7,1 l1-6,2 2 -5,3

3 -4,4 4 -3,5 5-2,6

6 -1,7 7 Tabl e 8-Pmse Sel ection for Horizontal Luma

Pr ed| ction Filtering in Interlaced Sequences 10 13 dx// 2%}

Phase -3,1 ™ 2 2 -1,3

3 Tabl e 9- Phase Sel ectl‘gn—Le;-%em—aJ—ch-peLm—EM‘i ltering in
Progressi ve Sequences 5 dx/ /29890 (Phase o

0-7,1 1-5,,12 1 2 -5,3

3 -4,4 325 . 2 5-2,6

6 -1,7 7 Tahl € 10-Phase [SeTecfion Tor Horizontal

Chroma. Predi ct i omyid § S bR TN E R B R R Fitering in

Phase Progressive Sequences
5
dx//2%8 Phase

0 0
-7,1 1
-6,2 2
-5,3 3
-4.4 4
-3,5 5
-2,6 6
-1,7 7

Table 10-Phase Selection for Horizontal Chroma Prediction Filtering in
Interlaced Sequences
dy%4 Phase

0 0
-3,1 1
-2,2 2
-1,3 3

Table 11-Phase Selection for Vertical Luma Prediction Filtering in
10 Progressive Sequences

dyl/2%4 Phase
0 0
-3,1 1
22 2
-1,3 3

Table 12-Phase Selection for Vertical Chroma Prediction Filtering in

Progressive Sequences
15



-0

2 -1,3

Prediction Filteri
Sequences dy// 2%
1-2,2

0-3,1 1-2,2
3 Tabl e 11-Phase Sel ection for Vertical Luma
ng in 10 Progressi ve
Phasge O 0 -3,1
2 -1,3 14 3 Tabl e 12-Phase

Selection for Vertical Chronn Prediction Filtering jin Prodressive Sequences

15 14 Predictign MBeaiction Mode Hori zoh#Horizonta Vel tVedtall Si ze

Si ze Progressive gequence, |una 1 Size 8 Size 8
Progressive sequenceyosaisii®sequence, 4 Z—thterl aced
sequence, lum, fijeld pre[i'ngc I"on {4 8 § Interl aced
sequence, |unm, frou#: recHction 4 16—nteH aced
sequence, chroma, ffi é?‘tfeﬁtlv&ﬁeﬂ??“(‘iﬁ' 2 4 Interlpced
sequence, chroma, chroma 2 4 8 ptediction| Tabl e
13- Si ze of Bl ocks |oulnsrlackd sqqupnagiCU Ret ufning again t¢ FlI GURE 2, ah ongoi ng
vi deo signal conpr|i diimg, fi¢ld pridiation 5  defi ndng each ¢f s8ccessive| picture
fields or frames ([askitértacedsequemee, be) isiread out from deci mated pj xel

menory 206 and is

aRithd, SehnRSpradicligput to

sangl e-rate (

onvgy ter

10

15

20

25

Interlaced sequence,

chroma, field prediction 2 4
Interlaced sequence,
chroma, frame 2 8
prediction

Table 13-Size of Blocks Output by PIP MCU

Returning again to FIGURE 2, an ongoing video signal comprising the pixels
defining each of successive picture fields or frames (as the case may be) is read out
from decimated pixel memory 206 and is applied as an input to sample-rate converter
210. This is done in order to derive a display video signal as an output from sample-rate
converter 210 which is forwarded as an input to the PIP display. By way of example,
assume that the size of the PIP display is to occupy 1/3 of the horizontal dimension and
1/3 of the vertical dimension of the entire HD display size. If the original resolution of
the HD bit-stream is 1920x1080 interlaced, then the PIP decoded frames (in which the
number of pixels in the horizontal direction has been decimated by a factor of 4:1) are
480x1080 interlaced. Assuming a 1920x1080 interlaced HD display, the displayed PIP
frames should be 640x360 interlaced. Therefore, in this example, the decoded frames
stored in memory must be scaled by sample-rate converter 210 by a factor of 4/3 in the
horizontal direction and 1/3 in the vertical direction.

Sample-rate converter 210 may take the conventional form functionally
shown in the FIGURE 3 block diagram. First, block 300 upsamples the ongoing video
signal read out from decimated pixel memory 206 by a factor U (e.g., 4 in only the
horizontal direction of the aforesaid example). This involves the insertion of 3 zero-
valued pixel samples following each horizontal pixel of this video signal being read out.
Second, display filtering comprising a lowpass interpolation filter (H;) 302 employs the
values of the readout video signal to compute interpolated non-zero values for each of
these zero-valued pixel samples. Third, block 304 downsamples the output of filter H;
by a factor D (e.g., 3 in both the-horizontal and vertical directions of the aforesaid
example) by decimating 2 out of each group of 3 successive interpolated non-zero



‘210. This is done in order to derive a display video signal as an output
fromsanple-rate converter 210 which is forwarded as an input to the PIP
di splay. By way of exanple, assune that the size of the PIP display is to
occupy 1/3 of the horizontal dinmension and 10 1/3 of the vertical
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t he next F;hecthff ém(tglﬁoﬁm of fhey GER ipigures, the undes1rable noticeable pulsing of the

displayed PIP pictures would be avoided. Because of the relatively small size of the
25  displayed PIP pictures, the blurring of the displayed PIP pictures is substantially less
noticeable to a viewer than is a noticeable pulsing of the displayed PIP pictures.
Reference is now made to FIGURES 3b and 3c to show the manner by which
the individual lowpass filtering of each of the preceding pictures I, Py, ..., Pi.1y of the
GOP pictures is achieved. In FIGURES 3b and 3¢, 1<k<n. FIGURES 3b and 3c show
30 the difference in processing (either vertically or horizontally) between 2 consecutively
displayed P pictures, pictures Py and Pg.). Included in FIGURE 3b is the motion filter
(Hm) 306 used to predict picture Py from picture Py.;y in the MCU, upsampler block
300, and the display filtering of compensation filter (Hc(k)) 308 shown in dashed-line
box 310 added to H; filter 302 and downsampler block 304. Included in FIGURE 3¢
35  are the upsampler block 300 and the display filtering of compensation filter (Hc(k-1))
312 shown in dashed-line box 314 added to H; filter 302 and downsampler block 304.



*line box). The displayed | picture is the sharpest, since no | owass
prediction filtering 15 t hereof has taken place. However, successive
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filter 302 emabedisativmefiiter éor pictarkP 304iven byl6 The goal of the conpensation
filtering is to use He(k) filter 308 and Hc(k-1) filter 312 to nake the
processing in the path enclosed in dashed-|ine box 310 in FIGURE 3b _
equi valent to the processing in the H&M%’MQI osed in dashed-line box 314 in
FIGURE 3c. This is acconplished as follows: Let HM U denote the filter HM
upsanmpled by U, 5 i.e., the filter obtained by inserting Ui zeros
bet weerfl on¥Bers the; EURESIGHIPER -df merws thap theskequeapioresronse Huut iemultipliedhyn ¢ he
desired r el pdelfanshiifnebe The esmplexsktiorfillertof the I bictirs agitid@RgiMindf te GOP =
HWuHc (k). 10bThedfi nal P)pic Eﬁbprhi n che 2 reqltltilres no_compens tion
filter sinck9 fau()ﬁ rl%yawltlpl ing Hc y Hyy. For a B picture, the compensation Tilter for

either of the two reference pictures can be used.

The implemented filter Hy corresponds to one selected phase of the

25  appropriate filter from Table 4 set forth above. The fact that the phase which is used
for prediction filtering varies at the macroblock level makes it very difficult to
conipensate for prediction filtering perfectly. However, it has been found
experimentally that phase O provides good results in the design of the aforesaid
compensation filters.

30 Further, the required lowpass compensation filtering can be implemented with -
virtually no added cost relative to the cost of converter 210 if the values of the filter
coefficients in the sample-rate converter 210 are programmable. Since degradation in B
pictures does not propagate, it is only necessary to consider I and P pictures in
designing these compensation filters. More particularly, by convolving the impulse

35  response of the H; filter with the impulse response of each of the series of compensation
filters for each of the GOP pictures shown in FIGURE 3a, the resulting coefficient
values can be pre-computed and stored in memory. Then, all that is required for
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GCPplctures t her evi a ore
pul si ng of PIP decodmg means 102, described in deta above, wherein ( 1) the number of DCT

coefficients in each of successive 8x8 blocks is limited to the 6 DCT coefficients
DCTo,o, DCTLQ, DCTz,o, DCTo,l, DCTu and DCTo,z shown in FIGURE 1b and (2) the
25  density of the decoded decimated pixels corresponding to each of these successive 8x8
blocks is reduced by a factor of 4:1 to only 16 pixels per progressive or interlaced
frame. Generalizing, the number of equations in each progressive-scan set or interlaced-
scan set derived in a single step by unitary IDCT, filtering and pixel-decimation
processing means 204 is equal to the number of pixels per progressive or interlaced
30 frame and the number of terms per equation is equal to the reduced number of DCT

coefficients employed per 8x8 block. However, for the following reasons, this preferred
example of PIP decoding means 102, for use with input data derived from a coded HD
video signal that has been coded in accordance with the ISO 13818-2 standard, is
considered the most practical:

35 In a first case, were the high-frequency spatial components in the PIP display to
be increased by increasing the number of DCT coefficients in each of successive 8x8
blocks to 10 DCT coefficients by adding the 4 DCT coefficients DCT3g9, DCT3, 1,
DCT, 2 and DCTy3 to the 6 DCT coefficients shown in FIGURE 1b, the density of the



10 ' problem Consequently, filter functions are advantageously adaptively
vari ed based on system characteristics including, (a) notion vector type,
(b) group of picture (GOP) structure, (c) a GOP boundary transition, (d)
whether an I, B or P frane is being processed, and (e) whether interlace or
progressive frame output required. Therefore, the filter functions may be
tailored to accormodate PIP picture char&®teristics such as 15 (i)
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criterion. Ubicuetvided signalifdr uséibpa PIP display, the scope of the present invention is not
limited thereto. In particular, the single step process performed by unitary IDCT,
25 filtering and pixel-decimation processing means 204 is applicable to any type of
decoder apparatus or method for decoding a coded HD video signal for deriving a
decoded video signal which reads on any of the following claims, regardless of whether
or not the coded HD video signal has been coded in accordance with the MPEG ISO
13818-2 standard or is or is not produced in real time. Further, the decoded video signal
30  may be for use with a standard-definition display and/or a standard-definition recorded
video signal which, when played back, results in a standard-definition display, rather
than for use with a PIP display.



-5 increase the anmount of conputational processing and conplexity required
of an inplenented unitary IDCT, filtering and pixel -deci nmati.on.processing
means 204, thereby di m nishing the benefit of the present invention. — -

Further, a viewer of a relatively small RLP display m ght ' ,
resol ve these high-frequency spati alcfﬂrﬁé’)nents in the PI Plf l ﬁﬂg’ ,M'm”m
In a second case, the high-frequency spattal conponents in the PIP dl spl ay

may be decreased by decreasing the nunber of DCT coefficients in each of
successi ve 8x8 bl ocks ,fromthe DCT cpefficients shown in FIGURE | b to

only the 3 DCT coef fidPéhpyst ,dqse@[fm?mamseé-?maseﬂﬁté in 3¢ fomt es a

further degn . SEEN i {4 Walst k e
required gr%?ééikgtn{)éﬁéxi tyﬂg.l%{ g e(l{ib:f f%i %rgrfés,on{t{aﬁgg%@iglfd%es Erﬂg é]equi red
uni tar g | ER reduced seagnd esqlitian, aduethwat charagtedzed by tine stepsof204, at t he

expense of not bein I effectively furt.her reduce the pixel density
of each successive 31?%%57(9&{%%@9 aaﬁﬁglotgpélggf"@eéggtlrstirﬁ§%pﬁ%%gaa$$ gﬁe beyond a
singl e pixel for thajelddtingk a( isub-set eic fregueatye dumsik Boeftitiehes iR yague
equal to the DC val ue of that block). 20 Al t hough the present

i nvention qemprgssed E’B@&Phckéﬁaftﬁh%cri bed above in connection with the
decoding of a coded SRoulden aLseals bPailBnLheR PRI ERAR Froagge W LN

the MPEG | SO 13818- n or use in producing Inre ecoded
vi deo 19i grpikelf datausepregentig) Pixbls ptamprising = apatiallyf distdbpteds sub-sebwdnt i on

is not lim.ted.thereto. | articul ar, the sipgle step.process perfornmed by
uni tary | BIS 36 Said ipbiel ik i gals adosidf said et rrolliueiang Sedlidingos |
appl i cabl ether ?i%lstdﬁ%id)bixéﬁsl%@ﬂ{aﬁd)par atus or nethod for decoding a coded
HD vi deo signal for deriving a decoded video signal which reads on any of

the fol |l owi ng cl ai nsformatingdsaisls pixel \deda Hepraseniing pixels ceerparisingvsaido

T o i o Ty eulel AT RTBRoVte b id gt SRl FNHek NetghE 0"
may beisf orregskationt h a standard-definition display and/or a

standard-definition recorded video signal which, when played back, results
in a standard-definition display, rather than for use with a PIP display.

CLAIMG 1. 11 2 SySt o hoimdlREQUAbraREPIE LR 1 TBAEraLfBotNirl Rtatf gD Of

pi xel bl ocks representing an inage of “a first resolution to provide an
i mage 5 ofrogessidgstep sempriges,esol uti on, a nethod characterized by the

Selboting a sub et trReRekRuse it ProbBefons bfplenisiia if 4o U8R O

20 of coefficients.

3. A method according to claim 2 characterized in that said
processing step includes the steps of,
selecting said spatially distributed sub-set of pixels and
25 for said selected sub-set of pixels selecting at least one of, (a) a
set of weighting coefficients and (b) a sub-set of frequency domain
coefficients.

4. A method according to claim 2 characterized in that said
30 processing step comprises,
forming predetermined weighted linear combinations of elements
of said sub-set of coefficients to provide pixel data representing pixels
comprising a non-downsampled sbatially distributed sub-set of pixels.



~conpressed pi xel block data, and processing el enents of sajd sub-set” of---—..

coefficients to provide 10 pixel data representing pixel sm IS
spatially distributed sub-set of pixels in said pixel blo wﬂmﬁ@##’[
of said first resolution and excluding other pixels of said pi‘xet bkoc®

and formatting said pixel data representizg pixels conprising said :

spatial l'y distributesl Aimethod acesrdirigito shifl 1 faaReotharictbrizédusgdhgecond
15 resolution, 2. A method according to claim1 characterized in that said

processi ng'€R &b conprises, form ng weighted |inear conbinations of elenents

of said sub-set 20 Qfie@rRf difd d rdi: Qg : i M2
characterized in that sa?g grlfg%rggfs%ﬁgﬁg{l@p@@ﬂ%ﬁgﬁ&%{gt%i)&l%%l,é‘ fsBé'I ecting
sai d spati al | y inteslacelandsprogrdssive imegepoutplit and 25 for said
sel ect %d sub-set of pixels selecting at |east one of, (a) a set of

wei ghti"ng coefficients and (b) a sub-set of frequency domain coefficients.

4. A nethod accor di ngl RO nidtR6M" ZecohdiRgCletiahRd1i Shdrelerisali Cin3thatPsggessi ng
step conprises, form ng predeterm ned wei ghted |inear conbinations of
el enents dPraaitingsier sempsisesoef fici ents to provide pixel data representing

pi xel s conprising a - patial L S [ ] - o] :
pi xel s. 20 5. A n‘ﬁé’gﬂﬁﬁ%‘% %x%oa%‘aair%rf%ﬁﬁé]%%%a?%ﬁ?ﬁ%hgeé by the
step of, sspatiatly rdistdblfeel suby-sepaf iphtdly tdi prbrideusaid imageset saidf rqtucelds for
interl ace and progressive imge output. 5 6. A nethod according to claim1l
char act%r iszeé’&’nﬁrfegﬂléﬂﬁ%ai d formatting step conprises, upsanpling said pixel
data representing pixels conprising a spatially distributed sub-set of
pi xels to provide said i mage of said reduced 10 second resol ution.

7. Apparatus implementing the method of claim 1 characterized

in that said processing step is implemented with ‘power of 2 logic’.

15 8. A method according to claim 1 characterized in that said
processing step includes the step of,
selecting said spatially distributed sub-set of pixels based on
desired PIP picture characteristic.

20 9. A method according to claim 7 characterized in that said PIP
picture characteristic comprises at least one of (a) PIP picture size, (b) whether
said PIP picture is interlace or progressive, and (c) PIP picture vertical and
horizontal pixel resolution.

25 10. A method according to claim 1 characterized in that said
formatting step includes the step of,
adaptively filtering pixel data representing pixels comprising a
spatially distributed sub-set of pixels using a filter function selected based on
at least one of, (a) motion vector type, (b) group of picture (GOP) structure, (c)
30 a GOP boundary transition, (d) whether |, B or P frame, and (e) whether
interlace or progressive frame reduced second resolution output required.



» 7. Apparatus inplementing the net hod of claim1l characterized in that said
processing step is inplenmented with 'power of 2 logic'.. .15 . . 8.

A nmet hod according to claim 1l characterized in that sai d proceSS| ng ste
includes the step of, selecting said spatially distri gﬂmﬂuﬂﬂlmnﬁlll mw

pi xel s based on desi red PIP picture charagteristic. A
nmet hod according to claim7 characterized in that said PP p betiré  *

characteristic conprises at |east one of (a) PIP picture size, (b) whether
said PIP picture is1intAeemethedoacqurdiggetss claim &ncharagteRzéd pn cthat eaickrt i cal

and hori zgntal .. pi xel ion, 2 10. A method according to
claimi1 c?%[ F"zet?dnpli'%?ﬁé!?e §Eﬁpo°5ff ormatting step includes the step of,
adaptivel y fi teri ngdapiiedly defingopres #atd NepiissAlifg

ﬁﬂmf l;ﬁngpﬁt' ally
di stributed sub-set of |er s using a filter functl 0 ecte ed on at
| east ®ne serectG(Ch)Spmllyodlsvmm suprast qftglxgjsmg)fa filtert functigroselected uct ur e,

et hor i Rt LSRG of @TR barmPal s SEL0R b R oReanel REY o put

required. filter,48) d throinimahbe datcfilkerdand (tiplunlinarmcldatadiiteet eri zed in that
said formatting step includes the step of, adaptively filtering pixel data
representing pixels conprising a selected spatially distributed sub-set of
pi xel s using a filter function selected fromat |east one of, (a) a
vertical pixel data filter, (b) a horizontal pixel data filter, (c) a
chrom nance data filter, and (d) lum nance data filter.



