;€£§27%§eg“aDcd296hngq DECODER AND METHOD OF DECODI NG USI NG PSEUDO TWO
P. CODI NG AND ONE PASS ENCODI NG FI ELD OF THE | NVENTI ON t
invention relates to a decoder and a nmethod and system of vﬁ“ﬁ@@ﬂﬁ“ﬂm@w
decoding, and in particular the decoding of MPEG video bitstre )

provi des nmenory savings in frame buffers. 10 BACKGROUND OF THE TRVEN TI ON
There is a continuous need for reducing the nenory requirenents of a video

decoder in order to reduce costs. However, it is also expecﬂmﬁmmmmmmmmﬁm
subj ective quality of the decoded video will not deteriorat .
Menory reductions (for exanple in the rajiio 1 S of 10:1 or hi gheedoow | |

al so enable the effective enbeddi ng of nenory conponents within a hardware
decoder system conponent, simlar to the enbedded dynam c random access

chip 1 ke- an WEECODER AR METAOIGF DECAHINT USung BYBUBH TiAEAST o
storing the data in frameDBRddPNSGIANDONEPASSENCODENGY tenporal ly |inked

vi deo frames, video post-processing and for storing on-screen display
information for feature enhancenents. The reduction of menory requirenents,

especialIyFﬁﬁLEﬁbgqﬁﬂ@Iﬁ@Fy$ﬂﬁgqdecoding and post - processing, has been the
subj ect of nuc research since it can provide significant savings in

manuf acturi ng costs. 2S Menory reduction with decimation in the spati al

domai n causes blurring of the inage while decimatiqgn in the fr en
onai n by JEoRTRE Wendiny et FR LS Pdsh eita HRHalr vl sue SoTdER Sag
suggest ed Hetoliing, id i@paiticular ERURESdIHE Bf BPEC AbbEbidstic@haahst phbviedy @édory
especially apparent in fast noving video sequences. 30 e~r, L.~ T
Anot her ch#vingsdeframe beteispr ession is the precision of bit rate control.
Since the size of

100 BACKGROUND OF THE INVENTION

There is a continuous need for reducing the memory requirements of a video decoder in
order to reduce costs. However, it is also expected that the subjective quality of the
decoded video will not deteriorate as a result. Memory reductions (for example in the ratio
15  of 10:1 or higher) will also enable the effective embedding of memory components within
a hardware decoder system component, similar to the embedded dynamic random access

memory (“embedded DRAM") technology.

For example, a typical video decoder chip like an MPEG-2 decoder uses a significant
20 amount of memory for storing the data in frame buffers to be used for decoding temporally
linked video frames, video post-processing and for storing on-screen display information
for feature enhancements. The reduction of memory requirements, especially in relation to
video decoding and post-processing, has been the subject of much research since it can
provide significant savings in manufacturing costs.
25
Memory reduction with decimation in the spatial domain causes blurring of the image
while decimation in the frequency domain by applying a fixed bit rate to encode a
macroblock or block, as suggested in the prior art, causes unpredictable artefacts which are

especially apparent in fast moving video sequences.



physi cal nenory to be used in a systemmay be fined, the rate control

"{he vari able |l ength encoding circuit (or entropy encodi ng) nust be
accurate, such that the maxi mum nmenory' is utilized w thout exceeding the
al l ocated nenory size. Known nethods such as 5 virtual -buffer-fullness
control may not be used independently since the variations in the
generation of bits would not be ideal for a fixed and maximally utilised
menory buffer. A tighter control of accuracy for the
virtual -buffer-full ness nmethod results in the degradation of picture
quality, while better picture quality is2associated with a high variation
inthe bit rate. 10 SUMWARY OF THE | NVENTI ON The present invention provides
a nmet hod of processing video frane data, including the steps of: (a)
recei vi ng An¥ihdeehalle@deof kBorhfrkssA {sitAd pi¢cidRe ibiratdh@ntod €8inké a¥Bsizd 6)
fully decoding the vi deo frane to produce mnacrobl ocks; (d) determ ning
vi deo dat athsphasieal apamnary denbe ﬁ&edparat&vatpmyn@e%ﬁé@ vhedeis ganipbobine yatizble-he
partially ( C
based on t%ggtaet eJ?ér%ngg L(a?goe gr% %eﬁara tng%%%tg gg%%? %)J\}% aﬁlggIll &?r(e@@ed
vi deo fr anmmefotry mmhhwﬂmnhomiles@bdmg tﬁanlbnmtmmemspeizc Khben m«lexdts saoh as
pr ovi de a Vi ada ed to performthe Qve. met hod. . 25 The
present |nY}étH€1e%'|’;gf ﬁ‘ﬁf é*‘rc‘fi’rt |“3fé{sn°é /i 'HED ! ‘H%BHH@W Y ACc dieyariatigys m the
bi t st r eam pae&@bn bPbity G%Sﬁlli\ﬁ'of‘ge RleMl tgﬁQ ﬁfcécﬁaEH%l mAdhaBP uBiRadees Y eaader of or
partially decoding the vid frame and | y decoding the vided franme to
produce neEghtdsIconis!; ot(a@swracyd@tr diea\nau@lzt@ffef-ﬁﬁln@l@trmthﬁ) rasults/indbe deradation
par anet ers t e. ally
Bl 1y A f GRS P pher W ERAEE L b8 0a{ AR, £ BV IS EE bice
macr obl ockatebased on the , determ ned video data. To achi eve a
si gni fiéint conpression ratio while rendering acceptable picture quality and
m nimzing i nplementation conplexity, the present invention provides a

met hod of @WARWFWEQQ\IWMS decodi ng and one-pass encodi ng of
input video data. In the first pass of the two-pass decoding process, the
i nput vi débhebpresent ewieniien gwrsided pathod aff Ipyocessing vidae tiransedaid, lpph;dmgethe
statisti csstepgofuse in the subsequent one pass encodi ng process. The second
pass of the*two-pass decoding process is perforned in parallel with the
one- pass encodi(ag prrasea&ﬁgawidechamk;l ows the storage of the decoded picture
W t hi nlSa tar get - reduced t of nory.

(b) 1all§/ deco%mc tﬂe video frame;

() tully decoding the video frame to produce macroblocks;

(d) determining video data parameters from the partially decoded video frame
or both the partially and fully decoded video frame;

(e) encoding the macroblocks based on the determined video data parameters to

20 provide a compressed video frame for subsequent display.

In another aspect, the invention provides a video decoder adapted to perform the above

method.

25 The present invention further provides a video decoder including:
(a) a bitstream parser for receiving a video frame;
(b) an embedded decoder for partially decoding the video frame and fully
decoding the video frame to produce macroblocks;
(©) a data analyzer for determining video data parameters from the partially
30 decoded video trame or both the partially and fully decoded video frame;

(d an embedded encoder for encoding the macroblocks based on the



The preferred enbodi nent re-encodes each anchor franme (which may contain
either an IPicture or P-Picture) as an |-Picture to the desired menory
conpression ratio with mninumtrade-off in picture quality and system
conplexity. Also, for cases where the 15 display resolution is |less than
the bitstreamresolution, a non-anchor picture (i.e. a BPicture) can be
decoded on-the-fly using a two-pass decodi ng technique to significantly
reduce the overall nmenory requirenents of the system In the case of a
standard MPEG decoder, the one-pass encodi ng process takes the 20

techni ques of standard intra macrobl ock-®ncoding with D screte Cosine
Transform ("DCT"), quantization, the scanning of DCT coefficients in a

zi g-zag pattern, and Vari abl e-Length Coding ("VLC'). To m nin se picture
degradation and maxi gi;sgnihdievidsedddd picture statistics that can be
extracted during the first pass of the two-pass decoding process in the
present invention for all franmes, the one-pass encodi ng process used in a
25 preferred_enmbodi nent. utilises encoding. t ni.gues. simla 0 t
doser bed THPoR Araaristimee EheBaant Bib FORIRaSeBul MivkReblf aeso
rel ate to mispnsdigmimplenpardion ndongpléxiey; tthe pedefitaireadr pedviddsak method of
re-conpresses .video data using present conpression_techniques. Based, on the
pi ct ur e” 30°EOERY BIGUAQ (PR dgcadingandinerpassncpdiag Oanpvhéldwg@tﬁags%g%di ng
process, t 1d W88 i b i i AR
encodi ng p o%gggh%%ﬁég¥%fﬁ?ﬁgﬁ$ﬁéﬁgﬁh§§p§§?‘gégfgahk%g#g?kgggggﬁgﬁ@§§?t

al | ocat i orextriheusdétl griqving sstatistcsolor asesini theblbsequeanonez pass soaddngprabdses The

effective co essi ile intainin ood pictyre qualijt rtefacts
caused by SHORLFES S e Bre-Fiet e uie bReY I RarPiriis i sl ity 4R p§1-B8S
si gni fi candrkyding@rres, sihbelidesiliddbage bhtht decddee puens widonaiagdisedmnst | y
performed within the ideal conpression 5 limt of the system but rarely
wi t hi n1¢ hesYshASEMOPange of the quantization process. Typically, the
conpressi on schene supports a 10:1 nenory reduction per frame buffer. In
addition, the rate control schene is able to stabilise the bit rate
gener at i onrl'tefprefered embpdissnbre-gchdsseacnanamar frime fwhhinedyi omsain rithdremnd; t
rate general ly within 10% of the 10 average .bit rate. This rate control
hecur sy Ret Phd bRaTEnt apsEeite, X Ih7 ey melhFy SureiBhRlR Hieo
menory bufh@ihumbendesfainvpidRe: getiedesd wWstdh asmplakieddedsoeséessywaéRthemy be
built in accordance with the principles of the present jnvention. BRLEF
DESCRI Pr1 céptsy mspdutipmvy Agss thag !hFekflgFF‘”é’éi reseBtienne Mog-asehempiciyre denta B-
i nvention R af i : f I to W rence
Lo The Aot e i Y pf e BRI R 1o ME TR
decodi ng otdusa themwerglohemer raquireotshiself thesysthm. B Picture; 20 FIG 2 is a
flow diagramillustrating the interaction of various nodul es enployed in a
conpressi on schenme of an enbodi nent of the present invention;

In the case of a standard MPEG decoder, the one-pass encoding process takes the

20 techniques of standard intra macroblock encoding with Discrete Cosine Transform
(“DCT”), quantization, the scanning of DCT coefficients in a zig-zag pattern, and
Variable-Length Coding (“VLC”). To minimise picture degradation and maximise the
useful picture statistics that can be extracted during the first pass of the two-pass decoding
process in the present invention for all frames, the one-pass encoding process used in a

25 preferred embodiment utilises encoding techniques similar to that described for a standard

MPEG encoder.

Embodiments of the invention also relate to a system for performing two-tiered rate control
that re-compresses video data using present compression techniques. Based on the picture
30 statistics derived from the first pass of the two-pass decoding process, the two-tiered rate

control scheme is applied to the one-pass encoding process to determine the quantizer scale



Fl 3 is an exanple of an inplenentation architecture of a reduced menory
vi $eo’ decoder of an enbodi ment of the present invention; FIG 4 is a tining
diagramillustrating an exanple of how the present i nvention 25 processes a
MPEG 2 video bitstreamw th a frane encodi ng sequence of f I, P, B, ; FIG
SA is a graphical representation of the normal case of nmaxi mal overlap of

t he predicted nacrobl ock on the nacrobl ock grid of conpressed frane; FIG
SB is a graphical representation of the boundary case of equal overlap on 4
macr obl ocks; 30 FIG SC is a graphical representation of the boundary case
of equal overlap on 2 of the 4 macrobl edks; r ~I" i -5 FIG 6 is a block
diagramof a rate control circuit according to an enbodi nent of the
invention; FIG 7 is a block diagramof the enbedded encoder nodul e shown
in Figurefat efficfent il SllecaBbRCKTH Agfeamnafion o@%@ﬁt@ibl@fqu%ﬂ%h%ﬁalé’r@?@gl'eﬁent

of the present 5 invention that supports |ower resolution picture or

zoom out  pifestiveecogersedionghibEMAINIEDNBESCR FAhENIGHUPREFERED Evs8Dby VENTS OF

THE | NVE 0 t r % p bl.e to an
VPEG 2 v GE5 IR SaePe Tringe Rk, WUl qRRtabR B s EhiRafur PR 3 e
"1 SO | EC ddBin8tion ac Hieeftequeatgdbibmaizt mealyppetsmed viyhif &hmvdeagcctrﬂmawt@i

redundanc bet en fra close ip time. This is done in addition to

r emovi A eaﬁ‘ﬁ{a“fg’cngt‘ﬁt SFart E@d@ﬁﬁﬁ@?l% TaRES 0 the SHRAUEIHABOITOEESS-

ent r opy emya@atng NG RESONGORIEER DD £LY0: i HRR o7 @ctd'l.t&'ibn &h%atl%m%@'

element inplies 15 that the encoding of a frame 1s not limted t

information within the frame |tself but information that may span across
sever al term. ' pi o et a.frame or
a field. e(?({e1 i ethe ng g oo} 5preg}seelr‘?ta ‘lpén dﬂ?’ qge ptlﬁect Ur Eatt%yneﬁ%mn of the
reconstr Ltianqdessitirpsohexﬁtéamﬁ mdin@inf vladon2l the it @telgdnetaliyt widiig sl oed o£xRNPI €
of MPEG decodi ng of a_macroblock in a B-Picture 202, which.in th| s exanpl e
requi Fes FEFAGEIT e dT bisira cPREM asRurAcPmakes tBe PreserintysisacRiiabla foF B3 8t i on
froma P- r e r n

uhi oh the P aaanieAtrd RRYREBHENES iRnes BTRS Ptad SHPH B pied ot Ay

| - Pi ct ur esy2@fn ighbe buiftgn acqonianaqawdhmeeﬁr)n011$es@|ﬁ¢l@dsdsqnwwbtw<xzu th infor rrati on
within the picture. A P-Picture 203 25 (short for "predicted picture”) is
encoded with information froman earlier I-Picture 201, or froman earlier
P- Pi ct ur BRIFF BINCRIFTION OF DHEEDRAWINGS €senting the current frane. A

BPi cture 203 (short for "~ “bidirectional picture") is encoded with
inforkhtion fromboth or either of an I-Picture 201 and P-Picture 203 to be

di spl ayeq;r%ahleﬂ g:remlﬁwg thdat %‘T tfx@%‘?es’é&etn‘%/b‘rﬁtfo‘?x”&eﬁxe‘?énﬁéf‘t@re d%co dE‘E9”» W

"B-on-the codi ng, i nvol ves the direct 30 of B-Picture
bi t st rean:sarrnple ijlxptlstyretnrcmgm thnera@@mmdylagérasmmgféaereat I east tvvo anchor
frames (1, %! 175 GhUiiGlioR oPLf 4cBding'of ahQidtIcRllea RRERLALE R d Bae has
Picture;
20 FIG. 2 is a flow diagram illustrating the interaction of various modules employed in

a compression scheme of an embodiment of the present invention;
FIG. 3 is an example of an implementation architecture of a reduced memory video
decoder of an embodiment of the present invention;

FIG. 4 is a timing diagram illustrating an example of how the present invention

D
w

processes a MPEG-2 video bitstream with a frame encoding sequence of {I, P, B, ...};
FIG. 5A is a graphical representation of the normal case of maximal overlap of the
predicted macroblock on the macroblock grid of compressed frame;
FIG. 5B is a graphical representation of the boundary case of equal overlap on 4
macroblocks;
30 FIG. 5C is a graphical representation of the boundary case of equal overlap on 2 of

the 4 macroblocks;



-6 gax'i mum si ze of approximately S megabits (derived by: 720 hori zontal

pi xels x S76 lines x |.5 bytes per pixel x 8 bits per byte = 5 negabits) in
the case of a PAL picture of DI resolution. S It is desired to re-encode
each anchor franme (i.e. an I-Picture or P-Picture) as an |-Picture to the
desired nenory conpression ratio wth mninmumtrade-off in picture duality
and system conplexity. Figure 2 shows the general operation of the nenory
reducti on schenme in the decoder of a IO preferred enbodi nent. The MPEG
video bitstreamis partially decoded by a Bitstream Parser circuit 301,

whi ch applies variabl e-1ength decodi ng efi-the video bitstreamto obtain the
quanti zed DCT coefficients and nmacrobl ock information for all macrobl ocks
and related picture information in each frane being processed. This is the
first pass of t?ﬁi.t%pﬁﬁl_%c&i@&%ﬂnﬁgf RTRE 885rol Theuit Béé?;'%&fﬁé't&ﬂnfe&@gdﬁhﬁﬁt of
partially decoded MPEG video bBitstream!| S is passed to a Data Anal yzer

ci rcuit 30the impangthnf urt her extracts picture statistics and macrobl ock
information in ion,to each f i [ o sed, The Bi ream Par ser
30l retrieves ngﬁ‘g%lﬁgg&ocgr@%?n&toﬁﬁlg fr{ri:)g !(i)&f]ér%a f%a%??nrogtrlr{etsﬁgwﬁimc%%?rees"’stor ed
in conpressed fFrmes whfwosk didrabhef RadaodviadfyzRthee i ehtHodima0 DIUEE résbhtS
further macrobl ock information and, picture statistics as described | ater.
20 An MPEGTYSRIRSJHRSUBRGEs )P verigs (i ichies & ZavawdbRici e diget@syi deo
bitstreamto produce macrobl ocks, which are | ater re-encoded by an Enbedded
Encoder 308 for storage in the conpressed franme buffers and referenced by
an addr essDETRILEDPES CRICTIONOK P RENE BB EDE #1B @ BIVIENEBY Of r B Enenory For
the noti onlwgggiaqil on of predicted 25 nmacrobt ocks, which may be decoded
tiomlater nes, " thus formng the final pixel values in preparation for
di splay. At the sane tinme, nmacroblock information is passed to the Data
Anal yzer 302 as it is generated by the MPEG 2 Decoder 303. The Data

Anal yzéf 3ombedimenisstdhs presidtveaot pSAPBLEEHT WA MEEGsRoidsy dseodere The
conpresse 1 : n (o] I MROK Ne@hoclk . 2.
(descri begkvI gi@o?v) %bléé@%t?orn@r&l_&? %%ﬁtt%rgéongs?%ﬁ%)g(g?)t) %égléi&t% 2{]@1‘&%@% he
earlier comwmpresdiopimyt taneovitga teingtorad sedmdanrychedtybarc kapeas alvet ér sinfer offhishie Dat a

Anal yzer circuit 302 to derive a.suitapl.e quantizer scale for th edded
Encotor agBmeAt pASRERIOERME A ht ARk Bia e, S s Mt Rl e

target mMacm@BbPehtodtd sdoRsEdRipréRPNIGAL REFRiIGH O THRCKmEAPERMhYimplRe bi t
al l ocation process 5 allocates the nunber of bits to be used for encodi ng

t he AClToehdti &reneedipg of fcFamads o8f dilteddp igfosmalien vk 815l Beme dispkblbaki t y

t oget her %Po?xﬁét%r}‘{ﬁ&ﬂﬁy &ﬁraQ%&&EﬁﬁgE@&égf‘fﬁil lvﬁﬂh‘b-b,”ﬁq@%rﬁl' P digggpack
controller. € equati on governing t It allocation process i's given as
fol | ows: XitheT a=frame *ors @rfield:~| Ehereforey~zlcoged réprsentatipe of, 4 ~pitteret eyt be get
nunber of bitstf [y enco ing AC cltaeffici ents for the i h macroblock; x, is
the esti nﬁ?“e‘)&s&‘f&ﬁﬂl  EaRgPr FREYS S ' “hacrobl ock: 15 x pr~ is the estinated
conplexity fromcurrent picture statistics; s~r~is the target bits for

encodi né; all AC coefficients fromcurrent picture st Ii ﬁt_i CS. .
20° Tigure 1 illustrates an example of MPEG decoding of a macroblock in a B-Picture 202,

which in this example requires forward prediction from an I-Picture 201 and backward
prediction from a P-Picture 203. The sequence of frames 204 reflects the order in which
the frames will be displayed, starting from the [-Picture 201. An I-Picture 201 (short for
“intra picture™) is encoded purely with information within the picture. A P-Picture 203
25  (short for “predicted picture”) is encoded with information from an earlier [-Picture 201, or
from an earlier P-Picture, in addition to information representing the current frame. A B-
Picture 202 (short for “bidirectional picture”) is encoded with information from both or
either of an I-Picture 201 and P-Picture 203 to be displayed earlier and later than the
current B-Picture 202. Even with “B-on-the-Fly” decoding, which involves the direct
30 decoding of B-Picture bitstreams for display without intermediate storage, at least two

anchor frames (i.e. an [-Picture or P-Picture) are required. Each anchor frame has a



e;_, is the nunber of bits for encoding the error of the AC coefficients
for“the (i-1 )" ~" macroblock; 20 ~ ek is the accurul ati on of the nunber of
bits for encoding the error of the AC k~0 coefficients fromthe 0 h

macrobl ock up to the (i-1) h macroblock; ri is the local proportional error
f eedback control constant; and y is the integral error feedback control
constant. 25 For the present systemthe nacrobl ock conplexity, x ,is
generally defined as: x=s*R -8 where s is the nunber of bits used for
encodi ng AC coefficients of a macroblock; and g is the quantizer scal e used
fur the macrobl ock. 5 The process of scaded nmacrobl ock conplexity bit
allocation is devel oped on the finding that the macrobl ock conplerity is
rel atively constant over a range of quantizer scales. A snaller quantizer
scal e ge”e&ﬁh?rﬁmﬂ%@ ophﬁpﬁoixﬁ{ate‘?}n_‘} ‘PrEE'thSltst(B@m/éQ b%ro?ﬁ(ﬁ h&Hi Ik pPJelsWW@ﬂx‘i@%

macr obl ock while a macrobl ock with higher conplexity requifres nore bits for
encodi ng ix¥d.5Agyteopdrifixdlend dits per b)r’i6~shm§“’@1ut§hm thercascaf @ PAIOpiThiee déBdder
differenti at es.. bnet ween the nunber of bits generated by the AC and DC

coef fici ent® A" DC coefficients affect the contrast of the picture, it is
critical that the reconpression technique used in the Enbedded Encoder 308
uses the same intra-DC precision and, pr events_any further |oss of

i nf or mat i o is dssired ¢ lfer@ceéﬁ Fagt g Fhog LsEne b fredty Ir%lcwreto’z R iguedasanhf-0idgs i n
the rate cgnig eks@egﬂctl ryKEeleRRnt 8o WHANLIASL S&@Aeeofﬁwgfcﬁ&é Qalitf and

Quanti zer Scale Pre n circurt 306 then predicts t orrespondi ng
quanti zer systaimeompldyétyused i n encodi ng the AC coefficients of each

macr obl ock using an inverse conple;city relation with adjustnents nade by
m smatch control. The equation governing the 20 quanti zer scale

det er mi natfigure 2shgiwy ¢ @defabbpedivion of the mefory redictiondheme in thd de@idekof
wher e is the predicted guantizer scale for the j ~'" macraobl ock; Xr

est i matlbd reefapedrmpgdigrent ndhe MPh idpg| Rjtsfrean s gartially éje?fhjédtbé(r@@tltsﬁfﬁ?ﬁher of
e L R
(i-1)" h nebe ghtrozkd DCT coefficients and macroblock information for all macrob[ocks and
related picture information in each frame being processed. This is the first pass of the two-
pass decoding process. The information from the partially decoded MPEG video bitstream
I5 is passed to a Data Analyzer circuit 302, which further extracts picture statistics and
macroblock information in relation to each frame being processed. The Bitstream Parser
301 retrieves macroblock and picture information from the pictures stored in compressed

frame buffers and the Data Analyzer circuit 302 uses this further macroblock information

and picture statistics as described later.

An MPEG-2 Decoder circuit 303 completely decodes the MPEG video bitstream to
produce macroblocks, which are later re-encoded by an Embedded Encoder 308 for storage
in the compressed frame buffers and referenced by an address. The stored macroblocks
may be later retrieved from memory for the motion compensation of predicted
25 macroblocks, which may be decoded trom later frames, thus forming the final pixel values
in preparation for display. At the same time, macroblock information is passed to the Data
Analyzer 302 as it is generated by the MPEG-2 Decoder 303. The Data Analyzer 302 uses
more information from decoding (not shown) of the compressed frame buffers and

computes important macroblock parameters (described below).



<9 ek ,is the accunul ation of the nunmber of bits for encoding the error of
t he” AC k=0 coeffcients fromthe 0 ~, macrobloclc up to (i-1) ~" nacrobl ock;
ais the local proportional error feedback control constant; and ,a is the
integral error feedback control constant. 5 In addition, normalization may
be applied to the macrobl ock conplexity, where the normalised macrobl ock
conplexity, x, , is given by: 2 *,C +,~~"~-,C-~"2*~" 10 where ;~is
t he average nacrobl ock conplexity of the previous re-encoded picture.
Normal i zation is used to achieve better subjective quality and higher rate
control accuracy. Nornmalized conpl exity.educes the differences between
macr obl ock conplexities, giving a higher rate control accuracy. In

addi tion, high conplexity regions are quanti zed coarser 15 w thout

subj ecti ve l th i i i i : i five
R e i i
subj ect i vepaepmadtérs YronQthgrData atnialyrercorpardio3 on desvena siatabkt quaetizar sealedornthé | zed

and non-nqQrnal .z crobl o conplexity. 20. The rate_control accuracy is
Guar ant eedBFAAEERTREE ROtk Erop ot fligtitopze il ofiy BRE Al e ST bR
propor ti onAdcrbIb&IbiR bdsed Bh 'the SQMAr RhcrbB1Ofk Edrhplbity. ATRE bitMhilbkaibheprSdess The
inner loop tightly controls the quanti zer scale prediction accuracy at the

macr oblooclellpeajes| thewhunben Ré bifst ter b¢ ospd demmpeensiinge shef o¥C taseffisianseof caetat ed
by the inner e r e 13 ' b O ~ get

o cture btk 23Hs (AR, Ra%blaR CRRALAY, Bobrll pin (ideicd R
Control cipraperiondDdndainctgtah errenfeedbanig camodaet ers tiom the Data Anal yzer 302,
t he Em dedded Encoder 308 encodes the stream of decoded pixel values from

t he MPEG Decoder 303 via the various video conpression r , -10 techni ques

in the MPHGe2.80808icbV&lnsRShit AaTRIivn P6dess BUANN £abli@f:and vari abl e-1 ength
encoding, to forma video bitstreamfor storage in the conpressed frane

bufferld. Preferably, the Rate Control circuit 304 works in real-time, such
that the Feedback Control 5 circuit (07 recei ves jhe actual bit count of

the video streamas it is IegvgndélhqﬂEqQ@ngggFﬂcoder 308 and nakes any
adj ust ments using the Macrobl ockzRit\ Afl ocatiofrscijrcuit 305 or Quanti zer
Scal e Prediction circuit 306 for the next nacrobl ock in the pipeline.
Figure 3 shows an enbodi nent of the decoder, illustrating an exanple of an

where s is the target number of bits for encoding AC coefficients for the ™ macroblock;
%, 1s the estimated complexity for the i macroblock;

15 X ne 15 the estimated complexity from current picture statistics;

s, is the target bits for encoding all AC coefficients from current picture

statistics;

e,, is the number of bits for encoding the error of the AC coefficients for the (i-/ )b

macroblock;

i~1
20 Z e, is the accumulation of the number of bits for encoding the error of the AC
kal

coefficients from the 0™ macroblock up to the (i-/ Y macroblock;

7 is the local proportional error feedback control constant; and
y is the integral error feedback control constant.

25  For the present system the macroblock complexity, y ,is generally defined as:

¥ =s*q



10 inplenentation architecture of B-on-the-Fly N PEG video stream decodi ng
working in conjunction with a system providing reduced nenory MPEG vi deo

stream decoding. To illustrate how the systemoperates, it is assuned that
the systemw || process a VIPEG 2 video bitstream consisting of frames in
t he display sequence {I, B, P, ...}, with a corresponding franme encodi ng
sequence of { I, P, B, ... } . The video bitstreamis received 15 and

stored in a Bitstream Buffer 401. After the required Video Buffering
Verifier ("VBV') delay, as defined in the 1~I PEG 2 specifications, the
bitstreamfor the entire picture is starged in the Bitstream Buffer 401 and
ready for decoding. The decoding of each picture is perforned by a pseudo
t wo- pass decodi ng and one-pass 20 encodi ng process, where the first phase
of the two-pass decodi ng process, represented by a first field time of a
frame to be processed, involves extracting macrobl ock and picture

i nfornati Whe?éﬂf}1§9ﬁﬁi&¥ﬂb@goﬂlfs§td§é@f&'feﬁédd§{d AG cf)é?fﬁﬁﬁhtstlﬂf’@ Rk gid t he
current frame. The second phase of the t wo- pass decodi ng process
(represent ed by iatheetigpdzer selgjused der the mapreb ﬁﬁlarre to be processed) involves
extracting macrobl ock information For the current frame ?5 and al so the
conpl ete decodi ng of the current frame. The second phase is perfornmed in
paral | ¢l Whe Iprodess oﬁecqhaismaenbkodk rgmblexity e dlaosiohrianeveldjusl md@dﬁmﬂmg deo
data is tp_?? stored n co essed Hg&e buffers 407. In_.a first 1

of the fi the qpgrod Fk cqm e"§¥ FSIRIBEY SBPS'HY P Vefed ESS Of HEntiZFica esPn‘\:ture
30 suffi ci@AldrqiaRtized sBak BehR@by ARk BRBfok @neRlid O AT ehitiigieffsalfithd bhige
conputations. In a second field tine of the first frame, t~, a MPEG Decoder
404 decodegcroblockiwhile a mmrebloglewith higherenmnletie rgquirey maese 8iss fayengading its

i nformati i ch conput es macrobl ock

char act er‘?‘s%t(lgogsfﬁa%t%ghég%ﬁleeyﬁ?ﬁn%ép&#%d a Rate Control circuit 40~ uses
t he caoputed paraneters to determ ne a suitable quantizer scale. An

Enbedded coder, 406 encodes the orjginal] I-Pjcture as.a new |-Picture
usi ng the%g sredes ruTrERiAtESo PFHYERR ﬂE?aPﬁmE“A?]gl’%an%@Sd Prgthe h‘ecﬁﬁ‘tdegéontrol

circuit 405 rR¢ieRsMacs el &Sélfﬁ&@ﬂt?'aﬁ}!ctrtﬁé %htva%t Bpﬂ{ehﬁcM%E% egader uPe The

final video bitstreans are stored Conpressed Frane Buffers 407 and
t he addr e@sommﬁlp@ﬁequlqeladﬁedracrtbelE@@bcdii«rd Eheodeom@i&e@sedhd:sm iB-PEr 407
IS mapped_jnto l 4.t f the
second fr2 lE:‘[:.Ltsmtn 6lanléﬂabrfg"pegl tﬁﬁrtgg% a%ssgfgikfggl %eco es ({hfelse U%%o%t%sroefj?n%ﬁ
secondsf rheBest fpradessinltie fady contrel dohtrae Analvy aethed@3ntizer paald mredicfiorct ur e
statistics conputations The decoding of the P-Picture is simlar to

| -Pictures except that the notion vectors are used to | ocate predicted
macr obl ock (RlARSSHI8R, Prédiei RProRlt 30k HedPradiaoad c%ﬁ{eéﬂmﬁi% fqgﬁnﬂz'@?sdﬁ}értf)ent

i nter-coded nmacrobl ock properties. Reference herein shal F e 15 nmade to a
top-fiel e mseétm\sen@ei@ng HaoeC §e<tfﬁénqee of lepch magraklople Hsing an utmsemompé@sw ng of
all vide e e n h.e in o) ng of an
‘g, Aol R it a6y o AL BERE SIS Sl ghemick e,
only 2he cemanzmsn:ﬂedexdnﬂunm)m gfven hetdlloRscture retrieved fromthe
Conpressed Frane Buffers 407 and passes the decoded pictiue to the Standard
Di splay 409 for further processing before it is displayed. In a second
field 20 tinme of the second frane, sta, the erations of the P-Picture are
simlar to that for the IPictur@é =€r—erl€|I+|5' éncoded by the Enbedded
Encoder 406 as a new |-Picture and®then stof®d in the Conpressed Frane

Buf fers é%“e)ﬁecﬁ S‘ﬁ‘?e %%fﬂgttedh rtgcgllg tXretﬁé P'rrﬁac%bl[)a? P- Pi cture as decoded by

the 1~IP are use e corréspondi ng predicted

macr obl ocks i nz;&gﬁrﬁ&r@ gg,%e( yo?f}@"‘%t:;o% o%k407 usi ng the Macrobl ock
~ ocC

Poi nter Tabl e ¢ rence macrobl ocks are retrieved and

deco by an o 4 o] I hn t he
NPEGP%gcoder 402pﬁggggﬁgﬁgggﬁﬁeoigg%ﬁg%g rp?ﬁ%ﬁ&' ues 6#89 gxﬂnf%én
conpensatggdrphigéire. In the case of I-Pictures, which has conceal ed notion
vectors, a S|nllar procedure like that for P-Pictures is followed. At t he
sane time, the’Distheaymbeceihits favdcobien thesrohel thetiGenefiiaends faotheoily” t he
odd- nunbered 30 lines) of the I-Picture fromthe Conpressed Franme Buffers
407 and ﬁ%%%@@o@he decoded picture to a Standard Di splay 409 for further
processing before it is displayed.



-12 In a first field tine of the third frane, t;, the MPEG Decoder 404
decodes the video bitstreamof the B-Picture in the Bitstream Buffer 40l
However in the case of a B-Frame picture, only macrobl ocks of sel ected
notion vectors representative of the top field (i.e. 5 only the

even- nunbered |ines) are decoded. The notion conpensated top field pixels
are transmtted to the Standard Di splay 408 for further processing before
tre top field is displayed. A simlar operation is perforned to the bottom
field (i.e. only the oddnunbered lines) during a second field tine of the
third frame, t~. This nmethod of direct d2eoding B-Picture bitstreans for
display without requiring internedi ate storage i s known 10 as
"B-on-the-Fly". The present invention only requires two anchor frames at
any one tine. ~¥here a further anchor franme appears in the Goup O
Pictures (°° GOP4f* sethserrcenulntien nbtheanotier of basriescatinthederens of tireC

| -Picture and stored in the Conpressed Frane Buffers 407 by replacing 15
the earlie : d_ |- Pietur : R Pi already stored in the
Cbnpressedé%ﬁéﬁénggﬁgggg848#FE%?%E#®tﬁbi5 gh%%%$ﬁ§’diagranlilIustrating an
exanpl e of how wthetherlese ptopbrivantdron fqedbokssesolaoh®; 2ndvi deo bi t stream
with a frame encodi ng sggyence q&p{l, P, B, ... f. The frame 20 encoding
sequence in thi & i&thednigprl srardesabptiecqrdrof ¢RISYRHer in which the franmes wil |
be decoded. tt 901 is the first field time of the f rst frame, and
represents the tinme interval in which the I-Picture in the first frame is
decoded f oin pdditiot, enginalizaiohCiay thd &fpPied Sotthe macobidc icem@lekitewhéret the
first frame, and represents the tine .interval in which the I-Picture in the
first framormalisedimirroRieckarofrsidtyr & dh&gelYas a new | -Picture before it is
stored in the 2~ Conpressed Frame Buffers. t; 903 is the first field tinme
of the second frane, and represents the tine interval in which the
P-Picture in the second frame is decoded:f qrypicture statistics. During the
interval t3, the top.field of the I¢PretticeFromthe first frame, 11 ~, is
retrieved fromthe Conpressed 30 FrameABliff'éf s and decoded by the D spl ay
Decodeﬁ in preparation for display. t.~ 904 is the second tine field of the
second Qrane, and represents the tine interval in which the P -13 Picture
i n the seootide f Faie theSaferadel mactoblodiedoanttxitg- ehtedpdviaas acrevsded Riicttiter e
before it is stored in the Conpressed Frame Buffers. During the interval

t ~, the boY¥arowlipdtwinds beditp achipiechetiprsubresiye @ality ansthigheymgie contrdh acqusacy.
retrieved . : I r D) :
becoder 1 1 BRBuaRSe P BHGRRG el Rl A R A RGONSE, DRABRURL AL, 1
t hi rd Fr anshiglandate epnted et wadhelntaddiionnhieh eamplerityegtdns taleeqianpzdd @acdeof t he
B-Pictyure i,.g}ot he third frame is deglgded. b% t he Enbedded .Dec&dergé@g :

retrietd ng" OGP HEF D FAMBLURIGS, FFARHEUR G PY SBHRGS {9 SRS YT IO8hF xity
represent irggokd1QhdtORrel iqhtiz0f fif®, Cndr et BeiRbveidre, beldt ,suBRcti@Iigugstyby the
notion vectors in the current B 10 Frane) and then decoded by the D spl ay
Decoder f Quapizatign sp@paisoplingadg betyeen the ng@eadized andwonrpesmglizgid maggoblegh d
frame, an@ogﬁk&& ns the sane functionality described for t; but is applied
in respect of the bottomfield of the B-Picture in the third frane, B3e.

During the first field time of an I-Picture or a P-Picture, the Bitstream
Par ser, 402, vari a

ble 15 | ength decodes the vide itstre ft.er. renmpving

he. miftbr d THE AR PP U T OGS LTS T RS o e RRERS o,
picture, slivB&ier pfoptRLLAhREK) (®TY coxirslacdS(ikierafealih BWURIOP I THeUkiver loop
paraneters for storage and, macrobl ock paraneters for further processing in
Dat a Anal ylghr,ly goygrols the quantizer scale prediction accuracy at the macroblock level, while the

outer loop compensates for the offset created by the inner loop and converges the encoding

bit count to the target picture bit count.

25
With the derived quantizer scale from the Rate Control circuit 304 and the encoding
parameters from the Data Analyzer 302, the Embedded Encoder 308 encodes the stream of

decoded pixel values from the MPEG Decoder 303 via the various video compression



20 Picture paraneters: ~ scale-type, the type of quantization table used
(l'inear or non linear); Intro Quantizer Mtrix, the two di nensional 8x8
guanti zation table used for intro-coding; intro DC precision, the nunber
of bits used for coding DC coefficients; 25 alternate scan, the type of

zi g-zag scan to perform and intro vlic~ format, the type of variable

| ength coding table used for intracoding. Macrobl ock paraneters: 30 sb ,
the bit count of AC coefficients; 1~ d;5, the bit count of DC
coefficients; qgh , the quantizer scale; {~nv;, }~ ~ }b, the set of K Ful
scal e notion vectors decoded fromthe -a¥soci ated notion vector information;
and 5 nbintra, the bool ean representation of intra-coded macrobl ocks. The
paranmeters q scale-type, intra-DC~recision, alternate scan, intr-a-vlcJ
format angcphiqhéy irnath@rl\@PEI@f” %glﬂcﬂn&ﬂeni\@@@ﬁ)@ls%ﬁh&iaﬁaﬁ'aﬁﬂ%anzjctﬁe length
Preferably, the macrob parameters are processed in the Data Analyzer
403 as i nEoroding tnfoim aeoxd@dmsmhnﬂ fastordes iBihesompagssdehirarae bufi2s.duri ng t he
first pass decoding and the MPEG Decoder 404 during the second pass
decodi ng. The Bitstream Parser 402 or the MPEG Decoder 404 m ght not give
t he e; cacPrdférablypthe ;RafeﬁD@itQﬂSlrdﬁSjUéladox&is cealsiie, soth thaethedeadBatie Contisive to
be conputed outsjde .the |~I PEG Decoder 404, Fox exanple, the bit 15 count
of AC Soct it HHtCeikeH e SEBHRIL nt Pl viieo AP As ols 199 gdn Eppedded
bitstrea i J inei o

Tt ust ver B A eSO M PO i
par anet erer (anzmtlzcxrﬁ:uaiedﬁechpm titrait806 forabe eekt prcmbbick s thepdpedioae ar e

accurrul ated to formpicture paraneters. 20 If the macroblock is intra-coded

(i.e. if mb mra =1 ), the estimted nmacrobl ock conplexity, ;~, , and the
estimat edriglite GOURbWOT axDCér@@ﬂﬁﬁml 8ntthe ddecoddt | illufieatidef bmeekaaspld alfl aws: n*
nxrv 'S ~rcl, =dn. 2~ the macroblock is inter-coded or if the

predi 601 ompiemeation Eebisgiyre Oé B-pp-thgnFly lMPEG=vigyo siraam eeepding stprifag ibbl ock
conpl exi Ly %%'1 Pon W t%eﬁ?ﬁﬂo%&ﬂe%eﬁ?@éﬂdr?'ﬂ@éé Wb s?r%!ﬁlﬂtdec&mg W)l | be

defined as
illustrate how the system operates, it 1s assumed that the system will process a MPEG-2

video bitstream consisting of frames in the display sequence {I, B, P, ..}, with a
corresponding frame encoding sequence of {I, P, B, ...}. The video bitstream is received
15 and stored in a Bitstream Buffer 401. After the required Video Buffering Verifier
(“VBV™) delay, as defined in the MPEG-2 specifications, the bitstream for the entire

picture is stored in the Bitstream Buffer 401 and ready for decoding.

The decoding of each picture is performed by a pseudo two-pass decoding and one-pass
20 encoding process, where the first phase of the two-pass decoding process, represented by a
first field time of a frame to be processed, involves extracting macroblock and picture
information and computing picture statistics (described below) for the current frame, The
second phase of the two-pass decoding process (represented by a second field time of the
frame to be processed) involves extracting macroblock information for the current frame
25 and also the complete decoding of the current frame. The second phase is performed in
parallel with the one-pass encoding for the same frame. The encoded video data is then

stored in compressed frame buffers 407.

In a first field time of the first frame, t;, a Bitstream Parser 402 decodes the first [-Picture
30 sufficiently for a Data Analyzer 403 to perform picture statistics computations. In a

second field time of the first frame, t., a MPEG Decoder 404 decodes the first 1-Picture



1S . X~=s, ~i~d, =d,” . where s, ~, g, and d,are the bit count
OFAC coefficients, the quantizer scale and the bit 5 count of DC
coefficients respectively, as derived fromthe Conpressed Frane Buffer 407.
Statistical data are gathered fromthe Conpressed Frane Buffers =07 rather
than fromthe Bitstxeam Buffer 401 for inter-coded nmacrobl ocks, since the
predi ct ed nmacrobl ocks provide a closer inage description to the original
macrobl ocl ¢ than the prediction error. The set of notion vectors, {~nv~ }k
~ ~h , is used to locate the predicted macrobl ocks using I O the address
references in the iVlIacrobl ock Pointer _Tlghle. For the equations in this
specification, the b superscript represents infornmation derived fromthe
Bit stream Buf fer 401 mhile the ¢ superscript represents information from

t he Conpre 0 ent ed
by d, - or - ripelehZHRL TR hiorhlitn 1 e PABTRAGAh 4G5 MRS, EGREREFT O
are inf ra sacedloak chm’act(:nst&s \lh eltcheamentime peiied, = Ratk @ontrobsiecuitbélSoteocites ) .
Each macrobl ock {s variabl e-|l ength encoded and ha reference to
The st ar t GTogtiE REEREs oI sy HEr GHETEET S et S O EReR T ofd

Ref erence hrbgidthk %rlbﬁfaﬂgplm% ab @ néQ EPiEAke Riifd theSafah?Qe®ifeel Botk R/ Balal Nes)
of D1 resolution. A macroblock defines a two di nensi onal region consisting

of a 165x A@alpwe‘woaandaymli}ﬁt@ i@ nirpdeiscui e at Emrth@qku!a@nt-huslan‘eqqm thes a
Macr obl OClel?’gg] Eo&lé?g&ogﬁwﬂgehﬁ B Ociﬂmtpeamﬁazg s%réta e%g\fl‘l\'lg gfﬁs%gkl:rame

macr obl ock’s I'ne nmacro ar- ol thm

entries). Buffasgibhed thmkieﬁemtoaﬁtimt\m&mmmnﬂroyk gathe I@mgedsed Bavie Buffer

hi erarchi cal_ pointe systen1§f kgp nﬁFéed in the Macrobl ock Pointer Tabl e.
For exanpld7 it peppecinift @Magrogiogk Fawistii@8levi deo segments, such that each

vi deo segnment consists of five consecutive macrobl ocks. Each picture should
have 324 full segnent pointers (1620 macrobl ocks per picture / 5

macr obl@cKs apiénst #¢1d eéimesefghesrcord ﬁamestagheﬁitst)eaanﬂarﬁerrﬂol_ rfec exdve titeal-Picture

gglclr,]? 2|r ue dflntﬁ!g rs‘%c?ni fﬁcglier %ﬁg@ﬁt& g‘fra(}{l? %a%% g%&%%&%%e Igé[r?orm plc{ure statls!.%xcs

computations The decoding of the P-Picture is similar to I-Pictures except that the motion
vectors are used to locate predicted macroblock properties, thereby providing a good
estimate for the current inter-coded macroblock properties. Reference herein shall be
15 made to a top-field first video image sequence. It is assumed that the processing of all
video images begins from line 0, corresponding to the first line of an image. At the same
time a Display Decoder 408 decodes the top field (or only the even-numbered lines) of the
I-Picture retrieved from the Compressed Frame Buffers 407 and passes the decoded picture
to the Standard Display 409 for further processing before it is displayed. In a second field
20 time of the second frame, t4, the operations of the P-Picture are similar to that for the I-
Picture (i.e. it is encoded by the Embedded Encoder 406 as a new I-Picture and then stored
in the Compressed Frame Buffers 407), except that the motion vectors of the P-Picture as
decoded by the MPEG Decoder 404 are used to locate the corresponding predicted
macroblocks in the Compressed Frame Butfers 407 using the Macroblock Pointer Table.

The located reference macroblocks are retrieved and decoded by an Embedded Decoder

ta
AV

410, which operates concurrently with the MPEG Decoder 404 to produce the predicted
pixel values for the motion compensated picture. In the case of I-Pictures, which has
concealed motion vectors, a similar procedure like that for P-Pictures is followed. At the
same time, the Display Decoder 408 decodes the bottom field (or only the odd-numbered
30 lines) of the I-Picture from the Compressed Frame Buffers 407 and passes the decoded

picture to a Standard Display 409 for further processing before it is displayed.



10 15 ,the previous macroblock within that segment. Hence, for a 4:2:0
chroma sanpling format, the | argest macrobl ock size would be 3072 bits (8x8
pi xel s per block * 6 bl ocks per macroblock * 8 bits per pixel = 3072 bits
per macrobl ock) and the | argest segnment size would be 15,360 bits (3072
bits per macrobl ock * 5 macrobl ocks per video segnent = 15,360 bits) and
the | argest picture size would be 4,976,640 bits (3072 bits per macrobl ock
* 1620 macrobl ocks per picture = 4,976,640 bits). Assum ng that the
conpressi on does not expand the original pixel data, a 12 and 23 bit
precision is defined for an increnental. jpacrobl ock pointer and a ful

segnent pointer respectively. As a result, a mninmum of 23,004 bits (324
segnents per picture * (23 bits per full segment pointer + 12 bits per

i ncrenental segnment pointer * 4 increnental segnental pointers per segnent)
= 23,004 bits) is required to inplenment the Macrobl ock Pointer Tabl e.

Pr ef er abl yin adir@xBeldh|took of ohentlérd fystem theaVPECoDedakr &0f i dvesdas egholvitebon i s

not used si.nce it .reqguij.es an addition bi.ts . per bloc cappe t he
hoount of e e LB it PR Bl Bvi ARbu R IR Po e e gha - Ghae
72,900 bi tictufh, BhlySmB&HBRCRE KT Selectd N mbBIR RERbrs RERELenR@vE o8 % RPI fidIR¢T QDI ock
1620 macrobl ocks per picture = 72,900 bits) of nmenory. By first identifying

t he seghemunly ke averiumbersiddines)ase deqoded| bk mokpn cempensatea domheld gaxsls are
macr obl ock_has..a positi@n ff. i { ol i.bl: l,cul at h
addr ess 01li mél%%%tge i@tg1 %ﬁ%éfaé |ﬂc}§ﬁ£%§ 6’? oﬁP{ g@ep%ggére?%lg%%g%%ggﬁr {eo.p s@?l& lg
segnent _ dagpdayedskA+similih opesutidn €S Sperfoimed te-ahenbenemnfeld (@aedosissieiidt he

absol ut e nacr.obl ock adqdress of crohl ock m .se nt addressk. i he ful
segnent adwrr@ggeddfn@egwm a gecog teb lpgg 03 ST Ly i‘l{uts H%ewis?@wﬁ% al

macr obl ocky.aslds e BSpiOfurdbitdehAb FRU sy Rittoul ehutr @Rk hte lstotdens Rndwn
segnent k, and where | Is an integer ranging fromO to n-1 and n represents

t he nulberasB-amatbedlby’ocks within a segment. In contrast to the pixel
resolution determned fromthe notion conpensation schene in a 30 norma
MPEG Decoder, macrobl ock resolution is used in the present decoder.

| nt er - codquhe prestt ifmedtivhl QOK rqudpetid Sfchar Rardey atvipg dnsiting:. MMheRna REGEOr s on
the macrobl ock grid or a,two dinen?ional boundary. Figures 4A, 4B and 4C

i || ust r at @n¢heAHFMESPBFArS e Girethdt RSRISHI GO bisesenae FOBRBLIR: Bageiy. As
shown in EjQ#8 aSAneheriRffdnGd ﬁgrem E&%&ﬁﬁ?eﬂ@@ Ff%uﬁ@ﬁ{lﬂ@'g 48Y 64 lr@ﬂ?acg{ngd

pi xel' s in macrobl ock D. The estimated macroblock conplexity, ;= -,
est i meltded thy ¢arberwnfttho tnéaded &-PBQurecufH-Pishentkeddystared ini thedfongmdised Frame
macr obl ocléguftgts407are defined as: L' L' X~- SD* ~I D

Figure 4 is a timing diagram illustrating an example of how the present invention processes
a MPEG-2 video bitstream with a frame encoding sequence of {I, P, B, ...}. The frame
20 encoding sequence in this example also reflects the order in which the frames will be
decoded. t; 901 is the first field time of the first frame, and represents the time interval in
which the [-Picture in the first frame is decoded for picture statistics. t; 902 is the second
field time of the first frame, and represents the time interval in which the [-Picture in the

first frame is fully decoded and re-encoded as a new I-Picture before it is stored in the

[\
W

Compressed Frame Buffers.

t3 903 is the first field time of the second frame, and represents the time interval in which
the P-Picture in the second frame is decoded for picture statistics. During the interval t,
the top field of the I-Picture from the first frame, I1,, is retrieved from the Compressed
30 Frame Buffers and decoded by the Display Decoder in preparation for display. t; 904 is

the second time field of the second frame, and represents the time interval in which the P-



10 . d, = d~ where s~ , g~ , d ~ correspond to the bit count of AC
coefficients, the quantizer scale and the bit count of DC coefficients
respectively, as derived froma sinple decoding of macreblock D fromthe
Conpressed Franme Buffers 407. As shown in Figure 5 B, if there 15 is equal
overlap on all macrobl ocks, any one of the four macrobl ocks will be used
(for exanple macroblock D). As showin Figure SC, if there is overlap on
only 2 macrobl ocks, either one of the 2 macrobl ocks is used (for exanple
macrobl ock B). A simlar logic is applied at picture boundary conditions.
20 However in the case of nultiple notiomyvectors, the average conplexity,

;~, , and the average bit count of DC coefficients, d, , are taken over all
notion vectors, and is represented by: 1K-~z, _ ~rv,; ~xk lk=d, = clV-~r
{d~k ~k-0  ~k K e C ond Kk
(0 K O AR et Rl T RELYSLY (COLTRPRNE L L5, I obl gk

for the k' Rtored inOﬁhe‘(bﬁtp@é’aseJFt@metBL&t@ﬁtDmﬁna thelr&erﬁI upme\benbmrt&lc{ owihe - and
i er of nmotion vectors in the bltstreamof a

where K is the Xi
P-Picture é’é@W? ”E% rHe NG tldr oS dRFCTRSE oM e depmepiesnd thype Brdfersipid at ed
in Table 18986&&%{%%[)8&&9&%%%‘ ggrhm f'gyg%ﬁﬁg,arreFr anelFi el d2Dual

Pri medFi el dFi el d116x82 Pri me~ E1 Asimlar procedure is
deri ved ¥ or ski pped nacrobl ocks in the P-Picture by setting K =1 and the

corr espondits Jq?tthe t?rstvt?éiti (t)lgnezof(t)he third frame, and represents the time interval in which the
top field of the B-Picture in the third frame is decoded by the Embedded Decoder (by

retrieving from the Compressed Frame Buffers only those macroblocks representing the

top field of the current B-Picture, B3, as defined by the motion vectors in the current B-

10 Frame) and then decoded by the Display Decoder for immediate display. ts is the second

time field of the third frame, and performs the same functionality described for t; but is

applied in respect of the bottom field of the B-Picture in the third frame, B3,.

During the first field time of an I-Picture or a P-Picture, the Bitstream Parser 402 variable-
15 length decodes the video bitstreams after removing the numerous headers (including those
headers that define a sequence, GOP, picture, slice, or macroblock) and extracts the

tollowing picture parameters for storage and macroblock parameters for further processing

in Data Analyzer 403.

20 Picture parameters:
e g _scale_type, the type of quantization table used (linear or non linear);
o Intra Quantizer Matrix, the two dimensional 8x8 quantization table used for
intra-coding;
o intra_DC precision, the number of bits used for coding DC coefficients;
25 e alternate_scan, the type of zig-zag scan to perform; and
e intra_vic_format, the type of variable length coding table used for intra-

coding.

Macroblock parameters:

30 e 5’ the bit count of AC coefficients;



10 Referring again to Figure 3, the derived macrobl ock properties fromthe
Conpressed Franme Buffers 407 and the extracted macrobl ock properties tiom
the Bitstream Parser 402 are accunul ated at a macrobl ock | evel in Data

Anal yzer 403. These nacrobl ock properties are as follows: 15 x, _ ~;~~,
the accunul ated conplexity; ~=0 S,h = ~s,'" |, the accunul ated bit count of
AC coefFcients fromthe Bitstream ~=0 Parser; 17,'' _ ~d ~" |, the

accunul ated bit court of DC coefficients fromthe Bitstream ~=0 20 Parser;
and -19r Db _ ~d~, the accunulated bit count of DC coefficients from
the Conpressed ~=0 Frane Buffers. Wen-tihe | ast macroblock N 1 of the

pi cture has been reached, the picture conplexity, 5 xp,~, picture DC

coef Fcients bit count fromthe Bitstream Parser 402, D~-,~ , and the picture
DC coefficients bit, OUf bgtrcgmtt(]l??)ccp&pﬁ%srﬁsed Frame Buffers 407, Dp,~ , are
obtained as the resul't’ of accunul ati on. ér picttue statistics are

conputed at the picf %];;’uc'hg Level. b le! he equations below. 10 The bit count of
a picture's DC coeffrci entl i =

s 1s calculated as follows: 5* ¢ d ~~~ =D p~~ ~
where ~~r~,-ryre is fhe esti mated c ression factor of the DC coefficients
bit count in the 15 {.{ff’@«}m&ls”‘g? c‘Fthr}gfﬁ%ﬁh%a afetiPY PeeCcEs dserdier pEem bdf ow.
The target bit count of a icture's AC coefficients is calculated as
follows: T T ated motion vector information; and

5 e mb_intra, the boolean representation of intra-coded macroblocks.

associ

The parameters q_scale_type, intra_DC precision, alternate_scan, intra_vic_format and

mb_intra are defined in the MPEG-2 Specifications.

10  Preferably, the macroblock parameters are processed in the Data Analyzer 403 as
information is extracted from the Bitstream Parser 402 during the first pass decoding and
the MPEG Decoder 404 during the second pass decoding. The Bitstream Parser 402 or the
MPEG Decoder 404 might not give the exact list of parameters desired since some of the
parameters have to be computed outside the MPEG Decoder 404. For example, the bit

15 count of AC coefficients can be computed from the difference between the bitstream
pointer from the first AC coefficient decoding to, and not inclusive of, the end of block
code. In addition, some of the macroblock parameters are computed from the extracted

parameters and some are accumulated to form picture parameters.

20 If the macroblock is intra-coded (i.e. if mb intra = 1), the estimated macroblock
complexity, %,, and the estimated bit count of DC coefficient, c7,, will be defined as
follows:

7 =5 *q

~

d=d.

! ¢

If the macroblock is inter-coded or if the prediction error is coded (i.e. if mb_intra = 0), the

estimated macroblock complexity, 7,, and the estimated DC coefficients bit count, c?,,

will be defined as follows:



20 where ~ is the overhead size (in bits) of the conpression including the
| VI acr obl ock Pointer Table, the quantizer scale code (a 5 bit paraneter
fromthe NIPEG ? Specification) and the clct type (a 1 bit paraneter from
the MPEG 2 Specification) for all nmacrobl ocks in the picture, and where
Bp,~ is the target picture size. The quantizer scale is 25 calculated from
the quanti~er scale cocle and q scal e type. The dct type represents either
perform ng the discrete cosine transformin frane format or field fornat.
-20 During the second field tinme of an I-Picture or P-Picture, the MPEG
Decoder 404 decodes the Nt PEG video bit-dtream During the full decoding
process, the nmacrobl ock paraneter dct type 5 and all the above nenti oned
macr obl ocl ¢ paranmeters (other than the bit count of DC coefficients from
the Bitstream Parser 402, d,~' ) are 4gna%£ed. dct lypa ~ indicates 5
whet her franme I DCT or Feld I DCT was pérformed during the decoding process
and is useful for encoding (such as inythe Enbedded Encoder 406). The
extraction of the above nentioned macrobl'ock paranmeters (other than the bit
count of DC coefFcients aild the dct type) durin~~ the first pass encoding
for each macroblock is preferably repeated in the full decodi ng process
(i.e. the geeend, gecodi dSarptiRckssjurtof AL taxfBdvas, k¢ Gedintspasalef o thé biti ng
10 macrobl ock val ues, although it is not necessary for it to be repeated.

| vl acr obl omunconpCexnkthiciamts rebpectoatp ut ddriaglalirom dkse dewmoresfedFrameo Baffeo40t he

Rate Contrgl .circuit 40~, Additiaonal. paraneters, | ke dot and

n n- gscal egtaﬁﬁ%éalp&déq‘ %rFéﬂka?regieﬁf?r{}glbe #wgyrﬁgs@?ﬁ?m%geﬁléﬁs ri@eﬁ?%éc(rg@gn PrPB’V\EB?/er ,
these two piastRpRt BuFeaY ] bfdr digtdré6ekd Mabh®loBks, S§ihea M reiRdted QdaceibidcRy t he
first pass decoding and stored for use during the full decoding process. 15

mi n_gscal eTPEpe As@oies IMAge AFsSMpAA ubiatarizial sasroblaskdbamehe predicerreqmmen: f or
the Mismatch Control circuit, 605 (described later in the tent) for
control | i nkhet3¢e ofinetipR uﬁctwar{.{mvz I },sd&l“&edtté lpratq B predigted pyetpdetke ntinagi ng.
If the quantizer scale used is |lower than the m n-qgscale, then there is no
val ue Hlddhe plesssefersnssstin i YasrotioehPeinisalaitet er smaller than the origina
encoded streamin the Bitstream Buffer. 401 does not produce a better 20
imge quality. The bits saved in the process can be used for storing other
macr obl ocK®r thoeqiations it tde dpgeiitaatibh,obk 9, supetscriptt repReents- infotmationydsayved h 25

(TC,?— qtsggg?dm :thquitsFt?gan% %tu‘f;fef %89%» iBNe Sé‘ksiul;))Qx%gripqar%Er%?gn?sc li(n%bmg’a%ogctlrorﬁ kP =

Compressed Frame Buffers 407. Thus, for example, 57, can be represented by d,” or df,

15 depending on whether the macroblocks to which c~i, relates are intra-coded or not (i.e.

whether mb_intra = 1 for those macroblocks).

Each macroblock is variable-length encoded and has a pointer reference to the start of the
macroblock for easy reference in motion compensation. Reference herein is being made to
20 a PAL picture (720 pixels x 576 lines) of D1 resolution. A macroblock defines a two
dimensional region consisting of a 16 x 16 pixel array in the video image. Each picture
thus requires a Macroblock Pointer Table with a maximum of 1620 entries(where 45
macroblocks per line * 36 macroblocks per column = 1620 macroblock entries). A
possible implementation with memory saving is to have a hierarchical pointer system
25 implemented in the Macroblock Pointer Table. For example, the picture is divided into
video segments, such that each video segment consists of five consecutive macroblocks.
Each picture should have 324 full segment pointers (1620 macroblocks per picture / 5
macroblocks per video segment = 324 segments) and four incremental macroblock pointers

per segment, where each incremental macroblock pointer points to a macroblock relative to



=21 mn_ ~7scale, = mn gscale, ~ The dct type ; and mmqgscal e ;
paraneters correspond to the dct type and m ni nrum quanti zer scal e
paranmeters respectively, and are derived fromthe Conpressed Frane 5

Buf fers 407 using the set of notion vectors {Invk ~K 0" }. The c
superscript represents information fromthe Conpressed Frane Buffer 407.
For one notion vector ~mvo Jh (with reference to Figt>re SA), dct _ type,
is the dct type of macroblock D and mn _ dscale, is the mninp. un

guanti zer scale of the 4 or less 1Q nacrobl ocks of interest. Both are
derived as follows: dct _ type, - dct type ;~h Umn _ gscale, = mn ~q~
}~-~ 1 S Simlar derivations can be done where there is an equal overlap
(as shown in Figures 4B and 4C) and for picture boundary conditions. In the

R At REICNE Y LN 4 I e o

m n_gscal @eKiatoekt R1abd8IRk dede HW¥RE be BETERSs 18XSt PReIPGR: tHIRE deF blsewk ﬁ@fr the
| ~~" notion vector, which is derived 25 in a simlar way to the case for

t he one rrm@cr@hloabd"t&rbltamevewebeﬁém tbltélcpt:r mygrebloeklearsl the largpst:segrersizet ype
val ue assl,anachd 28 168365 (AR 81 A DHIRR'  sOfuBHI0R, KECHELS ik, Lhe
f er S Qne comgor mance ] ori ty of

sane dct ¥ype nej’or
the dcs tyRs60 bits) ahdthel 15rodﬁrpu¢tﬁfé sy deei 54,974, 640bit03 0 VR Bt Ofes maﬁﬂﬂbldﬂkn
-qscaler is the mnimum m n_qgscal e derived fromthe sane set of notion

vectors; ‘ad@20iHcrpblogks prr P‘éY”é‘? § $ U0 RHshi MIAHRIRE1E3A8F cuBBIesieiITed

fromthe hotlxPRId @B o¥igfaPhixe ML R 18aries MefrebRicR i§IdRHAR VY idcPerhdiaicase
for the once notion véctor abové. In addition, referring to Figure 3, Data

Anal yzer m@goblpdapemtarvand pafudlnssgmest pointer retsp@:tlvely As a result, a minimum of
23,004 bits (324 segments per picture * (23 bits per full segment pointer + 12 bits per

10 incremental segment pointer * 4 incremental segmental pointers per segment) = 23,004
bits) is required to implement the Macroblock Pointer Table. Preferably, an 8x8 block
pointer system that provides a finer resolution is not used since it requires an additional 9
bits per block (capped by the amount of uncompressed data per block) and amounts up to
an additional 72,900 bits (9 bits per block * 5 incremental block pointers per macroblock *

15 1620 macroblocks per picture = 72,900 bits) of memory.

By first identifying the segment, k, within which the macroblock, m, is located and each

macroblock has a positional offset, #, it is possible to calculate the address of a predicted

macroblock as follows:

20
1=l
mb _address, = segment _address, + Z mb _address _inc,
=0
where mb _address,, is the absolute macroblock address of macroblock m;
segment_address is the full segment address of segment &; and
25 mb_address_inc, is the incremental macroblock address of a macroblock with a

position offset / within a segment &, and where / is an integer ranging from O to

n-1 and » represents the number of macroblocks within a segment.

In contrast to the pixel resolution determined from the motion compensation scheme in a

30 normal MPEG Decoder, macroblock resolution is used in the present decoder. Inter-coded



clefazrlt dct type and DC conpression factor) at the picture level in the
first or second field time for use in the subsequent pictures. 10 default
dct type = 1 ~ dct-type, > N? ..0 O otherwi se where ~V is the nunber of
macrobl ocks in a picture and default dct type is the magjority of dct-type
used for the macroblocks in the picture. 15 The DC conpression factor is
calculated as follows: DrWpre 'pre-type = Dh pre where pie-type is an

| -Picture or P-Picture, Dp,~, is the bit count of picttue DC coefficients
20 25 fromthe Bitstream Parser 402, and DP~h is the bit count of picture
DC coefficients fromthe re-encoded nmaerldbl ocks that were intra-coded in
the Bitstream Buffer 401. This conpression factor is calculated for
different picture types and may be used in the s ubsequent pictures of the

sane type. mhyPbhcRIprdpérties.afs dertvedRBingahothd vedidrabh Ziedmb&oBlocMELil of Rawo
pi cture anal macraobl uck statistical i nfurmatiun, the Rate Control circuit

=405 der|v@§“@$§ﬂﬂﬂﬁbnﬁﬂhuantlzer scal e for encodlng Figure 6 shows a
functional bl ock diagramof the rate control scheme. A Macrobl ock Bit

Al'l ocation circuit 60l (shown as 305 in Figure 2) allocates the nunber of
bits to beFigse:d 4fAQ i Bemlodl? ﬁg.lstrb:te eA@nplee bf k praindtsd ofactohbckmarthd mac#oblock

accordl t o, scal ed na .obl C i s define s f.ol ~
1S 52 oASE B SRR ol o Sl B BB e 1o
encodi ng Aga&eﬁbéwe%é efs%a{ebemacrobm&é&mga{y %, dnd ets{}ﬁ&a@ét&{r@éﬁ@ of
conplexity ftor the i macrobl ock; ;~n,~ 1s thé €stimted conplexity from

current pi gl §c§e§’ﬁé1§r§t§ﬁ§theslnter-coae?i HRBBANGE , B bsafdrasencodi ng al | AC

coefficien m cur r ent

~ _ . ¢
£ —SD*qD

10 . d =d;

where 55, g, . d}, correspond to the bit count of AC coefficients, the quantizer scale and
the bit count of DC coefficients respectively, as derived from a simple decoding of
macroblock D from the Compressed Frame Buffers 407. As shown in Figure 5B, if there
15 is equal overlap on all macroblocks, any one of the four macroblocks will be used (for
example macroblock D). As shown in Figure SC, if there is overlap on only 2
macroblocks, either one of the 2 macroblocks is used (for example macroblock B). A

similar logic is applied at picture boundary conditions.

20 However in the case of multiple motion vectors, the average complexity, 7,, and the
average bit count of DC coefficients, d,, are taken over all motion vectors, and is

represented by:

RV
3{2’/:!/:0
K-l

=avg {dk }k=()

x| Nl

where y, and d; respectively correspond to the macroblock complexity and the bit count

of DC coefficients derived, as defined above for the & motion vector, from the set of



10 statistics; and -i ~~"~ =r~e, _~ + y~ ek is the proportional integral
control adj ustnent for the picture k=0 | evel. The Qscal e Prediction
circuit 602 (shown as 3U6 in figure ?) then predicts the quantizer scale

with the follow ng equation: 1~ R-=~~+~tms, where g, is the predicted
quanti zer scale for the i "' macrobl ock; x' estimated conplexity of the
i~ macroblock; 20 r s' is the target nunber of blts used for encoding AC
coefficients for the i~ macrobl ock; and S;~rB = ., + (i~ ek is the
proportional integral control adjustnent for the k:O nacroblock Level . To
stabilize bit rate generation and i nprev@-rate control accuracy, a two-tier
control closed loop is inplenented. The error, e, =s,'"~ - s; t , defined

as the difference between the target and re-encoded AC coefficient bit

count, 65@905’3%5;8% ;%}t’ Elnd2erk "L epﬁlﬁ?g;ﬂ{u}ﬂ ﬂﬂx%'be# Qf ﬁﬁ'&x@é veBlols HOfLT O

CIrCUItS € nacrobl oc Icture respectively.
The i nner 61@1@&9@t@%ﬁ’1e? lre E&HP&@ Jo%e ﬁ%r&ﬁﬁﬁﬁ&ﬁﬁtﬁédﬁ%n fype ak %ﬁf&%&rd%' es

of the Qscale Prediction circuit at the macrob(ock | evel and adds an
error adj ubabehbelowal cul at ed by ae ., + (i~ ek, to the predicted quantizer
scale, g, , where a = -0.0008 and k=0 ~i = -0. 0005 are exanpl e constant

val ues. These val ues are exenplary values only. The bounds of these val ues

are rel ated tjo theiagapyTygence pf th@dggmhngbefoop. 10 On tghe ot her lhard,
t he outer (p| ctur pl PL_controller 603 is concernedwith the gener al

stability of |the bi t Fiemee generpti on afnsures {he conveﬂgence of |t he
target picture bit count. It adds an erg;gf adj ustnent, cahcul ated Ry
rle, , + y~ ek , to the target AC k=0 coefficient|bit counf before fhe

scal ed macrobl ock bit aIIocation takdhmpPame In this case4 15 exampl e

val ues can be— afd—y—=34-5——si-nee Hpact-of—toeeal—erroer—+eedback
is less than |ntegraf“%¥ror feedback f&?aétablllty purpose% These val ues
are exenpl ary values only. The bounds qkgy§hese values are pelated to the
convergence of the control | oop.

Dual Prime 2

TABLE 1

A similar procedure is derived for skipped macroblocks in the P-Picture by setting K = 1

and the corresponding motion vector = 0.

10
Referring again to Figure 3, the derived macroblock properties from the Compressed
Frame Buffers 407 and the extracted macroblock properties from the Bitstream Parser 402
are accumulated at a macroblock level in Data Analyzer 403. These macroblock properties
are as follows:

15

= Z 7, » the accumulated complexity;

=0
S’ =Z§,” , the accumulated bit count of AC coefficients from the Bitstream

Parser;

D Zd", the accumulated bit count of DC coefficients [rom the Bitstream
7=0

20 Parser; and



M smatch control is perforned by a Msmatch Control circuit 605 and is
performed after 20 the quanti zer scale prediction and error adjustnents.
The objective is to match the discrete set of quantizer scal e val ues
defined by ~ scale_type and qucrnti~er scale-cocle in the Nf PEG
specifications. First the Msmatch Control circuit 605 perforns saturation
on the incom ng quantizer scale, q, , to the range of 2 to 62 for |inear
guanti zation (i.e. where g scale type = 0), and to the range of 1 to 112
for non-linear quantization (i.e. where '? 5 q scale type =1 ). Then tr~e
M smatch Control circuit 605 rounds thel®%aturated quantizer scale to a

di screte quanti zer scale value according to the linear and non-1li near
guanti zation tabl e. _'7J _In addition, the Msmatch Control circuit 60~
conpares the discrete quantizer scale to the nin _c~scale variable and
forces the quar®i zeY & cdheacqumadaied bitwount efhCrhoatiisienec fibm tharGaaressed t he
quanti zer scale isstarger than the value of mn-c~scale. This is to ensure
that the gﬂﬁggﬁﬁwgncoder (shown as item =106 in Figure 3) will encode with
a quantizer scale no 5 finer or smaller than its original quantizer scale
as picture quality does not |nprove and encoding bits can be saved. However
for I-Pictures |f the esti it .count of picture AC coeffi ci nts

cal cul at e ¥/ lasg macroblo ck"?f of fhe piERE WrcaeehnEad ot Ptﬁttrecfa

pi ctur ; j%éthfenﬁgﬁo fieciPats it E(ﬂﬁ“xt Cﬁro 'tl[f’:akBttstha}rP Pgﬁ?tmltg ”SC%IKF ’theqT '

is used i ernative enbo ation

I | d bl ock I d d
ef ' Che maBIEBISF 0k GOt Py contt MRGRAR O ERTR ik ‘él% fﬁﬁfbﬁeiozgfeﬁle{];t -
macr Obl ch&ag@d\ﬁg tﬂer@‘ﬁ? &ite rlu?lattt@'?t Oé}_‘é? %IQR]SV\%%I’ A 109 F;O c%gg&lte? a% H{%l f?&{ul Vel y

by using a coarser uan |za Ion s

nacroblock&ﬂMﬁﬁms@mmmhsaﬂdwhornoaenous ar eas that are nore sensitive to
the quantization step size and thus requires further quantization.
Norrmal i zed conplexity is defined as follows: 20 ~ +X x~ - ;C +2* ;C

wher e 1y i $nd &?c@%ﬁ%@%m‘i@@’%@ﬁ Q&slfﬁ&&‘lfpls%lchbétéafastf&?ovw evi ous re-encoded
pi cture. Normalized conplexity reduces the variation of macrobl ock

conpl exity, raises the 2~ quantizer scale for higher conplexity macrobl ocks
and |l owers the quantizer scalefor IpM/coaneX|ty macr obl ocks. T he

repl acenent of macrobl ock coanéxrt@mc;ﬂwurwub st he normal i sed conplexity,

X, , in all above steps concerning rate control achi;:ves the advantage of
havi ng better subjective quality and higher rate control accuracy.

where A is the estimated compression factor of the DC coefficients bit count in the

plc—~type

15 previous picture of the same type as described below.

The target bit count of a picture’s AC coefficients is calculated as follows:

pm —BI —¢ d

pic pic
20

where ¢ is the overhead size (in bits) of the compression including the Macroblock

Pointer Table, the quantizer scale code (a 5 bit parameter from the MPEG-2

Specification) and the dct_type (a 1 bit parameter from the MPEG-2 Specification) for all

macroblocks in the picture, and where B,m is the target picture size. The quantizer scale is

25 calculated from the quantizer scale code and q scale type. The dct _type represents

either performing the discrete cosine transform in frame format or field format.



-. 26 The Enbedded Encoder (shown as item 406 in Figure 3) re-encodes all
anchor franmes (nanely |-frames and P-franes) and all the conponents of the
Enbedded Encoder are shown in Figure 7. A Discrete Cosine Transform (DCT)
circuit 701 perfornms a two 5 di mensional 8x8 DCT on the pixel output of the
decoded video bitstream fromthe MPEG Decoder (shown as item 404 in Figure
3). For a frame picture, a franme DCT is perforned if the clct-type is
determned to be 0 in the Data Anal yzer (shown as item 403 in Figure 3),
otherwise a field DCT is performed. The resultant DCT coefficients are
guanti zed by a Quantizer (Q circuit 7Q20using the 8x8 infra-quantizer
matrix fromthe Data Anal yzer 403 10 and the derived quantizer scale from
the Rate Control circuit (shown as item 40~ in Figure 3). The 8x8 quanti zed
coef I ¢l eNiurifl S e Reid RIS 118lcifhekd: $-PRARANSIPEY DicicHad.Adkcbdd
circuit 703 accordi ng to the predetermned alternate scan format par-~.neter
from the DeatavIRR&l yidey budBamA Naningathk dull degpdmgGordenss, (Wt @)acmbiariei gardh@eter
subsequent |y varj abl el ength encodes the one di nensional data in the chosen
i ntrcr vl cféovRat 2efetlbifiated peeianed macrpolaskparamessry sethersban theibggount of
run-length_encoding and the Huf fman_tabl e defiined in the MPEG 2 =

speci f i cat Poneoesfiaens dony ther BitgisemaPargss 493i ¢y ) dre exgaqiethi Adnfae Dimdicates

coeffici.ent ithint C I . At the same.tine,, the nunber of bits
Gener at 84 WjetbteRe TBECEH FROR TS "es Felaa S ing i dekoiet BREHAY 1
Control ciqehiltfod@Rodidf (SR8 a¥kCiiel Bibddded Bcqled 0@ N StHeOK Akt Hn B th@XRABS| ON
of video data_on a 8x8 block basis by Iimting the nmaxi mum nunber of bits

for an 8x8mphigERd mcEdockipasmmesys (Rihedtigmphe bit coent oA 0C caafficerus pidthedtss | f
the limt s exc r r i S.J {nter
has a fi xe‘gﬁ?r&éﬁgﬁgﬁﬁgm% eg?f&smga% egérlﬂ;)fné?(%glﬁé]?g%lprtg%?%;gfg{pg%&)%%’? |1(1:i ent
on nmenory deavding procesy tilbethrseendldetadingprotdse) 4 4s woand boffiertspeceefopatocieg dat a
rate does not have an adverse 25 .effect on the pictyre quality. The entire
encod: 8 procead s aeh Hotgh I S Tpres St o Tt b TR heVaoRREE. of

the noti Orboﬁ?tlé)ﬁ@trﬁﬂy bt REMPSEOALAE ok AR +ibBP AR ML EOR Sie AW LNPEER GOS0 M ng
bitstreans. The Conponents in Enbedded Encoder 406 can be built from

st andard cotoenshtrgrameters MREG! Bripoded miBAsREe care ipaeferglyi derivedRnghe éulB, as
t he bitst h T t d
nto the Giooas bR HIRIEL IS, R REha A Gy AN 3R pAMEYn AR 07 €

Tabl e i s ujddatenhgwht Hirsthgass decodirgyr drdngomrddoeas dirirgathk firhaleodding krockss. t he
decodi Q§ of , B- Pi[ctures, agchor.s franes _are requjred tq proyi de M]e

f ot ~, vir d "AHeTFAENGRIFSFOH BE UL dgndiFsgeale Jeod 3 in selnanh g Mismateh ¢ wo
conpr essedaneNeifcull BEesChbdd [RRER 18 teRi) BB I REERe Anilnufll GlaHiRS dcdld the
Conpressed Franme Buffers 407. For exanple, with a 5 10:1 conpression
schene, tHe keapstdi f3r embedded ooaptiagsel the agrantigarf waleqpsedyis) lowse than the
approxi mately I e - fra * j t he
conpr essi cgﬁkflggg%’?{h’g h Zhejér?g? ggglhltﬁl? tag Sgdeg&% ?%ngﬂ; aﬂ%ﬁ%r?ég‘glg;? ? s)ar.agl\se rrrgﬁ{ya ﬂgrpace
may be shahandthbetrigheh ehéralelistten Bh tist BesreaBuBfer 41dodshet Goripce s dederl 0
Frame Buffers 407, the . Still PRPigture Buffer (n shown) .and th -screen
i api e copan 4l 1 5 oyl G Scehtnde e for SRR P Pafrolpthes o
conpressed still picture fromthe bitstreamthat nmay be decoded as a
background, picture during run tinme. The Onscreen Display G aphics Buffer
stores grfﬁhl%"é‘q‘)ﬁ%ﬁl%?rﬁgloflé&ts and | ogos that are overlaid on screen for
special features, for a ;anple the channel nenu. The size of the Video 1 ~
Bitstream Buffer 401 varies with the video bitrate, with an upper limt
determ ned by the maxi num bit raje éfpe‘tilgc;viﬂ@p bitstream The size of the
Conpressed Frane Buffers may therefore be changed for every video bitstream
or forysthe decoding of a particul afinPpiGIr eqm according to application
needs and menory avail ability. The nunber of 'bits for a picture may al so be
dynam cally allocated for ma~cinmal picture quality. 20 In an alternative
enbodi ment, the present system e extended to al so perform | ower

resol uti ogﬁ-ob‘inﬁetr‘&%edcsi‘@gé&ﬂ%ﬁé WF%E%@E% shows a nodified architecture of the
detector to support |l ower resolution pictLire or zoomout picture decoding.
The architecture in Figure 8 involves the inclusion of a Decimation Filter
811 and an Interpolation Filter 8 i 2. Al 25 other conponents in Figure 8
have the same functionality as t r espondi ngly nunbered conponents
descri¥ed in Figure 3. The Deci r%f%@fﬁeﬁﬁwefypﬁ rcuit 811 perforns a

hori zontal spatial decimation of the display pixels to the required
resolution using a digital decimation filter, for exanple a 7 tap filter
with coefficients [-29, 0, 88, 138, 88, 0, -29] for a 2:1 decimation,
before it is encoded by Enbedded Encoder 406. The 30 horizontally

o, I



bitstreans in the Conpr;.ssed Frane Buffers 407 and is decoded when
necessary for display by the D splay Decoder 408. An Interpolation Filter
812 is needed to performa horizontal spatial interpolation to 5 achieve
full D1 resolution notion conpensation using a digital interpolation
filter, for exanple a 7 tap filter wth coefficients [-12, 0, 140, 256,
140, 0, -12] for a 1:2 interpolation. The two filters can be designed
jointly and filters for |um nance and chrom nance conponents can be

custom zed to nmaxim ze picture quality. These filters are standard
conponents of a video pre-processor subsystemin video rel ated application
10 systens. Besides using the above filters, the Data Anal yzer 403 may be
adapted to support zoom out nodes where the D 1 horizontal resolution is an

integer multiple, A of a |ower_fiorj al_.resgl ytion picture. The
adaptation includes additional gﬂéf§5|s‘ﬁgﬁhga%g¥forned 15 once for every 8
macr obl ocks decoded to conpute correspondi ng paraneters of the to-bo

di spl ayed macrobl ock. Macrobl ock conplexity and duantizer scale are

aver aged f©he Acrmppe bhindcks:, gidad ‘nparnmeersntarraggpend e il del woe end aniniguid
macr obl ocks and the majority clct type for B macrobl ocks is conforned to.
20 The bi tqwotimrsscele PCametdrsAGspastif¢lychrahtage (ewved| frpncther €ginpredsedalirdmer n
respectively, are _accunul at ed for_ever¥ degodgg_l crobl ock as described in
the earfi Bufferg 407 Tepingythe %@ﬁtm%fontvfé%s{u@b Lalgﬁ O ot QUPRCSCEE TIATESERIAL | n

a picture (for l.-PLcture are cul at ed on the to-be-displayed
nagroblocwgkﬁgmpﬁﬁh8mégeg%mpﬁgﬁﬁﬁ%ﬁpﬁgﬁﬁg9£ﬂiprc_Iype + Dprc N-Iph i 1~b

.Spry - a S/ ~=0 -29 It is obvious to those skilled in the art that
speci al considerations nay be made for the picture boundary in the case
wher e t he Rdrdhb nattioheghi {(of, |t (witidedérmmdead Rt GAG dS _mgle, anthenicegpe of
mul tiple of nacrobl ocks.

macroblock D and  pin _gscale, is the minimum quantizer scale of the 4 or less

10 'macroblocks. of interest, Both are derived as follows:

det _type, = dct_type’,

) = i 48P
min _qscale, = minyg; e

1§  Similar derivations can be done where there is an equal overlap (as shown in Figures 4B

and 4C) and for picture boundary conditions.

In the case of K multiple motion vectors,

K-l

default _dct _type Z det _type, =K /2
k=0

major _dct _type otherwise

20 det _type, =

. —_ : . ¢y K-l
min _gscale, =min {min_gscale; } /5

where dct_type; refers to the DCT type derived for the K" motion vector, which is derived

25 in a similar way to the case for the one motion vector above; default dct type refers to a
fixed dct_type value assigned for cases where equal numbers of motion vectors have the

same dct_type,; major _dct_type refers to the conformance to the majority of the dct_type



To reduce speed conplexity issues regarding the B-on-the-Fly decodi ng of
B-Pictures for |ow resolution display, two extra picture buffers may be

i ncluded as part of the systemto tenporarily store B-PictL~res. As such,
B-pictures nmay be conpressed simlar to the anchor frame pictures as

descri bed above. The size of the Conpressed Frane Buffers 407 is not
conprom sed as | ower resolution pictures produce acceptable picture quality
at a smaller 10 target picture bit count. Further sinplification my be
done to reduce decoding froma two-pass to a single-pass decodi ng process
for B-Pictures. As such, the conputatied2ef the Data Anal yzer 403 during
the first field of decoding is elimnated and the nacrobl ock bit allocation
scheme in 1 Sthe Rate Control Circuit 405 is adapted to allocate a

const ant 3 t t ehit: wh ot f‘ﬁf?ﬁgg{fL ' - fi. S
N 20 wher g{hﬁggt € r?utﬁ%g}& ch) Otrtrlggrgg%t%t g "/’ the ’owglﬁ@%?’bf{l?’gﬁ’l”g#&f‘gl?e,
and t he bi f. i I [ clen C t . D

count of pée(rzlglgérljg;o ﬂclzeg% %Jé‘%e%g?g%ag&%&eﬁ’e&sﬂ %a%ﬁ&o%%ﬁgtop@égﬁ% %)ul?gdr}l

pi cture ofqfah6ze abde HHPR TR tHe S Thotfonlvebioh, wieh HIREVAEME] Amithi Raf &f @k ence
to functiohal conmponents is intended to 25 i nclude any applicabl € hardware
conponent reasenfor gt wwe masioovpttpsibovtie appropriate functi on and may incl ude
process$r chips and ASICs as well as basic electronic |ogic conponents. The
"circuits" may al so be inplenmented as nodul es executed in software or a
conbi nat i da z@iﬂitﬁm]g tmﬁgamdﬁg@redwaml d:_ﬁa %zxﬁyz&’ﬁ&Oﬁu@ﬂ?[& E\ilu; pArafetdo di.ofthe g
processi ng, vi de rame a, including the steps of: (a) receiving a video
frame; (b)deﬁaf?frﬁ%{ﬂwe mcbﬁ@i%@pqu@ov if%ig%) fttbgicture beveliin the firgersasang fiokd

vi deo fraqgnggwg%pgzﬁgs oR agkss {d) determ ning video data parameters
fromthe partially decoded video frane or

N-1

1 det _type, >N/2
1=0
0 otherwise

10 default dct type =

where V is the number of macroblocks in a picture and default_dct_type is the majority of

dct_type used for the macroblocks in the picture.

15 The DC compression factor is calculated as follows:

rib
l _ D[m.

pe_type h
D pic

h

e 1S the bit count of picture DC coefficients

where pic_type is an I-Picture or P-Picture, D

20  from the Bitstream Parser 402, and D;,’L" 1s the bit count of picture DC coetlicients from

the re-encoded macroblocks that were intra-coded in the Bitstream Buffer 401. This
compression factor is calculated for different picture types and may be used in the

subsequent pictures of the same type. Typically, 4, . can be initalized to 1.

25 With the picture and macroblock statistical information, the Rate Control circuit 405
derives a suitable quantizer scale for encoding. Figure 6 shows a functional block diagram

of the rate control scheme. A Macroblock Bit Allocation circuit 601 (shown as 305 in



both the partially and fully decoded video frame; (e) encoding the
macr obl ocks based on the determ ned video data paraneters to provide a
conpressed video frame for subsequent display. ?. A nethod according to
claiml, wherein the step of partially decoding the video frane incl udes
vari abl e I ength decoding of an input bitstreamof the video frame data. 3.
A nethod according to claim2, wherein the step of partially decoding the
video frame includes variable | ength decoding of the input bitstream for an
i nfra-coded video frame and variable | ength decodi ng of a conpressed anchor
video frame bitstreamfor inter-coded viddeo franmes. 4. A nethod according
to claim3, wherein the said variable | ength decodi ng of a conpressed
anchor frane bitstreamincludes macrobl ock address decodi ng using a

macr obl ockrip@ierB)eillotady fe anehbener biteP Hel)sedfordeicodifi thag O cwekfivdass of the
determ ni ng macrobl ock | evel and picture-|evel video_da%a araneters. 5. A
met hod ac dBRAPPIGC) ercerdangrioscalihBagionlogh cemplseing pYtieikis dafipdsas foldpie i s
organi sed into video segnents, each cenprising n nacrobloclcs with a ful

| engt h segnment pointer and n-! inﬁ&e@gntéﬁLsegﬁbnt pointers, where n is an
integer. 6. A nethod according to cl&pm 4, wherein said macrobl ock address
decoding is perfornmed according to: -31 r-i nb _ crddress," = segnent _
addressK + ~ nb aG-' G-YesS _ inc, where nb _ address", is the absolute

bl ock ,addr ess., of | : ' = '
T o oREE BT R R SRSl roP AL AR AR s B e TR

address of a ma r@%eo&hm\gtetdqoglp%(%ﬁ},g&?ge ﬁf’%é‘géﬂbcwthi n a segnent k; and

where 1 is an iftéger rangl ng n'represents the nunber of

macr obl ocks w thi n; : RityelonodirRac Stk dafi@ice! @i m 1, wherein
step (d) include¥ gﬁ%é%&lﬁ%&%dgogwﬁét?)? = d:at er?in' ni ngamagr obl ock-1 evel and

pi cture-1level vjde t r rs..Gil) L@ L FH : exity
in the video frélaﬁeg g%d&(?e?i ?@Sgﬁe%ﬁ]oé%l%galgﬁqju%mggng%%%g?hg?&t ﬁgﬂ@% deo
frane. 8. A opthod; according to claim7, wherein said nmacrobl ock-1leve

vi deo data parafeters of step (i) include one or nore of: an infra coding
flag, a bit count of theAC coefficients, .a bit coupt .of thenggL1 .
coeffid ents, a&rqiii & &cat &€ Brppqianal dregrscanig!l afiuErspeior fy pgture
transform (DCT) type. 9. “A nethod according to claim 7, wherein said

pi cture-| emel. video data paraneters of step (i) include one or nore of:
quanti zer scale type, infra quantization matrix, infra DC precision,
alternate scan format and infra variable | ength coding fornat.

The Qscale Prediction circuit 602 (shown as 306 in figure 2) then predicts the quantizer

scale with the following equation:

15
~ _Z
ql = __[‘ + 5:&/3

Sl
where ¢ is the predicted quantizer scale for the i macroblock;
Z: estimated complexity of the i™ macroblock;
’
20 i {s the target number of bits used for encoding AC coefficients for the i

macroblock; and

1~1
& =0e, +,BZek is the proportional integral control adjustment for the
k=0

macroblock level.




10. A nethod according to claim7, wherein step (d) includes estinmating the
set of macrobl ock paraneters from conpressed anchor frames using a decoded
notion vector. 11. A nmethod according to claim 10, wherein the step of
estimati ng macrobl ock paraneters from conpressed anchor franmes for

i nt er-coded macrobl ocks includes one or nore of: (iv) determning

macr obl ock paraneters including a bit count of AC coefftcients, a bit count
of DC coefficients and a quantizer scal e; (v) determning a discrete
cosine transform (DCT) type; and (vi) determinin5 a m ni num quanti zer
scale. 12. A nethod according to claim34; wherein step (iv) is based on
the maxi mal overlap principle where the macrobl ock assunes the
characteristics of the conpensated macrobl ock that is nmaxinmally overl apped.
3. A et hndsidaney st Rge fettioh Ahd mprofier@d dbn$al stcdRkgraiwdetkrregrakicek DCT
type is based on a majority of the DCT types used in notion conpensated
macr obl ocKsog rimiprenentd dthereaor, of <o kss,” , 1defingd aethh diffaemerbdiwegn e gt m 11,
wherein said mni mum quanti zer scale is the mnimum quantizer scal e used
anong ot %8 Eorpedtdafedeapilicion| it kaumiors fedt ack clodewemard duien Ekeportiongl A
met hod ac ' 0 Lim.:, I 3Sah b XI LS

determ neg&gglla? g(gbprcg ‘3‘%:1{% %?ulwgéﬁa‘%g o] ?gc@gﬁgn%l?gé?l%glgg#g g%\%“r!’f hleev%lit
count of trispediBetyoePhé¢ trinen{rsacodblodid Pirmontedileo 6R4 chfipedsane tftrotie acourdéing t 0

claim?7, rein i d macrobl ock conplexity i,s, esti mated fromthe product
e RN 3: KU e b ek v T AR SR M RS R

coefficients for inter-coded macrobl ocks. 17. A nethod according to claim
7, wher ei nalsalattdgiycter, & 8Mar,act éhd medictsd iqnattizdesatee For whare ex of-0.069%aid  DCT
type, DC conpression factefr, picture conplexity, the pictwe bit count of AC

e, D _ i the pi ct ;
aceor di ng 1 o LPG0 A ACGRE Sl R 18k RURA LEIS by o TTHEE,

val ue assipgieR ofREE vadikdre RUIREHShOEoriBlb AR ofeled @hirohR¥s DCT type. 19. A
met hod according to claim 17, wherein the DC conpression factor is defined

as 10 the picture bit count of DC coefficients o f the received video
frame divifegd .b i gt.u it . i.Cle

re- encodeggl ng]g r%%%rg%?g’. ﬁ%ogﬁgb%%tﬁggﬁgggétfﬁgggw olggﬁg‘lyr’# : 79“5\/?%&% glg%leraslai d
pi ct ur e cewmpiligxof vhei it det @emirmech asl ¢nseres tim odnvelvenomof tiol tagkt popd @ii ti es
of macroblocks in the video franme or the sumof the estimated nacrobl ock

conpl exi t k& Of [(RESsO QElE dafustdie,VEHGRackd HFE 7, + 7D e, , to the target AC
k=0

coefficient bit count before the scaled macroblock bit allocation takes place. In this case,
15 example values can be 7 =0 and y = 1.5 since the impact of local error feedback is less
than integral error feedback for stability purposes. These values are exemplary values

only. The bounds of these values are related to the convergence of the control loop.

Mismatch contro! is performed by a Mismatch Control circuit 605 and is performed after
20 the quantizer scale prediction and error adjustments. The objective is to match the discrete
set of quantizer scale values defined by g scale type and quantizer_scale code in the
MPEG specifications. First the Mismatch Control circuit 605 performs saturation on the

incoming quantizer scale, g, to the range of 2 to 62 for linear quantization (i.e. where

g scale_type = 0), and to the range of 1 to 112 for non-linear quantization (i.e. where

q_scale_tvpe = 1). Then the Mismatch Control circuit 605 rounds the saturated quantizer

[ (9]
Lh

scale to a discrete quantizer scale value according to the linear and non-linear quantization

table.




21. A method according to claim17, wherein said picture bit count of AC
coefficients is determ ned as the sumof the nmacrobl ock bit counts of AC
coefficients or the sumof the estimated nacrobl ock bit counts of AC
coefficients. 22. A nethod according to claim 17, wherein said picture bit
count of DC coefficients is determned as the sunmed accunul ation of the
bit counts of DC coefficients fromthe intra-coded macrobl ocks multiplied
by the DC conpression factor and accLUnul ation of estimated bit count of DQ
coefficients fromthe inter-coded nacrobl ocks. 23. A method according to
claim1l, wherein the step of determ ni-d§-vi deo paraneters fromthe
partially decoded video frame includes step (iv) and the step of

determ ning video paranmeters fromthe fully decoded video frame include
steps (i V)id Qiditn) the%?s?rﬁttdh”@orgﬁ)tl %frEﬂxﬂBWc&@ﬂﬂeth@ dFsQH:’EkI qL%URQ seaetd el ent.
24. A nethod accor to claim1l, when ein the step of determ ning video
par anet er smfn; qmcrg’ehearpg]ret andl fbvedé@dd@dtlmr desde for eqvete with thberging U&;ple(vam)lbland
the step o geterqlnln 9.p et ers fron1the1FuL@¥ Shfo ded vngﬁ frane
i ncl ude st'&pec AY§EE ° s 157 ’aﬁe?%éa‘”%é’éé’?ﬁﬂf&“ fo TR RS t he
step o f dBthédﬂeﬂlegodHr‘dﬂ@wﬂafsaﬁﬁi £06sinfRiQure BhevilpaidodalWith decaded seildas

frame i ncI udes steﬁ é (vi). 26. A methaod according to claim1,
wher ei n° t Héne& 108 smedsr étﬁ@&si% qvw"%wﬁkswwgrq wralifi dees qat jimarove@adi ng
target encodhdde Bl SanfRrsaf@Cch macrobl ock; _3~._ (ii) predicting a

quanti zer scal e for each macrobl ock; (iii) inplenenting control | oop
f eedback; and (iv) encoding the nacroblock based on said video data

par amet er 27. A .hod accordj.ng t.o.claim26, wh t he al l.ocatjpn
Parger . madionse Rrdreatieng A St dudst R Ore Sftrsbrscr Gt BX: oy
relative to pigture conplexity with a feed back control adjustment, as
descri bed $y =t Pes /adeadass drn tre Jarget bt qount ef picture 4. coeffigients, s¥, pthe qmlgmaé s ~
is the target rnunber of bits for encoding AC coefficients for the i ~

macr ob] ock; s,the estimted,conplexity for the i " macrobioclt; ;~ p,~
is the{d;s “ﬁgfigﬁlscé%er’rﬂ' el FBAYcurrent picture statistics; sn~is the
target bits for encoding all AC coefFcients fromcurrent picture
statistics; and ~p,~ is a proportional integral control adj ustnent for the
picture | ¢nedn aR@matvereinbodingasod dliply tdrptdtidhmnR6lvinghef e(dr Heetbmialing! t he
guanti zer scale includes an approximation of the rate quantization with a
f eedback eentsbddckachmisexipftcands aeddnsibeidodDihet mecrebloalt icomplexxty;ﬁ, ~ Thel~ -~
~,ira S where g, is the predicted quantizer scale for the i ~' nacrobl ock;
X~ esti rratr@edm@mthtebaghyompbmtr macicklockabrbimser deigils that preenat gogeromtisadber of

bits ul%ed s{ﬂ% CIR,Q[-‘YOCH},"‘QLSIAQ go%zlcrée?' 8‘%?17&% step size, whereas low complexity

macroblocks with smooth and homogenous areas that are more sensitive to the

quantization step size and thus requires further quantization.

Normalized complexity is defined as follows:

20
. _2*Ztx
Z,+2xy
where y is the average macroblock complexity of the previous re-encoded picture.
Normalized complexity reduces the variation of macroblock complexity, raises the
25 quantizer scale for higher complexity macroblocks and lowers the quantizer scale tor low

complexity macroblocks. The replacement of macroblock complexity, Z,, by the
normalised complexity, 7,, in all above steps concerning rate control achieves the

advantage of having better subjective quality and higher rate control accuracy.




the i~ macrobLock; and ~;~,~ is a proportional integral control adjustnent
for the nmacrobl ock | evel. 3] _ 29. A nethod according to claim 27,
wherein said predicted quantizer scale is constrained to be above a m ni num
guanti zer scale. 30. A nethod according to claim26, wherein said contro
| oop feedback includes a two tier closed control loop wth an inner | oop
controlling quantizer prediction accuracy and an outer | oop conpensating
for bit rate accuracy. 3 Z. A nethod according to claim28, wherein said
control |oop feedback is based on the error bet ween the actual and target
encoding bits and provides proportional26imtegral or proportional control
adj ustments by applying the equation ~:~~a = ae, = +,(3~ ek k=0 to the
steps of the macroblock bit allocation and quantizer scal e prediction,
where a and ,Q are constants less than zero and e~ is the error of the

. ~nacr obl g¢k defined as t differen bet.ween, the targe encoded
AC coef Fcf@ﬁfﬁrﬁ‘?idde Eﬁf%féff(gwsﬂzas %\erﬂé*@ﬁda%té%‘&ﬁrﬁdlfﬁén‘f‘%ﬁfg g@f FHREY of n
~~, ~ i s defdnigd I%n{ebeand P-fmmes)e;!&ldvm& i‘m@pdnen@rui tHe %fn@oe@@aﬂaamr apd e,
is the error of [ macr obl'ocks, defined as the difference between the

target anshcmen ern&gi@@l 7ACACB€G'CFB(§<1 Snosing Fransernt éDC§3B cirpuiprdOhayriaseoediveg t o
I 6, d
claim % » IS Ql SSX%I HC? ?\q Pligglﬁ(;ugﬁé(olf Yge eb{;?éé’d: Ade otllgllg?re%n Sﬁae‘l\épfzﬂ”"’ar

DC f tFanSfornat n, qadan vari a ased on said
vi deo dat Eeaaiea(mlbems:s itedhi 404 i Féduieley Fdre fumapicaes, as&zaheaDa?ﬁdxs@eﬁuh&dt of

one or nore of : t al intro quantlzatlon matr|~c
intro DC Preef<idne ISaqy Feémﬁgﬂ E%éluétha tfr ﬁfl?laszvé?hom % liEBhthinddgiteg):

formit. Sguedvivd d9RIBRAUSNGrBIRLE MHAK SRR cofici8XE G ihibheofat hod

of any one of clains . ' _ o
Quantizer (Q) ClI‘CLIlt 70” using the 8x8 intra-quantizer matrix from the Data Analyzer 403

N

10 and the derived quantizer scale from the Rate Control circuit (shown as item 405 in Figure
3). The 8x8 quantized coefficients are then re-arranged in a zig-zag manner by a zig-zag
(ZZ) circuit 703 according to the predetermined alternate scan format parameter from the
Data Analyzer 403, A Variable-Length Coder (VLC) circuit 704 subsequently variable-
length encodes the one dimensional data in the chosen intra_vic_formar determined from

15 the Data Analyzer 403 using run-length encoding and the Huffman table defined in the
MPEG-2 specifications and also differential encoding of the luminance DC coefficients
within the macroblocks. At the same time, the number of bits generated by the VLC

circuit 704 is tracked and fed back to the Rate Control circuit 405.

20  The VLC circuit 704 also ensures minimal expansion of video data on a 8x8 block basis by
limiting the maximum number of bits for an 8x8 block to 682 bits, or by dropping the last
few coefficients if the limit is exceeded. The reason for this is that the macroblock pointer
has a fixed precision of 12 bits and any expansion of data is inefficient on memory savings.
Furthermore, limiting the bit count on the expanded data rate does not have an adverse

effect on the picture quality. The entire encoding process is similar to the MPEG encoder

[(®]
U

except for the absence of the motion estimator, the decoding loop, motion vectors and
MPEG conforming bitstreams. The components in Embedded Encoder 406 can be built

from standard components in an MPEG Encoder.

30 Referring again to Figure 3, as the bitstreams from the Embedded Encoder 406 are

generated, they are stored into the Compressed Frame Buffers 407 and the Macroblock




-36 35. A video decoder including: (a) a bitstream parser for receiving a
video franme; (b) an enbedded decoder for partially decoding the video frane
and fully decoding the video frane to produce macrobl ocks; (c) a data
anal yzer for determning video data paraneters fromthe partially decoded
video frame or both the partially and fully decoded video frane; (d) an
enbedded encoder for encodi ng the nacrobl ocks based on the determ ned videg
data. 36. A video decoder system having nmeans for supporting | ower

resol ution picture decoding including: a_video decoder as clained in claim
35; a decimation filter nodule for rece?@rng t he decoded nacrobl ocks and
performng a horizontal spatial decimation of the display pixels to the
required resolution using a digital decimation filter; and an interpolation
filter nodidietef Grableeeupdamg wite the e diartefgeadshnese efacachbimaciobloaknd In the
perform ng, a horizantal spatial interpolation to achieve a full D 1

Pesol ut 1 odeRatiRg st SohpuASh s G B aiiear Ferer ot B 4 Belvady o
decoder agfedidlidg glvincHa t01t18OnecddEhelelkt tE colaprassed ahywe trahes AdRfh&d o
perform averagi ng operations for the |ower_resolution picture decoding.
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resolution picture decoding. Figure 8 shows a modified architecture of the detector to
support lower resolution picture or zoom-out picture decoding. The architecture in Figure
8 involves the inclusion of a Decimation Filter 811 and an Interpolation Filter 812. All
25 other components in Figure 8 have the same functionality as the correspondingly
numbered components described in Figure 3. The Decimation Filter Circuit 811 performs
a horizontal spatial decimation of the display pixels to the required resolution using a
digital decimation filter, for example a 7 tap filter with coefficients [-29, 0, 88, 138, 88, 0,
-29] for a 2:1 decimation, before it is encoded by Embedded Encoder 406. The

30 horizontally down-scaled version of the picture is stored as variable-length encoded
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on the to-be-displayed macroblock, as follows:

25 i, = g(Dz,b .
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5 To reduce speed complexity issues regarding the B-on-the-Fly decoding of B-Pictures for
low resolution display, two extra picture buffers may be included as part of the system to
temporarily store B-Pictures. As such, B-pictures may be compressed similar to the anchor
frame pictures as described above. The size of the Compressed Frame Buffers 407 is not

compromised as lower resolution pictures produce acceptable picture quality at a smaller

10 target picture bit count.

Further simplification may be done to reduce decoding from a two-pass to a single-pass
decoding process for B-Pictures. As such, the computation of the Data Analyzer 403
during the first field of decoding is eliminated and the macroblock bit allocation scheme in

15 the Rate Control Circuit 405 is adapted to allocate a constant or averaged target bit count

of AC coefficients, defined by:

20 where N is the number of macroblocks in the low resolution picture, and the bit count of
picture DC coefficients (and hence the target bit count of picture AC coefficients) may be

estimated from the previous picture of the same type.

The term "circuit" as used herein with reference to functional components is intended to
25 include any applicable hardware componentry which can accomplish the appropriate
function and may include processor chips and ASICs as well as basic electronic logic
components. The "circuits" may also be implemented as modules executed in software or

a combination of sofitware and hardware
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h& ()- E7 FFFGE(B}@%EMK@V!ldeo frame;
(b) partially decoding the video frame;
(c) fully decoding the video frame to produce macroblocks;
(d) determining video data parameters from the partially decoded video frame or
both the partially and fully decoded video frame;
(e) encoding the macroblocks based on the determined video data parameters to

provide a compressed video frame for subsequent display.

2. A method according to claim 1, wherein the step of partially decoding the video

frame includes variable length decoding of an input bitstream of the video frame data.

3. A method according to claim 2, wherein the step of partially decoding the video
frame includes variable length decoding of the input bitstream for an intra-coded video

trame and variable length decoding of a compressed anchor video frame bitstream for

inter-coded video frames.

4. A method according to claim 3, wherein the said variable length decoding of a
compressed anchor frame bitstream includes macroblock address decoding using a
macroblock pointer table and the step (d) of determining includes determining macroblock-

level and picture-level video data parameters.

5. A method according to claim 4, wherein said macroblock pointer table is organised
into video segments, each comprising # macroblocks with a full length segment pointer

and n-/ incremental segment pointers, where # is an integer.

6. A method according to claim 4, wherein said macroblock address decoding is

performed according to:
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7. A method according to claim 1, wherein step (d) includes one or more of:
(i) - determining macroblock-level and picture-level video data parameters;
(i1) determining macroblock complexity in the video frame; and

(iif)  determining picture statistics of the video frame.

8. A method according to claim 7, wherein said macroblock-level video data
parameters of step (i) include one or more of: an intra coding flag, a bit count of the AC
coefficients, a bit count of the DC coefficients, a quantizer scale, motion vectors and

discrete cosine transform (DCT) type.

9. A method according to claim 7, wherein said picture-level video data parameters of
step (i) include one or more of: quantizer scale type, intra quantization matrix, intra DC

precision, alternate scan format and intra variable length coding format.

10. A method according to claim 7, wherein step (d) includes estimating the set of

macroblock parameters from compressed anchor frames using a decoded motion vector.

11. A method according to claim 10, wherein the step of estimating macroblock
parameters from compressed anchor frames for inter-coded macroblocks includes one or
more of:

(iv)  determining macroblock parameters including a bit count of AC

coefficients, a bit count of DC coefficients and a quantizer scale;
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v) determining a discrete cosine transtorm (DCT) type; and

(vi)  determining a minimum quantizer scale.

12 A method according to claim 11, wherein step (iv) is based on the maximal overlap

N

principle where the macroblock assumes the characteristics of the compensated

macroblock that is maximally overlapped.

13. A method according to claim 11, wherein said determined macroblock DCT type is

based on a majority of the DCT types used in motion compensated macroblocks for inter-

coded macroblocks.

14. A method according to claim 11, wherein said minimum quantizer scale is the

minimum quantizer scale used among motion compensated macroblocks for inter-coded

macroblocks.

15. A method according to claim 7, wherein said macroblock complexity is determined

as the product of the macroblock quantizer scale and the bit count of the AC coefficients of

the macroblock.

16. A method according to claim 7, wherein said macroblock complexity is estimated
from the product of an estimated quantizer scale and an estimated bit count of AC

coefficients for inter-coded macroblocks.

17. A method according to claim 7, wherein said picture characteristics include one or
more of default DCT type, DC compression factor, picture complexity, the picture bit

count of AC coefficients and the picture bit count of DC coefficients.

18. A method according to claim 17, wherein the default DCT type is a fixed parameter

value assigned where equal numbers of motion vectors have DCT type.

19. A method according to claim 17, wherein the DC compression factor is defined as
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the estimated macroblock complexities of macroblocks in the video frame.

21. A method according to claim 17, wherein said picture bit count of AC coefficients

is determined as the sum of the macroblock bit counts of AC coefficients or the sum of the

estimated macroblock bit counts of AC coefficients.

22. A method according to claim 17, wherein said picture bit count of DC coefficients
is determined as the summed accumulation of the bit counts of DC coefficients from the
intra-coded macroblocks multiplied by the DC compression factor and accumulation of

estimated bit count of DC coefficients from the inter-coded macroblocks.

23. A method according to claim 11, wherein the step of determining video parameters
from the partially decoded video frame includes step (iv) and the step of determining video
parameters from the fully decoded video frame include steps (iv) to (vi), excepting

determining said bit count of DC coefficient.

24. A method according to claim 11, wherein the step of determining video parameters
from the partially decoded video frame includes step (iv) and the step of determining video

parameters from the fully decoded video frame include steps (v) to (vi).

25. A method according to claim 11, wherein the step of determining video parameters

from the partially decoded video frame includes steps (iv) to (vi).

26. A method according to claim 1, wherein the step (e) of encoding the macroblocks

includes:

(1) allocating target encoding bits for each macroblock;
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current picture statistics; and &, is a proportional integral control adjustment for the

picture level.

28. A method according to claim 26, wherein predicting the quantizer scale includes an
approximation of the rate quantization with a feedback control adjustment, as described by

the equation:

where §, is the predicted quantizer scale for the i macroblock; ' estimated complexity

T
of the i™ macroblock; *' is the target number of bits used for encoding AC coefticients for

th

the /" macroblock; and &,, is a proportional integral control adjustment for the

macroblock level.
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n and yare constants and e, is the error of the i macroblocks, defined as the difference

between the target and re-encoded AC coefficient bit counts.

33. A method according to claim 26, wherein said encoding step (iv) comprises the
process of forward DCT transformation, quantization and variable length coding based on
said video data parameters, which includes the quantizer scale and a subset of one or more
of: DCT type, quantizer scale type, intra quantization matrix, intra DC precision, alternate

scale and intra variable length coding format.

34, A video decoding system having means for executing the method of any one of

claims 1 to 33.



35. A video decoder including:
(a) a bitstream parser for receiving a video frame;

(b) an embedded decoder for partially decoding the video frame and fully
decoding the video frame to produce macroblocks;

(c) a data analyzer for determining video data parameters from the partially
decoded video frame or both the partially and fully decoded video frame;

(d an embedded encoder for encoding the macroblocks based on the

determined video data.

36. A video decoder system having means for supporting lower resolution picture

decoding including:
a video decoder as claimed in claim 35;

a decimation filter module for receiving the deceded macroblocks and performing a
horizontal spatial decimation of the display pixels to the required resolution using a digital

decimation filter; and
an interpolation filter module for receiving the decoded reference macroblocks and

performing a horizontal spatial interpolation to achieve a full D1 resolution motion

compensation using a digital interpolation filter.

37. A decoder according to claim 36, wherein the data analyzer is adapted to perform

averaging operations for the lower resolution picture decoding.



