-1- DECODER AND METHOD OF DECODI NG USI NG PSEUDO TWD PASS DECODI NG AND ONE
PASS ENCODI NG FIELD OF THE | NVENTI ON 5 The present invention relates to a
decoder and a nethod and system of video data decoding, and in particular
t he decodi ng of MPEG video bitstreans, that provides nmenory savings in
frame buffers. 10 BACKGROUND OF THE | NVENTI ON There is a continuous need
for reducing the nenory requirenents 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. Menory reductions (for
exanple in the ratio 15 of 10:1 or higher) will also enable the effective
enbeddi ng of nmenory conponents w thin a lrar dwar e decoder system conponent,
simlar to the enbedded dynam ¢ random access nenory ("enbedded DRAM')
technol ogy. For exanple, a typical video decoder chip Iike an MPEG 2
decoder uses aDEGODERAND METHODOF DECORMNGUSING PSEUDQ TTWE PASS i n
frame buffers to be used f vi deo franes, :
vi deo post-processi ng and ‘f“é‘?@ﬁﬁﬁ%@%ﬁ%@%ﬁ&é@ﬁﬁ i nformation for
feature enhancenents. The reduction of menory requirements, especially in
relation to_video decodi ng and post-processi ng, has been the subject of
much r esearfdifLd) HFeTHE bpde significant savings in manufacturing
costs. Menory reduction mnth decimation in the spatial domain causes

blurring of the image while decimation in the' frequency domain by
applying a 'ﬂ’liexplﬁtsd)ittinvmtientmlam?.cmde decodencandbé améthed st osyktemaof sui@gedated in
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savings in frame buffers.

10 BACKGROUND OF THE INVENTION

There is a continuous need for reducing the ;nemory‘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 em'bedding.of memory components within
a hardware decoder systemn component, similar to the t?mbedded 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 priof art, causes unpredictable artefacts which are
especially apparent in fast moving video sequences.

30



Anot her chal l enge of reconpression is the precision of bit rate control.
Since the size of the physical nenory to be used in a system may be fi xed,
the rate control of the variable-length encoding circuit (or entropy
encodi ng) nust be accurate, such that the maxi mumnenory is wutilized

w t hout exceeding the allocated nenory spze. Known nethods such as

virtual -buffer 5 fullness control may not be used i ndependently since the
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a conpressed anchor. video fr itstreamfor inter-coded video frames; (c)
fully dec 8FYeey: o5 the H%ﬂk?lﬁ%ﬁflgﬂeﬁ wa@eé resplts dm thscdegradation QE pistuie Qpelify.
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partially and full'y decoded video franeg; ) encodi ng the nacrobl ocks
based on the determ ned video data paraneters to provide a conpressed

vi deo g ag gﬁ‘n ' . I'n another aspect, the invention
a Vi Qﬁ%ﬁgéﬁé‘g er théﬁo

provi des adap performthe above nethod. 25 The
present i rkheprésent ifventior proyvidesiadmethad of piwoessing vikteo franod dati, rigcludigg theasteps
bi tstreamparser for receiving a video frame; (b)*an enbedded decoder for
partially decoding the video frane, wherein the partial decoding includes
vari abl e | engt l@a)dec eedendngd videeframput bi tstream for an intra-coded 30
vi deo frarme and variab % ength decodi ng of a conpressed anchgr video
frame bjtstr eagl?) part!aﬁy @ecocﬂng the v?d%o game, whemigpme partial decoding includes
15 variable length decoding of the input bitstream for an intra-coded video frame and variable
length decoding of a compressed anchor video frame bitstream for inter-coded video frames;
()  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;
20 (e) encoding the macroblocks based on the determined video data parameters to

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, wherein the
partial decoding includes vaﬁable length decoding of the input bitstream for an intra-coded
30 video frame and variable length decoding of a compressed anchor video frame bitstream
for inter-coded video frames; |
(c) fully decoding the video frame to produce macroblocks;
(d)  a data analyzer for determining video data parameters from the partially
decoded video frame or both the partially and fully decoded video frame;




for inter-coded video frames; (c) fully decoding the video franme to produce
macr obl ocks; (d) a data anal yzer for determ ning video data paraneters from
the partially decoded video frane or both the partially and fully decoded
video franme; -3- (e) an enbedded encoder for encodi ng the macrobl ocks based
on the determned video data. To achieve g significant conpression ratio
whi |l e rendering acceptable picture quality"and 5 mnim zing inplenentation
conplexity, the present inventipon provides a ngthod of applyin eudo

t wo- pass decodi ng{e%md %@%@é@ﬁ@ﬁ&ﬂg?@f CNEOMIRE & GeH’aﬂg’E’g‘?”iF ng¥¥é e
pass of the devtmbasdsvid@r@aa ng process, the input video bitstreamis decoded
partially to extract useful picture statistics for use in the subsequent
one pass encodi ng process. The second pass of the two-pass decodi ng

rocess is : l.nparallel wiih the gne-pass. 10 en i n [ocess,
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the case of S&°oldRtss Pl theree-past daeading p swelwssrg?@%wpﬁgﬂﬂrmw PEERASS
the tedpi @HEIIRE pokadd hi | WEEny MO I I
Transform (" DC'}' , qua’ntailhleata!ins))?lv,§ d’ﬁgbs g%ﬁﬁfg&%?& %c%‘%wﬂﬁgﬁé&i n aw
zi g-zag pat awoHnt efrmematyr i abl e- Length Coding ("VLC'). To mininse picture
degradati on and maxi m se the wuseful picture statistics that can be
extracted during the first pass of the two-pass decoding 25 process in the
present i nveht ipgeteired embbdifricAtRSenchBés QIR 2RSS FRAEOMIKIEh B faitt! Sfeftkr ol 12

preferred enbodi ment utilises encoding techniques simlar fo that described
for a standBidure or P-Picture) as an I-Picture to the desired memory compression ratio with

15 minimum trade-off in picture quality and system complexity. Also, for cases where the
display resolution is less than the bitstream resolution, a non-anchor picture (i.e. a B-
Picture) can be decoded on-the-fly using a two-pass decoding technique to significantly

reduce the overall memory requirements of the system.

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

25 process in the present invention for all frames, the one-pass encoding process used in a
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
30  that re-compresses video data using present compression techniques. Based on the picture
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



MPEG encoder. Enbodi nents of the invention also relate to a systemfor
performng two-tiered rate control 30 that re-conpresses video data using
present conpression techni ques. Based on the picture statistics derived
fromthe first pass of the two-pass decodi ng process, the two-tiered rate
control schene is applied to the one-pass encodi ng process to determ ne the
quanti zer scale -4- for efficient bit allocation. The determ nation of a
sui tabl e quanti zer scal e enables effective conpression while naintaining
good picture quality. Artefacts caused by the dropping of DCT coefficients
during quantization are significantly reduced since decinmation in the
frequency domain is nostly performed within the ideal conpression 5 limt
of the system but rarely within the expansion range of the quantization

process. i YA resgl o S 0 10: 1_ne

reducti on :%f e?@é%% %Egﬁg%%ﬁn a éi#}%%,%gﬁ% otrfg esg‘l&%br!?r%q%“éﬁe%‘(eiygn%qse to
stabilise teffectivet compressimevhilé intuintaihirighgoodcionure gaality. SChelgts aagbedthynthei n
variations j n the hi te neral]Jy within 10% of the, 10 average bit
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Is an illustration of the decoding of an interpolated nacrobl ock in the B-

Picture; 20 FILG. 2 i.s a flow diagramilJustrating the interactiqn of
various modflegdtigh, ihs, @t pqptmg Sg is; ablg o ytahilise @F bih ralpigsasTlon ofrthe he
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of a reduced nenory video decoder of an enbodi nent “of tHe present
i nvent il8n; avarage bit fate.a Thisraiecrotrelgacawnary makes thei presenhisysteanpitablef fonaise ime
pr e.sent ! .né'):%{gxﬁsoarith fixed memory buffers. Hence a video decoder with an embedded memory

system may be built in accordance with the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Preferred embodiments of the present invention are hereinafter described, by way of
example only, with reference to the accompanying drawings, wherein:
FIG. 1 is an illustration of the decoding of an interpolated macroblock in the B-
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
25 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; 7
30 FIG. 5C is a graphical representation of the boundary case of equal overlap on 2 of
the 4 macroblocks;



25 processes a MPEG 2 video bitstreamw th a franme encodi ng sequence of {I,
P, B,...}; FIG 5A is a graphical representation of the normal case of

maxi mal overlap of the predicted macrobl ock on the macrobl ock grid of
conpressed frane; 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

macrobl ocks; -5- FIG 6 is a block diagramof a rate control circuit
according to an enbodi nent of the invention; FIG 7 is a block diagram of
t he enmbedded encoder nodule shown in Figurg.3; FIG 8 is a block diagram of
a decoder of another enbodi nent of the present 5 invention that supports

| ower resolution picture or zoom out picture decoding. DETAILED

DESCRI PTI ON OF PR =D L NENTS.OF THE . ILNVENTI ON 10 Enbodi nent s of
the present i nven?:f(grﬁgegsr%E%%ga?a(%ﬁgf(ad'atﬁrf°mg’2"}giaﬂ‘?6ai6‘55%8’éﬁ rge‘?‘f'fﬂ“’nt of
MPEG- 2 speci thedateéntion; (al so referred to as "I SO | EC 13818") achi eves

| t emporal redundancy between franes

significant co sj on renpvi n
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conpressi on by quanti zation. e
encodi ng 8f HveRtignethatssupperts lower weblutdon pitorenmtzoom-oit pieture tewdingane it sel f
but information that may span across several pictures. In MPEG 2, the term
"picture" refers to either a frame or a field. Therefore, a coded

r epr esent at i DETWILEIPDESCRIPHONOF FREPERRED EMBODIMENTS ®FETRE 2 fiel d.

20 Figure 1@%&#&&%& an exanpl e of MPEG decodi ng of a macroblock in a
B- Picture 202, [ in this exanple requires forward prediction from an

| -Picture 201 and backward prediction froma P-Picture 203. The sequence
of frames 204 reflects the order in which the franes will be displayed,
st arti ngl@r ofmbedimenteiafithe presdit invention BiecipplieabROt {sMPEG-2 oideo decoder. The

MPEG-2 specifications (also referred to as “ISO/IEC 13818”) achieves significant
compression by removing temporal redundaﬂcy betw'een frames close in time. This is
done in addition to removing spatial and statistical redundancy within a frame by DCT or
entropy encoding and lossy compression by quantization, The temporal element implies
15 that the encoding of a frame is not limited to information within the frame itself but
information that may span across several pictures. In MPEG-2, the term “picture” refers to
either a frame or a field. Therefore, a coded representation of a picture may be

reconstructed into a frame or a field.

20  Figure 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 I-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 I-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.c. an I-Picture or P-Picture) are required. Each anchor frame has a




"infra picture") is encoded purely wth information 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-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"
decodi ng, which involves the direct 30 decoding of B-Picture bitstreans for
di splay without internediate storage, at |gast two anchor frames (i.e. an
| -Picture or P-Plcture) are requi red. Each anchor frame has a -6- naximum
si ze of apprOX|nater megabits (derived by: 720 horizontal pixels x 576

l i nes x15b1es el x 8 1y te =5 ahits) in th se of
2 Pl pi ot ur BeEn 8¢ o pppridies S riedh Bl dL Veddpyt 920 BORAROTA PR S e
frame (i.e. a9 bfteShat'fixdllx Bbits perbRL ~2$ nﬁ@aﬂltsﬂr?mér&se BPatPllﬁ. PR&Iré 6LD1

menory corrpre33| on ratio with mninumtrade-off in picture quality and
system corrpl@iﬂlfym Fi gure 2 shows the general oper ation of the nenory
reduction schenme in the decoder of a 10 preferred enbodi nent. The MPEG
video bitstreamis partially decoded by a Bitstream Parser circuit 301,
whi ch appbi ek iw&shadbtcerd—mgdheatbhmndhm@m (i.bcanvi-Bieawrd o PtRictare) ao an hPictuire

t he quanti zed fficients and, macr.obl.gock, i nforna for all

macr obl ocks ntg dF% EtQWWc?WIﬁe?SWH‘&W&f“H% a“iﬁ’%&ré“ Bistyrg dyplif @aded.
This is the dysfefiic % the two- pass decoding process. The information
fromthe partlall geco ed MPEG video bitstream 15 is passed to a Data

Anal yzer circuit 302 which further extracts picture statistics and
R 001 ock. IEBE Fh08 dbRL bR R R IO BERE R AR s a1
pi ct ur es18t qurefidrred emhnmmsed’heﬂ\r[_hﬁﬁ widiefof bitsﬂ'eands tpastiallgtdecaded| byz @ Bitsirézenli t
descr bed | e C a0 PRI APPLESHERDErIFrsth Seca0SeRSbF Aiiep rBRBLBS ERR
MPEG vi deo hkhé JuhfBel tIOCT coefﬁments a.nd macroblock information for all macroblocks 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
15 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.
20 |
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 from 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).
30



produce macrobl ocks, which are later re-encoded by an Enbedded Encoder 308
for storage in the conpressed franme buffers and referenced by an address.
The stored macrobl ocks may be later retrieved fromnenory for the notion
conpensati on of predicted 25 macrobl ocks, which may be decoded from | ater
frames, thus formng the final pixel values in preparation for display. At
the sane tine, macroblock information is passed to the Data Analyzer 302
as it is generated by the MPEG 2 Decoder 303. The Data Anal yzer 302 uses
nore information from decoding (not shown) of the conpressed frane buffers
and conputes inportant macrobl ock paranegf[s (descri bed below). 30 -7- A
rate control circuit 304 then uses the earlier conputed picture statistics
and macrobl ock parameters fromthe Data Anal yzer circuit 302 to derive a

sui tabl e quantizer scale for.the Enbedded Encoder 308. A Macrobl ock Bit

Al | ocati on c??@fﬁ ?O%GQCW‘?“F%:{M(&FB‘F‘!)ES&FQ? qeflier camputed ke Statistics apdmaaceblack on
t he scal ed MagragkledCHom ' AP il

the nunber of bits to bgﬁﬁgﬁi%&}lyﬁggﬁl&%@ﬁﬁgbg{%ﬁ?@gﬁgﬁtgeﬁé&%ﬁ&%
macr obl ock uEmbgddedfinsadersi®Bolst Makroblonk Bitxhacationeirduar 305 first alldcates the target
froma prop | [Nt al error feedback contraoll er. he .equat i on
gover ni ng thg{aél%ot% R)g Ibgtg gﬁél égnéi’g?%c%@%é %855’8& sy e&‘ﬁ’b\?@‘.eeblﬁﬁﬂ-%c?ngn pocessgr
+ + e z, k 5k_8llovates ethe Tnunsbet hef bity' @& tbenusedefor dncbding ther AEneadficientdA®Gf each
coefficients_for 1the i d' naaﬁ%gbl ock; x, is the estimted conplexity for

the th macr oBegfeRlock susing scaled magro gomBlssity $pgsther, githc adingments; pmy, 8

statistics; pRpbfiohdl@nd Hite&hl é%r?eefdﬁ&k%ﬁﬁ’&l'}%g all AC coefficients from
current picture statistics; e,-, is the nunber of bits for encoding the

error of the AC coefficients for the (i-1)" rmacrobl ock;

The equation governing the bit allocation process is given as follows:
10

o i~1
S:T = é_*[s;c +ne,_, + ?"Zek]
A pic k=0

where s is the target number of bits for encoding AC coefficients for the i macroblock;

Z: is the estimated complexity for the /™ macroblock;

15 Z pic 1s the estimated complexity from current picture statistics;

sh. 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 (-nm

macroblock;
-1
20 Z e, is the accumulation of the number of bits for encoding the error of the AC
k=0 .

coefficients from the 0" macroblock up to the (i-/)™ macroblock;
17 is the local proportional error feedback control constant; and
7 is the integral error feedback control constant.

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

x=s5%q



1-1 20 Z ek is the accunul ation of the nunber of bits for encoding the
error of the AC k.0 coefficients fromthe 0" nacroblock up to the (i-1)d
macrobl ock; g is the | ocal proportional error feedback control constant;
and y is the integral error feedback control constant. 25 For the present
system t he macrobl ock conplexity, Z ,is generally defined as: x=sq - 8-
where s is the nunber of bits used for encoding AC coefficients of a
macrobl ock; and q is the quantizer scale used for the macroblock. 5 The
process of scal ed nmacrobl ock conplexity bit allocation is devel oped on the
finding that the macrobl ock conplexity |%%relatively constant over a range
of quantizer scales. A smaller quantizer Scale generates nore bits for
encodi ng the AC coefficients of the sane macroblock while a macrobl ock

wi th higher conplexity requires nore bits for encoding its AC coefficients
for the sane quantizer scale. 10 The decoder differentiates between the
number of bi hieSHRHER AR of Bits ed FHCtoRlding RE! obfHiofihlsfof o HadbIGAL R C ent s
af fect the contrast of e plicture, 1tic reconpressi on
t echni que used i ng isitke QueantiersdalEnsmuidor the @crobdxkt he sane |ntra-DC
precision and prevents any further | oss of information. This
differentiation also benefits 15 the second process in the rate control
scheme, kfiovitheaprotdss of uedled aicroblovkecoripdskitgtbivillochtiddl andéveRpedenltie finding

Prediction circuit 306 then predicts the corresponding quantizer scale to
be used in éh@dﬁ? Mgcrabiock corplangty ds ﬁi@tyeb*fw@afew m&aaﬁnﬁﬁ&f qQuaniigT seelesnver se

complexity dnehRfh %h&éﬂﬁal@%ﬂ%f@ ‘Wcte 'EﬁPTor CACCRRIRints e same

equation governing t antlzer sca ter nation IS given as
fol | ows: @i macapbleckewhile a-iviletoblogk withthigher complexity requires more bits for encoding its

AC coefficients for the same quantizer scale.

10 :
The decoder differentiates between the number of bits generated by the AC and DC
coefficients. As DC coefficients affect the contrast of the picture, it is critical that the
recompression technique used in the Embedded Encoder 308 uses the same intra-DC
precision and prevents any further loss of information. This differentiation also benefits

15 the second process in the rate control scheme, known as the quantizer scale prediction.

A Quantizer Scale Prediction circuit 306 then predicts the corresponding quantizer scale to
be used in encoding the AC coefficients of each macroblock using an inverse complexity
relation with adjustments made by mismatch control. The equation governing the

20 quantizer scale determination is given as follows:

- Z i~f
g, =5 +ae, +ﬁzek
s; { k=
where g, is the predicted quantizer scale for the ' macroblock;

Z1 estimated complexity of the i macroblock;

T
25 Si is the target number of bits used for encoding AC coefficients for the /¥

macroblock;
€:-1 is the number of bits for encoding the error of the AC coefficients for the (i-I)“‘

macroblock;



where q; is the predicted quantizer scale for the iei macroblock; Z
estimated conplexity of the it' macroblock; r 25 S; is the target nunber
of bits used for encoding AC coefficients for the ith macroblock; e;-1 is
t he nunber of bits for encoding the error of the AC coefficients for the
(i-1)"" macroblock; -9- Zek is the accumul ation of the nunber of bits for
encodi ng the error of the AC coefficients fromthe Oth nmacrobl ock up to
macrobl ock; a is the | ocal proportional error feedback control constant;
and /3 is the integral error feedback control constant. 5 In addition,
normal i zation may be applied to the nmacroby ock conplexity, where the
normal i sed macrobl ock conplexity, is given by: 2*Z+% x,+2*% 10 where %is
t he average nacrobl ock conplexity of the previous re-encoded picture.
Norrmal i zation is ﬁied to achi eve better subjective quality and higher rate
control accuracy. LRohgiei aten@IneH 8Kihk auhfddt L8t o8 efbddify ARGERr Betneern

macr obl ock conpl effties, giving a higher rate control accuracy. In
uantjzed coarser 15 w thout

addi tion, high_cqnpl exit gions. are qua

subj ective c&?ﬁ‘ﬂ&‘% ,"mttﬁ%lﬁ‘gp’&f"ioi?b’ci‘ﬁl’@ Grd)” magroblpsks or sensitive | ow

conpl exity regi O&SisEh@%caﬁfu%g&‘ﬂi%ﬁ&l'&z%gféeﬁﬂfck’cpﬁ‘@&lc t24f4 eving a better
subjective quality. Quantization conparison IS nade between the nornalized
and non- nor nmal i zed istherintograbérrordesdbhekxcdmyrol @Mstehee rate control accuracy is
guar anteeg by a Feedback Control circuit 307 that inplenents a two-tier
proportional integral ("PP') control loop (illustrated in Figure 6). The

inner 100p In addition, normalization may be applied to the macroblock complexity, where the

normalised macroblock complexity, ¥,,is given by:

L _20F+7
COZ+2v7
10
where ¥ is the average macroblock complexity of the previous re-encoded picture,
Normalization is used to achieve better subjective quality and higher rate control accuracy.
Normalized complexity reduces the differences between macroblock complexities, giving
a higher rate control accuracy. In addition, high complexity regions are quantized coarser
15  without subjective compromise, translating into bit savings for sensitive low complexity
regions that are quantized finer, and thus achieving a better subjective quality.
Quantization comparison is made between the normalized and non-normalized macroblock

complexity.

20 The rate control accuracy is guaranteed by a Feedback Control circuit 307 that implements
a two-tier proportional integral (“PI”) control loop (illustrated in Figure 6). The inner loop
tightly controls 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



tightly controls the quantizer scale prediction accuracy at the macrobl ock
| evel, while the outer |oop conpensates for the offset created by the

i nner | oop and converges the encoding bit count to the target picture bit
count. 25 Wth the derived quantizer scale fromthe Rate Control circuit
304 and the encoding paraneters fromthe Data Anal yzer 302, the Enbedded
Encoder 308 encodes the stream of decoded pi xel values fromthe MPEG
Decoder 303 via the various video conpression -10- techniques in the MPEG 2
specifications, nanmely DCT, quantization and variable-length encoding, to
forma video bitstreamfor storage in the ganpressed frame buffers.
Preferably, the Rate Control circuit 304 works in real-tine, such that the
Feedback Control 5 circuit 307 receives the actual bit count of the video

stream as it d V. co nts
using the Nlaf:érc‘ggqﬁ@S 1{an'tﬂt %ggﬁggﬁgﬁoﬁ ul &%ﬁﬁﬁu&%ﬁp?ﬁ @Eéﬂéué Em”%
Predi ction cemeoding, @6 avidebditsiedm forctobdple 36 thel comiphedsqdi feghé BiefferEi gure 3
shows an enbodi ment of the decoder, illustrating an exanple of an 10

i npl ementation architecture of B-on-the-Fly MPEG vi deo stream decodi ng

working in  PRférablgthoRaiei Cdhtrdl SYAEEINARVAKE B ra8l-Rd YeQoHIENE FéeddabCC

stream degnodl ng. To illustrate how the system operates, it is assume hat
the syst eth wiiFquitHgeesives thepmtual bindogabofithe S’tdeeammnsltss leagingfthé Emhei;iedn

Sequence of TTCESE alt mpkes oy adiohomoily ik o DAcESRRDT o BREFG0ES
in a BitstreanButiterScdld Prediéticercifchip 30&ﬂjrlthiﬁcbx‘t/nﬂmbﬁuk frethie pepeline.i f i er

("VBV') delay, as defined in the MPEG 2 specifications, the bitstreamfor
the entire picture is stored in the Bitstream Buffer 401 and ready for

decodi ng. Theigaecadishavdfant 3athoBinkdnt! 6f itRe pcfécfvéhrrnqg'ﬁ]ﬁ*f’&%st phas of tﬁr?a

decodlng and one-pass 20 encodlnghprocess where 't
t wo- pass!Gedsw eReFIAtion caschiter iy of dhowtherkly MPEGr witled b tdecmling warkingiime t o

be processe t nf or mat J. on nd

comput ng. prorliRinain BveR dbABLARC RERPH MG fidn hEHR i e

fsec;) gd phas ellms‘n'atd]hx)wuhr-mtem dpmxds Hpispisnarsisthal @RrseSent will fscds $90PAG-2
ield time

v1deo gltstream 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 gtored 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 I-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 I-Picture



frame to be processed) involves extracting macrobl ock information for the
current frane 25 and al so the conplete decoding of the current frame. The
second phase is performed in parallel with the one-pass encoding for the
sane franme. The encoded video data is then stored in conpressed frane
buffers 407. In a first field tine of the first frane, ti, a Bitstream

Par ser 402 decodes the first I-Picture 30 sufficiently for a Data Anal yzer
403 to performpicture statistics conputations. In a second field tinme of
the first frame, t2, a MPEG Decoder 404 decodes the first |I-Picture -11-
conpletely and feeds forward information to the Data Anal yzer 403 which
conputes nmacrobl ock characteristics. In tHe same tinme period, a Rate
Control circuit 405 uses the conputed paraneters to determ ne a suitable
guanti zer scale. An Enbedded Encoder 406 encodes the original |-Picture as

a new | - Pi ct GP@apletaln gnd Heedsafoswerdeinformation otthe Data Pankyz& 407 whidy cargitesnd
the Rate Co i ¥ CHli . at : : latijve. t EG
becoder 404, MEwefickGaleietic 18 AT i URE herif & fihe CordoL il Cad i e
Buf fers 407 eouptthe pardnhetesstol decaininera afitablecjuantiver edaled CAn EmbcldéedEngodastsd
F Buf f 407 | i nt Ma ) ock Pointer Table. 10, I first
Frame Ul er 0% be BT L 2 U PRLRCK 0L 1Lt To0L S 10,110 £ Dht
P-Pictures i Anhlersquzomsl fHealite Chntdof R ¥0% Qf athfrdBibk @@k#&faﬁé‘@% iR

performpicture statistics conputations The decoding of Picture Is
simlar to | MAEG Hesedesdddpt The final videonbitstosamsvase tstared dm ¢hey Conipressddoframe

di cted | i el . d tl t th
urrent 1 nt opuaagag ans RS okl & ook R BIOBR s of X Xmreh Pl e "
made to a toff7 isetappéd intd a MadblockPointécTubknce. |t is assuned that the

processing of all video images begins fromline 0, corresponding to the
first line of an image. At the sane tinme a D splay Decoder 408 decodes the

top fiel do( om Lesy bR SO SEBRA Bdme! 52 B%Euéaﬁ?ﬁaeﬂs%ﬂo@t £ Gdes e P-PIRE

fromthe Conpressed Frame Buffers 407 and passes t ecoded picture tg
t he St andar dinphe seeopdAoang suffitignth&or the ddata dinalyzerc4@r to perform pické atatistics | n

R S
Enbedded Encadmirs 4ftoused @ lveite | predicted radtlsiosk propeities ethereby 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 Buffers 407 using the Macroblock Pointer Table.
25 The located reference macroblocks are retrieved and decoded by an Embedded Decoder
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.



in the Conpressed Frane Buffers 407), except that the notion vectors of the
P-Picture as decoded by the MPEG Decoder 404 are used to |locate the
correspondi ng predicted nacroblocks in the Conpressed Frane Buffers 407
usi ng the Macrobl ock Pointer Table. 25 The | ocated reference macrobl ocks
are retrieved and decoded by an Enbedded Decoder 410, which operates
concurrently with the MPEG Decoder 404 to produce the predicted pixel

val ues for the notion conpensated picture. In the case of |-Pictures, which
has conceal ed notion vectors, a simlar procedure |like that for P-Pictures
Is followed. At the sane tinme, the EﬁsptqérDecoder 408 decodes the bottom
field (or only the odd-nunbered 30 |ines) the I-Picture fromthe

Conpr essed Frane Buffers 407 and passes the decoded picture to a Standard
Di splay 409 for further processing before it is displayed. -12- In a first
field tine of the third frame, t5, the NPEG Decoder 404 decodes the video
bi t stream of if BefGr Rhiat g df"thé %ﬁg&@fc T&ﬁfc R Dddder HRAEYRbdds thk Reddoas e

of a B-frane picture, only macrobl not1 on vectors
representati bisstesamy afghe Bﬁ’lf:wed io the Bc;strannBuffent% dlaweven itbtbe easel dfrac3) )?ramee

decoded. The a ixels are ns
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di spl ayed5 Aosliynhd arenqwtetddqmehparseleéwe&mrh& endtida cd '&:Mef:lltBﬂJ €iekd pigals &l y
t he odd- nurrbered nes durlngasecondfleldtlma the third frane, t6.
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P- Pi ct ur €0 al aseBdyn-tHecHIgtl i n the Conpressed Frane Buffers 407. Figure 4 |s

atimng diagramill ustrat| ng an exanpl e of how the present invention

processes a NPEGZ video bitstreamw th a franme encodi ng sequence of {lI,

P, B ... ehil aAoN s | | ts
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t he order rames
anchor ﬁ'a.me appears in the Group Of Pictures (“GOP”) sequence, the new anchor frame is

encoded as a new I-Picture and stored in the Compressed Frame Buffers 407 by replacing
15 the earlier of the encoded I-Picture or P-Picture already stored in the Compressed Frame
Buffers 407.

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 I-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 I-Picture in the

first frame is fully decoded and re-encoded as a new I-Picture before it is stored in the
25 Compressed Frame Buffers.

t; 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 t3,
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-



decoded. t1 901 is the first field time of the first frame, and represents
the tine interval in which the I-Picture in the first frame is decoded for
picture statistics. t2 902 is the second field tinme of the first frane,
and represents the time interval in which the I-Picture in the first frane
Is fully decoded and re-encoded as a new |-Picture before it is stored in
the 25 Conpressed Frane Buffers. t3 903 is the first field tine of the
second frane, and represents the tinme interval in which the P-Picture in
the second frame is decoded for picture statistics. During the interval t3,
the top field of the I-Picture fromthe fiyst frame, Ili, is retrieved from
the Conpressed 30 Frane Buffers and decodégﬁby the Display Decoder in
preparation for display. t4 904 is the second tinme field of the second

frame, and rq.presents t he #dt;frval in which the P - 13 Picture in the
second frame HiCURE R e @ﬂnﬁ ully decodediand resengoded ps a mew: [-Bickur beforecit g

is stored i @t&&?m%%oﬁ&?c%@cﬁn?ﬂg rﬁm&‘@?%%gﬁ’iﬁq' Bk Bbiéth tief ot‘tﬁ@ Eom

bottomfield of the |- Picture m t heflrst \ isretriev
the Conpr ess®dtiesiiemphe fiostsframe [1¢ds actbidvesly froinethdl Gohpressdé doatee Bufifers and

preparation fr ' is the first field time of the third
frame, and regresen lglggﬂ’@g ‘%f&’r%?a'?‘?? fé‘ﬁ l'P¥I€ top field of the
B-Picturein the t hi rd frame is decoded by the Enbedded Decoder (by
retrieving fr ﬁﬁ%?{éﬁssed Franme, Buffers only those macrobl ocks
representing 5t 151 fagld tige of the thisd frame, andmepiesands thpgime intervabin whigh the
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processing in Data yzer

During the first field time of an I-Picture or a P-Picture, the Bitstream Parser 402 variable-

I5 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
following picture parameters for storage and macroblock parameters for further processing
in Data Analyzer 403.

20 Picture parameters:
¢ g_scale_type, the type of quantization table used (linear or non linear);
¢ Intra Quantizer Matrix, the two dimensional 8x8 quantization table used for
intra-coding;
e intra_DC_precision, the number of bits used for coding DC coefficients;
25 ® 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 o 57, the bit count of AC coefficients;



20 Picture paraneters: g_scale_type, the type of quantization table used
(l'inear or non linear); Intra Quantizer Mtrix, the two di nensional 8x8
guanti zation table used for intra-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 intra_vlc_format, the type of variable | ength

coding table used for intra- coding. Macrobl ock paraneters: 30 s,", the
bit count of AC coefficients; -14- d,, the bit count of DC coefficients;
gb , the quantizer scale; {{mv )'r-" Jb , the set of Kfull scale notion
vectors decoded fromthe k k=0 t associatjgd notion vector information; and
5 nb_intra, the bool ean representation of intra-coded nacrobl ocks. The
parameters q scale type, intra DC precision, alternate scan,
intra_vlic_format and nh_intra are defined in the MPEG 2 Specifications. 10
Preferably, the macr obWoctebitconnt fil2C seedlicienitiessed in the Data Anal yzer
403 as information is extracted fromthe Bitstream Parser 402 during the
first pass decodi ng ahd:»thBauMmbiZer 8a€bder 404 during the second pass

decodi ng. The Bitstream Parser 402 or the MPEG Decoder 404 m ght not give
the exact |ist of paregeng)s jdetier et ofi Kcfallssuute aiotiohevectas ateeodeds frbmythet o
be conputed outside the MPEG Decoder 404. For exanple, the bit 15 count of
AC coefficients can beassenged motibn ventoriisfodndtions embe bet ween the bitstream

pointer fromthe first AC coeffici.ent decodin 0,_an ot incluysive of,
t he end o% bl ock cod'e'."ﬁ\#ﬁrcrﬁ Fi’?%}ﬁ?“?aﬁﬁée“gﬁﬂ°ﬁﬁi‘4¥?aﬁ°§5383@&'°ﬁéf ters are
conputed fromthe extracted paraneters and sone are accunulated to form

pi cture paraneters.
: The parameters g_scale type, intra_DC precision, alternate_scan, intra_vilc_format and

mb_intra are defined in the MPEG-2 Specifications.

10 Preferab}y, 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, 7,, and the estimated bit count of DC coefficient, 3;, will be defined as

follows:

~ _ b b
Xi=58 *q;

d=d.

¢

25
If the macroblock is inter-coded or if the prediction error is coded (i.e. if mb_intra = 0), the

estimated macroblock complexity, ¥,, and the estimated DC coefficients bit count, d,

will be defined as follows:



20 If the macroblock is intra-coded (i.e. if nb_intra = 1), the estinmated
macr obl ock conplexity, Z-,, and the estimated bit count of DC coefficient,
d,, will be defined as follows: yy il. | - s bqgqbd, =d,.b. 25 1f the
macrobl ock is inter-coded or if the prediction error is coded (i.e. if
nb_intra = 0), the estimted nmacrobl ock conmplexity, X, , and the estinmated
DC coefficients bit count, d, , wll be defined as follows: -15- X, =5s, *
g, d, =df. where s, , g, and d,are the bit count of AC coefficients, the
guanti zer scale and the bit 5 count of DC coefficients respectively, as
derived fromthe Conpressed Frame Buffer 4Q7. Statistical data are

gat hered fromthe Conpressed Frane Buffers™407 rather than fromthe
Bitstream Buffer 401 for inter-coded nacrobl ocks, since the predicted
macr obl ocks provide a closer inmage description to the original macrobl ock
than the prediction error. The set of #rst&id®/vectors, {{mvk }k u }b , is
used to locate the predicted macrobl ocks_using 10 the address references
in the Macrobl ock Pointer Table. For thel,effations in this specification,
the b superscript represents information derived fromthe Bitstream Buffer
401 while the c superscript represents information fromthe Conpressed

Frame Buffer Tee T 0, Pl n represented b L oor o d,,
15 dependi ngalgﬁrgv\i‘létqlr‘:g%d t %@&ﬁg@%pﬁgﬁf&%mﬁﬂe@ tf‘glq&f'g?e’él)’/‘@jjq ‘ﬂ’firtge- Egded
or not (i se. cout6t DEcoltididhd Rspechivdlf) ash I 5agh ck
is variable-]ength enccoded an s gsvgﬂpagidr%{i{d re etﬁ‘gggg'ﬁ%setdhe s?a@rﬁ?{eg?éft?he
macr obl ock f¥etidigsldate rergathered fomdbé Compresyed Fame BuffeRef(Irratherthr foinnthe S
bei ng Made ! Birotlon pafier RO H: kel 20d iofbblocRd Osibe 5 polaiciba stttk ™
provide a closer image description to the original macroblock than the prediction error.

. P, . .
The set of motion vectors, {{mvk }f_ol },. » 15 used to locate the predicted macroblocks using

10  the address references in the Macroblock Pointer Table.

For the equations in this specification, the b superscript represents information derived

from the Bitstream Buffer 401 while the ¢ superscript represents information from the

Compressed Frame Buffers 407. Thus, for example, 3, can be represented by d’ or d°,

15 depending on whether the macroblocks to which E", 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 a2 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



di mensi onal region consisting of a 16 x 16 pixel array in the video inage.
Each picture thus requires a Macrobl ock Pointer Table with a maxi num of
1620 entries(where 45 nmacrobl ocks per line * 36 macrobl ocks per colum =
1620 macrobl ock entries). A possible inplenmentation with nmenory saving is
to have a hierarchical pointer system 225 inplenented in the Macrobl ock

Poi nter Table. For exanple, the picture is divided into video segnents,
such that each video segnent consists of five consecutive nacrobl ocks.
Each picture should have 324 full segnent pointers (1620 macr obl ocks per
picture / 5 macrobl ocks per video segnent 324 segnents) and four

I ncrenment al nmacrobl ock pointers per segnéﬁt where each increnenta

macr obl ock pointer points to a macroblock relative to -16- the previous
macrobl ock within that segnent. Hence, for a 4:2:0 chronma sanpling format,
the | argest teprofidusahacsobieckvwithid tipe s@finéht.oHence( fix & 402:R ehsonpesanipling Korrnag
bl ocks per robl ock * 8 bits per Rpix = .3072 b|t per r.obl and
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= 72,900 bi ttdts) axf reqmlimi o 1dﬁ)ie1ileﬁt8the iMepdbléoki Painteh §ableg nﬁleferaﬂly, ani $xE bioclhl ch

t he rracrobl ock, m ocat e each ‘macrobl ock has .a position of f
n, it is poé’é’ﬁrﬂ?resyf"tﬁmc tdE‘J}'P‘.!m ésﬁ erygeflution ismoy é&%t‘%ﬁq‘““}ﬁcﬁﬂoﬁﬁﬁ
fol l ows: 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, n, it is possible to calculate the address of a predicted

macroblock as follows:

20
. =1
mb _address,, = segment _address, + Z mb _address _inc,
i=0
where mb _ address,, is the absolute macroblock address of macroblock m;
segment_addressy is the full segment address of segment k; 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 0 to

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

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

N = mwmnn] MAMEL Thnnndne mmnavahlanls vacaliskinn 10 noad in the nrecent Aarader Intar.cnded



20 nb - address"” = segnent _ address,, + nb - address - inc; 1-0 where nb
__address,,, is the absolute macrobl ock address of macrobl ock m

segnent _addressk is the full segnent address of segnment k; and 25
nb_address inc, is the increnmental macrobl ock address of a macrobl ock with
a position offset | within a segnent k, and where | is an integer ranging
fromO to n-1 and n represents the nunber of macrobl ocks within a segnent.
In contrast to the pixel resolution deternmined fromthe notion conpensation

schene in a ~n "t w.nmcn_r-%....... J. .- 1.1,...1.
.e...,1..+.,..:0 nOY~- ;wtl,o n.CPnt dPr_nﬁP,r Tnter-Merl -17- macrobl ock
properties are derived using notion vectors on the macroblock grid or a two
di mrensi onal boundary. Figures 4A, 4B and 4C illustrate exanples of a

predi cted macrobl.ock on the macraoblock 5 grid. As shown in_Figure 5A, the
D i ot od madPERE ATARSrlS A1 drareisina Sipfin ViR o8 e marRblnshiE e s tvehe
esti nat ed nnqma{smmwrgxity, j, and estimated bit count of intra-DC
coefficients for the inter-coded macrobl ock, d, , are defined as: xt =4 *qgD
10 d; =dD where so , gD, do correspond to the bit count of AC coefficients,

the quanti ze; I Hi unt o9d 0, I Gl e ] as
derived f romF}ag%giérfﬁT ’?%g%%gléﬁgh%ﬁa&onac rp g’%l ocC Da%%%ﬂ#ﬁéaﬁ%%{ﬁﬁpf @gg%%?@ogﬁe
Buf fers 407. gid. 4sshown in Figgrersa, 5%, predictetl eraeroblock haea malkinml everdgp afipield in
macr obl ocks, an n f the four macropl ocks wil] be used (for . exanple
macr obl ock Dﬁ“ac‘}@ﬁ@ﬁdﬁm }LIW estigated @&?m&f’c}f ﬁ%‘i“\éfe?"éyso:&’er%esé‘ﬂ’ bit ng“ of
macr obl ocks, , ei ther one of the 2 macrobl ocks is used (for exanple

macr obl ock BintradIC goefficignts forfhe mter-coded maeroblock 4y ereslefiBeh@far y conditi ons.
20 However in the case of multiple notion vectors, the average conplexity,
, , and the average bit count of DC coefficients, d,, are taken over all
notion vectors, and is 7, =55 %qs

10 d =d;

where 57, g5, dj, 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 5C, 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:
X, =avg {Z: }f-_(:
d, = avglds
25
where y, and d respectively correspond to the macroblock complexity and the bit count

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



represented by: K-1 avg k k.o K di = avg kc k-0 25 where Xk and dk
respectively correspond to the macrobl ock conplexity and the bit count of
DC coefficients derived, as defined above for the Ati' notion vector, from
the set of -18 notion vectors {mv}" and where K is the maxi num nunber of
notion vectors in the bitstreamof a P-Picture according to the picture
and notion prediction type, as tabulated in Table 1 below Picture Type
Prediction Type K Frane Frame | Field 2 Dual Prime 4 Field Field 1 16x8
2 Dual Prime 2 5 TABLE 1 A simlar procedure is derived for skipped
macrobl ocks in the P-Picture by setting K;g.1 and the corresponding notion
vector = 0. 10 Referring again to Figure é, the derived macrobl ock
properties fromthe Conpressed Frame Buffers 407 and the extracted

macr obl ock properties fromthe Bitstream Parser 402 are accunul ated at a
macr obl ock | B@HPD jVACtPEt &n%aﬁnslz‘eherad@.ls theemeaxipaer obmbek opmepen tvieetsrs rtheas

Fol Iows: bitstream of a P-Picture according to the picture and motion prediction type, as tabulated in
Table 1 below:
Picture Type Prediction Type K
Frame ' Frame 1
Field 2
Dual Prime 4
Field Field 1
16x8 2
Dual Prime 2
5
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

7. =27, , the accumulated complexity;
=0

- i
Sf’ = ZS‘”,." , the accumulated bit count of AC coefficients from the Bitstream
=

Parser;

!
D} = de , the accumulated bit count of DC coefficients from the Bitstream
J=0 '

20 Parser; and



15 X, = the accunul ated conplexity; i-a S b =2 s. the accunulated bit
count of AC coefficients fromthe Bitstream J-o Parser; D. = E d5 , the
accunul ated bit count of DC coefficients fromthe Bitstream i-o0 20 Parser;
and -19- D, _ d,, the accunulated bit count of DC coefficients fromthe
Conpressed Frane Buffers. \Wien the | ast macrobl ock N-1 of the picture has
been reached, the picture conplexity, 5 2p;,, picture DC coefficients bit
count fromthe Bitstream Parser 402, Dpl,, and the picture DC coefficients
bit count fromthe Conpressed Franme Buffers 407, D-, are obtained as the
result of accunulation. Qther picture statjigstics are conputed at the
picture level by the equations below. 10 The bit count of a picture's DC
coefficients is calculated as follows: b * ¢ d pic Dpic ~' pic_ope + Dplc
where APic-type is the estimated conpression factor of the DC coefficients

bit count in the [I5 gafu tHeSackiplilated Bif colif ot TNE cbéﬁ&eﬁt% fﬂﬁﬁ%é %ngﬁeéeaw

The target bit count a picture's AC coefficients is calculated

foll ows Bpl c-0-d-Pk 20 where 0 is the overhead size (in bits)
of the corrprégaé‘feolﬁ“ff‘?ﬁgl udi ng the Macrobl ock Pointer Table, the quantizer
scale_code (a 5 bit paraneter fromthe MPEG 2

When the last macroblock M-/ of the picture has been reached, the picture complexity,
5 ;gpm, picture DC coefficients bit count from the Bitstream Parser 402, P,c , and the
picture DC coefficients bit count from the Compressed Frame Buffers 407, D;,.c, are

obtained as the result of accumulation. Other picture statistics are computed at the picture
level by the equations below.

10 The bit count of a picture’s DC coefficients is calculated as follows:

d =Dt » * L ope + D5

pic ple

where 4, . is the estimated compression factor of the DC coefficients bit count in the

15 previous picture of the same type as described below.

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

20
where ¢ is the overhead size (in bits) of the compression including the Macroblock

Pointer Table, the gquantizer_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;c 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,



Specification) and the dct type (a | bit paraneter fromthe MPEG 2
Specification) for all macroblocks in the picture, and where Bis the
target picture size. The quantizer scale is Pic 25 calculated fromthe
guanti zer scale code and q scale_type. The dct type re presents either
perform ng the discrete cosine transformin frane format or field format.
-20- During the second field tine of an I-Picture or P-Picture, the MPEG
Decoder 404 decodes the MPEG video bitstream During the full decoding
process, the macrobl ock paraneter dct type . and all the above nentioned
macr obl ock paraneters (other than the bit_gaunt of DC coefficients from
the Bitstream Parser 402, d,.) are extracted. dct type" indicates 5 whether
frame IDCT or field IDCT was performed during the decoding process and is

useful for e d The, e cti,on
of the abovemmﬁtlr}g%%% ér]rgcro‘tgll[‘]eo plgﬁg%gi(g F?@?%@eﬁﬁ?(ipﬁgo%%%g ﬂfle
DC coef fi ci erbesMREG video ditstreatry pByiriny therfyll tdecoding pioc@8Sthe anaepshlogk ﬁa@ﬁn&&ch
macr obl ock is eferably repeated in the full decodi n% tgrocess (i.e. the
second decod |dﬁ€}’3f€|" oéad §§{ theaboye mentioned masrghlockapsmmseeters (otberghim thedhit count of
macr obl ock v e although It Is not necessary for it to be repeat ed.

Macr obl ock Mﬁ? dficients fam ke Bitptrsme 8 a@@}‘a‘i@%aﬁg Joase extratel. aol &pe prindicages

Rate Contr I LCui.t 4 par a i ke dct type an
m n_gscal éo é{“ﬁ“ ﬁ’ﬁ? g@i%'f %Pfﬁeﬁﬂ?t wagpe eml e@ewdﬁﬁgieﬁ?@tyagﬁowﬁom@r
these two paﬁ@diﬁtﬁf End¥RhgBuchessiiN Atk ERbidied @nkééeE e F’ﬁ{feeg%rgcff&?ofdtﬂé Litfet NE

first pass decodi and stored for use during the I ng process. 15
mn gscal e r Bspkensdimacrohiogk paramatery dether tharr the biticeuntod PGuoekfficients nd thetdef-or

the M smatch I ed I ext). for

cont ol 1 1ng PRE St € il aibl 05cdak  BgiobloRk if Prstebehpy Ehobist b g il

| f the quant dmdmgqndmsm@edthaset@ﬂ&fecbdm@ ptdeess) 5o Bs RShet Buffégacd fbers@nhg no
W.th a paraneter smaller than the

val ue ad d beca ntiz
ori gi nal nc%‘&%’&g@elf o a@??é‘ggl it 3 ok heptssary 101 gL to s repgated oilaewbleck
better 20 i ngggplens/ xlnhy beT:B Emea %g&ﬂva@,%g&lbw%b&&eofb?%tie élfnulb? eHcfiC40s.
storing other nacrobl ocks. I ntra-coded nacr obl ocks,
Additional parameters, like dcr_type and min_gscale, are preferably denved in the full
decoding process. However, these two parameters may be derived in the Bitstream Parser
402 during the first pass decoding and stored for use during the full decoding process.
15 min_gscale represents the minimum quantizer scale used and is relevant for the Mismatch
Control circuit 605 (described later in the text) for controlling the minimum quantizer scale
to be used for embedded encoding. If the quantizer scale used is lower than the
min_gscale, then there is no value added because quantization with a parameter smaller
than the original encoded stream in the Bitstream Buffer 401 does not produce a better

20  image quality. The bits saved in the process can be used for storing other macroblocks.

For intra-coded macroblocks,

dct _type, = dct _type?

25 min_gscale, = q°

For inter-coded and skipped macroblocks,

30 dct type, =dct typef




ype, =dct_type" 25 mn qgqscale, = q For inter-coded and ski pped
macr obl ocks, 30 dct type; =dct type, -21- min- gscale, = mn_ gscale; The
dct type; and min_gscale; paraneters correspond to the dct type and m ni num
guanti zer scale paranmeters respectively, and are derived fromthe
Conpressed Franme 5 Buffers 407 using the set of notion vectors {{nmvk } .o
}. The c superscript represents information fromthe Conpressed Frane
Buf fer 407. For one notion vector {mvo } (with reference to Figure SA), act
_type is the dct type of macroblock D and mn_ qscale, is the m ninm
quantizer scale of the 4 or less 10 nmacrefl.ocks of interest. Both are
derived as follows: dct type; = dct type v mn _qscale, = mnbDJj-A
15 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
case of Knultiple rmtlon vect or smirk- @Scaléf zmin_gscalef type dct _ typek =
K12 20 dct _ type; = k o major _ dct _ type otherwise mn _ gscale; = mn
(mn_gscale k } k-0 where dct_typek refers to the DCT type derived for the
k h notion v P | d

BEd Qs npbt Ghd] tﬁlrfjgfé{ﬂe@ eﬂe& Qoﬁés bddfo Wdét%{%%ﬁﬁ jﬁl?m[lype

the one notion veCtor above; type r ers to a

val ue assi gr’@ﬂmﬁﬁd‘r @aféeﬁarmetéﬁ ngb%hvélynﬁﬁf %r@tieﬁ%rdi ﬂﬁmvﬁﬁt @&ﬁflté?ééﬁ Br

-, a_
5 Buffers 407 usmg the set of motion vectors {{mv,‘ }S} The ¢ superscnpt represents

information from the Compressed Frame Buffer 407.

For one motion vector {mvﬂ} (with reference to Figure 5A), dct _type, _bype; is the dct_type of

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

10 macroblocks of interest. Both are derived as follows:

dct _type, =dct_typeS,

; scale, = min {q" }D
min _q : 3 ¥ e

I5  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 X multiple motion vectors,

K-l

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

major _dct _type otherwise

20 dct _type, =

min _gscale, =min {min_gscale{ }

where det_type refers to the DCT type derived for the ¥ 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
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-22- that is derived by the set of notion vectors; and mn _ gscale, is the
m ni mum m n_gscale derived fromthe sane set of notion vectors; and

m n_gscal ek refers to the m nimum quantizer scale derived fromthe t
notion vector, which is derived in a simlar way to the case for the once
notion vector above. 5 In addition, referring to Figure 3, Data Anal yzer
403 updates two paraneters (i.e. the default dct type and DC conpression
factor) at the picture level in the first or second field tine for use in
t he subsequent pictures. N1 1 dct_type, > N2 10 default dct _type i =0 O
ot herwi se where N is the nunber of nmacrobl,gcks in a picture and default dct
type is the magjority of dct t ype used fof the macrobl ocks in the picture.
15 The DC conpression factor is calculated as follows: Drlb ak '1' Pk-era
- Db Pk where plc_type is an |-Picture or P-Picture, D,, is the bit count
of picture Dthatisederived bnthe setxdf mhotiom vebtorsBands t,y;5 arsede sisitheidimimamdmi-gscinls
the bit count of picture DC coefficients from the re-encoded macrobl ocks
that were i né¢rivedofiierd the same sBi o motemvBetbiseand @lin_gFbale; refenptoethei minithiemt or
is calculated for different Pictur » types and may be used in the
subsequent pHtatEREscyr dereedsizon th emogwq,cm yhich is derivad ima similar 3yay suthet o

1. 25 Wth thgepbGhe'bfedidlidBetRPhns statistical information, the Rate
05 '

Cont r ol cisrcuit 4

In addition, referring to Figure 3, Data Analyzer 403 updates two parameters (i.e. the
default_dct_type and DC compression factor) at the picture level in the first or second field

time for use in the subsequent pictures.

Ny

1 ). det_type, >N/2
s O

0 otherwise

10 default_det_type =

where N 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:

Dy}
pic_npe — b
DW

A

where pic_type is an I-Picture or P-Picture, Df,,,_. is the bit count of picture DC coefficients

20 from the Bitstream Parser 402, and D_;,.’;" is the bit count of picture DC coefficients 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, 1 can be initalized to 1.

pic_ope
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

nf the rata santrnl echame A Marrnhlaclk Rit Allaratian cirenit 01 fchawm ac NS in



derives a suitable quantizer scale for encoding. Figure 6 shows a
functional block diagram of the rate rnntrnl arhr+rna A Mhrmhlnrlr W
Allnratinn rirrnit AM (chnumac 1f 5 in -23- Figure 2) allocates the nunber
of bits to be used for encoding the AC coefficients of the nacrobl ock
according to scal ed macrobl ock conmplexity, which is defined as follows: r
Xi ~(r I S ISPic + ac' x pic 5 where s,' is the target nunber of bits
for encoding AC coefficients for the fh macroblock; x, is the estinated
conplexity for the ft macroblock; X pc is the estimted conplexity from
current picture statistics; S" is the target bits for encoding all AC
coefficients fromcurrent picture Pic statistics; and 10 t; p,c =rie, , +
YyE ek is the proportional integral cont rol adjustnent for the pi cture

llevel . The @grpd ) Hi of El! 0 oywn _as 306 i en
predi cts the quanti ze(rﬁ:q{egté% H%% %‘? F’%"\%fﬁn SH’[gltBﬁQ\Ctlgg%ﬁC‘m 0}‘2}'

~Ufi S, whemacrpblack acmdmgmmeadnmwmkmfnpm ewﬁ;@h id deEinbdas fAREWOD! OCK;
zi estimated conplexity of the ft nacrobl ock; T is the target nunber

of bits used for encoding AC COEffIﬁ'IQI’lZ:S f( e)fh macr obl ock; and
~ pfc pic

pic

5 where s is the target number of bits for encoding AC coefficients for the i macroblock;
X, is the estimated complexity for the i macroblock;

7 s is the estimated complexity from current picture statistics;

s:,'w is the target bits for encoding all AC coefficients from current picture
statistics; and

i-|

10 Soc =78, + yZ e, is the propomona.[ integral control adjustment for the picture
k=0

level.

The Qscale Prediction circuit 602 (shown as 306 in figure 2) then predicts the quantizer
scale with the following equation:

15
QJ Z‘ +§M!B
Si
where g, is the predicted quantizer scale for the /% macroblock;
Zi estimated complexity of the /™ macroblock;
T
20 5 is the target number of bits used for encoding AC coefficients for the i

macroblock; and

Gup =08, +,6’Ze,ll is the proportional integral control adjustment for the
k=0

macroblock level.




SnB=ae, , +]8Zek is the proportional integral control adjustnment for the

k-0 macrobl ock | evel. -24- To stabilize bit rate generation and inprove
rate control accuracy, a two-tier control closed Iloop is inplenmented. The
error, e; = SA - sR defined as the difference between the target and
re-encoded AC coefficient bit count, is fed back to outer and inner
Proportional Integral (Pl) control circuits 603 and 604 for the macrobl ock
and picture level, 5 respectively. The inner (rmacroblock) Pl controller 604
conpensates for the inaccuracies of the Qscale Prediction circuit 602 at

t he macrobl ock | evel and adds an error adjystnment, calcul ated by ae, _,

+,Q Eek , to the predicted quanti zer scale, q,, where a = -0.0008 and k-0
/3 = -0.0005 are exanpl e constant val ues. These val ues are exenpl ary val ues

only. The bqyResil r
control |oop. 10 &%Etbﬁgﬁ%{%ﬁ tﬁﬁf\a&ﬁ ﬁﬁé&%ﬁ%tgg IEtPOI @péﬁgcon{‘tﬁogﬁﬁle%m%&
i s concer nedlogptisirhlemgetad.r ﬁhe ersdralo) +isf ¥ sBf déﬁtﬁdtﬁsfther differedl et Othe BRLkt

ensures the convergence of the target plcture bit i-1 count. It adds an
error adj ust Achte-encatledi AR edeffigient bit count, \i§ Tede back tw oufee ahdrigmer mpmenal

coefficient o] e.th | ed bl gck bi t ocafiqQn ta
place. In th&éég(l:.%s?ﬁ él)@ft%!(a%flﬁ \@ rc@% BE B’ 511?20‘:&? ‘ifg cture, e]( he
i npact of 5| omapectivelor lﬂteﬁﬂtliba((&amﬁbloelS)SPI &dﬁ&e11¢rnscﬁgé@:tpeﬁ§dterfot ﬁedxhé&lﬁrat
stability purlgtg &S Tpese val ues, are exenp ?/ values only. The bounds of
t hese val uestiife Usealy éfdil‘tt@nt‘:ﬁeméé%ertgeﬁ@ém ockhevet and adsls ansojor adjnsmanth
control is perfornmed by a M,smatch Control circuit 605 and is perforned

after 20 thealaplaent by ee, seADE ey withe piedittednghantizepiscalel §5 Wit & = T0B08 and
objective is to match the dkacrete set of quantizer scal e vaI ues defined
by q_scal ety e_ |ze scatﬁ% the MPEG spec;j tion rst
the M smat ch ntro? %aﬁrll © 5o VélB?Sms ¢ YPHET g °3§1‘“P ues only.

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

10
On the other hand, the outer (picture) PI controller 603 is concerned with the general
stability of the bit rate generation and ensures the convergence of the target picture bit
i=1
count. Jt adds an error adjustment, calculated by 7e, "‘72 e, , to the target AC
kad
coefficient bit count before the scaled macroblock bit allocation takes place. In this case,

15 example values can be 77 = 0 and y = L.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 control 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, §,, to the range of 2 to 62 for linear quantization (i.e. where

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

25 g _scale_type =1). Then the Mismatch Control circuit 605 rounds the saturated quantizer
scale to a discrete quantizer scale value according to the linear and non-linear quantization
table.




I ncom ng quanti zer scale, g-,, to the range of 2 to 62 for I|inear

quanti zation (i.e. where q scale type = 0), and to the range of 1 to 112
for non-linear quantization (i.e. where 25 q scal esype = 1). Then the

M smatch Control circuit 605 rounds the saturated quantizer scale to a
di screte quantizer scale value according to the linear and non-linear
quanti zation table. -25- In addition, the Msmatch Control circuit 605
conpares the discrete quantizer scale to the mn_qscale variable and
forces the quantizer scale to equate with the mn_qscale variable if the
quantizer scale is larger than the value gk _mn_gscale. This is to ensure
that the Enbedded Encoder (shown as item 406 in Figure 3) will encode with
a quantizer scale no 5 finer or smaller than its original quantizer scale

as picture g does rove and cod n can be .sa

However for #?H&l e gg Npﬁﬁatt%neggtf PR ?UIB%gﬁ gﬁi‘ﬁsﬁfe& EHantiAgE "E8le o the
coef fici ent smin geuld adriabledynd Rrces e @a&ﬁzdr%c&@%e@ﬁwﬁtﬁ%é AbOQscald $ariaBlent
of picture A& oefficient say, the original !=0 uanti zéf scale, qT
Js used inst éﬁe Qpaptizar 39 ee%Snlataer/éhaerﬁbwahlemf mza_@qcalght j8l dptonensgre that the
7Ot g X, EliBEdde BrROddF AL s TREARPINAEwE TR Ehldik viflh BrdaGLolibRb o2

of the rracrobl ock conplexity,
macr obl ocRs fesreorismaljer ﬂ@natSIngMtqumaenmlecmcmm tht;iﬂoesu:hntemprmlayld by
usi ng a coar £atd Qu. st ep size, whereas | ow conplexity macrobl ocks
Wi th snooth %ﬁgdlﬁg%&enouessag?‘gas that are nore sensitive to the
quantization step size and thus requires further quantization. Nornalized
conpl exity i defl? as fol]ows: . 20 2*z,+x +2*x where X is the average
macr obl ock Wﬁ?‘@k qryl-Fgptupegeif ﬁheeﬁﬁpaﬁsedrtétmb@féuctm%ﬁmefﬁments calculated by
N-1
3‘,,",.,: = Zsf , is less than the target bit count of picture AC coefficients, s

J=0

the original

pw’

10  quantizer scale, ¢, is used instead.

- In an alternative embodiment, a slight adaptation involving 7, (or the normalized
macroblock complexity) can be used instead of the macroblock complexity, 7,. The

-reason 1s that high complexity macroblocks have image details that are not compromised
15  subjectively by using a coarser quantization 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
Zo+2x

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 for low
complexity macroblocks. The replacement of macroblock complexity, 7,, by the

- normalised complexity, #,, in all above steps concerning rate control achieves the
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Normal i zed conplexity reduces the variation of macrobl ock conplexity,

rai ses the 25 quantizer scale for higher conplexity macrobl ocks and | owers
the quantizer scale for low conplexity macrobl ocks. The repl acenent of

macr obl ock conplexity, 1o by the nornmalised conplexity, f,, in all above
steps concerning rate control achieves the -26- The Enbedded Encoder (shown
as item406 in Figure 3) re-encodes all anchor franes (nanely |I-franes and
P-frames) and all the conponents of the Enbedded Encoder are shown in
Figure 7. A Discrete Cosine Transform (DCT) circuit 701 perforns a two 5

di nensi onal 8x8 DCT on the pixel output abgthe decoded video bitstream from
the MPEG Decoder (shown as item404 in Figure 3). For a franme picture, a
frame DCT is perforned if the dct type is determined to be O in the Data
Anal yzer (shown as item403 in Figure 3), otherwise a field DCT is
performed. The resultant DCT coefficients are quantized by a Quantizer (Q
circuit 702 Wh¢ Fanheddedgkmcodat (shownastitene #06vin Figurd 8pre-tivedBatlh adctslr \fmates 403

10 and the dgrj ntizer, scale fro he Rate Control circuit_(shown as
i tem 405 in agl\éﬁgl'ﬁg%.egfﬁ P8§§nﬁ§§ﬁfiia§fe ec"SE’PF’F‘?Rt%Hk @%F‘E‘bf’gfgﬁ E’é’-c’g"rrraéﬁged
in a zig- zagshommwniy Figured 721 §-Bierete( €6diné Trdidfolm /@FCRC SR 701 k&f%:% a two

na

predet er 'ne% al t_e,gi%tg scan format paranmeter fromthe Data 11illzer 403.
A Vari abl 8- LERgDsIoRa ¢&f QGA ey the pixglioutpppaf the deeagied videp bitatreamp from the MYEG

oo th . . \ A : . ed

from 15 the Daedel(ERs 0Rim 304 T Hiduid'. FAPE MnidTilre s Same BT o frhRRAA "

t abl e def i netherdet liepe isPeEiGninedtoche 0 incthe Data Amdlyzat Ghowh bé #emMOBdh Fieos), ng

f the |um . ffici.ent i,thi,n th | . At th time,

The namber o8 & BR80T i€ Bofomsa, e it DO copertenhimcianier s |

back to the @eneiz&qQ) cRbuit TOXuking hOBx8 ﬂﬂragﬂ?ﬂnﬁﬂegnfhﬁ:@ﬂ'bﬁl tlﬁé’ﬁaa_ Mﬁ%ﬁ%?s
(0] e

m ni mal ’e](ﬁpanai on, of video data on a 8x8 ck basis by Imting

maxi mum Hmisef U desived quantizegscaledrom thelRatoCagol ircyit (shpwhes itewpi9idrin Figuee

| ast few cagf fipgei | L 4 > , reason for . this is
that the nac?ofgilfgg?gtgm{z(g? Qg%ﬂggg}é{sta% itggﬁ( ge?%giﬁl%e%ygﬁlgl%gb?@eﬁﬁsﬁ a%mg
expansi on of(Z8h¢iscuits7 03 restdriimge o theopredaerminedsdrermgs scarFdinbiesaimtier fronvitid Ng

on the pi ot (5 AIAV PR 037115 APl BREGGrG (500 GUeul 08 sRisPaerdly wHRPIRPEG
encoder length encedes 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 luminancgl 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

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




except for the absence of the notion estimator, the decoding | oop, notion
vectors and MPEG conform ng bitstreans. The conponents in Enbedded Encoder
406 can be built from standard conponents in an MPEG Encoder. 30 Referring
again to Figure 3, as the bitstreans fromthe Enbedded Encoder 406 are
generated, they are stored into the Conpressed Franme Buffers 407 and the
Macr obl ock -27- Pointer Table is updated with the new starting address of
each nmacrobl ock. In the decoding of B-Pictures, anchors franes are
required to provide the forward and backward prediction, giving rise to
the need of at |east two conpressed anchaqmnyfranes (I-franmes or P- franes
stored as |I-Pictures) in the Conpressed Franme Buffers 407. For exanpl e,
with a5 10:1 conpression schenme, the capacity of the Conpressed Frane

Frames + 0. 1+ ot crobRER, QAR Sk B8R g BERRS G bR, BApBbREY o e

megabi ts). I\@emdmgsqﬁ&:ﬁlcnmgs bechetsafteifleshirt ve@ired Wprvvﬂe%ﬁfdrﬁhfd%ﬂ‘lﬁmﬁﬂ
10 Erane, Buffers 407, the Still Picture Buffer (not

401, the Co
shown) and [ﬁ'&g‘%ﬁ"‘é&"é‘é&“ﬁ 19 $he,peed of atlepst Swapempressed anchon dames (Hirmesor P+
Pi ct ure Buf ffesmés 96108 a8 [FTRIeS #0e TohlpresBiCEARR B&fféwhb*z}eFBf Lﬁ&ﬁ;ﬁ@%&ﬁé‘t

may be degoded as a backgroun I cture durlng run
Di spl ay @& aphlE<ompresgen §Pbﬁr@ﬁs fg‘F a&ppacety ofnibe (Simpressed tFrame Buffeg o7t Willt bar e

overl ai d Q c t I anpl ¢ nel nenu.
o6 of 't he EPRERRGL YuaPGCl MeghR MoRBey M, ZHAE & O.hdeliEale Sompraen
wi t h an uppédactbi hit976/64@bits perdrame ¢ heegaliis).num bit rate of the video
bitstream The size of the Conpressed Frame Buffers may therefore be

changed for every video bitstreamor for the decoding of a particular

bi tstream adensi specd @apbelshedl Ibeﬁ«éaﬁ%@vﬁﬂg BIRER %lr%?,t gtc;’umrpm@ed

number of bits for a picture may also be dynamcally alloca max! mal
pi cture HualFramge Buffers,48p thet StithRictues Bnﬁbﬁl(mmhpwnhanﬂrﬁse@n-saym éanmy be

ext ended to gl re decodin gure . shovvs

a nodified arc tsgggl%‘éife&g# ?ﬁe”heﬁ&#@ IP?&”“'QsEﬁ‘S%&SPr? ms’ée§

pi cture or flmnmhe bitstpdant thaemdpe bo dédoded Mba&k@ﬂbﬁh@ﬁkﬂfr@ dhﬂné:hﬁliﬂﬁe. The On-
screen Display Graphics Buffer stores graphics including texts and logos that are overlaid

on screen for special features, for example the channel menu. The size of the Video.

15 Bitstream Buffer 401 varies with the video bitrate, with an upper limit determined by the
maximum bit rate of the video bitstream. The size of the Compressed Frame Buffers may
therefore be changed for every video bitstream or for the decoding of a particular bitstream
according to application needs and memory availability. The numbser of bits for a picture
may also be dynamically allocated for maximal picture quality. '

20
In an alternative embodiment, the present system may be extended to also perform lower
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




8 involves the inclusion of a Decimation Filter 811 and an Interpol ation
Filter 812. Al 25 other conponents in Figure 8 have the sane functionality
as the correspondingly nunbered conponents described in Figure 3. The
Decimation Filter Grcuit 811 perfornms a horizontal 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 decinmation, before it is encoded by Enbedded Encoder
406. The 30 horizontally down-scal ed version of the picture is stored as
vari abl e-1 ength encoded -28- bitstreans i.npgt.the Conpressed 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

i nt erpol ati og; ; L j I t] i a
igr ol |t orafeans A Tiithstd Prah€ okl 07 BRA P Rp PR R bRl B T
[-12, 0, 140displegby theDisplay Deedder408.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 conpanierisoletionaFiliet 802 Nk GeBd&C 85 perforsit! ASKSTHz8Hal Rpatiall @terpRlAbe do
appllcatlgn 0 sgitens. Besi des using the above filters, the Data_ Analyzer
403 may b aﬁéfﬁ"é 1Pk aesebition Apetian eempensetion ywing o digital Daterolatipofilter, for

resol ution isgapid At 896 t L8he ‘ _HOVer iZQRhaly I t} on
picture. The gg@pt ati onf’i%ruggé ?gﬁ?%snillzé\r,\tgl 1y450pg5|t6)éiqﬁg’ |t())ér?%‘?Irfr‘\kei'dL 2]52
once for eveinierglatioor odhedks flkarocmd beo designedt intlyr areks fidterdi foy lomimanes and of
the to-bo- dj,splayed nmacrobl ock.. Macrohl ock conpl exity and.quaptizer scale
are aver agedé ty cencé’&p(?_f}?‘ﬁ%ﬁ@,bet °m‘?ﬁdntﬂr‘??‘1¥iq$r‘zﬁﬂ‘$‘%8 ng’tge&B‘&ﬁeéﬁt%rﬁSﬁg 9
macr obl ocks sadlatdheorhipyrehist of a Ahded pREpro&ussd? FMGTsRIM Qf KAddoS rélabd AppRELibS-
20 The blé counts of DC and AC coefticients (for I-Pictures), d, and s,b
respect i V&I \SYS!8M& accunul ated for every decoded macrobl ock as described in
the earlier text. The bit count of the respective DC and AC coefficient in

a picture (for I-Pictures) are cal cul ated based on the to-be-displayed
macr obl ock, Besidephusiogshe above filters, the Data Analyzer 403 may be adapted to support zoom-

out modes where the D1 horizontal resolution is an integer muitiple, 8, of a lower
horizontal resolution picture. The adaptation includes additional analysis being performed
15 once for every 6 macroblocks decoded to compute corresponding parameters of the to-bo-
displayed macroblock. Macroblock complexity and quantizer scale are averaged for 6
macroblocks, the minimum min_gscale is selected among 6 macroblocks and the majority

dct_type for 6 macroblocks is conformed to.

20 The bit counts of DC and AC coefficients (for I-Pictures), 3, and §' respectively, are

accumulated for every decoded macroblock as described in the earlier text. The bit count
of the respective DC and AC coefficient in a picture (for I-Pictures) are calculated based
on the to-be-displayed macroblock, as follows:

25 d,. =



25 dou = 9 ( *'1lvuDyre) b b Spc O LSJ -29- It is obvious to those skilled
in the art that special considerations nay be made for the picture
boundary in the case where the width or height of the decinmated picture is
not an integer nmultiple of macrobl ocks. 5 To reduce speed conplexity

| ssues regarding the B-on-the-Fly decoding of B-Pictures for |ow
resolution display, two extra picture buffers may be included as part of
the systemto tenporarily store B-Pictures. As such, B-pictures nay be
conpressed simlar to the anchor franme pictures as descri bed above. The
size of the Conpressed Franme Buffers 407 .ipg.not conprom sed as | ower
resol ution pictures produce acceptable picture quality at a smaller 10
target picture bit count. Further sinplification may be done to reduce

decodi ng frofp; = S G Le- cQd] [ ss . for B-Pictures.
As such, themclgr%\git%gtp ?%Eh&g? sﬁl]igﬁ @tﬂge %ga f/zsger%?aiggﬂaa%?t?% rﬁ?‘?’eg‘f irrl;asdg t?ri g‘led
of - decodi ng pistusé boindatyein the dasehehena dreokidthcer heiight alf Hecddcimated pleatre is it kh
the Rate Control Circuit.405 is adapted to allocate a constant or averaged
target bit c%@%erm(‘f'[“pi@fc'ﬂ%"l’?t?lﬁ?ké‘nts, defined by: ST = S~ N 20 where N
I's the nunber of macroblocks in the |ow resolution picture, and the bit
count of ic_hure DC coefficients (and hence the target bit count of picture
e

AC coeffi ¢ §5duge gpasd complexity dssues tegerding dhgyBeon-therd Iy lenoding oftB-Piaturesafor
type. The t " CAILCAH bt i i f '
component s 0 sradph bispl5, 5t oyl phivted S 60 REfRed B pAAEOL bR SMnam oo
V\ﬂi ch cag adcmpptaﬁhhstﬁed:‘!-ﬁimpreq) rAsasllmh, B-pivtireDinay bélcompressed kigitar W}ﬂn@@ﬁﬁﬁf
chips and ASI Cs as, we s hasic elegtrqnic,logic co nents. The .
"circuits" % PEBIEAS; ‘ﬁﬁ?’g}‘?é r‘i‘gg‘ée' aﬁh%%ﬁj‘l’fe&ée gﬁ?@@ﬁ?sé&o ?W@o@‘!%? 80%js nop
combi nat i on inpEethised@ b I réRNAMA Hictures produce acceptable picture quality at a smaller
10 target picture bit count.

Further simplification may be done to feduce décoding 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:
T S:"‘c

5 =
N

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 software and hardware

30




30 -30- THE CLAIMS: 1. A nethod of processing video frame data, including
the steps of: (a) receiving a video frame; (b) partially decoding the
video frame, wherein the partial decoding includes variable |ength

decodi ng of the input bitstreamfor an intra-coded video frane and vari abl e
| engt h decodi ng of a conpressed anchor video franme bitstream for

i nter-coded video franes; (c) fully decaodijg the video frame to produce
macr obl ocks; (d) determi ning video data paraneters fromthe partially
decoded video frame or both the partially and fully decoded video frane;
(e) encodi ngg&g rg_bl ocks based on the determ ned video data paraneters
to provide m ed video frame for subsequent display. 2. A nethod
according to claim1l, wherein the said variable |ength decoding of a
conpressed anchor frane bitstreamincludes macrobl ock address decodi ng
using a mackobl O%Imqthﬂdnfq:proczeasihgviﬂedftahtetktta?,;inqlwt)ing)ﬂlecmpspﬁi ni ng i ncl udes
det er m ni ng macrctbi)ock- l.evel @ $ i cture-level video data paraneters. 3. A
met hod accordi ng fo cI'5PHYDE AWE %ai d macr obl ock pointer table is

organi sed into \byleo ﬁ%ﬂ&&odﬁ@cthe GAEY fritnB OwherdBCthe PaPsdl dedbdiflg ancludes

| engt h segment, 0|nter increnental segnent pointers, where n is an

11 nt eggr 4. vaTiglefensthdecodingof the inpubbitstizam fior aw intraseadad Nﬁ@ﬂmda@dﬂbbs
areser + ettt REBA TP OMBRAG abator oo ARK Bldreap R MR soded yigeo

addressk + res
macrobl ock drhhiesss of nacroblock m  segment _ addr essk is the full segnent
address of segnent  k, and nb_address_inct is th
rzc) fully decoding the vidéo 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 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.

3. A method according to claim 2, wherein said macroblock pointer table is organised
into video segments, each comprising #» macroblocks with a full length segment pointer

and n-7 incremental segment pointers, where # is an integer.

4. A method according to claim 2, wherein said macroblock address decoding is
performed according to:

=1
mb _ address,, = segment _address, + Y mb _address _inc,
Iw}

where mb _address, is the absolute macroblock address of macroblock m;

segment_address;, is the full segment address of segment &, and mb_address_inc, is the



-31- increnental macrobl ock address of a macroblock with a position offset

| within a segnent k; and where | is an integer ranging fromO to n-1 and
n represents the nunber of macroblocks within a segnent. 5. A nethod
according to claim1l, wherein step (d) includes one or nore of: (i)

det erm ni ng nmacrobl ock-1evel and picture-|level video data paraneters; (i)
determ ni ng nmacrobl ock conplexity in the vw,deo frane; and (iii) determ ning
picture statistics of the video frame. 6.”“A nethod according to claimb5,
wherein said nmacrobl ock-1evel video data paraneters of step (i) include
one or nore,of. an jntra coding flag, a bit count of the AC coefficients,

a bit count 1Bfremgptabmagreblock addressof &mgeroblackayithse ppwtiomefisesd within 8segment
di screte cog ngdt whsgs! inol hQc | al m
wherein said pict u?ée}-élte)y&‘\%é%rt ﬁgg'gpg?érreﬁ‘ta{grgqo%%g{géﬁp%lcg’tgitﬁ%l e]%énog
or nore of: massohloddesrwithinhaeeggere, i ntra quantization matrix, intra DC
precision, alternate scan format and intra variable | ength coding format.
8. A nethod according to claimb5, wherein step (d) includes estinmating the

set of macrspbl 0956Mﬁrﬁ&@:ﬂﬁagftb‘élﬂiﬁqrfw&feg?%e@@&)m&uéés%%rHﬁir@gf:a decoded

notion vector. 9. A nmethod accCording to c ereln the step of
estimating macr offi)ock defemmining magroblokilewipnd pictrte-devehvided dataparaimeters;

i nter-coded nacr ocks. incl.udes o r re of .. (I, et er m_ni ng

macr obl ock par ang{ﬂersq%ﬁmﬂﬂ?ﬁﬁlagmgchﬁt%ﬁ'ﬁew“A@e(‘ﬂ%%‘fg‘?‘??; s, a bit
count of DC coef {jiyi eletermitin@piitindbtaiiftics o MleSiddo/fafi€l €7 M Ning a discrete
cosine transform (DCT) type; and (vi) determining a m ninmmquantizer

scale. 10. A nmethod according to claim9, wherein step (iv) is based on the

of the compehant A MaB®, EMRERE (b "OWET . WhBeHh JAR, TR mEIRRRC v & s

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.

7. A method according to claim 5, 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.

8. A method according to claim 5, wherein step (d) includes estimating the set of

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

9. A method according to claim 8, 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;

(v)  determining a discrete cosine transform (DCT) type; and

(vi)  determining a minimum quantizer scale.

10. A method according to claim 9, wherein step (iv) is based on the maximal overlap
principle where the macroblock assumes the characteristics of the compensated




11. A nmethod according to claim9, wherein said determ ned macrobl ock DCT
type is based on a ngjority of the DCT types used in notion conpensated
macr obl ocks for inter- coded macrobl ocks. 12. A nethod according to claim
9, wherein said m ninmum quantizer scale is the mninmmquantizer scale
used anong noti on conpensat ed macrobl ocks for inter-coded macroblocks. 13.
A nethod according to claimb5, wherein said nacrobl ock conplexity is
deternmined as the product of the nmacrobl’o¢k quantizer scale and the bit
count of the AC coefficients of the macroblock. 14. A method according to
claimb5, wherein said macrobl ock conplexity is estimated fromthe product
of an esti mahdsdobjoekthayismasdmply averlappedst i mated bit count of AC
coefficients for inter-coded nmacrobl ocks. 15. A nmethod according to claim
5, wherein said picture characteristics include one or nore of default DCT
}A\ >Cl: pe, ]ICI)fC cornide essﬁgmet%@d:a@brdmg' @ claim GQthle]icﬂ' %Cayd détbﬁ}ipb@ inut:ﬁ}bhidtlsc DCAﬂiuyqbehim;
coefficients, and the, pictur t count of DC coefficients. : nmet ho
accor di ng t PaEFLOMA mpjorrat the, DClatyges usedin B@mﬁ@negsqtﬁﬂmﬁﬁpékopkwf%ﬂmew
type used fQhdePmaciebRicks i n the picture. 17. A nmethod according to claim
15, wherein the DC conpression factor is defined as the picture bit count
of DC coefficients of the received video frane divided by the picture bit

count of theg,DC cpeffijcients fromre;encoded jmacrobl.ocks. 18. A net hod
Sccording t 42! arnmehS RS urinect HAE O (VEEBn AL Ay E GRARLR Half fsthe
the sum of uhiQiMRGErQRahAsd eRENIsed ialioAg MbtidPESRPeRKEd rhatréBlScRs! AP ntbs-s6mRJOT
the sum of -33- the estimted macrobl ock conpl exities of macroblocks in the
vi deo fr ame.mapgobleckset hod according to claim15, wherein said picture bit

count of AC coefficients is determ ned as the sum of the macrobl ock bit
counts of AC coefficients or the sumof the estimted nacroblock bit

counts of AQ3coefA ettt Rcordihg 18 cleinhf) avirResin G4l Mihcksblédledomplexity R deRiminedi d
picture bit count of DC coefficients | ) )
as the product of the macroblock quantizer scale and the bit count of the AC coefficients of

the macroblock.

14, A method according to claim 5, 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.

15. A method according to claim 5, 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,

16. A method according to claim 15, wherein the default DCT type is the majority of
DCT type used for macroblocks in the picture,

17. A method according to claim 15, wherein the DC compression factor is defined as
the picture bit count of DC coefficients of the received video frame divided by the picture

bit count of the DC coefficients from re-encoded macroblocks.

18. A method according to claim 15, wherein said picture complexity is determined as

the sum of the macroblock complexities of macroblocks in the video frame or the sum of



Is determ ned as the summed accunul ation of the bit counts of DC
coefficients fromthe intra-coded nmacroblocks nultiplied by the DC
conpression factor and accunul ation of estimated bit count of DC
coefficients fromthe inter-coded nacrobl ocks. 21. A method according to
claim9, wherein the step of determi ning video paraneters fromthe
partially decoded video franme includes st (iv) and the step of
determning video parameters fromthe fulTy decoded video franme include
steps (iv) to (vi), excepting determning said bit count of DC
coefficient. 22. A nethod according to claim9, wherein the step of
det er mi ni ng th¢ etinated maeroblogk CP%W%%OBWWMW s ifetbg yideoframe f r ame

i ncludes step (iv) and the step of determ ning video paraneters fromthe
fully decoded video franme include steps (v) to (vi). 23. A nethod according
to claim9, Mherel methl sicopling toddbiar b5 mrhugemisdﬁlcpxpmeammm of (A vodfficients

partially dec ded VI eo frarre cl ude V) to net ho
accor di ng td piermingd aﬁ/\ﬂ’@rsginrf’t %“@P@%@&% g“B (ﬂf(ﬂ(ﬁé]"? E‘eﬁ'é(f’lrﬁfﬂ the
i ncl udes:  (iebtihled GitchdMlodkAifEunt SIOAE RBefBibiets! OF each macrobl ock; (i)

predicting a quantizer scale for each nacroblock (i) |nplenent|ng
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21. A method according to claim 9, 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.

22. A method according to claim 9, 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).

23. A method according to claim 9, wherein the step of determining video parameters
from the partially decoded video frame includes steps (iv) to (vi).

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

)] allocating target encoding bits for each macroblock;

(ii)  predicting a quantizer scale for each macroblock;

(iii)  implementing control loop feedback; and

(iv)  encoding the macroblock based on said video data parameters.

A method according to claim 24, wherein the allocation of target macroblock




current picture statistics; and gyp,, is a proportional integral control
adjustnent for the picture level. 26. A nethod according to cl aim 24,
wherein predicting the quantizer scal e includes an approximation of the
rate quantization with a feedback control adjustnent, as described by the
equation: 9; = sr +~ MB where q, is the predicted quantizer scale for the
fa' macrobl ock; estimated conplexity r ofsthe P macroblock; s, is the
target nunber of bits used for encoding AC coefficients for the
macr obl ock; and ~MB is a proportional integral control adjustnent for the
macr obl ock Ievq%. &F..A ngthod,acc rding.tq claim25, wherein said .
predi cted qUFRKPFDR DS dn¢ludessscaling of macrehiogk, ceraplekity aelative fa pictire complexity
scal e. 28. Ayitleh ' [ : | :d..control | oop
f eedback i ncl udeg&g b?%%rﬁdgrqdfg osggf ag]gﬁfbpgpﬁlp%g%&m&ﬁn i nner | oop
controlling quantizer prediction accuracy and an -35- outer |oop
conpensating for bit rate accuracy. 29. A nethod according to claim 26,
wherei'n said control |oop feedbackdys=b§§_ el tge error between the
S"‘pr%'i‘f

actual and target encoding bits and’pr Q{,Ld rtional integral or
proportional control adjustnents by applying the equation: KK ,-~ ynB
=ae,-, +/q'2) ek k-0 to the steps of the nmacroblock bit allocation and

quantizer scgle prediction, where a and /3 are constants |ess than zero and
el is the erYFe & Isihe targetumben pb bits forappding Afs ceefficientstfpe theric anassehleck
t he target and, rtg-encodeg Agm?oeff'ci ent, bit counts, 30. A nmethod according
to clai m 25 An¥rtaf gstpmate Sty oy thpoi - magpoblgeky & v is the gstimated complexiy s
and el is the error of the iu' macrobl ocks, defined as the difference

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

current picture statistics; and &, is a proportional integral control adjustment for the

picture level.

26. A method according to claim 24, wherein predicting the quantizer scale includes an
approximation of the rate quantization with a feedback control adjustment, as described by

the equation:

~ _Xi
=22l
qa 5 ‘T €MB
where g, is the predicted quantizer scale for the /® macroblock; Z, estimated complexity

T
of the i macroblock; % is the target number of bits used for encoding AC coefficients for

the ' macroblock; and &ws is a proportional integral control adjustment for the

macroblock level,

27. A method according to claim 25, wherein said predicted quantizer scale is

constrained to be above a minimum quantizer scale.

28. A method according to claim 24, wherein said control loop feedback includes a two

tier closed control loop with an inner loop controlling quantizer prediction accuracy and an




between the target and re-encoded AC coefficient bit counts. 31. A nethod
according to claim24, wherein said encoding step (iv) conprises the
process of forward -DCT transfornmation, quantization and variable |length
codi ng based on said video data paraneters, which includes the quantizer
scal e and a subset of one or nore of: DCT type, quantizer scale type,
intra quantization matrix, intra DC prectégon, alternate scale and intra
variable length coding format. 32. A video~decodi ng system havi ng means for
executing the nmethod of any one of <clains 1 to 31. 33. A video decoder
including: (a) a bitstreamparser for receiving a video franme; (b) an
embedded  dec&loopgompensating for bis satelpesyrache vi deo frame, wherein the
partial decoding includes variable | ength decoding of the input bitstream
for an infra-coded -36- video franme and variable | ength decoding of a
conpressed @%chorAmelhaml decordingitd slaim D6, wherein sdid rcoanoklboyifeaibatk insed on)
fully decodhﬂg t he video franme to produce obl ocks;, (d) a datalanal %Sr

for deterni PRGN brtweemihs agtialand teraet ep in, itsand; pravidss Prapepinpal
f bot PEICTAYE ' f X nbedded
ranme or oﬂ?o];d}ﬁom%ﬁ@dlaujl@ %ﬁ%gﬁ@gg%\éﬁg&e rame; (e) an enbedde

encoder for ‘encoding the nacro determ ned vi deo dat a.
34. A video decoder system having nmeans for supporting |ower resolution
picture decoding including: a video decoder as clainmed in claim33; a
decimation filter nodule for receivingthe ¢ d macrobl ocks and
performing a horizontal spati al deé?ﬁat|6h f&~t he display pixels to the
required resolution using a digital decimation filter; and an
interpolation filter nodule for receiving the decoded reference nacrobl ocks

and  perf or g §g 04 O MkosBAL b altbHiiSh AR ket Scdlé MheifiicR, (ible Phnd

resol ution notion
B are constants less than zero and e; is the error of the i macroblocks, defined as the

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

30. A method according to claim 25 wherein &, is defined by 7. +?’f:¢n where 7

k=0

and y are constants and ¢, is the error of the /™ macroblocks, defined as the difference

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

31. A method according to claim 24, 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.

32. A video decoding system having means for executing the method of any one of
claims 1 to 31.

33. A video decoder including:

(a) a bitstream parser for receiving a video frame;

(b) an embedded decoder for partially decoding the video frame, wherein the
partial decoding includes variable length decoding of the input bitstream for an intra-coded




conpensation using a digital interpolation filter. 35. A decoder according
to claim 34, wherein the data analyzer is adapted to perform averaging
operations for the |l ower resolution picture decoding.
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video frame and variable length decoding of a compressed anchor video frame bitstream
for inter-coded video frames;

(c) fully decoding the video frame to produce macroblocks;

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

(e) an embedded encoder for encoding the macroblocks based on the

determined video data.

34. A video decoder system having means for supporting lower resolution picture
decoding including:

a video decoder as claimed in claim 33;

a decimation filter module for receiving the decoded 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.

35. A decoder according to claim 34, wherein the data analyzer is adapted to perform

averaging operations for the lower resolution picture decoding.




