17 July 2006 -1 MEMORY TRANSFER CONTROLLER AND METHOD OF TRANSFER CONTROL
<« OF VI DEO LI NE DATA AND MACROBLOCK DATA FI ELD OF THE | NVENTI ON The present
“invention relates to a nenory transfer controller and met had of (iqransfer
control for video |ine data and nmacrobl ock data. The mam)r]y7 {“?%1% r
controller can be a bridge between a video system and a standard bus
system for access to -an external 10 nenory. BACKGROUND OF THE | NVENTI ON The
prior art has generally focused on the organisation of data in nmenory and
the use of 15 controller circuits to facilitate the efficient transfer of
vi deo data between a video system and external nenory. US Patent No.
5,581,310 by Vinekar et al., entitled "Arthitecture for a High Definition
Vi deo Frame Menory and an Acconpanying Data Organi sation for Use therewith
and 20 Efficient Access therefroni describes an architecture for a nenory
with a wi de WiMEMORY TRANSFER ICONTROLIER AND MEEHOD OFTBANSFERI ti on

bixel data tner cGONBROL PR ko TRRBARK Hipdid 0B dti ihrg o "
therefrom Specifically, the nmenory relies on storing n-byte words

(nsm xn2) across n? independent nmenory segnments with pre-defined positional
~offsets 25 between m -byte words stored in successive nenory segnents. All

t hese S@Q”WED%FTIE fHgeMs! Y accessed on a read or wite basis. This
structure of storage allows two w dely differing forns of nenory access,

part of raster line or sub-block of macroblock, to be accessed easily

usi ng apprepriate pipeline shuffling circui . t , 522
by Noutt . T ePesEhinPgRoRcrsTaled o dSkotind s giRoller, 4 dtnolr danifte:
MPEG Decodedntrol €siddoliere dataaidimnstrebiockadupar Tlidimeinoty aaidiesontiglea cinbdal y
2006 nenor ,&are assigned to bi-directional .imges froma decoder a%:a?rdi ng
to an NpEd}J/n ge between a video system and a standard bus systemn for access to an exte :

10 memory.
BACKGROUND OF THE INVENTION -

The prior art has generally- focused on the organiSation of daté in memory and the use of
15 controller circuits to facilitate the efficient transfer of video data between a video system
and external memory. '

US Patent No. 5,581,310 by Vinekar et al., entitled "Architecture for a High Definition
Video Frame Memory and an Accompanying Data Organisation for Use therewith and
207 Efficient Access therefrom” describes an architecture for a memory with a wide word
width particularly suited for use as a high definition video frame store memory and an
accompanying orgénisation for storing pixel data therein to facilitate efficient block and
raster access therefrom. Specifically, the memory relies on storing n-byte words
(n=m1xm2) across m2 independent memory segments with preQdeﬁﬁed posiﬁonal offsets
25  between ml-byte words stored in successive memory segments. All these_segmcnts are
simultaneously accessed on a read or write basis. This structure of storage allows two
widely 'differing forms of memory access, part of ré.ster line or sub-block of macroblock, to

be accessed easily using appropriate pip:lin: shuffling circuitry.

30 US Patent No. 5,892,522 by Moutin, entitled "Method and Apparatus for Addressing a
Memory Area of MPEG Decoder", describes a method and apparatus for addressing a



standard and organised in rows of macrobl ocks constituted by bl ocks
contajning data relative to a group. of pixels of the imge. The nethod,
- by dividing each data block into a half block of odd lines and_a half
bl ock of even lines and then sequentially arranging all 5 HalW¥3®cks of
the same type in the sane row of nmacrobl ocks, enables the reduction of
menory area for storing bi-directional imges. U S. Patent 6,028,612 by
Bal akri shnan et al., "Picture Menory Mapping to Mnimse Mnory Bandw dth
I n Conpression and De-conpression of Data Sequences", describes a 10 met hod
~of partitioning the picture into 2 or nore stripes, each having a
pre-determ ned nunber of colums and sedquentially mappi ng each row of the
stripes to a subsequent word in nenory that can reduce bandw dth when
retrieving an array portion of the picture from nenory. This was extended

for the cas ﬁleﬁ‘fory Akl 158iaReH ¥ FRAir&a6ne IfBfes\ & decoldNEccoRifg W &n MPE(E
stored in a field organised nenory wwth simlar mapping schenes, 15 In a

typi cal vi dé@ndasé @@ﬁerSW dlecmismj moerpllarks) eangtitutedolin blocks coplgsingddata ar e
d t
require &mﬁ.@ ag?ai\fcsfrep%xw%e ﬁnqcﬁ%[ ?ﬂg%&w&f gg‘dhli&m \@Q&rﬁ&hmcﬁﬁ%if)fe

of other periphe especl or-vid enco I ng systens ,
MPEG 2, whi bddf blqcmmiadé lmammlr ahalf bidokh dérvan lidey and thepnsegserntiatly iagangmgiall

i - pi dj 20 b d h 1,§ 1 f
| mpl emenpat PORDRSKTE! R iR ihin e Rt g8 P et Y Snstlen AR FEARERR 86
linmt the dmemopy &l fFistdging OHdirétidndlombges. per f ormed, for exanple by

I npl ementing a smaller notion estimtion search vm ndow or reduci ng or
elimnating video pre- or post processing. Oten, these nmethods achi eve a

25. | ower baumm&t%ozsfmzwmﬂ{m@re@qﬂedm&uﬁ MeSndty Alhbping B MiRfmied her

hand, a faster and w der nerory access can be devel oped to i ncrease

bandwi dt h t MemeornBandwigihdn Gampressiontapd Dettompression of RateeSequenrss's dewstibeier
consunpyjon cﬁBQ o'f%%ﬁﬂxtg%é Db T SX bf Yrore®Sripds, Tl hZ\%Qéa pre-determined

number of coltﬁn_ns and sequentially mapping each row of the stripes to a subsequent word
in memory that can reduce ban_dWidth when retrieving an array portion of the picture from
memory. This was extended for the case of interlaced video sequences where a frame

picture can be stored in a field organised memory with similar mapping schemes,

15
In a typical video encodihg and decoding system, large amounts of video data are required
to be transferred over a shared system bus, which may support of other peripheral devices,
especially for video encoding systems like MPEG-2, which eliminate temporal redundancy
. by motion estimation and inter-picture coding. |
20

Optimal memory bandwidth usage is important for implementation. Some conventional
methods that minimise bandwidth usage limit the data processing required to be
performed, for example by implementing a smaller motion estimation search window or
reducing or eliminating vidleo pre- or post processing. Oftep, these methods achieve a

25 lower bandwidth at the expense of encoded picture quality.

On the dther hand, a faster and wider memory acbe_ss can be dcvéloped to increase
bandwidth to maintain picture quality. This can, however, increase power consumption
and implementation cdmplcxity.

30



-3 The probl em of bandw dth usage can be described nore specifically in
relat.ion to an MPEG conpression systemthat consists of a video
pre-processi ng sub-systemthat processes data at the videQ Iing rate and a
vi deo encoder sub-systemthat processes data at the macr ool 192 e. This
represents two i ndependent periodic data transfer events on the system
bus. The difference between video |line data rate and nmacrobl ock data rate
on the systembus gives rise to a situation, where both types of data
transfers occur sinultaneously, known as peak nenory access bandw dth.
Thi s ' may cause unacceptable |atency in data transfer 10 which may crash the
vi deo pre-processor sub-systemthat is rekeiving digital data input in

real tinme and may cripple the real tine processing of the video encoder
‘sub-system The worst case nmenory access bandw dth may be further

aggravat ed Whergeokdeldi dfi Bundividihl isadeOgdth beS dERHB&I ndYe SiREicallih RBBLA] tl@Yi ces
and or external menory access on the sane 15 system bus on top of the peak
menory acce PR fomnaessions sysism thas epupistsyef anydeorpresprogersingi eubasystsus thabad
may be unpr Efycﬁgs@@clla‘?a anfle didkd ﬁiEU L’f.tte hﬂ’d £ Ofed ?hcodtﬁogu‘ﬂzsﬁr&g ALGRo AR A G
menory access and system bus throughput and/or using a larger nenory

buf f er or utggeacssbleckciats. CEs ieprasents twaf indepeadent perodit dete ttahsfedeants ankhof

20 incregsi t&*@%@nentation costs significantly. During normal operati-on

t he frequeng% of macrobl ock data transfer i.s higher than that of video
line transfer. The video pre-processor sub-systemrequires. video |ine data
transfer at,.| t every 64 ; nd 63.6 :s for a PAL . and NTSC syste

espect | vel Ji¢ FHETREH EEERE Siflep 1ms sl mte:4nd; masroulael deie rﬁaerl&Bfav@kerfanﬁvsa
transfer atgihv@asde t64UQktdatksh, Whers bb tyfesid¥ difaGlatifers ceburlsiRultindBisly) &Akn A€
video line fransfer has a [arger anbunt of data transfer than the

macr obl ock EReKamerpemysdceess hrpdwiditn nilhis, may ceuse rimaesspiablgglatensy i ditp fransfer

L1 anst on Cconurer 28y i VAR bt Rt AT R R TR R A8 1 o

rel time and may cripple the real time processing of the video encoder sub-system.

The worst case memory access bandwidth may be further aggravated where additional bus

load is caused by other peripheral devices and or external memory access on the same

15 system bus on top of' the peak memory access bandwidth of the two subéystcms. This
-additional bus load may be unpredictable and difficult to control.

Solutions such as higher memory access and system bus throughput and/or using a larger
memory buffer or usage of cache can improve efficiency but have the drawback of .

20 inércasing implementation costs significantly. -

During normal operation, the fréqucncy of macroblock dé_ta transfer is higher than that of
video line transfer, The video pre-processor sub-system requires video line data transfer at

least every 64 :s and 63.6 :s for a PAL and NTSC system respectively. The video encoder
25  sub-system requires macroblock data transfer at least every 24.7 s fora D1 picfure.

On the other hand, the video line transfer has a larger amount of data transfer than the
macroblock data transfer. For example, a luminance image video line transfer comprises
of 720 bytes while the luminance image macroblock transfer comprises of 256 bytes.

30 | o
SUMMARY OF THE INVENTION



-4 0 The present invention provides a nethod of transferring sets of video
| inerdata and macrobl ock data, conprising the steps of: determning a
macr obl ock period and a video line period |onger than the _5 rabl ock
period; dividing each set of video Iine data to be transfé?JEﬁE&pghin t he
video line period into two or nore portions according to the difference
bet ween t he. determ ned macrobl ock period and video |line period; aligning a
burst transfer of each of the portions of the divided set of video |ine
data 10 and each set of nacrobl ock data to the macrobl ock period; and
initiating the burst transfer of the sets of video |ine data and macrobl ock
data at nmacrobl ock period intervals. Thétpresent invention also provides a
menory transfer controller having nmeans for 15 executing the nethod as
descri bed above. The present invention also provides a nmenory transfer -
controller for controlling the transfer of macroblock data to or froma

vi deo -encod and the transfer.of video (line data to or.from,a video

bt 6 ot ocessare MREPLATERHE Boridsh e et o fethios 48 X6 HehiPs 4R e
20 than thengicZBloek dataldvniprigingtifesté@robl ock data and the transfer of the.
macrobl ock data i, s effected in_a first predetermned tine period

charact eri sed i nd¢tRERINDE o2 FBFHPRIOGN praPdrandont YigEe dine gera%@%&?rt%ﬂuitbﬁ de
the videg hh&%bﬁﬁk?eﬁ&ﬁo two or nore portions for transfer of each of said
portions in respective ones of said first predetermned tine period. 25
The present i nvedividing edebsetpefondetelineadats tebe tamieresiswishinghe viskes disapetiedd ng a
memory | t1ansd 8o GORRLOlL fn 3218RE 4 BEL AHONE b lDRARAE SERAOY SALLARAR! SO
provi des a video deconpression system conprising a menory ranster
control | er pericdiesdnideedinaperitel; except that the video encoder is instead a
video

aligning a burst transfer of each of the portions of the divided set of video line data
10  and each set of macroblock data to the macroblock period; and
initiating the burst transfer of the sets of video line data and macroblock datz at
macroblock period intervals. |

The present invention also provides a memory transfer controller having means for

15  executing the method as described above.

The present invention also provides a mcrriory transfer controller for controlling the
transfer of macroblock data to or from a video encoder and the transfer of video line data
to or from a video pre-processor, wherein the size of a unit of the video line data is rlarger
20 than the size of a unit of the macroblock data and the transfer of the macroblock data is
effected in a first predetermined time period, ' _
characterised in that the memory transfer controller is adapted to divide the video
line data into two or more portions for transfer of each of said portions in respective ones
of said first predetermined time period.
25 | |
The present in{rcntion ‘also provides a video compression system comprising a memory

transfer controlier as described above.

The present invention also provides a video decompression' system comprising a memory
30 transfer controller as described above, except that the video encoder is instead a video

decoder and the video pre-processor is instead a video post-processor.




decoder and the video pre-processor is instead a video post-processor. 17
July 2006 -5 In general terns, enbodinents of the invention split the set
of larger and | ower frequency video line data transfer into two or nore
smal | er data transfers at the higher frequency macrobl ock’ {#%i2R801evel . In
this way, the video line data transfer rate is aligned with the 5

macr obl ock transfer rate and the correlation in data transfers between the
vi deo pre- processor and video encoder sub-systens reduces the peak nenory
access bandw dth wusage. In addition, video |line data transfers at
macrobl ock timng level allows for a finer priority 10 differentiation
within the set of video line data transférs and the flexibility of higher
priority assignment over macrobl ock data transfers at macrobl ock tim ng

| evel since the video pre-processor sub-systemhas a real tine input of
video data. By splitting and aligning the video Iine data transfer to the

peri od macrobl ock, data transfer and assignin or|t to vi deo |ine
it o tho. dRasOH RS, AR T e BNcurarhlite RetotuRereind Pyer B
nmenory t hr oHgéplhe And tdhder iint6 tRE D8 nSors SRIAIGCAHS HERTGS a\e/@hé Righ&ORéquendyl NY
I npl ementati on cost. Furthernore, enbodinents of the rgresent I nventi on

reduce t he masakipclofimingleyel, dn thinsay, tbw@mém deata tws F raiscabignedt Wil t}&nd

fi ne- t uns gt BEnIHAR trahdfo® rh Eihe
pr e- processor sug system a%qgahar de tg{l ne or e Vi dr% ne Id)gt that

is driven ppocessarxand vided encoder sulpsystefnsrgduces fthe |pddomcmy apdess dagdwitith
vi deo encoder sub- system can be designed to accommpdate a soft deadline
for the macroblock data since the real time constraint can be applied at
the picture level. 25 By tak| ng.into consideration the inpact of memory

over heads nd ddi ti, 1 s loads, a.  macrobl ock p gﬁSSl ng p riod that is
smal | er thah n; Yigeo linedata gans Asqtmaf"%h*\%ka“@%t% ps f"rﬁét NCE PRV at i ng

efficiengl mlﬂw&nmfon%:ﬁlul&w GBPBE vid¥o 1P P Hesirasefld e’ﬁQ feRitilg SVIRPherOf
the worst case bandw dth situation occurring, the deadline for the Set of
priority assignment over macroblock data transfers at macroblock timing level since the

video pre-processor sub-system has a real time input of video data.

By splitting and aligning the video line data transfer to the period macroblock data transfer
15 and assigning priority to video line data, the embodiment invention can schedule burst
transfers to maximise memory throughput and thus increase system performance while

controlling implementation cost.

Furthermore, embodiments of the presént invention reduce the impact of the worst case

.20 bandwidth by differentiating and fine-tuning the real time requirements of the two sub-
systems. The video pre-processor sub-system has a hard deadline for the video line data
that is driven by a fixed real time input format of video data, whereas the video encoder
sub-system can be designed to accommodate a soft deadline for the macroblock data since
the real time constraint can be applied at the picture level. |

25 - |

By taking into éonsideration the impact of memory overheads and additional bus loads, a.
macroblock processing period that is smaller than real time limit of 24.7 :s and a system
bus that is operating efficiently but not at full capacity can be designed.

30 In the event of the worst case bandwidth situation occurring, the deadline for the set of

macroblock data transfers, and hence the processing time for the video encoder sub-



macr obl ock data transfers, and hence the processing tine for the video
encoder sub 17 July 2006 system can be extended for one macrobl ock period
while the real tine constraint for the video encoder sub-Pyﬁge5¢é§ still
met. Further prioritisation for the video line data to be "trahéferred at

t he extended macrobl ock timng can be introduced to neet the hard deadline
of the video pre-processor sub-system 5 10 By scheduling both types of
data transfers in this prioritised manner and handling theworst case

bandw dth situation gracefully for the video encoder sub-system

enbodi ments of the invention increase the overall reliability of the video
conpressi on system wi t hout conpromi sing-6apl enentation cost and picture
gquality. The invention can be applied to a generic video conpression system
with a video encoder sub-systemand a video pre-processor sub-systemor a

generic Vi dgpsela: SR Sa&ideR foSorteiorablodk perioddeidledibe ockd timeutonsiyaintefer &ed a

vi deo post-processor sub-systemthat i | i nked.ta the extern Vi a

a standard gideocencedestsespiiam 1§ ﬁ‘lb\ﬁFEhl%Bp}?éP“B'é??aﬁﬂ'é?%ﬂ t%efgf eagj\?fgzzﬁg{sm%f be

at t ached. TQ@.@?&&?@E{ m@@%aﬂ%ﬁqg&&oﬁé&m b @® b@ [edGedda el the tardebdlinek
rding E

format acco 0 an standard and organi sed in rows of nacrobl ocks
const i t ut ed olfshebtidekpreosressonsulysysigata rel ative to a group of pixels for

t he enti(r)f picture running at a real tine rate of 25 or 20 30 franes per
second f PAL and NTSC system and require frequent macrobl ock data

accesses t 0 BydcREdiingBotityyes oFdetapmesfersdn eispriggitedimponar and bendiiag Hyworst
sub-systens, on the other hand, process data_in . video li : 8Fth
f or mat aCCOFWWQ‘héIWBDﬁr@TS‘QQS%réE% V@?&ﬁ&%ﬁf %1%—05?/ (sidre{gnggﬁngsed in 25 ¢
sequent i al 'iﬁ&ﬁﬁoﬂfmeéem the Qvadlli REGIIGOBS (tht Wideh cbmprussibi efystsmamdthout
require video line data accesses to external nenory within a specified
line i nt er vabmpRimistigrimplementation eost AAREEABHBYi de” a met hod and appar at us

to trans{der these video line data and nacrobl ock data efficiently between

the video system and external nenory _ _ _
The invention can be applied to a generic video compression system with a video encoder

sub-system and a video pre-processor sub-system or 2 generic video de-compression
system with a video decoder sub-system and a video post-processor sub-system that is

linked to the external memory via a standard shared system bus, to which other peripheral

15 devices may be attached.

The encoder and decoder sub-systems process data in macroblock format according to an
MPEG standard and organised in rows of macroblocks constituted by blocks cont_ai.ning
data relaﬁve to a group of pixels for the entire picture running at a real ﬁme rate of 25 or
20 30 frames per second for PAL and NTSC system and require frequent macroblock data

accesses to external memory.

The pre-processing and post-processing sub-systems, on the other hand, process data in
video line or raster format according to the ITU-R BT.601/656 standard and organised in
25 sequential lines of pixels in an image constituted of two fields and require video line data

accesses to external memory within a specified line interval.

Embodiments of the invention provide a method arid apparatus to transfer these video line
data and macroblock data efficiently between the video system and external memory

30 according to the differing rate, format and size transfer requirements of the individual sub-

system.




. 30 according to the differing rate, format and size transfer requirenents
aof the individual sub- system 17 July 2006 -7 At the system|level, a

macr obl ock period and a video line period is first determ ned. The forner
relates to the nominal tinmng interval within which the enddblr298P decoder
sub- system processes one unit of nmacrobl ock data. The latter refers to the
specific line timng 5 constraint within which the pre-processing or
post - processi ng processes one line of video data. Each set of video line
data to be transferred in the video |line period is divided according to

t he nunber of nmacrobl ock periods which fit within the video Iine period.
The set of 10 nacrobl ock data transfers.w.-thin the macrobl ock period and
divided video line data transfers are then aligned with differing
priorities at the macrobl ock period interval and subsequently transferred
in burst node on the system bus. The occurrence of the worst cast bandw dth
situation, usually caused by discrete and 15 higher priority data transfer
of peri pher at thegpistemdewy,st masroblock pertademd asvidéwlinecpgripdde first determpined: vEie of

the data tr f,t - ; I . ey e set

macr obl ock ﬁ’g%%lg&?art%n%’f @?sn%lﬂmgna;é lgmfrg?le%q@mnt%ﬁ}lgﬁ c%%g(;%nggg%o i %(‘::&&;%es}l?'od,

t he processsysgnt protessds dnlmit@f hiaefvblothdarab The Hattes refedsan diecspbyific lige timing

macr obl ock periad, e_nc“gvgﬁl ayi ng t he, onset of the next set oén%?r;angfer of
macr obl ock by thetRREProcRRSing O POF-RIPGASHBE PIREEES PR, i
transfer isqdqpt conpleted within one mnacroblock period but within the

video line period, the next set of nacroblock data or divided video |ine
data transfer is delayed until the transfer of the current set of divided

video |ine d ‘5:[%- TR TR t: . ' i ] cbfﬁ.\;%tfoer is
not conpl etg%hgg g/?\n t hi ningr?gg\}? go ?%Edﬁgﬁeo‘h?&alﬂe%% OP é%%\‘/’fear@y‘gcrret IS
enpl oyed t otht owaibes ef maarvbioek periods which StuwithinOh€ video line period. The set of
10  macroblock data transfers within the macroblock period and divided video line data
transfers are then aligned with differing priorities at the macroblock period interval and

subsequently transferred in burst mode on the system bus.

" The occurrence of the worst cast bandwidth situation, usually caused by discrete and
15 higher priority data transfer of peripherals on the system bus, increases the response time
interval of the data transfers of the sub-systems. In the event that the set of macroblock
data transfers is not completed within one macroblock period, the processing time of the
current macroblock is extended by one macroblock period, hence delaying the onset of the
next set of transfer of macroblock data. '
20
In event that the set of divided video line data transfer is not completed within one
macroblock period but within the video line period, the next set of macroblock data or
divided video line data transfer is delayed until the transfer of the current set of divided
video line data is coinplcted. In event that the video line data transfer is not completed

25  within one video line period, a soft recovery method is employed to localise transfer error.



BRI EF DESCRI PTI'ON OF THE DRAWNGS Figure 1 illustrates a general structure
of a-video conpression systemp Figure 2 illustrates the I/Otransfers of a
vi deo pre-processor sub-system 5 Figure 3 illustrates the I/O transfers of
a video encoder sub-system Figure 4 illustrates a prefer re Y 4% ect ure
of a menory transfer controller; Figure 5is a timng diagramfor a set of
macr obl ock data transfers; Figure 6 is a timng diagramfor a set of video
line data transfers; Figure 7 shows a general state machine for operation
of the menory transfer controller; 10 Figure 8 is a timng diagramof a
ENC PANI C situation; Figure 9 shows a general state machine for operation
of menory transfer controller equipped-&i-th worst case bandw dth handl i ng;
and Figure 10 is a timng diagramillustrating degradati on handling nethod
for video line data transfers including a VPP_PAN C situation. 15 DETAILED

DESCRI PTI ONBREEFHIE SRR OIVEOR MEAMANG T ef erred enbodi nent of the

i nvention is described inrelation to Figure I, which shows a MPEG 2 vi deo
conpressi on system 100, including a video pre-processor sub-system 101 20

and vi deo eppader isubast SmhPdruchEotd HEQ RISTRERASFSOE, SUb- Syst em 101

nmakes a set of video line data transfer requésts in”each line period while
the vi deo ehigutter illystrptesithe Boh transfersiof k aileq preeprocdssorsgb-spstersk | i ne transfer

requestsc<in : I Ld. € of the two
cub- syst Sner B0 ARSRERAELCRREEEor IVRABAAEAMETERE . 28 block
referred toFigsrerveittostsatdsragpreferred arokitectukd effa h@Roryittedbfer emesolles dat a requests

fromthe sup-systens 101, 102, prioritises them initiates bus protocols
and schedulMi‘éafﬁﬂ%ﬁ@g@m@Eafﬁgkmélycﬁggagﬁ?fgs’shar ed system bus
104. The sta‘%u& 636 a@infikg Hiagiaf foF a ER9EGako Y datd BARfRE fed back to the
sub-systens_101, 102 through path 106, for exanple via a peripheral bus.
30 17 Jul y Eigers 7 shows a general state machine for operation of the memory transfer controller;
10 Figure 8 is a timing diagram of a ENC_PANIC situation;
Figuré 9 shows a general state machine for operation of memory transfer controller
equipped with worst case bandwidth handling; and
Figure 10 is a timing diagram illustrating degradation handling method for video line data
transfers including a VPP_PANIC situation.
15

DETAILED DESCRIPTION OF THE PREFERRED EMBObIMENTS

A preferred embodiment of the invention is described in relation to F igure 1, which shows

a MPEG-2 video compression system 100, including a video pre-processor sub-system 101
20  and video encoder subsystem 102. - The video pre-processor sub-system 101 makes 2 set of

video line data transfer requests in each line period while the video encoder sub-system .

102 makes a set of macroblock line transfer requests in each macroblock period.

The data requests of the two sub-systems 101, 102 are handled by a dédicaxed hardware
25  block, referred to as memory transfer controller 103, that receives data requests from the
sub-systems 101, 102, prioritises them, initiates bus protocols and schedules data transfers
to the memory 105 via a shared system bus 104. The status of each transfer request may
then be fed back to the sub-systems 101, 102 through path 106, for example via a
peripheral bus. "
30



-9 An exanpl e enbodi ment of the video pre-processor sub-system 101 i s shown
in Figure 2. A video input interface 201 extracts video data and

synchroni sation signals froma real tinme digital input. A Sﬁﬁ\t é@ﬁt enpor al
noi se filter 202 reduces spatial and tenporal noise on t he/ {Alyed mage. A
filmdetector 203 perforns inverse 3:2 pulldown and a format 5 converter
204 filters and decimtes the original video to a desired format for

encodi ng. Wen a video pre-processor sub-system 101 is processing a field
n, an exanple set of possible data transfers includes |um nancée and

chrom nance video line data of the previous field n-1 205 and n-2 206 for
noi se reduction and i nverse 3:2 detectie®,- chroma-sanpled 10 and

noi se-filtered | um nance and chrom nance vi.deo |ine data output 207 of a
main picture and chronma-sanpled and noise-filtered | um nance and

chr om na_nceA¥ ledSApIk 'eﬁl%f)&iiﬂ{eﬁ St Wideo $PBpRkestor BbGY4tEM 10N iPbiiway ia Figure 2.
application £or %xarrp e, \Mtﬁere a smal|l picture is laid on to of the main
pi cture, whActidécsinpuf mkdrfage 20&expaats video Idaqqrﬁndgya@hr@miéatmf%@% femedelat e) .

15 An exanpl e enmbodi ment, of .tt ' - : hSraPi¥Mdnl N
Fi gure 3. 'ItHBeg{ﬁ] lBg'gthéabgpeapggg é@@?&ﬁ%@p?@%ﬁ%@?@ not | onnﬂgsti mat or 301
that searchgs ¥igéo (MideONA Yitat detacta@n2Digperdorasciaverse di L phlidowimead far rmethe
searched _notion vectars, a [ 1 00 encoder. 302 t hat. perfo hsGrete
cosi ne t?a%?%t@ﬁﬁ}teﬁ&&ﬂgggﬁlﬁcﬁﬁfe Ak ?%Wa%eg%deﬁosa ﬁ%ﬁg%gkl?l g’e vi deo
data and reconstructs the video data that appears on the decoder 20 and a

vari abl e Il ength coder 303 that perforns zigzag scan, | engt h- and huf f man
encodi ng t oWhen i WREGPR-IsPeessaretiisysted 14l Ha P&‘i"'ﬁ%‘%ﬂgeﬁctrﬁ?g@f” %%Z‘ET@F &fh %2

the possi b'rp%sﬁﬁleadaiartgagxﬁfgc aaﬂg_agg l%%%la&l@aﬂd%mnﬁﬂa&fe Adi liedafl SFlEprbisisnance

and’ chrom mance nacr Into the notion estimator for 25 coding
and predi ctfigid ndh285 gehe2a206afor nolse raductian ang inversend:2gletactipn. GhFaeAsaswieds or

the notjlon vector.search.and the stori i thi : 06.
The r e heraidtoud fires fiaages i o BineRd o dheigo? Be K EpliEnsED0.
from t he DGhdl BedmLE6RsIeF and38Rsd-Hitered luntiftance apd cleramimncanides hive dasa owput
vectors 308 are i'pput to the |yari_abl %bdrezagth . coder 303 1f°rm}/arilac%§ml ength
codi ng out pAABsofur "pitteredm pistieg” NIPHEBtONfqrexample: Whers a sippll picture is lal P

of the main picture, which is a full screen picture running at the refresh video rate).

15 An example embodiment of the video encoder sub-system 102 is shown in Figure 3. The
video encoder subsystem 102 includes a motion estimator 301 that searcheslfor motion
vectors and generates prediction data from the searched motion vectors, a DCT loop
encoder 302 that performs disdrctc cosine transformation, quantisation, and motion
compensation on the video data and reconstructs the video data that appears on the decoder

20 and a variable length coder 303 that performs zigzag scan, run length and huffman
encoding to form MPEG-2 bitstreams. | ' |

For the video encoder sub-system 102 the possible data transfers include the loading of the

. reference luminance and chrominance macroblock data 304 into the motion estimator for

25 coding and prediction data generation, the updating of the search window 305 for the

motion vector search and the storing of computed motion vectors 306. The reconstructed

iuminance and chrominance macroblock data 307 is 6utput from the DCT loop‘ encoder

302 for motion compensation and the motion vectors 308 are input to the variable length
coder 303 for variable length coding outputs of the encoded MPEG-2 bitstreams 309.
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17 July 2006 -10 The video line transfers occur at a |ine frequency

determ ned by the real time constraint of the input video format. As an
exanpl e, a PAL systenrhas a line period of 1/(625 lines per frame * 25
frames per second) = 64 :s while an NTSC system has a |inelpéilyd06f 1/ (525
lines per frane * 30 franes per second) = 63.5:s. 5 As an enbodi nent, the
macr obl ock data transfers can occur at a macrobl ock frequency that is
designed to satisfy the maxi mum processing period of macrobl ock data for
each conponent in the video encoder sub-system 102, the period required
for maxi mumsumof all 1/0 transfers that may occur in processing a
macr obl ock and the software processing -10-overhead tinme incurred for each
macr obl ock. The chosen macrobl ock period nmust be under the real tine
constraint of 1/(1350 macroblocks per NTSC frame * 30 franmes per second)
or 1/(1620 FREGQABL AR FaPdrs Béthr af 4 Hﬁ@afreqzugﬁcyf Je@é?ﬁx%eﬁgy thE £ e Torraifit o -
Excess macrobl ock periods other than 1620 per PAL “frame or 1350 per NTSC
frame nust Hiesnpuseidsofeinbr 48 an pxamplera RAL b}@t@bh@ g ling pasiedred 1/(685 h@RﬁPFli onal

bus | oads apd fr, and or slice_ [ OCesSi N ata transfer t

i Tteront 1 1mE i angis ekl s B L ATO BYNTRC, waphy o' S By AF THE2 s
bandwi dt h caR&Get frameri30erhnRS gmcd.ﬁdl)&laglﬁs of the wdth and cI ock frequency
of 20 the bus. 'Ideally, the system bus 104 shoul d be designed to operate

ef fici ent5ly at 100% capacity but there are overheads in bus hand-shaking
pr ot ocol s. ﬁ%ﬁﬁ n?eﬁn ¢ @t 'n{hgrobﬁ(fcﬁcﬁﬁ?dqﬁﬁns?%s %‘FOME& rﬁE@oﬁSﬂPﬁ%}uency
operati on over ea € Tow activation ou data rate synchtondus
dynani ¢ r antenisatesigsed mesrmsﬁr HERReEDRAMrocassing 1psr1c|>d1 oﬁmaomiockrrbmfoy eaabcess

bandw dt h t 104 b dth t.V, Due t
Dand o <Rk AL SR AR T s 3BEhr AR IR O

guar ant ees suat/@t fratifers ma&ﬁm&&tua pré@esing B n@acfdbm%kpﬁlal tael s@ma:bepr@eismged as
an aIternatlve target. The peak nenpry access bandw dth, defined as the

maxi mum Herr?)‘feyhféé gimegncurred for each macroblock.

The chosen macroblock period must be under the real time constraint of 1/(1350
macroblocks per NTSC frame * 30 frames per second) or 1/(1620 macroblocks per PAL
frame * 25 frames per second) = 24.7 :s. Excess macroblock periods other than 1620 per
15 PAL frame or 1350 per NTSC frame must also be considered in arder to bc able to respond

to additional bus loads and frame and or slice processing.

The data transfers occur at different rates and size on 'thle‘ system bus 104 that has a
maximum bandwidth capacity defined as the multiple of the width and clock frequency of

20 the bus. Ideally, the system bus 104 should be designed to operate efficiently at 100%
capacity but there are overheads in bus hand-shaking protocols. The lower operating .
frequency of the memory and memory 6pr:ration overheads like row activation in double
data rate synchronous dyna.rmc random access memory (DDR—SDR.AM) results in a lower
memory access bandwidth capacrty than system bus 104 bandwidth capaclty

25 ‘ ' _ ' _ ,
Due to the changing bus load conditions, an average memory access bandwidth that
guarantees relatively constant bus loads in a time period can be defined as an alternative
target. The peak memory access bandwidth, defined as the maximum memory access
bandwidth at any point in time, should be below the capacity of the system bus

30



~ bandwi dth at any point in tinme, should be below the capacity of the system
bus. .30 17 July 2006 -11 By dividing each set of video |ine data to be
transferred within the video line period according to nmultiples of the
macr obl ock period within the video line period, the peak H%ﬁﬂ??og@cess
bandw dt h can be reduced and then an average nenory access bandwidth is
achieved. 5 For a‘line period of 64 :s and a macrobl ock period of 23.1 :s,
there are at least two and sonetines three macrobl ock cl ock edges between
two line clock edges. As an exanple enbodinent, the set of video |ine data
transfers can be divided into two sub-sets: one consisting of input video
line data of field n-1, output- | um nancelVideo line data of main 10 picture
and picture in picture; and the other consisting of the input video |ine
data of field n-2, output chrom nance video |line data of main picture and
picture in pyCdividthg ERh RB6H vRIBbIlint Qfa BAbA tlahdBSdE tvithir BleCvildo difle period
associ ated | atency between the tinme when the request_ is first activated on
the system Besording tamafiniescoft the pacrebloskrpesiog ririn thes vidge dingngriod.sthei dgkndi ng

On 1he_ar Chigfahh2eQlhahSidl S RIEARE and 2o MIVNGOReAR) LS Widiize of

buf fers, nunber perip S on the shared bus, n er, 'size and

pr e- enpt i onisgkhievefuiest s granted currently and priority, size and grouping
of data requests). The entity of data transfer can be inplenented as a
series of short transfers driven by 20 fullness of buffers at the bus

i nterface OFo$ g Bediddef 44 NS maéroBlo€l Perflrlt 67 7B. Nad tHerérRreCAURsE tworkridh
doubl e buffering at the bus interface. The latter, known_as burst node

transfer, ismatiampsithree jmacablosklockrerlges pesweanotwoekinecdoth edgsye rifetiue #lsT y
operatl ons Litbddinent® ¥R S Uioo TR W Bendrlit Sabl ol | diifled o RO PR OGRS
. By a the b T f a

bandw dth nore efticiently. I gni ng urst transters o )
di vi ded set cambistinglebinputhadealine datanf field 9:- froitzan loninghosavides bre ddta phmain

Gat i oecy bR B Tty g SFleEeomnlind 4R R Rebiioh BB EGER, or oo

in the |inesPesitpst.chrominance video line data of main picture and picture in picture.

For each entity of data transfer, there is an associated latency between the time when the
requestris first activated on the system bus and when the first' rcspoﬁse packet is received,
15 depending on the architecture of the bus node (eg. the number of arbiters and size of
buffers, number of peripherals on the shared bus, number, size and pre-emption of requests

granted currently and priority, size and grouping of data requests).

The entity of data transfer can be implemented as a series of short transfers driven by
20 fullness of buffers at the bus interface or as one long transfer at a pre-determined time
coupled with double buffering at the bus interface. The latter, known as burst mode
transfer, is used in the present invention to reduce the overhead memory operations in for

‘example DDR-SDRAM and thus utilise the memory access bandwidth more efficiently.

25 | By aligning the burst transfers of a divided set of video line data transfers and an original
set of the macroblock data to the macroblock period, the two subsets of the video line data
can be aligned to thc first and second macroblock periods encountered in the line period,
and prioritisation of each entity of data transfer relative to the set of data t;'ansfers within
the macroblock period can be done. The sequence of data transfers within each set can be

30 fine-tuned for more graceful degradation measures. Degradation here refers to the

processing of erroneous data by the video pre-processor arising when the video line [/O



and prioritisation of each entity of data transfer relative to the set of
data transfers within the macrobl ock period can be done. The sequence of
data transfers within each set can be 30 fine-tuned for nore graceful
degradati on neasures. Degradation here refers to the procdddihg2®p
erroneous data by the video pre-processor arising when the video line I/0O
17 July 2006 -12 transfers are not conpleted within a |ine period. Sone
measures to mnimze the inpact of erroneous data can include software
programm ng of the transfer controller in order to -effect nore
quality-critical I/Otransfers prior to less quality-critical 1/0
transfers. 5 Burst transfers of the divided set of video |ine data are
processed before the set of rmacroblock data as the video pre-processor
sub-system 101 has a tighter real tinme constraint of |line period whereas
t he vi deo engagiedrs sl 21l | =

periods. For higher d??@%ﬁ%gﬁ%%lg?%?%ﬁ%e@%t eg?@@%ﬁg@&ﬁggﬁoﬁ?ﬁ{e
data transferenceundaie cai ashndei sgftwareppriograimnying ffirtheo triaesferdantroliemineates ton

Sub- Syat om 105! e SRHGRABE R b B RISE e fttel Pl Sy o "

initiated at the start of each macrobl ock period consecutively, increasing

t he maxi nal response ti of .data transfers, and thus reducing the
possibility RSt Hansiers 01 e dopided Fﬁ5t°6}g‘é‘#%i% 1o 118 dPI9EFSEtc beforg dher w849 r edl
by the 15 pasdreblecialdsta i tieheidey Pré-piddddsorl BiEb-SRERP0O Clasdntifnid: 3R ghe are
not conpleted before the start of the next macrobl ock cycle Wwhere they are
processed, t39BStAR lwasaed vdharsas (het wideol eroden sub-systam }5{201@ aiesigneyl tof havbe

next macroblogk Gatshd@meAnss. TRE g%n%rﬁ@ffﬁrggtﬁa{tﬂﬂ o?gaoﬁti@,r%qggég{gf vzaggtrllﬂsx?%g er

controller 103 delays tlie onset set nmac ers so
that there trassars cadbe givemlhigher pobtiycthan wdiee daiameqhestsc onhe systdn dus 104 ent

macr obl o . sf er y. desi gpi ng, spare, macr obl ock cycles in the
vi deo engd(;dggé@c&hé glesnt‘aec SDl?fgdartaﬁ%’"gg’fé'gq%ﬁ3?°deﬁ?“3’ﬁé'?te§’y@em bus traffic or
wor st case bandw dth can be handl ed without the need for any 25 degradation

mechani sns Isﬂﬁ :l?he vid ooi_ncoder éub-system 102 or faster or_ w der nenory
access, thus'¥ @fségé‘i‘s&ﬁ ffeo 5S35 0k dat bansfars argdnifiaigd ot the Fiaricafsiaeh magrebleek 100

at little period consecutively, increasing the maximal response time of data transfers and thus

reducing the possibility of the data transfer not being completed before it is required by the
15 peripherals. -

In the event that the macroblock data transfers are not coinpleted before the start of the
next macroblock cycle where they are process_éd, the video encoder sub-system 102 holds
the processing of the next macroblock data for one macroblock period and the mbmory
20  transfer controller 103 delays the onset of the next set of macroblock transfers so that there

is an additic_mal macroblock cycle time fo complete the current macroblock data transfers.

By designing spare macroblock cycles in the video encoder sub-system 1 02, the occasional

higher system bus traffic or worst case bandwidth can be handled without the need for‘any

25  degradation mechanisms in the video encoder’ sub-sysi:cm 102 or faster or wider memory
- access, thus increasing the robustness of the video compression system 100 at little

implementation cost.

A more graceful degradation mechanism is included as a separate embodiment for the
30 video line data transfers that have a more critical real time constraint. The » divided sub-

- sets of a set of video line transfers can be classified into the first n-/ subsets and the nth



I npl ementation cost. A nore graceful degradation nechanismis included as a
separate enbodinment for the 30 video |ine data transfers that have a nore
critical real time constraint. The n divided sub sets of a set q{ vi deo
line transfers can be classified into the first n-1 subsetd’dH¥ 4498 nth 17
July 2006 -13 subset for handling of the worst case bandw dth. The forner
has to conplete the data transfers within one macrobl ock period while the
| atter has to conplete the data transfers before the start of the next
line period. 5 1In the event that the forner does not neet the macrobl ock
period constraint, the next subset of video |line data transfers (instead
of the current macroblock data transfersjlis initiated i mediately after
the current subset of video line transfers conpletes. In this case, the
current macrobl ock data transfers are delayed until the next subset of
video line subssyfbehsndbiagplf ehesonhdaseNRANIWHED TRE Fekder 14D 15 X&hERle 1B dag ON
hol d as descri bed 10 previously. The priority inversion of current

macr obl ock °fs WRhingne avasretipek ngred thile the,latierchasitp eomplete the dagftepsters
done in Vi eWeRre tRStPERhE h:d: 1ig@beridd™® constraint of the pre- processor
subsystem 101. In event that the latter does not neet the line period
constraint, the nenory transfer 15 controller 103 ignores the incom ng

video |i ' ' : nding requests of.the curre sub- set
to the m@mﬁﬁlgggﬁtﬁaﬁg%ﬁi@§ gl{)gfneau i T 5‘% o%rgﬁﬂo d“P %ﬂgts?&e AgVe
been handl esutizet of eideedinei dugn canstat (impeadiof die. culfeat droiibtockufatetridgro)fist he
bus interface. of .peri,pheral.s for burst transfer pode | qcalises th .

out st andi ng'rﬂﬁ?tﬁdtug’ﬁ}?ggéci% "h’c’f the Fupenty sulpet "I?ivﬁfg"opléﬂci W?%F%I_nﬁl@@?'agﬁﬂ‘én is
transpar ent cise, tHtecupeBPHAGEBISEN dats Basférs A dddyed intiPie ALY ALARE vidRP Lo ue
as normal (except if worse case bandwidth is prol ong\gd). Reference is nade
her ei naf t er rapstensgepmpletss agd 1the vigeoq enqoder sub-sxsisonilRR s, on eld ay edesaribad nay

be i npl N} ed: 4si i . ' i r
Cransh ercopey slear T HARD iR ARRLEOEL R G- RURLETG LR LAD R, SR LY
enbodi ment , videe linediata transferds sioon irs ysiveof thasmare coitiealatithe sysdtaint pf dleepeor

402 processor subsystem 101, - )

In event that the latter does not meet the line period constraint, the memory transfer
15 controller 103 ignores the incoming video line data, fcr;ninates any outstanding requests of
the current sub-set to the memory and enters a waiting state until all granted requests have
been handled before resuming normal operation. The double buffering of the bus interface
of peripherals for burst transfer mode localises the outstanding data transfers to the current
line period. This degradation is transparent to the preprocessor sub-system 101 as

20 operations continue as normal (except if worse case bandwidth is prolonged).
Reference is made hereinafter to Figures 4 to 10.

In a further embodiment, the invention may be implemented- using a video compression
25 system 400 having a memory transfer controller 401 as illustrated in Figure 4. In this
particular embodiment, the video compression system has an overall system processor 402
that controls the operation of the video pre-processor sub-system 403, the video encoder

sub-system 404 and the memory transfer controller 401 and is responsibie for generating

data transfer requests.
30



that controls the operation of the video pre-processor sub-system 403, the
vi deo .encoder sub-system 404 and the nenory transfer controller 401 and is
responsi bl e for generating data transfer requests. 30 17 izlé %ﬁg -14
Doubl e buffering of macroblock data is done at the interfa Tl n the

vi deo encoder subsystem 404 and the nenory transfer controller 401 while
doubl e buffering of video line data is done at the interface between the
vi deo preprocessor subsystem 403 and the nenory transfer controller 401 to
facilitate the burst transfers of the nmacroblock data and 5 video |ine
data. The doubl e buffer accunul ates the output nmacrobl ock data and vi deo
line data for transfer to nenory in theldext nmcrobl ock period and vari ous
macr obl ock periods of the next line, respectively. Simlarly, the double
buffer collects the input macrobl ock data and video |ine data from nmenory
for the vi dawubkChutring WiyRtebiockQihtapis aloas at thg interfacenbetweett thewddeobdnoader

period and the videg preprocessor sypsystem 4 In the next. Line .10..
period. The SHawstem404ap ﬂ?‘?‘ﬂ@rﬁéﬁa}‘#gr : 959@%@% w&’@ﬁ,‘ioe‘e}ﬁ%k} ‘ ?‘r’rtgeoefﬁﬁ%glme
progr ammabl afYist fsheSHSThE MhtePhAC B&SREN itk V8o fHRégk Q@ksdPMAbsIeTR Y3 rAdi thE er S,

downl oaded via path 406 for nacroblock data transfers to an encoder
conmand F| Fomdry dransferscoatralles 40k ta Gsilitare tha kst wegsiersf Bamacioblpsk dafzend o an

pre- process R ] rrq;&%% fieo |
controll gsrs %gdregagirggg%b ﬁgg%@sﬁ %ﬁ%f?r%éﬁwgﬁg%# &Jgﬁs er sr&glég%{ra%:aﬁg tcg_l?%e
met hod des datalferitraisfev éo mEmerysinfthevsaxe miabkiobk period afd vahious metrebleciapdrivds f or
fine prioritisation..b sequent i .orderin Lt hin L of t
transfers. fg exﬁﬁﬂ%/’cfﬁfpggtkvc at g’lq’g‘gﬁ’s{hgr@u%# é’ug;%%@%ggsﬁh%ﬁ%gﬁiggrﬁggfkto

t he macr obl @gls a6l efdeodine datadivgin nmfenfor@ Bir@hd vided extdddexxaupyseenia04 plakessiag irer i od
501, the system processor 402 generates the nmacrob] ock dgéiéﬂrjg%uest

of
al | sub- bl o&kesnexsmasropleskopariod ang the: Xidep RpeRrecesion subsysien %eﬂfbf'gilst em

404, orggni ?@ﬁoc%.he 1/0 information in registers and sends themto nenory
transfer controller 401 .via path 406 for storage in the encoder comand

The data transfers for both sub-systems 403, 404 can be made programmable by the system
processor in the form of DMA command registers, downloaded via path 406 for
macroblock data transfers to an encoder command FIFO buffer 408 and path 405 for video
15 lire data transfers to an pre-prbce,ssor command FIFO buffer 407, whereby the memory
transfer controller hardware schedules individﬁal data transfers according to the method
described ab&e. The software flexibility of this scheme allows for fine prioritisation by

sequential ordering within the set of data transfers.

20 The macroblock data transfers are processed with résPecr. to the macroblock clock as
shown in Figure 5. In an example macroblock period 501, the system processor 402
generates the macroblock data requests of all sub-blocks for a macroblock processing in
the video encoder sub-system 404, organises the I/O information in registers and sends
them to memory transfer controller 401 via path 406 for storage in the encoder command

25 FIFO buffer 408. In thé next macroblock period 502, the memory transfer controller 401
reads from the FIFO buffer 408 and serviécs the data transfers sequentially according to
their priority so that data is ready in the video encoder sub-system 404 before the start of
the one after the next macroblock period 503 for further processing.

30 The video line data transfers, on the other hand, are processed with respect to both the

macroblock clock and line clock, as shown in Figure 6. For an example line period of




25 FI FO buffer 408. In-the next macrobl ock period 502, the nmenory transfer
controller 401 reads fromthe FIFO buffer 408 and services the data

transfers sequentially according to their priority so that ta i.s ready
in the video encoder sub-system 404 before the start of ?]ﬂe]d“i‘hz()dﬁter t he

next macrobl ock period 503 for further processing. 30 The video |ine data
transfers, on the other hand, are processed with respect to both the

macrobl ock clock and line clock, as shown in Figure 6. For an exanple |ine
period of 17 July 2006 -15 64 :s and macrobl ock period of 23.1 :s, the set
of video line transfers is processed in two nacrobl ock periods. The system
processor 402 checks a new |line indicatibdh-flag given by the nenory
transfer controller 401. If a newline 601 is detected at the start of the
macr obl ock period, the software of the system processor 402 has the

flexibilityghq SRANGEMKoX %%Jé)ﬁ d?23he NP R VuRD el tRinsfehtSis Ipkdt@sskdird H®

current nmacrobl ock period and the other half in the next nacrobl ock
peri od 603. mEtreblbek pediodsn Tk syten pensedsprdd2) aheekts 2o Linhindisation flagrgiventhyr t  of

he moror y BFAREEY ERRIGeRER oD aclted R dl®, SR st OBl e 34 P

peri ods 10maéroblook peridd, tHeasoftanie ofele dystam pabeksion 462 hus the fleaibility kegenerleo

line data t sfer r the gurrept |ipe in each crobl ock peri,od sp that
the dat ad60B ot &éi\_ﬁéﬁ)r%t‘?ﬁﬁﬁ%i%ﬂeﬁnﬂp -Eﬁ%%w‘g@%w@eﬁ??ﬁé%ﬁe?@?fe the
start of thgaifthe neXtmRPEBIOK RPi6d 608, THE BAGEOR STARS 8éW tine isTAIBORAVIAEK Rges
of the schene are to mnimse peak bandw dth usage of system bus and to

sinplify théegesothofirshmpsebloek pasiof 602 algertholinetodktHegsmnpl i fy t he

schedul i ng of processes 15 in the system processor. Wen triggered by the
macr obl ock clock, the nmenory transfer controller 401 reads the conmmand
entries froSimiley the nommorg trdndférfeOetrdller 46 hdetdfinesthe digst tevo pnaconblack parigdsn

| ogi i ' 410, (the f ' f whi 1,S,.d i hed h
rmoh ne 181 8% 008 55 ené e S ok APy % sSiich deleCuRrfr g leltes L e,
reset to Miguebt EnétiRilegch/Bidcroblockl 9bled 531 chah theBats @OB ds ealycinkhs iviglhalpre-t he

menory transfer controller 401 noves to MIC VPP st at 2.t rocess video
line data rRSQERSSQrSubsysiemydid hefnte ths ganef the nrmnsmew@?fﬁ fgr BretRIBceTRE

The advantages of the scheme are to minimise peak bandwidth usage of system bus and to

simplify the design of memory transfer controller and simplify the scheduling of processes

15  in the system processor.

When triggered by the macroblock clock, the memory transfer controller 401 reads the
command entries from the two command FIFOs 407 and 408 through a prioritisation logic
circuitry 410 (the functidn of which is described by the state machine of Figure 7). The

20 memory transfer controller 401 is normally reset to MTC_IDLE state 701. On detecting a
macroblock clock signal, the memory transfer controller 401 moves to MTC_VPP state
702 to process video line data requests if a VPP_done signal is low or there are video line
data transfers for the current macroblock period in the pre-processor command FIFO
buffer 407. | |

25
After the completion of burst transfer of all video line data and if ENC_done is low or
there are macroblock data transfers for the current macroblock period in the encoder
command FIFO buffer 408, memory transfer controller 40! moves to a MTC_ENC state
703 to process macroblock data requests, else if ENC_done is high or there are no

30 macroblock data transfers, the memory transfer controller resets back to MTC_IDLE 701,



data transfers for the current macrobl ock period in the pre-processor
comeand FI FO buffer 407. 25 After the conpletion of burst transfer of al
video line data and if ENC done is low or there are macrobl ock data
transfers for the current macrobl ock period in the encoder 17J8pnel® FI FO
buffer 408, menory transfer controller 401 noves to a MIC ENC state 703 to
process macrobl ock data requests, else if ENC done is high or there are no
30 nmacrobl ock data transfers, the nenory transfer controller resets back to
MIC I DLE 701. 17 July 2006 -16 OQtherw se on detecting a nmacrobl ock clock in
MIC I DLE state, if VPP_done is high or there are no video |ine transfers
and ENC done is low or there are nmacroblolde data transfers for the current
macr obl ock period in the encoder conmand FI FO buffer 408, the nenory
transfer controller noves to MIC ENC state 703 to process video |line data

S requests agthefli¥esn daektidgla Mhczoblable cRBk GO NI IDDE. sthie, Cif PN dorf?r 9 GRS
409 co-ordinates the operation of the nenory transfer controller 401,

interprets tHercyfmithidentline densiebninchENEL femenist iogr or fsre arpgiaciohlok gegs
the burst 1#ARREEESE o clrfdf: MEGHOBLIOSLS oA tHle! diEodtR BmitABFTED SufBichoR! M des

f eedback response on the 10 operatioh status of the system processor 402,
vi deo pr e- prmemegotransiis- coptroken moBEsalndMTE BNE etacoti®r tos procespsyiden hoe datThe

menory trgnsrfe ‘r‘ersr%g‘ﬁ?é%li’lﬁsi%ﬁ%@@‘ﬁié°ﬁ cg&gfe{igﬁ'i sed data transfer schene.

A bus reques and e bus request protocols and interfaces
with the peripheral 15 devices to download data to system bus 413 for a
STORE operatjon. A pgrioritisation field. may also_ bhe set for indivi I
data transi S0l aressar 408 roRrHRFL e GRUEERR 0L o mernE reiiET 415,
On the ot hergiafiflerpRiPihe RSN SAIRFHE tEIRAFCE6EifAe A0 407, SSRABS e tRAEKEL S
fromthe. systembus and interfaces with the peripheral. devices to upl oad
data for Lar®sEperithe sueroblpok and line data transfers and provides feedback response on the

10  operation status of the system processor 402, video pre-processor sub-system 403 and

video encoder éub-system 404.

The memory transfer controller 401 employs a ccﬁtralised data transfer scheme. A bus
request module 411 handles the bus request protocols and interfaces with the peripheral
15 devices to download data to system bus 413 for a STORE operation. A prioritisation field
may also be set for individual data transfers to facilitate an arbitration scheme for the
system bus 413. On the other hand, a bus response module 412 receives the response
packets from the system bus and interfaces with the peripheral devices to upload data for
LOAD operations. '
20 .
The situation when the macroblock data transfers are not completed before the start of the
next macroblock cycle where they are processed is defined as ENC_PANIC, as illustrated
in Figure 8. In the example illustration of Figure 8, macroblock data transfers ENCI are
serviced in the first macroblock period. More macroblock data transfers ENC2 and a first
25 subset of video line data transfers VPP1 are serviced in the second macroblock period. A

second subset of video line data VPP2 is serviced in the third macroblock period.

The state diagram in Figure 9 illustrates the operation of the memory transfer controller
401. On software reset, the memory transfer controller 401 enters a MTC_IDLE state 901
30 and waits for events to trigger its operation. In response to a first macroblock clock trigger

(e.g. as shown in Figure 8) the memory transfer controller 401 enters a MTC_ENC state



The situation when the macrobl ock data transfers are not conpl eted before
the start of the next macrobl ock cycle where they are processed is defined
as ENC PANIC, as illustrated in Figure 8. In the exanple jllustration of
Figure 8, macroblock data transfers ENCl are serviced in thBly 0%
macr obl ock period. Modre macrobl ock data transfers ENC2 and a first 25
subset of video line data transfers VPPl are serviced in the second

macr obl ock period. A second subset of video line data VPP2 is serviced in
the third nmacrobl ock period. The state diagramin Figure 9 illustrates the
operation of the nenory transfer controller 401. On software reset, the
menory transfer controller 401 enters a MNI-C I DLE state 901 30 and waits for
events to trigger its operation. In response to a first macrobl ock cl ock
trigger (e.g. as shown in Figure 8) the nenory transfer controller 401
enters a Mi$Q3ENers BNE! #s/sevibed #Rliadly i90% MRErAchMock pefiod Qs WeteLhle no

i medi ately in the first macroblock period as there are no- VPP requests to
be servi cedVPRirequests ipe senvisgdofAften sompletien ghdreelO transferethe memary fagséer
control |l er 404053435 iQau%lE{oﬂhE f@/ﬂ'dwflgblﬁ_ga{% gpjate 901. 5 In response to

t he second macrobl ock clock trigger (in Figure B), nenory transfer
controll-er 401 transits fromthe MIC_|IDLE state 901 to a MIC VPP state 902

where VPPL is serviced first,in the second macrabl ack iod (as,it .has
 aher b1 dP RSRREAS e iebRd, Bk iR ritRey O B&be] . PPmpALRR
t ran5|b It S L cmhb_elléo‘»lfml_l BiNasR$ o &ﬁg\[z\llmﬁg:_néﬁ Eh@loozsmsswlfrc_euf)r rshaqtdwe(ﬁ avhere
macr opl ocC perl od. .n IS .Ccase | 0 ) GO ,efe W I N, t.nhe _sane
macr obl ock Vel Grisenviged Ard 1@i‘§%§°°r°% eﬂaf:&b?%k séried ﬁg{nﬂbﬁﬂs@sﬁqpnww o
det ecting ENe-5MCiath SRR e%til)?ﬁﬁéreﬁhi%ﬂrii fhdiS 0Bl NETENBNESstRadk3t o

the MIC VPP state 902 i medi ate and gives priority 905 t0 the processing

of H deo | iwherd ENR is sarvined én thevipe matrgbleck periache Incthis ¢rae EDKIZdM aeér |h od,
rerory 1 afebEite SHARCTC Ry AR TRHEE At ARG K10 GRS BRNC, e

sanme hol d sitgatain. 414 to the system processor 402 and vi deo encoder
sub-system 404 t hat :

On detecting ENC_PANIC, the memory transfer controller 401 transits back to the
MTC_VPP state 902 immediately and givés priority 905 to the processing of video line

15 data transfers VPP2 aligned to the next macroblock period, stalling current macroblock
data transfers temporarily. | '

In addition, the memory transfer controller 401 raises the hold signal 801 and outputs the
same hold signal 414 to the system processor 402 and video encoder sub-system 404 that
20 can be used to disable generation of macroblock data transfer requests in the system
processor 402 and or can be used to mask out the macroblock clock to the video encoder
sub-system 404 (as indicated by the masked macroblock clock signal at 802) such that the

current macroblock processing is extended automatically by one macroblock period.

25 A degradation handling method for the video line data transfer is shown in Figure 10. In
this example, there are five video line transfer request grants RG1 to RGS5 in the respective
time periods as shown by example 1001. During normal operation (example 1002), the
video line‘ data request services RS1 to RS3 are completed before the macroblock data
request services (denoted by E).

30



20 can be used to disable generation of nmacrobl ock data transfer requests
I'n the system processor 402 and or can be used to nmask out the macrobl ock
clock to the video encoder sub-system 404 (as indicated by _the nmasked
macr obl ock. cl ock signal at 802) such that the current mac ridoPbcRVo
processing is extended automatically by one macrobl ock period. 25 A
degradati on handling nethod for the video line data transfer is shown in
Figure 10. In this exanple, there are five video |ine transfer request
grants R@ to RG5 in the respective tinme periods as shown by exanple 1001
During normal operation (exanple 1002), the video |line data request
services RSI to RS3 are conpl eted before- Ifhe nacrobl ock data request
services (denoted by E). 30 17 July 2006 -18 However, if the first n-1

di vi ded subsets of video |line transfers (in this exanple, the request

service 1, OHowével)ifahe fiiftn-¢ Qiifaied e6bseRf &M Adéd1Ensd tahifeRf (id fids RRXthple, the
macr obl ock period, .the nenory transfer controller 401 continues RS I and
gi ves pri oriTEyuasbserdatful OF RS} &r aat completebbeforgdhe starboilie naxdmastableckipgriory set
of macr obl ocke gk i : ich | ugtr ‘o ‘ 03.
On the ot he?th%and, %F@%&re‘ﬁtﬁ gélgﬁirr&ogggl%%ﬂ%g (E,\dtSIO'dil‘ﬂa\%E %%opﬁ’eﬁ%&regﬁgggrrgc%?n
thi s exanpl dREEPYver the quorentoostdndingceteff roaczobitnk dataatranstelrs sendenBxas illistrated
peri od, t§1e bVFéP PANI(C‘I .?i tuation is defined (as illustrated by exanple
1004) and t he Fﬁ‘anf?gry P'ansfer controller 401 transits fromthe 10 MIC VPP
state 902 to a MIC RECOVER state 904, where it conpletes the current bus

request. The nor ransfer contro)ler 4Q1 flyshes the remminin Ldeo
line data tr%@@%rﬁgéugjéﬁ%mﬁﬁvw#é@éﬁtﬁ Kides lﬁee“?‘ﬁ%%fﬁ@“pﬁ}l?@aﬁ'%ﬂ?? £59%n
does not uplfagorhieied BEIRE sRF QY HRURxt lihd'ferfdal e VPP PANICARCatRIRGs BEMESSOr
sub- syst em 403. Additionally, the VPP panic_hold signal 1005 is raised.

Nor mal oper 4es bistsied by exampds 1((He anditie memeny rignsfys eenrables 40 btreansits fae thens
o Pl eSS S RESREC R Ll B Rt
servi ce RS3.requékte The memsrih andfireonnializa 4at Vlases ¢e reinaining vide lieadaszansiet t o
the system %q%%setg o?'rthe4c(:)uzrre(;i1{1 Ene in the FIFO buffers and does not upload the received previous

line data to the video pre-processor sub-system 403. Additionally, the VPP_panic_hold
signal 1005 is raised. Normal operation only resumes when all pending system bus
transactions are received and the memory transfer controller 401 then makes a transition

back to the MTC_VFP state 902 for processing the video line data request service RS3.

The scheme has the added advantage that it is transparent to the system processor 402 and

video pre-processor sub-system 403 and the line error is localised by the double buffering .

of the interfaces.

However, if the worst case bandwidth is prolonged and new video line data transfer
requests for the next line are continuously generated in the two constrained 'macroblock
periods, there may exist a situation when the pre-processor command FIFO buffer 407
overflows and the system processor 402 is interrupted at 1006 via a hardware pin 415 to
resend its video line data transfer request at a later point of time. Ideally, this situation
should not happen given careful consideration of the FIFO buffer size and the detailed
simulation of possible bus traffic conditions. |

The operation of the memory transfer controller 401, including handling of both
VPP_PANIC and ENC_PANIC situations is represented in the state diagram of Figure 10.
The occurrence of ENC_PANIC causes a transition from the MTC_ENC state 902 to a




vi deo pre-processor sub-system 403 and the line error is localised by the
doubl-e buffering of the interfaces. 20 However, if the worst case

bandwi dth is prol onged and new video line data transfer reguests for the
next line are continuously generated in the two const r ai ned’ M¥288% ock
periods, there may exi st a situation when the pre-processor conmand FlI FO
buffer 407 overflows and the system processor 402 is interrupted at 1006
via a hardware pin 415 to 25 resend its video line data transfer request at
a later point of tinme. ldeally, this situation should not happen given
careful consideration of the FIFO buffer size and the detailed sinulation
of possible bus traffic conditions. The-bdperation of the nmenory transfer
controller 401, including handling of both 30 VPP_PANI C and ENC PANI C
situations is represented in the state diagram of Figure 10. The occurrence
of ENC PANI ®fDEUSES statet90ANS bidcedd the ARt bltesdVbEvidbEliat dhm tRaRfeisqifheddksay) ¥
2006 -19 MIC VPP state 903 to process .the nﬁgt sub-set of video, |ine data
transfers (PFOMetiEsRimeyY setpfrmacoblngk daif teptfeset NRFeYRic Poll Qrefatignl states
transfers. Nomewsp ofohdl OART BN uddsiloaSo M MIPREEEGVERGtM 604-b6rir03
transition to the MIC RECOVER state 904 during VPP _PANIC, as it has the

hi ghest pri ¥PPLYANL, asdtbasethy highass prierity: yOu reaes¢ryr the angmerty| teansi§r geptroller’
transiti@ns ' ; §.ng: Vi ' ata
transt er o, apPerifbettlo e SERYed bod U5iR: BB RLLSHRVIANA BBTanAR, &

macr obl ock elat o MEOENG state0903eifSthere e kutktandihg maesdblocklidatd Bafsfas,adreel®01 i f

there are n ta tran be rforned. The present Jjnveatio
advant ageougff‘g%%ﬁwﬁfé@t@j%ﬁé‘%@gdf@Fﬁe&ﬁe%‘?dﬁﬁﬁﬁ@"fa c %m%fﬁe andwi dt h
control at the nmacro bl ock | evel for video |line data and vi deo macrobl ock

data nenory_read/wite transfers. It advantageously enabl es operati on of
systens at B @ERent dpyEion Rdyantagequsly pEovides hughstyéespBivionyofmemey access

bandvi dy. ggwAREEaALdR Be dllFobibdkoRyd IPAHESS i Y he Tidkh bR Rk el
above may alternatively be 15 enbodied 1n a video deconpression system
havi ng cor rmeporydiead/witel transfhes o deadvantdggpusly -enables operation of systems at a peak

close to or equal to the average memory access bandwidth.

. The operation of the video compression system 400 described above may alternatively be
15 embodied in a video decompression system having corresponding video decoder and post-

processing subsystems.



processi ng subsystens. 17 July 2006 -20 CLAIMS: 1. A nethod of transferring
'sets'.of video |line data and nmacrobl ock data, conprising the steps of 5
determ ning a nacrobl ock period and a video |ine period |onger. than the
macr obl ock period; dividing each set of video |line data torg@ﬂfgggéferred
within the video Iine period into two or nore portions according to the

di fference between the determ ned macrobl ock period and video |ine period;
10 aligning a burst transfer of each of the portions of the divided set of
video line data and each set of macrobl ock data to the macrobl ock peri od;
and initiating the burst transfer of the sets of video |line data and
macr obl ock data at nmacrobl ock period in2@krvals. .15 2. The nmethod of claim
1, wherein the step of determining the macrobl ock period conprises the
steps of determ ning a nacrobl ock processing rate, estimating an over head
processi ng anAIMs? rate, and determ ning the macrobl ock period according to
the macrobl ock processing rate and the estimted overhead processing and
1/Orate. 20 3. The nethod of claim1 or 2, wherein burst transfers of the

di vi ded set 0f Vidgahhd BEtrardfldnEeds PEVEA TRAIRE LRI frabfodlbtk&at, 86mprikings et

of macrobl ock data. 4. The nethod of claim1l or 2, wherein burst transfers
of the divithedtepepfiof video |line data are given higher priority relative

to transgers of &Q&nslﬁb%gg ﬂﬁ%%b?‘?‘{l‘o@%%ﬁ%?‘%gg?‘ﬁé“ 'mg @Jﬁog‘?r%fer%ﬁi' Me3 OF

4, furthér conprising steps o0 e trans a current set
of macr obl oslkicrabloak periodpne macr obl ock period and del ayi ng the transfer of

of "macr obl ock ¥ AESSHb A CB <Gt 1R AT B BHTSGAe TR B e e Rrod
nmacr obl ock RS éfler more portions according to the difference between the determined macroblock
period and video line period;
10 aligning a burst transfer of each of the portions of the divided set of video line data
and each set of macroblock data to the macroblock period; and |
initiating the burst transfer of the sets of video line data and macroblock data at

macroblock period intervals.

15 2. The method of claim 1, wherein the step of determining the macroblobk period
comprises the steps of determining a macroblock processing rate, estimating an overhead
processing and I/O rate, and determining the macroblock period according to the

macroblock processing rate and the estimated overhead processing and /O rate.

20 3. The method of claim 1 or 2, wherein burst transfers of the divided set of video line

data are performed before transfers of the set of macroblock data.

4, The method of claim 1 or 2, wherein burst transfers of the divided set of video line
data are given higher priority relative to transfers of the set of macroblock data. -

25 | |
5. The method of claim 3 or 4, further comprising the steps of extending the transfer
of a current set of macroblock data for one macroblock period and delaying the transfer of
a next set of macroblock data by one macroblock period if the current set of macroblock:
data is not completely transferred within the current macroblock period.

30



30 17 July 2006 -21 6. The nethod of claim3, 4, or 5, further conprising
the steps of delaying the transfer of a next divided set of video |line
data and a next set of macroblock data until a current diyiﬂﬁd §§é of
video line data is conpletely transferred if the current divVi ¥q00  of
video line data is not conpletely transferred within the current
macr obl ock period. 5 7. The nmethod of claim®6, further conprising the step
of performng a recovery operation if the current divided set of video
line date is not conpletely transferred within the current video |Iine
period. 10 8. A nenory transfer controller having neans for executing the
nmet hod of any one of clains Ito 7. 9. flnrenory transfer controller for
controlling the transfer of macroblock data to or froma video encoder and
the transfer of video line data to or froma video pre-processor, 15

wher ei n thes. si zeTfm@hsoficlfi 3,800, Brthet toiRprikdigith StepooiRMayidpahe trhdfsi ze
of a unit of the nmacroblock data and the transfer of the macrobl ock data
i's effect edfiamext dividad s afieider Hnndaia apd awepleel gtmagiokiogk data; Wt 2 (CHTEH at
the memory dif;aoeLalorGRRb IRl it SoRPRRYCHadsRrlinif e dufientiifiand skiofeiddat a
into two or nore portions for transter ‘of each of said portions in

respecti ve lowakta i Qotoomplitely transferredrwithin thercurrent macrableskmesad. 10. The nmenory
transfer5 controller of claim9, further characterised in that if the
transfer” of one of said portions is not conpleted within a particular first
predet erm rred  tTheempdod @f didignét Aether amaprsing thesstesl of rperfooming on récevery

conpl eted and the . transfer of. 25 sulhseguent one of sai ortions i.s

ef fected i WPRFALPR ¢ o chaded sshef %‘Be‘b ne date m%&&mageﬂﬂiy BRnsterts  fitun
particul ar d f@tenPliRelelisd para@d tinme period. It. The menory transfer
controller of claim9, further characterised in that, if the transfer of

one or nore of said portions is not conpleted within a second predeterm ned
10 8. A memory transfer controller having means for executing the method of any one of

claims 1 to 7.

9. A memory transfer controller for controlling the transfer of macroblock data to or
from a video encoder and the transfer of video line data to or from a video pre-processor,
15 wherein the size of a unit of the video line data is larger than the size of a unit of the
macroblock data and the transfer of the macroblock data is effected in a first predetermined

time period,
characterised in that the memory transfer controller is adapted to divide the video
line data into two or more portions for transfer of each of said portions in respective ones

20 of said first predetermined time period.

10. The memory transfer controller of claim 9, Vfurther characterised in that if the
transfer of one of said portions is not completed within a particular first predetermined
time period then the transfer of said one portion is completed and the transfer of a
25 subsequent one of said portions is effected in prefercnce to the transfer of macroblock data

for said particular first predetermined timerperiod.

11.  The memory transfer controller of claim 9, further characterised in that, if the
transfer of one or more of said portions is not completed within a second predetermined

30 time period, the memory transfer controller enters a recovery mode, whereby processing of



30 time period, the nmenory transfer controller enters a recovery node,
wher eby processing of 17 July 2006 -22 other data transfers is suspended to
al l ow conpl etion of the transfer of said one or nore portions. 12. The
nmenory transfer controller of claim9, further characteriseuln2®¥mt, if
the transfer of one or nore of said portions is not conpleted within a
second predetermned tine period, the nenory transfer controller enters a
recovery node, whereby processing of other data transfers is suspended to
al l ow conpl etion of active transfers of said one or nore portions and
uninitiated transfers of said one or nore portions are cancelled. 10 13.
The menory transfer controller of any ongef clainms 9 to 12, further
characterised in that the first predetermined time period is deternined
according to a determ ned nacrobl ock processing rate and an esti mated

overhead pr gGessdty eramfishs s Qspaided tol 4llow Iaemﬁem{ yf tHearmERE of edidl bed befmond
claim1l or 12, further characterised in that the 15 first predeterm ned

time periodP9¥9Bhout 23 ps to 25 As and the second predeterm ned tine
period is about 63 ps to 65 s. 15. A video conpression system conpri sing
the nenory transfer controller of any one of clains 8 to 14. 20 16. A

vi deo deconptessTnmepone transderpedngioler efelaim Do fyrther ahgragierisashiny Bt df tef  any
one of clai t 4 : t he.vi 1S 1 [;0e0
. Q0 déenflifl
decoder’ gndg%ﬁger Oglogieegr gzrﬁgeegé %%%gé%l%n:&ss l:mglg?[élg%?a wda'l'e]ga %ocggéd-e%?ocessfor . 25
time period, the memory transfer controller enters a recovery mode, whereby processing of
other data transfers is suspended to allow completion of active transfers of said one or

more portions and uninitiated transfers of said one or more portions are cancelled.

10 13.  The memory transfer controller of any one of claims 9 to 12, further characterised
in that the first predetermined time period is determined according to a determined

macroblock processing rate and an estimated overhead processing and I/O rate.

14.  The memory transfer controller of claim 11 or 12, further characterised in that the
15 first predetermined time period is about 23 ps to 25 ps and the second predetermined time

period is about 63 ps to 65 pus.

I5. A video compression system coniprising the memory transfer controller of any one
of claims 8 to 14.

20
16. A video decompression system comprising the memory transfer controller of any
one of claims 9 to 14, except that the video encoder is instead a video decoder and the

video pre-processor is instead a video post-processor.

25



