= AN | MAGE PROCESSI NG SYSTEM The present invention relates to an inmage
processi ng system A video graphics systemis described in our 5 _
British Patent No. 2,089, 625.and correspondi ng Unjted States Patent No.
4,514,818. This systemincludes a touch tablet angistylus combination for
generating position signals designating the positi’on of the stylus relative
to the touch tablet. The user or 10 perator paints or draws
(hereinafter referred to sinpl ~pal L, el ’ a colour and a so
called brush distribution fro 3 urs and
di stribution funct i_onsrhébe%t@Q%h@f iH@eﬁ%i{pHS E-%'l%ttie\ée. oy t then t oilﬁg abl et
causes the 15 genération of a serres of poSition signals. The SyStem

al soA.ncl udes  a Rarels iR esg;cg'{@uci-rcuit and a franme storage nmeans which
can &tore an arrgglof plfgfs epresenting a picture. On noving the stylus

to designate . differenty p%&abbon%r%ghpagcmpétaﬁ_ is dRigedibdd ihe dupne
storage neans referenced by each designated position is-nodified in
response 0 ‘t he Bdiaci= redlent NLd 2iced,idBE iamd dbtrédpwond ed Unitede
frame storage neans, representing the picture, can noreover be read
repeatedly and ajftatess tPattemoriio ord 2514,818t0 dhss system pintludesisait is
built up by the operator. _

touch tablet and stylus combination for generating

position signals designating the position of the
stylus relative to the touch tablet. The user or
10 operator paints- or draws (hereinafter referred to
- simply as "paints") by selecting a colour and a so
called brush distribution from a range of predefined
colours and distribution functions. Movement of the
stylus relative to the 'touch tablet causes the

15 generation of a series of position signals.

The system also inciudes a pixel .processing
circuit and a frame storage means which can store an
array of pixels representing a picture. On'movihg the

U/ stylus to désignate different positions, a patch of
20 pixels in the frame storage means referenced by each
designated position is modified in response to the

selected colour and distribution. All the pixels in

the frame storage means, répresenting'the picture, can

moreover be read repeatedly and applied to a monitor

25 to display the picture as it is built up by the

operator.



2 1t is inportant to the artist that the nonitor should display the

buil d-up of the picture virtually in real time, which neans 1in practice
that the processing of all the patches of pixels which may be 5
“identified by position signals in a frane peri-od shoul d be conpl eted, and
the pixels witten in the picture store (wythout interfering with reading
fromthe store to the nonitor) also within a frame period, at |east when

the time is averaged pyeysa i@ -itaHte €0 the aPeistlthat e "HBRSE Y
pi xel s to be processed is depéndent on the nunber of picture points

required per unighehldi §ispRai’ €Be bldlld-ap GFBhOpibEurasolivtugni9f the
system if the resolution-is increased, the nunber of position signals._
generated for a phvareddb timeOwdiinh aleatisy| is, practice]i that!i fhe u
interval is also increased, as is the nunber of pixels in a given brush=:
pat ch. Real tipmogessingi of add theapafchesacf qistkls wystkmeappkeat i ng
to tel evision standards, including even the high definition standard of .
1250 20 .5 | indenkified| dyat psgiﬁ:nends.qunagécom,- pr frape | parirdo
fields, though difficulties are encountered _as the resol ytion, and hence
the amount of da8BPRIAt bes GamRAigtafs 2Re ARE RI¥RERY WEALteRseln %Bereduce

drawi ng (ner of ndtSREE nEroPe L AHAERRGE) Lafsntatiatort docndite Fhem 0
the store'to the mbnitor).also_within-a'fréme period,
at least when the_time.isZQvéraged*overTa few frame U
10 periods. The number of pix'els_. to be processed is
dependent on the number of picture points required per
unit of piqture area, that isrtO'say on the resolution  :
of the systgm; if the resbiytionﬁis-iﬁcreased, the
_nuﬁber_ of - position _signais generated for a given
15 . .movement of stylus, or i_n-': a givexj time interval is
also increased, as is the number of pixels in a given
brush patc_ii. Real time ;:}roce_'ssi._ng can usually be
achieved.iﬁ systéms operatiﬁg,to television standards;-
including eyén-the highﬂdefihitibﬁ standard of 1250 F“)
20 lines per f;eld at 50 fields pef second, or 1125
lines/GO figlds, though difficulties ére~enCOuntered
as the resolution,_and hence_theJaﬁcunt of data that
is require¢ft6-be manipulatédg increases. .
To redu?e these problehs it has previously been
25 proposed that the painting or drawing (hereinafter

simply "painting") should be performed with the



-3 resolution of commercially available TV-type nonitors. In our British
Patent Application No. 2244111 we describe a.system provided with a
framestore and a viewing store. The framestore is arranged to receive 5
new i mage data created by a.processor in response_,to user nanipul ations of
a stylus/touch tablet device. The framestorg and the view ng store both
have the capacity to store -a.high definition image dand to facilitate

di splay of the i nBggoPHtEcH G Hiiddidion ylAvailadidirvetybaenbhafBekor e i s
arranged to transfer only portions of its data contéents t0 the view ng

store during a frane pehi@dr BritfsRopitent!tAppiieatedni Rodepgaannedyly the
position of the stylus on the touch tablet at the beginning of a frane
period. Data in lfdescribéha \Systew provided aighitai framestoreccsdca for
di sphay on the nonitor. In equi pment according to our British patent no.
2,089, 625, as curviewipgnshofect kel framestdreaildi érvangedetasreceive
provi ded which allow the system 20 to be configured to performpicture
conposi ti dh in adeewi bmage @atat crgatedndYcenPrRFeISPhsinhrespansento
conposition are described, in_our, British patent no. 2,113,950 and in

correspondi ng US Y&eEnmapdpulagionsset ik EXINSAGOUGR daRIet  deylcs.
P et o e o Dl 2 eerorel A B, vl THF L kAL e *E8e%0°

capacity to store a high definition image and to

facilitate display of the image oﬁ a high definition

10 monitor the framestore is arranged to transfer only

portions of its data. contents to the viewing store

during a frame period. The portion transferred is

determined by the position of the stylus on the touch

-tablet at the beginning of a frame period. Data in

15 the viewing store is output in raster sequence for

display on the monitor.

In equipment according to our British patent no.

2,089,625, as "currently manufactured and sold,

U ' additional means are provided which allow the systenm

20 to be configured to perform picture composition in

addition to painting. Some configurations which_allow

composition are described in our British patent no.

2,113,950 and in corresponding US patent no. 4,602,286

the teachings of which are also incorporated herein by

25 reference. In such configuration, storage means are

provided having the capacity to store two independent



4 pictures, termed herein as the foreground i nage and the baékground I mage
respectively, and a further image which is ternmed the control inage or

stencil. The control inage, |ike the foreground and background 5
| mages, can be created by the artist using the systemin a pai nting
node. The control image usually conprisgs areas of pixels having a

maxi mum val ue which represents opacity and .a mninmm value which
represents transpicengésinttdrngd cRELAif0 agh&hd NfdBegroundf figflgd taf@sks a
sel ected part of the foreground i mage whil e exposing the remai nder. The
~control image isthef baekgbpundgihabet sespdctiively, andaiifureler bbnage _
di spl ayed as a single color superinposed on the foreground picture. Firgt
address neans ar whichedisertébmed ther cvonfexbloimagediony stenpilel s met@
foreground image and the control inmage in parallel fromthe respective ¥ .
parts of the stocopsredanimage, apbike nFhehefioreguotindeaand nthagkdround
circuit, which is rendered operational_ during an inmge preview node and 20
during an5i mage dBAPEsi-t B8R hedereakedcbythe RKEist ndisitng e rysteR
pi xel s in the bagkground i.rra%e al so to the two interpolating neans
Fh8ronFERS

concom tant |y wi &R the r BAAPTINGF PRESfore ngen piRage BRpatbly

Co O L Te PS8R 133, apepe.of PASesh baY ind § HSRARR Yarde wipdgect o
represents opacity and - a minimum value which

represents transparency éhd J.S " created’ s’o.- that in .

10 effect it masks a selected part of the foreground

| image whi_]_.e exposing the remainder. The control image

is __define_d by eight bits and ..dﬁring* creation can be
_ _displayed_ as a single _cblor -superimposed on the

foreground picture. First éddress means ‘are moreover
15 provided for reading the.. pixels of the fOre'ground |

image and the contfol image .-in .ﬁaral-lel from the

respective parts of thé storage means  and é.x_pp'lying'

them to. a linear interpolating circuit, which is
rendered operational during .én ._image_ ‘preview mode and _. O\
20 | during an image composition ﬁo’de_‘. " A second address -

lmean's provides the pixelé in the background image also
to the two interpolating means concomitantly with the

reading of the foreground image pixels and the control

image pixels.

25 _ The first address meahs_ is conn‘éb'té_d to a

manipulator which, under stylus control or the control



5 of other user operabl e neans, can changelthe order of reading the
foreground pixels and control pixels relative to the background pixels so
as to effect a spatial trapnsformation of the forgg;ound and stencil 5
relative to the background - Wil st the systemis.kn preview node, the
artist can mani pul ate the- stylus or other gontrol™neans to effect a series
of desired transformations such as zoom pan, scroll, rotate, and change
perspective. gyrbﬁﬂerauséfagﬁeﬁﬂﬁiéoeeaﬁge &8n chan&@rﬁﬁéoﬁQé

pi xel s in transforned order e background 1 nage pixels are applled to
the input of theréaéishg NEge PAHMddEbURBNpiMElsSt ande eoRtirell | PSR 1SS
applied to a control input to act as a pixel-by- pixel interpolating
coefficient. Theedatpue ¢b the Kackground epprédsi 89 @Eanso i effpptiad to
the&picture nmoni tor and di spl ayed, but w thout affecting any of the

pi ctures as storspatiak tnaasﬁornatannhaf tihe dfdragraind sasdngteneidi spl ay
to represent the foreground i mage where the control image is opaque and to
20 r®preserrelabiveckgr thad baskgrowndre Widlsdhtthe syageni ds in
transparent, sinulating the pasting or overlaying of the part in the
foreground | magePBRAVIEK E@@ﬁgrBﬁﬁdartb$ﬁg°§ﬂeméﬁypﬁ%aﬁﬁ EgﬁtFGV1H§a9§ to
vary the spatial transformation, the artls can try. vatlouszgoaitLon% 25

of the insert onPHhehe IRREERLMBRNFRSO ?fhe @ Series ol desire

transformations such as zoom, pan, scroll, rotate, and

change perspective. During a frame period the

10 foreground image pixels in transformed order and the
background image pixels are applied to the input of

the first.interpolating'means whilst the control image

is applied to a. control input to act as a pixel-by-

pixel interpolating  coefficient. The output of the

15 ‘interpolating means is applied to the picﬁure monitof
_and displayed, but without affecting any of the
pictures as stored. The interpolation has the effect

of causing the display to represent the foreground

. . image where the control image is ‘opaque and to
20 represent the background image where the control image

is transparent, simulating the pasting or overlaying

of the part in the foreground image on the background.

Using the stylus or control means to vary the spatial
transformation, the artist can.try various positions

25 of the insert onto the bﬁckground image from the

foreground image wuntil he perceives a desired



foreground image until he perceives a desired 6 transformation.
Thereupon the artist, by producing a predeterm ned "stick" command,

swi tches the systemto the conposition node. The foreground inmage pixels
and background i mage pixels are then read to the second 5

I nt erpol ati ng neans and i nterpol ated under gontrol of the control inage
pi xel s, the foreground i mage and control image pixels being read in the

transformation oreeinprésaathen. | nrhofelpsh thy dreigd (Bo Breulg¢pde. 10

The features and facilities prOV|ded by ove di sclissgd systens can be

applied to telev“prédetﬁﬁﬁlﬂé@dmﬁtiann|eoﬁﬁﬁn&PVQWchﬁaseﬂhE'Q?s%&ﬁt G"n
which a first or foreground video clip is inserted into a second or

backgr ound vi deo thé pompdwei tsith mydd £MThe fBregrouﬁﬂnﬂh&@%ﬂb&ie@@daﬁa|quy
us under the trade mark "HARRY". In our HARRY systemfranes formng a ~
video clip are. dikpckdiqundcinageapdxeisr atke nthieskreadr &’ tisei sedbaal osed
in our US Patent No. 4,688,106, the teachings of which are .incorporated
herein by 20 intewpolaking tm%aWc@@ﬂcin‘lb%rmbatQédunderotonhzodh off
stores in parallel and this enables_ real-tinme operation of the '
system The resmﬁhqoﬁ°ﬁFrﬂﬁ|&%ﬁ%ﬁ@&ﬂﬁﬁﬁsop&hﬁeﬁ?nﬁgrgunﬁelﬂﬂqﬁsaaddard)

is nore than satlsf q{
ro mage pixels belng read in the transformatlon

_order prescribed in the last try during the preview
mode. | o NV
10 . The features and facilities provided by the above
discussed systems can be applied to television post
.productionnin-the.form of an;editing:sYstem'in_Which '
a.first or foreground-videb-clip is inserted into a
~second or background-video,diip;"Oné such system is
15 manufactu:_:gd ahd sblc_i by ué' ‘under the trade mar‘k'.
"HARRY" . In our HARRYZsystém_ffames'fafminq a video
clip a#é digitally encoded and storéd in daisk stores.
As is disclosed in our US Patent No. ‘4,688,106, the
teachings of which are incorporated herein by
20 reference, the video clips are read out of.the'disk
| stores in parallel-_and this enables real-time
operation of the system.
The resolution at which‘HARRY'can'operaté (up to
the HDTV standard) is morefthan-éatiSfactory when
25 - editing television pictures but is:unsatisfactOry for

the film industry where imagés-ofihigh resolution are



25 edltlng ‘t'el evi si on plcture unsatlsfactory for the film

i ndustry where i mages of high resol ution: &e 7 required to provi de a
good quality display when prOJected onto a Iarge vi ewi ng screen. The
solution to making el ectronic editing systems attractive to the film
industry is therefore to increase resoluti7on of 5 the electronically

stored i mage. However, as has al ready been nentioned herei nabove,
probl ems are emﬁmmzmcbdtax Hmovisde| | | goad tqwlsmy edlilgpgey | swhen
i ncreased. The present invention ains to overcone or at 10 | east

reduce the alRFRIechadiomed aaddrasssuswing srobérns The aalsittionrovi de

™ a system capabl e of mani pul ating |arge ampunts of inmage data apparently
i nstaapt aneous| ° REKSNG Rgectromiaaidiing SyRtenR @antimmetine o £hs

provisdled an i rocessi apparatus_conprisjing: a nmenory_for storing
digital data F%%ﬁé@ 5 @? +§a§ber&f@=@qtt}9em%§%s$raﬁﬁolpﬁé%m

et ni ng 4 .?eﬁbéaa' ' igfsﬁ{fe?ﬁ? 3 Eg'rste‘%e Ccimege. " Chovlvar, oras B
_representation Cis"f ntial ge en ﬁ magefrarre a ul ation
frame store fo B ng dX %%E? RN FBBV&enPFﬁg‘i t&Fally
the entire i mqg dhfréd Aé“@fxéa%%so‘i t‘i%@%“% 449 S8bPed image is
increased.
The present invention aims to overcome or at
10 least reduce the above mentioned and associated
problems and aims to provide a system capabie of
manipulating large amounts of image data apparently
instantaneously. | '
According to one aspect of the invention there is
15 . provided an image processing apparatus comprising: a
memory for storing digital data representing at least
one entire image frame, tﬁe memory comprising a
plurality of storage units each for storing a data
W, group defining a respective i:_lterleavable reduced
20 resolution representation of substantially the entire
image frame; a manipulation frame store for storing
during processing data representing substantially the
entire image frame; an interface for controlling data
transfer between the memory and the manipulation frame
25 , stﬁre, the interface dividing the image frame data

into said data groups when the data is transferred to



transfer between the nenory and the mani pul ation frane 25 store, the
Interface dividing the imge frane data into said data groups when the
data is transferred to 8 the nmenory and interleaving groups of data from
the menory when the data is transferred to the nmanipulation frane
store; a processor for processing data in8 the manipulation frame store
to create mani pul ated data representing a mani pul ated versi on- of

substanti al | y t feeemenery nagd fingexrleawing dgrpupy sifordatanfeomectteo
receive fromthe processor data representing said mani pul ated version of

the i mage for dm§RoEy 1when the datd di A§ t otnABsherradpectoof the
invention there is provided an imge processing nethod conprising: .,

storing in a MAWSRLaHQR t%ﬂfam%laﬁﬁo%’éprésé?ﬁ‘??@?%?rl éast PERESARING (3
o oS B T el | S B B oS hRet B P
e 1T S A B o S SRl Abeton of
et L1 ok LA SO0 AHEed" rxmpe S . BY pbEY, 0
menory and int e iy NG OUPSa Ok FAELEGR R Y8 LS data
| representing said manipulated.version of the image for
.display.

10 | According to another aspect of the. invention
there is provided an image processing"'- method
comprising: storing in a memory digit_al ~data
'representing ét least one entire image frame as a
plurality of daté groups each défining a respective

is5 . interleavable reduced res§1ution representatibn of
substantially the entire image fra_me;- storing in ‘a
manipulation frame . store data repréSenting
substantially the entire image frame; transferring
data between the memory and the manipulation frame

20 ' store by dividing the image frame data into said data
groups when the data is transferred to the memory and
interleéving.groups of data f£rom the memory when the
data is transferred to the manipulation frame-store;-
processing data in the manipulation frame store to

25 create manipulated data representing a manipulated

version of substantially the entire image frame; and



data is transferred to the mani pul atipn fraimg store; processing data in the
mani pul ation frane store to 25 . - create:nani pul ated data representing a
mani pul ated version of substantially the entire inmage franme; and
transferring to a display “store processed data“representing said
mani pul at ed version of the inmage for displﬂy. The above and further
features of the invention 5 = together Wth advantages thereof wll

becone clearer fgom g eopsidgration 5 O&i?ﬁtﬂﬁg f%'tbﬁf@!jﬁh%ro%%tés‘;écfd data

description of an exenp ary_énbodinent_o invention given wth _
reference o theregreoshainybaia fHaAMbIgacedvERIBREGRe Thatordyis a
schemati c bl ock di'agram of a system enbodyi ng the present I nvention; 5
Figurg.2 illustrgigsigpta fornming an inmage frame; and Figure 3
illus_:ates the inmage frame data distri-buted anong several stores.
Referring now to Fi gurige labbvkhen chiptligtrNgedBures off @HeNdnvéntidao
processi ng system conprises eight bulk stores 1 to 8 arranged in pairs for
storing data together with advantages thereof will become clearer

from consideration of the following detailed
description of an exemplary embodiment of the

invention given with reference to the accompanying —




- - - - s B e el e

representing plural video frames which together formone or nore video
sequences. In this exanple the bulk stores are disk stores and each disk
store pair has a 15 respective buffer 9 to 12 for controlling the
transfer of data to and fromthe stores. Together the disk stores 1 to 8
are typically capable of storing data reqégsenting up to 2230 frames
of video at a resolution of 2880 pixelts” by 2080 |ines per frane, 20
that is, four tlgga %5% resol ution of a typical high definition television
(HDTV) standard 1. plxels by 1040 lines per franme. Video data nay be
stored in the disk S&ﬁ Qitl jtable format, for exanple RGB or YUV.
In this 25 exanpl e S ass med that the data Is stored.in YW

format . Each frame §uq.|esr u ﬁgm?g N
manner to be descri bgld I n g?'e%tgeée%c tal ﬁ%?ﬁ%ﬁéﬁﬁ%ﬁ‘s egi %]ﬁ#@%}h 9’12
out put | um nancembéiyd g the: %ﬁé§§m§wmw@hﬁgbﬁmd out put chrom nance (U, V)
data to 5 a chroma switc In one state of operation, the |una
switch 18 and the chmmr&vwztthlﬁétzeﬁaeraaEatﬁommgrmrﬂﬁ@stﬂreane, R
chrom nance and | um nance data for supply to a mani pul ation framestore

group 15, conprasdng two individual franmestores each 24 bits 10 deep.

The mani pul ation framestores 15 have sufficient storage |ocations to store
data representing t Wigure 3 111ustrates the image frame data

e,

dlstrlbuted among several stores.
Referrlng now tp Flgure'l'of the accdmpanying gj.
10 drawings, a video prodessing:system cbmprises eight-
bulk stores 1 to 8 arranged in pairs for storing data
representlng plural v1deo frames ‘which together form
one or more video sequences. In this example the bulk
stores are disk stores and each disk store pair has a
15 respective buffer 9 to 12 for contrplling the transfer
of data to.and from the stores. Together’the disk
stores 1 to 8 are typically capable of storing data
representing up tb_ 2230 frames of video at a
resolutioﬁ of 2880'pixels by 2080 lines per frame,
20 that is, four times the resolution of a typical high'
definition television (HDTV) standard of 1440 pixels
by 1040 lines per frame.
Video data.may be stored in the disk stores in
any suitable format, for example RGB or YUV. 1In this.
25 example it is assumed that the data is stored in YUV

format. Each frame is distributed among the disk



re o EAYANAN Hode ek e .

-conplete YWV |nage franes each co= 2880 pixels by 2080 lines,
together with a respective key of -cont i'rage, 8 bits deep. Each of the
framestores 15 i S noreover nult|-ported .50 that irrespective of any
mani pul ation of pixels which may be occurring in a. espective store, the
store in use is read serially into a dISp|%M franestore 17 via the
processor 16. The systen1can al so be conditi'oned f.or display of 20

s ghgld e, f 50 15, ej th
Copar at el v n monSERYShe LoF oL nan A deag 9 ¢ CAssEPTBed. 4Rz S

frame. | nmage dat a msuwe17|satthelmmerV
resolution and: |2d%€%%?e%g%égh ei%?vely 25 transferring only sel ected

data from the framst%ﬁelﬁuff&snélxo' £2UsGtppt PahInthAm (05 dutdl 3%

franésiore 17 is read I n raster sequence to a converts it

i nto anal ogue si ghal SmhOkweteER! 8y aﬁdtBatﬁuéeenﬁamiﬂahEEV(ﬁDvbtaat£9to The
framestore 17 is continually updated 5 h the partlcular video frane

(and/or key or coaté&hromagsaditchbeing neAi bhba&ﬂﬁtéitof aoperatichar thié Ne.
Bef ore such a mani pul ati on occurs the respective frame with or without a
key or control silbmad switchniBemamed the tdhrdmanseitele 24 aboperatdi dtat ed
via the switches 10 13 and 14 at the appropriate rate, say 54 MVHz.
After the nmani putembine hespecbive chvepinande apd inpinance data for

supply to a manipulation framestore group 15,
comprising two individual framestores each 24 bits

10 deep. The manipulation framestores 15 have sufficient
storage locations to store data repfesenting two
complete YUV image frames each comprising 2880 pixels

by 2080 lines, together with a respective key or

control image, 8 bits deep. Each of the framestores

15 is moreover multi-ported, so that irrespective of any
manipulation of pixels which may be occurring in a
respective store, the store in use is read serially

into a display framestore 17 via the processor 16.

U The system can also be conditioned for display of
20 control images or key signals held in the framestore
complex 15; either separately in monochrome or
superimposed on its'respective colour image'frame.

Image data in the display framestore 17 is at the

lower HDTV resolution and is created by selectively

25 transferring only selected data from the framestore 15

currently in use.
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satisfaction of the operator, the colour image and/or key or control
image 1s transferred from the framestore conplex 15 back to the
bul k storage 15 provi ded by the disks 1 to 8, the switches 13 and 14
now woi ki ng in reverse sense. The system further conprises a
stylus/touch tabl et device 20 whi ch out pu?z_oposi tion signals XY relating to
the position of the stylus in relation to': - the touch tablet when the
stylus is brought int e Xt Va t et Mhen the.stylus
i s brought into cont arg#%lvi f‘ﬁ&?hgmfogc%qla#e{ﬁ%ﬁgls%ﬁg%' >‘gl A nltje?‘_% tfe
pressure applie%;,_@% ' I 4S Ut o fd V=3 IS/ § pueh.tabl et
devi ce 20. The é{JE‘%O llyéttl&%% és? S%m sﬂ%g %%dﬂt?%ﬁ B‘?%’Z‘t’s%ir‘géségngﬁggarﬂ_:eﬁ"

delivered via rqSpelddue $ign&Es 2lor 2diER10RC of ' the RAFKS S 4R HDRY {J

system shown in Figure 1 nmay be configured {o operate as a painting system
in order to effamnianNges, t O ERindBteré I BT Eds | ot B0 BTy Vafeated
sequence. In this painting node, the operator is free to choose froma

wi de randge of paiitth rihenpahrdtike armeddean dirfagiend ahdyiori key ohi contrel
predefined in the systenms. For exanple, the operator may sel ect a brush
froma range of signalng bedriemmaniprlatedi Rt ia fpaxticulapr utimetore 23
and may select a colour to paint with -

Before such a manipulation occurs the respective frame

with or wig:hpu-t_ a k_,_ef pr control sig_nal is tra-x_iéferred- :

to the framestore és a_b'qye'- indicatéd via the switches | \J

10 13 and 14 at the appropriate rate, say 54 MHz. After |
the man‘_ipulation- has ._ been _ comple'ted to the
_satisfacti_c__:_n of the operator, the colour im'ag‘_e_ and/or

key or _control- ixgagé-- is - tra'nsferred  from the

N _framestox"e. complex 15 béck to the ._bv.ilk-' storage
15 provided by the disks 1 to 8, the 'éwitches 13 and 14

now working in reverse sénse.

‘The system further comprises a stylus/touch
tablet device 20 whi_ch o_’utput_s position signals XY
| relating to the position of the stylus in relation to
20 the touch tablet when the stylus is brought into the
proximi_ty of the touch tablet. - When the stylus is
brought inté_: contact with the touch tablet a signal
relating to the pressure applied by the stylus is also

output from the stylus/touch tablet device 20. The

25 position signals X Y and the pressure signals are

delivered via respective stores 21, 22 to the



the brush; data representlng the s ¢ol our berng heId in a colour
store in knomn manner. The sel ected brush_nay then be used to retouch part
of a frame with the selected colour. This is achieved by making the 15
processor 16 responsive to the stylus and touch f.ablet to performa
read-nodi fy-write operation on the selectz frame data held in the
framestore 15. During such _nodification t di spl-ay. framestore 17 is
continual ly upda?ggcggggrdgga fromthe mani pul ati-ef 20 framestores 15
under the control of the processor 16. The framestore conplex 15

conprises two indivigHal sP4tlint showmeit & g e alagd beo con® igwredts 2o 16
via respective lines 15a and 15b. One of the lines all ows random access

read;\ng and witbpgrale as fa opadmting tapstenrape |amoder o welflifiect he
stomel and i s used by the processor 16 in executing the above 14
mentioned readchaugks- kot @ne oper moxm. frames imhea argtarpdrevidgoso

all ows independent reading of the data in serial display order and I s used
by the pr8cessorseggencg. Fadhis Rainting mpde,,theyopgrakor is free
framestore 17. |In order to_achieve these functions, ,the proce sor 16 in
fact conprises t%0 GHRRSRNEERR & o¥ide| KNGS 1QF oRaintdngt

read- nodi fy- wwrte dr awi function and the ot er to th r,an fer i Xxel s
for display. SlﬁE@th§°gg§¥F§9 FpﬁﬁgéPB?eWhlc are’prederined h the’

systems. For example, the operator may select a brush

from a range of painting implements pre-defined in a

1o . brush store 23 and may select a colour to paint with

the brush; data representing the selected colour being

held in a colour store in known manner. The selected

brush may then be used to retouch part of a frame with

the selected colour. This is achieved by making the

15 processor 16 responsive to the stylﬁs and touch tablet

to perform a read-modify-write operation on the

selected frame data held in the framestore 15. During

-such modification the display framestore 17 is

L continually updated with data from the manipulation
20 framestores 15 under the control of the processor 16.

The framestore complex 15 comprises two

individual 24 bit framestore connected to the

processor 16 via respective lines 15a and 15b. One of

the lines allows random access reading and writing

25 - from and to the storage locations within the store and

is used by the processor 16 in executing the above



10 17 has a resolution of one quarter that of the manipulation
framestore 15, the "display" processing unit of the processor 16 is
arranged to be transparent to only every other pixel and every other line
of pixels fromthe franestore 15 so that in effect every 15 second

pi xel. in both the horizontal and vertical digection is dropped fromthe
picture before it is displayed on the HDTV nonitor 19.. Modification of
data in the namtiaiedn freadsmeddfyturite eofédpetatiiohn. real Thiene
or 20 - substantially real time when spread over several frame periods.
Such nondi fi cat i @rmngementat alseoqalbevs odindepemndsntr eseddingn gf cthee
(2880 x 2080) .is made possible by enploying, in the read-nodify-wite
processing unit dajfa dhe serbedsgbisplay wrden agndpsis: usesd od¥sskhe 'y
techni qués described  in our published European Patent Application No.”
90304116. 8. Si nc®naressoyy M ayter apdabee FPAtimBihuddiey d48BL8Y with
data from_the manj pul ati on framestore’

thg ][mni to¥ 19 i t9Rs HlTe oﬁﬁr&Fégi’rTg?efé’g":' lt%%’é[ E‘%Q&Iﬁs g‘hgﬁ*:gggg'o:

i fi i 5 ' j ' Y . mani t
styl u'scﬁ_tn'h? he {ofie tﬁﬁgg{‘—g%ryéﬁfgfﬁﬁé?%% o ompxigds 't ;5??%?"?;@3?%5?%8" 3
cper st nave Do oy e A aBkibiRRe 0F, TN sl gt 1

write drawing function and the other to the transfer. _

of pixels for display. S'.:i;;n_ce the displéy'.- framestore \J
io 17 has a resolution of one quarter that of the
| manipulation framestore 15, the !'di‘spla'y."'"'prdcess'ing .'
unit of the processor 16 isi'arranggd--tid' i_E_:ei- transparent
to only every  other pix:__aif and évéry.i.;...-.qther- “line of
pixels _fr_oin the framestore 15 so that. in effect every'.
15 | second pixel in both the horizontal: and vertical
| direction is dropped fro;ﬁ the -_pi;:tnre before it is
displayed bn the HDTV monitor 19.--
Modification of data in the- manipulation
fr_amestpre 15 is effec'ted. cin . .-'z:eal' . time or \o/
20 substantially real time when: s_pr'e'a_.d ‘over several frame
periods. Such mondification-.at the rate required for
the high resolution picture (2880 x-'.-20_80)_ 'is made
possible by employing, in the :e‘ad.-‘-modify-wr-ite '
processing unit of the prodessor. 16 the fast:
25 processing techniques d'escribed-- in our published

European Patent Application No. 90304116.8. Since the



- 10 be descrlbed in greater de
pai nting functions are predefined within-
sel ection and use by the operator.
wel | described in many of ®ut 15

nafter. A large nunber of

and in other published docunents. Accordlnggﬁ such functions will not be

described in any further detail herein

node the system

e above descri bed palntlng

to control'the co éﬁ%% Q?#@%%§@¥%po%§g§§5n Jﬁgggﬁg#ogﬁﬁﬁﬁﬁgges or of

successi ve foregrgupd 2pEmbanEd U
This facility is well

dIBGESh | fré‘méééé?es QGUeNGfe O makkP-

detail- herein. 25hat is dispPay&éagenf theemohiZ®$0 19 e ssuvh 2088+t | thes

conﬁﬁyses 5, 990,

400 picture el enments and one problem wi th handli ng

picture data at tdperatoel mdy r seel uthen efifddiat oft hisdimddifitatiiehsg

presently avail abl e technol ogy,

or handl e 8 he datapparemtlyi ninstantaseopslyosas, he Smanipuiatesti the

Wth these and associated problens in mnd, the systemshown in Figure 1 is

arranged to enpl ogtulugi e ﬁﬁwheﬁovphorgahigtng | rRneef rpedificatianshe
di sk stores 1 to 8. As_shown in Fkgyre 2 of the_ acconpanyi ng dramﬁngh

10

15

20

25

satisfactory to e operator have been made to
selected picture, the modified pixel data is written
back to the disk stores 1 to 8 in a manner that will
be described in greater detail hereinafter.

A large number of painting functions are

predefined within the system and are available for

selection. and use by the operator. Such painting

_ functions are known and well described in many of our

own earlier patents and applications and in othef
pubiished documents. Accordingly such functions will
not be described in any further detail herein.

In the above described painting mode the system
may also be employed to create a stencil or stencils
to - control the combining of single foreground and
background  images or of successive foreground and
background images in a video sequence or clip. This
facility is well known and is therefore not described
in any further detail herein.

An image frame of 2880 pixels by 2080 1lines

comprises 5,990,400 picture elements and one problem

:he. system and are avail able for
Such palntlng functions are known and
own earlier patents and applications

known and is therefore not described in any fufther

to store the data in bul k. .storage devices



10 a single high resolution image frane conprises an array of picture

el enments starting in the top left hand corner with the first pixel
first row, picture element 11, and finishing in the bottomright hand
corner with the 2880th pixel in the 2080th row, 15 - picture el enent

in the

28802080. The manner in which inmage frane /chta Is stored in the disk stored
conplex will now be described wth reference to Figure 3 of the

acconpanyi ng dr 3 £1§8Shai@1 i i Ep DEERLE dHta AW ItHIN Nevdll of b:'eéb@.t.ﬁ@:’?dmd

that 20 data i's being transferred fromthe franestore 15 to the disk

stores but it wiis khatppieciist aliffibdulte dsiagmpresemrtlyosvaididdxs ent
source such as an external bulk store or fromfilmor printed picture

framestore 15.

- scanners. |t  stechnohbgy, btoapporei theddahat ihhbulk storagevdesdces
procedure is enpl oyed when data is transferred fromthe disk stores to

or lhangde thendaser m;r feditpingter f ebher hpurpasest,orin

conplex 15 to the disk stores 1 to 8, it is read serially to the |uma and
chroma sv t ches HeRl 14ipe. ne Witthy thage angcasgpeipted) Prelplems in
pixel s via thg buffers 9 to 12 tq different o es of

distribute the 5

t he di sk stores “ll‘i‘%' g they susterp

for exanpl e readl glof the data from a fEamestougll n th ag%o l_ex

arranged such

10

15

20

25

e 4pyFIOYRS ih dffe JfTRRYS

a unigue manner o cane ata

organising i
in the dis_l; stores 1 to 8.

As s_hdw_n in Figure 2-. of thé accomp'ahyingi drawings
a _s_in_gle high resolution image frame comprises .an

array of p_ictur_e elements starting in the top left

hand corner with the first pi_kel- in the first row,

picture element 1,, and fini_shixig! .in the bottom right

hand corner with the 2880th pixel in the 2080th row,

picture element 2880,4g0-

The manner in which image frame data is stored in

the disk stored complex will now be.described with
reference to Figure 3 of the accompanying drawings.

For the 'pu_rp.ose of éxplanation it will be assumed that

data is being transferred from the framestore 15 to

- the disk stores but it will be appreciated that the

data may come from a different source such as an

-external bulk store or from film or printed pictur'e

scanners. It should also be appreciated that the

reverse procedure is employed when data is transferred’

from the_di_sk stores to the framestore 15. -

e

W/



that the !nage frame data is separated ihmoflmo 10 interl eaved fields,
one conprising the odd nunbered |ines and the other conprising the even
nunbered lines. At the same tinme the pixels in the lines are divided into
two groups in order to halfi:t-he horizontal resoluti:En of the i mage defined

by each of 15 the groups. One group J | xel s conprises, in the case
of the luma swtch 13, all the odd nunbere %-pxels I.n each I|ne and t he

other group of pixels Elﬁg?r t88as?blrifg ¥8RenuARAS Qﬂoﬂ' ¥fleS fram@stioe-ecase
of the chroma swtc one group conprises alternative

chroma pi xel pairgonpyd) 2yl taeﬂ{élealgkoutdi@@rls% top i eiseavady
chroma pairs. Thus, data output from the switches conprises four

i nt erI eaved sets Qfer(iﬁlli to £Rhasilelesidid tdironaswiticlsds, 1nd4 setline
corrprs@_es_ alternate pi xe?s in every 25 odd line, as indicated on the
store divisions 2att ; 38im&. Fi grhé. skitehesd skt andnpdi s@¢tstiribubet &hs xel s
I n every even line as indicated in divisions 28 to 34. Athird set

conpri ses she int ixedisnyipi Xde buffémws ofdtol ilesto vﬁbf%ﬁ%enf-heneét IPf set

conprises the intervening pixels in the even lines r
relate to the santher disk steres ¢ §Pofsans HPnﬁeFR§°§|’-Heaﬂgv %Jﬁ% are

not illustrated but would be provided in the d| ks_1 to 8 re tively.
The chroma pi xel s thee SRSy | y THUSI d PR x2XFPLRaf SHNDT pgﬁe data

from a framestore in the complex 15 is arranged such

that the image frame data is separated into two

10 interleaved fields, one comprising the odd numbered

lines and the other comprising the even numbered

lines. At the same time the pixels in the lines are

divided into two groups .in order to half the

horizontal resolution of the image defined by each of

- 15 ~ the groups. One group of pixels comprises, in thé"

éase of the luma switch 13, all the odd numbered

pixels in each line and the other group of pixels

comprises all the even numbered pixels. In the case

. of the chroma switch 14 one group COmprises
20 . alternative chroma pixel pairs (UV) and the other

group comprises the interleaving chroma pairs. Thus,

data output from the ' switches comprises four
interleaved sets of data. Considering the 1luma

pixels, one set comprises alternate pixels in every

25 odd line, as indicated on the store divisions 27 to 33

in Fig. 3. A second set comprises alternate pixels in



o e co LR - i LA i L

are invol ved instead of individual pixels. Each set 10 of data
therefore is a lower resolution version of the data in the franestore 15
and thus represents an imge of a resolution simlar to that of the nonitor
19. The buffers 9 to 12 together with the switches 13 and 14 participate in -
t he division of the data occurs 15 .qﬁfthe data is witten to the disk
stores 1 to 8. The transfer of data between the switches and the buffers

can be |ikened ggefPabveh 3 i tdP! EX@IicREe@ONMIEsidhd NBé £ar s9ach line
of data the first pixel is delivered fromthe switches 13, 14 to buffer 9,
the 20 - secRnghiigdbWeterconprisde ther dnterbehnfitg IiweTs Snokthe Thus,
as shown in Figure 3 of the acconpanying draw ngs, buffer 9 receives an odd
sub-field 27 anddan Adeessulwliepréas 28thet h £tint asetng qommttsesinbahed 15 9,
17, 25'etc. in each line.- Simlarly, buffer 10 25 ~ receives odd éﬁg
even sub-fi el dsinbereeningt piveds pinelthes, even ing. et All ngroups t he
image i's:  divided into sixteen sub-fields which are distributed anong the
disks 1 $0 8. Iretakn Hpskhpapamehdrameonn Therdivisienaahalging thee

stored in one disk, disk 1, and the.lunaai! nal s are stored in the other

disk, 5 egtEHsRN KR SRPHRS:Are!naHoAdLuFtRted D HAUI A ng ¢ he
datainto sub- iLeldsls Hhalnd laAhFSS ' SALBA LAY M bl MhEhd Con
pixels are similarly divided except that'pixel_pairs :
are involved instead of individual pixels. Each set ;;
ib of data therefore is a lbWerwxesolution'Version of the - '
| data in tﬁe framestgre.ls-and';huS':epresents an image
of a resolution similar to-tﬁét;of the monitor 19.
The buffers 9 to 12 to§étherrwith the switches 13
_ _ andil%_partiqipate in the division of the data occurs
15 - as the data is written to-the_disk stores 1 to 8. The
transfer of data between the switches and the buffers .
can be_likened to that of a-multiplexer or commutator
in that for each line of data the first pixel is
delivered from the switches 13,.14.to-buffer 9, the .'WJ
20“ second to buffer, 10, the third to buffer 11 and so’
| on. Thus, as shown in Figure 3'of”the accompanYing
drawings, buffer 9 receives an odd sub-field 27 and an
even sub-field 28 both containing pixels numbered 1,
.9, 17, 25 etc. in each line.  Similarly, buffer 10
25-. receives odd and even éub-fiélds 29, 30 containing

pixels 3, 11, 19, 27 etc.. In total the image is



-reformed by interleaving the sub-fields using the 10 switching 13 and
14 to make the data suitable for witing i'n°raster order in the franmestores
15 and for display of imge on a raster type display. Pairs of groups of
stored data which define a picture can be displayed.directly on the nonitor
W thout further 15 alteration, since t data i's already defined as
two interleaved fields. Thus,.for exanple a fromsub fields 27 and 31 in

Figure 3 could be,conplaeddo BLOGUSE 8062018508 uh RACAE8 R FLELB.BLY Y

fourth pixel in every o I ne or s

coul d be conbi nedaﬁﬂn&rﬂﬁé'%égs' gs gont ”éQSheé(Eé% g%gfrtﬂéxéhﬁk | ds

every ot her line data 1 n each group of four eg s

27, 29, 31, 33, iSighEPs ort AP BEL] B0 ISt flw o%sahak Oagt agskDTV
nnnlﬁef namely 1440 pixels by 1040 lines 25 and so no data

Conpressi on or expanmdthé @kl € Rgnds Odré Os€bbel a¥n Othé heth8Rdaisk, The
system shown in Figure 1 is thus such that image data fromthe disk stores

for sel ect®d sub-edidisls,2eg sub fields 27, 29, 31, 33 in Figure 3, can
witten directly into the display franestore 17 by 5 sui tabl e control
of the addressing of tAm aivkntageeofladepting thiEheappromch odividingn be
| oaded with reduced size non-overlapping versions of a nunber of pi ctures
in-the bul k storé&h® dafa |inte swh-fijledds Hs that it places the data in

a form in which it can be readily retrieved and

- reformed by interleaving the sub-fields using the

10 switching 13 and 14 to make the data suitable for
- writing in raster order in the framestores 15 and for
display of image on a raster type display. Pairs of
groups.- of stored data which define a picture can be
displayed directly on the monitor without further

15 alteration, since the data is already defined as tﬁo
interleaved fields. Thus, for example data from sub

fields 27 and 31 in Figure 3 could be combined to

. produce data for an image containing every fourth

R pixel in every other line or sub fields 27, 29, 31 and
20 33 could be combined to produce an image'COntaining'
every other pixel from every other line. The data in

each group Sf four sub fields,'eg sub fieids 27, 29,

31, 33, is also at the correct resolution for display

on the HDTV monitor, namely 1440 pixels by 1040 lines

25 . and so no data compression or expansion is required'

prior to display of the image.



editing processing. Processor 16 may be transparent 10 during
operation. I'n addition to the above described pai nting node, the system of
Figure 1 may be enpl oyed to conbine a first -or foreground video, clip with
a second or background video clip. The processor 16 conprises a 15

menu generator (not shown) which is operalf)g under user control to display
a nenu of user selectable options in a lower portion of the nonitor 19.

By selecting an editiAge Heif $196%n CenRdifiicRiife theisSyEhas Fuc@P¥RAE as a
video editing facility as 20 descri bed foor exanple in our British.

Patent Nunber 21333%@ ddtatlfeondi thegdisxiesupres Xo¥ beaseted oo
data can be individually stored and retrieved fromthe disk stores 1 to .8.
In addition to tifdedldeyeedesab fdeldat 27 29, BR,) B8 ihaiaffe {3 ansan Q
| ocations 25 are divided into blocks or groups of |ocations under “dser
control. In a siWridtienn directiyointdecthei displayl framestore cdifbilbed,
the first clip of video is stored in a first block of frame |ocations and
the secon8 clip syitedledcontyodeodndhe addngssingof dtha idisk staoxesd
bl ock is assigned to the sequence of keying 5 frames to he used to
control the combitdi RPDf 1éhe t RBec| FXRAMGFHOEST kit t FABI R 1earederWath  or
storing th? resu%%h%%e%?§T53H£3ﬁ£¥¥géiéﬁﬁing;versions of a number of
pictures in the bulk store to facilitate or plan the.
editing processing. ProcesSor 16 may be transparent
10 during operation. - |
In addition to the above described painting mode,
the system of Figure 1 may be employed to combine a
first or _foreqrgund video clip with a second or o
background video clip. The processor 16*comprises a
15 menu generator (not shown) which is operable under
user cbn_t;_'o_l to display a menu of user selectable
options in a lower portidn_of-the monitor 19. By
selectin_g' an editing mode the user conditions the
N system to operate as a video editing- facility as
20 described for example in our British Patent Number
2113950. In the editing mode up to 2230 frames of
video data can be individually stored and retrieved
from the disk stores 1 to 8. In addition to the above
described data distribution, the 2230 frame locations
25 are divided into blocks orlgroups-of locations under

user control. In a situation where two wvideo clips



The sequence of keying frames may be created automatically, such as for
exanpl e a chroma key, or 10 gach keying frame may be built up
individually for each of the frames in the first or second clip using any
of the many well known techniques now available. Furthernore, the systemis
arranged so that the user step through thqlponbihéﬁ clip, before the two
clips 15 are finally conbined, to preview the . result of the conbining

and ef fect changgset 8ot b8 BembAgedl, Itk Fakere dlip Umnaticeeriinatdred s
made. In this node of operation a T’oreground frame and the correspondi ng

background franeihr @mtiestli bBlogkores firédmed lacations and rahef eleeshdat o
the respective franmestore in the conplex 15. Thereafter, the data for
the two images ielipadsvistoriedesinl = secoridbblockhefpframesdockkidnese it
I s cgubi ned under the control of the correspondi ng keying franme. The
resul ting conbi nadtkird bldakinksi essigneflettcedthe séguencel af eying ore
17 for display of the result on the nmonitor 19. Each_ frame of the
resul ti ngSconbi nEganegutacbecusedetei spniyed the: soabiainapelsddienFwe
conmbiner circuit (not shown) to the _system the conbined sequence
could be .displ a¥§ aP§taHS-Poﬁﬂﬂ?ﬁﬁn?lg%ﬁeﬂso?e?ﬁ€V§§q§8ﬁ0§anj the 35

[ranes per secondoRULLAR LLRBLe!\RUAPdg4a2 |0 reaul red at HOTV
The sequence of keyirig frames may be created

automatically, such as for example a chroma key, or

— 10 _ each keying frame may be built up individually for
‘each of the frames in the first or second clip using

any of the many well known techniques now available.

Furthermore, the system is arranged so that the user

~ step through the combined clip, before the two clips

15 are finally combined, to preview the result of the
combining and effect changes to the keying signal

‘before the final combination is made. In this mode of

operation a foreground frame and the corresponding

\_ background frame from the disk -stores 1 to 8 are
- 20 transferred to the respective framestore in the
complex 15. Thereafter, the data for the two images

is read via lines 15a and 15b to the processor 16

where it is combined wunder the control of the
corresponding Xkeying frame. | The resulting combined
25 _ frame is transferred to the display framestore 17 for-

display of the result on the monitor 19. Each frame



the manner in which the data for each frane of the clips is stored there is
no need to read all of the 10 hi gh resolution data for each franme from
the disk stores 1 to 8. Instead, data for the clips is transferred only
fromselected sub-fields in a simlar manner to that previously described
herein in respect of a single franme, the@&anbining during preview being 15
‘restricted to the reduced resol ution inmages. Thi s net hod of readi ng dat a

fromthe disk stgy %elr@%ﬁ:i/mfrbdrh?nﬁé@ts%ﬂd&dé‘ delif b @M
un

substantially reduces the anp information required to E m)ved around

the system  Axmid asall, Bpdadadwd) a&i desmBPlher ciféedes (Abe &k
| mage franmes can be read fromrespective bl ocks of the stores 1to 8,

nodi fied and corio necthéy spstpmocesher omkaimed hesecp.selhd:edl eplhagded ben @e

moni tor 19. Thus, in the preview nobde the user may experinment 25 w-t'h
t he keying of t [ splaysd pat fap mahpeefuhbdsp9edhefotheashqneymeg egane,
and see the effect of his nodi fi cati ons on each franme of the video clip.

Wiile heSs so éé)eﬁﬂmm@roﬁP?OH@Tv resolution data is transferred from
the disk stores. Once the user is satisfied W|th t.he resylt,_ the_final
conbining of the 5 During tl!:+$;£,re‘f%ewﬁ‘§?q %reﬂyéd’% at HDTVjat a

oL 10 e LRl B0 SR R LA RoRledr 10T BRTAUIR e
the manner in which the data for each frame of the
clips is ,s_tor,ed..there is no need to read all of 'the -

10 high resolution -data .f_or“ each. frame from the disk
| stores 1 to 8. Instead, data for the clips is
transferred only from selected sub-'fiélds in a simiiar
. manner to that prev:.ously descrlbed herein in respect
of a single frame, the comblm.ng dur:.ng prev1ew being
15 | -restrlcted to. the reduced resolut:.on images. This
metho_d of reading data from the disk stores 1 and 2
when the system is in the preview mode substantially
reduces the amount of information required to be moved
around the systen. As a result, individual video
20 frames and control image ﬁrémesr can be read from
.. respective blocks of the stores'_'* 1 to 8, _modified and
combined by the processor 16, and the result displayed
on the mo_nito_i' 19.
Thus, in the preview mode the user may expériment
25 with the keying of the two clips for example, modify

the or each keying frame, and see the effect of his



.8 to the framestore 15. At the sane time the data representing the
correspondi ng keying clip is read 10 fromits block in the disk stores
and is used as interpolation co-efficient by the processor 16 to create the
combi ned sequence or clip a frame at a time. Each frane of the conbined
clipis stored at the predéfi‘ned bl ock forg4qhe conbined clip in the 15
stores 1 to 8. Having thus -described the présent inyvention by reference to

a preferred enbogigmtcdtidss tonbeaval Frundebst eod wikklo diie . evmetigent
in question is exenplary only and that nodifications and variations 20

such as will ocqe 19 EBoeKpRISTRESEINGl oA GDTAL Fe DUt £ofe caith skl | s
may be made wi thout departure fromthe scope of the invention as set forth

in the appended tataidfeirel efubmaltdd sdiskr eebrebar el thet hesest oiage of
pi xelhssin the bulk store may be 25 organised in different divisions
from those ref ergaari sfiexbowitwhthet resudicni et fdnadv somigesing ot gaened
by the divisions. C L M S * 24 CLAIMS: 1. An i mage processing
appar at u$ conpr itstang: cdipenorysf orperfeimgddi ¢y al r@éﬁé'énlgepr‘égént i datat
| east one entire imge franme, the nmenory conprising a
' _representing_the first ‘and second c¢lips a frame at a
time from their respective blocks in the stores 1 to
8 to the framestore 15. At the same time'the data
representing the corresponding keying clip is read
10 . - from its block in the disk stores and is used as
interpolation co-efficient by the processor 16 to
create the combined sequence or clip a frame at a
time. . Each frame of the combined clip is stored at
the predefined block for the combined clip in the
15 - stores 1 to 8.
'Having thus described the present invention by
reference to a preferred embodiment it is to be well
. understood that the. embodiment in question is
K,/ exemplary only and that modifications and variations
20 such as will occur to those possessed of appropriate
knowledge and skills may be made without departure
from the scope of the invention as set forth in the
appended claims and eQuivalents thereof. For example,
the storage of pixels in the bulk store may be
25 organised in different divisions from those referred

to above whilst retaining the advantages to be gained

by the divisions.



5 plurality of storage units each for storing—afdafa—gfoup—de++ﬁ+ng a
respective interl eavabl e reduced resol ution represe tlaIIy
the entire inmage frame; a manipul ation frane storef 'ﬂ@ﬂimm _
processi ng data representing substantially the entir

interface for controlling data. transfer between the nenory and the
mani pul ation frame store, the interface dividing the inage frane data into
'said 15 data groups when the data Lgv ransferred to ‘the nenory and
interl eaving groups of data fromthe nme when the data is transferred to

t he nanipulatianAtMEHE store; a processor for processing data in the
20 ‘mani pul ation frane store to create mani pul ated data representing a

mani pul at ed velsi onAnf imaes prtocesyibdeapphratusmegmpriaiizigand a dlsgggy
store connected to receive fromthe processor data representing said ~I¥
nmani pul at ed ver si ona2@emory brt Beorimgedfigr tadilsdasy r2préesmtirmgat
processing apparatus as.clainmed in claim 1, -wherein the interface is

controll ed byleast pnecestdmre Jmagerframee tphecmsmong epp@rdtsisnga
clained in claim2, wherein the processor is operable in a preview node
5 _ plurallty of storage units each for storing a data

group defining -a respective: interleavable reduced
resolution répreSentation of §Ubstantially'thé entire
image fra_m.e';_._.: N o , S o u
a manipulation frame store for storing during
10 processing data representing substantially the entire.
image frame;
- an interface. for . controlling . -data: transfer ~
. .between the~memory and the manipulation frame store,
the interface dividing the image frame data into said
15 data groups when the data is transferred to the memory
and interleaving groups of data from the memory when
the data is tranéferred to the manipulation frame
store;
a - proceéSor for processing data in the
20 manipulation frame store to create manipulatedidata
representing a manipulated version of substantially
the entire image frame; and
a display store connécted to receive from the
processor data representing said manipulated wversion

25 . of the image for display.

2. An image processing apparatus as claimed in claim



‘5 in which the interface is controlled to transfer selected data
groups representing substantially the entire i-mage ;LEQE—EL_QD_LDLQLﬂEdiate
resolution fromthe storage units to the manipul ati rane store

i mge processing apparatus as claimed in claim 10 nﬂ M“‘
conprising a nonitor connectied to the displ ay store fH“mmmmu g sai d
i ntermedi ate resol ution the. manipul at ed verS|on of the*inhgé— Ah i mage
processing apparatus as claimed in clalnﬁi, wherei n the data stored in the

nmenory represents 15 t he I mage at a resolution correspondlng
to cinematographi c {hbteqnal ithe anthdderd@@i t 95 | eoakhe11@fli S aychaRges
at a resolution correspondlng to that of a high definition teléevision

di splay. 6. AprbBBE8SoP! 0cessi ng apparatus as claimed in any 20
preceg¥ng claim wherein the interface is arranged to divide the image
frame into an odd field and an even field respectively conprising odd and
even nunbered lines and to control the transfer of data to the 26 nmenory
such that data ZorreaApoimagg protdesengnappatrdtasnasi dldtmedoinnelishf of
the data groups and data corresponding to the odd field contributes to the
other half of tZe whereinmdips pfocesso?.is operabbe jmxgusiviewppadeat us as
clained in claim®6, wherein each line conprises a nultiplicity of
5 in which the interface is controlled to transfer
selected data groups representing substantially the
entire image frame at an intermediate resolution from

the storage units to the manipulation frame store.

4. An image processing apparatus as claimed in claim
10 - . = 3, further comprising a monitor connected to the
display store for displaying at said intermediate

resolution the manipulated version of the image.

5. ' An image processing apparatus as claimed in claim
4, wherein the data stored in the t'nemory. represents
% 15 the image at a resolution corresponding to
cinematographic f£ilm quality and the monitor is able
to display images at a resolution corresponding to

that of a high definition television di'splay'.

6. An image processing apparatus as claimed in any
20 preceding claim, wherein the interface is arranged to
divide the image frame into an odd field and an even
field respectively comprising odd and even numbered

"lines and to control the transfer of data to the



picture elenents, and the interface is arranged to control said transfer of
data to the nenory such that even and odd nunbered pi enents in each
line 10 contribute to respective different data g ml ge
processing systemas clained in claim7, wherein the |Mmﬂﬂmu\ ged
to control said transfer of data to the nenory such th arternat e Sevén .

nunbered picture el enents contribute to 15 respective different

data groups. 9. An i mage processing sf&femas claimed in claim7, wherein

the interface is arranged to control said transfer of data to the nenory
such that alt eemsny coocnurtieer edapa ctoreespendbhy tonthe wven ofi€bpect i ve
20 different data groups. 10. An inage processing apparatus as clai,nmed
in any precedcegtalidiuties ukohenecdwphf sefigtheedadsergibbepsnamad nizirs fo@

i nputting control data,_ said processor bei ng responsive to the cont r&
data to effeccoyzesprabindnter whAi mdht fdedst acontribatesmge rheessing
apparatus as clained i.n any preceding claim wherein said nenory is. able to
store 5 . giter hedfehtthe data gEaYPS-two inmages - and said _

~ processor is adapted to conbine the data representing said at |east two

i mges. 12. An inmage processing apparatus as clained in-any preceding

cl ai wher ei g sai nory 1S able to store . N .
m 5 9 B inmima e processing apparatus as claimed in claim

.6, wherein each line comprises -a multiplicity of
_pictu_ré elements, and the interfa'c_:e is arranged to
cont_rol said transfer of data to the memory such that
even and odd numbered piéture elements in each line

10 contribute to respective different data groups. .

.8.. An .image process;i.ng system as claimed in claim 7,
wherein the interﬁade is. ari;'anged to control said
transfer of data to the memory such that alternate
even numbered p-ic_:tu;_t_'e__ .elements contribute to

1s respective different data groups.

9. An'i'mage pr'o_cesSing_' _system-aé claimed in claim 7,
wherein the interface is arranged to control said
transfer of data to the memory such that alternate odd
numbered picture elements contribute to respéctive

20 different data groups.
10. An image processing apparatus as claimed in any

- preceding claim, further comprising user operable

input means for inputting control data, said processor

B



10 data representing two input :video cltips, a (_-*,Wnd a

conbi ned video clip, each of said clips comprising a lity o e

i mmge frames, and wherein said progessor is adapted tﬁl’%’”ﬂl '

i nput video clips in response to said control 15 | i h ﬁm’m }\ger
a

to create said conbined video clip. 13. An image processing apparsatus as
claimed in claim 12, wherein said nennryéks divided in to respective user
identifiable areas for each”of said two i ﬁbt 20 “= clips, said control
clip and said conbined clip:+14. An inmage processing nmethod conpri sing:
storing in a mbwing drgspahsdeta teptleseabhigodt dAast L8NG reldy 6sd [gIe

franme as a plural i'ty of data groups each defining a respective
i nt erf<eavabl e rcawhadEdn e3h|l manbpulapedsdatat.i on of substantially the entire
i mge&=frame; storing in a nmanipulation frane store data 5 representing

substantially the entire image frane; transferring data between the nenory
and the mani pul ation frame store by dividing the inmage frane data into
said data grédps Ahekmagecpragessing mppasfadruscas oclhdémednminy ang
interleaving groups of 10 =~ data fromthe nenory when the data is
transferred toPRSSEEAD FlRinn vhereintsprdtd peverysisgaddea tion sture

mani pulgtion fr%me store .
. data representing at least two images and said
Processor is adapted to combine the data representing

said at least two images.

12. An image processing apparatus as claimed in any
preceding claim, wherein said memory is able to store
10 data representing two input video clips, a control
video clip and a combined video clip, ‘each of said
clips comprising a plurality of entire image frames,
and wherein said processor is adapted to combine said
two input video clips in response to said control
15 video clip in order to create said combined video

—/ clip.

13. An image processing apparatus as claimed in claim
12, wherein said memory is divided in to respective
user identifiable areas for each of said two input

20 clips, said control clip and said combined clip.

14. An image processing method comprising:
storing in a memory digital data repfesenting at

least one entire image frame as a plurality of data



to create mani pul ated data representi ng a mani pul at eW

substantially the entire image franme; and 15 ‘“mﬁ
di splay store processed data representing said nani puI Mﬂ‘m ﬁ“m’r‘m

i mage for display. 15. An inmge processing nethod as I 'eedti n*cl &i m 14,
wherein in a preview node sel ected data groups are 20 transferred to
the mani pul ation frane store so that thenﬁﬁéa i n the mani pul ation frane

store represents substantially t he - I mage frame  at an
intermedi ate resolution. 16. An inage processing nmethod as clainmed in claim

25 15, furghenpsomeacti nglelf spiagi ng atré@ébﬂﬁ@r ngﬂtg}geavag,le L
M S * resolution the mani pul ated version of the inmage. 17.  An inage
processi ng met hvgdused aeaeliutmoul meprééentatrieim ofhsubat anttianaq ihel h@
nmenory represents the inage a resolution corresponding to 5 X
ci nemat ogr aphi cenELEm lqlé\mel tf}faﬂmd the imge 1is displayed at a

resol ution corresponding,to that of a high definition television display.
18. An image pr ocessPRETABOhodNas ac| AiemdPulrtinn of fxame nestidreo dara
conpri sgg di vidi ng the i .nage into an odd field and an even

field respecti v’é?9958ﬁﬁFF'§'9n§“£’§\Féﬁt%Yo%P erbEe edmage| frage; and

transferring said daEa to_the nennrg squ t hat data
_ , ransferring ta between the memory and the

manipulation frame store by dividing the image frame
data into said data grOups. when the data is
transferred to the memory and interleaving groups of
10 data from the memory when the data is transferred to
the manipulation frame store;
processing data- in the manipulation*frame5store g
to create manipulated data representing a manipulated
version of substantially-the entire image frame; and
15 transferring to.a'display store processed data
representing said manipuléted“version'of the image for

display.

15. An image processing method as claimed in claim
14, wherein in a pre#iew mode selected data groups are
20 .transferred to the'manipulgtion'frame'store so that
the data in the manipulation frame store repfesents
substantially the entire image frame at an

intermediate resolution.

16. An image processing method as claimed in claim

25 15, further comprising displaying at said intermediate



:correspondlng to the even fleld contributes.to one half of the data
and data corresponding to the 15 ~ . odd field contrib uuumnuallﬂtj”ﬂl

hal f of the data groups. 19. An i magé processing method i aim
18, wherein each line conprises a nultiplicity of plcture el ement's,

met hod further conprising 20 transferring said data such that even and

odd nunbered picture elenents in each Ilzzgfontrlbute to respective

different data groups. 20. An image proc
111111111111111112211111111141 *

i nputting said deselstidont lrde mHMquiatedmwerauabeoédthplamage el enent s
to respective different data groups.
met heek-as claimed in claim19.5 or 20, conprising inputting said data
suchhat al ternate odd numbered picture el ements contribute to respective
different data §feupdn dmage Waﬁaggsmﬁsttmu«aﬁl 9 1admeds ki hed2RBY i n
with reference to the acconpanyi ng draw n

contribute

A met hod
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the image at  a resolution corresponding to
cinematographic film - quality and the image is
displayed at a resolution corresponding to that of a

high definition television display.

- 18. An image processing method as claimed in any of

claims 14 to 17,'comprising dividing the image frame

into an .odd field and an even field respectively

.comprising even and odd  humbered.. lines and

transferring said data_to the memory such that data
corresponding to the even field contributes to one
half of the data groups and data corresponding to the
odd fieid contributes to the othér half of the data

groups.

19. An image processing method as claimed in claim
18, wherein each line comprises a multiplicity of
picture elements, the method further comprising
transferring said data such that even and odd numbered
picture elements in each line contribute to respective

different data groups.

20. An image processing method as claimed in claim

roups
*the
I ng nethod as clainmed in claim

) * 19, conprising

21. An inmage processing
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19, comprising inputting said data such that alternate

even numbered\ picture elements contribute to

respective different data groups.

21. An image processing method as-C1aimed in claim 19
or 20, . comprising inputting said ~data ‘'such that
alternate odd numbered picture elements contribute to

respective different data groups.

22. An apparatus substantially as described herein

with reference to the accompanying drawings.

23. A method substantially as described herein with

reference to the accompanying drawings.



