AN ELECTRONI C | MAGE COVPCSI TI ON SYSTEM FI ELD OF THE | NVENTI ON The i nvention
relates to electronic i mage conposition systens. 5 BACK WSE@#%S gﬁﬁﬁa

| NVENTI ON El ectroni c i mage conposition systens are kno ﬁ%;s ge
means for storing video signals representing at |least two pictures, prey
means for displaying a series of artist-selected transformations 10 of' q
first of said pictures, or a part thereof, until a desired transformation

i s perceived, and conpositing neans for thereafter producing conposite

pi ctures by conbining transforned video gignals, or a part thereof, with
video si-gnal.s-of a second.of .sai.d 15. piCtures. ‘An.exanple of such.a system ..

is that -includéd in the "video graphlc eqU|pnent meinuf act ured by “the
present Assignee/ Applicant and sold under the trade mark " PAI NTBOX". Ins

addi tion to the conpaf ErLPTRONTEY SMABE m m@ﬁeﬂggrhﬁo i ncl udes an
el ectronic painting systemwiich alTOWS an artls 0 "parnt' either or both
of said pictures into the storage neans, in response to (anong ot her

t hi ngs) novenent of a stylus over a t ouch. tablet . which simul ates a 2
FIELD OF THE INVENTION

The' invention relates to electronic image

composition systems.

5 BACKGROUND OF THE INVENTION

Electronic image composition systems are known,

having storage means for storing video signals
representing at least two.picfures, preview means for
displaying a series of artis;-selected transformations
10 of a first of said pictures, or a part thereof, until
a desired transfermation is perceived, and compositing
means for thereafter producing composite pictures by
combining transformed video signals, or a part
thereof, with video signals of a second of said

15 pictures.

s

An example of such a system is that included in
the video graphic equipment manufactured by the
presenn Assignee/Applicant and sold under the trade
mark “PAINTBOX". In addition to 'fhe composition

20 system, this equipment also includes an electronic
painting system which allows an artist to “"paint"
either or both of said pictures into the storage
means, in response to (among other things) movement of

a stylus over a touch tablet, which simulates a
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fpalntlng or dramnng |nplenent The |nage conp05|t|on systen1 referred to .
above is described in United States Patent No. 4602286 and
equi valent British Patent No. 2113950 and the associ ated painting systemb5
is déscribed in greater detail in .United States Patent No. 4514818 and
equi¥al ent British Patent. No. 2089625 both assigned to the present Assignee
and included herein as part of the present disclosure. In the equi pnent
manuf actured by the present 10 Assignee and sol d under the trade mark
"PAI NTBOX", additional storage nmeans are ppovi ded whi ch allow the palntlng
.-systenito- create a _control-image. whi-¢h fay-be’ -used"to. si-nul:at.ea - stenc+l

:“mhereby part ofpainminggerbdmaglngoquﬂmﬂmnﬂy beTMGskndgehcmeOQHEion
remai nder 15 remai ns exposed for further nodification. Thi s

stencil signal s¥stémo uneferdedi ntoopabaveonisf deecrihedsi inngUnited to
control the conbining of video signals so as to sinulate the "pasting" of
t he (transforne¥jaeedschapent oﬂothe45@3335p|%ﬂ@reGQ“%ﬁakent tBeitiabond
pi cture. Theé&reV|em/nea an artist to effect a series of

t ransf or mat i onsF2tPRReN Prrgﬂlgpépuﬁéd(ﬁﬂﬁ(ﬁﬁ?ﬁ@*ﬂ ?ﬁlﬂ%hnﬁh%mgﬁgsFﬁmS|ze
it , t t d t
pon 11 0, T SIS AR 1 BoledL RodhFEoLE Sl EAAPRIEY i

compositing meags, caRhAzs b biRivkTRIR® BdfYikn Patld¥'fo. b06s25 The

both assigned to the present Assignee and included
herein as part of the present disclosure.

In the equipment manufactured by the present

10 Assignee and sold under the trade mark "PAINTBOX",

additional storage means are provided which allow the

. painting system to create a control image which may be

used to simulate a stencil, whereby part of the image

~being composed may be masked while the remainder

15 remains exposed for further modification. This

stencil signal is also used during operation of the

compositing means to control the coﬁbining of video

o signals so as to .simulate the “"pasting" of the

(transgormed) chosen part of the first picture into

20 the seeond. picture. The preview means allows an

artist to efﬁect.a series of transformations to the

first picture (which may include changes in size,

position, perspective orientation) until a. desired

transformation is perceived, whereupon (in response to

25 a "stick" command) the compositing means combines the

. two images into a single store. The type of



3 transformation required is defined by using predetern1ned anenents :

of the stylus upon the touch tablet which is then inplenented by reading
video signals fromthe storage neans in a different order 5 fromthat in
which they were witten to said storage neans. To assist an artist in =«
effecting the desired transformation, it is desirable for the transformEd
pictures to be displayed in real-tinme during preview, 10 that is to say,
any operation effected by the artist should be displayed substantially

I nst ant aneously. However, the calculatiogs i nvol ved in many of the
transf.or mati ons. are not. trIV|aI and--have=to be- repeated for each pi xel-

(orcen et or rEfaf fgkpaliton:Faaut i L pCe reaﬁ’s#"% el n iﬁrb???é "
restrictions é‘?&iﬁfﬁi’n&& % S &f Qhée' Tua gilbr%ip éﬂg EB{: U .Or

alternativel cut-out, 1s shown as a su margi n Which is 20

neni pul at ed | gabBat- twiEeh Wi% CRheA’ 18816MbhtadR Ay %a&meﬁsseﬂaaace t he
desired position has been identified by mani pulati on of the nmargin. SUMARY

OF THE | NVENTg{3halsi Exdm OtheéCstoragec ms£reNini A ail f felrdt 26rdep’ OVi de
an inproved systemfor transform ng i mages. According to one aspect of the
present iSivenfream that in which they were written to said storage
means.
To assist an artist in effecting the desired
transformation, it is desirable for the transformed 7
pictures to be displayed in real-time during preview,

10 that is to say, any operation effected by the artist
should be displayed substantially instantaneously.
However, the calculations involved in many of the
transformations are not trivial and have to be
repeated for each pixel in the transformed output.

15 Thus, in practice, a portion of an image (often
referred to as a "cut-out”) can only be transformed in
real-time if restrictions are placed on the number of
pixels making up the cut-out or, alternatively, if the
cut-out;ﬂ is shown as a surrounding margin which is

20 manipulated in real-time, whereafter the full image is
processed once the desired position has been
identified by manipulation of the margin.
SUMMARY OF THE INVENTION

It is an object of the present invention to

25 provide an improved system for transforming images.

According to one aspect of the present invention
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§4-fher_ S prOVided-an-electronib'inage mani pul ati-on system f or

R e T

mani pul ating inmage data representing a nultiplicity of picture el enents

whi ch together forman initial inmage to produce mani pul ated data

representing 5 a multiplicity of picture elenments which together forma

transforned i nage, the system conprising: an image‘store for storing
digital data representing said initial inmage at full resolution; user

operabl e i nput nmeans for selecting a naniQuIation to be applied to data
fromthe 10 . store; and processing neans responsive to said user operable

LRV e | ol A Beighaeh o, WiSEesRA Atadige neIsEIEIY™ 0
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wherein the proCessing nmeans 1s operable In

sone of the dapRltipgliei¥yPior bictdteceieflents WALBAPES h Y;
pr oduci ng reduced pfécessgg dapg which is ?eplicateg toéﬁﬁggﬁcgé aI%P

representing tHaityialsfigaiRd toggodicd aniginldtiddBatd repréden
accept abl e mani pul ati on has been selected, in a conposition nbde suc
ful | prosessedadaiudtipldicdtyc of ittty tdlendrits twiaich dtogekhei 0forh

resolution. The provision of transfornmed video signals for only
a transformed imagg, the system comprising: an image
store for storing digital data representing said initial
| image at full resolution; user operable input means for
~ selecting a manipulation to be applied to data from the
10. store; and processing means responsive to said user
operable input means for addressing data in said store
in an order corresponding_to the selected manipulation
and for interpolating the addressed data to produce
processed data representing the transformed image, and
15 wherein the processing means is operable in a preview
mode such that only some of the data in the store is
addressed and interpolated thereby producing reduced
b processed data which is replicated to produce data
_ represgnting the transformed image at low resolution,
20 and, wh;n an acceptable manipulatibn has been selecteqd,
in a composition mode such that full processed data is
produced representing the transformed image at full
resolution.
. The provision of transformed video signals for only
25 some  pixels in the transformed picture reduces the

. number of times a transform equation has to be solved to

an
t hat
full



25 sonme pixels in the transforned picture reduces the nunber of tinmes a
transf orm equation has to be solved to 5 produce a particular
transformation of the first picture, or a cut-out taken therefrom
However, the size of the transfornmed picture is not affected (conpared to
what it woul d have been had all the pixels 5 been transforned) becaudse
replications, or derivatives, of the transforned video signals are produced
for pixels which would otherwi se not receive video signals. The generation
of replications, or derivatives, can be &f f ect ed rapidly and therefore

. there is.a _sulg%t %nt.i.al (ﬁ%o' Y- |er3/ in '-t:hqefeéa’rar*pﬁqg. of_-éi-mgééqui iég‘ﬁt o -
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whi ch together forman initial 1mage to produce nani pul ate

of the transformed video signals are produced for pixels
which would otherwise not receive video signals. The
generation of replications, or derivatives, can be
effected rapidly and therefore there is a substantial
10 saving in the amount of time required to produce a
transformation for preview. The relationship between
the number of pixels actually transformed and the number
of pixels making up the transformed image, is referred
to as the transform reduction factor, which may vary
15 from one transformation to another. Thus, for example,
a different transform reduction factor may be used when

transformations which reduce the size of the image are

being employed. gt

According to another aspect of the invention there

20 is prévided a method of manipulating image data
representing a multiplicity of picture elements which
together form an initial image to produce manipulated

data representing a multiplicity of picture elements

which together form a transformed image, the method

25 comprising: storing digital data representing said

initial image at full resolution; selecting a
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:data representlng ‘a nultlpI|C|ty of plcture elenents mhlch t oget her forn1a

transforned i mage, .t he nethod 25 conprising: storing digital data

representing said initial image at full resolution; selecting a
mani;pul ation to be applied to data fromthe store; and processing the

i ni t Al

I mage

data by addressing data in said store-in an order

corresponding to the sel ected mani pul ati on and for interpolating the

addressed data to 5
and wherein during an i mage preV|e

i mage,

..the store i-s addr
data which is PapiP

t ransf or ned |na%e at l.ow r olut

when an accept &
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ture elenments I N accordance

I mage t nanlpu ated, processing neans

some of the data in the store is addressed and
interpolated thereby producing reduced processed data
which is replicated to produce data representing the
transformed image at low resolution, and during an image
composition stage, when an acceptable manipulation has’
been selected, full processed data is produced
repreéenting the transformed image at full resolution.

In a further aspect the invention provides an
electronic image manipulatioﬁ system - for use in
manipulating an image defined as a multiplicity of
picture elements (pixels) in accordance with a user
selected manipulation, comprising an image store for

storing digital data representing an image to be

manipulated, processing means for transforming data of -

the stored image so that said transformed data when read
in raster sequence affords a transformed image of
reduced resolution for display, said processing means
operating to calculate the addresses in the image store

which correspond with the addresses of pixels of the

- transformed image, said calculated addresses which do

produce processed data representing the transforned
stage only sonme of the data.in.
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I n raster sequence affords a transfornmed |nage “of reduced resol ution for

di spl ay, said processing neans operating to calculate the addresses in the
i mage store 25 whi ch correspond with the addresses of pixels of the
transfornmed i mage, said cal cul ated addresses which do - 7- not
correspond precisely with an address of the store each identifying a gredp
of pixels of the stored i mage within which the correspondi ng cal cul ated

address is |located, interpolating neans7mhich enpl oy weighting 5
coefficients of the plxels of eact—safd-group to cal cul ate the val ue of

i aputel g hatibRle HtReboRa B aftBely Htic o Ak eg: e Fheceterey mears,

transt or mat | Bﬁaséfiaﬁéeiﬁfﬂan&ﬁr dEPuncel BiXBLpcotothg: sepsed: tpmga mge (o
‘mmge and | n o GRIBRC NG LORHEEROPETRY, Sl llatad RadreRs 48piicd i n
said first W# edp erUt ,é}'ﬂ"’]ﬁti’}q a{ngaﬂgpl ﬁijcﬁoeq&t ff wte?.gh t.ored i mage

to produce resol out
S coefficients of the pixels of each said group to

calculate the value of the corresponding output pixel
and a user operable input means for inputting data
defining transforms to be performed by the processing
means, the processing means being operable in a first
10 mode in which transformations are applied to addresses
of selected pixels of the image to calculate values of
respective reduced resolution pixels of the transformed
image and in a second mode in which satisfactory
transformations applied in said first mode of operation

15 are applied to data of the stored image to produce a

high resolution output image.
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ﬁTheabove and further features of the |nvent|on are set forth mnth

particularity in the appended cl ains and together w th advant ages thereof

~will becone clearer fromconsideration of the followi ng detail ed

descyiption 5 of an exenpl ary enbodi nent of the invention given with
ref eMénce to the acconpanying draw ngs. BRI EF DESCRI.PTI ON OF THE DRAW NGS
Figure 1 is a block diagramof an inmage conposition system and 10

Figure 2 is a diagramrepresenting an_opgyation performed by the system
shown-in Figure 1. DESCRIPTION OF A PREFERRED EMBODI MENT OF THE INVENTION

; Ref ecring. now 0. Flonig abdle i S6FOARRYEIGFEUS the SAVERRYBH are R

”'conposrtron system i's" shown.:

i'rage conpositl on system o

lis simlar teé@%ﬂ%&e%dﬁﬂma@ﬁ@em éharaggahagat emaihg ?3&13950

The system conprises three franestores 1, are use

storing digitaltogetasesi @iehs aaRi rﬂtéﬂéee mnumouréefexésﬁei-o
herein as picture A picture 20 and stencil. The first - and second

stores 1 and 2 fiiene congdideiratilones thefollowing detagleatdaéatPiPtion
conponents of the picture, say red, green and blue (RG) or |umnance and

col our drgferem,anvtékempirmysammdimamrﬁ Zheninventidergivérniths only
required to store a nonochrone picture,
reference to the accompanying drawings.
RI ESCRIPTION OF E RAWING$
Figure 1 is a block diagram of an image composition
~ system; and |
10 Figure 2 is a diagram representing an operation
performed by the system shown in Figure 1.
ESCRIPTION O PREFE D ODIME F I ION
Referring now to Figure 1 of the acco:_npanying
drawings, an image composition system is_shown.. The
15 image composition system of Figure 1 is similar to that
described in the aforesaid British Patent:No. 2113950.
The system comprises three framestores 1, 2 and 3, which
Q,a are used for storing digital video signals representing

three pictures, referred to herein as picture A, picture

20 B and s%encil. The first
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of say eight bits per pixel and so a single plane is sufficient. - As
explained in British Patent No. 2113950, pictures can be painted into
the stores 1, 2 and 3, or derived fromother sources, such as a 10

tel evision canera. The signals in the stencil store 3 represent a stencil,
whi ch can be created for exanple to expose a selected part of picture A7
whi | e maski ng the renai nder thereof. The stencil signals defining the
exposed area having a maxi mum val ue, thgse 15 defining the masked area
have a zero, or relatively |ow, value-amy fhose at the interface of the two
areas. vary- gradual Iy from-the.one val ue: fo -the other. The.first store 1.and
stenci | stor and hggeondC FHBYRAUYr afd U2NHaved sdpabaté PlavesestyEi te 20
addresses when signals are witten to the stores and provides read

addr esses whastoxignrpl disferentd coliodr ocomponehescsof ther pidture f he first

store 1 and the stencil store 3 are read in parallel, so that a sel ected
posi tional reay imxthi gréenwand bluepi(BGB)e ok 2uminamtd endtEobovri s
mai nt ai ned. The second store 2 has a separate read address generator 5 to
contr ol i dddiference y YUE. w iThengstencitaditogeofl vi dBo thet cotheref r om
e YN TR R B e R S R
of say eight bits per pixel and so a single plane is
sufficient. As explained in British Patent No.
2113950, pictures can be painted into the stores 1, 2
and 3, or derived from other sources, such as a
10 television camera. The signals in the stencil store 3
represent a stencil, which can be created for example
to expose a selected part of picture A while masking
the remainder thereof. The stencil signals defining
the exposed area having a maximum value, those
15 defining the masked area have a zero, or relatively
low, value and those at.the interface of the two areas
vary gradually from the one value to the other.
The first store 1 and stencil store 3 have a ~
common address generator 4 which provides write
20 addressés when signals are written to the stores and
provides read addresses when signals are read out from
the stores. Normally, the first store 1 and the
stencil store 3 are read in parallel, so that a
selected positional relationship between the picture A

25 and the stencil is maintained. The second store 2 has

a separate read address generator 5 to control



.5 and thex-stencil read fromthe f| rst store 1 and the stenC|I store 3.
The mani pulator 6 is shown as two separate elenents, a reduced transforns
mani pul ator 6a and a nornal transforms nani pul ator 6b but can be
i npl.enented as a single arithmetic circuit. The 10 mani pul ator 6
can M controlled to per formiei ther reduced transformations, required when
the systemis configured I n a preview node, or ful I
transformations, required during the final, sticking process when the system
is conflgured in a conpositi ng 15 node, MR 1T switching bet ween- t-hese o
:'two. nodes: -of ‘operations. el ng perfected- by predetermned user .. L
i'nstructions.  independentllyattite ‘Grdtihgyanktzealingr a:ﬂeteidedefdaruaﬂg
di fference transformati ons and the user, who it is envisaged will be an
artist with 20 therefremer no experience in the use of conputers as such,
can select a transformation (for exanple rotation) and cause the
transformation to pr §§ee SYStems @kee b&nﬂiﬂ:m ed nhandpudatornts agapsed

pressure sensitive st Ius on a touch tablet, or, by operation of 25

anot her suit abl E9j ‘b‘é?/l spatipd; fsﬁm°m%9'tﬁr Qf| &he oﬂic%‘ﬂreaA
ticul t f I

o the firsP ot 878 FH RESRFLY FRady HRharaoLEstey PGt fhfiatiRol ar

LR "s;:eﬁcﬂxeétofe é.he The manipulator 6 is shown as two

separate elements, a reduced transforms manipulator 6a

and a normal transforms manipulator 6b, but can be
~ implemented as a single arithmetic circuit. The
10 manipulator 6 cﬁn .be controlled to perform either
reduced transformations, reqﬁired when the system is
configured in a preview mode, or full
transformations, required during the final sticking

process when the system is configured in a compositing

15 mode, with switching between these two modes of
operations being perfected by predetermined user
instructions. The -manipulator 6 employs sets of

N\ parameters defining difference transformations and the
user, who it is envisaged will be -an artist with

20 little ~ or no experience in the use of computers as

such, can select a transformation (for example a

rotation) and cause the tranéfortuation to progress in

steps by predetermined movements of a pressure

sensitive stylus on a touch tablet, or by operation of

25 ~another suitable input device (not shown).  After

- selection of a . particular transformation, the

ot e e RSO e, 3 1. ' e v s



transfornmed picture, the position of these pixels 5 being -predeterm ned
by their order in the output sequence. In general, the address derived
at any particular time by the manipulator 6 will not coincide exactly with
a location in the first store 1, but will consist of an integer part, )
defining the 10 address of the nearest location in the first store 1xand
a fractional part, defining a sub-pixel deviation therefrom The address
generated in this formis therefore usec\ to read pixel values from four
adj acent addresses in the first store™1, tch addresses are 15  cl osest
. to.-the cal cutated address:  Fhese four.- pixel . values are applied to an- .-
“int er pol at or mankpubatorer@oldatexnings i ithe opddresss int cthe nddxst t he
fractional address of the pixel to derive a transforned out put pixel.
Transforned pekere dut fremowhich jridee csigmals Frer &oadpe | veado at
replicator 9, the operation_of which will hecone clearer_in the follow ng
descri ption, RAFEGHLAE, (timess tPxef fddlies $Rea Piveds | dler fdeati on

Cnput pi ot ur ctERBAEPERPHONPLRERERcorbhe; YRR SEPR o PE G ISP o BIARIRN of
Lhe SYSCoRT | RokRac, bAGRSTARRERRD by, JHAERS ofSRE R s phbpdt o0

sequence. In general, the address derived at any
particular time by the manipulator 6 will not
coincide exactly with a location in the first store 1,
but will consist of an integer part, defining the

10 address of the nearest location in the first store 1,
and a fractional part, defining a sub-pixel deviation
therefrom. The address generated in this form is
therefore used to read pixel values from four adjacent
addresses in the first store 1, which addresses are

15 closest to the calculated address. These four pixel
values are applied to an interpolator 7 which
interpolates them in proportions determined by the
fractional address of the pixel to derive a -
transfqmed output pixel. Transformed pixels output

20 from in.terpolator 7 are applied to a replicator 9, the
operation of which will become clearer in the
following description, which in turn passes pixel
values to a linear interpolation circuit 11. The
linear interpolation circuit 11 also receives second

25 input picture signals from the second store 2 which,

during operation of the system, is read in response to
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frnterpolator 7 The stencrl store 3is also read in response to 5- the
. address generator 4 under the control of the manipulator 6 and the out put
signals fromthe stencil store 3 are applied to an interpolator 8, simlar
to the interpolator 7, and to a replicator 10, simlar to the replicator
9. “~The resulting video:signals 10 defining the transfornmed stenci
are applied to the linear interpolation circuit 11, where they function as
interpolating coefficients for successive P els. The linear interpolation
- circuit 11 is used when the systemis conf %Sred in the preview node and
- ts, 15 output i's . appli.ed to a.nonitor. 13. The. t t-ansf-ormed “out put* fronithe
first store 1 an@dmesant @emesakeroudpui tPompredustendas: oreutpud e '
al so applied to a second |inear |nter£§Iator circuit 12, which is used when

the systemis c%ﬂ?ﬁﬁ?%@lsﬁﬁ'thB’-’éB mpRtXeing Wik the oukputhgafie

"stick" process terelt near interpolation circuit 11, associated with
the first storelAteFRRlA ?Er ol at or. circuit 12 al so receives t he

terpolating 25 co f.?.%g%ﬁ”%% v i AR ESotn . FREEORER £ ne
replicatorssS apgl 10 dfed! deifutidisk 210 bhBK-" Ene JSHEFSED dORBA! T Ve

or transparent The ou put
manipulator 6 and the output signals from the stencil

store 3 are applied to.an interpolator 8, similar to
the interpolator 7, and to a replicator 10, similar to
the replicator 9. The resulting video signals
10 defining the transformed stencil are applied to the
linear interpolation circuit 11, where they function
as interpolating coefficients for successive pixels.
The linear. interpolation circuit 11 is used when the
sysﬁem is configured in the preview mode and its

15 output is applied to.a monitor 13.
The transformed output fromuthe first store 1 and
the untransformed output from the second store 2, are
. also applied to a second linear interpolator circuit
12, wh%ch-is-used when the system is configured -in the
20 compositing mode i.e.. during the *"stick" process.
Like the linear interpolation circuit 11, associated
with the first store 1, the .interpolator circuit 12
also receives the transformed output from the stencil
store 3, which again . functions as an interpolating
25 coefficient. -During. the .compositing mode, the

.replicators 9 and 10 are not required and they are
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the linear interpolator circuit 12 is fed back to the franestore 2, where
It overwites the original picture read therefrom As previously stated,
this process is 5 identified as a "stick"” wherein the cut-out becones a
per manent part of the background picture. During conpositing, the output
of the linear interpolation circuit 11 can al so be displayed on the nontfor
13. The operation of the dual nbde mani pul ator 6a/6b 10 Is illustrated in
Figure 2, in which a series of crosses 14 to 19 represent, say, storage
| ocations in the first store 1, contetn|®y_vi deo signals defining a
..diagonal- line 20 in.-a small part of picture:A - For the purpose of. . :

expl anati on, zidnd/é:iéd'nmwoberat&vaecbxlStrahb?aranU.anSii'ﬁéW&Sdﬁiwanbeen
sel ected which will rotate a cut-out taken frompicture 1 so that the
di agonal | i neheechivsahointenpelatorPeirendtr Al2atiisnnfdd dedior 6ot thas are
per se known fromfor exanple our US Patent No, 4611232 and correspondi ng
Briti sh Pat effiradestidxre 2, Miare tite owaxwritas cthehorhginal npbcporet ed
herein. Returning to Figure 2, a series of crosses 21 to 26 represents
successi ve pinead thexefremi pAs previeusly|stated, hthisopracessnts27
obt ai ned by transform ng respective pixels fromthe |ocations 25

i denti fi & bydentifdedasiacgtick"1 vharedn the) cutroutbeceomes 8f the

i mage shown, pseli%hanaer;tr ari:salr%':[ '%% the background picture. During

compositing, the output of the linear interpolation
circuit 11 can also be displayed on the monitor 13.
The operation of the dual mode manipulator 6a/6b
10 is illustrated in Figure 2, in which a series of
crosses 14 to 19 represent, say, storage locations in
the first store 1, containing video signals defining a
diagonal line 20 in a small purf of picture A. For
the purpose of explanation, it will now be assumed
15 that a transformation has been selected which will
rotate a cut-out taken from picture 1 so that the
diagonal 1line becomes horizontal. Picture rotation
transformations are per se known from for example our b
US Patent No, 4611232 and corresponding British Patent
20 No. 21i9197 the teachings of which re incorporated
herein. Returning to Figure 2, a series of crosses 21
to 26 represents successive pixels in the output
picture defining a horizontal 1line 27 obtained by
transforming respective pixels from the locations
25 identified by the series of crosses 14 to 19. For the

small part of the image shown, such a translation



.woul d previously have required “five -individual transform cal cul ations .
to be nmade, one for each pixel 14 to 19 in‘the line 20. It will be :
appreci ated that such an operation, when repeated for the whole cut- 5
out,. could preclude real-time processing in many cases, which is

hi ghty undesirabl e during preview However, in the present enbodi nent, the
mani pul ator 6 is conditioned, -during .preview to performtransformations
only on selected pixels in:piscture A 10 as theysare read in sequence from
the first store 1. Thus, as represented T Riguw e 2 of the acconpanying

... drawi-ngs--a’transfor.mati.on.is:perforned: for -gnky -every fourth pi-Xel “in-the . ;._-'., N

. output -sequencewoald  ppreviodsland Ravendrieqnsfednsfive ndihdieiduad out
to define 15 the intervening pixels i.e. pixels 22, 23, 24 etc. However,
to avoi d havi ngtpapsfomt icalomlakionsqtendee made aneher fort pachl pixed pi xel
21, is replicated for the non-transforned pixels, e.g. pixels 22 to 24, and
this procedure 14 tol l8wda dhe kine Wi e Ettwbll beoapprecisted phetedure
is also applied to the stencil  signal output fromthe stencil store 3. It
will of course BeCBp@AfecPReERtiAR MWhensrepeated ofop thes whole cut-

transforned_need not be Limted to.,ever ourth pixel and can instead be
any number of %‘é?em‘éau g pﬁ??é’}‘g.e' rg?ﬁlégﬂrﬂ'ﬁbgprﬁﬁfsﬁénﬁr egéfiﬂéﬁyor may

be sel ectabl e bé!aé'é& ’ Ofwﬁf& Stj}Q ”ﬁm&f&g‘ a\lﬂ@é‘é‘iggbfg t icﬁﬂ:%.ng preview.

However, in the present embodiment, the manipulator 6

is conditioned, during preview, to perform
transformations only on sel.eéted pixels in picture A

10 as they are read in sequence from the £first store 1.
Thus, as represented in Figure 2 of the accompanying
drawings a transformation is performed for only every
fourth pixel in the output seguence, e.g. pixels 21

and 25 and transforms are not carried out to define

15 the intervening pixels i.e. pixels 22, 23, 24 etc.
However, to avoid having gaps in the output sequence,

a transformed pixel, e.g. pixel 21, ié- replicated for

N the non-transformed pixels, e.g. pixels 22 to 24, and
this grocedure is followed over the whole cut-out.

20 The same procedure is - also applied to the stencil
signal output from the stencil store 3. It will of
course be appreciated that the selection of pixels to

be transformed need not be limited to every fourth
pixel and ' can instead be any number of selected

25 pixels. The number may be predefined or may be

- selectable by use of the stylus from a menu of options



di spl ayed on the nmonitor 13. As a result of this pixel replication, there
IS sone degradation to the trial conposition displayed on the nonitor 13
during preview, but this is 5 acceptabl e because the display at this point
is only transient and is not representative of the quality of the image in
the final picture. Also, the level of perceived degradation can be reddced
by meki ng the cut-out appear to be transparent so that the 10 backgr ound
i mage can be seen through the cut-out during preview This can be done
by limting the stencil values to a prefgerm ned maxi num such that during
- previ ew:t he. pi.-xel s representing the.cut-0ut-do not. conpletely replace the

- pi xel s i n" t he diapleiyed énl the monitwectnde B, but instead i mage position

the display conprise a contribution frompixels in picture A the cut-out,
and picture B, theAsmakgresulit Ofcchdsgpixzéhcreplicasibh,hahdrecnis
obt ai ned, the mani pul ator 6a/6b is switched over to normal 20  operation.
Duri ng nor mal soper adegradationnitoul ther tigler compesitionnsdispiayed for
every pixel of the cut- out including picture signals fromthe first

pi cture store©R arfhest RRitargndds ARSANGhe PREEEM, stWite Thimridg the

e TR SRS Ehe deshuit. o BRSSO SRR, o
Process aS  ¢ransient and is not represehtative of the quality of
the image in the final .p.i.cture. Also, the level of
perceived degradation can be reduced by making the
cut-out appear to be transparent so that the
10 background image can be seen through the cut-out
during preview. This can be done by limiting the
stencil values to a predetermined maximum such that
during préview the pixels representing the cut-out do
not completely replace the pixels in the background
15 i.e. picture B, but instead image position the display
comprise a contribution from pixels in picture A, the
cut-out, and picture B, the background.
Once a satisfactory result has been obtained, the o’
manipu_lator 6a/6b is switched over to normal
20 operation. During normal operation the manipulator 6a
performs a transformation for every pixel of the cut-
out including picture signals from the first picture
store 1 and stencil signals from the stencil store 3.
During the final sticking process, fast operation is

25 not essential because real-time interaction is no

longer required. The final sticking process as
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ibetmeen pictures A and B -is perforned by' t he conposi ting

i nterpolator 12 under the control of the stencil signals fromthe stenci
store 3 at full resolution. 5 The degree of replication during the
previ ew stage may be dependent, under the control of the operating
software, on the nature of the transformation and the size of the cut-out.
The replication may occur not only horizontally but also 10 wvertically, in
whi ch case pixels on sonme |ines would not undergo-transformation but would
.be filled by replications. Instead of—usj nere replications, pixels
,,onltted duri-ng-the transformation: St.age may - e. reconstruct ed by . filtering:

or ‘i'nterpol ati ngetWeets piceupésr nRd Ahyel 8 J.sThG;f)é)ﬁfdrﬁé’dlStbffl nighepl aced
on these nore sophisticated techniques is that the tfilling process should

be nmuch qui ckercdmpositingr dntkrpodaitor d2ceaderTithe rommtrsl 6£ mthe of
course confined inits 20 application to systens such as those described
in British Pat steneblt. 2ugrsds® Lmdnmp0she25stancidy storepl3 eat ofadl i mage
conposi tion system having a preview node and a conpositing node. For

exanpl e, the<uﬁﬁﬁ2iu%#°haklng the cut-out transparent during 25 previ ew

can be applied to |nage q? ulatlon systens such as the s t¥‘§ten1sold by us
under the t3ade mar KTh egree of replication during e preview

stage may be dependent, under the control of the
operating software, on the natﬁre of the
transformation énd the size of the cut-out. The
replication may occur not only horiZohtally but also

10 vertically, in which case pikels on some lines would
not undergo transformation but would be filled by
replications. .Instead of using mere replications,
pPixels omitted during the transformation Stage may be
reconstructed by filtering o? interpolating the

15 transformed pixels. The only constraints placed on
these more sophisticated techniques is  that the
filling process should be much quicker than the

% transformation process.

The invention is not of course confined in its

.20 applic;£ion to systems such as those described in
British Patents Nos. 2113950 and 2089625 and may be
applied to any image composition system having a
preview mode aﬁd a compositing mode. For example, the
concept of making the cut-out transparent -during

25 preview can be applied to image manipulation systems

such as the system sold by us under the trade mark
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"ENCORE" in which, anong other things, one video sequence ‘can be prlned
I nt o anot her video sequence such as to create the effect of three

di mrensi onal novenent of the one video sequence in the other sequence. 5
Furthernore, as described herein transformation is perforned on the read.
side of the framestores but, if preferred, the transformation could equally
be provided on the wite side of the framestores. Having thus described the
present invention by 10 reference_t preferred enbodi ment it is to be
wel | understood that the enbodinent in quesiTon is exenplary only and that

" Sppropriale kNS ShOWRfHE 3 "é‘e‘imﬁéﬂvﬁttﬁgﬁ“@ﬁ%ﬁanurﬁomthe'“-

scope of 15 seqidfice Wﬁ'i'tﬁé)"pfﬁnéd?tzﬁw ‘ahdthdr% {3RF HiRf Y Fuck
equi val ents the . An el ectronic 1nmge atlon system
for mani pul atddad r&%t@tﬁer GEEE&E”&f %ﬁeéldiﬂéﬁéfdﬁafl Hovnidnt Smﬁ' ement s
whi ch together forman initial image to 5 produce mani pul at ed

representing ghélbhe pvidedysefquaneeuin eherraah&rweaqheheaet her forma
transforned i mage, the system conpri sing:

5 Furthermore, as described herein transformation is
performed on the read side of the framestores but, if
preferred, the transformation could equally be provided
on the write side of the framestores.

Having thus described the present invention by

10 reference to a preferred embodiment it is to be well
understood that the embodiment in question is exemplary

only and that modifications and variations such as will

occur to those possessed of appropriate knowledge and

skills may be made without departure from the scope of

15 the invention as set forth in the appended claims and

equivalents thereof.
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-an 'inage store for storlng d|g|tal data representlng 'said initial -

i mge at full resolution; 10 “user operable input neans :for

selecting a nanlpulatlon to be applied to data fromthe storer—and—

processi ng means .responsive to said user operable input means

addreSS|ng data in said store in an order corresponding to ‘mﬂg “““‘“““

mani pul ation and for 15 - interpolating the addressed dat ce s

processed data representing.the transforned i mage,. and wherein the

processing neans is operable in a prevfeﬁEﬁnde such that only sonme of the

- data ‘in the. sgégéigg.addressed and i'ntierpolat.ed-t hereby pr.oduci.ng:- 20 - "
t'a Whi ch’is replicated:-to prodice data representlng ‘the™

ST S b ARl ARV L T
S et AUEATE e FERRS, BT, i

A system as cl al onpr|5|n

storing digitabs &y ng@garrangeymoaxaebsa%hbratoéﬁ'anﬁtufaasq Ol Sai d

processi ng means the sane processingto Said

stencil gata gsrddite HMNifiL4ted Udtd Heprdsdrithiy Q%ﬁl%‘iﬁ'iib&% b? the

previ ew node stencil data representing a transforred stencrl
resol ution is piegweed elihents which together form a transformed

image, the system comprising:
an image store for storing digital data
representing said initial image at full resolution;
10 user operable input means for selecting a
maﬁipulation to be applied to data from the store; and
processing means responsive to said user operable
input means for addressing data in said store in an
order corresponding to the selected manipulation and for
15 interpolating the addressed data to produce processed
data representing the transformed image,
and wherein the processing means is operable in a
A\ preview mode such that only some of the data in the
store i§ addressed and interpolated thereby producing
20 reduced'processed data which is replicated to produce
data representing the transformed image at low
resolution, and, when an acceptable manipulation has
been selected, in a composition mode such that full
processed data is produced representing the transformed

25 image at full resolution.



i n the conposition node stencil data representing tte—transfor med- st

at full resolution is produced. 10 : A sy C
further conprising a background store for storl mm@m m("ﬁ 1!! pre

a background picture at said full resolution;

C@np

responsive to the transfornmed stencil data f or conblnlng t he transfo

| mge data 15 with the background image data to produce conposite

representing the initial inage conbuuyjﬁrth t he background i mage, t
r

conposi ting neans belng operable in the

.-_,representl ng- 2;he If\cfl& é‘é&ﬂ,lﬂ ﬂtiﬂ‘agfiq{ ‘iilm”?tge Wi',"-ﬂeg;?g%gﬁgr fnﬁn

20 data in depen

ce on oW reso U ion~4t eénc

t allh I I
commos! 101 i TR, e dRBTE Bk L ORI
resol ution Stéighéiﬁaié-said el - résoluf&éMStﬂﬂlas PBEEQ@Qng mﬁéﬁg
further conprising a nonitor for displaying fhe |na e represénte y

conposite datFeify arfahyebertdSappiythe Ns@my Procedsing! €6 Mgaterein 5
the transfornmed i nage data represents a portion of the initial i mge.

A system ac Gdteneill idatw)agprtdatdiapplied o saddeiinitial image data

10

15

20

such that in the preview mode stencil data representing
a transformed stencil at low resolution is produced and
in the composition mode stencil data representing the

transformed stencil at full resolution is produced.

3. A system as claimed in claim 2, further comprising
a background store for storing digital data representing
a background picture at said full resolution; and
compositing means responsive to the transformed
stencil data for combining the transformed image data
with the background image data to produce composite data
representing the initial image combined with the
background image, the compositing means being operable
in the PrevieW'mode to combine data representing the low
resolution transformed image with the background image
data in dependence on the low resolution stencil data,
and in the composition mode to combine data representing
the full resolution transformed image with the
background image data in dependence on the full

resolution stencil data.

evi ew node to conbi ne data

encil
aim2,
senting

I erek -
dat a
he

d i mage
t he

e qu
the

6.
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‘the user operable |nput means conprlses a pressure sensitive stylus—and—a—
touch tablet.

10~ 7. A system as clainmed in any precedln cl ai

user.-operabl e i nput neans for producing spati al transfornatl
addr®gsi ng nmeans responsive to the spatial transformation dat a

wherei'n the processing neans conprises a mani pul ator respon 'g WIH Il! |“|

addressing the 15

A systemas clained in any precedlng-ciéDQ) wher ei.n, the processing

. conprises .interpolating means for |nterpolat|ng datd fromthe i mage store
to.produce saig, progesgetendds cPined %in el id St Srdhdd AdHH

“wherein the processi ng ieans ‘further conprises repllcatlng means: - -

operabl e i n sajdmphgebewerddilsp Iaafins HKife t ifaddt fepFesehiedi Bsrerﬂ@fé atl ng
nmeans to produce said |ow resolution transfornmed inage data. 10:
as clained in eb@posBteniatain said 5
said conpositing node to wite said conposite data to said background

store. 11. A nethod of manipul ating inmage data representing a nultiplicity

of picture elenents which together forman initial inmge to produce

mani pul at ed da%a rebrsysten g tlaimed il anylpreEcedisiy oilatim,c whlerednt s

whi ch together form

\

g

5

10

15

20

the transformed image data represents a portion of the

initial image.

6. A system ac claimed in any preceding claim, wherein
the user operable input means comprises a pressure

sensitive stylus and a touch tablet.

7. A system as claimed in any preceding claim, wherein
the processing means comprises a manipulator responsive
to said user operable input means for producing spatial
transformation data and an addreésing means responsive
to the spatial transformation data for addressing the

image store to cause data to be output therefrom.

8. . A,é&stem as claimed in any preceding claim, wherein

the - processing comprises interpolating means for

interpolating data from the image store to produce said

processed data.

9. A system as claimed in claim 8, wherein the

processing means further comprises replicating means

I mge store to cause data to be output therefron1 8.

|§1daeun18

A system
conpositing neans is operable in
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a transforned i mage, the nethod conprising: storing digital data..
representing said initial inmage at full resolution;” selecting a

mani pul ation to be applied to data from 15 t mm:essi ng the
initial inmage data by addressing data in said stmmmmu o

corresponding to the selected manipul ation and for interp8latiny the =
addressed data to produce processed data representing 20 t he transforned
i mage, and wherein during an i mage -p-reéfgﬁw stage only sonme of the data in
the store is addressed and interpol ate Her eby produci ng reduced processed

- data-which | gpbeRbiellflsh fa B OEY ey Hilidl LPLRRITLARS £HE ARERSOGEY

i mage at | ow ol ution, and duri’hg an 1 nage cONPoOSitlon stage, ‘an

acceptabl e ¢RR Antarpylatidy meddis @ Pidfucd l&%!]d):ie%ggﬁaﬁj%ﬂﬂgoﬁs 15 A

produced representing the transfornmed image at fu

method as cl graBdformeld@iifale datal.her conprising storing digital data
representing a stencil at said full resolution, and applying the sanme
processing to said stencil data as that applied to said initial imge data
such that in the preview stage stencil data representing 10 a
transformed 10encAl aystew rasoklnimed siprazleiml 3nd whetbéncasebsi tion
stage stencil data representing the

5 compositing means is operable in said compositing mode

to write said composite data to said background store.

11. A method of manipulating image data representing a
multiplicity of picture elements which together form an
initial image to produce manipulated data representing
10 a multiplicity of picture elements which together form
a transformed image, the method comprising:
storing digital data representing said initial
image at full resolution;
selecting a manipulation to be applied to data from
15 the store; and
processing the initial image data by addressing -
data in said store in an order corresponding to the
selecteé manipulation and for interpolating the
addressed data to produce processed data representing
20 the transformed image,
and wherein during an image preview stage only some
of the data in the store is addressed and interpolated
thereby producing reduced processed data which is

replicated to produce data representing the transformed
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-trénsforned=sfen@il at fuII resolutron I's produced 13 A nethod__
in claiml12, f

urther conprising storing digital data representing a

transfornmed i mage data with the background image data in:r

it N e

background picture 15 at said full resolution; and comwﬂmmnm”u”"“

trans¥ormed stencil data to:- ‘produce conposite data. representrng the N nisti a

| mage conbined with the background i mge, 20

and wherein the

preview stage data representing the | ow.rggahution transforned image

.conbined with the background i mage data in

st.enci'l . -data,

r esol ution trang%%%g”ﬂ&{%%@ﬁ%&%g%@\léﬁggﬁng%gh%ﬁﬁ W&%ﬁé err.fl'u'l"- I

[err] 14. [err
A nethod as
[err] of the
[err] 10
5
"
10
15
%
20

lstlagl . when an O?cepiﬁaﬂlépl ﬂl&h’iﬁmggﬁii:ﬁxr r }Iﬁ% been

In any al ns erern

Een&btla@ fudl

mhmern[erﬂ spati al [err]
the transformed image at full resolution.

12. A method as claimed in claim 11, further comprising
storing digital data representing a stencil at said full
resolution, and applying the same processing to said
stencil data as that applied to said initial image data
such that in the preview stage stencil data representing
a transformed stencil at low resolution is produced and
in the composition stage stencil data representing the

transformed stencil at full resolution is produced.

13. A method as claimed in claim 12, further comprising
storing digital data representing a background picture
at said full resolution; and

combining the transformed image data with the
backgropnd image data in response to the transformed
stencil data to produce composite data representing the
initial image combined with the background image,

and wherein the preview stage data representing the
low resolution transformed image is combined with the
background image data in dependence on the 1low
resolution stencil data, and during the composition

stage data representing the full resolution transformed

is

15.

transfer

é@ﬂ‘3&%&“1i‘¥¥ﬂddﬂéangpreééﬂﬂlﬁQ]

ependence on the | ow resol.ution



.conp05|t|on background [err] 15 18. An el cctraonic [err} —
mani pul ati ng an image [err] picture elenments [err] selec
mani pul ati on, conpriing an imge store for ‘““M““HE \Jﬁ
mani pul ated, processing [err] the stored inageT“m t

t ransf or ned [err] in raster sequence affords ‘'a "t r ansf or med

i mge of reduced resolution for display, said processing neans operating to

calculate the addresses in the inmage. storge which correspond with the

addresses of pixels of the 5 t ransf or med" i mage, said cal cul ated

~.addr esses- Wi SHagl@ Ret ‘EHEBsRend; pr.egiisely. with an-address of the store
each identifying a group of pi xel s of the stored i magé wi'thin which the

correspondlngdggéﬁa@ﬁggdceddress is {pcated;.interpol ati ng. neans which

enpl oy wei ghting 10 coefficients of the pixels of each said group to

cal cul ate the value of the correspondi ng output pixel and a user operable

i nput nmeans for inputting data defining transforns to be perforned by the

processi ng nmepns, A he ‘processi:ng:means: beiang operabte..in a first 15 node
in which transformations are applled to addresses of selected plxels of the
out put i nage dispklyiil at€:t he - PO kbbb b : .
5 15. A method oo claincd in eny of cloire 31 to ..
wherein the trar: Lo 0 dv oo Core
of the d::+.: [ - . ~
L A B O Y : o] TN ‘ ¢
further oo fo iy preds oy
10 data, Wi ooa s f0 rnet e i el din
spatiel - oo e
17. L L0 S L S
compositir - . T ridn

backgrounc : .

15 18. An elcctroric jrece r-nipuvleticon suei ¢ us
manipulating &n irzge culined es ¢ 1l Bl
picture elerente (rivrle) in focordanes i0L 0 e -

selected manipulation, comprising &n imeca store Lo
storing digitail c:le :ropresenoing &R 3L iuo s
20 manipulated, precor:ing noing 100 LoihioaCaalion Cuve wae

the stored image so thet riid trencfornes &



,values of respeotlve reduced resolutlon plxels of the transTorned-Lnag\ and

I n a second node in which -satisfactory transformations ap n said
first node 20 of operation are applied to data of the mw ﬁ
produce a high resolution output inmage. 19. A systemor a ']n ”
sube&antlally as descri bed here|n with reference to the acconpanyln

dr awi ngs.
T RY-—
. inraster ;slec'_;uer-iq.e:f: gffofds_.~a'- j'_1:.J:fan'$_1_'5:.c'>z'lt‘i-e¢;17"'__J'.iu'ac:.;‘:e'-'' of RS
reduced resolution for display, said processing means
operating to calculate the addresses in the image store
which correspond with the addresses of pixels of the
5 transformed image, said calculated addresses which do
not correspond precisely with an address of the store
each identifying a group of pixels of the stored image
within which the corresponding calculated address is
- . located, interpolating means which employ weighting
10 coefficients of the pixels of each said group to
calculate the value of the corresponding output pixel
and a user operable input means for inputting data
defining transforms to be performed by the processing
means, the processing means being operable in a first
15 mode in which transformations are applied to addresses
of selected pixels of .the output image to calculate the
~ values of respective reduced resolution pixels of the
transformed image and in a second mode in which
satisfactory transformations applied in said first mode
20 | of oper;"\tion are applied to data of the stored image to

produce a high resolution output image.

19. A system or a method substantially as described

herein with reference to the accompanying drawings.




