1 A VI DEO PROCESSI NG SYSTEM FI ELD OF THE | NVENTI ON The presendf invention ::
relates to a video processing systemfor use in conbining data representing
afirst 5 vi deo i magé sequence and a second video i mage sequence each
conprising a nultiplicity of-image frames. BACKGRCUND Cr THE | NVENTI ON )
Vi deo processing systens are*known in which video:si'gnals represgyti
televigion pictgre are processed 10 inreal time to produceg2f¥:§£€E39?L%
whi ch the picture appears to be manipul ated i three dinensional space. An
exanpl e of such a system previously manufactured by the present Assignee
(Applicant) enabled the production of effects such as a three dinensional

spin of the 15 picture or a change in the position, size or view
position of the picture using mraavIoeot pROSEsEING ig¥s®EN r acker ball. To
produce these effects a frane of video signals to be processed is witten

to a franestore and a processing circuit responsive to signals set up by 20

t he manual controls determ nes successive addresses in the franmestore from
whi ch successi ve \EXEi DENTHE INVENTION read in order to build up an

out put frane cont ai ni ng t he processed picture. A nonitor is 2
The present invention relates to a video processing

system for use in comﬁining data representing a first
5 video image sequence and a second video image sequence
each comprising a multiplicity of image frames.
BACKGROUND OF THE IN’VE'N'.I..‘_ION
Video processing systems are known in which video
signals representing a television picture are processed
‘10 in real time to produce effects in which the picture
appears to be manipulated in three dimensional space.
An example of sﬁch a system previously manufactured by
the present Assignee (Applicant) enabled the production
of effects such as a three dimensional spin of the
15 picture or a change in the position, size or view
position of the picture using.manual controls including <
' a tracker ball. ' To produce these effects a frame of
video signals to be processed is written to a framestore
and a processing circuit responsive to signals set up by
20 the manual controls determines successive addresses in
the framestore from which successive video signals
should be read in order to build up an output frame

containing the processed picture. A monitor is




ipr.ovided for displaying successive processed frames as a noving picture so
that an operator can observe the effect of his manipulation of the controls
in real time. During each frane period the processing circuit 5 responds to
i ncrenental . control signals set up by use of the manual controls during the
preceding frame. One use to which a system such as that described

her ei nabove can be put is that of transfopmng a flat picture so that it
can be placed exactly over a 10 pol ygon (usually quadril ateral) on

anaqt her piCFUV€?69138&|EodeisﬁQH9QﬁbtEuEEEEB&%e prodessed MARRROE "RE T ON
may be required for .exanple where thé first picture is say a view through a

window and it &Sme9ingePpictudteéiCeot BRati a¥ dh&tdtSr O¥ah dbMdIEAW tHet he
second picture 15 seen fromdifferent positions. Wile it is possible to
achi eve this ressééttusfghibe ndmipnXiatsion bed stisé edontolsir @nprosal cal
probl ens because realistic superinposing of the first picture will involve
a conbi nati on biméhr eBudingneachafrapenperdodh&hgeprovedEingasitcwit si ze
and point of view of the first picture. Another video processing system
currently Sranutesponds by tincnemendial contpek sigphlsaser apd bkiolwsender
the trade nanme "ENCORE" is_described in our European Patent_ Application,
Publ i cati on Noof otbgamanyajiscongrglsofnEipanhsgPrecefing fixa®ions in the

United States of America (Serial . 159, 780) and. Japan
One use to whggh a system such 86%that described

hereinabove can be put is that of transforming a flat

\_/ picture so thap it can be placed exactly over a
10 polygon (usually Quadrilaterai) on another picture to
build up a composite picture.  Such a transformation

.may be required for example whgre the first picture is

say a view through a window and it is desired to place

the first picture over a window in the second picture

15 seen from different positions. While it is possible
o to achieve this result using the above described
syétem there are practical problems because realistic
superimposing of the first picture will involve a
combination of three dimensional spin and . changes in

20 position, size and point of view of the first picture.
Another video_”p:oceSSing system currently
manﬁfactured by the present Assigﬁee (Applicant) and

sold under the trade name "ENCQRE" is described in our
European Patent Application, Publication No. 0,283,159

25 and corresponding patent'applications in the .United

States of MAmerica (Serial No. 159,780) and Japan



"3 No. 162099). In the inmage processing systens dese€ribed in thése -pat’eéht -
applications neans are provided for representing the addresses of at |east
four reference points defining corners of a polygon notionally 5
projected onto a view ng screen. User operable control input neans
enable the wuser to produce selected adjustnent of the addresses to
cause the reference points to define the corners of the polygon projected
- onto the screen after novenent of the polydon in three 10 ~ di mensi ond]:”
space, and transforninganeans transformthe addresses of._individual pictQ?

el ements whi ch Nakel8p089V+ debNpFRe #1B2Y BEOFBSEANTeSYREPSIdesErdRad (0
movement in thrs HARAR | BAEENE, ALLCRt IO0S" M) 5o PrARAed | Fohi ¢
can be def i ned ESPEEURRYLPHo 6 AFTGISHR BF Aindd4rs cEPURHEERT<BS gon
o 20 O qElRRES, HeriHid So¥heds PEETTH Ho1yGBHC hBrydRaliy NeTS
Posar bre Yo pi PECIPHESHILRLE o S1K0MG Sorebhl Bk BbRTaARIcHRERY
I mage to producgnpu€OnibhAgd VendblieTBdhe user to produce selected
adjustment  of ' the "addreééés' to cause the reference
points tO'defihe the cofné:s'bf the polygﬁn projected
onto the screen after m6§emeht-of'the'poiygon in three -
10 dimensional space, and'tfaﬁ$fofmfng héans:trénéform the
addresses of indiviaﬁai_piéttré:éieﬁents which make up
. a wvideo piqture.so'ésﬂtd éausé thé'video picture to
appear to be'projéctéd'onﬁé the'viéwiﬁg screeh after
undergoing Fhe-same'm¢?§ménh'in thfée'dimenSichal space
15 as the polygén. Thus,"in'this'image'prOCQésing system
a three-dimehsionalht;gn51aﬁibn'cf_a vided picture can
be .defined by -mov:f_L_rig f.he corners of an ori'gin_ally
rectangular .pqugon _.rgp:ééenting:' corners :ldf aﬁ N\
originally rectangﬁlar' image  tp :the.'éorners of a
20 quadrilateral - represeﬁtiné'” the image screeh in
perspective. fhis 'tg¢hniqué' is'_known' as "“corner
pinning" and makes it'stSib;e tO'pin'a'Video image over
say a window defiheq in another video image to produce

- a combined video image.



‘4 \Wilst this system provides satisfactorysresults iD conbrhing t'wp isfrages
when the position of the insert pigture -rengins substantially fixed,
‘difficulties are encountered whenthe position and shape of the insert 5
picture is required to change fromone frane to the next in the other video
picture. This is because the‘user is free to define-the shape and novenent
of the polygon in three dinmensional space but is unable to relate these
paranmeters with particular.frames in the twa pictures. 10 As a result
unwanted artefacts, in the“formof a visible boundatry between the insert
picture and the.other picture or flicker for exanple, nmay appear in the
conbi ned video picture. In such cases the conbined picture will be
unacceptabl e. 15 ¥higststhip sYSARRPIOVINEs sRYEsfagtony resad tshiact

of the invention to_prqvide an 1%oved vi deqQ processing system |t is also
an obj ect of theCPRPARLNGN HWP pIBRIFEE ¥REPNIT BO%1 bR pPEc SNE ngnspEtem
I n whi ch unwant ed.Z% artefacts dotnoé.aggear .dn.a %j&? 11_’1 deo
pi cture. 5 AcBOPEG F&Wsa_s%‘é%? BE-4 ne&HERen ProvREEd a
video processi ngeﬁ&%’hﬁ@e}%ﬁ \"ﬁi%r{ '\:r?&@éé‘i@ﬂon and shape of the insert
5 picture is required to chang'é from one frame to the next
in the other video picture. This is because the user is
- free to define the shape and movement of the polygon in
~ : ‘three dimensional space but is unable to relate these
parameters with particular frames in the two pictures.
10 As a result unwanted artefacts, in the fom of a visible
boundary between the insert picture and the other
picture or flicker for example, may appear in the

combined video picture. In such cases the combined

picture will be unacceptable.

- 15 OBJECTS AND SUMMARY OF THE INVENTION

It is an 6bject of the invention to provide an
improved video processing systemn.

It is also an object of the invention to provide an
improved video processing system in which unwanted

20 artefacts do not appear in a combined video picture.
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image frame:definingithe_image as a multiplicity of

pixels each located in the image at a unique}address, to

create data representing a . composite video image

se_qilence_, the system _c_o_;ﬁpr’isi’ng‘- a display means for

‘displaying én image; user operable means; selecting

means responsive to said user operable means for

selecting in turn each frame of said first video image
sequence for display on the display means and for
selecting a corresponding frame bf the second video
image sequence; defining means responsive to said user
operable means for defining on_eaCh displayed frame at
least four reference points representing corherélof a
polygon in three dimensional space notionally_projected
onto the frame displayed on the display means, the
polygon identifying the' desired position of said
selected corresponding f:amé of the second video image
sequence; transforming'means_for transfbfming addresses
of pixels in said selected frame of the second video

image sequence so as to cause said pixels to represent

the frame as projected onto the

&/



position in three dinensional space as the polygon: -and condi ni ng medns for «'
conbi ni ng data representing the transformed:sel ected frane of the second

vi deo i mage 5 sequence and the ‘selected frane of the first video i mage -
sequence thereby to produce @ conposite frame of sai.d conposite video image
sequence. In an enbodi nent:of  the invention, to be'described in greater

detail hereinafter, the user operable neans 10 conprises a stylus and
touch tablet conbination, per:se well known, &which.i.s arranged to enable
each sf the reference points.to be defined individually. _This feature

enabves the user ¥eAmesidispiaved penyddie 6ispdpy: Meangs TFam| Hhey 8ANLhe

di splay screen precisely 15 .. _at the desired |ocation {n_the frame of .the

second sequence, Qﬁﬁk%lgg %PéEp%ﬁ%d#%Eﬁﬁﬁiﬁp? SRR 37, the BAL¥EORfeand

transforned frame_of, the first sequence is 10.a .. ln_order

facilitate the corPiRIRY"Ss “’f‘ﬁ}ﬁag?%o coﬁ*%%ngf;ﬁ%rﬁe%' eﬁ?é‘%g'%ytﬁg

%f’ipt ed to creat et;?anszrﬁgat L—%'lﬁ'&%%e £ UmE26E lsbohBRe %f&bef‘fﬁ?ge
ich control inmage is Used by the conbi'ning nmeans on a pl xel -by- pi Xe

basi s 10 CItr Ol 10ga6AElI dndGHY deivchld! iraie® bf ERE £12ER $8debonsighd
second seguence rane. The use of ‘a control image, or stencil, 18
sequence thereby to produce a composite frame of said
composite video image sequence.
In an embodiment of the invention, to be described
\/f - in greater detail hereinafter, the user operable means
10 comprises a stylus and touch tablet combination, per se
well known, which is arranged to enable each of the
reference points to be defined individually. This
feature enables the user to positioh the polygon, or
‘'keyframe, as displayed on the display screen precisely
15 at the desired location in the  frame of the second
sequence, which is also displayed on the monitor; at
which the transformed frame of the first sequence is to
appear. |

In order to facilitate the combining of frames,

20 the transforming means may be adapted to create a




1

per se well known in the general art of electronic graphic systens and
enabl es the systemto conbine data representing the two inmage franes in
accordance with a weighting factor defined by the control imge data. 10

In the present system the control inmage data is nornally such that
selected pixels in the frame of the second sequence are replaced by

pi xel s representing the transformed frame of the first sequence. Means may
be provided for displaying a 15 representation of the polygon as

proj ect ed Onbgnﬁ:&‘éldifrﬁéx?é’t%@&e%éﬂefrﬁm@ SPf a¥gd fée%iﬁ’erﬁie,saﬁﬂiéﬁcwd:&“ :
a e

vi deo sequence to facili e positioning of said reference. points.

conbi ni ng t WeonkEod SEMEGECHS t hsedPeht AtheM cbmbiniRlg Ymé&Asi Ich t Re frane
to be 20 i'nserted to conpletely replace a feature in the other frane. .
Since the shppzedriyppdixiellorbadis htof eminttrbethg ceopbdednhgridf thet [ikely
change fromfrane to frane the user will require a nmeans by which the shape
and positi onsafdt hergosiopneda framer canid | hedj saidd sEgondesoguancee frane .
and the next. In order to facilitate access to each frame in__ 8 the
sequence8 t hEraperem Fhp Mfe hef @ongeptEchulimager agx mtenciln LBe form
of a disc systemfor exanple, for, staoring said_video sequences which

storage meanBefs s well 'known in ‘the eneral art of electronic
graphic syéteﬁs and enables the system to combine data
representing the two image frames in accordance with a
weighting factor defined by the control image data. v
10 In ﬁhe present system the cqntrol_ image .data is
normally such that selected_pixeis“in ihe'frame_of the
second sequence . are replaced_by-;@xels_répresenting
 the transformed frame of the first sgquénce{ .
| Means may be. provided for displaying a
15 represeﬁtation of the polygan as_projected.onto the
display scréen over a displayed.fxame of said second
video sequence to facilitate positioning ‘of said
reference points. When combining two video sequences W
the operator will normally require the frame to be |
20 .inserted to completely repléce a feature in the other
frame. Since the shape and position of the feature
being replaced will most likely change from frame to
_frame the user will require a means by which the shape
and position of the polygon_may'be readily adjusted
25 between one frame and the next. B

In order to facilitate access to each frame in



«adapt-ed to deliver individual frames of said first and 5. s> secand i deo:
sequences to respective .first and second frane store neans via respective
buffer nmeans. Once a conposite video sequence has_been produced, or indeed
once each frame of the conpusite has been nade, tfhéoperator nmay w sh to
preview the newy created:10 conbi nati on and f-this end the system nmay
be arranged so that the conbining nmeans is operable in a preview ng node
for enabling the conposite. video sequence togbe previewed by the user
Wi tRout committing to the conbination of the first and transforned second
vi deo 15 i mgthes egeepuancdsicthley sysbémngnaye furdheior camprisel bulkes
I n said second sequence to be adjusted by the defining neans in response to
user operation ofsteragesseanserinltherdarm ofuat Adsci sustensfandexampheages
of the invention, 20 together wth those abovenentioned, should
bﬁgone cl earer friaw cakering Said videpssepaanres Wich PEPHRISI MGANS 1s
enbodi nent of the invention that is given. hereinafter with reference to.the
acconpanyi ng draﬁ%@eﬁﬁﬁﬂ%BmngﬁvéguﬁE%%ﬁﬁv&f Z%al‘;‘ Eirst #Gur e
stem 9

el ng Hhane ASSat) REags saiurpsips R foBHebBabl° LGRS Und "YEB5AHE

frame store means via respective buffer means.

Once a céﬁposite video sequence has been produced,
or indeed once each frame of the composite has been
kvj made, the operator may wish to preview the newly'created
10  combination and to this end the system may be é:ranged
so that the combining means is operable in a previewing
mode for enabling the compdéite video séquence to be
previewed by the wuser without committing to the
combination of the first and transformed second video
15 image sequence, theréby enabling the trénsformation of
frames in said second séquence to be adjustéd'by the
defining means in response to user operation of said
W, user operable means.

Further features and advantages of the invention,
20 ‘together with those abovementioned,' éhould become
clearer from consideration of the detailed description
of an embodiment of the invention that is given
hereinafter with reference to the accdmpanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

25 Figure 1 shows a video processing system



Figure 2 shows a typical polygon being nmanipul ated using the
processi ng systemof Figure 1. 5 DETAI LED DESCRI PTI ON OF THE EMBODI MENT A
vi deo processing system exenplarily enbodying the present invention is
shown in Figure 1 in which video i mages are displayed on a television-type

col our nonitor 10. The systemis controlled by an inmage 10 mani pul ation
processor 11 and a video storage prqcessor 12 each responding to
commands from nanual |y operabl e control ans i'n the formof a pressure-..

cemr 1o UYL Aoy kSR B oA PR RERE 2BF 7L

defining the of, ; lon_oay be di splayed on the nonitor screen
10. These-fo%%f?gigge%cgogghégé ggg'shomn*in Fi-gure 2.of the acconpanying -

drawi ngs as cor nerﬁ_gid‘{ﬁ_.é, 2,23 agfotrt 4e€s __iggl_corm%ggn& Cf,@fn,qu of a

20 rectangl’'e 5 shown in broken lines. The rectangle S representS a-
boundary on manip8hi8¢ed GBing ¢he’ ProResRity syt iseoriguse PLoj ected
on a viewi ng screen. - Initially the boundary represented by the rectangle

-5 may coisci (BEMATREDNBESCRIPTION OF MWIE EMBCUIMENE!een though this is
not necessarily the case.. Further operation of the stylus and touch
t abl et 10 A video processing system exemplarily embodying
the present invention is shown;in Eigure-1 in which
video.images are displayed on-a-ﬁélevision-type colour
monitor 10. '_I'hé' system is CQl:ltrQ:]_.:led_ by an image W/
10 manipulétiqn'.progessor 11 and a video storage
_proceﬁsdr 12 each reSpcnding to commands from manually
operable conﬁrol 'means. in thg_ form of a pressure
.sensitive stylus and touch téblet combination 14. 1In
response to oéération of the stylus upon the touch
15 tablet at least four _referénce points defining the
corners of a polygon may be_displayed on. the monitoxr
_ screen 10. These fou;_reference points are shown in
~Figure 2 6f fhe accompanying_dﬁawingg as corner pins | w
1,2,3 and 4 at respective corners. A,B,C and D of a
20 rectangie 5 shown in broken lines. ‘The rectangle 5
represents a boundary on a television  picture
repiesenting a video image projected on a viewing
screen. Initially the _boundérf represented by the
rectangle.s méy coinciﬁe with the edges of thé nmonitor
25 screen though this is not necessarily the case.

Further operation of the stylus and touch tablet



iconbi nation 14 will effect selective adjustment of the pol ygon address
signals to define new pol ygon address signals. Corner pins are selected by
noving a cursor displ'ayed on the nonitor screen over the desired pin 5 by
way of the stylus and touch:t-abl et conbination. Onge sel ected, further
movenent of the cursor wiill: cause the sel ected cotner pin, for exanple pin
A, to nove. Wen corner pin A has been ngxpd to the desired position A the
stylus and touch tablet can.be used to 1 f ix it in that position. The

corngd pins, Bidmseithid e e14oyerh torpast t £806cBivE a@jubbmdnt B ahdmanner
to gefine a new polygon 6. Returning now to Figure 1, "once the new position

of sthe corner goXlyggdh , #ddfesd sagdallutd Refigve Lhew polygon sdapress have
beén defined the mani pul ati on processor 11 is arranged to cal cul ate the
nature of a tsialsensCornbrmpiase drefsdlertad dynahovingaagcursoas
described in our abovenentioned patent applications so that when it is
proj ected backismplayedtbr theo rthitall necxséenabverevihey deskeedi tpiins seen
as the newy defined pol ygon 6. Once this cal cul ati on has been perforned
t he same t& andir wavi f | $hehaestykes uead ockoutk \taddet r gnmbivatgdon.
transf or ned. Pi xel s_at every address of a video frame are nanipul ated
usi ng known 2%nce c8rAr§ked anfurkberhmovaRa ffcdtheaRURFOr wmiddi de a

proj ected picture which has undergone the sane .
cause the selected ‘corner pin, for example pin A, to

nmove. | ‘When corner pin A has been moved to the desired

iv/ position A’ the stylus and touch tablet can be used to

10 fix it in that position. The corner pins, B,C and D

are moved to positions B’,C’,D’ in a similar manner to
define_ a new polygon 6.

Returning now to Figure 1, once the new position

of the corner pins A’,B’,C’,D’ and thus the new

15 polygon shape 6 have been defined the manipulation

.p:r.:ocessor 11 is arranged to calculate the nature of a

three dimensional movement of the original rectangle 5

‘as described in our abovementione4¢patent applications

so that when it is projected 2thk onto the two

20 dimensional viewing screen it .'LS seen as the newly

defined polygon 6. Once this caiculation has been

performed the same transformation is then executed on

the video frame to be transformed. Pixels at every

address of a video frame are manipulated using known

25 techniques and the thus manipulated frame will provide

a projected picture which has undergone the same



" A novenent.in three dimensional space as the pol ygol 6 The mans pubat &
frame is introduced into a second or background franme and thus an
originally square first inage frame nay be introduced into a window of a 5
background i mage frane and shown in perspective. Video image mani pul ation
I's repeated by way of the corner pins or a frane-by-frane basis for all
video frames to be manipulated in a video clip, i.e for all frames in the

vi deo sequence to be conbi ned. The shape afi the fram ng 10 pol ygon 6 ~-
hereinafter referred to as a "keyframe" may change fromvideo frame to "‘\- ;
frame and thusme |#héi'@@omwnmltﬂea@%essntthm\mitymeﬁabl e&
the conbining of a first. video sequence of, . frames. (the "insert" inmage cli p)"j,_
with a second \ﬂ%om%’éﬁﬁgﬁégegf frame Frd-ﬁé’é’-"{dtq?@d bHé'T@rBurﬁ?‘cqnﬁlg@rcl i p}f: =

\lI)VItEOUt ngt!ce bl artef %g@&\? cF'%il ﬁhggu%réf he insert, agga
|2Cdlgggrgye:jnaEach fr%rre |On th © %e(ra §8 SI I Psl,S stored thge a
system g}‘ Fi ]gurlén eoy thg i’?#’é 'gcﬁgraﬂ'r?fe? ﬁaH&F‘&""’g. §€ s§stem
1

faCs.pzegz?gng%%kg%cg@%%e%#%ﬁ.ﬁﬂ% ip B RIS

image manipulation is repeated by way of the corner pins

or a frame-by-frame basis for a_ll ‘video frames to be
manipulated in a video clip, i.e for all frames in the _
video sequence to be combihed; The shape of the framing U
10 polygon 6 herelnafter referred to as a "keyframe“ nay
| change from v:Ldeo frame to frame and thus t;he system in
accordance with the present iriirentioh enables the
combining of a first video sequence of - frames (the
"insert" image clip) with a _SeCOnd video sequence of
15 frames (the “ba‘ckgreund.“ i-iuaée 'c'l_i'p) Withouﬁ"neticeable
artefacts (i.e. any boundary betvieen. the insert and
background ' images) beihg 'obeerired when the resulting
conbined iride_o image is éispiay_ed. | | V
Each frame in the insert video clip is stored in
20  the system of Fiqure 1 by means in the ferﬁz of a
parallel transfer disc system 15 capable of real time
‘operation at video rate. - Det‘ails’ of a disc :systez.n for
" video signals are described in our United staﬁes Patent

No. 4,688,106.



12 Alternativel y a solid state s'.t.-;br"-"égé,_-d‘-'e'v_i'_'fce may be used such a our own
solid state storage device sold under the trade mark "CAROUSEL RAMCORDER'.
The disc system 15 (or a second CAROUSEL RAMCORDER) al so stores frames 5

of the background video clip.: Each frame of the_.insert inpge is

mani pul ated and after each fi¥anme of said insert image has been nani pul at ed
it is stored in a second disc storage sys{gm 16. . The manipul ated insert
i mge, frames and the sequence of background 10 :. i:hage frames nmay then be

pl aged in sync ' NGl gakoYi eQ +Lale : , S
being cormbi _nedﬁ%‘i%ﬁﬁ*e%‘f’ ﬁ89d§3?8§?§7 Seadel Fstﬁrfﬁ Bovlidd Wiy M S

i mge on t he nBachol Hur Nt 8B2SH! iRAlte $£8PB§eOleviBel BRAW WridEE are
15 supplied fromthe disc system 15, via a first storage franme buffer 18

to a manipul atthe trafge waekagTAROUSEL IRAMCORDERECONGhandidd Hyskdmane
storage buffer, referenced 20 and 21 respectively, are also provided which,

i n conbi nati onlsv {brsaosaegendir CAROYSEL] RAMGIORDER) alsystistorks ahwhred f er
18, may form part of a system manufactured by us and sold under the trade
mar k "HARRY" Tof nehe pbagskignoundanvideor agkipevi cEath i firhmdesofiedtdse f or
storing data defining two keyframes 6 for 25 two video franmes so that a
keyfrane 6 nmayipgertadmagsenm bsf mesipnigitedeand, aftem gaghdframe tokn

witten to . . , . . .
said insert image has been manipulated it is stored in

a second disc storage system 16. The manipulated
\/ insert image frames and the sequence of background
10 image frames may then be played J.n synchronism at
| noﬁual video rate, or less, the two sequences being
combined by a keying device 17 and displayed as the
- combined video image on the monitor 10.
More specifically frames of the insert image are
15 eupplied from the disc system 15, via a first storage
f_rame buffer 18 to a manipulation frame storage device
19. A second and a third frame storage buffer,
referenced 20 and 21 respectively, are also provided
which, in combination with _Storage processor 12, disc
20 system 15 and buffer 18, may form part of a system
| manufactured by us &and sold under the trade mark
"HARRY" .
The manipulation frame storage device 19 includes
means for storing data defining two keyframes 6 for
25 two video frames so that a keyframe 6 may be read from

a first store means, manipulated, and then written to

A
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13 a second store neans. This process may then be repeated interactsiyelly so
that the once nmani pul ated keyfrane fromthe second store neans is '
mani pul ated again and the new data witten to the first store nmeans. Each
tine this 5 process is repeated the new keyfranme is displayed on the
nonitor 10 over the background image all ow ng the operator to repeat the
process until he has achieved the desired result, i.e. until he matches the
keyframe to the desired area in which the tAsert video image is to 10 - %
appear. I nsert image pixel data frombuffer 18 is witten to store 19*Eﬁ-
conventional radt SPCBPHcFLORBcReRAS - c TR ES | PRACESE May ithen hehyepeaatad a
wite address generator .22 supplied over a wite address bus 23. Simlarly

wite and read ABGPTASEIVEY F%etgﬁﬁr%% qnce marypylated kenframe from
Vani pul ati on of CPRoSPARE PECEENAEREF By PEMIFI A9 AZdn And Bha h
Co derive 20  Ge¥8, Rikketvdiond 1L HUEL RORRE Phken RififRita N0
Addr ssesare BB Srare onchn £ e bk ey Rl 1l iRRe O the
monitor 10 over the background image allowing the

operator to repeat the prﬁcéSSiuntilyhé'hés achieved the
desired result, i.é, until he matches the keyframe to :
the desired area in which thé_inseft'vided]image is to'_ﬁsj
10 appear. Insert image plxel ‘data frém buffer 18 is
written to store 19 in cqnventioﬁal raSter:order'under
' the control of addressing signéls from a write address
generator 22 supplied over "a'.'. write address bus 23.
Similarly write and read éddreés'es for the storage
15 buffers 18,20,21 are generaféd by the storaéé:préceSSor
12 and supplied over an_éddress bus 24{' |
Manipulation ¢f thé image is achieved.bylfeading
the data in a different order £0'thaf in which it was o/
written and, where'nece;sary;.interpélating to derive
20 = new picture points. An example of this method of
manipulation is _describéd in Unitéd' Sfafes Patent .

4,437,121. Read addresses are therefore generated by a

‘read address generator 25



-14_aha suﬁplied. to a read address bus

circuit 27 whi
in a different
transform ng ci

26 ¥ia an address transform ng
ch transforms the: read addr esses so that the data is read

order. The nature of the transformation performed by 5 the

rcuit 27 is calculated by the nmanipul ation processor

in response to newy defined polygon address signals fromthe.

stylus/touch tablet 14,,
In operation, the first frdne of the insert videoiinmge,

15 ‘apd suppl i ecand suppdied #oa & reedbaddsessgbusTiié rekal asdagdsress
generator 25 generates read signals at_video rate which are used to drive
the transform rfgransEFming %‘%#‘hns? mwhwtra&snfem The

read addresses r ansf or med n. ac e W th insiruction
atﬁ‘%%%%? b 8 bE® r E&F % ot rﬂlaallffﬁr"iﬂ eo

mani pul ati on pr

romt

es . a%i kg2

11

whi ch instructs tli4e transforn1ng circuit 27. 10
is read fromdisc

S

he out put Tr o RTEN | 41B0HE ‘ciaféb%ef“at%ﬁg Branfethitich JplrifiRed e o

(not shomm) to

|t 8 y
our aboverrent [ oérgéd ropean]];gL P ’T%aﬁn%n Ub|%I clytﬁ?'oan@% q%sZég

and is arrangeq,d.0;
to produce a conb

I deo s gna Ich 1S output
defined polygon address signals from the stylus/touch

tablet 14, which instructs the transforming circuit

27.

- In operation, the first frame of the insert video
image, is read from disc 15 and supplied to store 19
via frame buffer 18. The read address generator 25

generates read signals at video rate which are used to

drive the transforming circuit 27. The transforming

W/
10
15
N,
20
25

circuit 27 outputs read addresses transformed in
accordance with instructions from the manipulation
processor, causing store 19 to be read continually at
video rate. A thﬁs transformed insert video signal is
output to a combiner 28, the output from which is
supplied via a digital to analogue converter (not
shown) to monitor 10. The combiner 28 may be of the
kind.described in 6ur abovementioped European Patent
Application Publication No. 0,283,159 and is arranged
to operate on video éignals from the stores 29 to 31
to produce a combined video signal which is output for

display on the monitor 10. The combiner 28 is

din

, 159
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display on ‘the nonitor 10. The conbiner 28 <%ist . 15 conditionet to
superi npose keyfranme video signals fromthe keyfrane store 29 onto insert
video signals fromthe mani pul ated franestore 19 or onto background vi deo

signals fromthe background framestore 30, and/or to 5 superi npose the
insert video fromframestore 19 onto the background video signals from
framestore 30 under the control of a stencil in stencil store 31.
The background data can be conblned with t¥e keyframe data and - displaygd..

This enables the_ user see 1Q mani pul ati ons_of the keyfrane o,:
t he display anchﬁﬁétFGnﬁ9v§°tﬁ@ﬂﬁﬁﬁﬂﬁ%ﬁ? #ﬁﬁﬂ9yv+4%°sﬁbﬁéa§§ from it
bounds the area t he _background wher e the .i serL [ e is to :
appear.  Addi | srrwfrﬁee FEsre dd PR igoalt gromethe
onse omman gen rated

nbi ned d di h
E; o:ongat ?gn o:‘agﬁ ?ﬂﬁt&é ;J gﬁ%‘ﬁ‘*?ﬁBFSt 1'rratolnt’j"r‘\’ 15“5 BEOPYyulVare
ot her preferred igﬁais'¥§6 aﬁﬁe'Eagkﬁgtﬂﬂﬁrggéﬁg%égre 5§%V 1§ﬂ§ f the

background vi deB by "a dreSS|ng orage

si ze and ghape ffgﬁgg
necessar y,§ aPrd tgﬁgg? %r anme oéééﬁg ‘{Jsrrqséeé]?ﬁ\./tlﬂdjeo cli &*‘éf Ll%t @%of g?‘r?ed SO
that it fits w babﬁg&mnaamﬂéoatﬁbxk@yé rﬁﬁBm fﬁeels,%frearﬁm 2§iHAESS thlegnal s

may be further
control of a stencil 1n stenc11 store 31. The

background data can be comblned w1th the keyframe data -
and displayed. This enables the wuser to see
10 manlpulatlons of the keyframe on the dlsplay and thus to
move the keyframe and.modlfy its shape so_that it bounds
the area of the baokgronnd'image-Where the insert image
is to appear. .Additionaliyr the'insert-data:and the
kéyframe data'oan be conbined and displa}ed; Thus, in
15 response to a oommandlgenerated'by operation of the
stylus/touch tablet combination 14 a rectangular, or
'other'preferred:shape, kerrame'is dispiayed_oﬁer the
- first frame_of the baekground rideo clip.by addressing o/
- the kerrame storage device'2§.. The size and.shape of
20 the keyframe is then adjusted by the user, if necessary,
and the flrst frame of the 1nsert v1deo Cllp, is
transformed so that it fltS w1th1n the man:r.pulated
keyframe. The keyframe address s1gnals may be further
manlpulated as descrlbed .above caus1ng a 51m11ar
25 manlpulatlon'to be performed on the 1nsert 1mage bounded

therein to p051t10n the insert




mani_pul'ated as “described above causing a simlar 25 mani pul ation
to be performed on the insert inage;bounded therein to position the insert
16 image exactly at the required location on the background inage.

It should be noted that as abovenentioned the insert inage in store 19,

mani pul ated for insertion 5:into a scene, can be conpared with a frane
fromthe background video clip to enable t I nsert image to be positioned
exactly. To this end, the,j;_. ixst frame of the scene-clip is therefore
tradgferred to Lnidgae biagL By orage gRYi Ceedlifredm dickatifor| ach! ahe
buffer 10 21. .. The position and shape of the keyfrane al so defines an

ei ght bit stencidackgniid dmdgege stored in a stencil frame storage device
31. The stencil imge fromstore 31 is used to control the conbining of
the insert inmage froriitst sheul@ vibé h ndtedathgtoursl abovemmg@e driedn sher e 30
in the conbiner 28 as is well known by simultaneously addressing stores

19, 29, 30 and 31 imsestt r imagehdn nayerdatld ,f onanipblatedorfandidsepitdyn

Wth the nmonitor 10 showi ng the conbi ned i mage the abovenenti oned _

i nt eract i ve Smanii@Hcat@ oscenez0 can heek epmpaxedcorith addmemeesfxrempadsi bl e

until the mani pulated insert_ inmage is correctly positioned
. background video clip to enable the insert image to be

positioned exactly. To this end, the first frame of

~the scene clip is therefore transferred to a scene

\ frame storage device 30 from disc 15 via frame buffer

10 21. The position and shape of the keyframe also

defines an eight bit stencil or control image stored

in a stencil frame storage device 31. The stencil

image from store 31 is uséd to control the combining

of the insert im'é.ge from store 19 with the background

15 image from s'to:&e 30 in the -. combiner 28 as is well

known by simultaneously addressing stores -19,29;30' and

31 to extract the image data for combination and

display. With the monitor 10 showing the corﬁbined

image the abovementioned interactive manipulation of

20 the keyframe corner addresses is possible until the

| ~manipulated insert _image is correctly positioned
relative to the background image.

Once the operator has performed the required

manipulation on. the first insert image frame, the

25 insert image data from store 19 and the corresponding

stencil data from store 31 are written to the second



k) '

relative to the background i mage. Once the operator has perforned the

Tequired mani pul ation on the first insert inmage frane, the 25 I nsert
i mpage data fromstore 19 and the corresponding stencil data fromstore 31
are witten to the second di sc storage system 16. The.systemis now

ready for the next video frames of both the insert and the background clips
which are read fromdisc 15 and suppliegd4to stores 19 and 30 respectively.
If the 5 area of the background inmage into which the manipul ated,-

imge is to éfsbn%&raﬂwaéya@émchengedmb@t ¥o8Beh’ ABEHWePeddg oW rar

defined for the previous franme nmay be called fromthe keyfrane store 29 énd"

“used wit hout ther thekt mogidés atfiraines UEvep6th lthe tiise¥reaapld t Rfe
background clip nmay have changed and therefore the address signals defln]ng-

the keyfranebaakgreqndr ecibpsf i waichn. are Thiteadrodidrc adii@e cas bandade
interactively by noving the corners of the keyframe on the display to
define a ne\/\suppén.edwmoswresf rafe aqnbs'Bﬁl aespemtivdly . curifenthevi deo
frames as described above in relation to the first video franes. Once
modi fi ed5t heakepf r e dbhe | Packarcynddi ipagre pgmsent whigahe othehe
insert image and to create a new stencil for use in conblnlng t he thus
modi fied i ns’é?%lEBlat?ﬁlagH"ﬁg%trrésarﬁPt ke danseptrmhdhpamet ghangsdified

.between frames then the keyframe'- 6 defined for the
previous frame may be calléd from the keyframe store
29 and used without further modlflcatlon. HOwéver, ‘&/
10 the area of the background cllp may have changed and
cherefore the address signals defining'the-keyframe
may require modification. - This modification can'be
made interactively by moving ﬁhe corners bf"the
keyframe on the.display to define a new.insert video
15 frame position for the fcurrent video -ffames as
described above in relation to the first video frames.
Once modified the keyframe data is used to modify the
present frame .of the insert image and to create a new W,
stencil for use in combining the thus modified insert
20 . image frame and the background frame. The modified
insert image frame and its corresponding stencil are
written to the second disc sﬁorewls.' This process is
repeated for each frame in the video clips until the
end of both clips. |
25 The second disc store 16 may form part of the

manipulation side of the system, having many



7i nsert |nage frame and its correspondlng"sten0|l are witten to the second
di §C store 16. This process is repeated-for each franme in the video clips
until the end of both clips. 25 The second disc store 16 may form
part of the mani pulation side of the system having many 18
simlarities to the system nmanufactured by the present Assignee and sold
under the trade mark "ENCORE', and may thgrefore be replayed at video rate

to show the manipul ated clip, However the conbU'§; 28 may also 5 pass
t he,ani pul at ed; 189G s¢liids feaoreh@ $ystlm HMhatiddtdd HyRHoYbaLed
stemcils, to keyer 17 mhlch al so reCeives, I n synchroni sm dat or the

background cli Rslsigmed Hndlosyid QHbker t%b IO PRA kO™ ERUDREEN §RQ 2
previ ew of the conbined image running in real time. 10 He may al so freeze

the conbined i mage tierulor®i bé wepllaged it ovidbowddtalows ighow dehet 0
check that the manipul ated image is always in its desired position, and not
flickering or mamdipndatedefalip, albwevemethesaombimedt f 28amayofalbe
mani pul ated insert 15 - frames. Once the operator is satisfied with the
conbi ned i fagepasise therbinasdpidagedddimnegat plipf faorkegbscl16bpayabengritten
to disc 15 Viaﬁ&%%niégﬁgéiigﬁaégghtgﬁgncils, to keyer 17 which also
receives, in synchronism, data for the background clip
from disc 15 via buffer 21. The Qperatd: can then see
k/ a preview of the combined image running in real time.

10 He may also freeze the combined image at any point in
the clip or slow it down in order to check that the
manipulated image is always in its desired position,
and not .flickering or showing artefacts, and (if
nedessary) modify any of the manipulated insert

15 frames.

Once the operator is satisfied with the cémbined
image, the combined image data output from keyer 17
may be written to disc 15 via frame buffer 20 and the

+ system made ready for creation of the next effect.

20 In an alternative configuration store 16 stores
manipulation instructions, which are transferred to
the transformation circuit on a frame-by-frame basis
to effect image manipulation in real time. The disc
storage system 15 may ohly be capable of transferring

25 one video «¢lip in real time and therefore

manipulations may be defined by reading a single frame
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system made ready for creation of the'next effect. 20 _ & Inahs . *%
alternative configuration store 16 stores mani pul ati on insfructions, whi‘ch
are transferred to the transformation circuit on a frane-by-frame basis to
effect iimage mani pulation in real tine. The disc storage system 15 may only
be capable of transferring 25 one video clip in real tinme and
t heref ore mani pul ati ons may be defined by reading a single frane 19 from
store 19 for each cycle. The present inverk9on therefore provides a system -
for corner pinning a noving insert video clip against a noving backgroqgg#
video clip infremi skorg ifcfon emch cymkepectives are required ‘
t hr oughout  the CILE. Furthernore, in addition.to a static frame-by-frame
test, the operator ndfeaPs¥§sedt inyendrion khenefore provideshat syisten
pr ogr ammed effegt generates.thg reguired i 'L usion without artefacts. 10
Havi ng thus destPFbhERTRRE BIBBLRE RnPeNingnipgerts ¥idaeecilipaapgrinstr ad
enbodi ment it i ~pe-ywel L _understood. that the eipbodi nent in_question is
exenpl ary only %ﬂgg?ﬁatwﬁﬁ%ﬁﬁo one 4R vEMHR i dfs HRiFhs diffezeatr (o
t hose pos esseg? - Lat e, know %ﬂﬁ %1 “skills mav be made
wi t hout d%pa_rt %??ggn{:?ﬁégsco%égof rte |% nt |Egﬁ °é‘§i’§é‘ftfo__ i nCtAP-
appended cl ai "5p@Pghermore, in addition to a static frame-by-frame
test, the operator may also see a dynamié'éfeview to
ensure that the’,programlhédfefféct generates the i'équired
illusion without artefacts. | ' |
10 Having thus described'the'presént inﬁentidn by
reference to a preferred embodiment it is to be well
understood that the embodiment in question is exemplary
only and that modifications and'vafiétions5éuch.as will
occur to those possessed of'apprObriate knowledge and
15 skills may be made without departure from the sdope of
' the invention as set forth in'thé'aﬁpendéd claims and

equivalents thereof.



‘equi val ent's .t her eof . CLAIMS: 1. A video processisigssystemfor use i'n
combi ning data representing a first” ‘vi'deo i mage sequence and a second

i mge sequence each conprising a nultiplicity of 5 |nmy}4+1ﬂﬁf”’MLf96’
the data for each image franme defining the inage as a rrultm m\‘\ \\i‘
pi xel s each located in the image at a uni que address, to ¢ ‘\ m m
representing a conposite video image sequeg%&> t he systen1 tseng” 10

a digplay neans for displaying an i nmage; oper.abl e neans; selecting

means~t esponsi ve to _sai d tiser operable neans for selecting in turn each
frawe of said fi ChAIMBRo | mage sequence for dlsplay on the dlsplay neanS'

%igpené!‘ddiﬂ v iy oo A S iREORE SRR oL E TR, P | | B8eh Fi il gy | S
repr esent i ng cor %@%ﬂﬂé e fist SF2hed Othall! SEUCHAIWNS a secona
notional ly proj eqlifbePry ngad&%é&@éﬁcé' é&&ﬁlyégmﬁhhﬁﬁgd hs R PRSIty

pol ygon identifying the desired position sal d Sel ected cCorrespondi ng
frame of the secqmdgd deram@Rge weEUENERe taaaaf Of8k NGed@RNSintdlfe frame

transform ng addresses of
defining the image as a multiplicity of pixels each
located in the image at a unique address, to create data
representing a compésite video image sequence, the
N\ | _ system comprising: |
10 a display means for displaying an image;
user operable means;
selecting means responsive to said user operable
means for selecting in turn each frame of said first
video image sequence for display on the display means
15 and for selecting a corresponding frame of the second
video image sequence;

'defining means responsive to said user operable
means for defining on each displayed frame at least four
reference points representing corners of a polygon in

20 three dimensional space notionally projected onto the
frame displayed on the display means, the polygon
identifying the desired position of said selected
corresponding frame of the second video image sequence;

transforming means for transforming addresses of

25 pixels in said selected frame of the second video image



25  pixels in said selected frame of the second videq ifnge ﬁ-‘séqueﬁzé::
SO0 as to cause said pixels to represent the frane as projected onto the

frame di splayed on the display neans from th u l’g .in three
di rensi onal space as the polygon; and 5 ' H! ul Wﬂum for '

conbi ning data representing the transfornmed sel ected f'rafe 8f the second

vi deo i mage sequence and the selected frane of the first video inmage 5
sequence thereby to produce a conposite frrke of said conposite video inade
sequence. 10 2. A systemaccording to claim1 wherein.the at | easTws!
four reference sequenatefsmeashdqozausensaidsicelsf tornepresenthethe ¥
sel ected frame of the second video_inmage sequence. 3. A system as cl ai nmed
in claimil or 2Irame epf tPRelerted quytiohi Fhemfrane sdispdayed t onerthe e
each of the reference points to be individually defined., 4. A system as:
claimed in any fRSRd@¥hg Reans MO nthee 8B oRISHIPReah® cIhF®Res a
stylus and touch.tablet c i nati an. ﬁﬁ(‘) ﬁi A's at_em as clainmed in any
preceding cl ai MO AR PEHSRITHIDr M APREEAST s38Fr anged to create a -

control igage for ea%ﬂgﬂ%&];ne’ta@% EBE?&Q&QE?&;W& Yeptdeénting the B

transformed selected frame of the second video image

sequence and the selected _framé of the first video :‘Li'nage
sequence 'thereby' to pfodti‘ce a composite frame of said

composite video image sequence.

10 2. A system according to claim 1, wherein the at least |
four reference points define the position in space of
corners of the selected frame of the second video image

sequence.

3. A system as claimed in claim 1 or 2, wherein the
15 defining means is _arranged to enable each of the.

reference points to be individually defined. W/

4. A system as claimed in any preceding claim, wherein
- the user operable means comprises a stylus "a'nd touch

tablet combination.
20 5. A systenm as claimed in any preceding claim, wherein

the transforming means is arranged to create a control

image for each frame of the first video image sequence,



whi ch®control image is used by the-coenbining nmeans on a pixekl-by-pi xed .. **2
basi's to control  the conbining of  t:he" cortesponding transforied frame of® * *
the first video i mage sequence and the frame of said second video sequence.

5 6. A systemas claimed in any preceding claim r”uﬂ'ﬁ"[“ﬁ"ﬂ"mf :
provi ded for displaying a representation of the polygorn'® Ll o]
the display screen over a displayed frame of said first vi cfeoLse&ueﬁce* to
facilitate positioning of .saird reference po@s. 10.. 7. A system as
clalped in any precedi ng ¢lfairm further conprisifg: bul k storage neans for
storv ig data reprghgeh eontriod imdege dequsede by WhieC ohidrfigRy s idn a
adapted to deliver data representing corresponding franmes of said first and
second vi deo sequpixed-by-pixdlndbasilsalkby cantmesphethievednlixtingdose cihnal
frame store neans via respective buffer neans. 8. A systemas clained in
claim5, or clai ncersespoadingtngastormedeSrramghef cthe tfirsbntideo dmags
is operable in a preview ng node for enabling the conposite 20 vi deo
sequence to be pr&eAuRBFeHRNGHEhe Srame (REItS2EANFEEPRG VideRe seamemaf i on
of the first and transforned second video i mage sequence, thereby enabling
the transformation of frames in said second 23.

5 6. A system as claimed in any preceding claim, wherein
means are provided for displaying a representation of
the polygon as projected onto the display screen over a
displayéd frame of said first video sequence to

facilitate positioning of said reference points.

10 7. A system as claimed in any precedihg claim, further
comprising bulk storage means for storing data
representing said video sequences, which storage means
is adapted to deliver data representing corresponding
frames of said first and second video segquences

15 individually to respective first and second frame store

\/ means via respective buffer means.

8. A system as claimed in claim 5, or claim 6 or 7 as
dependent thereon, wherein the combining means is
operable in a previewing mode for enabling the composite
20 video sequence to be previewed by the user without
committing to ‘the combination of the first and
transformed second video image sequence, thereby

enabling the transformation of frames in said second



4

' sequence to be adjusted by the def|n|ng-ﬁeaﬁs—+n—Lesan§Q_Lp user opefqtlpn
of said user operable neans. 9. A syste@wﬂﬁﬁl ainmed in claima8, wherein

t he conbi ning nmeans is operable in the pr l Jﬁ'u enabl e t he
conposi te video sequence to be previewed me basis. 10. A

systemas clained in claim8 or 9, wherein the conbini ng* neans is oper abl e
in the preview nobde to enable the conposite video sequence to be previewed:
on 10 a real-time basis. 11. A systemBbstantially as hereinbefore % o
described with reference to the acconpanyi ng draw ngs. R

sequence to be adjusted by the deflnlng means in 'f

response to user operation of said user operable means.

9. a system as claimed in claim 8, wherein the
combining means is operable in the preview mode to
5 enable the composite videb_ sequence to be previewed on

a frame-byéfréme basis.

10. A system as claimed in claim.8 or 9, wherein the
combining. means is operable in the 'pféview ‘mode to
enable the composite video sequénce to be previewed on

10 a real-time basis.

11. A system substantially as hereinbefore described

with reference to the accompanying dréwings.




