' 9232045 1 AN ELECTRONI C GRAPHI C SYSTEM The invention rel at®es to el ectonic
graphic systens. An electronic graphic systemis described in our 5
British Patent No. 2,089, 625.and correspondi ng US Patent No. 4,514, 818,

t he teachings of whi ch are incorporated herein by ref ereanZB i C
systemis arranged to enable the painting or draw ng of an image to be
sinmul ated el ectronically. The system 1P i ncl udes a touch tablet and

styl us ‘conmbi nati on by which a user can select froma range of notional
drawi ng i npl enments and a range of colours on a nenu display for use in the
simul ated painting or drawing. As the stylus is noved over the touch
tablet, 15 circuitry within the stylus/touch tablet generates position
S|gnals representing the p05|t|on of the stylus on the tablet. The

sel ected i mpl ement will cover a patch of picture points .in the inmage being
produced, and as position signals are produced by the 20 styl us/touch

tabl et new pi xels are deri ANCJELECTRONIC GRAPHIQ {SXSTEMI nt in the patch

covered by the inplement. New pixels are derived by a processing circuit in

response to the distribution of the patch of the

The invention relates to electronic graphic

systems.
N, An electronic graphic system is described in our
5 British Patent No. 2,089,625 and corx__‘es_ponding_. Us

Patent No. 4,514,818, the teachings of which are
incorporated herein by reference. Thié graphic system
is arranged to enable the painting or drawing of an
image to be simulated electronically. The system
10 includes a touch tablet and stylus combination by
which a user can select from a range of notio_nal
drawing implements and a range of colours on a menu
display for use in the simulated painting or drawing.
As the stylus is moved over the touch tablet,
15 circuitfy within the stylus/touch tablet generates
position signals representing the position qf the
stylus on the tablet; . The selected implement will
cover a patch of picture points in the image béing
produced, and as position signals are produced by the

20 stylus/touch tablet new pixels are derived for every



sel ected inplenent, the selected colour, and to the 5 sold value «of the _ . -
pi xel . The stylus is nade to be pressure sensitive and to

generate val ues representative of the pressure and this value is al so

used by the processing circuit to derive new pixels. Pixels are stored in a
suitable store, such as a 10 - franestore, and as the user, who it is

envi saged will normally be an artist |acking experience in the use of

conput er based systens, nanipulates-thezstylus on the touch tablet a patch

of pixels is_read fromihe sto and dified by the processor to forma -
new pat ch ofpﬁé%urerﬁgiﬂg'ﬁﬂigﬁei? tﬁﬁyﬁﬁﬁi.P5 FE@ &Nﬁiﬁmenﬁhis
process is r t tinuousl v .whidl he stylus is_being _nanjpul ated on
the tabl et. ﬁ%h%g ég’é%ggi &5 sée%’é'a d, & at%d?#ﬁﬁ&sﬁﬁ'g p?g’é?glgpp)rr? ed. tgéa'
col our nonit b the, creat, «the ni cture 2 obser v¥%d
substanti al | ;!/Lrelsk’%r eai ltt:srreéﬁ t %ﬁ%%r- Jéé\ltq tcﬁéa-t %e égg?ﬁsh‘gﬁl atrbee able to

view his cregbhQtidy I Sap1éhdRe, | the MdledPedi 209/HY) Cand0cBelpfen

novenent of the stylus and the resulting image on the nonitor. §
achieved in 33d vapwé of dHwl piRALNTBGthe( RAginiSr ¢4 Tasle MBrkge system

3 by processing all pixel patches generated within a nonitor frane period
and witing phesguaeessedensitiive bacdnd o tke st afenei-atén avianamas peri od,
at |east when ' _ o o
representative of the pressure and this valug is also
used by the processing circuit'tg derive new pixels.
Pixels are stored in a. Suitable'store, such as a \/
10  framestore, and as the user, who it is envisaged will
normally be an artist lacking ekperiénce in the use df
computer based systems, maﬁipﬁlateS'tﬁe styius.on the
touch tablet a patch of pixels-is'tead from the store
and modified by the processor ‘to form a new patch of
15 pixels which is wfitten back to. the store. This
process is rebeated continuously while the stylus is
being manipulated on the tablet. - The store is .also
read repeatedly and the pixels applied to a colour
monitor to enable the creation of the picture to be
20 observed substantially in real’ time.

It is important that the user should be able to
view his creation in real time, i.e. with no
discernible lag'between movement.df-the stYlus and the
resulting image on the monitor. This is achieved in

25 our original "PAINTBOX" (Registered Trade Mark) system



the time is averaged over a few frane periods. 5 Howevér, sin sones

ci rcunmstances, such as for exanple a signature which is naturally drawn

qui ckly, operations in the system may |ag behind opefati ons of the user
which can be distracting to:the user. The present ipvention ains to provide
an inproved 10 system in vihi ch processing speed i's increased to renove
any discernible | ag between the user and the display thereby to provide for
uni nterrupted use of the systemby the uSer. Therefore, the invention

provi des an el ectronic 15 raphi c system conprising: a store for
storing data(ﬁWIﬁFW§Q§ﬁﬁﬂQI§E;Cm%$Q* BP%GP?%MQ%#P?%E%@h@ﬂﬁhﬂﬂe§ent an

'W”?ﬁeeaéﬁaﬁg? SREREF| Croe dopetod S GArR LPgI Fog tq.?cé’%éé&?éa%@%‘sé%'s
e oo 1o JRAGoES Ly f%?ﬂ%%#&fiﬂ%gf%%‘rﬁﬁ?ﬁ%&? (B PRt s ent o
readi ny moans (5eproHige £ CoTtiteETOvEE B Greds Fratd Toet SRS e
oL o8 o ABRUEEIELh ol biPumechtal) WAl fOLI el o0Tg, 0ot
previously st og£eniPEFE whieN i IMHRIRIFAINE oA hickly, operations
in the systeﬁ-may lag behind operations of the user
which can be distracting to the user.
N~ The present invention aims to provide an improved
10 system in which processing speed is increased to
remove any discernible lag between the user and the
display thereby to provide for uninterrupted use of
the system by the user.
Therefore, the invention provides an electronic
15 graphic system comprising:.a store for storing data
defining a multiplicity of pixels which together
represent an image; reading means for reading data
W, | corresponding to batches of pixels with each batch
comprising some of said multipiicity of pixels from
20 the stbre'fof processing, and for reading the data
defining the multiplicity of pixels from the store for
display of the image represented thereby; a processor
for processing each batch of pixel data from said
reading means to produce a corresponding batch of

25 modified pixel-data; and writing means for writing



means, ‘the processor .and the witing neans are 5 _»_ eperaple=such, *:
that the reading of. said batches of pixel data fromthe store for the
processor, the reading of the data fromthe store for display and the
writing of said batches of nodified pixel data to the store are interleaved
and together occur concurrently 10 with the processing of batches of’

pi xel data by the processor. Another problemthat can arise when the styl us
i's nmoved quickly across the touch tabl etaby the user, is that co-ordinate
positions identified by the touch 15 . tablet can becone quite w dely
spaced, rel aeachl paspialafhgodifiedipixel i datat fxbh sddds provsssoxause

di scontinuities in the imge because the resolution of co-ordinate

posi tions genﬁpat%%il@y stiere otioh replace coprespending tivixelsdlaka on &’I
pixels in the im -~ However, when such novenent 1is conbin

N h oi gni {1 CRREVARNSIES FHOSEH! (eRelayr arvhcwReSBED e bE RAART bl o

di scontinuity or chan in _the drawn i s di spl.ayed on the nonitor. The
probl em of di BEBREI U s PRORIRAT ¢ Hﬂﬂg q@% wbi E iHeRe

oo Tom Bl gl e SkieEhg B PSR R S o

I's realised i 81%19”8895”%%:9“ ttﬂée E'%%t" £8r the -.pr.ocessor, _ the

reading of ‘the data from fhe store for display and the

" writing of Said.batches of'mcdified pixel data to the

'store'areninterleaved.and'togethér*cccur-cOHCufrentlY

10 'with'the-pfOCESsing_of'batchés of pixel data by the
'proceSSof, | _ .

Another problem that can arise when-the-stYIus is
moved qui¢k1y across the touch tabi¢t by'the ﬁser, is
that co-ordinate positions identified by the touch

15 tablet can become quite wideiy spaced, relatively
speaking. - This  in . itse1f_; ddeSﬁ nbt © cause
discontinuities in the image"beéaﬁsé'the resolﬁtion of .

' co-ordinate positions generated by'ﬁhe toﬁéh téblet'is W
greater than the resolution of pixels in:thepimage.

20 -~ However, when such movement is'fcpmbined with
significant'changes in stylus pressure-the result may
be a visible discontinuity or change ‘in '-_the drawn
image as dispiayed oﬁ.the monitor.

The problem of discontinuities or other changes

25 in the drawn image resulting from significant changes



to be described in detail hereinafter, by arranging 5 “the processor to ..
I nterpol ate between a first pressure value at:a first instant and a second
pressure value at a second instant and to nodify the read pixel data in
accordance with the interpolZtied pressure values. fn#our abovenentioned

" PAI NTBOX" system options, 10 features and nodes-of operation are
selected froma nenu displayed on the nonitor. The systemis arranged so
that the user can cause the nenu to be di%played by: rapi dly noving the

stylus over the_edge.of one.or: other side of the to ' rking

e e h oych taglet

area. Once 15 YIRS REEFEURR| §57i 29! 89’85,°°P‘ﬁeq?}’se+n ﬁﬁngFgO&ngrom
th i | abl ' b | : t desi ti - S

f oat 3%5 re’ sPREPSUEe’ XATHALS duit CHRALT 1OHGER' e (80 {5RGOP | Ays, 0T
ith the styl i i Liedef ion Lh

System respandc Sl Chr Sz ul 8pal InoUR ehiBadasntodel €8L fiverbion, (N°

appropriate. toOerrdeécﬂ?ibﬁcfsinardt@@ifchéﬁeiﬁa%tﬁﬂﬁerﬁ&ﬁ%ri‘&hﬁ&nb" om
within a predefined range of values, e.g. 0%to 100% and in hitherto known

systens ¢ hese £gat presebave RecAintRirgidritd)ba@bween 4ifsistOpragsuie cursor
over the desired feature and 6 pressing firmy down wth the stylus
and then inpuvalag alke addhirstd imdtianti ahdr a lvemarid pregpsueée evidueoard or
an equivalent to a keyboard di spl ayed on

at a second instant and to modify the read pixel data

in accordance with the interpolated pressure values.
— ' In our abovementioned "PAINTBOX" system options,
10 features and modes of operation are selected from a
menu displayed on the monitor.  The system is arranged -
so that the user can cause the menu to be displayed by
rapidly moving the stylus over the edge . of one or
other side of the touch tablet’s working area. Once.
15 the menu is being displayed, the user can select from
the available opiions by moving the cursor over the
desired option; Some.features are simply selected
either as ON or OFF by pressing firmly down with the
stylus while the cursor is over the desired feature,
20 the system responding by changing the feature between
ON and OFF as appropriate. Other features are
selected as é numerical value from-within a predefinéd
range of values, e.g. 0% to 100%, and in hitherto
kﬁown systems these features have been selected by

25 - first moving the cursor over the desired feature and



the menu. The need to use a separate neans to input 5 .
val ue tends to sl ow down use of the system and thus hinder the user.

the enbodi

of the inmage,

repr esent at
novement of
a zoom faci

.t he nunesi cal,

In

ment of the invention to be described in greater detai

hereinafter this problemis overcone by providing a user selectable nmenu 10
di spl ayabl e on a portion of the nonitor, the nenu displaying
representatlons of user alterable features associated with the nodification

wherein a feature is sel &table by pIaC|ng a cursor over the

ion of ,that feature and is alterable by subsequent
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once so
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7 or

or exanple averaglng

‘a nunmber of §y§tdmeaﬁﬂlﬁhﬁstﬁlﬁa@$ﬂthéiﬁgéﬁje plxel which is output for

dlsplay

10

In the embodlment{-Of the invention to  be
described in greater detail hereinafter this-pfoblem

is overcome by providing a user selectable menu

~ displayable on a portipn- of the monitor, the menu

'displaying'representations-of user alterable features

associated w1th the modlflcatlon of the image, wherein

-a feature is selectable by plac1ng a cursor over the

15

representation of that feature and is alterable by

' 'subsequent movement of the cursor on the monitor.

Video graphic systems often include a zoom

- facility which can be sélec;ed to expahd or compress

20

25

an image displayed on the monitor. When the zoom

facility is used to'eXpaﬁﬁ or magnify the image, only

- a selected area of picture pointsZin:the store are

read and displayed on the mbnitor.- In order to effect
magnification each-pigtuge goint within the area is
read more than once So that the pixel is displaYed
over an area of a number of picture points on the

monitor. When the zoom faciiity is used to compress



Fn each case.a zoom factor controls the reading of 5 *pixels fromthe « ..
store and the displaying of pixels onm-the=nenitor. In hitherto known _
systens, the zoom factor has _been defined as an integer and as a result the
magni fi cati on or reduction c¢annot be changed snoothl’y. .Instead, the first
avai | abl e zoom factor 10 '~ has been x2 giving a doubling or halving in

the size of the displayed image. . This is quite a harsh magnification or
reduction and the use of integers to defithe the zoom factor also causes an
image to step jerkily through:a zoom 15 T1et he epbodi ment of the

i nvention a zo®m ¥ e WeAageer Fhegnugber; of; pixels 4F| yeduced
continuously v rigble valui such_t hat Iarge ﬁgang%s Ln _scal e Qa%.be avoi ded
and- sioot h chaR¥efOFne¥ABPLRBESHAPIRY 8 DHBREEARTLRIEFPES PEINtR i s end
t he emdodi ment _further 20 . rovides .an addgessing reductign ci.rcuit
responsive to Qrﬁfi&‘f&f iane%“Z%%)% g&é‘? r vﬁ}} réﬁg%‘?’%&‘ﬁ z%?rc') 3&5831%

reduces the ra i ogat ' st r .10 relation
to the rate at &%%%éﬁglggfé %r eéé)%%dkg F t(‘)-'%1% hée&gﬁ)‘?%gf %?’%2%?‘?&*’% ﬁgéreby to

Plrther TeaurBEXEFRTEECH the it dRulafieRfing of lpl2e1eoRee 100

appended cl ai nghandndRPESdPEr Wik h EdHE¥ e RnoWRer Spétdhkl Bgt®Moom

factor has been defined as an integer and as a result
the magnification or reduction cannot be changed
— smoothly. Instead, the first available zoom factor

10 " has been x2 giving a doubling or halving in the size
of the displayed image. This is guite a "harsh
magnification or reduction and fhe use of integers to
definé the zoom factor alsoc causes an image to step
jerkily through a zoom.

15 In the embodiment of the invention a zoom factor
can be defined as a substantially continuously
variable value such that large changes in scale can be
avoided and smooth changes in the image during a zoom
can be effected. To this end the embodiment further

20 provides an addressing reduction circuit responsive to
a predefined zoom faétor in a range from zero to unity
reduces the rate at which locations in the store are
addressed in relation to the rate at which pixels are
read from the store for display, thereby to produce a

25 " zoom effect in the image for display.



clearer fromconsideration of the following detailed 5« .description of ,,
exenpl ary enbodi nents of the invention given with reference to the '
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows a
vi deo graphic system Figure 2 is a schematic diagram of a processing 10
circuit used in the systemof Figure 1. Figure 3 is a timng diagram
showi ng the timng of operations perfornmed by the processing circuit of
Figure 2. Figure 4 is a representation &f interpolated 9 brush stanps.
Figure 5is a SCh%HgﬂIC di agr g]gf t he systen1conf|%ured t o enabl e nenued
features to be vari ﬁ%r@n §r§h§6héﬁﬁﬂ?%rﬂ$aﬁ afthef invsnteiomrt 5

zoomcircuit, ur.e &i % hena% |a ramlof a zoon1C|rCU|t used in the
o W

system of B34 ghgsh BB oy
THE EVEODI NE%?@ RE %’éﬁ?ﬁeﬁé #"rlrg't gat; &rgu?sl i‘?‘%‘r\"‘g’% wﬁﬁaﬁww awi ngs a

vi deo graphi gjausssm o SeS r S stna upit 15, a
col our (teIeV|S|on type d?sﬂ$£§e€§ﬁ?§gr:fjéﬁgtgéggogggpe ef?ggﬁﬁp
5 - description of exemplary embodlments of the invention

given with reference to the accompanying-drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows a vidéo graphic system. \o/
- Figure 2 is a schematic diagram of a processihg
10 2 circuit used in the system of Figure 1.
Figure 3 is a timing diagram shéwing'the.timing .
of operations performed by-the'prdcessing“Circuit=of
Figure 2.

Figure 4 is a representation of intefpolated



15 stylus 18. As wll becone clearer from the description that
follows, the processing wunit 15 includes a disc drive for storing

i mage data in programs, dynam c random access nmenmory devi ces (DRAMs) for
stori-ng i mage data, a housekeepi ng processor, a 20 : brush processor,
filters and special effects processors. A nenory device in unit 15
stores digitised pixel data for a full video frame, which is read at ful
video rate to produce a video signal for ti®e nonitor 25 16. In addition,
the data held in this store may be nodified in response to manual operation
of the 10 stlyrushlgtamps.the touch tablet 17. The stylus 18 radi ates
energy which is detected by the touch tablet 17 allowing circuitry in
the touch tablet Fdguseerhi A6 vheSihemaid st diggrag i Qfi Fha ogvsitem
that 5“is to say when the stylus_ 18 is within a predefined range fromthe
touch tabl et 17ConHkgHTeAetet fRablegMenuad, fRAtYFRY 1P oRENVEF18dsignal is
generated identifying.the pasition of the stylus to a resol ution greater
than that of the pi ng'ggﬁﬁciqiglﬁf 8 I‘%‘?Wﬂ%‘bl%olélalgﬁé‘b.OEV\ﬁerplﬁo r &%t y,

a cursor (ig t he forn&ofua cross) is display on the nonitor which then
fol l ows the novEReht $*6F %ﬁé stylus over the touch tablet. The stylus 18 is

al so pressure SenSitf¥8u§3d7a§s a schematic diagram of a zoom circuit

used in the system of Figure 1.
Figure 8 is a schematic diagram of the system
A configured to display a user definable line.
10 DETATLED DESCRIPTION OF THE EMBODIMENTS

Referring first to Figure 1 of the accoﬁpanying
drawings a video graphic system 10 is shown having a
processing and storage unit 15, a colour (television
type) display monitor 16, a touch tablet 17 and a

15 styius 18. As will become clearer from the
description that follows, thé processing unit 15
includes a disc drive for storihg_ image data in

W, . programs, dynamic random access memoiy devices (DRAMs)
for storing image data, a housekeeping processor, a
20 brush processor, filters and special effects

. processors.

A memory device in unit 15 stores digitised pixel
data for a full video frame, which is read at full
video rate to prodﬁce a video signal for the monitor

25  16. In addition, the data held in this store may be-

modified in response 'to manual operation of the



it is applied to, i.e. brought into contact with, the 15 touch tablet a
pressure value is generated by circuitry within the stylus. This
pressure value is supplied to circuitry within the touch tablet by
radiati ng energy, nodul ated by a signal indicative of stylus pressure.
Av.fouch tablet and stylus 20 conbi nati on capabl e of operating in this
w reless node is manufactured by Wacom KK of Japan. Thus, in response
to nodul ated radiation fromthe stylus %% the touch tablet 17 provides
signals to unit 15 indicating (1) whether the stylus is in proximty, (2)
25 its. x astyYueo-D8 doveresthét hiondhhetablétnd 7y ea Thet Be&yligchigabl et
and (3) the manual pressure applied to the stylus by the operator; al

W t hout a phyadialtelsi dnemgy hwhichl is. detidctexdd tloy beheottethdiatabhethe. '4
styl us/tabl et conbination identified above, the stylus itself does not=%
contain a solce aflewéngy buireuiday 5 lnramhﬁlcmpbahk foadrhethe tabl et .
In addition to showing a full. video inmage, the nonitor 16 nmay al so dlsplay
menus whi ch @eée@mungjwheﬁheémprngtﬂﬂ@ﬁn%ﬂL$50w@rp¢m§umﬂﬁyxﬁtha§
wor ki ng area_of the touch tablet. A nunber of nenus are 10 _ avail able
dependi n¥ onl?‘hé‘%ﬁ@YoWh@ﬁbrE¥?oﬁt&1%el%y%ﬁerWlt iy émPIEﬁf%Efb‘Fe the

Whi ch novenshENGE EROMERALE L AP IRE Tbuchibal shey piyius fe is
brought into proximity a  signal is generated
-identifying the position of'the stylus to a resolution'
greater than that of the pixél'3§acinggbf the wvideo

10 image. When 'in proximity, a Cur56r~(in.the-f0rm of a
cross) is .display on the monitor which'then follows
the movements_of the stylus ove; the tough tab;et.

The stylus 18 is also preSSure sensitive and as
it is applied to, i.e. brought into contadt with, the

15 touch tablet a pressure value is geherated by
circuitry within the stylus. ' This pressure value is
supplied to circuitry within the touch tablet by
radiating energy, modulated by a signal indicati§e'of \/
stylus pressure. A touch tablet and 'stflus

20 combination capablé of*oPéréting-in this wireless mode
is manufactured by Waéom KK of Jépan. Thus, in
response to modulate_d radiation from the stylus 18,
the touch. tablet 17 provides signals ‘to unit 15
‘indicating (1) whether the stylus is in proximity, (2)

25 its x and y co-ordinates within the working area of

the touch tablet and (3) the manual pressure applied



Sinmul ates the effect of conventional artists 15 | npl ements such as
pencils, paintbrushes, air-brushes and chal ks. Each inplenent can be

sel ected by noving the stylus over the touch tablet so that the cursor is
di sptayed over a box in the*fenu identifying the reQU|red characteristic
and:then appl ying pressure to 20 the stylus. Once painting has been
selected in this way, along with brush size and brush col our, a stroke nmay
be made by the stylus which generates a s guence of co-ordinate |ocation
and brush pressure signals. A housekeeping processor in unit 15

re-constructs the 5 strok fromthes Q- Qrdi nat ues . difies
exenly spacgd E? 0 qﬁﬁ tRg PB%FgFogfa%%g() éhgqé & ?g?%\m I n
the ngEnory dev ra o] r th dis fr I h%ﬂ? | n
descrﬁ)t I on, jh @thetr {I?%s%%’tﬂl%n thgtuﬁ" er stangl nlgé%(;?dfg:at ur e%ﬂprﬂgi\% dgd

inthe 5 di URGH t t he
description ofgg%ﬂﬁg?ggtbgr‘éé% c I%’HANHELOEPROCESSIih%ér%?%?%%edgggskg:?lﬁ

recursive readJBHPQ!LEyd\Uést &dr2i fbhPSini At Bouce cFRSH¥Ey bat eswdded
in our ovenentioned British -‘Patent No. 2,089,625 and

CorreSIoonOB ng r&BibedonShacks £frBu alle tibletd, 514, 818 assigned to the
present Assignee. In this procedure a

In addition to showing a full video image, the

monitor 16 may aiso display menus which are called up

by swiping the stylus over the edge of the working

area of the touch tablet. A number of menus are

10 available depending on the mode of operation of the

system. From one of the available mnenus, the

operation of painting may be selected, in which

movement of the étylus 18 over the touch tablet 17

simulates the effect of conventional artists

15 implements such as pencils, paintbrushes, air-brushes

and chalks. Each implement cén be selected by moving

thé stylus over the touch tablet so that the cursor is

displayed over a box in the menu identifying the

required characteristic and then applying pressure to

20 the stylus. Once painting has been selected in this

way, along with brush size and brush colouf, a stroke

may be made by the stylus which generates a sequence

‘of co-ordinate location and brush pressure signals.

A housekeeping processor in unit 15 re-constructs the

25 étroke from these co-ordinate values and modifies

evenly spaced, but overlapping, circular stamps of



new pi xel value (P new) is witten to each pixel locati-on within a stanp
derived froma previous pixel 15 value (V old) a control value k
determined by the formof the selected inplenent, and a new colour
and-intensity value (V new) in accordance with the follow ng equation: P
new = k.V new + (1-k)V old 20 -In areas where the stanps overlap, the

pi xel values (V old) will have been previously derived fromthis equation,
resulting in a recursive nodification of the stored val ue towards the brush
colour providing inherently anti aliasedlRines. 25 A simlar
procedure-is adopted in the system 10. However, in the system 10 the
control val u®@ixels wikhine| ghedmemery Hievieesdfraneshene) o nklde from
the wirel ess comunication between the stylus and the touch tablet. .
I't shoul'd be HetRMYRAt L8GBR -t hough a position signal is generated by t e

touch tablet when 5 the stylus is in proxinmty (as, di scysseqd above pi xel s
are not nodified u 'Fgﬁré%§ﬁ¥%"%%gaﬁ§FF£aPF& e 9t y?HESTD éhd%%s%ﬁﬁn no

Pressre LS 30 Efe! SubdErF AL o P ERb A ol 4 HALEC
processi ng PoYRladimERLEY Chealifng8wiliCUBE! J0EEF 'fo identify the
| starf of the'description of each.feature; -
PIPELINE PROCESSING |
Tﬁé procedure for recursive read-modify-write
painting into a framestore is 'described in our
10 abovementioned British Patent No.. 2,089,625 and
. éérfesponding ,Unitéd States Patent No. 4,514,818
assignéd to_the present Assignee. In thié procédure a
néw .p;;.xél' value (P new) is 'wi:itten to each pixel
location within a stamp derived from a previous pixel
15 value (V old) a control value k determined by the form
of the selected implement, and a new colour :and
| intensity value (V new) in accordance with the
follbwing equation: | o
P new = k.V new + (1-k)V old |
20 In areas where the stamps overlap, the.pixel_values
(V old) will have been previously derived from this
équatioh, resulting in a recursive modification of the
stored value towards the brush colour providing
inhérently énti aliased lines.
25 | A similar procedure is adopted-iﬁ the system 10.

Howevei, in the system 10 the control value k is



is possible for the systemto | ag behind the operations of the artist.

Such a |l ag can occur for exanple when the artist has, say, selected an 15

i mpl ement covering a large area of pixels and noves._ the stylus quickly
across the touch tablet. In:these circunmstances the nunber of pixels to be
processed in a given period-of tinme nmay be greater” than that which hitherto
known systens have been capabl e of 20 processing in that tine.
In order to inprove the processing power ol3the system 10 and thereby to
reduce detectable | ag between novenent of the stylus by the artist and the
result of that nedwdmsht t@pethengpressmaedi yglayeed abkajned hefrem &hetem
10 includes a pipeline processing arrangenent. As will becone clear from

the fotlowing dxalens orrommuniceRiéony; herrren pEBEes8FH4usar pRAge bRt
ohd- modi [ y-we EBG GERBLeT bt cRBBUIA HeyhofPlcPaato SHeTE ThatgR 2dat a
e ™ e DR el s AL SRy the ‘g tneh™
o angerenl SO Pt iR 8L P THRRGRLESC T B SRR Rk o
10 draw ngs, diig Al 0GE8ShoY Yibdi#Pel! uritdY plesfirdd8% applied to
the stylus, because when no pressure is applied to the
stylus k=0 _
N Operation of our classic "PAINTBOX" (Registered
10 Trade Mark) design, is fast due to its "real-time"
processing power. . However, in some circumstances it
is possible for the system to lag behind the
operations of the artist. Such a lag can occur for
example when the artist has, say, selected an
15 implement covering a large area of pixels and moves
the stylus quickly across the touch tablet. 1In these
circumstance$ the number of pixels to be processed in
a given period of time may be greater than that which
hitherto known systems have been capable of
20 processing in that time.

In order to.improve the processing power of the
system 10 and thereby to reduce detectable lag between
movement of the stylus by the artist aﬁd the result of
that movement appearing in the displayed image, the

25 system 10 includes a pipeline processing arrangement.

As will become clear from the following description,



a processing circuit, generally designated as 10, conprising a
franmestore 21, which may for exanple be a Dynam ¢ RAN (DRAM device, and a
brush processor 22. A batch of inage pixel data stored in the framestore 15
21~ s read out into a buffer 23 and, as will be described in greater detai

herei nafter, individual pixels in the batch are selected, under the
control of a read counter 24, by a selector 25 for input to the brush .
processor 22. 20 The system 10 aljgo includes a colour store 11 for

storing data representing a user selected col our which colour data is

delivered.to p $9he?2 Bk asliing " @@:AMGemeniar aimplrovés t he
pi xel data iﬁgﬁf f?g%??he'readﬁaddress sel ector 25. Wen the giylus 18 25
is in the proyrodessioly Prvdoush dedessind, pikelsouand gewfogrimgates .
co-ordinate data XY representing the I nst ant aneous -position of the £¥ 4
styl us on t heeadwiodidy-atrite hproocessdi dat datathes(Yofs eightt pixelpatch.
address generator 12 which converts the co-ordinate data XY into a patch of
addr esses whitoh atleeusddage 5 daseddr eigs amiemesty shape stespon®eindta styl us
pressure store 14. The brush shape store 13 holds data defining a
t hr ee di Bensmemdlpulatimms eppEsetheng stylsd ech®d Hhew ¥¢S%ml emeBReand t he
stylus pressure store 14 holds instantaneous stylus pressure values 10
fromthe toupraceseingnd if yipipelbned f o3 tWAY br@gh @ buffering

arrangement so that a first batch may be processed
while a second is undergoing memory transfer.
Turning now_ to Figure 2 of the-'accompanying
10 drawings, the processing unit 15 of Figure 1 includes
a processing circuit, generally . designated -as 10,
comprising a framestore 21, which may for example be a
Dynamic RAM (DRAM) device, and a brush processor 22.
A batch of image pixel data stored in the framestore
15 21 is read. out into a buffer 23 and, as will be
described in greater detail hereinafter, individual
pixels iﬁ the batch are sélécted,'under the control of
a read cﬁunter 24, bY'a selector'25.for input to the '
brush processor 22.
20 The system 10 also includes a colour store 11 for
storing data representing a'uéer-selectéd colour which
colour data is delivered to the processor 22 along a
line "COLOUR" in parallel with the pixel data input
from the read address selector 25. When the stylus 18
25 is in the proximity of the touch tablet 17, the touch

_ tablet generates co-ordinate data XY representing the



.shabe store 13 and the stylus pressure store 14 are input to the processor
22 along the |ines SHAPE and PRESSURE respectively. The pixels input to the
processor 22 fromthe 15 . read address selector 25 are each nodified by
t he-brush processor 22 and’are output therefromte.be witten back to the
framestore 21 via a wite address selector 28, under the control of a wite
counter 26, and a buffer 27. The wite address selector 28 and 20 t he -
buffer 27 performthe reverse function to gfhat of the buffer 23 and read
address selector 25 in that the wite address selector 28 receives nodified
pi xel s from t hdnatasitaemess posiX ionl wi t &chd hebyluskelon t thehetbuther 27
whi ch delivers batches of pixels to the 25 framestore 21. It will be
appreci at ed t hamahllet pr ofbesianrordirats rdata RY | be| idpvtcéa rdl pahgh
timRg circuitry for supervising the transfer of pixels around the circuit.
For the sake ofdsingsis coeperngoxoni? oWhdmh t CRPVSXES ctiher yCosOF@inakewn in
Figure 2. docking signals 5 are used to _control the o eration‘éi t he
processi ng ci r 8@t 18Y adBtonet ePREChoRE 22HEERSERS IniFht AZSoFed | bR of
the processing cjrcuit 10 in i gh pixel datag. transfer occur__during
particul ar> cl AP DR i Bﬁg?w{]ts‘i}as&f osﬁgrﬁparaec?ﬁaea tsﬁ:é’tl“tsne%’éeﬁﬂfﬁi ng
store 14. The brush shape store 13 holds data
defining a three dimensional shape representing a
selected drawing implement and the stylus pressure
— store 14 holds instantaneous stylus pressure values
10 from the touch tablet and stylus. Data from the brush
shape store 13 and the stylus pressure store 14 are
~input to the processor 22 along the lines SHAPE and
PRESSURE respectively.
The pixels input to the processor 22 from the
15 read address .Selector 25 are each modified by the
brush processor 22 and are output therefrom to be
written back to the framestore 21 via a write address
selector 28, under the control of a write counter 26,
and a buffer 27. The write address selector 28 and
20 the buffer 27 perform the reverse function to that of
the buffer 23 and read address selector 25 in that the
write address selector 28 receives modified pixels
from the brush processor 22 and writes those pixels to
the buffer 27 which delivers batches of pixels to the
25 . framestore 21.

It will be appreciated -that the -processing



10 periods are defined by the above nmentioned control and timng-
circuitry. Turning now.to Figure 3 of the acconpanying draw ngs, there
is shown a timng diagramof the operation of the processing circuit 10.
15~ The period between each vertical line (a,b,c...k, 1) in
the/ timng diagram represents a group of four clock pulses of 74nS
(13.5 MHz). Each period represents a tine interval during which four
pixels are required in order to generatejan output for 20 di splay on the
nonitor 16 at video rate. In order to prevent the nonitor 16 from

continuously crjgcge;iﬂ Ng024GRSPudds ¢ E%nft%ﬁeséﬂéetgﬁingn%itf’&{ﬁ@%{ PEBYenti ng

access to the mestore 21 by the brush processor 2Z during alternative

groups of foundQfks P8 I ONE . tPafls£8® of3pikeld artudd tREJBirchixgls  are
read from thé framestore 21 to the nonifor 16 via buffer 16a (this wif'7

operation beipg i ¢piel i Eake byft heimpl deivyDb€he Ortdritrdl nand abehliad
"FRAMESTORE" in Figure 3). Thi's approach | eaves alternate groups of
four clock peiirsds twai iabhet sholat aihr Righee et watlodkingr aigaadse 21 5
and the brush processor 22. In this way, reading of the contents of the
franest obe 2hdeyy tthednuim t cont&cdndthée opardtinrocessdthe22proeesstiag eaved
between alternate periods. Eleven periods (31 to 41) of four
: circuit 10 and there follows a description of the

operation of the processing circuit 10 in which pixel

data transférs 'occur during  particular clocking

periodé. It is to be-app;eCiated”that these clocking

10 periods are defined by the abdve'mentioned control and
timing circuitry. ._ -

Turning now to Figure 3 of the accompanying
drawings,* there is shown la. timing diagram of the
operation of the'processing_circﬁit 10.

15 The period between each vertical line
(a,b,c...k,1) in the timing" diagram represents a
group of four clock pulses-of 74hS'(13.5 MHz). Each
period represents a time_i@terVai during'whiéh four o/
pixels are required in ordér'fo generéte an output for

20 = display on the monitor 16 ét video'rate; " In order to
prevent the monitor 16 frgm 'cdntinuouSly"requiring
access to the framestore 21, and thereby preventing
access to the framestore 21 by thé brush processor 22
during alternative groups of'foﬁr:clbck'periods, e.g.

25 31-1 to 31-4, eight pixels are read from the

framestore 21 to'the monitoif16"6ia:buffer 16a (this



clock cycles are identified in Figure 3. 10 | The operation of the
processing circuit is as follows. During-the first period 31 eight pixels
of data are read in parallel fromframestore 21 and supplied to the
addressabl e buffer 23. Thistoperation being represented by the | egend READ
1. \During period 15 32, after one clock period 32-1, the read counter 24
supplies individual addresses to the read address selector 25 which
selects and supplies individual pixels;§4o the brush processor 22 at the
clock rate. The read count ér*i24 and read address Selector 25 are 20

arranged such gbhaaties deidic iddntei Bi¥d PhirelchdhafokeenvIpBO“t ont lheuf f er
23 the pixels are read out ndividually in order and are delivered to the

brush processorig@ byabed letihd wRAMBSTGRE©Ct On 2Figudde Bpad coitiey 24
counts# cyclically through a reading 25. order to control the read address
sel ector 25. Tapprbavhhlepvescaddernaze igroummfofjufedr eiock peri®ds

pi peline of eight stages. In order to ensure that the various data input to
t he brush procassblablearficrvalaita t teansfir beiveen tthe frampsteresdl at
the right tine, each data transm ssion path within the processor 5 s
arranged to i nehdd&he gorush apEecersas| A2 -bet hBethiiife Waput reading of

processor and the output. The delay stages are jnpl enented Qx_either a
si ngl e del ay p@hgogontents of the framestore 21 by the monitor 16

and the brush processor 22 are interleaved ‘between
alternate periods. Eleven periods (31 to 41) of four
-/ clock cycles are identified in Figure 3.

10 - The operation of the processing :  circuit is as
follows. During the first period 31 eight pixels of
- data -are read in parallel from framestore 21 and
supplied to the addressable buffer 23. This operation
being represented by the legend READ i. During period
15 32, after one clock period 32-1, the read cbunter 24
-supplies individual addresses to the read address
selector 25 which selegts and supplies individual
U pixels to the brush processor 22 at the clock rate.
The read counter 24 and read address selector 25 are
20 arranged such that once a batch of eight pixels has
been read to the buffer 23 the pixels are read out
ndividually in order and are delivered to the brush
processor 22 by the read address selector 25. The
read counter 24 counts cyclically through a ieading

25. order to control the read address selector 25. .

The brush processor 22 is configured as a



| atch (L1-L8) or a two delay period nmultiplier (M, M). 10 Pi xel s
are input serially fromthe buffer 23 via the read address selector 25 to -

t he brush processor .22. As each pixel is input at latch L1 the pixels
prevjously inputted thereat nove through the pipeline of |atches such that
t he_pi xel previously in latch L1 15 Is nmoved to latch L2, and so on. At

the sane tinme the data representing the user selected colour and shape,
together with the data representing the H&fssure applied to the stylus, are
i nput to the brush processor in parallel 7along the |lines, COOUR, SHAPE 20

and PRESSURE EBBighi.eV%ny 'eﬁ‘{/}ﬁzs:o ﬁé@' -ifﬂcéﬁ&@dtbhm{}ré %%{;gﬁfle data

processor It sTsubtractive ed wt e correspondi ng C

by subtractoryg@iapd WataShaiputiats and Presalpeotalacy QI tiPhbedt

‘together by nultiplier 51. The latches in 25 “the processor are arrangéﬁ
such that thetRem BightWeI£c8 wiehDyl thd apaddkessor N Bh¥el rdghe, and

19 the product K, where = shape x pressure, are both delivered to

mul tiplier 52tdmei,ngalche datd trambmisséhon! pakhpetiithdsn ahk tpopesdoet from
multiplier 52 is delivered for addition to the original pixel data A 5

The resulbi ngisumrramgedehoednaslviier €ight Fishages3 oficdelay+t iptwéénK) A +
KB, is output as a new pi xel o :

: the input to the processor and the output. The delay
stages are implemented by?eithér”a single'delayjperiod
latch (L1-L8) .or a two delay period multiplier
(M1,M2). |

10 Pixels are inpuﬁ serially from the buffer 23 via

-the read address selector 25 to the bruSh p¥ocessor
.22, As each pixel is-inpuf at latch L1 the pixels
previously inputted thereat move through the pipeline
of latches such that the pixel previously in latch L1

15 is moved to latch L2, and so on.- At the same time the
data representing the user selected colour and shape,
together with ' the data représenting; the pressure
applied to the stylus, are input to the brush - o/
processor ‘in parallel along the lines, COLOUR, SHAPE

20 and PRESSURE respectively. As a pixel is 'cloéked
through the brush processor it is - subtractively
combined with the corresponding colour data by
subtractor 50 and the shape data and pressure data are
multiplied together by multiplier 51. The latches in

25 the processor are arranged such that the sum B-A,

- where B = colour data and A = input-piﬁel data, and



fromthe processor 22 via latch L8 during the eight clock period. Thus,

pi xel data input to the processor is nodified by the processor 22 and
is output 10 therefrom ei ght clock periods later for delivery back to
the fyamestore 21. It shoulid:be noted that the new'pixel is therefore
derived using the sane form-6f algorithmas that dtscussed herein above,
l.e. A+ Q=KB + (1-K)Ais of the sane formas the above 15 di scussed
equation P new = K. V new + (1-K) V old. erring to Figure 3, during
period 32, eight pixel values are read as VIDEO fromthe franestore 21 and

buffered into huef eprd@dct OR) QYh&Le axCANt SRHPES i Pr8s81982! £H¥ bBEh
nmonitor 16. Period 33 is used 20 for witing previously processed data

output™.fromt haehu.ﬁrféid‘ecﬂ7td)aﬁﬁltmEQib&€ 57 aagsingetRé. fRFHMGBmEr s odtR3
read édounter 24 continues to clock pixels to the brush processor 22, this
oper ati on bei nglogkr epeniedsbarichethegancbd NPUT FRbMEIMSHTi pliexFigRir s3.

In 25 period 34, a video access is again required and data is again

out put as VI DEQ@etld vieredufder addatiion dicpthe orizfiral t pexednidara 1A.
After the first clock cycle 34-1 of this period 34, all pixels have been
read from Buf f #he23resultibng NBUm,P| Xepres@ntedp@smt Aot fhdinh&ifguise 8ut put
pi xel value thus becones available at 5 |l atch L8. Pixel values are
output from | aWwienes &t Q = (1-K) A + KB, is output as a new pixel

from the processor 22 via latch L8 during the eight
clock period. Thus, pixel data-input to the processor
is modified by the processor 22 and is output
10 therefrom eight clock periods later for delivery back
to the framestoré 21. It should be noted that the new
pixel is therefore derived using the same form of
algorithm as that discussed herein above, i.e. A + Q
=KB + (1-K)A is of the same form as the above

15 discussed equation P new = K. V new + (1-K) V old.
Referring to Figure 3, during period 32, eight
pixel values are read as VIDEO from the framestore 21
N\ - and buffered into buffer 16a to provide a continuous
video signal for the monitor 16. Period 33 is used
20 for writing previously processed data output from the
buffer 27 back into the framestore 21. During period
33 read counter 24 continues to clock pixels to the
brush processor 22, this operation being represented
by the legend INPUT PIXEL SET 1 in Figure 3. In
25 period 34, a video access is again required and data

-is again output as VIDEO to the buffer 16a for display



are witten to a buffer 27 via the wite address sel ector 28 under the
control of the wite counter 26. The wite counter 26 operates in a simlar
manner to the read counter 24 in that it counts cyclically 10 t hrough a
w+te address sequence for the buffer 27. The operation of reading pixels
to the wite counter 26 is represented by the | egend QUTPUT PI XEL SET 1 in
Figure 3, and this operation occurs during the period between the end of.

cl ock period 34-2 and the end of 15 clgck period 36-2. At the start of
period 35, two output val ues have been c¢locked into buffer 27 during the
QUTPUT PI XEL _SE .0 Wolg! dt (o] f%gg- exgnpty. A
vi deo accessolﬁs-q—'r%?' ﬁéégﬁz?gd 1%‘“ ng%%gfrri rgg,ézgf , Etiﬁgﬂsl‘éé%fé o:r”gt S

peri od havi ngfbegn; keagk4 uffger - dugi- h Vi Peaed, i
therefore a ?Sr ?ﬁg%ge%%g%?xe%% a}glr g{glidﬁfg%gmq%ﬁﬁest ore %%Iaggdfgggpl i'Eﬁ
to buffer 23pyikes oper ahi ahdeinpurdenkiti gkmbyl t 8pekagdesh REA® 2hen |
Figure 3. During period 36, a 25 vi deo access is nmade and, at the end of
the first cl gglestycobetpitl ppigkd Stflie t thlie nessbie®maafiflable at 23 and

- .are supplied to the brush processor 22, this operation being represented by

the | egehd | NRHENPIDEL SPLxxl vajuebearrd caftmitocEkromcllatith 2L&l andi ght
outputs fromthe OQUTPUT SET 1 operation have been '

are written to a buffer 27 'via the write address
_ selectoi 28 under the control of the write counter 26.
The write counter 26 operates in a similar manner to
- the read counter 24 in that it counts cyclically
10 through a write address seQuence'foﬁ-the'bufﬁer 27.
The operation of reading pixels tb the'writé counter
26 is repreSented'by thé legend OUTPUT PIXEL SET 1 in
Figure:3,'and this'operation'0ccurs during the period
between the end of clock period 34-2 and the end of
15 - clock period 36-2.
| At the start of period 35, two output values have
been clocked into buffer 27.during the OUTPUT PIXEL
SET 1 operation and therefore latches L1 and L2 are o/
empty. A video access is not required during period
20- 35, the video for this period -ha:vihg been read to
buffer 16 during the previous.period('and therefore a
further eight pixels are read from framestore 21 and
supplied to buffer 23, this operation being identified
by the legend READ 2 in Figure 3. During period 36, a
25 video access is made and, at the end of the first

clock cycle. 36-1 pixels start to be'fead_from buffer



5 clocked to buffer 27. In period 37, the pixels of I NPUT Pl XEL SET 2
continue to be cl-ocked into and through the _.brush processor 22 while the
ei ght output pixels of QUTPUT PI XEL SET 1 are witten to the framestore 21
(WRIFE 1). During period 38,.a video 10 access i s made and the | ast

pi xel." of I NPUT PI XEL SET 2 -ffomthe second read (READ 2) is supplied to the
brush processor and the first two outputs of OUTPUT PI XEL SET 2 are
supplied to buffer 27. Period 39 is.pquivalent to period 31, with
READ 3 bei ng processed 15 -#i:p the sane as READ:1, and the whole
rocess is thusa.repeat f rd her  hat S [ t fr tore
IC2)1. The system§ 0 .I{bsgg?o%ru S laér?aFrBar}g{Eneﬁ?hgg ﬁ%}éé[’%}rggdi n%qg

pi xel data for AR FToTe" ' e , t I e RGO i xel
data ¥or di spl é’gggﬁét*?’%‘t tl%hsﬂg\jvaggfﬁgbg??%?t ?)\%d%%%ege%%ﬁgpgr ati onlp% ﬂt:'he
systemis incregggedy, | NTEBRPQRd | MadPREISURECAR idydhas c3ighed éDlOlEi?RQVe
mentioned British 25 Patent No. 2,089, 625 and correspondi ng US Pat ent No.
4,514, 818, our oldd OX£gpft ebhéS GUTPUDEESED Ar fation2 Waveh 15&é@APS,
that is patches of pixel data, which are generated and stored in nenory
fromtine 650 tichecked espobuf fiexr cR70r di Dat eepnivd | B0, i cdehd | piredllsy dhe

INPUT PIXEL SET 2 continue to be clocked into and
through the brush processor 22 while the eight output
pixels of OUTPUT PIXEL SET 1 are written to the
framestore 21 (WRITE 1). During period 38, a video
10 access is made and the last pixel of INPUT PIXEL SET 2
from the second read (READ 2) is supplied to the brush
processor and the first two outputs of OUTPUT PIXEL
SET 2 are supplied to buffer 27. Period 39 is
equivalent to period 31, with READ 3 being processed
15 in the same way as READ 1, and the whole process is
thus repeated for further batches at pixels from the
framestore 21.
\/ The system 10 thus provides an arrangement by
which the reading of pixel data for modification is
20 interleaved with the reading of pixel data for display
and in this way the effective speed of operation of
the system is increased.
INTERPOLATING PRESSURE
As is described ‘in our above mentioned British
25 Patent No. 2,089,625 and corresponding US Patent No.

4,514,818, our PAINTBOX system is arranged to produce



touch tablet. The resolution of the <co-ordinate 5 position identified
by the touch tablet is usually substantially greater than that of the
framestore 21 but if the stylus is noved quickly by an operator, co-
ordinate positions identified by the touch tablet become quite w dely
spaged, relatively speaking, and 10 are joined together by straight lines
of overl appi ng stanps. The resolution of the stanp positions is greater
than that of the pixel spacing because, for each position, the nobst

appropri ate plxel distribution is selectéd froma plurality of stored

di stributions, as descrjbed in the afor a tents However, by
the tinme a néW‘Eﬁ)ho’i‘H?ﬂHFe ﬁhﬁﬁe ig Pajshe %Hg% S§taas %lle%repen

_ I f tl h f t hat, of . the la =
sl B 90 S A PR o
I d t ts
coLouT 151 emndfed! 4 2 34 R hanl ROl FERE: 1BROTLY SERL
behind th t rt
e nd e Ghsont oL TDICTE TSR LERULATRn | B SOl AL P
ToverTent s by JdieL 456k CEfdérh&fi&hU%}ha\t?xebeﬁauEﬁSt’Eéﬁié@ | 915 Ol £, 0US

.23 systens by this [imtation which’i's clearly undesirable insofar it
restricts thawbotdheially greater than that of the framestore 21

| ‘but if the stylus is moved quickly by an operator, co-

ordinate positions - identified by'.the touch tablet

become quite widely spaced, relatiVély speaking, and

10 - are joined' together by st.i‘a-ight_'line's of o've:g:l‘appirig

 stamps. The resolution of the stamp positions is

greater than that of the pixel spacing’bébauSe; for

each position, th_é most ‘appropriate pixel distribution

is selected from a plurality of stored distributions,

15 as described in the aforesaid'patents. However, by

the time a new co-ordinate value has been received,

its associated pen pressure value 'may have

significantly changed  from that of the last i’ral,ue, o/

producing a visible discontinuity or other noticeable

20 'change in colour density. In previous systems, this

has not been a significant problem because fast

operation of the system caused the machine to lag

behind the operators movements, resulting in an

avoidance on the part of the operator from moving in

25 this way. Nevertheless, natural movements by the user

of the stylus have been restricted in our previous



freedom of the user. Furthernore, since the above described pipeline
processor system can keep up with 5 nost operating speeds,

di scontinuities due to stylus pressure may becone apparent. The probl em of
discontinuities in stylus pressure is overcone in thie present system by

i nterpol ati ng pressure val ues® over the length of~a’line. For 10
exanple, referring to Figure 4 of the acconpanying drawings, if it is
assunmed that the user artist noves the stypas 18 over the tablet 17 and the
co-ordinates of points A and B are detected having associ ated styl us
pressures of Oslyshenls 9 bgsperhisel Winieatdokb whigh from adﬂ.d&kﬂ!g’ of
0.1 to a value of 0.9 at adjacent stanps would produce a noticeable

di sconti nuity umdesiealelsi tinsofieveves, tle mestriitctd Rlger eattabsdc

i ncl ud®s a processor which is arranged such that stanping does not comrence
from20 poi nfrRagan | ofhcthe- ms¢imat eFuntheohorep (wivecdedhe eabbved.
Thereafter, the first stanp_is applied (wth k = 0.1) and as further
stanps are mad&89eqEihedeRiPeliner RERILSIOT hSYSHESh @Bt XeeD upmwéthor
position B_it has reached the value of 0.9 w thout 25 introducing a

di scontinuPty &Psth hePeRBtirgafiRe/ISingeLieRoPtA@HdSgs ydue 4o ¢ fEYIngpl e

E;arrpl e shown 'pri'essuzfle 'iﬁaqjlrj_rl?ecélme ;I%g?.g{lt.starrps 6l ...64, | r epr esent ed

The problem of discontinuities_ in stylus pressure
is overcome in the present system by interpolating
pressure values over the length of a line. For

10 example, referring to Figure 4 of the accompanying
drawings, if it is assumed that the user artist moves
the stylus 18 over the tablet 17 and the co-ordinates
of points A and B are detected having associated
stylus pressures of 0.1 and 0.9 respectively, then a

15 jump from a k value of 0.1 to a value of 0.9 at
adjacent stamps would produce a. noticeable
discontinuity in line density. However, the unit 15

\_/ of Figure 1 also includes a processdr which is
arranged such that stamping does not commence from

20 point A until the co-ordinates for péint B have been
recei'{red. Thereafter, *'the first stamp is applied
(with k = 0.1) and as further stamps are made k is
linearly increased so that when a stamp is made for
position B it has reached the value of 0.9 without

25  introducing a discontinuity or other noticeable change

in 1line density. In the simplé example shown in



broken lines, with the values of k = 0.26, 0.42, 0.58, 0.74 are created at
regul ar intervals along the |line between the stanps 60 and 65 at A and B.
In this way, 5 discontinuities in aline drawn by the artist are avoi ded
anth instead a line of snmoothly changing density is created. Thus,
the’systemis capable fo responding to, and faithfully reproducing,
natural ly fast novenent such as signatures, etc. 10 PEN OVER PI CTURE TO
CONTRCL BOX VALUES As previously nentigpied herein, nodes of operation
can be selected froma nenu called up by the user by sSwW ping the stylus -
over the edgeiQfurd heg Workirehéreasthhpe | $1L.Q .5, MeépEesbatetly| BS

qui ckly 15 forward and over the edge of the touch tablet. Sone boxes of
the menu al | exdieai ase®; wiktthasvaluebe ofyd ema R&e GelbBet 6d5i8n an
ON- OFF fashion but others have nunerical values placed therein. T%
our previous Osyst ease chestedalatesriegudaedmithsivaks blong théeldms st by
way of either a physical keyboard or its equival ent defined in the nenu
area. This hetweenicthe ostamps dblnandd6hi AdeA tand it urkn Bbdkenwass of the
artist operating the system The present systemains to overcone this
probl em By aldiggantimeitiesstin 032511n80néF6Wnne}HYl it AEtES by %SV enent

of the stylus over the displa and preferabl over the ] mage. are i.e.
25 Y avoided and plngfe p line y smoothi gchang?".ng

density is created.' Thus,'the'systemwis Capable fo
responding to, and faithfully reproducing, naturally
fast movement such as signatufes, etc.

10 PEN OVER PICTURE TO CONTROL BOX VALUES

As previously 'mentloned hereln, moaes 6f
operation can be selected from a ‘menu called -up by the -
user by swiping ‘the stylus= over the edge of the
working area, that is to say ﬁoving thefstylus.quickly

15 forward and over the edge ‘of the touch tablet. Some
boxes of the menu allow featﬁrés or functions of the
system to be selected in an ON-OFF fashion but others
have numerical values ‘placed 'therein. In our
previous systems, these values have been defined by

20 the artist by way of'either'a;physical keyboard or its
equivalent defined in the menu area. This has tended
to slow down and hinder the natural movements of the
artist operéting the system. The presént-system aims
to overcome this problem by a-llé_wirig ‘the artist to

25  control menu quantities by movement of the stylus over

the display, and preferably over the image area, i.e.



outside the nmenu area, during a nenu feature”selecting operation. To
achieve this, as shown in Figure 5,5 a housekeepi ng processor 70 conpares
successive co- 5 ordi nate val ues and converts these values to produce
nuneriyal increments. First of all the artist selects the required nenu,
for exanple nmenu 71 which is displayed on a portion 'of the screen of the
moni t or 16. The artist then noves the stylus 18 over the 10 touch
tablet 17 until a cursor 72 l:res above a boxg73 in-the menu 71. The box
73 represents a desired feature or function to be altered and displays a

nureri cal val ue dytiddiowme héwh €828hI, NAVN P L Mty WHdeuPE EBREctin
function. Wth the cursor 72 lying 15 abéve the selected box 73 thg

artist then pl acgseddei@iyl us into pressure, that is to say the artist
applie® pressure to the stylus. The housekeepi ng processor 70 responds
to this by sel ecting Tdie aekieed fwhdis,on as fshbwhe inommigiese §4 aad
i nfornms the 20 operator that the box 73 has been sel ected by changi ng
col our, say frompisskeepipeerprdtespovceior colpaxreow sweackyssbveespord t o
movenents of the stylus. The artist_ can nove the cursor 72, by way of the
styl us and PouclPrdiBiate 1valugs @nd ofonNersnithi@senvalugs2®o predecerea
75 of the display and further novenment of the cursor 72 on the display
screen is interﬁqgga}QﬁA increments. First of all the artist selects
the required menu, for example menu 71 which is
displayed on a portion of the screen of the monitor
16. The artist. then moves the stylus 18 over the
10 touch tablet 17 until a cursor 72 lies above a box 73
in the menu 71. The box 73 represents a desired
feature or function to be altered and displays a
numerical value (not shown) representing the present
value of that function. With the cursor 72 lying
15 above the selected box 73 the artist then places the
stylus into pressure,' that is to say the artist
applies pressure to the stylus. The housekeeping
W ~ processor 70 responds to this by selectihg the desired
function or feature from a store 74 and informs the
20 operator that the box 73 has been Selected-by changing
colour, say from pink to green. The processor 70 is
now ready to respond to movements of the stylus. The
artist can move the cursor 72, by way of the stylus
and touch tablet 17, 18, out of the menu 71 onto an

25 image area 75 of the display and further movement of

- the cursor 72 on the display screen is interpreted by



26 the processor 70 as a command to increase or decrease the value of

the selected feature. For exanple, novenent to the left L nay be
interpreted as a conmmand to decrease the value and novenent to the right R
assNa 5 comand to increase the value. Thus, by noving the stylus 18
so-that the cursor 72 is outside the nenu area, and by putting the-
stylus into pressure and noving it, the nunerical value is "decreased
with novenent to the left and increased wth novenent to 10 the right.
Once the desired val ue has been obtained, the cursor 72 is noved into the
menu area 71 again and placed into pléssure with the cursor above
the selected box. The processor 70 interprets this action 15 as

conmand to WhePregfrFent0 8f ar FemEams: ity Ingr¥erseany @60§ﬁﬁ5?t

new val ue intégf store 74, The feat t hen desel ected by the processor

70 whi ch i nditt% &84 s B cﬁaﬁglﬁ&iﬁﬁ§eéolﬁﬁaﬁﬂr?he sef @&t & Yack to
PN Ny itk e R b oo’ ™
(e by, o lRpddfy BIELTR ke ﬂe?u%e 05 BBy BHRIRL IS, 1 )
L2 ot g Sl 58T RS MG, VI DA BY"Roving W L
stylus 18 so that the cursor 72 is outside the menu '
area, and by pﬁtting_ the.'stjlus into pressure and
moving it, the numerical value is decreased with
movement to the left and increased with movement to
10  the right. o
Once the desired value has been obtained, ﬁhe
oufso: 72 is moved into the menu area 71 again and
- placed into pressure with__the cursoxr above the
sélected box. The processor 70 interprets this adtion
15 as a command to stop adjustment of the selected
feature and to store. the.new value in.the store 74.
The.feature is then deselécted _by the processor 70  '\;
which indicates this by _ohanging the colour of the |
selected box back to its 'original colour. . Further
20 features may then be seleqted_by’the artist, if so
required, or the menu :emoved_ from the display,
_thereby returning the system to a drawing mode by
swiping the stylus over the edge of the working area.
It should be noted, that when a menu has been called,
25 normal painting in the picture area  is inhibited so

adjusting parameters in the way described above does



27 not cause unwanted lines to be placéed into the picture. OUT OF
PROXI M TY TO CANCEL O her features, provided froma displayed nenu, 5

al  ow geonetric shapes to be drawn by defining a start point and an end
poi nt .y It is not wuncompn for mstakes to be nade in defining the
start—-'point, which do not become apparent unti | t he operator starts to
define the end point and, in previous systens, the 10 system could only
be re-set, to the point of requiring a new start point, by sw ping off.
However, in the present enbodi ment, because the stylus and touch tabl et
produce different signals when the stylus 23 (1) applied to the touch
tabl et (co-ordinate data and 15 pressure value data), (2) in proximty
(co-ordinate dahetonkghsend undlamidd ofliMesi ntoy bao daaapdt hdmost erhé s
arrang&d to be re-set, when working in say a geonetric shape node, by -
novi ng the stylpscbureef proximty. 20 ZOOM The unit 15 of Figure 1 also
I ncl udes a zoon1faC|I|ty arranged to nDdlfy t he addressi ng of the
framestore 21 sQUELhOF B 14 ’ Blol nore than once allowing a

sel ected region of the inage to take 25 up the whole of _the ponitor
screen. An exanpl e Bthgrpfiestuxnas zoRreV+eedt LFPByi @i AdSRIAFSA MR ty
i's

5 allow geometric shapes to be ‘drawn by defining a start
point and an end point. It is not uncommon for

mistakes to be made in defining the start point, which

~ do not become apparent until the operator starts to
define the end point and, in previous systems, the

10 system could only be fe—set, to the point of réquiring

‘a new start point, by swiping off. However, in the

present embodiment, because the stylus and touch

tablet produce different signals when the stylus is

(1) applied to the touch tablet (co-ordinate data and

15 pressure value data), (2) in proximity (co-ordinate

data only)'and (3) out of proximity (no data) the

N system is arranged to be re-set, when working in say a

geometric shape mode, by moving the 'stylus out of
proximity.
20 zoOM
The unit 15 of Figure 1 also includes a zoom
facility arranged to modify the addressing of the
framestore 21 so that pixels are addressed more than
once allowing a selected region of the'image to take
25 - up the whole of the monitor screen. An example of a

prior art =zoom circuit providing a zoom facility is



28 shown in Figure 6 of the acconpanying drawings. In this ¢circuit a zoom
factor stored in a register 80 is used to control the addressing of a
framestore 21 by an address generator 81. The register 80 stores 5

I nikeger val ues representing the zoomfactor. Wen the zoomfactor is set
tw./unity a picture of normal or full size is output fromthe franmestore 21
for display on the nonitor 16. Wen the zoomfactor is set to an integer
val ue of two or higher the address generator 10 responds by dividing an
address clock signal by the value of the factor so that. only a

fraction of the area of the inage is d#&played. Signals are also
output fromthe address _generator 81 to the buffer 16a so that the area
of the inagethowautpnt FLEYKE he of5 the r ARCIWPANYINGs dFpyENGFed O t he
whol e of the monitor screen 16. Thus, in known facilities . the clqgk sidﬁm
whi ch i ncr engrftiss ?hECHﬂEr§s§°°3bmégiﬁf §LO1RY| R g2 by TA SFEFMEL A or |
which may be .increased. by integer,values from unit but this results
in a zoom fadi§% yt‘i'o coﬁﬁﬁ?ﬁf tS'Iear taéidlfﬁﬁsn?% © e?ykr¥§‘F§3:°ﬁeur@‘s,bythe
first halvin h of ' j.spl ayegh. . A .G i i ovi des
an i mrovedgaéo%%g*ggfl [ ?%B?g e owncﬂlln' Fi gﬁﬂé@'? B%bﬁ'%gegccg\#;as;%rr%

drawi ngs And GAISYSESvaluds? QAR AL AN Sodfl. £a8L8 . GG did adder

82, an accumul'afion register 83, an OR dgate 84 and a counter 85. The zoom
- factor may rajm factor is set to unity a picture of normal or

full size is output from the framestbré_Zl.for_display

on the monitor 16. When the.?gom factor is set to an N/

integer value of two or higher the address generator

100 responds by dividing an address clock 'signél by the

value of the factor so that only a : fraction of the

.area of the image is displayed. 'Signals are also

output from the address generator 81 to the buffer 16a

so that the area of the image output from the

15 framestore 21 is displayed on the whole of the monitor

screen 16. Thus, in known facilities the clock signal

which increments the address. generator is divided by N\

- the zoom factor, which may be increased by integer

values from unity, but this results in a zoom.facility

20 which starts off in very 1large jumps, the first
halving the area of the image displayed. |

A circuit which provides an improved zoom

facility is shown in Figure 7 of the accompanying

drawings and consists of a zoom factor register 80, an

25 eight bit adder 82, an accumulation register 83, an OR

gate 84 and a counter 85. The zoom factor may range



29 fromzero to 256, wherein 256 produces a picture of normal size by
setting a ninth bit on Iline 86 which enabl-es the counter 85 directly via
the OR gate 84. The counter 85 outputs an address signal to the 5
framestore 21 (not shown in Figure 7). The address signal enables pixels to"
be réad from addressed | ocations in the framestore and di spl ayed on the
noni tor 16. When the counter 85 is enabled, by way of the enable signal
from OR gate 84, the output address 10 signal is :advanced by one
increment each time the counter receives cl ock pul se. When an enabl e
signal is not applied to the counter, the “@ddress renains the sanme and the

sane pixel at t xeoxﬁazngr%g?%%Saéé,ag%?e%éﬁ%misgﬁeeiéflﬁééggggziﬁi&u e JiEXt

clock cycle. 1 Z00 al ue an- , counter 85 .s

gnabl € when t g, ghght bk 3 Yol OW SN CBLY ol Othe o6 LA cRdder

82 receives srgnal “representin zoom Tacfor rom the zoom

factor registerof0nend 2MdS oRintd: BF| HWidtedehy SPLAT | BR20R0 A &4

stored in the accunulator register 83. The sum cdut put from the “adder 82 is

output for storfge iBohl@erCCWHl ahiiputadi dit! £kifddst hEEghRRACETD itthe
repeated for each clock cycle. A carry signal is output fromthe adder 82

each time tde sgraméstbeezam f@amtorsisvh 25n Figuregi sher THS aclivesd S
exceeds 255. The carry
signal enables pixels to be read from addressed
locations in the framestore and displayed on the
" monitor 16. When the counter 85 is ernabled, by way of
the enable signal from OR gate 84, the output address

10 signal is advanced by one increment each time the
counter receives a clock pulse. When an enable signal
is not applied to the counter, the address remains the
same and the same pixel at the same address is read
from the framestore 21 in the next clock cycle.

15 For zoom factor values less than 256, counter 85
is enabled when the eight bit adder 82 produces a
carry' signal. The adder 82 receives a signal
representing the zoom factor = from the zoom factor
register 80 and adds that to a signal representing a

20 numbér stored in the accumulator register 83. The sum
output from the adder 82 is output for storage in the
accumulator register 83 and this process is repeated
for each clock cycle. A carry signal is output from

the adder 82 each time .the sum of the zoom factor and

25 the register 83 contents exceeds 255. The carry

signal is applied via the OR gate 84 to enable the



signal is applied via the OR gate 84 to enable the 30 counter 45.
Thus with a zoom factor of 255, say, the degree of magnification is
256/ 255, and it is not until the factor beconmes as Ilow as 128 that

the degree of 5 magni fi cati on beconmes x2 (i.e. 256/128): The circuit
shown in Figure 7 therefore produces a much nore gradual zoom than that
avai l abl e using hitherto known techni ques. When zooned, the picture may
be scrolled by fractions of a pixel by pre-Ioading the 10

accurnul ation register 83 with a value derived via a selector multiplied
by a value fromthe register and the st3dxt of each line. D SPLAYI NG SPLI NES

BY DOTS The systemis al so capable of displaying curves 15 constructed '
form. positdaumnteri#bntified by the operator. Referring now to ~

Figure 8 which shows an exenplary display on the monitor 16, &

from the identifThgs Eé§ht|én§°°90 fagtor of 259 edsayin&he degnpee

cal cul ated as. a mathenati cal e si on Qiuch as a onnon1aI whi ch

i ntersects °§ﬂmag¥h€1°ﬁB§PP|&ﬁs 25§3 an kszy%?eﬁP th@ﬁ?ﬁﬁc @tes
g\e/\évnlosl gt)gcéffo e btﬁggﬂeﬁot asrraéoﬂ"e a&os%[%% §¥egtﬁ% %esgezréeesqgf
| 5 magnification becomes x2 (i.e. 256/128). The circuit
shown in Figure 7 thefefore produces a much more
gradual zoom than that available using hitherto known
techniqﬁes; When zoomed, the5picture may be cholled &J
by fractions of a pixel by | pre-loading the
10 accﬁmulation register 83 with a value derived via a
selector multiplied by a value from the register and
the start of each line.
DISPLAYING SPLINES BY DOTS
The system ié also capable of ‘displaying curves
15 constructed form positions identified by the
operator.

Referring now to Figuré 8 which shows an U
exemplary display on the monitor 16,  from the
identified positions 90...93, é"curved' line 94 is

20 calculated as a mathematical’ expresSion . (such as a
polynomial) which intersects all the positions
90...93. The system then calculates new points, so
that the 1line 94 may be displayed as a series of
evenly spaced dots. ‘Each dot may be positioned at a

25 higher resolution than the pixel spacing using the

- technique described in the aforesaid patent and

[l



25 higher resolution than the -pixel ‘spacing using the technique
described in- the aforesaid patent” and-. :- 31 outlined above. As al so
shown in Figure 8, a process of double buffering is used in which a first
framestore 95 is updated while a second framestore 96 provides a video 5

sighal for the nonitor 16. . The artist can define points by way of the
stylus 18 and touch tablet 17 and a processor 97 responds to signals from
the stylus by draw ng dat & representing a Ilitne joining the

identified positions into the first framestore 95 10 during a first

display frame period. During the next displaying frame period the data is
output fromthe first frapestore 95 for display of the line on the nonitor
16 and data repPBELAPPAG3PR¥ S ine joining newidentified positions s

drawn Finto the secqond 15 ~framestore 96. The role of th t .
stores 95, 96 alter n%ﬁe?a&? asfl’roé(ﬁb-m-ffrg‘agﬁér%aéPsaSBrf’ﬁ&Fst I?g (ﬁ’ﬁ\qﬁﬂtﬁjt put

to the display ,16.Ls_c¢anst.ant| pdated but w thout.introducing a .
%%fgérlﬁ i q§édjln (ﬁLléh a %&rat %-a&es oF%b-llrﬁF 94

flickering to t rsplrayed object” 2 I'sprrayrng _

fhe di spl ayed | ReRERaTLATaCE! o Mol RO i BB & VR RELISUED S Y

line wll dhergfongibgcseehe honitor 16. The artist can define

points by way of the stylus 18 and touch tablet 17 and

a prpcessor 97 responds to signals from the stylus by

~ drawing data representing a line Jjoining the
identified positions into the first framestore 95

10 during a first display frame period. During the next
displaying frame ' period the data is output from the
first framestore 95 for display of the line on the
monitor 16 and data representing the line joining new
identified positions is drawn into the sécond

15 framesfore'96. The role of the two stores 95, 96
alternates on a frame-by-frame basis so that the data
output to the display 16 is consténtly updated but-:
without introducing any flickering to the displayed
object.

20 - By displaying the 1line 94 as dots, the data
content of the image can.be reduced thereby allowing
the displayed line to respond to new points in real
time. The displayed 1line will therefore be seen to
twist and reconfigure in response to movements of the .

25 stylus allowing an artist to create smooth lines

‘connecting préviously defined " points on an image.



twi st and reconfigure in response to novenents of the 25 stylus allow ng
an artist to create snooth lines connecting previously defined points
on an i nage. 32 Once the desired |line has been designated, it can be
drawmn into an imge as a solid line formed fromoverl apping brush

nps at positions defined by the equation. 5 STI CKI NG CUT- QUTS
W THOUT A FLASH A known feature of video graphics systens is the socalled
cut and paste, in which part of one inmage is stanped into a second. inmge.
To avoid introducing artefacts, stanpi is controlled by a soft edged
10 stencil, as described in United~“States Patent No. 4,602, 286

ST GNOd 1 G L8P B3ET o 3 ha kA hUUPnREER, 135 it ©

t he pr esent cut nen stanp

be keyed ovey. elnggckghou?gla%\s/e%maa Vééi 0q Cofrbj, ger f@.medalfzqyiﬁng.lt

to be positioned | n"Tésponse s of the stylus. Sel'ecting

"stick” fro AyeBrRAY hempea@n éi/tﬁéhskae&hﬁeau Whethi ch
takes a- n1n|3%%§5€é§§o ?raﬁe perlodspgi problem w th known sys?gﬁs is that,
unl ess the 2QggqugeiBhner is disabled (resulting in the cut out being
renoved and re assenbl ed during the stick process) the stenC|I signal is

used twige, ORLEKING!BOTSOUTS WMITHOUT A FLASH

A-known_feature of v1deo-graphics- systems is the
so called cut and paste, in_whiph_part_of.cne.image is
:stamped into a second image. Ta.favoid introducing o

'-;_artefaCts, stamping is controlled by a soft edged

10 stencil, as described in United States Patent No.

4,602,286 assigned to the p#esent Assignee and

included herein as part of._the{ present.diSQlosure.

Before a cut out is permanently stamped, it may be

. keyed over the background~ using' a video combiner

15 allowing it to be positioned in response to movements

of the'stylus.  Selecting "stick" from a displayed

__menu'then pe:manentlj sticks the cut-out which takes a W
minimum of two fraﬁe periods; o

A problem with known sy§tems is that, unless the

20 combiner is disabled (resﬁl;ing_ in the cut out being

removed and re-assembled during-the_stick'process) the

stencil signal is uéed twice, once-in:the sticking

process and -once again as the video key. The effect

is to produce. a hard édge which may be seen by an

25  operator as a flash while the.imagé is béing stamped.

The present . system overcomes = this problem by.



process and once again as the videe k s;The effect is to produce a
hard edge which may be seen by an 25° perator as a flash while the inage
is being stanmped. The pr esent system: .overcones this problem by
33 si*nul taneously witing pixel data produced by the stick routines into
the corresponding | ocations - of the cut-out store. = Thus, at these pixel

~ positions, the video key has no effect because both the background 5 and
t he cut-out have t he .same value and any proportions (defined by k
and 1-k) of equal val ues conbi ned by the eggatron defined above produces
the same result. Thus, a stick need not |nstantaneous and no

di sturbances are roduced i n the output inage. : Having thus
descrjbed the Sdr'@&’etrﬂm‘r‘?r\r%hn o T b ingt ePéFF@é- tcsiaa:q)remé@qie@eénbbrf e it
is tovbe well W der.st ood guestion s

exenpl ary only ® gl ﬂ%ﬁrfPEStFgﬁsCSFEQﬁBQQé%Qﬁmg%ﬁéﬁl8§SMP¢It@@cur
toth d t K d nd s mad
W thout depar t S b TREE€i 11 FP4Ra <BBpE™oS hE iR brRoShtheer Thel or 1
in the appendedfaégrﬁbfumhgguhgalg@kchhB %%&se ﬁg{hhéhe background

5 and the cut-out have the same value and any

proportions (defined by k and 1-k) of equal values

combined by the equation defined above produoes the

\v/ same result. Thus, a stick need not be instantaneous
and no disturbances are produced in the output image.

10 Having thus described the present invention by

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

15 knowledge and skills may be made without departure

from the spirit and scope of the invention as set

forth in the appendéd claims and equivalents thereof .



1. An electronic graphic systemconprising: a store fot- storing data - = °

defining a

readi ng nmeans for

bat ch conpr
for process

mul tiplicity of pixels which together represent an i mage;

i sing some of said nultiplicity of |xels from the

ing, and for reading the data def| " uﬁl ity
pi xel s fromthe store for display of thg 10 ' mwmtd th

a processor
to produce
for witing
said store

and wherein
oper abl e su
for the pro
di splay and
are interle
bat cheg of

t he batch

10

15

20

25

5

store
of
er eby;

for processing each batch - pi xel data from sald readlng nmeans
a_correspondi ng batch of nodified pixel data; and witing nmeans
itch of nodified 15 plxel data from said processor to

Ene T eR RGOS (ERIE CeyBRRR BRGSO T e

reln,

ch that {sgsr efgi'ngtﬂkéﬁﬁ' &a?itﬁgfgnﬁﬁgpé)ﬁhgfﬁﬁlf:'ieﬁﬁ bige st

cessor, ata“fromthe store for

Bre

a%kﬂ.ge‘ﬂfrs' Wﬂl%lpfto?é&@ﬁtféﬁﬁeQEn@QH ijathgd xel data to the store

and toget her” occur concurrently with the processing of

pi xel QalaAitg tHeaRE0TRASOFeadling data ébrelespormimy gtaphic
systemas clained in claim1l, wherein the reading neans is adapted to read

b&tdmesﬂoﬂapaxeasﬂwithcmashomatqhxebmpriaingnﬁomaeof

said multiplicity of pixeis._from the .store for

proce551ng, and for reading the data defining the
multiplicity of pixels from the store for display of the
image represented thereby;

a processor for processing eech.batch of pixel data
from said feading'means to prodgce.a correspending batch

of-modified?pixel'data; and

writing means for writing each batch of mgdified

pixel data from said processor to said store to replace -

corresponding pixel data previously stored therein, and
wherein the reading means, the processor and the writing

means are operable such that the reading of said batches

of pixel data from the store for the processor, the

reading of the data from the store for display and the
writing of said batches of.modified pixe; data to the
store are interleaved and together occur concurrently
with the processing of batches of pixel deta by the

processor.

2. An electronic graphic system as claimed in claim 1,

wherein the reading means is adapted to read the batch

F



processor conprises a pipeline processor in which th rdeessing of Gata*® -°°
for each pixel is divided into a sequence of successive pro | st eps

whi ch are 5 performed concurrently on consecutive [ilingi, d the
witing means is adapted to forma batch of nodified Jmflﬂ#' Ill/' :
consecutive pixels processed by said proc or. 3. At ekecC EHWLhic
systemas clained in claim2, 10 wher €111 t he readi ng neans coﬁpr?ses a

read buffer for reading and.buffering said batches.of data fromthe store

d d ad | ,
el ver . pi xeb=oRy¥l. T 10, Cle, HEGERsHAE AP IR Che s ETeCO AL
4. An el ectpop | :bai i i . i@ th
Wi ting meansEEORBFECRs COUR T DU | BEPPG i (R g bt oned SPASaa o

the store andppowekkdndlds£Saats! G0 edbhChisimderst 38 wiRd Oingh & Wite
counter, delivers pixel” data serially fromthe 20 processor to the

write buffer. sdgquende €bgCt EGBtessitiehi provdsiings taiped whidhy ayecedi ng
claim further conprising nmanually operable input neans for generating
co-ordidat e dpeafoemeds @vricurtentzly oon icordecutninge pixebs chapdxedse are to
be 36 nodi fied and col our selecting nmeans for selecting a colour, the
processor beiwgitingngesans psoddeptedditfo eform a batch of modified

pixel data from consecutive pixels processed by said

processor.

3. An electronic graphic system as claimed in claim 2,
10 wherein the reading means comprises a read buffer for -
reading and buffering said batches of data from the
store and a read address selector which, under the
control of a read counter, delivers pixel data serially

from the read buffer to the processor.

15 4. An electronic graphic system as claimed in claim 2
or 3, wherein the writing means comprises a write buffer
for writing batches of pixel data to the store and a
write address selector which, under the control of a
write counter, delivers pixel data serially from the

20 processor to the write buffer.

5. An electronic graphic system as claimed in any
preceding claim, further comprising manually operable
" input means for generating co-ordinate data representing

locations in the image at which pixels are to be



pi Xxel data as a weighted conbination of da epresenting acsgel ect ad
col our and pixel data read from5 sai d StOre;b&e;i%ﬁriﬂixilégi:;
graphic systemas clainmed in claimb5, wherein theM oper a I nput
means conprises a touch tablet and an associ at ed Mﬂ%v ch that
bringing the stylus into the proximty of e touch 16 ﬂztauses
generation of the co-ordinate data., and sure of the stylds @M the
touch tablet is converted into a pressure value which is used in the
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i nterpolate between a first pressure value at a first instant and a second
pressBre vakdagdastarsecond instant and to nodify the read pixel data in-
accordance with the interpol ated pressure values. 10. An electronic
graphic systemas clained in claim9, 5 ~in which the first pressure.

val ue and the second
6. An electronic graphic system as claimed in claim 5,

wherein the manually operable input means comprises a

. touch tablet and an associated stylus arranged such that W

bringing the stylus into the proximity of the touch

10 tablet causes generation of the co-ordinate data, and -

pressure of the stylus on the touch tablet is converted
into a pressure value which is used in the combining of

said colour data and said pixel data.

7. An electronic graphic system as claimed in any
15 " preceding claim, further comprising a monitor for
displaying the image represented by the multiplicity of

pixel data read from the store.

8. An electronic graphic system as claimed in any
preceding claim, wherein the store comprises a dynamic

20 random access memory device.
9. An électronip graphic system as claimed in claim 6,

wherein the processor is arranged to interpolate between

a first pressure value at a first instant and a second

¥



pressure value are consecutive values. 11.° /An el ectroni & graphic sySt em®as**
clainmed in claim9 or 10, wherein the pressure values aréei ed

linearly. 10 12. An el ectronic graphic system as c}gg jnclaim?7,
wherein a user selectable nenu is displayable on a port Im E/(f! Mﬂl”"
noni t or, the nenu di spl ayi ng repres tions of user & ! I'

features associated with the nodificatio f the inmage, wherein a feature
is 15 sel ectabl e by placing a cursor over the representation of that

feature and igr@lierablibe SHOSEAUERONIDEHITNInE! ahlle ddiinGR LY WhE

nonitor. 13. ~ An electronic graphic systemas clainmed in c
movenent of theadt Wikel0naabs tigChckaPhihced with CRWerSiAPYEEBALLRl t he

cursor on the nonitor and applying pressure to the stylus causes the
desi r ed f eat redsube ¢&laeked. 38 14. An electronic graphic system as
claimed in claim12 or 13, wherein, once a feature has been sel ected,
subsequent novenent of the cursor in one direction causes the value of the
feature to be increased and 5 novenent in another direction causes the
val ue to be deksealrdlddtromic draphinisystenlis cdpsdmed dn claiimed,i n any
preceding claim further conprising an addressing

5 in which the first pressure value and the second

pressure value are consecutive values.

11. An electronic graphic systém as claimed in claim 9
or 10, wherein the pressure values are interpolated

linearly.

10 . 12. ~ An electronic graphic system as claimed in claim 7,
wherein a user selectable menu is displayable on a
portion of the monitor, the menu displaying
representations of user alterable features associated
with the modification of the image, wherein a feature is

15 ~selectable by placing a cursor over the représentation
of that feature and is alterable by subsequent movément

of the cursor on the monitor.

13. An electronic graphic system as claimed in claim
12, wherein movement of the stylus on the touch tablet
20 causes movement of the cursor on the monitor and
'applying- pressure to the stylus causes the desired

feature to be selected.



reduction circuit responsive to a predefined zoo act or 16-  in= range;-
fromzero to unity to reduce the rate at which | ocation e store are
addressed in relation to the rate at which pixeLs fromt st or e

for display, thereby to produce a zoomeffect in ﬂa@gi ﬂ”lﬁ l'ay. 15
16. An electronic graphic systemas clai n cldinf he zoom
factor is.user definable. 17. An eIeCtronFE%;%nﬁnc system as clalned I n
claim15 or 16, wherein the addressing reduction CIrCUIt conprlses a
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system as clalned in claim115, 16 or 17, wherein the zoomftactor 1Is

al terabl e byauiesisthe WY SHEMIRE nﬂeﬂtﬁ%&geﬁb speh intiteSed hana

~zoom factor is altered the zoomeffect is applied to the data representing
t he i Bage fmbvhmgﬁwy;nthanMMeﬁcﬁitedtienaaHuggsnghéomamméeeb be t he

i mge for display. 19. An electronic graphic systemas clainmed in any
precedi ng cldsianeagmtein a plurality of |ocations 10 defined by a user
are connected by a snoot hly changi ng :

15. An electronic graphic system as claimed-in'any

preceding claim, further comprising an addressing w

reduction circuit responsive to a predefined zoom factor

10 in a range from zero to unity to reduce the rate at -
- which locations in the store are addreésed in relation
to the rate ‘at which pixelé are read from the store for
display, thereby to produce a zoom effect in the image

for display.

15 ' 16. An electronic graphic system as claimed in claim

15, wherein the zoom factor is user definable. -

17. An electronic graphic system as claimed in claim 15

or 16, wherein the addressing reductibn circuit

comprises a counting circuit for counting a number of

20 clocking periods determined by the 2zoom factor, the

counting circuit producing an output indicative of the
counting'of said number of periods; and

an address incrementing circuit responsive to the

output from the counting circuit for incrementing the



curve cal cul ated by the system the data defining the | ocat i*ons and ihe
curve being held in a double buffering arrangenent conprising two

stores, the arrangement being such that during one frame period—data in one

store is 15 out put for display whilst data in the oth

: I S
nodified in response to user mani pul ation 05 he | ocatio @}W@w umMm :
another frane period data in said other stor€ is output feor ¥ t

data in said one store is,_nodified in response to further 20 ,
mani pul at i onsadgresseds etor®) lotatdlaacs roni ¢ graphi ¢ systemas clained in
claim 20, wherein the curve is calculated as a polynomal. 21. An

el ectronic graphic systemas claimed in claim19 40 or 20, wherein the
curvekjs defined as a plurality of points connecting the |ocations. 22. An
el ecttoni ¢ griPhi cABy edeataend s FerPhicafysHeacad mlared nin edadm sing
conbining neapns _for 5 conbi ping a portion of one inmage with a portion
of another inkge &RdOF Me d'mﬁ’r'%}no?'hﬁ §P€H’ciqaq‘?ﬁ&”ge1%ﬂ:ge¥§b&§ea’ybot hto
conbi ne the t&ﬁ I mages Hg?nennrﬁ angd t.o control t%e cogﬁiq{qg of g% I mages
for display, WR&rEFFErhdITafeSHaPa PHASHL L BVICB BN FFe #Fm in 10
menory 4S Wi t hrd f is t.
elimnate di s%é?ﬁa%%%gogtﬁ%%wfg%%&%% z|Oc;nl’q!f %efé:%%bilg%g’%&l Eglgg%/%%es for
di spl ay. data representing the image for display, thereby to

produce a changing zoom effect in the image for display.

19. An electronic graphic system as claimed in any
preceding claim, wherein a plﬁrality of locations -—
10 .defined by a user are connected by a sﬁoothly changing
-curve calculated by the system, the data dgfining the
locations and the curve being held in a double buffering
arrangement comprising two stores,the arrangement being
such that during one frame period data in oﬂe store is
15 output for display whilst data in the other store is
modified in response to user manipulation of the
locations and during another frame period data in said
other store is'output for display whilst data in éaid
one store is modified in response to further

20  manipulations by the user.

20. An electronic graphic system as claimed in claim

20, wherein the curve is calculated as a polynomial.

21. An electronic graphic system as claimed in claim 19



’

23. An el ectronic graphic systemsubstantially as herein descri bed witH
reference to the acconpanyi ng 15 dr awi ngs.

10

15

R AN
or 20, wherein the curve is defined as .a plurality of

points connecting the locations.

22. An electronic graphic system as claimed in any .

preceding claim, comprising combinihg means for
combining a portion of one image with a po'rtiori of
another image under the control of a stencil image which
is used both to combine the two images in memory and to
control the combining of the images for display, wherein
the image data produced by combining the images in

memory is written to a store containing one of . the

images thereby to eliminate disturbances otherwise

caused in the combining of the images for display.

23. An electronic graphic system substantially as
herein described with reference to the accompanying

drawings.
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