METHOD AND APPARATUS FOR DI THERI NG ANTTALI ASED VECTORS BAGKGROUSD-OE, THE

4 NVENTION 1. FI ELD OF THE | NVENTI ON: The net hod and apparatus of the
present, invention relates to the rendering of |ines on conputer graphic

di spl ay- devices. Mre specifically, the nethod and apparatus of the present
invention relates to the rendering of high quality lines into a | ow
resolution frame buffer. 2. ART BACKGROUND: A picture or imge nay be

t hought of "as a continuous representation of the object projected. It is
often dé€Sirable to represent imges on a digital conputer display device
such as ¥ nonitor or a printer. However, a conputer and Its output devices
are binary in nature. A CONpti SH o ..;.ﬂﬁgrld of displ ay

el enents, referred to as pi~cersTRrmn #e~1n one of a plurality
of on states indicative of"Tg'rﬂrEHSTT?"Tﬂfﬂmchn the pixel location is
illumnated, or in the off state in mhlch t he plxel | ocation is not
i1lTumnated. In order tBACKGR B e conti nuous i mges
must be converted to discrete representatlons correspondlng to the pixel

| ocations on the display device. Adigital inage is quantized in both the
spatlal‘ponagﬂgﬁggE%Bﬁ;hﬂbﬁgﬁh&X domai n. The amount of nenory avail abl e
(that is, th buffer) dictates the quantized |evels
avail able to representthe image. if the resolution of either sanple space
(i.e. spatial and intensity) drops below a threshold (due to nenory

In the L nLahar by donmen Thant T o/ina provent b Ricte kiRt 15 Tne BBl 3 Chcnc.

In the intensity domain, 1nsufficien Ion 1S esence

of arti fines en cemr@apme isplay: devidesarMorei speeifibally eke nietRddasd Of
i ne¥enent al 'ntéﬂﬁ &t her undesirable VISIb|e effects, such as

pat t er n2RBarat ysent, invention relates 4o therssndesing olhigh qualitytimesiieto a
low resolution frame buffer.

5 ARTE. | N

A plcture or nmaga may be thought of as a continuous representation of
the object pro;ected. tis oitan desirable to represent images on a digital eomputer
display device s_ueh as a monitor or a printer. However. a eomputer andits output
.devices are binary in nature. A computer display c@mprise's.a grid of display elements,
referred to as pixels; which wan'éithér be in one of a pluraliiy of on states indicative of
its mtensnty in which the pixel location is mummated orin the off state i m which the ~
pixel location is not illuminated. In order to display continuous. 1mages. the continuous

images must be converted to discrete representations corresponding to the. plxel
locations on the display device. A digital image.is quantized in both the spatial

domain and the intensity domain.



vi si bl e threshol di ng between quantized intensity |evels. To mnimze the
undesirabl e effects, atechnique, referred to as dithering or digital .
hal ffoning, is used. Dithering is a technique which permits the sinulation
of intensity |levels between quantized |evels by permtting the eye to,
integrate fine detail within an area and record only the overall intensity
of the area. Dithering ains to sacrifice some of an image's spati a
resolution for an increase in perceived intensity resolution, acconpl i shed
by averaging the intensities of several neighboring plxels to S|nuIaE%‘.

I que
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per cei ved. nformat ron on dithering, see Uichney, Dgital

Hai f t oni ngafiplirspack T{i.Br spatial atﬁﬁteps&)‘dwpmhw Eﬂhrdshtﬂﬂ(duestodhemner active
Conput er Graphl 597-602. ddl son-. Mésl ey, 11984 Several types of
di t her i ng limitation ﬂdg ey wilt dete ?9’&9@’ Qpouyn éﬂ mih

di stingui ‘#E"Wméﬁﬁ K Rﬁﬁéd gi que of
order ed dﬁ{'} fei g oods airqeg]c ose%&ggggﬁégﬂ%eé%ﬁﬁai&ygnenm onal
set of valdeﬁmmngeﬂetrammdm betwédreregians of immnmensdye rOther undesirablech i s
tlled|ntothe|naescoord|nte a ically for ar t he
tabl e has vsikie e SWB’@@‘"GQ%R%P@S@ t%"alm'f%gﬁb?é? heinber
of entrie gﬂr@ nul atable.intensity |evels
bet ween tﬁ'égﬂﬂy'}?lsﬂz&@hf e sh%f{wah @Jﬁ%gw{augg contained in the table are

used to make deci sions about -which ‘quant i zed -i:ntensi ty- val ue ‘Wwi'll " ‘be“out pu&

at each position, that is, should the intensity value bé quantized to.the
quanti zed val ue abormmuumbenmmmlpgﬂm ateebmgue.yemegéo asieitharinger

t abl e val ues ferent ch X rdi e.loc ch .t when a.
const ant HﬂSJfH% FP@M’H ge%é ﬁﬂ"&ﬂ"@ﬂi%%iﬁ?&ﬂ@@%&?“‘%ﬁ%%?ﬁﬂ%ﬁloﬁjes wll -
al ternat e jhgnsity levels between quantized levels by permitting the eye 10 integrate:fine detail

within an area and record only the overall. mtensuy of the area. Dlthenng almsto

sactiﬁee some ofan nmage S. spaual resoluluon for an metease in pereewed intensuy

reseluhen, aeeemplashed by averagmg the intensmes ef several neighbenng pixels te

sxmulate intenstlaes that lie between quanhMen levels. Typleally. this techmque e

works well, sxnee the eye naturally blends mdl\ndual plxel values such that enly the |

average intensity. m the: surroundmg area or nelghberheod is pereeived For more .

information on duthenng, see Ulichney. Digitat Halftoni f (1 987, MIT Press); Foley &
S I p 597-602 (Add’sen- j 8 ._ G

Van Dam.
Wesley. 1984).

Sevexal types of dithenng techmques extst. The types of dithenng RRR
algorithms are dustmgulshed by the way the ne:ghborhoods are chosen. In the'~
technique of ordered dither, the neighborhoeds are. chesen eeeordmg to a two-
dimensional set of values, referred to as the dlther table or dither matrix; whnch is txled
into the image's coordinate space.. Typically for area d_‘ther. the table has the s_ame
number of row and column elements and the fotal number of entries in the table
equals the number of simulatable intensity levels be'twee.'n--the 'quantized levels. -The .



sone pattern between the upper and | ower quantized intensity |levels. The

. orderéd dither process is explained in reference to Figure 1. Process 1.0
deétermimes the appropriate index into the dither matrix based on the x-y
coordivaates of the current pixel. Conceptually, the idea is to "tile" the
dither "matrix into the image coordi nate space, thereby replicating each
entry once every n pixels, where n is the dinension of the dither table.
The indices to the matrix, are determ ned according to the follow ng
equati ems: i =xnmodn nlf. nis apower of two, it is

possi bl'e t (valNes gontainadin the, table.grg yspd g&ﬁg decisigns aheut,which.qyantized

coordi nate ity VRGeS t ' Qﬂhpﬁgﬁ r ﬁ&mh L Lt | rensi on
of the di tﬁg{ea%“avtrl x*@gbfx%‘?h{en t he f‘g'é‘? fgélsgnl |cgrr'1tfh%u|yt‘;s%ﬁ’oef%¥ﬁe X-Yy
coor di nat esquantizechtothe daantized vaigeiabevk omiskiow the origisalint@nsitfivaiieo CRfes 2. O,
.the dither y Iu%z are retrieved fromthe matrix according to i-j dither

i ndi ces detHg{ @@W%M%@H@W%ﬂéﬁ'wnﬂ%mmeﬁsi ty scale

has fewer 05: i ' : tize the
"put val udorpeRFinplreengfy i eihiral Budh Rire/ardE g ouils RS wiudRR It

| evel on t heomeipatdm demwiednitive apperiand lsweriquantiztidlintensiy ievel! s the task of
process 3.0 to determ ne the input- scale base value, which Is the I nput

scal e val ue nearest to but not greater than the original input intensity

and which directly : rals f e qf

intensities. -3- G@%@%ﬁ%‘?’%@@%ﬁﬁé’%&% fﬁtf%é'g‘% %jp‘&ﬁ?ﬁe in the

stored rangRrooéssI10 detetrfihes tHecdlpropfiatecingdss intd e diREF MEHRBASed Bn e xyNPUL -

scal e base. This value will be referred to-as the "stored range basé val ue.

At_process @agrdinaies ﬂﬁﬁ-@ﬂ@%@lﬂﬁpmm.immailmtoe'ﬁbl‘ the dithen sxatridiniot s

L Pat o 2! in8 fAdge Blofinki H8Le, RrBEY repiiiing S3h antry ohed Svely A pels, whers.
n is the dimension of the dither table. The indices to the matrix, i-j, are determined

according to the following equations:
"~ j=xmodn j=ymodn

If n is a power of two, it is possible to utilize the least significant bits of the x-y screen
coordinates for indexing the dither matrix. For example, if the dimenéion of the dither
matnix is 4x4, then the 2 least significant bits of the x-y coordinates will provide the
; required modulo-4 indexing.
T . At process 2.0, the dither values are retrieved from the matrix according
' to i dither indices determined. By the nature of the problem, the output intensity scale
has fewer entries than the input intofnsity; scale. in orderto quantize the input- valus |
there must be a predetermined correspp;tdenoe between each level on the output
scale to a vaiue on the input scale. -1t is the task of process 3.0 to determine the input-
scale base vaiue, which is the input scale value nearest to but not greater than the
original input intensity and which directly corresponds 1o a value in the stored range of
‘intensities. | |



*

than or equal to zero, is the delta val ue passed along to process 6.0.,
Process 6.0 is the pivotal dither process, conparing the delta valuye to the
di t hetval ue and outputting either the stored range base val ue or thg mext
hi ghe~"val ue. Specifically, if the delta value is less than or equal to the
di ther value, the stored range base value is output; if delta is '
greaterthan the dither value, then the stored range base plus - one is -

out put. The output fromprocess 6.0 is the quantized pixel value t ha is

deposited into the Eh&ee)dms-(@-g!@tﬁiﬂiﬂeéﬁﬁﬁwﬂ%‘ﬂm sipred sanae ¢f uant u{ed

LRLVES o PSR Ren 4 Bafigrby B 6B s TIRRRRRRC i\l bT", LY,

of processgz?r&dr%qﬁe "s?o % eyodsgm ¢ ed by | ookup-tables |ying. between

the frane out put a the vi deo - dlsplay input. (This is not part of
dithering per se, but is utlllzed for reconstuction of the dlthered I.mage

for view.ng.) By perfornm cesses 1.0 through 6.0 on.suc S|\ze|nput
val ues, dithering cAtiRwge Q%Eégeﬁﬁﬁeémmttﬁgm%&m?m BORS i nput

intensity. aﬂ?as s dofnme8 S Th '?Q“*C*‘“%P' éa/tgrbe VYteatr t he
overal | @Bﬁﬁ%n ens%gyeil S. app?'é% matae equa to e ori ginal |rnput '

I nt ensi ty thaA &R egeal tdizerd| ishﬁeddgutuxmseéalnhgﬂgem-pasmawmamlmo:mn for a
perceived increase in bit. (i.e., intensi t /coI Or&p;'?lgl ution, I S, assumed
that the otfjedivotal nbermeqmm am mlvmtd oifpuiing”*

resol ution ne of
si ngl g Ipl xgmqﬁ]%&%&@% qégﬂlsduﬂ}gge are exl ?&]%ﬁ%%hgg%g%%duence

the qual it yaigé isleéshandr quso tecditherchahoe] mmwmm base halas is-cutput; if @
dlsappearlng i ne segnents when 't he ‘l\ine color is cl ose to the background
col or and Helaisgreasercthan th d}hﬁgmﬂyemﬁlsﬁ%@ rangenRase Rius 05e IS AUtRMLy; ¢ a
i mage duri h - Thi |
series of - &gﬁ Pﬁ* uﬁ % g %r#aig %&%%@aﬁggln‘%%@ @gt n% %b%%ﬂﬁﬂot ﬁ% ?’ ered
usi ng ar eas{y,g @eé atﬁﬁ@bt‘iﬂe?ﬁ ‘A decrease int he bit
Although quantlzed values are stored these vatues are typaeally mapped
back to an mtenstty scale \mth a greater mtensrty range for display viewing. That is the
task of prooess 7.0, whleh is usually lmplemented by Ioekup-tables Iymg between the
frame buffer output and the vndee display mput. (Thus is not part of dithenng per.se, but
is utllized for reeonstmctlon ei the dithered tmage for vrewmg ).
By performing precesses 1.0 through 6.0on suceessive input values, -

dithenng causes values. both greater than and less than the input mtensnty to. ultimately
be d‘splayed produung regrons ever whteh the overatl average mtenstty is
appmximatety equal to the ongmal mput intenstty

Beauee' the Edit'h’e"'r’ir'tg'-"|:>rt:'e'ess exchahﬁes spatialr restithtion’- for a.-pereeived. o
increase in bit G e lntensnyleolor) resolutuon. itis assumed that the object to be
dithered has. sufﬁeient area to permnt the resolutlon exchange to be accomplished.
However, when' drthertng a‘'fine of stngle pixet \mdth very little surface area exrsts and
as a consequence, the quality-of dithered lines.are reduced. Artifacts, such as



resolution (that represents the intensity val ues) al so decreases the nunber
,of intensities available, naking the i nage appear nore ragged along its
edges-—~n -l ow resol ution devices, these artifacts become nore preval ent
becausgs the number of pi xel s avai l abl e in any area of the digital inmage is
smal | conpared to the size of the inmage and therefore there are fewer

pi xel s that may be used to mnimze the visual effects of the artifacts by
varying the intensities of the pixels. To renove the jaggies which arise

due to they #?Q&ap@@ﬁ@%%&éts%’eh%h@&ébn awm&ﬁc%hﬂﬁ Boif End' S0

The vi shal gl es are decrease y snoot edges of the

| i nes i nt olindvaghadhess(taghiess] manifdsy thensehasiimthet digitalimade dirirghdithering: and
using internmedi ate col ors between the actual |ine color and the background

col or on t s isiusiratedsip RigZwhich degictspserjas of Frdiallines priginating M ant i -

I ,

Conput o TPt bl BBl tigored b shebpirpp ipnnfieds Rbecbgsd b8BT | o
i n which ardeamb-enhﬂr@pivssmhmmtdm;beames)wombcfﬁsebmﬁmdom into a
plurality of "sub- Hﬂilé))‘gg or elenments which are separately rendered and

subsequent injensities @vailabla; making theimage-appear more frroged alangdls esiges< Inbwer

i char o MOAET PRUSHE eth ey BosSite e BleFaRf bocabed e ifio P 2 ' "

addi tion opixbigaRaifdbie/in\ey Héa 81 the aRyital infagefis sMaIPESHEdrbd RSthesike diangiat ur e of
anti-aliased lines which typically dictates that the center of the |ine has

a great er imagerand thenefore thare atafgwer pikels thatimaydwe ysed to imipimizecthevisualver
|nten5|ty| rd to.blend into.the backgrpound, color). SUMVARY OF THE
| NVENTI ON effects of the pelfere PYvani %T@&gﬁegf’&“? RSy csent | nvention to

provide a nethod and apparatus for the rendering of high quality: vectors

in low resolution devices which enpl oy di t heri ng.
To remove the jaggies which arise due to the under sampling oi a line, anti-

aliasing techniques are used_. The visual effects of jaggies are decreased by
smodihing the edges of the lines into the background colors by increasing the width of
the line and using intermediate colors between the actual line color and the
background 'color on the added line edge pixels. For further information on anti-
aliasing, see Gupta, Sproull, "Filtering Edges for Gray Scale Displays, Computer

- Qraphics, Vpl 15, No. 3, August, 1981.

Compositing is a technique in which a complex graphic image to be rendered

u can be broken down into a plurality of "sub-images” or elements which are separately
‘rendered and subsequently blended together. However, "hot spots” often arise after
anﬁ-aliasitig techniques are performed on intersecting or overlapping lines which are
composited together into a single image. This is due to the addition of intensity values
at the area of intersections and the nature of anti-aliased lines which typically dictates
that the center of the line has a greater intensity than the edges of the lines (which are
at a lower intensity in order to blend into the background color).



It. is ~therefore an object -of the present invention to provide a,

met hod and apparatus. to render high quality vectors on |ow resol ution’ .
frame buffers or output display devices. In the method and apparat us, of

the present invention, vectors can. be-6endered and stored in | ow

resol ution frane buffers or digital display devices with the nininmm of

di stortion. The vector to be rendered is first anti-aliased at a first
resolution (for exanple, 8 bi ts/col or corrponent) to mnimze jaggies and

then is conposited with th&mRasE fh IR INVENRPEONINd pi xel s of the™;

digital imge stored in the. frane buffer. Once the vector is conp®&ited

with the correspondi ng pi-xel s of the digital- e the i xel ‘data:out put

fromthe conpositingt pré-éesstl}%r%ﬁ‘t%reﬂnto°93 nPE & [ PESEENton for

storage in {feeht86R bt$fq5rcﬁfﬂiié o]°Y SmbﬁﬁdderlindUtaﬁbﬁar@t\ngrmhl tnedl spl ay

devi ce. Prior too co ae]t;is}_fdattafromth.es qred d| |rrage

i s back-t r FEPLEFLERIt ° Zh*gl?stq“r t i REYDS ¢ dfhodiom nﬁef

i mge at thdeviess, whlﬂc@hemplogsdhhhenmngas the vector

i ncorporated into the digi tal inmage. According to the pr esent i nvention

there is provided a nethod: for rendering a vector represented at a first

resol ution of inten¥ttyisn sthemeforsol an; oebjedtce of atbecopresentr
el ﬁf;véf)éﬁaﬁ' o " rabeae o ﬁetﬁohovraxr&s bg,mrtueevwer&raeﬂg a

background pi xe al d vector.. to render e bet ween f:i rst - and

second co&%ﬁhaﬁ@@lﬁﬁi":t‘f&c‘t% ctRn QHaé-'«?s ‘Pﬁg‘ f’EﬁPe buffers or
output display dev1ces. -

In the method and apparetus- of the present :
J.nvent:l.on, vectors can- be rendered and stored in low |
resolution frame buffers or dig:l.tal d:.splay dev:.ces w:.th.'

'the minimum of dJ.stortion. " The vector to be rendered J.s_'

first anti-aliased at a first resolution (for example, 8
bits/color. component) to man.mJ.ze jaggles ‘and then is
ccmpos:.ted w:l.th the . correspond:.ng background p1xe1s ‘of

the d:Lg:Ltal image stored :|.n the frame buffer. Once the.
vector is compos:r.ted with the. correspondlng p:l.xels of the
digital image, the. p:l.xel data output ‘from the compos:.t:.ng' _
process is d:L_th_ered.. to a second, lov_l.er resolution for -
storage in the frame buffer and for"'sub.sequent output to. -~
a graphics display device.: - “Prior- to compos:i;ti.‘ng", “the W
data from the stored d:.gital .image is. back-transformed to: '
the first resolut:r.on for composltz.ng the dig:l.tal 1mage at

the same, hJ.gher _ resolut:l.on ' as the vector to be-
1ncorporated 1nto the d1g1tal 1mage. '

_ Ac_co_rdin_g:- to the : pre_'sen't'::-' . inverition ' there’ __i's:
provided a method for _'render_ing a v_ec_tor -repr_e_s_.ented-f: at-a
first resolution _of intensity- on a low resolution device:
at a second lower resolution of intensity, a store of
said low resolution device stor:.ng a background pJ.xel
image, said vector to be: rendered. between f1rst and.
second. coord:.nat_es in the screen space of the 1low.



-7- resolution device, said nethod conprising the steps of: anti-aliasing
‘the vector at the first resolution to produce a pixel imge of the
anti-aliased vector; conpositing the said pixel image of the anti- aliased
vect or mnth t he correspondlng pi xel s of-yke background i mage stored in the
| ow resol ution device to produce a conposited inmage, said corresponding

pi xel s belng:thoseiﬁﬂé s of the background i mage i ch. forma vector

bet ween sai F¥Yt deYirer c3Ridi pathed (rorpELSingefhepgtepssefa  step
of clorrp03<| ting conpramilgaltwsﬁgpﬁheLvebt% Hﬁrﬂi?rﬂﬁﬁtt hésﬁaﬁ}lﬁ&ﬁond' ng
pi xel s t om t ond, ke utign_to.the first

resol ut.i on; co%%;ﬂiﬁ?% té}g%%f % a??raﬁg gﬁ tﬁgtﬁ"%glgﬁf sgﬁ 5851’0r with the
back-t r ansf or med pi MIQQSJ.tingbé:diagrsaiad ipiexesl  dimalger | of tthe campdsi t ed

i mage from t %?%g ti PN pidedd N t

dithered i tr#n}glegééé ! féegg’M reso ut | on %dﬁigope?egét hgfl olafie

resol ution d’é\ﬁ@ itmagei groyes iiny thet éPy Fesqladan ddevieae tpow
resol uti on gREdifoe Ahsocoﬁﬁéeliébag iadéy éiﬁ?nbdr&‘é%iidrﬂl epixeis

provi ded an paratus for, derl vector r epr.esent ed fLrst

resol ution (535%1 a?g??? Bﬁxﬁ FO\H“;P%}Eﬁ grouha” image w. 11éh ' form a
vector between said first and second coordinates of the
screen space, said step of compositing comprising the

steps of;
back-transforming the corresponding pixels of the
o background image from the second. resolution to the first
- resolution;

compositing the pixel image of the anti-aliased
vector with the back-transformed plxels of the background
image;. '

dithering the composited image from the first
resolution to a second resolution;

storing the dithered image at <the second
resolution to the store of the low resolution device;

whereby high quality vectors are rendered on the
low resolution device.

. Also, according to the present invention there is
A provided an apparatus for rendering a vector represented
at a first resolution of intensity on a low resolution
device at a second lower resolution of intensity, a store
of said low resolution device storing a background pixel
image, said vector to be rendered between first and
second coordinates in the screen space of the low
resolution device, said apparatus coﬁprising:
means for anti-aliasing the vector at the first
resolution to produce a pixel image of the anti-aliased
vector; .
means for compositing the pixel image of the
anti-aliased vector with the corresponding pixels of the’
background image stored in the low resolution device to



device at a second |ower resolution of intensity, a store of said |ow
resol ution device storing a background pixel image, said vector to be
rendered between first and second coordinates in the screen space of: the
| ow resol ution device, said apparatus - -cegprising: nmeans for antl-alla3|ng
the vector at the first resol ution to produce a pixel inmge of the
anti-aliased vector; means for, conpositing the. pixel image of the:

anti - al i asePRRAUGR A t FOPROSILEAs L BRERNg FAIQ| SPTaSRE r@&ﬁ&lﬁmage
stored in thﬁim;v tnoeéu@mw\uf:ethe backgeound- a‘.mayammiad fopge s yai d

>

voct orbot wiheat coePreR R izt °afd, Wiketel HPind B Cel the

sai d neans fsnremlrpspacemg saddrneanyg for s:omppmlngaanemﬁnnsmg the
‘back- transhggg ofe correspondi ng pixels of the background image from
the second resdlutioh to the first resolution; nmeans for conpositing the

pi xel image ' of the BPANSa| fakedbackrsranstarninghathe: r SOSEESPORAINGE| s of

the backgroyike1@06f €RaNBaéRgrduhdcinige! FLoROERRS seedndbdasolvbiloe
first resol%ﬁéquégﬁﬁrsecond i ﬁglutlon “nmeans for storlng the dithered
i mge at t FEEPEPIBRIPB! the store of ‘the .lowresol ution
: . means. for ‘compositing theé.: pixel - image. of the-
anti-allased vector ‘with the back-transformed plxels of
the background 1mage, _ T T
: means for ditherlng the composzted 1mage from the
first resolutlon to a second resolution, _ -
means for storing the dlthered image . at- the
-._.-,second resolution to the -store. of: the low resolut:.on'._
qudev1ce,;”. o T T e _
- whereby high quality vectors are renderedhbn the
-ulownresolutionidevice,_. 3 ' . -

QO
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devi ce; whereby high quality vectors are rendered:-on the | ow resol ution

. devi ce. NOTATI ON AND NOVENCLATURE The detail ed descriptions which foll ow
are presentéd largely in ternms of algorithms and symbolic representations
of ops&rations on data bits within a conputer nenory. These al gorithmc
descriptions and representations are the neans used by those skilled in the
data processing arts to nost effectively convey the substance of their work
to others skilled in the art. An algorlthn1|s here, and generally,

concei wved to be a self-cong NS RPOREcadi ng to a desired
resul t ZAhese steps are those reqU|r|ng p y5|ca mani pul ations of physi cal
quantities. Usually, though not necessarily, these quantities take the

f f electrical | ble of b ed
Lranster e, coni ndhe SR SRR IR HoRERIPGrR brmsatied Sl i e ot
conveni ent agbrithiEnd SYiribde Ribrksenialbns BASHIRIOAS oA SEREPBitS WANIA a dof e L0

these signals as bits, values, elenents, synbols, characters, te
nunbers, omefiogy.| Thase algomhmwl desbiiptions and represemanohmam/lha medmatusaﬂ by of

these and gimil areto be associated wi.th the appropriate physical

quantities SQF'@ ?%B‘QF@ iyahy.convey s@ﬁﬁ?\?f)t i es.

Further, t rieed are often referred to in terns, such
h

as addi ng gfe conpari ng, %‘ ﬁ{grgeaﬁgommnl y associ ated with nental

operations perfornmed by a human operator. No such capabi I|ty of a human

operator is necessary, or desirable In nost cases, in-any of the.operations
described herei n whABiRigosithm js:hareand grnemilyccanceived to\be 6#9"‘9%;5'%9& ations

he, pr esenpedUbes i &R ek b o TREM VeSS Rl TY hosdTaRRRAT ., °0° !
simlar dephysieal manipblations6Ephysitar quantities. dUsally aheRhl rivt Metesshiilg, these
quantities take the form of electrical or magnetic signals capable of being stored,
transferred, combined, compared, and otherwise manipulated. It proves convenient at
ﬁmeé. principally for reasons of common usage, fo refer to thése signais aszbits.'
. values, elements, symbols, éharacters, terms, numbers, or the like. it should be borne
in mind, however, that all of these and similar terms are 10 be associated with the
appropriate physical quantities and are merely convenient labels applied to these
quantities. |

Further, the manipulations performed are often referred to in terms, such.

) as adding or comparing, which are commonly associated with mental operations
p'erforined by a human operator. No such capability of a human operator is necessary,
or desirable in most cases, in any of the operations described herein which form part
_of the present invention; the operations are machine operations._ Useful machines for
performing the operaiions of the present invention include general purpose digital
computers or other similar devices. In all cases there should be bome in mind the
distinction between the method operations in operating a computer and the method of
computation itself. The present invention relates to method steps for operating a
computer in processing electrical or other (e.g., mechanical, chemical) physical
signals 10 generate other desired physical signals. |

Q.



di stinction between the nethod operations In operating a conputer and the
met hod of computation itself. The present invention relates to nethod steps
for operatlng a conputer in processing electrical or other (e.g., °
mechari cal , chenical) physical signals to generate ot her desired phyS|caI

si gnal s. The present invention also relates to apparatus for perfornlng
t hese operations. This apparatus may be specially constructed for the

requi red purposes or it nmay conprise a general purpose conputer as

sel ectively activated or:. reconfigured by a conputer program stored |q;%he
conput er. The al gor irhd BlesBhEmsHtRH dsy rlalesocaparatis io? peAbming fHedh cd
particul ar conputer or other apparatus. In particular, varlous gener al.

pur pose naomraWSnB};hxs)apmads mayrqumg:aaymowmmot theaewlademmsastdn t he
t eachi ngs herein

speci al i zeﬁ"ﬁ?ﬁ?&?’éﬁ"ﬁg atﬁfnﬁél r%?%%ﬂ%ﬁ%%@‘ﬁ& g‘”é’%&? r g {é%&. red

o1 von be obf 8 ghmisRiarBloseain SE68 b M ChirgBlr T W@%ﬁ%"ﬂﬁ?‘&ﬁ? e Fur o
and advant ageshménﬂyfmlaaﬂbcadpmwlammnmrcdheﬂapppr&ue rin partiealat ivarioug | | be
apparent fromthe f ol owi 1 detalled%éjwﬁ tion of theinvention in which:
FIG 1 is Senarghpuiposs machi 48 /o8y ge u§ rams yyrtteniin. Bmedf'm%d

process. F t%&,@ﬁ.ﬁ, ﬁh&g&'&& ither is
per f or med %g"'\‘)ﬁ%% gélléﬁ‘t Ef‘tﬁ%y epicts an |ﬂgms rative corrpu er sygtem
enpl oyed i appdtaus yapemrmfthe requn'ed method steps. The requlred structure foravanety of

these machmes w:ll appear ﬁom the descnptxon guven below O '
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‘the present invention. FIG 4 is a block diagramof a preferred enbodi nent

_of -the system of the present invention. FIGS. 5a, 5b, 5¢c and 5d illustrate

the Gapta-Sproull anti-aliasing nethod enployed in the preferred enbodi nent
of the present invention. FIGS. 6a, 6b and 6¢c Illustrate the dither nodel
and back-transform nodel enployed in the preferred enbodi nent of the
present invention. FIGS. 7a, 7b 7c and 7d set forth an error analysis with
respect to the execution order of the steps of conpositing and dithering.
FIGS. 8a, 8b, So and 8d || BRIEFIRESCRIPHONCOE JHEDHAWINGSSpondi ng anti al i ased
vectorsgsed in the nunerical exanples. FIGS. 9a, 9b, 9c, 9d and 9e
illustrate a first nunerical exanple utilizing the preferred enbodi nent of
the present inventiog,

second nuneri cal exarrp?gﬂ’ié?lsﬁa%ﬁﬂeg' ea‘fovrgéﬁagrb% g?ﬂ)%@&ﬁ%#l‘*wéesﬁoﬁgsent

i nvention. preséiitinventibh WHlEe hgperént tom thetoldWitid\détallbd daschiptionof tHe-M
CONFI GURATION Fig. 3 shows a typical conputer-based systemfor the

di t heri ng dpventigntiawhichages according to the present Invention. Shown there
is a-conputer 1 which conprises three major conponents The first of these
Is the input/output (1/0) circuit 2 which is used to comunicate
information I n appropG.atiglayfiow diti§ian MdstrAAivEof thecptier bR VRIreE dikéteg parts of
the conputer 1. Also shown as a part of conputer 1 is the central

- processi ng pracessc CPU) 3 and nenory 4. These latter two el enents are those

typically _ :

FIG. 2 illustrates the artifacts which octur when area dither is performed
on-vectors.

FIG. 3 depicts an illustrative computer system employed in the system of -

the present imgenﬁon.

FIG. 4 is a block diagram of a preferred embodiment of the system of the
present invention. ' '

FIGS. 5a, 5b, Sc and §d illustrate the Gupta-Sproull anti-aliasing
method employed in the preferred embodiment of the present invention.

FIGS. 6a, 6b and 6c¢ iliustrate the dither mode! and. back-transform
model employed in the preferred embodiment of the present invention.

FIGS. 7a, 7b, 7c and 7d set forth an error analysis with respect to the
execution order of the steps of compositing and dithering.

. FIGS. 8a, 8b, 8c and 8d illustrate the vector and corresponding
antialiased vector used in the numerical examples.



found in nost general purpose conputers and al-nost all special purpose.
conputers. In fact, the several elenments contained wi thin conputer, 1 are .
intehded to be representative of this broad category of data processors.
Par t\~¢ul ar exanpl es of suitable data processors to fill the role of .
conputer 1 include. machi nes manufactured by Sun M crosystens; Inc.,
Mountain View, Califonia. O her conputers having |like capabilities may of
course be adapted in a straightforward manner to performthe functiopg
descri bed bel ow. AFIGSsda,8b, 9c,Adjand Jesilistrate pufirstinumerical exampln | n\ﬁ

t hat.

typi cal enbodi nent as a keyboard. }t shoul d. be under st ood, however,

t he inputuﬂi@m&'éemeﬁéﬂﬂm&?"lﬂna theRresant JvPMIal g et i ¢ or paper tape
reader, or other well-known input device (including,:of. .course, another
conputer). A nass nmenory dévice .6 is coupled to the I/Ocircuit 2 and

provi des addi ti onalFigGSo16g,c10W5,0108,! 10d/ ahd r10ehillusiratep & secand: Mbmericals nenory
may include other prograns and the |.ike and may take the form of -a magnetic
or paper exampipadilizing the prefasted ambodientpf dha pregent|igvepion. o appreci ated
that the data retained within nass nmenory 6, nmay, in appropriate cases, be
incorporated in standard fashion .into conputer 1 as part of nenory 4. In

addition, a display monitor 7. Is illustrated which i's used to display
messages or other. comruni cations to the user. Such a display noni.tor may
t ake the .formof any of several well-known varieties of CRT displays.

Preferably, the display nonitor 7 displays the graphic inmages generated
according to the process of the present |nvention. A cursor control 8 is
used to sel ect command nodes and provides. a.nobre conveni ent neans to input
i nformation into the system PROCESS DESCRI PTI ON A preferred enbodi ment of
the present invention is illustrated by the block diagramof Fi 4. In the
foll om ng exanpl e used to described a preferred enbodi nrent O the present
invention, a 4 bit/color conponent per pixel frame buffer is used. It wll

(2.



be apparent fromthe foll ow ng description that the present invention is
.hot |i‘mted to specific franme buffer resolution. In addition, the present

i fventT™n-is equal |y applicable to greyscale frane buffers and col or frame
buf f e¥s’* Al though the quality of a digital inmge inproves when higher
resolution frame buffers (eg.. 8 or 12 bits/col or conponent) are used, the
dramatic increase in cost for the additional nenory is generally
prohibitive. Therefore in order to keep nennry costs within acceptable
limts,. the-digital imgggray] e , agher resolution (in
t he présent exanpl e 8 bi

nered to a | ower
resolution (e.g 4 bits/col orcorrponent) Referring to Fig 4, At block 100,
t he vector data bdi fied to produce the pixel image of
t he cor r esptrtirigeidilofinteatvidatldN  The anti-al i ased vector is rendered
with an 8 bit/col or corrponent |nten5|ty resolution. Although there is no
limtation as to the anti-aliasing technique to be enployed. It is
preferred that Gupt cFig8 shows anypicalcconputesdased systdmh forvg itibring opdigital |
viewed as the center of a conic filter -of both unit radius and hel ght and
t her ef or e #NageR accealingto thepesentjnvention. Shewn thare isa epmputer hwhich dr awn

center (of prBnged Srdl mel by, ol iF ot b0 he rPRESIIA (BN ORMIZ, ., o

out a vol URFhidH i8Tussd & EciinGnitath irfomTRtioh Y &prépriatélpstruttured foktofand3fom

intensity of that pixel is then proportional to the volune intersected.
F| g 5b i I Rhesethat pasts ofshe camputern it sAlsg shawn as & park ateamputen 1He the eanrabet ant

Fopeh’ |11 uerocespirs ok K6 2 dndFiher . Thiedh oo obbss a8 dope Rl oo

I nst ead of y&HdoH!Mbst GendraFpYIPbeY Bk ms&&h&d&&kﬁp&?ﬂ Swﬁgl"?'é?f"aced by a

preferred that the cal culation of the volume I ntersecti
| ook- up t alin fact,the sevarg) eléraents:bontained withie campateby ardlinteneled tbe code of Fig.
5c. The |ndex |nto t di cul ar di stance fromthe center

he .t.abl t h
of the pix&PPB Lém'g ’qe?pl‘%?@ ﬁlﬁgagﬁmﬂ’sr Iﬂ%&é?@"?‘ﬁﬁ%seudo code
for the al Qﬂﬁéﬂt&l Hhta%i&céd%&u‘s*l& Il tH¥' 10leBt chMPure? § Endititd Machines manufactured

‘by Sun Microsystems, Inc., Mountain View, California. Other computers having like
capabilities may of course be adapted in a straightforward manner to perform the -
functions described below.

Also shown in Fig. 3 is an input device 5, shown in typical embodiment

as a keyboard. it should be understood, however, that the input device:may actually
\ be a card reader, magnetic or paper tape reader, or other well-known input device

(including, of course, another computer). A mass memory device 6 is coupled to the
VO circuit 2 and provides additional storage capability for the cornputer 1. The mass
memory may include other programs and the like and may take the form of a magnetic
or paper tape reader or other well known device. it will be appreciated that the data
retained within mass memory 6, may, in appropriate cases, be incorporated in
standard fashion into oomputér‘ 1as pan of memory 4.

In addition, a display monitor 7 is illustrated which is used to display

messages or other communications 1o the user. Such a display monitor may take the

'3,



Sproull, Filtering Edges for Gray Scal e D splays", Conputer G aphics, Vol
15, . 3, August, 1981. The pixel data representing the anti-aliased .

vectQr ;is, at block 110, conposited with the -correspondi ng pixel dafa
contained in the frame buffer. The conpositing process may be any known
conpositing process that blends a foreground color and intensity into the
background color and intensity to provide a snoothing effect or transition-

e T S s ] B ons |
the anti- mbAitRY di@ﬂéﬁthe%ripm@ﬁrdgbégﬁﬂerh‘&dtm  the piodess ofithés °

preferred that the conpositing process uses an additional conponent, o
referred tpresentimventiophd cumepcontral 8isused tprsaleobmmem modas andiprovides| ue

determnative of the. ort f the jncqm.n | or “that i's ' to be bl ended
~into the & WPS?"W@"%QP#%WB '?'P’d‘ﬁﬁ‘t"ﬂé’c'{f'ﬁ'ﬁ%vsg‘tﬁ‘r er (See, Carpenter,
The A-Buffer, an Anti-alised Hi dden Surface Method" Conmput er Graphics, :
Vol une 18, No. 3,. July 1984). Prefrably one of the fol | ow ng corrp05|t| ng.
equat i ons PROCESS DESCRIPTION =(al pha*Gin) +(1 -al pha) *Cbuff) .

[1] C new = min (255, (max (0. (alphalerr] where: C == result ant
color to be placed in the frame buffer Cin. == color of i ncom ng vect or

Chg == a cons ﬁ“dﬂséf"i??% f f;}g%&g B f | or read
back from frame %I% er. a _gmdpro ortion of Iﬁ%&%@e@%&g??bﬁgl end
Equati on [diagrameol tag.phatntthe Momaxempleaseedao desd‘rtoddlapraehbd emboRimeriti Ng
3-D Rendered | mages”. Conputer -G aphics Vol ~19,  No. July, 1985. Equation

[2] is an Qfdﬂ@PWWMWGW@!@MMWmﬁ&lmg)WUm@NOkemwectOr P.J
i oL 2y | ke R SRHE Soskbtin s e bl I TBAS i bl it D111

I's consid
specific frame buﬂer resolution. In additron. the present invention is equally- eppl:deble -

to greyscale frame buffers and oolor trame buffers.

Although the quetity ot e drgrtat unage rmproves when higher resolutron trame
| buﬁers {eg..8 ori2 bntslcotor oomponent) are used, the dramatrc rnorease in.cost for
the additional mernory is generatly prohrbrtrve. Therefore i in order to keep memory

costs within acceptable limits, the digital image is initially rendered at a higher
-resolution (in the present example 8 bits/color. component) and dithered to a lower
resotutron (e g 4 bitsloolor oomponent) '

Refemng to Fig 4 At blook 100 the veotor data to be dlsplayed is modiﬁed to
produce the prxel image of the oorrespondrng antr-afrased vector The anti-aliased .
vector is rendered with' an 8 bltloolor oomponent rntensrty resotutron Although there is
no limitation as to the antr-alresang techmque to be employed it is preferred that
Gupta-Sproull method |s used ln thrs method a prxel is vrewed as the center ofa .
conic filter of both unit radrus and heught and therefore of unrt volume (See Fig Sa)
When a unit wide line is drawn wrthm a.perpend cular drstance of 1 pixel from_.rts edge
to any pixel center (or 1.5 pixels from the prxel oenter to the fine. eenter). carves out a
volume trom the oomc tilter centered at that prxel. The ﬁnel mtensuy of that. prxel is .

| L,



value. It has been determ ned the steps of compositing and dithering mnust
be perforned in a predeterm ned sequence in order to render inmages of the
hi ghest .possi‘bl e quality. Specifically, it has been found that conpositing
shoul d2be performed prior to dithering such that the conpositing process is
executed at the higher resolution.By conpositing at the higher resolution,
the additional margin of eor which occurs when conpositing at a | ower
resolutions is avoided . Because the conpositing error is is perforned in

fl oating poi fh}éﬂ% : | Sl afdd S
convert ed béﬁn @%ﬁ%ﬁg orllfr'gég. inﬁréeﬁerdéiﬁi#'cr)grfgp%rrort I'n rr%'%%cogghguri ng
round- off itisiciaiegsirf the first optantfie., 030y < k)) thrbé pixeisiin each culummn aysodtilizedig

cal cul ation is rounded-to . the nearest integer in the 8 bit domain than in

the 4 bit dERS: S¢apd Sdsets forth Hustrative, pepudo Fods Whick implements the, CuptarSpeoul

performed w S c&&gﬁ@ fi é%w 'aﬂh&i L GS; 7b,
t he foregrod'?]&(!héi(ﬁ a%agfoun -V Iqﬁgg&gpg"ﬁtgl nt al n'gﬂeco s%:ézgﬁ'szfﬁeﬁﬁg al pha
val ue is vathatthe daicutationagfithel wolume dntorsedtipnds nshlacedbya lodk-up dalsiy,wimdreinget
forth in Fi %@a?a are low intensity values and the foreground and background

col ors in t ke akledsgeneratedihy the psepdoicade ohFig &c. nThaindex intastheablejsthe, | n

Figs. 7c an @1”’ ' ' . Qhﬂ% ?nﬁ%ﬁk A ried
while the ?’r? ens@%egfaﬁgéo %t‘ﬁgbgggﬁért%ﬁﬁgg%%ge an ‘1? e é@b%&\ﬁgue are
mai nt ai ned diugtrates the pseudo codeor BR alforitimA Forfiktherinformétith, 866 Bluptd, ef | ect i ng
the %error as a function of the non-constant variable, the order of

conposi t i ng Spreull "RikaringRdges far{iray SgaleiDisplays. CampuietGraphics) Yol4$. ¥o03320,
340 and 360) skéé{ently produced resulting values at or about 0%error.
These resul e 'significantly better than the results (In Fig. 7a, 7b,
7c and 7d, lines 310, 330, 350 and 370) of %error for the order of '
dithering prior to conpositing. However, the quality of the digital inmage
woul d not be mai nt ai ridh pixel data representingdbe antrgliased vector isf at bleck/t1f, or

wth the | orempsis wili B Pragpondingsiie! Aribarainestjn the e Bifler e ' ¢

o compositing process may be any known compositing process that blends a foreground
color and intensity into the background color and intensity to provide a smoothing
effect or transition between the foreground and background. The'corresponding pixel
data retrieved from the frame buffer are the pixels at the coordinate locations the anti- |
aliased vector is to be placed in the frame buffer. It is preferred that ihe oompos:tmg
process uses an additional component, referred to.as the alpha component. The
alpha component contains a value determinative of the proportion.of the incoming

v color that is to be blended into the color of pixel retrieved from the frame buffer (See,

Carpenter, “The A-Buffer, an Anti-aliased Hidden Surface Method", Computer
Graphics, Volume 18, No.3, July 1984). Preferably one of the following compositing
.equations is utilized: | - |

C now = (alpha * Cin) + {(1 - alpha)*Cpur) (1]
C new = min (255, (max (0, (alpha* (C - Cog) + Coutt)))  [2]

where: C new == resultant color to be placed in the frame butfer
Cin == color of incoming vector '

1S,



. conput er

‘Therefore, at block 140, it is necessary that the data read fromthe frame
buffer is back- transformed to the higher resolution (epresentat;ion prior
to gorpositing. The back-transformation process- corresponds to the speC|f|c
di t hering process utilized in order that the dithered values are accurately
transforned back to their original intensity values. The
back-transformation process for the exanple is illustrated by Figs. 6a, 6b
and 6c. Fig. 6a represents a functional definition of a 8 bit to 4 bit
non-1linear dither quantizati grbgnndglawﬁggnpgggrw g&kgaﬁiﬁdtdo{yasf@rrat i on
function may sinply be a table”l ook-up function wherein the pixers
quanti zed intensity val ue i sCiae %ncelarneadback fromiframal buffene pr esent

exanpl e, the table is generated accordin he equ t .forth in
Fig. 6b. Alternatively, to a®h gﬂ AP °'bP“8§?'P‘38 F?ﬁ??/ﬁ’ﬁgt woul d be
reqwred to store he back transformatlon tabl e, the back-transfornmation may
be inplemented in ‘hardware and the back- transforrred val ue conput ed -when

required. MQMMBWMWMQMM!WMGWM&Daccordl ng

tothefur& ons; set” f,pt in Flg. .6C of 0 r'[a*g and shift
regi st er s.Fendemd Jpages’s Computer Graphics. Vo ?%&rg}’}& r lE%t/col or
repr esent gddive Wﬁhﬁﬁ%ﬁw efigindtes Yrohl fBkeVebio? Hlséﬁgs .mu.eﬂ hhdrer
process may.be used,  such the ordered dithered process earlier

descr i bed backgrousd oolese!mrgltal immelauhe)hamerbeﬁen igiconsidéred @ be accomstanh t he
frame bUfBﬁFH 130 i s subsequently output to a display device such as a
 or t hrough a | ookup-table-150 Which out puts the correspondi ng
8 bits/color conmponent pi xel data to the ci rcui-try which controls the CO'QD
intensities on the display device. The follow ng discussion describes two

nurreri cal exanpl es Whas beemyétesminéd:therstéps ofecumpasitingeand dithetifpmostiseent
invention. In the tables that are referenced, each row corr esponds to one
render ed M@N‘%‘F '&%E’W“‘dﬁ?@“?mn OERT 19, Eancler {!T'?Qﬂss‘)“ pighest -
possrble qualrty Speoiﬁcally, it has been found that oompositrng should be performed ;
-prior to dithering such that the: oomposﬂing proeess is executed atthe higher - '
resoluuon By oompositmg at the: hrgher resolutlon. the add'monal margin of error whrch
_ ooours when oornposmng a a fower resoluuons is avoided Because the oomposmng |
'- .error is rs performed in. floatmg pornt format, a round-oﬁ error is mtroduoed when the |
h data is oonvened baek 10 integer iormat The fractional error- mtroduoed during round-
offis srgnrﬁoantly less when the ﬂoatmg pomt oomposlting oaloulatron is rounded to the
nearest mteger inthe 8 brt dornain than inthe 4. bit domarn Flgs 7a,7b, 7cand 7d set B
fonh an error analysis perfomed wnh respeet to the sequenoe of exeeunon in Figs. 7a
and 7b, the: foreground and baokground values are: maintained oonstant and the alpna;
value is vaned The foreground and background oolors inthe example set forthin Fig
7a are low intensity values and. rhe foreground and background colors in the exarnple
set forth in Fig. 7b are high mtensrty values, In Figs. 7o and 7d, the intensity values of _
the foreground pixels are varied wl'u!e the.intensity value of the background value and
the alpha value aremamtamedoonstam. As canbe seen_ by examination of the
graphs 'reﬂeotin‘g the % error as a function of ine'-non-oonstam variable, the order of
compositing first and then 'd'lihering (identified respectively as 300,320, 340 and 360)
consistently produced'. reeul:ing__valuee.at-. or about 0% error. These results are

o
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pfesent ed in the order that would be drawn. The tables col um headi ngs are

, defined as follows: XY The x,y coordinate of the pixelL | NDEX The
i ndex—or-indices into the dither matrix). D(INDEX) The dither matrix
val ualat- the specified Index. Gn The 8-bit grey level (0-255) of the

pi'xel . *This is the value Input to the dithering proces BASE The base
value to which [err] is conpared to determ ne which quantization range it
fal |l s i nt significdsitly[better thasithe results ¢in/Fig Flangb,&clant Zdakirees\3110,1830, @50 @nder at i ng
di t hered out put. Dependi ng upon the dither conparison result, either

BASE] erw.d 3TR) obAserer fof the prdar of dithering Prer tp CamBpOsting: r . [err] The
8-bit grey level (0-255) which actually observed, produced by mapping the
4-bit frame buffer value to 8 bits via an output | ookup table. In dithering
24-bit RGB data ( 8Howevercthlequality sptheddigifal intagbivdlild nél@s maintaintedd during/ col or
conponent), each color conponent (R, G and B) is dithered identically but

i ndepende IWW“@PM@?,% rendared aad antisaliased at the|fissthiahee  he

process w _ t ' . " e process
e cqual | (PoRffiR N comiboRitd witf Ve N 3pFelon rady Eibrai e ol b

fol I owi ngTRerasRe, &t biobk 140, 1t3é RedeBSary tak Riedatd foad TRAPHS frahie blifeh'batl from 8
bi ts/col or conponent to 4 bits/col or conponent, but it is apparent to one

i n the artransformedie thehigheriresolution represenatiopcpriootancampasitingc bit resol ution
or order of dither. A first nunerical exanple is discussed with respect to
Figs. 8a, 8b, 8c and 8d and Figs. 9a 9b,9c and 9d. In this exanple a vector

s drawn from (x=57ny Baauriridiafih préaleSloonBinds & el GeBRE ipdringevel i s
i nterpol ated al ong the span of the vector. beginning at 0 and endi ng at
285+ Fi g. pideesssutiizediinl arderdbatthérdithpredealuescare aceurately transformed back to :

their original intensity values..

The back-transformation process for the example is illustrated by Figs.
6a, 6b and 6¢. Fig. 6a reprasenté a functional definition of a 8 bit 104 bit non-linear
dither quantization model. The cormresponding back-transformation function may
simply be a table look-up function wherein the pixefs quantized intensity value is the
index 1o the table. In the present example, ﬂi_a.tab!a-'is generated according to the
equations set forth in Fig. 6b.. Alternatively, to avoid the need of extra memory that
wouid be required 10 store the back-transformation table, the-back-transformation may
be implemented in hardware and -tﬁe back-transformed vaiue. computed when
required. For example, the back-transformation may be computed, according to the
functions set forth in Fig. sc, using comparators, adders and shift registers.

At block 120, th_e.eomposited' image is dithered to a 12 bit/color representation
for subsequent storage in frar'ne butfer 130. Any dither process may be used, such as

V7



be dramn if a sinple Besenharn's line drawing algorithmwas utilized and
Fig. 8b graphically illustrates the vector (For information on |ine dramrng
nethgds i ncl udi ng Bresenhanis al gorithm See: Fol ey, Van Dam Fundanent al s'
O Interactive Conputer Graphics, pp 432-436 (Addlson Wesl ey 1984). Flgs
8c and 8d illustrate the sane vector anti-aliased using the Gupta- Sprodl
anti-aliasing technique and, for purposes of illustration,rnitially_
conposited to a black background. The initial ‘background |ntenS|ty is
illustrated in Fig. 9a. The background intensity value of 40 is dlth%:?d
using the screen-aligned |inear dither - process descrlbed in the Art _
Backgr ound seggkg $ﬁé§lsds eC|f|cat| con éﬂlon with the dither
matrix il FBgt? &5 r?ifﬁﬁr&ﬂﬁ 3?? ¥9¢consisting of the val ues.
34 and 51 (22 and 33 hexadeci-mal ) = 20 The:anti-al iasi-ng al gorithm ‘
empl oys the a lpneﬁmeeﬁm"mr@%medn@blmee@mﬂrmmfmbt(lﬁqgaﬁrSOn (1),

3 thor oo, SRR Wﬁé?ﬁ%&sﬁgﬁ%ﬁ%ﬁﬁéﬁﬁ%@ﬁﬁ%@? L e

prior to gHIPPs0 whitH outputsihe Toiresponding Umﬁmﬁréﬁm PixBi dat®

transforned value and i is.the 4- b|t ‘quanti.zed.val.ue read. back from'the
di t hered memmemmmmmMpwaemctor are then dithered.
using the vector aligned. ditherin- process (descrlbed i'n copending US
Patent Application Serial No:. 07/413,984, entitled "Method and Apparatus
for Vector Aliygfiovih %Wm&u escAtiedwol HuntbincRCdxaifiplds’ which bimpicyahed i n
Fig. 9c, resulting in The values set forth in table of.Fi.g.. 9d and o
gr aphi cal preferead mmuimemmfgmemsem invention.. Inthetablesthatarereferenced each _

row corresponds 10 one rendered. prxel fer the. vector. “The rows (end henee pixels) are
presented.in the order that wouid be drawn. The tables eolumn headngs are deﬁned
as follows:
XY 'Thex.yeeordinateefthepntel _
INDEX - Theindex (or indices into the dithier: matnx)
D(INDEX) - The dither matrix value atthe specified index.
Gn  The8bit grey | level (0~255) ef the prxel Tl'us is the value input to the
N | dithering’ preeess. C . ' o
BASEi,  Thebase value to which G.n is eompared to determme whrch o __
 quantization range it falls into. - o | | \—J

BASEgy = The: corresponding 4-bit base value for generating d‘thered eutput
: Depend_ing upen the dither e_ompanson result. sither BASEm or
BASEou + 1 s placed in the frame bufier.

=
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A second nunerical exanple is discussed wwth respect to Figs. 8a, 8b. 8c

., and 8d and Figs. 10a, 10b, 10c, 10d and 10e. As with the previous
ndneri-cal - exanpl e, a vector i-s drawn from (x=5, y=25) to (x=25, y=15).
Thegrey “(intensity) level Is interpolated along the span of the vector,
beginnfng at 0 and ending at 255. Fig. 8a is a table describing the vector
as it would be drawn If a sinple Bresenhamis |ine drawi ng al gorithm was
utilized and Fig. 8b graphically illustrates the vector Figs. 8c and 8d

il lustrateath ' i .1Sj .
ot 1 ara ey oo E0R bred love) 0 pE hitacithal RosthEd TroBichhey | |
conposited to a bl af @ 4B wamd battervalse 20 8IDRS Wiaran olipitibsiupi thdle! S

illustrated in Fig. 10a. In this exanple, the background intensity val ue of
40 is dithered using a non-linear screen-aligned dither process (the

Nopi 1 catt on col GuRHAESEBi FRE SRR P el sSTRRRARI A ACRB Tl | o
Di t her i ng Hxk/cbiod céMponent)Edthcoloricompenért (R G aRd B) is dithared idbffdalyBld | Ces

depicted in Fig. 10b to produce a pattern consisting of the values 36 and
45 (24 andndependentiye Fonsimplicity, theexamples-described itipstratathe progesswithys t he

al pha blend ru for conposili Int ensi.t i Equation [11). Since this
exanpl e cd‘ﬁm# ﬁe@%\ﬂ%%@?{;@ﬁgw sb‘aapéﬂ'%%ﬁ'srﬂgh-aw ?fé@ﬂaa‘?t her ed,
t he back- tgy R tﬁoﬁﬂ ofeis Shm b $ohoivin : g%ﬁ% prior to
conpositi rldg‘;%??:sé)[grgr wher e BT'ils@?ﬁgbB-bl tg?&%@{%ﬁans ornmed va u% and i is
t he 4-bit wjthenespacttb dithbring frera®@ bits/dolor comporieat thi 4 bits/enjoricacippnent, tiut iflise

pi xel s of the conposi.t ﬁ\d _v‘%cté‘r are then d#t,he ed usi g a nor]-linear
Vegtor al iARRBEBAEI oneiin fhe At Bt e iekantion 5t Sytecl1s & RRectic bk resalisian or

Appl i cati qpaéidtaitierdr 464A, entitled "Method and Apparatus for Non-Linear

 Afirst numerical example is discussed with respect to Figs. 8a, 8b, 8c and 8d
and Figs. 9a, 8b, 8¢ and d. in this example a vector is drawn from (x=5, y=25) to
(x=25, y=15). The grey (intensity) level is interpolated along the span of the vector,
beginning at 0 and ending at 255. Fig. 8a is a table describing the vector as it would
be drawn if a simple Bresenham's line drawing algorithm was utilized and Fig. 8b
graphically illustrates the vector (For informétibn on line drawing methods, including
Bresenham's algorithm, See: Foley, Van Dam, Fundamentals Of Interactive Computer
Graphics, pp 432-436 (Addison, Wesiey 1984).

Figs. 8¢ and 8d illustrate the same vector anti-aliased using the Gupta-Sproul!
anti-aliasing technique and, for purposes of i_llustration.initially composited to a black
background.

The initial background intensity is illustrated in Fig. Sa. The background
intensity value of 40 is dithered using the screen-aligned linear dither process
described in the Art Background saction of this Specification in conjunction with the
dither matrix illustrated in Fig. 9b fo produce a pattern consisting of the vailues 34 and
51 (22 and 33 hexadecimal).

i9,



Dithering of Digital Inmages). using the dither matrices illustrated in.Fig.
| Cc. Each of the nonlinear dither matrices is.applied only to a Limted .
range of intensities. The first dither matrix is used in the range (- 54,
the second dither matrix is used for input intensity values in the range of
157-255. The resulting values are set 2gpth in-table of Fig. 1Qd and
graphically depicted in Fig. 10Ce. Wiile the invention has been described in
conjunction with the preferred enbodinment, it .is evident that numeroys

al ternatives, nmodithieCaHiiiNasing MRjotithiri 8MBIoFs theSi SiEsHhSdditing0 Whose
skilled in the art in liqght % @{he forgg?glgé dgg?;%]ﬁdt’f'gﬁ' Cfgtl{/‘g "D‘

A nethod f ormteemﬁes |(E@J&!!°0é‘dl ovineefitexampie camposites mth tmsotqsmd aalues

i nt it | d | '
oot . O i et Realy Afafercte Rl A BB R E e QEHor £ e s M bt
pi xel image, ba%ﬁ?_%u}se%%s ph&tb%ohﬁaﬁﬁﬁﬂi mwveew TWherd s@trisiuse@mwack-

coor di nat es screen - space - | ow resol uti on device said
met hod conpr nmns@pmml \eaﬂugmdofls therst- bu auaragangabheeaddzacbmm thegitheredst

resol ution t‘ﬁa ' a pixel image of the anti-aliased vector; conpositing
the said pixel rmage of the anti- aliased vector: with the correspondl ng

pi xel s of the background |£ra e stored i.n the |l ow esol f:}hon device to

produce a conposithedPi¥fl§ed £ LEBPF eI YRARE ?ﬁex SHTS fhdE pi xel s of
the backgrounge &@ﬁ@rvmlghed @ bhérivepiceesheldeseritedi th cbpemilngrﬁs Patentd

Coor dinates Of ilcatlon Serial No. 07/413,984, entltled "Method ‘and. Apparatus _

for Vector Al:.gned Dlthermg ') us1ng the dither matrlx illustrated U
in'Fig. 9c, resultmg in the values set forth in table of Flg. 9d

and graphically depicted in Fig %e.

A'second riume}ical exain'ple is 'diScussed'wit’h respect to Figs. BIa.' 8b, Bc and
' 8d and F igs. 10a 10b 10c, 10d and 10e As. wnh the previous: numerical example, a
veclor |s drawn 1rom (x=5 y-25) to (x=25, y=1 5) The grey- (mlenslty) level ls
mterpolated along the span oi the veclor, begmnmg al 0 and ending at 255, an Bais |
.a 1ab|e descnbmg the vector as lt wou!d ba drawn Ha slmple Brasenham s fine -

drawmg algonthm was uhlxzed and an 8b graph:cally illustrates the.vector

Figs. 8c and Bd illustrate the-same -_v'e'cto_,r amiee_l'iased using the Gupta-Sproull -
anti-aliasing technique and, for purposes of lilustration,initially composited to a black

background. .

The inmal background mtensxty is illustrated in Fig. 10a In thls exampls the

. background intensity value of 40 is dithered using a non-linear screen-ahgned dxther
process (the non-lmear dither process is described in. co-pending

U.K. Patent Appl:.catlon GB2 236 464A, _ent:.tled "Method and Apparatus
for Non Linear Dithering of Digital. Images") in conJunct:Lon w:Lth the
dither matrices depicted in- Fig. 10b to produce a pattern con51st1ng
of the values 36 and 45 (24" and 2d hexadecimal). -

%



screen space, said step of conpositing conprising the steps of; :

* back-transform ng the corresponding pixels of the background inmage fromthe
seconq resolution to the first resolution; conpositing the pixel imge of
the anti-aliased vector with the back-transforned pixels of the background
i mage; ‘dithering the conposited image fromthe first resolution to a second
resolution; storing the dithered iRgge at the . second resolution to
the store of the | ow resolution device. 2. ~ The nethod of claim1l
wherein the vector is a single pixel in width and is anti-aliased to a
vect or Three pixels in width. 3. The nethod of claim1 wherein the
store of the low resolution device is a frane buffer and the vector is *
CLMS * conposited with the background i nage according to the
follow ng equation: [err] = (alpha*Cn) + ((1-al pha)*CbUff) where: [err]new
in the resultant color to be placed in the franme buffer, [err]in is color

of the vector to be rihedetiealizsihgeigbithrhfemsiofsite aphaWiensaark 19%5*9%frarre
buffer and al pha is the l;grop_orti-on_of the vector color to blend into the
backgr ound col orintensities (Equation {1]). Since this example composites with background values

which were non-linearly dithered, the back-fransformation equation applied 1o the

background values prior to compositing is:

_ i*s for 0 cig?
N4 - BT= - ({i-6)"17)+ 54 for 7 <ig13
{(i-12)°33)+ 156 for13<i g 16

where BT is the 8-bit back-transformed value and i is the 4-bit quantized value read

back from the dithered background.

The pixels of the composited'. vector are then dithered _ﬁsing & non-linear vector

aligned ditherin process (described in copending UK Patent Application

GB 2,236,464A, entitled "Method and Apparatus for Non-Linear

Dithering of Digital Images). using the dither matrices illustrated

in Fig. 10c. Each of the nonlinear dither matrices is applied only
N to a limited range of intensities. The first dither matrix is

used in the range 0-54, the secb_nd dither matrix is used for input

intensity values in the range of 157-255. The resulting values

are set forth in table of Fig. 10d and graphically depicted in

Fig. 10e.

While the invention has been described in conjunclion with the preferred
-embodiment, it is evident that numerous aliernatives, modifications, vanaticas and

uses will be apparent 1o those skilled in the art in light of the foregoing description.



4. The method of claim1 wherein the store of the low resolution
device is a frame buffer and the vector is conposited with the background

i mage according to the follow ng equation: Cnew = min (255, (nmax (0

(al pha* ([err]in - Cbg)) + Couff))) where Cnew is the resultant col or to be.
placed in the frame buffer, [‘err]in is @&.col or of inconing vector,

[err]bg is a constant vaIue user-speci fied background col or, [err]buff IS
the color read back fromframe buffer SBAIMEpha |s t he proportlon of vector
color to blend into the background col or. 5. .. 'The nmethod of claim
wherein the conposited i nage: |s dithered, using a a' vect or allgned di t herT ng-

process. 6. 1+  The Adt¢RPrE %?a?ﬂ?%e’&h@?eﬁnvﬁﬁ@°€oﬁ'ﬁ%ﬁ% shat iy

di thered usi ﬂfaxewqreédmoxdléhernﬂonﬂoyeeﬁ a’.low resdluttismodevice! ai m
6 wherein the,store of the,|l ow resor?%xﬁn devj ce i,s.a.frane buffer an the

first resol uBitor?i SEEBL s128Fr &5 P AREEDSANYY (25 SR SorP
bits per coI said)nmowememhltiMCdrepoget edtorré:gg 3 bat:kgrednducpn:élht

LIl U LU & e Meondireq pachalby oagd g

matrix is es Jhe i'nput AGes Ween the var des-
zero and 5 aﬁecmﬁ nymwateﬁ uen bé%%erﬁ%%ﬂarﬁPWG ~of the low

resolution dev:.oe, said method compris:mg the steps of:

anti-alias.mg the vector at the first resolution
to produce a pixel :unage of the anti-aliased vector;

compos:.ting the said pixel image of" -the anti-
aliased. vector w:.th the- corresponding pixels of the V
background image stored J.n the low resolution dev:.ce to |
produce a compos:Lted image, said corresponding pixels
being those pixe_ls of the ba_ckgr.ou_nd- image which form a
vector: between said first’ and ‘second coordinates of the
screen space, s_aid step. of . compositing" oomprising the.
steps of; o _
back-transforming the corresponding pixels of the
background image from the second resolution to the first
resolution, ' S _

compos.tting the pixel 1mage of the anti-aliased'--

| vector with the back-transformed pixels of the background
1mage, _ o ' . _ -
' dithering the composited 1mage from the first.
‘resolution to a second resolution, '_

storing the dithered iinage at the second
resolution’ to the store of the low resolution device.

2, . . The method. of" claim 1 wherein -the vector is a
s:r.ngle pixel J.n w1dth and :|.s anti-aliased to a vector .
three pixels 1n wz.dth.

3. The method of claim 1 wherein the store of the
low resolution device is a frame buffer and the vector is

-



a-md range dither. matrix is established for input intensity values
~betmeen the val ues of 54 and 156 and havi ng output val ues between 6 and 12.
high range dither matrix is established for input intensity val ues
-betmeen the val ues of 156 and 255 and havi ng out put val ues between 12 and
15; and the intensity values of the co§€ﬁ>ponding pi xel s of the background
| mage are back-transfornmed according to e foll ow ng equati on:

Back- Tr ansf oeambb)site@( | with the back§Pbund imHde SccBr&ﬁﬁégl )t8) the) +54
for 7 q q(rL 13 2#2&@3 12) *33) +156 for 13 < (i) < 16 where q(i) is

t he |ﬂt§ﬂsrt§ ¢aPHan fspondi ng pi xel stored in the frane buffer.
8. An apparatus for rendering a vector represented at a first

resol ution of intensity on a tggb%$§glu% ? &ﬁfVéf * secpnd | ower

resol ution of intensityne¥ st ohb“ﬁﬁ ice storing a
background pixel inage, said vector to be rendered bet ween first and

second _coor dhaees ¢l LHC £HY SbultMAC colok B0 MUY PERSLA! 1AN dRYi ce.

sai d apparatus conpri neans anti-aliasin e vector at the first
d @?ég

resol ution tgr FreRLK ?ﬁetﬁﬂthgFPﬁsge vec rendexesys 1 or
conposi ting thgepi is tﬁtmgml@furt &Qaﬂlwacﬂd ifaond fratieobufifdr @@ alpha

corvesponct gt Promaneich o8, She Vet fot *aon’e%msefeﬁa. H%i xel s

bei ng those pa%kgscvhdﬂm9Mmmkground |nage which forma

_ 4. The method of claim 1 wherein the store of the
N~ low resolution device is a frame buffer and the vector is
composited with the  background image according to the

following equation:

Cnew = min (255, (max (0, (alpha* (Cj, - Cpg)) * Cpure)))

where Cp.., is the resultant color to be placed in the
frame buffer, C;, is the color of incoming vector, cbg is
a constant value user-specified background color, Cp,¢f
is the color read back from frame buffer and alpha is the
proportion of vector color to blend into the background
color.
/ | |

5. The method of claim 1 wherein_ the composited
image is dithered using a vector aligned dithering
process.

6. The method of claim 5 wherein the composited
image is dithered using a non-linear dithering process.

7. The method of claim 6 wherein the store of the.
low resolution device is a frame buffer and the first
resolution is 8 bits/color component and the second
resolution is 4 bits per color component and the

composited image is dithered such that:
* [ L M s *




vector between said first and second coordinates of the screen space said
means for conpositing conprising the steps of; . means for
back-transform ng the corresponding pixels of the background |nage‘from

t he second resol ution 25 to the first resol ution; nmeans for conp05|t|ng ,
t he pi xel image of the antl-allased vec®dd- wi t h 't he” back-transf or med plxels

f the back d f h th t f th
Pl rst rosol ot on to Bocielndrnad) FAOUS | BrkRR CORPGR AR ARG, (R0 e
i mage at thelnputnanQnSJhm(yalnasrhetueenathetheluea/oﬁsabwn¢amdj :
9. The Qﬂaaﬁﬁf‘lﬁ.igofoaﬁ#ﬂtmvglweg %eﬁ:wteg anld ¢ S ngl e pixel

width and is anti - a vector three glxels in wdth., 10. The
apparat us of clai m 8axh@idi irange siddthesr. mASrizy i-éscﬁiﬁ#%l%k%@cefqré a

frame bUfferlﬁEQtt Hebetd ity | vaTee® Opbthdet thet Rk o6 pUBd iRDCL56
according to t

e _follown uat i_on:
[err] new=(al ﬁﬁg*f‘éﬁ’llf‘ﬂnf’”%ﬂ.‘ W%éf @hdd2r i n the resul tant
color to be pI aced ia th hrmgwfaetheferﬁalmxsleoleétablibneaequ to

be rendered, ;[ gh¢] ‘fféenssié}‘%a&%eos“rbé&?éjex?a&‘fefégTufeéa”‘% ¥’ en -f‘%é" pha
and hav1ng output values between 12 and 15,'and
' the intenSity values of the corresponding pixels

of the background image are back-transformed accordlng to

the following equation: _[_ _

Back-Transform(i)—' q(i)*9 ;' '_"f._: for 0 s q(i) < 7 A\
((a(i)~6)*17)+54 ~for 7 < g(i) < 13 a
((q(i)—iz)*33)+156 for 13 q(l) < 16

where gq(i) is the: 1ntens:.ty values ~of a corresponding

pixel stored.in.the frame: buffer.'”

*

8. An apparatus for'rendering a ~vector represented
at a first resolution of intensity on a low resolution
'dev1ce at- a second lower resolution of 1ntensity, a store
. of. said low: resolution. dev1ce storing a background pixel
1mage, said vector' to be. rendered between first and
second coordinates in. the .screen ' space of the low .
resolution dev1ce, said apparatus comprising: ,
means. for-anti—a11a51ng the: vector at the. first : \?’
resolution to produce a pixel image of the anti-aliased'
vector, _ l L
means for compositing the pixel image of the'_
anti-aliased vector w1th the corresponding pixels of the
background. image stored in the low resolution device to
produce a composited :mage,. said. corresponding pixels:
being those pixels of the background image which form a
vector between said first and second. coordinates of the
screen space, said means for comp051t1ng comprising the
steps of; _ ' _ _ - _
meanSf for* back-transforming the corresponding.
pixels of the background 1mage from the: second,resolutions'

AR




IS the proportion of the vector color to blend into the background col or.
: 11. * The apparatus of claim8 wherein the store of the | ow resol ution
dévice is a frame buf fer and.the. vector is conposited wi th the background
|nage according to the followi ng equation: Cnew = mn (255, (nmax(O
(aIpha*(O n - Chg)) + Chuff))) where: C?%g'is the resultant color to be
placed in the frame buffer, [err]inis “color of incomng vector, Chg is
11111111111%d Hd 1ddrst ﬁégﬁ[ﬁ%iﬁﬁ val ue user-specified background col or,
[err]byff is the color rea(%t rom rranme huffer, and a!?%ha IS tt}:eh
pr opor t¥on of vect or"tMor HF bF8HB°Fﬁ dPBhet B c @5 . ©%o the
appar at us ofantital Basdrkr eeotbhe widiposhé edacketeansfortinefiepeckels mf a

The

vector aligned £ss. 13. The apparatus of claim 12
wherein the conp03|%ég?ﬂﬂﬁlfm i thered using a non-linear dithering
process. 14. Theneatpp ke (digier ingi the Fappesited Hmage rfron the | ow
resol ution depw$e resdrdt fow wifd egecém réggﬁt_{&gol ution is 8 bits/color
conmponent and the -second resolution.is bits onent and the

conposi ted i mage i s MAMRr fPBUSFNHRAS &h I oWFgﬁﬁédd mage gttt xthe
est abl i shed Seoridipresiolutiont ytoaltins bebreecrof haheal lew afeseElwcivil 54

device.

9. The apparatus of claim 8 wherein the vector is a
single pixel in width and is anti-aliased to a vector
N three pixels in width.

10. The apparatus of claim 8 wherein the store of the
low resolution device is a frame buffer and the vector is
composited with the background image according to the
following equation:

Chevw™ (alpha*cln)+((1-a1pha)*cbuff)

where: Cp . in the resultant color to be placed in the
frame buffer, Cin is color of the vector to be rendered,
Coufrf is the colour read back from frame buffer and alpha
is the proportion of the vector color to blend into the
background color.

11. The apparatus of claim 8 wherein the store of the
low resolution device is a frame buffer and the. vector is
composited with the background image according to the
following eguation:

Chey = Min (255, (wax(0, (alpha*(C;, - Cbg)) + Cpuse)))

where: cnew

frame buffer, C

is the resultant color to be placed in the

in is the color of incomlng vector, cbg is

AU L



and havi ng out put val ues between zero and 6; a nid range dither matrix is

established for input intensity values between the values of 54 and 156 and,

havi ng out put val ues between 6 and 12. a high range dither matrix i’s
established for input intensity val ues b&feen the val ues of 156 -and §55

and havi ng out put val ues between 12 and 15; and the-intensity val ues of the
correspondi n@ mmtant musamaﬁmnacrmmd abacbﬂﬂundaml(ﬂrmdcggfgr di ng

to the foll oy
[err] q(i) <

W1 P r &3 5l El@’lsfcﬂi r’%rame BuEges and alpha isf@€he. 0

i (1)-6 *17)+54 err %F
((q(i)-12)* 33>;rpary§rq= £ PSFFPrqﬁ%)loz Lﬁgqé‘ o st%ebw;’s@ﬁew?‘
val ues of a e¥aasponding pixel stored in the frame buffer. '15. -
met hod for rendering a vector represented at a first resolution of

i ntensity-on
intensity,
resol ution d

reference to-

a |l ow resol ution device at a second 1-ower resol ution of .
lgt.o re ofThel 1amanatus 10f1 clatim 18 1wh§re1n2 theni conpesited

St I Rl ¢h A r}ﬁém;p' el yd SBGE - if‘igné!&‘“@itﬁ&-?ﬁ? t'he

render ed betme a first an coordinates Int
| ow resol ut | BFOCEREA ce, - “substantially as her ei nbefore described with
t he acconpanyi ng draw ngs. 16. . An: apparat us for rendering
a vector repr%Fented

creen space o

The apparatus of clalm 12 whereln the compos1ted
image is dithered uslng a non-linear dithering prooess.

14, The'apparatus of .claim 13'whereintthe7store”of

the low resolution device. is a- frame buffer, 'the first
resolution is 8 blts/color component and the second.
resolution ‘is 4-bits. color component and the compos1ted
image is dlthered ‘such that~' ' ' '

a: low range dither matrix is estahl1shed for

“input intensity values between the.values.of zero and 54

and having output values hetﬁeen7zero.andf6;
a mid range dither matrix is established for
input intensity values between the values of 54 and 156

~  and having - output values hetween 6 and 12.

15 Armethodnfor rendering afvector-represented'at'a '

-a h:Lgh range dlther matrlx is establ:.shed for

input 1nten51ty values between the values of 156“and 255
and having output values between 12 and '15; and '
the intensity values of the correspondlng-plxels

of the background image are baok-transformed accordlng to

the following equatlon.

Back-Transform(i)= q(i)*9 : 7a~-for;'o qu(i) < 7
. o ((g(i)-6)*17)+54 for 7 < g(i) < 13
((q(1)-12)*33)+155*for'13 < q(i) < 16

vwhere g(i) is the 1ntens:.ty values of a corresponding
pixel stored in the. frame buffer.

first resolution of intensity on a low resolution device
at a second lower resolution of intensity, a store of

* [+ L M S *
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att a first resolution of intensity on a | ow resolution device at a second
“l qwer ‘resolution of intensity, a store of said |ow resol ution device
storipng a background pixel imge; said vector to be rendered between a
fi.rst and second coordinates in the screen space of the |ow
resol ution devi ce, substantial ly as—7 her ei nbef ore described with
reference to the acconpanyi ng draw ngs.
said low resolution device storing a background pixel

image, said vector to be rendered between a first and
second coordinates in the screen space of the low
resolution device, substantially as hereinbefore
described with reference to the accompanying drawings.

e

16. An apparatus for rendering a vector represented
at a first resolution of intensity on a low resolution
device at a second lower resolution of intensity, a store
of said low resolution device storing a background pixel
image, said vector to be rendered between a first and
second coordinates in the screen space of the. low

- resolution device, substantially as hereinbefore
described with reference to the accompanying drawings.
L " 3
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