2233867 VERTICAL FILTERING APPARATUS FOR RASTER SCANNED DISPLAY BACKGROUND .
OF THE INVENTION: 1. Field of the Invention. 5 _ The invention rel ates
to the field of filtering of video signals-for a raster scanned display,
particul arly one enploying conputer generated pixel data. 2. Prior Art.

Most cat hode ray tube (CRT) conputer video displays are fo {6 )
raster scan. Many of the standards used q?th t hese dISp|ayEZEE§“§L trgzed
to 10 television standards. For exanple,~ two interlaced fields are
frequently used to forma frame. Many early personal conputers provided
conpati ble NTSC signals to permt a user to use |low cost television
“receivers. |n VRREICAD # FITERING APPARATYSO SO R TER08ahENBYCHIBLAVer | ays
whi ch are use _ , , uters
often generate pi xel data for use on interlaced, 15 raster-scanned

di spl ag @E’%wbge@erﬁigd sorre characteristics which make i€)
a or

| ess deS|r an |nterlace ras "er-scanned di splay than video signals
originati ng1| Figid\6f 488 Imantba. For exanpl e, pixel data can exhibit changes
(e.g., anplitude) over its entire range from pixel-to-pixel. That is,
virgual | y aTphedinergioni reiatestd thacfield ohfiltéhing ot video fsignalefor gpiastdr t o t he
next. In contrast, video-data froma traditional video canera uses a beam
spot mw%dﬁﬁ!ﬂsmimﬂy ong empleying (computer generatedrpixetigdatd. i nt er pr et ed
for a si nglﬁ I&A n this case takes into account to some extent the
intensity afid ¢t of the surrounding area. Therefore, there is a

sof teni ng, sﬁmﬁw&e (EAT) Eﬁﬁ‘éb?eraﬁdéé‘ﬁusB%}@a?ﬁ‘i&'ﬁné@%thrﬁige ina

caner a.
PCT/ USgg¥tep&kdn. Many of the standards used with these displays can be traced 1o

10 television standards. For example, two interlaced fields are frequently used to form

a frame. Many early personal computers prdvided compatible NTSC signa!s to
permit a user to use low cost television receivers. In other instances, computers
generate signals such as overlays which are used in cohjunction with NTSC
signals. Thus, personal computers often generate pixel data for use on interlaced,
15 raster-scanned displays. |
Computer generated data has sonie-; characteristics which make it less
desirable for an interlaced, raster-scanned display than video signals originating in
a video came,ra'. For example, pixe! data can exhibit changes (e.g., amplitude) over
its entire range from pixel-to-pixel. That is, viﬁuélly any change in pixel data can ( i
20  occur from one pixel to the next. In contrast, video data from a traditional video
camera uses a beam spot which encompasses more than a single pixel area. The
data interpreted for a single pixel in this case takes into account {0 some extent the
intensity and color of the surrounding area. Therefore, there is a softening, even a

- blurring, that occurs as the beam scans the image in a camera.




2 The human visual systemis an edge-detection system The eyes are very
good at fWQcﬂoﬁ‘b”é&nt ours that delineate shapes. To give an ex%ﬁ:eres,89\4\?R?H6
. di splayi ng a sequence of adjacent gray bars of increasing density on a
conput er di splay, the edges between the bars seem enphasi zed. Perceptually
the gray bars 5 do not look like solid colors, but rather they |ook Iike
they have been shaded between their edges. #n other words, the border
bet ween the gray bars appear enhanced by the edge-detection nechani sns of

the eye. Wien FHe/Mirfiah vistal systémds 8f Fgetdetedtin sysaiin OThabyesaré vaRed

di splay, there are no abrupt transitions fromone scan line'to the next.
Obj ect s gqgomdadtl finding contoad thabdelineate shapes. ctig give amexdrhpisewhisat do
usual |y do _not have edges lined up with a scan line. The result is the eye
cannaot f i rdisplayisgf:-sequancea! adiacent gray barstaidngreasing densityonacampitet fi nd

F‘?nff:el Eeéis“ﬁﬁﬂt&F@%@H@%&r&%%ﬁéw&ﬁ%@ 29’&%@%&3#55%&:9#%?%
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per cei vesox?]é(}%an%ﬁ BBh6s.SPRthbi WeRds2thé Bofder Detviden the Hdy bggssammrat a 60

franme/ sec rate even though they are in fact flashing at

f r ames/ secenttancey byhthe edgeadetectionsmeshanismg obtheeye.nt er |l aced di spl ay shoul d
result in perception of flicker at 30 frames/second. This is in fact what
happens; if ondMhena@ typicabrealweridsopneis displavedurn ar interiageddisplay otherey NTSC

o BB et s TP 08T e e D,
S0, AN DAt SRR BS6 1) o by W s Ypad i 8121
transi ti onscanling)€Thiergsuitas thél ey ¢armdt find an edge from one scan line to the next.
If the eye cannot find an edge between one scan line and the next, it carinot
distinguish'betv'/ean lines. In an interlaced display a complete frame is drawn each
1/30th of a second, however, because of the interlacing each 1/60th of a second,
15 eithera given scan liﬁe or the next scan line is flashed. The eye perceives ihe_se
~ multiple scan lines as thick single lines flashing at a 60 frame/second faté éven
though they are in fact flashing at 30 frames/second. By this model, close viewing
of an interlaced display should result in parcepti'on of flicker at 30 frames)second.
| This is in fact what happens; if one is close enough to view i_ndividdal scan lineé on
N\ 20 a NTSC television, interlace flicker (i.é.. 30 frame/second flashing) is seéri. even
with a real world image. _ _ |
| In the case of a computer generated image such as a MACINTOSH
c_omputer image on a interlace display, virtually every place where there Is other

‘than solid white or solid black there are abrupt transitions inthe \)ertical dimension.



WO 90/ 07767 PCT/ US89/ 05566
3 (Maci ntosh Is a regl stered trademark of Apple Conputer, Inc.) In the .case
of the "rnWQOI9egOTMNi pes” (alternately black and white horizont RCW\J%%%’PSW
the top of a typical Macintosh wi ndow, there is the nost abrupt transition
possi bl e, black to white, stretched across _Ighe | ength of the w ndow and
repeated for several lines. Here, it is 5 easy for the human eye to
detect the edge fromone scan line to the next, so it considers the scan
| i nes as individuals, flashing at 30 franes/second. The visual perception
- of the hui cﬂ*ﬂé@ﬁi@éré@sfe?b’ﬂtr&b@rhﬁrﬁbmﬁplémmmwntlnéyanahé icase odthe he
‘ di splay, t NTSC i mage.flickers noticeably enough to be distracting. One
addltlonal'raclbg stripesr sanmauelmlackandwgmmmmne;)eomne topcof @ typicalr 10
i display wherever there are transitions (i |

es) he vert | caI
d|r geElsl: onal;Athl:\Loah_wr!ﬁng\igfr , thergiis the ﬁ!@f? a??:ﬂﬁ&f?"&'ﬁpg ﬁF'H?n b?é'vl‘ﬁ voI
| % o ndov Siestehes aarosh s lergiy pFtrg ikt et RedeaLlor BBRe A iReR f'gffs €8
ut no ”earyfg?ihe/&\ﬁﬁ% a%e t% c'ﬁh@ﬁ& %ﬁ‘pofsé)s IlgllrLJ_1 l‘i‘l@‘i‘?1 ed/@itit is

| easier mhere ere or'i zont al

correlatio r’is?dérEQhQ &ém.neé as mdivnHtJSIsCﬂéﬁnﬁé at BB framvésigectind. PHisQ visbal
harder to ndt ges when there is a |l ow horizontal correlation (as in

the case opefception of the hirhan lobsemen| ;s thath wherd these ase abrupt dransitions edes

adaptive filtering for the subtlety.) Numerous EI’I é.rt techni ques are
known i ncl digplay, theodSEnisraga figkessinaticeably engug 1ﬂg"ef IBYREUNG: or v enovi ng |

camera boam  t noR SEGHOTaY Syptley B oIk AR, HhaJRMAere Rl Egg iRl "o
"aver Iaﬁﬁesail';glagqpﬁé’ﬂe\f@th I9al ﬁﬁH&ﬁoﬁsg %%&W{heﬁ'@érﬁcanﬂnﬂggﬁmsw hese -

techn ire consi era e conput ver head
the degree of ﬂncker is not uniform for each type oi graphuc pattem The worst

pattern is the racmg stnpes across the topofa window, mentnoned above. Text and

other random panems ﬂlcker as well. but n_ot__nearly as severely. Tr_ns is accounted
fer by the faet thet itis eesier to discern venieal edges where there is a high
15 horizontal cOrre!ation to the patlei'n (as in. the case of the recing stripes), but harder
to find the edges when there is a low horizontal corre!atlon (asin the case of text).
_ (As will be seen, since the present invention provudes adaptnve ﬂltenng for the
subtlety | . _
Numerous prior art techmques are known mcludmg those employmg anti-

20 aliasing filters for removmg this flicker. in some cases, fi lters duplacate the
-softening effects of the camera beam, that is, pixe! data fora c_luster or spot of pixels
is 'ever_ege"or 'eoriyelv_ed' :5 produce_ ﬁlter’ed_- pix_el da_ta. In general, these
techniques require considerable COmputeiional overhead.
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As will MO 9®@AT6% he present invention provides filtered pi xdCTkP§S/03566
however, only in the vertical direction. The convol ving perforned by the
present invention to provide the filtered pjxel data is done "on the fly"
since the conputational demands are substantially less than that required
by prior art systens. WO 90/ 07767 :

. PCT/ US89/ 05566 5 SUMVARY OF THE | NVENTI ON An i nproved net hod for generating
vertically filpenafl beigen, i presenfinvasfict provictsfréred giel datd hawever,
described. The video data is stored in a frame buffer which is organi zed by
scan | i negniy inithe aeeticabdinectionor Ee Eonvolving ppriarmhedibptie peasens inveation ko ne.
To generate'the filtered pixel data for a first pixel of a first l|ine,

pi xel dat provide thefiterechpixel data iscdonepionithe fly since sha spmputatioaahgemapds r |
scar’lines. This is ne hefore pixel ,data, for, other pixels along these
scan | i ne§"9§u"§§ﬂt@'&gﬁ$§ ﬁ'@“fl}'ﬁhéqyﬂpg%.p"ﬁﬁi%% B the need for a
plurality of Iine buffers or even additional frame buffers If all the data
was read for each of the scan lines. The pixel data for 10 the first pixe
of the nth, [err] scan lines is convolved to provide the pixel data for the
first pixel of the first scan line. In one currently preferred "hardware"
enbodi ment, where N=2, the pixel data is stored in two banks of video RAMs
(VRAMB) with the video data for scan lines 0, 1, 4, 5, 8, 9... stored in
one bank and the video data for scan lines 2, 3, 6, 15 7, 10, 11... stored
in the other bank. Then the data for pixel 0 of ,scan lines 0, 1, 2, and 3
is read fromthe VRAMs. The data for pixel 0 of lines 0, 1, and 2 is

onvol ved. The data for pixel O of line 3 is ignored. The process is
reépeated for pixel 1, and so



on to conplete the line. In this enbodinent, the convol ving step consists
of arelatively sinple 20 weighting with half the wei ght bejng, d y

t he pi xWO M0Z7¢% the n and n+2 scan |ines when conpared to #ﬁ@%\ég‘#
given to the pixel data of the n+l scan line. Qher details of the present
invention will be apparent fromthe followPng detailed description,

I ncl udi ng software enbodi nents. WO 90/ 07767
PCT/ US89/ 05566 6 BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a general
bl ock diagramillustrating the general placenent of the present invention

in a vi dgummn’m OF FTHE ¢NVENTIONIi agram used to illustrate a nethod used '
by the present invention to read data froma frame buffer. Figure 3 is a
di agram used t#m imgroved mathod forlgenenating vmmauy filtared ipjxel Hatalm a pasteent

“invention to read data froma frame buffer. ;Jre A4 1s a block diagram wF

i | | ust r ascagnesh visiepdslisplands Qﬁs%bégn\mwﬂge%% igra-trame buftesnt i on. 5

L i B A A B i v 880,
anot h r éngﬂgtore étafy e fﬁt‘épé’d) l\(@p%ﬂatfar 9%F§} R’fiﬁg Mr%lt?E{eUP,agdpagﬁ not

many or each igure agram of a
gener a' R§ PédchirSi tﬂbluﬁﬁeﬁw?tﬁ@ﬂsﬁpl*e%ﬂhetmn mmwzvernm schr linessThis

i nvention.
~ is done before pixel data for other pixels along these scan lines is read from the
frame buffer. This avoids the need for a plurality of line buffers or even additional
frame buffers if all the data was read for each of the scan lines. The pixel data for U
10 the first pixel of the nth, n+1, n+2. .. n+N scan lines is convolived to provide the
pixel data for the first pixel of the first scan line.
In .one' curreﬁtiy-prefer_red “hardware” embodiment, where N=2, the pixel
data is stored in two banks of vide_o RAMs (VRAMs) with the video data for scan
lines 0,1, 4,5, 8,8... stored in one bank and the video data for scan lines 2, 3,6,
15 7,10, 11. .. stored in the other bank. Then the data for pixel 0 of scan lines 0, 1, 2,
and 3 is read from the VRAMs. The data for pixe! 0 of lines 0, 1, and 2.is convolved.
The data for pixel 0 of line 3 is ignored. The process is repeated for pixel 1, and so
on to complete the line. |
In this embodiment, the convolvmg step consists of a relatively simple v
20 weighting with half the weight be_mg given to the pixel data of the n and n+2 scan | |
lines when compared to the ngght given to the pixel data of the n+1 scan line.
Other details of the present invention will be apparent from the following
detafled de_scﬁp_tion. including "software® embodiments.
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Fi gure 7BWMQ9OBT&ck di agram of another prescal er which can b&HEEIU®CH
_the convol ver of the present invention. Figure 8 is a block diagramof a
“circuit illustrating one presently preferred 5 hardware enbodi nent of the
i nvention enpl oying two-way interleaving. Fifure 9 is a diagram
illustrating pixel data flow used to describe the operation of the circuit

of Figure 8. 10 . Figure 10 is a diagramillustrating the relationship
between CPEmieF GESCRIPTIORCOF OFHENDRAWIMGS | nterl eaved frame buffer of
Figure 8. Figure 11 is a block diiagramof a circuit illustrating another

har dwar e enbodi ment of the present invention, this one enploying four-way
interleaving. 15 Figure 12 is a diagramil|ustrating pixel eijata fl O\QI used
to describe t heFiguse dtisehgenerahblogk fiagramdfiustralingdhe genera) placement of the

di agFami | lustrating. the rel.ationship between CPU and VRAM 20 addresses

for the folresRl} INVR PFé’é?é’d&"rﬂﬁie'Buffer of Figure 10. Figure 14 is a flow

di agraaéi | lustrati ng an enbodi nent of the present.-invention inplenmented in
a softwdre program this enbodinment is for a planar frame buffer. WO

90/ 07767 Figure 2 is a diagram used to illustrate a method used by 1 preSoht 05566 8

invention 1o read data from a frame buffer.

Figure 3 is a diagram used to iliustrate an alternate method used by the

\_’ 10 present invention to read data from a frame buffer.

Figure 4 is a block diagr_am' illustrating an embodiment of a convolver used

in the present invention.

15 Figure 5 is a block diagram illustrating another embodiment of a convolver

used in the present invention.

| Figure 6 is a block diagram illustrating another method for obtaining
convolved data particularly useful where not many bits are st_ored for each pixel.

Figure 7A is a block diagrém of a general prescaler which can be used with

the convolver of the present invention.



Figure 15 illustrates in nore graphic forma planar franme buffer. Figure 16
illustrates a first step in inplementing the present inventionin 5 !

sof t war eW@90/877¢hunky frame buffer. Figure 17 illustrates a REH/AHBISNSSH6i n
the inplenentati on described in conjunction with Figure 16. 10 ’

Figure 18 illustrates a third step in the i{r’pl enentati-on described in

conjunction with Figures 16 and 17. Figure 19 illustrates a fourth step in
the inplenentation described in conjunction with Figures 16-18. 15 Figure
20 il'lustrates a fifth step in the inplenentation described in conjunction

with Figures 1fph 7819H 1ok diabhat o BBidl hsdsriifich aR®b Lisk@withe col or

| ookup table.

PCT/ US89/ fha5dhvaIMBE b HeEpreBBACRVERtigA OF THE PRESENT | NVENTI ON A net hod and

apparatus for providing filtering data, 'in a raster-scanned vi deo apparaf|
is described. The invention provides filtering in the vertical direction™
(perpendicular to the direction of the scan lines). In the following 5

descri ption nufiguer:8 is pdieck diageamiof & gircuitdiustialing enerpresently preferredi de a
better_ under st andi f the, present.invention . It wll be obvious, however,
Lo onéd skharchtare,srishsimeb 1 e ThREMA L SEIHOTH the WY imiapeBnG cct | cec

W t hout these details. In other instances, well-known circuits and conputer
operations have been shown in block diagramform in order not to obscure

the present inppjté 9Nis ardisgrant Maspatinglpixel Hatalifow used to describe the OVERVI EW
OF THE PRESENT |"NVENTI ON _
' operation of the circuit of Figure 8.

10 Figure 10 is a diagram illustrating the relationship between CPU and VRAM
| addresses for the two-way interleaved frame buffer of Figure 8.

Figure 11 is a block diagram of a circuit illustrating another hardware
embodiment of the present in{eention, this one employing four-way interleaving.
15 | |
Figure 12 is a diagram illustrating pixel data flow used o describe the

operation of the circuit of Figure 11.

| Figure 13 is a' diagram iflustrating the refationship between CPU and VRAM u
20 addresses for the four-way interleaved frame buffer of Figure 10.

Figure 14 is a flow diagram illustrating an embodiment of the present
invention implemented in a software program; this embodiment is for a planar -

- frame buffer.



" Referring first to Figure 1 a frame buffer 10 is illustrated which_ in the
present | y WOIDAT76Y enbodi nent may be an ordinary frame buf f erPCF/(3;589/05566
. exanpl e, one fabricated fromdynam c random access nmenories (DRAMs) or

vi deo random access nenories (VRAMs). Modst often, data is organized in the
frame buffer by 15 scan lines with data being stored for each pixel along
each scan line. In sone cases, the pixel data is organi zed in planes such
that the pixel data for a given pixel is stoged with each bit on a
different one of the planes (i.e. planar frame buffer of Figure 15). Wen
data i s organi zeg_ in this arrangenent, a scanni ng address causes a bit from
each plane to beFigER 15 ilustratrs Ranefegraphic 187 @ plrearfsamaitiubierto 20 form a
pi xel , and hence, the data for a given pixel is read fromthe nenory for a
video display. (Often when witing data to a nenory organi zed by planes, an
8 o~16 bit wordgj it ' S ar g i ful for
a bl ack and whi tglgﬁégrvﬁﬁb\%&s?:rg? %Eﬁfgpﬂ? %@',?ﬁ&'}?t'eéﬁéé%‘?] ﬁ% éﬂle%gill@hgixw@@%stored
per pixe§ aggtRerRCRr aERurky" Wahid Biftdrnt 0 only a single plane.) For some
enbodi ments of the present “i nvention, WO 90/ 07767 . :
PCT/ US89/ 05566 10 the data is stored in an ordinary manner as descri bed
above. In other enbodinents, the data is two-way interleaved between two

banks of menory EKiQuRg N7 illustigtesaisgeend stepdnj thedmplrmantatiopidgseabeg ineven
with this arr Tent weve, the data is still stored by scan lines. 5
An address &«gﬁ@ﬁ%wﬂﬁgw S{E% to address the data in the buffer to

provi de an output signal for a video display. As. will be seen with the
present invention the order in which the data is scanned fromthe buffer is

di £ferenp than t Fijurs'gedilustratéeanhird step'in theimplenemtatidredestitibedsingener at or
11 provides this unique addressing order. (This is referred to as

"ker nel - scacnajnclion withrigures)16rard 3geci fic order

Figure 19 illustrates a fourth step in the implementation described in
conjunction with Figures 16-18.
15 ' |
Figure 20 illustrates a fifth step in the implementation described in

conjunction with Figures 16-19.

Figure 21 illustrates g'ray values loaded into the color lookup table.



10 enployed will becone apparent, particularly fromthe discussion bel ow
for Figures 2 and 3. Ordinary circuits may be used to i npl ement_the __
gener at oWO20/83%%r ovi de the order described in Figures and’@"—ﬁ%%’f‘?\e
case with prior art generators, the address generator 11 is generally
synchroni zed with a dot clock. The output fromthe buffer 10 is convol ved
by convol ver 12. The output of 15 the convglver 12 is pixel data whi ch can
be used in an ordinary manner for a video display. The convolver 12 is
described in conjunction with Figures 4 and 5 and portions of it are

descri bed pETAILEDNOESORIPTION QF cEHEAPRESENT IINMENTIONrently preferred
enbodi ment the output of the convolver 12 is gamma corrected. Such gamm
correction is emethathand apparatus far pravidingdilteniogxata dorgastenscanpedt he -
non-linear |ight intengsi curve he digital |nfornat|o

oo | he S wides sbparahias descibed Thadmenan Apules SMeras It YarigRcy 1t

o i "B aaggen lbupansienlaf M BRPA AP S IR 1 tﬁé‘*é'ﬁoﬁﬁh?ﬁ'er emory
such a &eggggﬁérp KZ&Z ous $ q(f:c d?tab? are fet 1oﬁh in order to pr%vnde a better

PCT/ US89/ a co I's event, e output of the

buf fer 10 ﬁrﬁe@ﬁﬁﬁbﬁé dehét peoéem m»mﬁuw Htawill becobVios rrw&mt toforiehskiled or
|'ookup table is coupled to the convolver 12. In F|g{1re i s assuned t hat

each of tHn thé adkbai ﬂnetpresemtlnmsent@neua)gbemra@medw Qslwqu%@etails: n other
mapped buffer. In the horizontal di rect| n t he a nunher rom

0"t r ough I3sisnees welFs BOwp o Eee 254 COMAUTAY SRPTRUGRS HAVEDRER ShOWR) BRRY: |
e oo b AR, 18 oleihlo gbBrdiainy Bt inVULhigR BkBessalyBoth, 0 e

Againgg t will be apprecigyeRVIEW OF THEPRESENTPINVERTIONTOr e scan

‘lines are used. Figure 2 thus represents the data organi zation that is

found in a typiReferdrignfiret to:Figere 1 a frame butfer 10 is illustrated which in the |
presently preferred efnbodime_nt may be an 'ordinery frame buffer, for example, one
fabricated from dynamic random-access metnoriee. (DRAMs) or video random-
access memories (VRAMs). Most often, data is organized in the frame buffer by
15 scan Iinee with data being stored for each pixel along each scan line. In some
cases, the pixe! da{a is Organiied in planes such tnat the pixel daia for a given
pixel is stored with each biton a dufferent one of the planes (i.e., planar frame buffer
of Figure 15).’ When data is orgamzed in this arrangement a scanning address
causes a bit from each plane to be read from the memory, the bits are assembled to \J
20 form a pixel, and hence, the data for a given pixel is read from the memory for a
‘video display. (Often when writing data te a memory organized by planes, an 8 or
16 bit word is written to each plane; this is particularly useful for a black and white,
or two-color display.- where only a single bit is stored per pixe! and hence data is

witien into only a single plane.) For some embodiments of the present invention,



10 wdr90/07e7 present invention - the data for a given pi xe.la-(,gsgg/,osme(el

0) is read fromthe nenory for several lines (e.g., lines 1, 2 and
. before the pixel data for pixel 1 is read fron1the menory. The plxel dat a
for the several lines of a given pixel isl8onvolved to provide the pixel

data used by the display. Mire specifically, in Figure 2 the data at
| ocations 16, 17 and 18 is read from 15 the nenory before the data for

2CEL R IR TR i Mg AR 12,1, 12

Next, theeﬁabisaim&lﬁéamatdak?s?sgg{mgoif&erleékewex%ehswb%% %?mé:ﬁsryﬁémry and

convolved to provide pixe r pixel of the dISp I'ine
process cqilt badescribed inohjunction withi Figlre 8. Evenweth tis ava atines 1-3 to
provi.de 20 pixel data for a given display line. For the illustrated

enbodi nenhowever; the data isstillistorediby scarlings: t he convol ution process. Any
nunber of lines may in fact be used, for exanple, the data fromlines n,

[elrlr] Sray bﬁ f An dcev@cner?r@tpb\n dssueﬁ%q a@meas the: datarin the bdfferfoprovidge.

F 7

bCT! a6y BBASPUL BIGna) (1 R VioRG Ispis A% Wil be s3en kS ripsallipvaring e
Hovever, Lhg, ‘?ﬁ%nqhsﬁ(}# Y rea%H%wOBB fﬂ%‘:ﬂ bt Pﬁ@erﬂ'ﬂl\ar’i {Mat Bbg&'m ﬂﬁ]a for,

for |nstance pi xe rall e scan 1 nes being use

convol uti prob&R @ng HemeePthecaddtass gbnérapsr<el pMVins&hfsQﬁﬂqtié aadidesinguf fer. 5

In sone cases, the addressing and mappi ng schene used for a frame buffer
provi des ordes. (This is referted to asrkernei-scainoed? indFigarer 1.paThe spdciis srdeks
|IIustrated in Figure 3 assunme that a ?ln | e address provi des the pixel

data tQr pmplayed umcbqspm appasent, padicyiarlyifram;tae disshigsigg beipw éqfcﬁagtqsg li ne
23 WHh BhGds e 8ilhaky dfilits May b Bsed to implement the generator 11 and provide

the order described in Figures 2 ggd_ 3. As in the case with prior art generators, the
address generator 11 is generally synchronized with a dot ciock.
The output from the buffer 10 is convolved by convoliver 12. The output of
15 the convoiver 12 is piiel data which can be used in an ordinary manher for a video
display. The convolver 12 is described in conjunction with Figures 4 and 5 and
portions of it are described in conjunction with Figures 7A and 7B.
in the currently preferred embodiment the output of the convolver 12 is
gamma corrected. Such gamma correction is well-known in the art and used to
u 20 compensate for the non-linear light intensity curve of CRT displays. The digital
information on line 14 is converted to an analog form for coupling to a display.
in the following description it is assumed that the buffer 10 stores pixel data.
it will be appreciated that the butfer may store pointers to another memory such as



data associated with line 23 is first read fromthe nenory, followed by the
10 convolution of data associated with lines 24 and 25. Then convol uti.,on
i s perforwal9e07T6% data for pixel 0 of lines 1, 2 and 3 for m&@b5@9/05°“
followed by the data for pixel 1, for lines 1, 2, 3. Now the data
associated with Iines 26, 27 and 28 is read fromthe menory, and so on. In
a specially organized frane buffer such as {pat described in a presently 15
preferred enbodi nent, a single address provides the data for several |ines
in the buffer. For exanple, a single address may provide the data
. associ at ed gggibr bbﬁ? table. Rithad@verit, theroutpitsofane butfet 1B i édupledies @ cowr
‘ ‘pixel 0 is convolve then that of pixel 1 is convolved. After that the
data assoc umleqb tablehand thesolput Gf7tharcbi@rslookup tabie isrcpuplétionthenconvaiver tize
data for pixel 2, and then 3 is convolved. This process 20 continues forﬁ}f'
all the data al dngnguteasmeassum%mtaamgfmemodﬁsdnsheﬂu@t:atadrgrgénera| =

the Sﬁi?feﬁ "rrse?q;fp'etrsfieﬂgf bt amapes DlTs O s boiatial e dbe Pi adTeL nes
- ror 8Bl R ORR panrHGh 3t P’ RRSSRRR flal it el b b ntehy O1

the scan |1 ‘gre used YIROAIZHIEY! In the vertical direction the rows of pixel data
| PCT/ USSQ/Ogﬁg%@%eﬁ +2 n+N. Fo?l é\%ﬂgng this the data for a first pixel

- al ong | i nesare-numbrerdd by stahHiihei begirmidg fwithnliren@, dnd émding ag éine Soehgaie, it ivell
. pixel data for subsequent pixels along these |lines. This data jis_then
~ convol ved the EPU\GP@&BQ that in adypicdl ¢!$R|éy “MYaF“PEﬁ s‘iﬂi’b'"qur%fﬁ l-tﬁeﬂel Figure e

. next displ ne. ess s ed, unt vertl fil red data is- -
57 br ovi e s renrasers ing ot Sianlzat R ERbTR AR o Fhicablinmia Shtierc o
mentioggd above,gdMfe Bresiint ﬂ'ﬂ}eﬁtlﬁﬁ WIB bt fc for higiven ﬂftel%?g?‘ PiR¥I B8s read from
the memory for several lines (e.g., lines 1, 2 and 3) before the pixel data for pixel 1
is read from the mernory The pnxel data for the several lines of a gwen pixel is

convolved to provide the pixel data used by the display.
More specifically, in Figure 2 the data at locations 16, 17 and 18 is read from
15 the memory'before the data for pixel 19 |s read from the rriemory. The pixel data
from locations 16, 17 and 18 is then convolved to provide pixel data for pixel0 ofa
display line. Next, the pixel data at locations i_9.- 20 and 21 is read from the |
memory and convolved to prdVide- pixel data for pixel 1 of the display line. This
process continues for each of the pixels O-thrbugh 8 for scan lines 1-3 to provide
20 pixei data for a given_-displéy line. .
- For the illustrated embodiment three lines of data are used inthe
convolution process. Any number of lines may in fact be used, for example, the
.data from lines n, n+1,n+2... N+n may be first used to provide pixel data for a first
display line. Following this, the data from lines n+1, n+2, n+3. . . n+N+1 is used to



convolved. In the currently preferred embodi ment N=2. (There is a
di scussi WO 8/0¢Tvol ution for other kernels later in this apPQTZESBYR566 n
. this case, Ninplenents 10 the equation[err] where [err] is the
pi xel data for the first pixel of the nth scan line,[err] the pixel data
for the first pixel of the nth+l line, a pi xel 3 the pixel data for the
n+2 scan line. "a" and "b" are constants wth "b" usually being greater

than "a". In a typical application [err] and[err]' In Figure 4, the
convol ver r W r des a
prescal'erp@gg\%ﬁg elgg?avggdt( db?‘hpcﬁ%mp ? g‘étal ae'v rorréJ tH EFa %)t*%grﬁd@%éj

amount  of pyfersugh itinat aiethb Qixet daby for] 108 iristatice ixeFMAS Read tdradh th stle out put
of the coefficient table 33. The output of table 33 is controlled by the

cury ent clndscbeingrizsed iththehconvolution bifsratheqixel tata tontpixel Mé1 ishmadfestal er
32 prOV|des one input to an adder 34. The other input to the adder 34, In
ef fect, Iﬁ‘etwe@ut put of t he adder 20 34 af ter being coupl ed through t he
| atch 35 and t rTLI|tI Iexer 31 eit rOV|d .as an

nput 8o the aliaomezaber (57 afdtessha AMd mabeid Fengernediiar Barame BIHEL I be

seen at se the
contents @?WE‘% %o%a@gh?@ﬁ]ﬁr% Qﬁ to trfércb%@ aggg Tﬁgﬂgﬁ{ g\% of the
latch 35 FRureBEdsLmRANEY a3 aﬂbte%G 6pr6ﬁde§ fre FiRGILAkta %r piReN®Ehd phiedn,
typically a constant, is 90/ 07767 :

PCT/ US89/ 085 66 14thisissshowen bmhaaenolasiho ling 28udNVBlY theTpresent inventidn, e
normalizer 36 is |atched b econtets of this latch

provi de tﬁ%‘arﬂﬁeﬁa@&’c with &Pzzgsdﬁf‘éﬁ‘ rﬁ?%ﬁ&"h{m Bmagy. i lipwed By ieact i ce, the

Mot e éf*@*ﬁt{?ﬁ'%‘ Bafl 4cfjand i Jingh 2 o £Y, 158 SoPVBlodis, o1 e

]91)9' te igmﬁéﬁéﬂe 6n o ? &t 18F PikerD bt find¥'1.22 aflI'tbt Pitel 6 TolloWed BY thébiatLY
for pixel 1, for lines 1, 2, 3. Now the data associated with lines 26, 27 and 28 is
read from the memory, and so on, |
 Ina specially organized frame butfer such as that described in a presently
15. preferred_embodiment.'_a single addrese provides the data for several lines i_n the
buffer. For example, a single address may provide the data assooiated with lines
'23 24 and 25. In this event, the first data for pixel 0 is convolved, then that of ptxel
1is convolved. -After that the data associated wuth lines 26, 27 and 28 is read from
the memory and the data for puxel 2, andthen 3 is convolved This process
~ 20 continues for all the data along the line for scan lines 1, 2 and 3. |
| Thus, in general, the data for a first pixel for scan lines n, ne1, ne2.. . neNis
read from the butfer before the pixel data for subséqu_ent pixels on these scan lines
is read irorh lhe buffer. This data is then convolved to pi'ovide oixel data fora eingle
pi'xel. This prooess is repeated for eaoh of the pixels along the sceo linee n, N+,



division by four. Assunme first that a=1 and b=2 in the equation discussed -
above. Further assune that data is being scanned froma buffer in the |
manner i | I\WOt9048%T67and 10 described in conjunction with Fi gur 8BCT/US$R/05566
convol ver can be seen to operate in a 3 clock cycle sequence. During a ’
cycle 0 the data associated with circle 16 is coupled to the prescal er 32.
Cycl e nunber 0 when applied to the coefficient table 33 causes the
prescaler 32 to nultiply this data by one, jpgnce, the data is directly
coupled to the adder 34. The cycle O coupled to the nmultiplexer 31 selects

the zero 1 Q{2 i nmN.t Polldwd #@ﬁl?ﬁﬁe HERI16F £¥Fst phkel BlcHEIREs AR 1L ?@Fda.tﬁq.%?

associated with circle 16.. This data is sinply latched withi'n [at’ch

under cont ripread frofmethpibuffer cagain befdre the pixelidata fos sobsetjuedt pixels slongl e 17
is coupled to the prescaler 32 on cycle 1. The cycle. 1 input to the tabl e.@
33 causes tthesglines; aThis data isthehconveived taiprovidethe filtered: pixebdatafonthedire)
before coupling.,It to the ad(il'er 34, At the sane tine the _ou'ltjﬁut of the
latch 35 20PixqlP!thr peddispiayline. dhis Rraressissepsated untt vedicaltitared gatais

out put af the .or r.32, nce, the sum Pl +2P2 is formed and coupled to
the | at ??h ﬁsv'gﬁﬁﬁ%%hﬁgerﬁﬁ?ﬁrﬂfygycl e 2 the data associated with circle 18
is coupled to the prescal gjpOpDIMERTS OF THECONVOLYER €d to table 33

causes this data to be directly coupled to the adder 34. The adder 34 adds

this data to theasimeaticned abow] the pixehdatatirdm SR+1° livé3 80d4d thdy be :
PCT/ US89/ 05566 15 forming the sum[err]. This sumis |latched within Iatch
35 and t herconyplvadi lethe)oumentiypreiarrecsembodimant N=f. sCihese is @ gissussionof

For m ng.  nearvikion . etPer kemprq e s Bhpfeatony, I iesase N Imeberebts 1 n U
O e ey ot g ¥ 10Mhe Aol it torthe et
of the nth scan line, P2 the pixel data for the first pixel of the nth+1 line, and pixel 3
the pixel data for the n'+2 Scan Iiné. *a" and "‘b“. are c_onstahts with "b" usually being
greater than "a". In a typical application a=1 and b-2 -
In Figure'4. the convoliver (correspdnding to kernel convoiver 12 in Figure 1)
15 includes a pre_scalér 32_which re¢éives t'h_e'-i'npbt pix_el'data frdm the buffér. The |
amount of 'pféscaling performed by prescaler 32 is controlied by the output of the
coefficient table 33. The output of tabl_e 33 is_"cohtrpi_led by the current cycle
number which wil be discussed. The output of the prescaler 32 provides one input
1o an adder 34. _Tﬁé other input to the adder 34, in e_ffect...is t_he' output of the adder u
20 34 after being ,cddpied throuﬁh the latch 35 and the r_nultip_lexér 31. The multiplexer | |
3i either _proyid:es' as an in_pm to the _a'dder 34 the ouj_put of the latch 35 or the value
0. As will be seen at ‘-'.cycle.O". the 0 iﬁput is -provided to tﬁ_e adder 34, otherwise the
.cbnt_ents of the lé:ch 35 is the input to the adder 34, The contents of the latch 35is
normalized by a norinalizer 36._the amount of' nbmalizétion.'typiéally a constant, is



the prescaler 32. A fourth cycle may be used (i.e., cycle 3),

event cycV@9/®G&7control latch 38 with no data being shifted gﬁ{‘OSQ%QSS“
.prescal er 32 during cycle 3. This can be used if 3 cycle timng is

i nconveni ent. 10 An alternate convolver is illustrated in Figure 5.
In this enbodi nent, an adder 40 receives agga first Input, the output of
the prescaler 43. Once again, the prescaler 43 receives the pixel data from
the buffer. The anount of prescaling of prescaler 43 is controlled by the
‘coef fi ci enéhowrbas nédmallzationwaiug 37f Thaloutput 4f tise normalizer 36 isiatched by cl e
nunmber coupled to the table. The other .input termnal of the 15 adder 40
recei ves tIBtehdl,@nd tbe cantents of thisiatchiproviderghe pixel data fosedixelalengaout put
of the multipl exer 41. Multiplexer 41 selects either the output of the
prescal er #SP@Y N8 out put of the adder 40. The nultiplexer 41 is

control 0, b sy Righe o hekhaler f St Bl B o GBIGE 3,0
The outgul mohipliBSddby fg&g'» Bt § /2! il the rdrfdliEe 3¢ B arbhardhgital BfieFouUNt of

nornmal izatron'i's con the al ues s vvn as "nornalization val ue

45" . The owhight f@forhﬁednvﬁrdﬁﬁﬂy sritting the dightalgdtachyt, foraexaniptdy 2!placdétorout put
of the llatch 47 provides the filtered pixel data. The circuit of Figure 5
performs tdeisiamby dowrvol ution as the circuit of Figure 4. WO 90/ 07767

PCT/ US89/ 05566 16 Assune that the data for ne n,.for s coupled to
the prescal er 4Assymef ‘I‘ﬁtf‘ﬁ'eaﬂy%"l"ébbé E%@‘erﬁﬂ‘-ﬁt'ﬁf‘é&ﬁusﬁgd §§?\§%t§ URRRS out put

S5 boe.PheRSaSh i AR F BURL Rat6s By hEHqL e B At e oL
The dafg f gesdtbedl in®oPfurlctiBR withiFigsre 2. The convolver can be seen to operate in a
3 clock cycle sequence. During a cycle 0 the data associated with circle 16 is
coupled to the prescaler 32. Cycle number 0 when applied to the coefficient table
33 causes the prescaler 32 to multiply this data by one, hence, the data is directly
coupled to the adder 34. The cycle 0 coupled to the multiplexer 31 selects the zero
15 input to the adder; thé'refore. 0 is added to the data associated with circle 16. This
data is simply latched within latch 35 under control of the pixel clock. Next the data
associated with circle 17 is coupled to the prescaler 32 on cycle 1. The cycle 1
input 1o the table 33 causes the prescaler to multiply this data by 2 (a left-shift of
one) before coupling it 1o the adder 34. At the same time the output of the latch 35
' 20 is coupled through the muttipiexer 31 and is added to the output of the prescaler
- 82. Hence, the sum P1+2P2 is formed and coupled to the latch 35. Following this
on cycle 2 the data associated with circle 18 is cobpled to the prescaler 32. The
cyclé number "2" coupled to table 33 causes this data to be directly coupled to the
adder 34. The adder 34 adds this data 10 the data contained within latch 35



5 prescaled by 2 and this data is then added to the contents of the latch
with the sum being coupled to the nmultiplexer 41 and latched in l‘atch 42.
The proc¥A9MI76hues until the sum[err] is formed, conputedP@MLSRIGIHG6 n
| atch 42. The normalizer 46 divides this sumby a factor of 4 and the
resultant nornalized value is coupled into the latch 47. Again, on cycle 0
(the start of new data into the prescaler jif 43 for the next pi xel) the
data is clocked fromthe latch thereby providing the filtered pixel data
for the display. Once again, a four cycle scheme may be used with the

fourth cysgmid mélénrﬁ)P glm s@mCi8 lé(Zh%dWijﬁlrﬂfﬂf& Bo‘aﬁdgl'?é}?ral

prescaler is s own conpr|S| 1g "a nu trplier 5 e 1nput. pIxel data is

‘coupl ed t Rofnhaliz&d! By Rbrnvelizet 3. Feir it d@§cﬂﬂh‘d Sbbéimer n e:gegsst he 15

scal ed pixel data. "The amount of nultiplication I's contro y - the out Fy»t
of the codibfdesltbatdalwbyaﬁambbetﬁi ngﬁhsblﬂw%rmmgdheﬁhﬁl équhtion the cycle

nunber. The ol nunber (e.g . ) selects the anount of

mul tiplic Mresbdtanmxelcdarais;lalmdbaulatgh 38e Omoycle ethisogataont r ol s
t he anpunt of I|ct|on rfaq rred terrultlpller 50, 20

A gur o oA B B telda 3B vl e Ot 106 £he, et Rikeiis BinciAuples 12at i on
used by t on step |nvolves nultlpllcatlon by one or by two. In
this case “‘% ér'%%?‘ﬁrgger 53 receives the I nput pi xel data at one-term nal

dth t At ith
1,1, 041 o G ) B 0164405 n iy B o 1

PCT/ US89/ [25¢H688 Witht mo dataabemg’bbmeydohm the prescalerBg durivg tywe BerTHis Bande data
is used to select the "0" input to the nultiplexer 53 and thus provides the .
needed scﬁ$%'f|3ﬂﬁ|eﬂm isjpeenvenigntconvol vers di scussed above are

DL | B8 hub B8 s35vaihy  ThRSlERlE i S b S
adder 40 receives as a first input, the output of the prescaler 43. Once again, the .
prescaler 43 receives the pixe! data from the buffer. The amount of prescaling of

_ prescaler 43 is controlled by the coefficient table 44. The output of table 44 is
controlled by the cycie number coupled to the table 'l'he other input terminal of the
15 - adder 40 receives the output of the latch 42. The input to the fatch is the output of
the multiplexer 41. Multiplexer 41 selects _e;ther the output of the prescaler 43 or |
the output of the adder 40; The multiplexer 41 'is .e_ontrolle_d_ by the. cycle 0 signal;
for cycle 0 muiltiplexer 41 selects the output of-tﬁe__ pr_esce!e'r 43, otherwise it selects
the output of the edderi The output of the latch 42is coupled to a normalizer 46. o \J
20 The amount of norma’liz_atidn is contro_lled by the values shown as "normal_i_zaﬁon
‘value 45" The oufput of the normalizer 45 is ddupled toa latch 47. The output of
the latch 47 provides the ﬁltered pixel data..

The circuit of Figure 5 performs the same convolutnon as the circuit of anure '



5 be used for a parallel data stream It is particularly useful when a

i mted.nuWiRE90/@1768i t s are used; for exanple, in a 1 bit/pixel pATAp$8sY05566
Mwhere the 1-2-1 kernel is used. The results of the convolution arithnetic
are ‘preconputed and placed in the table. This is used as will be seen for

- software enbodi ments of the invention where the color |ookup table is

prel oaded for use as a convol ution | ookup teple. 10 A
CURRENTLY PREFERRED EMBODI MENT OF THE I NVENTION I n one currently preferred

nbod f | .d banks, of

menory whi ch t odSYSHTe Bl ghtadio ) ée?afwf‘ﬁ r@ﬁs—sﬁtaﬂé%dgoﬂw et b
Fi 8 byp M, faq h
b:aglli;eof mgrr%r are p‘:érpeo\ellri eed el lé"é} rom ﬁ%ﬂg}&?fﬁ%ﬁf@%%é?égﬁﬁr e}ese
coung er 55. cddptestheldira intodné mémzl Rzlregéaw 43/dbénolddaltt @itad6. Data

to amt fromthe CPU is coupled to the M ports of the menory rough the

bus 59. Thebedduss aadgnstherequancpmdscoésedaﬁm ehekddtador gixelsO aeme:hed i9y the
mul ti pl exer 60. ( his multiplexer can be elimnated if the 3-state feature

of the WRANPIESFAIEd byy? angithiswata i thenaddedite kthe cententgief tharledchwithithe sumi nes
f th t.ipl | ed t.ch h tch 60 a
Lhon | s BicB08leeS 156 i fod b ALRRER: e oceds o

| tipl t t d
Coupl Db T ey RS LERI P g PR ee?tﬁn?méérﬁ?&%&sgﬂaﬁ%??fﬁ?ﬁm s

coupl ed t o morenalizel 86 dividesMRiLEIM by factor of 4 and the resultant normalized value is
PCT / US89/ 05566 18 such as convol ver 68 which may be constructed as

descri bed awpéed ine:the lalchad7.0Agpin; onicycimQ (tke stan.af new datacintoothecpreschléry

di\grtal -t o- converters such as converter 69 to provide RGB signals
for a a8 or i ﬁgpe%pﬁﬁpn@da@ |§5pg¢.§ed from the latch thereby providing the filtered

pixel data for the display. Once again, a four cycle scheme may be used with the
fourth cycle (cycle 3) oontrolli_rrg latch 47.
in Figura 7A a general prescaler is shown comprising a muttiplier 50. The
input pixei datais co_upled to the multiplier, the output of the multiplier provides the
15 scaled pixel data. The amount of multiplication is cohtrolled by the output of the
coefficient l_ookup table 51. This 6utput is determined by the cycle number. The
cycle number (e.g., 1,2, 3. . . ) selects the amount of multiplication required for the
convolution bemg used and thereby controls the amount of multiplication
performed by the mumpner 50
20 Figure 7B lllustrates a prescaler whlch may be used whan the multiplication
used by the eonvolutlon step involves multuplncatlon by one or by two. In this case a
mumplexar 53 receives the input pixel data at one terminal and the input pixel data
multiplied by two (i.e., left-shifted by 1 with a zero filling in on the nght) at its other



correction device is placed after the convolver 68 in digital or after the
converters 5 69 in analog. As indicated in Figure 8, bank 0 is used t
store eYEN/PAThairs of pixel data and bank 1 is used to stpﬂlﬁa’qug%
pairs of pixel data. Note this refers to "line pairs”, not |ines :

t hensel ves. More specifically, the "even J4ne pairs refers to lines 0 and

1, 4 and 5, 8 and 9, etc. The odd line pairs refers to the lines 2 and 3, 6
and 7, 10 etc. The output streans fromthe two banks of nmenory (with
two-way interleaving) are nultiplexed together to forma single word stream

- as showngrmirfal. JThe dycleThirmber RGuiting tHe OxZSpirél datyis dsed f'SelvgttAe™or each
group ‘which is not used. The other three words.are convol ved as descri bed
above. Anpottonthie mutlipidxeni53Candhthusfprovidey theoneeded scaled inputpiked datane 1,
word 1/line 0, 15 and word 1/line 1 is shown in Figure 9. A correspondig?
out put from bhh convelverssdiseussad aboveare ipasiicularigaod fariseral kasrel 0/ 1 i n

3, word 1/line 2: and word 1/1ine 3. ter nultiplexing.th rovide a

S oo Rt Sresih Fiayred Mugtzates 3 gtinyolyer ImBlemered I & fatif 71 MNERCER 0 | e
1, d | i : I ward 1L ATTo\s e : d

711 e 3be el 16 WAl et GplalBrchm Ri€ patcuiiusetB et iftfed tthaBH;
0/1ine 2ppodre\0EsH; b bREmpledirta YSEitpike! disSIay Whetdtie 121 Kaendliixaked! Pi xel s
(dependi ng on how many piXxels. are stored for .each word) for line 1 in

i nt er | acTHe fresudits &f th8iounvelutipn anthrdetid arenpre@omputat! and piazed imtite tatiel 1/1 i ne
L provide data for the subsequent pixel or pixels on that line. At this
time, womhisosusad as wildageen torsofiware embagjments pf ¢he invention where the

bi wel 5. 1 69007 Jaaiip 1aRfa ischrBloR0ed 9 BRSS! cIRBLADRIROLA fable-or @ b 1 e 0.
and yord 1/1ine 0 arq iSHRRENTLVOPREEERREY CEMBODIMENTPY the VRAMi s
made to appear as a B o _ o
| - OF THE INVENTION | - | | '
Iin one currently preferred embodimerit'ef the iriventien. tfie pixel data is
stored in two banks of VRAM memory which together comprise a frame bufier. This
is illustrated in Figure 8 by the bank'o and bank 1 of rher_nery'sar The addresses for
15 the banks of memory ere previded either from'th'e '_CPU or Irom a ﬁixel address
counter 55. One of these addresses is selected by the multiplexer 56. Data to and
 from the CPU is coupled 1o the RAM ports of the memory through the bus 59. The
shift register outputs of either bank 0 or 1 is s‘ele'cted by the"_ rnultip'lexer 60. (This
multiplexer can be eliminated if the 3-state feature of the VEAM-ehin register v
20 switches quickly enough.) | | | |
ook ,._.._.The_perallei lines from the multiplexer €0 ar'e_'_e:oupl_ed to three latches such-
' L as latch 60, and then in paraliel 1o three shift reg'iéiersfeueﬁ as shift regieter 63. The
. multiplexer 64 selects data from one of the three 'ehiﬂ'regiStem and couples it 1o the
color lookup table (CLUT) 65. The output of the CLUT is coupled to a convolver



contiguo This causes the interleaving to be transparent,.!

CPU. The@o%’&)ﬁ?@ connections which provide this transparenc@&/&%ﬁ?@gg%ed
.below. In the Iefthand colum of Figure 10, conventional coupling of the
addr esses between the CPU and a VRAMis shown. In effect, there is a 1-to-1
connecti on between the CPU address lines a8 the VRAM address |ines. The
exanpl e of Figure 10 assunes a 32-bit word size. The CPU address bits A0
and Al are thus 10 used to enabl e VRAM bytes and words, rather than

speci fi ¢ yRAMEEHRWerBE whichPhay B@Eoﬁﬁﬁﬁﬁé’d als R SERbLREISHRS STRS bighal | S
coupled to the VRAM address bit "‘A0. CPU address bit A3 to VRAM address bit

Al, etc. dltpots fsamdhe conveiver areoheened by ditillito-analogddnesnersi suchrasst be
designated as a bank select signal. Wth a conventional coupling any

address btanvesgr 68 to peavide RGB sigoals Joma calos manitone Nommalys gammaPU addr ess
Al 9is shown coupled to BANKSEL in the exa The connecti ons between

the CPU fRIFedionsaviceisplaced WM%B@I’P@%@'@?@ gigital or @fterthe, ANVRRLES | eavi ng

s sh é% t he gcond colum of Figure 10. The exanpl e assunes that there
are 1924 ﬂ@ga'??r scan line. If this is the case, the address bit A 0

fromthe CPU | & m Y I nes.
This bit is coupfmﬁcéti(é)aigﬁgprb ﬁ%%%sb%]e ef gf:ﬁf[je\g}ﬁlrﬁl ?’%s?‘?ad?n%ﬁ%pj ation
i s that izasdbank ofis sebe s s1ee bed Ueepaivsidf pindl ¢atan Nutethis reress totige address

bit selects between odd and even words, thereby interleaving two |ines
t oget her Pairsionot lingsgbemselives.s Mm:ppwﬁcailysm&anﬂloes:@irgctefersttmas VRAM

PT:EEZ ? hgqu Ved,q,%eqhq%%.\sﬁctag 'eréaghgg/ ' S%'?*esrs ltjo tthe%es%uar% ﬁog aV\Q' e
G50 SRRl e B ek S Ao
conpl ex. ) are multiplexed together to form a single word stream as shown in Figure 9. This
provides groups of 4 words, one word for each group which is not used. The other
three words are convolved as described above. |
An output from bank 0 sbecmcally word 0/line 0, word O/line 1, word 1/line 0,
15 and word 1/line 1 is shown in Figure 9. A corresponding output from bank 1 is also
shown, specifically word Ofline 2, word O/line 3, word 1/line 2' and word 1/line 3.
After multlplexmg they prowde a single word stream, specmcally word 0/line 0,
word 0/line 2, word O/line 1, word Ofline 3, word 1/line 0, word 1/line 2, word 1/line 1
| and word 1/line 3. Then, as indicated through convolving, word ofline 0, word
-/ 20  O/line 2 and word O/line 1 are used to provide data for the pixel or pixels
| (depending on how many' pixels are stored for each word) for line 1 in inierlaced
field 1. Similarly, word 1/line 0, word 1/line 2 and word 1/line 1 provide data for the
subsequent pixe! or pixels on that line. At this time, word O/line 3 and word 2/iine 3



The shift registers, such as shift register 63 of Figure 8 are used to
enabl e a singl i xel to be clocked out froma word. Typically, nore th

one pi xér‘V0|99/Q?76§ont ained in a word therefore a parallel | oaéﬁ @ﬁgl’?s’“ .
register is needed to permt the individual pixels to be renmoved fromthe
word. Moreover, if multi-bit pixels are used, then multi-bit shift

regi sters are needed for each word. ALTERMATE EMBODI MENT EMPLOYI NG FOUR- WAY
| NTERLEAVED VRAM 10 - The results descri bed above for a two-way

interl eaved system can al so- be obtained froma single bank of nenory where

Four - way edrﬁg%dr@&‘“dﬂah?hﬁ?@ﬁss Wb?gergfﬁsé?ﬂge ! dfdStof E&efs' prinedpge that

twce th ry capacl requi coples of the data are

needed f QﬁtefrlPSed el 2R uddy; Tik 36 Word 0ineid, andawstasing 0 dre Ignored.
Figure 11 ustrates a bl ock di agram f or ‘the four- way i nterl eave %
e

enbodi nent  whifromathei viewpaihtiyithe GRIA) thedfRAMFsmadertorappe@inas RAM port of t
menory is connected through a latch 73 to the CPU to permt dam ? be read
i nto and cordigubus biacke Tmreaqsesme lr!iﬁrleavmegﬂ be &ranwrenbfp tha CREnofhei

led to th | at ch h th | d t
U B iShrecBheivH Bl s bsdali g ot aElnlR 19, CoLP' 55
| ect f, t t 7. A
SUTTes oot o g e SR o Fo B BRI aPodlHing ot il AcBlddbed
provi des eRHitRECPU AR a WRANES shoWnf tinletiatt tingre is AU-fo- Pesenséctionl UT and

convol ver tor this enbodi nent operate in the sane manner as the enbodi nent
of Fi gur eb@waendhe CRU addressdingsanddhe VRAM@dubess7lires. The example of

76" el er Pua 10 assmes & 35 5k werd 3ids. Tha CHU hdereds BS K8 ahs A 2rdthi P! X
10 usedto enable VRAM bytes and words. rather than specrfrc VRAM address bits. |
For that reason. the_.CPU _edd_ress_ b__rt A2is coupled to the VRAM address bit AO,
CPU address bit A3 to VRAM address bit A1, etc. Also, since there are 2 banks of
VRAM, one address line must be desi'gnated es a bank select signal With a
convennonal couplrng any address bit may be used for the convemence of the
15 desrgn CPU address A19 |s shown coupled to BANKSEL in the example.
The connectrons between the CPU address bits and the VRAM address bns
for the two-way interleavmg is shown in the second oolumn of F-"rgure 10. The
example assumes that there are 1 024 by1es per scan lme if this is the case, the |
address bit A10 from the CPU ls the bit which seleots between odd end even scan w
20 lmes This bit is ooupled fo A0 of the VRAM The eﬂect of this bit rnampulatron is.
that instead of selecbng between odd and even scan lrnes. the address bit selects
between odd and even words, thereby i__nterleeving_ two lines together by word.
~ Also, A11is coupled to_BANKSEL 10 select between VRAM banks 0 and 1 every

" * other scan line. 1t is this bit manipulation which makes the two-way interleaving



pi xel address counter 80 or fromthe CPU after the CPU addresses have been
coupl ed tWOMEOHS7al | el | oad counter and latch 81 (as will bePTBYLS8IHEIHO

. The nost significant bits of the address are coupled to the counter 81, the
| east significant 5 bits are sinply passg&l through a latch onto the

mul tipl exer 79. As nmentioned, a single bank of VRAMis used with four-way

I nterl eaving and by storing two conplete copies of the pixel data in the
VRAM 72. This is necessary to obtain pixel data fromthree |ines

(sequenti @?E Bar fansparemtothe CRULS (itiscassugtedthatie sebn ling esndth isvalgowaecone
apparent. e four-way interleaving causes the 10 CPU to wite words into

VRAM i n aof2, oﬂ'tarwlsegheaguressmls rhoreceamplex)om t he CPU s standpoint this
is transparent._ In VRAM each of the two copies of the pixel data is stored
witheits inter T&@shiftyregistees, such agshift m&tﬁfrmftﬁi@-’@tﬁéfe wsRe,to Wﬁﬁe ﬁs t he

e o inale Phab b ock eChrbYe WGrd, FABKehaimale Tt bHE kel 4 5 1 e
2/ d.1, f
Fhet 1 Sve GSPagd 108 ok S tord paralil 0ated iR SodibiaF 1 hod i i e
1/word 0, .hamru&( piREH 16 be'rbﬁev%wﬂdtﬂe whbid) EMareisver, ﬂlmuhi-ﬁ? plderarg 1, etc.
(Lines -1 and lines -2 denote black Iines above the first |ne on the

di splay. Tsey, ﬁreea mgkticbit shift vegisters ardkneeddd foneagleword:t er of the displ ay.

They are initially | oaded with data reéhesentl ngﬂt he col or bl ack and need
not be accessed byAkTERNATEPEMBRADEMENT EMPLOWNG h\EOURWAYconpl et e

58"{ he even copy. Vhen the cru B BLEAVED! NEML. nenory, “the addresses
08 TR e L Aokl 408 kay rd BRGG SR L plgie 51
90/ 07767 obtained from a single bank of memory where four-way uﬂerlea#fi@r IsliseY. OPhis 6 22
embodiment has the disadvantage that twice the memory capacity is requiréd since
two copies of the data are needed for the four-way interleaving, as will be
described.
15 Figure 11 illUst.r'ates a block diagram for the four-way interleave embodiment
" which again employs a dual port VRAM memory. The RAM port of the 'memoi'y is
" connected through a latch 73 to the CPU to permit data to be read into and read
from the memory. The shift register port of the memory is coupléd to three .latches
such as latch 74 with each latch being coupled to a shift register, such as shift |
Y 20 register 75. The multiplexer 76 selects one of the shift registers and cdupleé its
output 1o a CLUT 77. A digital color output from the CLUT, after convolving by
‘convoiver 78, provides RGB outputs. The latches, shift registers, mumplexer CLUT
and convolver for this embodiment operate in the same manner as the embodiment

of Figure 8 except as discussed below.



This additional witing for the odd copy is done by ordinary circuitry in
the frame buffer. The even and odd copi es are distinguished by the nost.
si gni fi cW@9007767n t he VRAM thereby placing the even frane dUpE/US§9(05566
| ower half of the nmenory and the odd copy in the upper half. 5 The
four-way interleaving for the even copy is obtained by taking the address
bits fromthe CPU which sel ect between odgjand even scan |ines and
connecting themto bit 0 of the VRAM The address bit fromthe CPU which
sel ects between even and odd scan |ine pairs is connected to bit 1 of the

£ T g PR e ST 15 B .
e Com gl BB ey Aot G5O TP 1L LBTA Sl alBgH | 50" 2

per scan bbugueaitanﬁaba'razeuIbﬁdé&tﬁa_taohh@mbmew%rbé dBscribed).’ The-hest Dit

10) selects between odd and even words, and the odd and even scan |ine pair
bit (e.g. significaht bjts oéthecaddriess are coupled 4m thecountenB ), thaileast signifidandm t he
CPU s vi ewpoi nt, once again, the nmenory appears as a contiguous bl ock. The
f our - why ibits@re siroplypassed ihrough@ h%ﬁih%mﬁdg? &ultiplpxeri Z.obt ai ned in the same

The Fength of pmestaNed. RSRGls tatl ofdibA G BReuinloCAgR BBl ogRa °*°
20 haar o2 91 VY bFReRED SRR 1t pielQaaiIN yAF TpTERIERebRbaeY T

of fset thqoepHHif brpb@al ohtd hsnmlﬁ_elé: Pie's ls%qbbﬁtié_lty?]:hﬁa-tbbrém oiffrent nes (i.e.,

after remapping by 2 words). (It Is assunmed 'the scan line length is a power.

of 2, ot hgroupingndiiliessas il become appapéntx The foun@aydnidriéaving causes the -
Pet! U1Sggl 063‘;33 ?o_ %v?;ite words iﬁt§ VRAM in a 4-line "zig-zag" ordéi, however, from the -CP_U's
.standpoint thfs is transparent. In VRAM each .o_f the tiyo copies of the pixel data is
stored with its interl'eavi'ng_oﬁset by two lines from the other copy. That is, the word
order of the first: line of the even copy is: line O/word 0, line 1/word 0, fine 2/word 0,
line 3/word 0, line 0/word 1, line 1/word 1, line 2/word 1, line 3/word 1, etc. And, the -
15 first line of the odd copy of the frame buffer is line-1/word 0, line-2/word 0, line
Oword 0, line 1/word 0, line-1/word 1, line-2/word 1, line O/word 1, fine 1/word 1,
etc. (Lines -1 and lines -2 deriote blac_k lines above the first line on the display.
They are .used to avoid flicker at ihe_p_eﬁmeter_.ot the display. They are initially
loaded with data representing the color black and need not be accessed by the  ~  ‘w/
20 CPU, once loaded.) | o | |
‘Even thbug_h two complete copies of t_he-'pix_el data are stored in the memory,
the CPU only has _ai:c_es_s_ to the even copy. When the CPU writes data into the
inemory. the addressés, and data are latched and the write operation is repeated to |
Write. the data into the odd copy. Moreover, only the even copy is read by the CPU.



© The two scan |ine adder is easily inplenented since the only timne th% ggld
bank copV@204ddé%ssed is after the even copy has been addr eP§3dUSHH[03506
addition is obtained fromthe counter 81 ohoFigure 11 by increnenting the

" counter. Assune that there are 1024 bytes per scan line, then the CPU
address bits AOGA 0 are 5 latched in the latch of counter and | atch 81,
and the address bits 11 and higher are coupled to the counter. To wite the
even copy the address bits are sinply latched by the counter and |atch 81.

boen 1 at ol BE6RRNwrtalE ol MLEL chiy I5'GorBY bRiInEY Lkl 181 PEkE" 15°
Anot her efthafer, ThetéVenadhl 686 combs BHY 8istiAguished By 9}@1&‘85{ Hﬁniﬂé%rﬂtﬂit idfthehe

menory (shift register port) to be in scan lines of "l1ne“quads. The even

l'i nec quadsVRAM, thereBy platiry the v@hdraré tody i the IdWwer haltiof theenemonsard the
-2/£1/01,2/3/4/5,6/7/8/9 etc. Each convolution triplet needed by the

convol ver o¢dd copyhindheiupper baf.n one of these |ine quads. The line quads are

sequenced in the sane order for, baoth fields: 15 odd line quad -2/-1/0/1
even | ®he quad thefoyr-waydnierigaving for hesvenscopy s pblained B taking thes, 7, et c.

I e A A S A B 8 i,
10 0 St iy OB VIR, M GOt

5/6/7 are peteder gvendnd ol scant line pairsis 20nnbcted tobird ciahe YRAM ahdethent put
of the nmenory is |atched and then the shift registers-are used In the

manner desalt othed bits frooriheGPU @re shifted: "wpwprd\ascshowminduigurerit3 ingheept t hat
NS e hdlhaRl Gekasy Hhogn HFgure 184S &R mirtiohdl iterianrec i shan fh0 oW
PCT/ US89/ Otﬁgqgﬂ@a‘hd column for purposes of comparisen as it was in Figure 10. The effect
of this bit remapping for the 1024 bytes per scan line display is that the odd and
even scan lih'e "bit" (e.g., bit 10) selects between odd and even words, and the odd
and even scan line pair bit (e.g., bit 11) selects between odd ahd even word pairs.
15 From the CPU's viewpoint, once again, the memory appears as a contiguous block.
The four-way interieaving for the odd frame butfer copy is obtained in ihe _
same manner as the even copy, except that before the bit remapping an adder |
adds the length of two scan lines to the address genérated by the CPU (for
example, for 1024 bytes per scan line, the number 2048 is added o the CPU
\_/ 20 address prior to the bit remapping). The effect of this addition is to offset the ,
contents of the odd copy in the butfer by two scan lines (i.e., after remapping by 2
words). (itis assuqu the scan fline length is a power of 2, otherwise addressing is
more complex.) - |



- will always access

SOFTWARE EMBODI MENTS OF THE PRESENT | NVENTI ON The net hod of the present

I nvention can be readily inplenented in software to provide real tine’
convol uW@®e0/0T™7 enbodi nents of the invention are descri bed MEI/QB8IHRS66 f or
a planar frane buffer and the other for a "chunky" frane buffer. The 5

met hod for the planar frame buffer is particularly useful where a single
bit per pixel (e.g., indicating black or 2 ite) is stored in the buffer. A
pl anar frame buffer for purposes of this application (as well as being the
general ly accepted definition), is one made up of bit planes, where each

I id bi t i xgl . of the display. This. [
sad ih i 10 e R ReARIR AR s Basjy irbelemantes SBrpiie.pal Jisih e O8fose

Tor o ertAeR oy F WBaM R o AT Tra oV porfint Bpp T Roalfec | T AR & SRA

pl anes,’ i%'astdfﬁéd o ﬁ\@'dyun??%hof_ Figﬁré)nbgnﬁérememh?.zné cédlﬁérﬁ AL§umé
pl anes, The maxi num col or depth 1s 24 bits per pixel, etc. The U accesses -
wor ds i ithat tHeddare 1024dytesipee scan llinepthenthe GPraddress ibits AGA1B@reexanpl e, a
32-bit read or wite fromthe CPU woul-d al 'ow access to one bit of 32 .
hor i Sontlatdheddnthe tatch of carindersand ladeh 8foand the @idresobis: ttandhighenare in a
single pixel, it nmust perform,as nmany acc-esEe'cyc es as there are es. In

| |
cont r astCounledhtotherauriers Ta write thegvengapythe agdrassqits age simply 'ﬁ"'g@ nare

o veC e LAYy did e BN Ny Y. SORERLGr i chhBfelRL, o ¢

stored i(ReQfHta wHidh Qﬁ E?ﬁraééﬁ(éa isharittdriitdé thd MEndny Withra tvib 8barelinéPU access

_ Its ina given pixel, and in some cases, the
bits in gifetcent pixels. Chunky frame buffers are also used in commercially
B R o e 5508 SR B W1 b Lot EAAS
memory (shitt register port) to bé in scan lines of "'l_ine quads®. The even line qUadé
are 0/1/2/3, 4/5/6/7, B/9/10/11, etc. The odd line quads are -2/-1/0/1,2/3/4/5, 6/7/8/9,
etc. Each convolution triﬁ;et needed by the convolver is then available in one of
these line quads. The fine quads are 'seque'nc’ed_ in the same order for both fields:
15 odd line quad -2/-1/0/1, even line quad 0/1/2/3, odd line quad 2/3/4/5, even line
quad 4/5/6/7, etc. The pénicular 1iéi_d dfspl?yéd_i_s ce,te__rn_iined by which three lines .
are convolved from each line qua.c__I.' For exémpté. in field 1 for lines -1, 1, 3,and 5
the triples -2/-1/0, 0/1)2. 2/3/4} and 4/5/6 are hé_eded. Thenin field 2 for lines 0, 2,
4, and 6 the triples -1/0/1, 1/2/3, _3/4/5. and 5/6/7 are needed resulting in the'sam'e_'
20 line quad sequence. = - o |
The output of the niamory ié_ fatched and then the shift registers are used in
the manner described in cbniunction with the previbus' embodiment, except that the
_line order and the fine quads is different, this difference being shown in Figure 12.



- 25 A Software Enbodi ment of the Pf.esent I nvention for a Planar Frane
Buf f er AMNOBB/@776Me bit per pixel display is stored in the frROEUSSIES66
for exanple, in plane 0. Referring to Figure 14, and ignoring for a nonent,

" step 83, ordinary 5 block noves are enployed to nove the pixel data from

plane 0 to plane 1, however, when this data is noved into plane 1, it is
pl aced one scan |ine down as shown by bl ockR484. The data is again block
noved fromplane O to plane 2 of the buffer, but this time when witing

: I Y . ¥ | 0
| ndl ot od 39T IHARE, EMBOBIMERTS B, THE. FRESERT IREFIOR.0. T om ™

I 0, 1 h?ﬁacfl f RRER sgﬁ,w t hat
thngfoper b??gr%rgagval ﬁFéﬁlb@nergm\F /o 1, ;Br?dfeéef?* each‘eg?égr% are " 14
i medi at eltg plovide realithe toavolatior eTabi dmbodiments oft e iimantionaare deschbed
conypl ution). For any given pixel, plane 0 contains the line n bit, plane 1

cont ai ns tbedowi ore,[fera planar frame !m.iﬂaefeaﬁz! the otherder a Fahunkytframe thiffer. The

In the curren preferred enbodi nent of this nethod, the convolution is,
in ef f &t mﬁf'@@éﬁblﬁ‘eﬂa'ﬂﬁf’%’aewqﬂéﬁﬁ paiticulafly uselvhwhaes asingle b rerpixah he

menory and |s or col o k hIS I's shown by the first
step 83 V\/n ga&%}bpch %m {% g' v§q Walg &”g ‘scal e .data. The out put of
the menory dur| : he
o orov! des AR SR PERor 0 b ol e AN (el dgiing g
enbodi ment gérseraljpacceptddidéfinition), isnotFe made upot\bie pranies, waemeu@tedlatdaat t he
pl anar frane buffer has 4 planes, planes 88, 89, 90 and 91. In typical"
oper at i on, proNiges eme bit for eaem pheiiof thee@lsn'am Iélis wmgafwndeusedmf rom each
| ane,. as shown within t t? otted | % uring typical color
%-ér athi%n, nqrﬁgroystﬁqmmerm ly avallable computers such as those mianufactured by Sun
Microsystems, Inc., Apolio, SGI, etc. To specify a color for a given pixel, each plane
contributes one bit. Thus, if there are eight planes, the maximum color depthis 8
bits per pixel; if there are 24 planes, the maximum color depth is 24 bits per pixel,
etc. The CPU accesses words in a planar frame buffer only one plane at a time.
15 For example, a 32-bit read or write from the CPU would allow access to one bit of
32 horizontally adjacent pixels at once. For the CPU to access all bits in a single
pixel, it must perform as many access cycles as there are planes. _
In contrast, with a chunky frame buffer, all the bits for a given pixe! are stored
as adjacent bits of a memory word. For example, if color depth is 4 bits per pixel,
\_/ 20 andthe CPU word size is 32 bits, then 8 pixels are stored in sach CPU word.
| Unlike the planar frame butfer, a given CPU access will always access all the bits
in a given pixel and in some cases, the bits in adjacent pixels. Chunky frame
buffers are also used in commercially available oomputers such as Apple

Computer Inc's Macintosh Il computer.



WO 90/ 07767 S PCT/ US89/ 05566
26 output fromthe buffer is coupled to the color |ookup table 93 to, for
exanpl e, WP 8/0&6% 12 bit RGB output. Wien the nethod of the BEEHSRIZ05566
invention is inplemented, a one bit per pixel display-is stored in plane 0.
At systemstartup the eight entries of the UT 5 (since there are three
bits per pixel, there are 8 entries) |oaded"to the table of gray scal es
(see Figure 21). Then, the CPU repeatedly does bl ock noves of the entirety
of plane 0 to plane 1, however, one scan |ine down. The data fromblock O

e dara AronppRerBokrfbodiant b¥ngrastiuhlatiial el'E Tiho? Sranfors,

~to provi d%ﬁhﬁﬁ 10 gray scale output. (The data, if any, fromplane 3 is
ignored for this node.) Steps are taken to prevent flickering at the edgg/

of the screen QAssiinfedh@dne bitpér pise! display Bvstotedinrthe tframeabafiér, torsex@mplée top
and bottom It is generally best to have the border of the display snmoothly
convol ve iintplansg 8.c/Rederringdo tRiguraris, apdtigneringhios ai moment,stepl 88yordinatyat i ng

one line initialized to black at the top, a 3 bottom of plane 15 0, two
[Tnes & thook T19VaE apb ATPYaRD maye tre Bosluaeioms planaf ot Plinkrl 2. These
(o bl ack. Towevet. wieh b cats S ABvEE I HA ) R I¢ Bated bRa3eRR sk YchLAE L
as shown by RiPEK bibskHa. Fi'ﬁé‘ﬁﬁta]is aqzﬁa samwmh@&we@o a2 bt tHent 0

the gray scale data 20 and hence, -1 oaded into the UT on Initialization.
I n:a typi cebHerpblt thist time wherewfiittg imy plame 24t isawrittemong scam lin@upivetien t he

bl ock noves to planes 1 and 2 ina single frame tine. It has been found __
that it iscamparedito planspasdndicateccydieptds.t he bl ock moves in several franmde/
times 150i nce pl aRse indicated by step 86, the 'data from planés' 0, 1 and 2 is scanned out of
the memory. The block moyes_a_ssure that the proper bits are available in bits 0, 1,
and 2 of each pixél: to immediately do a 'convolﬁti'pq__as 'describe_d above (typically
a"1-2-1" convolhtidn). For any givén pixel, plahe 0 Etao_r'n_ains the line n bit, plane 1
contains the line _h¥1 bit and plane 2 contains the Iin_é n+1 bit.

15 In the currently. 'p'_re.fer're.d embodinient of this meihod, the convolution is, in
effect, preco'mputéd for é_ach poésible 3 bit cb’nibina_t_ion _ompu;t from the memory
andis stored in a ooldr Ibpkup table. This is show_ﬁ by _the first step 83 where the
CLUT is preloaded with é_gréy scale data.. The outb_u_t of the memory during .
scanning 'is'coupléd to the ci,lJT and the output of the CLUT provides the. NS _.

20 convolved pixel data ja's"show'n atstep 87. o |

This embodiment is again illustrated in Fi_gqr_e 15 where it is assumed that
the planar frame buffer has 4 :blanes. blgnes 88. __8_9;_ 90 and 91. In typical =
-operation, fhe four bits:' d-eﬁ._ned' in each pixel éré providéd one from each plane, as
shown within the dotted line 92. Also, during typical 'eol'or operation, t_hé 4 bit



WD 90/ 07767 PCT/ US89/ 66
27 0 is aW\ﬂa%%B”to date and it contributes one-half of the Pﬁ'tréh§$?/9 %y
. a given pixel value. WO 90/ 07767

PCT/ US89/ 05566 28 B. Software Enbodi nent fZ& the Chunky Frame Buffer In
this enbodinment, a one bit per pixel real-ti-me convolution with a chunky
frame buffer is realized. Unlike the nethod descri bed above for the planar
frame buffer, the exact nunber of bits per pixel cannot be obtai ned when

rearrangi og Jsdwroﬁw thisbutferlis cogpled e thecedloniookup tbl@ 981te foe example,t he nunber
of bits needed is used. For the described enbodi nent, three- lines are used
for the cenmidesii@bibRGBhoupst. four bits of p| xel are stored in a buffer

for each pixel The nmet hqd descri bed bel ow places the bits in their proper
position. Firs When themgt db@‘ﬂ%?&?ﬂ"ﬁﬁl“&“&hés imRlementag, aane 'P'hﬁé' buf f er

O 2T ik i S PR 4y o R 8 oot P @Q‘ﬁTb“: e
he ong beneafhels d réeths ey pRUF 1iEle s SBRISHRAPE NG BEIEOLFET ey
pi xel , t hegalsi (666 Figite 2a).2 ThenptHe EPUrepekiediydsesbisek rrfdv%%f lmﬁ fer. The
nmet hod nmerges the pixel information fromthe two previous |ines before 15

it writes enftiesty of plane 0 tat planéd, however, ongscapiline idoinariehendatadrom \tkaok @ he

four bit pixel is presente o the col or Iooku the three bits for
lines n- 1Fi)s alsgmo ‘%?'Bc'&g 'ﬁthfsatﬁ'f‘% onge seanding bé\"&ﬁ@ﬁ ig,fage.dpaidata or t he

{abl o T’S”ﬁ%ﬂﬁwwwﬁgﬁs‘aw%@g%%@ﬁ'ﬁ@éﬁéﬁ%@' o p Bl o BB R on "

(T egof gray sé&d oS (TR&datal ABnyRomPland Blis ignored for this mode.)

Steps are taken to prevent flickering at the edge of the screen or display, that
is, 1o prevent abrupt transitions atthe top and bottom. It is generally best to have
the border of the display smoothly convolve into black at the top and bottom. This
is achieved by allocatmg one fine initialized to black at the top and bottom of plane

15 0, two lines at the top of plane 1 and two lines at the bottom of plane 2. These
*guardbands” assure that the top and bottom borders are smoothly convolved to
biack. | |

In the currently preferred embodiment, gamma correction is used as shown
by block 13 of Figure 1. The gémma correction can be built into the gray scale.data

\_/ 20 and hence, loaded into the CLUT on initialization.

in a typical application, the CPU may not be fast enough to complete the
block moves to planes 1 and 2 in a single frame time. It has been found that it is
visually acceptable to complete the block moves in several frame times since plane



L

20 per pixel -frame buffer are used by the CLUT to provide the output
convol ved signal for the display.) Step O Four 32-bit words (A B, C and
D) are iWOMOT8dd to zero. (A B, C, and D each refer to 32pgH/useoios56s S
within the CPU.) A 32-bit word Ris read starting from WD 90/07767 ’
PCT/ US89/ 05566 29 the | eftnpst pixel position of the top scan line of the
one bit per pixel frame buffer. A B, C agg D are all -stored at adjacent

|l eft to right locations starting fromthe“op scan line of the four bit per
pi xel frame buffer. Step 1 5 . Ris read fromthe next 32 bits in the
one bit per pixel frane buffer immediately below the |ast 32-bit word read
fromthe o'ﬁéaq‘ﬁﬂ's HB}“‘&E%P"‘F iARntIRItes pne-hallofithe intensity for &i gjvem pb@!wher e
two word rds 93 and 94, are shown for lines n and n+l in the one bit _
per pixel trame buffer. Step 2 10 As shown in Figure 17, one byt e\ gf
R is expanded into a second 32-bit word M such that each of the 8 bits is~
pl aced at 4 bit intervals-in the 32-bit word starting at bit 1 (i.e., bit O
to bit 1, bit 1 to bit 5 bit 2 to bit 9, etc.) and a 1 is placed in every
4th bit starting at bit 0.- All other bits are set to zero. For exanple, the
byte 0111 0101 is converted to (shown as groups of 4): 0001 0011 0011 0011
0001 0011 0001 15 0011. This is done by using a 256x32-bit pre-loaded

| ookup table in RAM Step 3 A-is left-shifted by 1. In sone m croprocessors
'such as the Mdtorola Part No. 68020 this can be acconplished nore quickly
by adding Ato itself. In the upper '



"part of Figure 18, A is shown before the shift and in the | ower part of

Figure 18wO 907287 the shift. Step 4 Mis bit-w se ORed into prPg:s8dR4866 N
,Figure 19. First, this serves to nmerge the byte fromR into Asince It is
known that the bits in A corresponding to gBe bits fromthe byte fromR are
all zero (anything ORed with zero retains its val ue). WO 90/ 07767

PCT/ US89/ 05566 30 Second, this serves to force every 4th bit starting with
bit Oin Ato one (this sets up for the nerge operation in step 10, bel ow).

Step 5 Ais stored in_the four bit per pixel frame buffer imedi ately bel ow
the |ast 5Bpl Seétwerg;Embediment fendhe Chunky frame Bulfer, 6 Steps 2 through

4 are repeated fqr. the three other hytes.from®R This time, however, B, C,
and D are used 'P%Feﬁoﬂib%‘?'"ﬁmé epe ?Rﬂ?r pixel regiti F%’H@t"'ft@r" with aghunky > ) ¢

52 Bet or 08 el ¥l ed ik i AN cosiRen BoBuy e Bad it . o &
i s expandegyfigt the\exck Rufitsel opbité per pixehéartor BeRbisiRed Wheh H@h}rahpfn@rmal s
starting at bit 1. Also, a Ois placed in every 4th bit 15 starfing at bit

0 and @& | datachemie, shenexispawéronfR2 gleaterdhamtiecnurhber dibis Miledbdds @sed.
woul dbeconvertedtol | 00 1110 1110 1110 1100 1110 1100 1110. This is
acconpl i shEer thg dassribedembotiment threesipgsgre uped 1ordhe senvelukion andencen
RAM four bits of pixel are stored in a buffer for each pixel. The method described below
places the bits in their proper position. _
First, it should be noted that a one bit per pixef frame buffer "off screen” in
10 RAMis used by the CPU for drawing. This frame buffer is separate from the four bit
per pixel frame buffer that is actually scanned to provide the display. The method
described below reads data from the one bit per pixe! frame buffer, expands the
data to the four bits per pixel, then writes the data into the four bit per pixe! frame
buffer. The method merges the pixel information from the two previous lines before
15 it writes the results ihto the tour bit per pixel frame buﬁer. When the four bit pixel is
presented 1o the color lookup table, the three bits for lines n-1, n and n+1 are
available to lookup the proper gray scale for the 1-2-1 convolution. Again, as with
the previous embodiment, the color lookup table is loaded with gray scale
_ information to provide the convolution. (Three of the four bits read from the four bit
20 per pixel fram_e buffer are used by the CLUT to provide the output convolved signal
for the display.) |
' Step 0
Four 32-bit words (A, B, C, and D) are initialized to zero. (A, B, C, and D
each refer to 32-bit registers within the CPU.) A 32-bit word R is read starting from



~Step 9 As shown in Figure 18, Ais left-shifted by 1. Once agai n, as
afé 2;)7step3 addition of Ato itself may be used. Step

%P 6’9, Mis bit-wise ANDed into A First, this s‘EFVél§8?495ﬁﬁge
- the byte fromR into Asince it is known that the bits in A correspondi ng
to the bits fromthe byte fromR are all gges (anything ANDed with one

retains its val ue). WO 90/ 07767
PCT/ US89/ 05566 31 Second, this serves to force every 4th bit starting with

menti one
shown in

bit Oin Ato zero (this will set up the marge operation in step 4, above).
Step 11

pl ace A

are repe
i nst ead

T el sl 65 48 4 Soh i g e RUREIRr 2oL

t &#ta8t B rightdbcatichs aaR fromBhe ©p and D
gée%\éggg %Fé;g;pg{g?gdhgﬁdp& of Fi ggre 20. Step. 1 mg © %P

1 t hr oughschd imecofthe faurdit pmtpckehffame)buﬂerm of the frane buffer is reached;

then Ris read for the pixels on the top scan line of the 1 bit/pixel

buf f er jUSt to the right of where it S8P Moaded at the start of the |ast

pass.

B, C d D dj | ef |
t he t&p scan |I?£rQﬂd '?‘ng‘ GBPFV%S& '"ftpg a&ﬁetf?%'rp?f%]ﬁa??ébﬁﬂﬁrriogﬁtISPS o

bixel s 1 ey B, Mg bBad b Word fedd fFortine Rl nE BACo IR, e

-

10

15

20

This is shown in Figure 16 where two words, words 93 and 94, are shown for lines
n and n+1 in the one bit per pixel frame butfer.
: ‘Step 2
As shown in Fugure 17 ‘one byte of Ri |s expanded into a second 32-b|t word
M such that each of the 8 bits is placed at 4 bit intervals in the 32—bn word starting at
bit 1 (i.e.,bitOto bit 1, _bn 1 to bit 5, bit 2 to but 9, etc.) and atis placed in every 4th _
bit starting at bit 0. All other bits are set to 2ero. For example, the byte 0111 0101
is converted 1o (shown as groups of 4): 0001 0011 0011 0011 0001 0011 0001
_0011. This is done by using a 256x32-bit pre-loaded lookup table in RAM.
| | Step3 _
A is left-shifted by 1. In some microprooess‘oré’”Such as the Motorola Perf No.
68020 this can be aooompl:shed more qunck!y by addmg Ao itself. Inthe upper '
part of anure 18, A is shown before the shlft and in the lower part of Fugure 18 after
the shift. ' '
| Step 4
Mis bn-vase ORed into A as shown in Flgure 19 First, this serves to merge

- the byte from_R into A_s'inoe it is known that the bits in A oorrespondmg to the bits

" from the byte from R are all zero (anything ORed with zéro retains its value).

St egs

frarre

11



‘coded with Iij 1 Inbit 1, ninbit 2, and n-1 in bit 3 (this resulting
bi t config&%{pﬁaﬁ-]is shown in Figure 19). Bit 0 is ignored byPEREUS§NASSHY1
.of Figure 20. The one bit per pixel frame buffer of Figure 16 is scanned
vertically with a new bit added into 20 eggh four bit pixel for each scan
line by left shifting the existing bit for the pixel by one and nerging the
new bit into bit 1 of the 4-bit per pixel word. The shift operation serves
to adjust the pixel fromits previous centering on line n-1 (the line

above) 10 Sédorel!tHi BervedYoIbicevaly Ath'tit Slarting vatH B 0WRIAdS. ondh\@ls §BR yp
operation begins the four bit pixél data confains bits fromlines n-2Z, n-1
and n si ncfor theemeéage operation iNStél010), bédow).

PCT/ US89/ 05566 32 used for the |ine above. The left shift operation changes
t he -&pnfiguration of the four bits toStep, 8n, and a one or a zero in bit 1
(bit=0 is ignored). Then, the new bit, fromthe one bit &%p&iexel frame.

buffer is nergelis Alosedin thefeus bit pes pixelframe butieriminedia withgdasli t word
is stored in the four bit per pixel fr buffer and as 5 mentioned, the
CLUT i & ustigcs HP&\#W@%%&%H&VB%W'B%I n detail, the method starts in
the upper-left of the frame buffer andgygrigs down a 32-pixel colum. The
read into R loads the 32 1 bit pixels then each 8 pixels of the 32 are
operated upon sgfeas® trdughl8ard tepehted for iRl thrdothier BytegtROMIRSATHS tifhel, 0OKup
table index to fetch a 32-bit word, M M holds the 8 pixels, spread out 10
at 4-bit ihowever B, € antdd) artdusediinetead®dW.t o nerge for the 4 bit/ pixel
frame buffer. Malso is set up wth the rest of its bits prepared for
either a bit-wi se AND nerge or an OR @PQe? The reason it alternates

e e b A e o aF b he b B bbb e B oL 1
be left-shj i o) ' ; i 15 bit i di I
Lo the rigmmerielely bokiv e ladt oo R Wor e I EP 1 B0vel e "o that at the
: : Step 8

As shown in Figure 17, one byte of R is expanded into M with each of the

eight bits placed at 4 bit intervals starting at bit 1. Also, a 0 is placed in every 4th bit
15  starting at bit 0 and all other bits are set to 1. For example, the byte 0111 0101
would be converted to 1100 1110 1110 1110 1100 1110 1100 1110. This is |
accomplished by means of a second 256x32-bit pre-ioaded lookup table in RAM.
~ Step 9 |
As shown in Figure 18, Ais left-shifted by 1. Once ag_ain.las m_antidned for
step 3, addition of A to itself may be used. |
- Step 10
As shown in Figure 19, M is bit-wise ANDed into A. First, this serves 1o
| merge the byte from R intb A since it is known that the bits in A corresponding to the
bits from the byie from R are all ones (anything ANDed With one retains its value).



next step they are already prepared for nmerging. AND prepares for the OR by
forcing zeroes, and OR prepares for the AND by forcing ones. Ais
Ieft-shiWOQﬂ/QNG‘bne to update the pixel from being centered PGT/G$R9/05566
previous line to being centered for the current line. The left-shift noves
t he 20 previous line n+tl to the current3dine n and the previous line n to
the current line n-1. Previous line n-1 (current line n-2) is shifted out.
Notice that this shift applies to all eight pixels contained in the 32 bits
of Asoit is an 8-way parallel operation. Notice also the bits from

previ ous to the
et Cor SERR b e b foRtePetei] A Sfartid with ohf R 10 pdecuts ik St

PCT/ US89 '} th A by either an AND or an OR Bits
fromn a‘r@li &ge%ﬁ“dy%n%éﬁngevg?xé bits are nerged in, and the unusedj
bits are set to known state (0 if aStépDI11 if an OR). Ais finally stored
in the 4 bit/pixel franme buf fer. The other 24 pixels in R are handl ed the
same way, witAis qttbmdllsthﬁaé-}bltfftame%buﬂef lmraaootelyrheloyathe lastaplaceAawaer f or ned
for each successive sc +_n &ow until the bottomof the frane buffer is
reach2d. stated. Seewe§ Eb \GHFe 32 pixels imediately to the right is
scanned- down, and so on until the erg'bpe.l ane i s scanned. 10 The
CLUT.101 of Figure 10 i's loaded in manner to that of the planar

frame buffer g% P a‘ibemthaﬁtaaf 8¢ frofR. dFHdyadrances are
that the bit or esfl ng ?ghg greﬁet and t hat smcgﬁblt Oin theyeéél bit pixels

i s i ndet gngrgedtie B( 0, ahbt&tnmaﬂsom.peodlwds@mmdmm& okFigar 20er ge was
with an AND or an CR) t he sane gray val ue for every two CLUT entries is = .
st or ed. Step 1 o _ o
10 Steps 1 through 12 are repeated untrl the bottom of the frame buffer is
reached, then R is read for the pxxels on the top scan Ime of the 1 blt/ptxel frame
buffer just to the nght of where it was loaded at the starn of the last pass. A BC,
and D are all stored at ad|aoent lett-to-nght locatrons on the top scan line ot the 4
_ bit/pixel frame buffer just to the nght of where they were loaded at the start of the
15 last pass. ) - ” | |
in summary, the ptxels in the 4-bit per puxet trame butfer 100 of anure 20 are
coded with line n+1 in bit 1, n in bit 2,and n-1in bit 3 (thts resulting bit configuration
is shown in Figure 19). Brt Ois ignored by the. CLUT 101 of Figure 20. The one bit
per pixel frame buffer of Figure 16is scanned vemoatly with a new brt addedinto o/ |
20 each four bit pixel for each scan line by left shrftmg the existing bit for the pxxel by
one and merging the new bit into bit 1 of the 4-bit per pixe'l word The shitt
| operatton serves to adjust the prxet from its prevrous oentenng on line n-1 (the line
| . above)toits current centering online n. In other words, when the operatlon begins

" the four bit puxel data contains bits from lines n-2. n-1 and n since the data was



15 OTHER CONVOLUTI ON KERNELS I n the previous section,
most of .t WOSRSRES7s has been on the 1-2-1 kernel. Experi ment SPOBAESSONOSHH6
it hat neither a 3-line convolution nor on-off-on-off reduction of 50% gray
is e€ssential in all situations for effective interlace flicker reduction.

If the constraint that on-off-on-off horizogtal |ine patterns are reduced
to 20 a 50%agray is naintained and other ké&fnel sizes are tried other than
1 x3, for each kernel size there Is one set of coefficients to neet the

on-of f - on- | h ef fd Ci . s triangle (i.e.,
17, 10 UsseBPHG lghbou e AR GhéialiBn afces (i Rlg AoR o the

PCT/ US89/ 0 Mo MAPH | £y 3 oD i AR i v tya:
flicker pa??gfg'?tare fﬁ'eM(F)dnes V\hqlf(lﬂiﬁ\llﬁsﬁir{g%‘tk?%@ont gl' eb;:hoiﬁe)?éan\@éﬁ(qu. e.,
repeat; hor ifromttné bnp bitteripht framesiautiet is imdeged intg bit oAk 3dr lifsherl Theaew an
gray=dither patterns are exanples of patterns with high 5 horizontal -
coher ence. assembled four bitamgrdds storediin therfounbit petpixelfcame botferand asThe
convol uti on di scussed &t‘)_ove_ may be adaptive, that is, it may be varied

dependi By omephenad, tee GLUJ-isuseddo psovide theseonuplidionri rst, it is deterni ned
whet h t, t ' ' ' | ,hori t al f
ornets, for exdRgetht: e mbuad Sahs i sl b 8Be sfa3ia Sulit and i °

k ls, t | . : 0. igh th
10T Coet roona s P IRRAN TS 1858 I6IRH RelE the 5211 UPpXENARBh Bach'd 1 1 °

% gnvol ved vpikéls obeid 82 hwbﬁeméd Oporaseperatedy. Thé fimt 8(pixdls (a byfe) hréuséd4- 1) .
e test to determ ne whether a pattern is repeating nust be applied
cont i nuous| s atockupdabledndex tofetahaa 32ibitdward, MerMdiolds thedd pixels, Spread aute
Last WLaovs B intdRials S Thalthey ara seady 10 mbrge for the 4 BAipixe! frame butter. ©= '
' M also is set up with the rest of its bits preparéd for either a bit-wise AND
merge or an OR merge.. The reason it alternates between AND and OR is that it
saves the step of clearing (or setting) the bits in A which are the destination for the
8 pixels from R. Since A will be left-shifted just prior to the AND of OR merge, the
15  bit immediately to the right of the destination of the R bits is forced so that at t.he
next step they are alr_eady prepared for merging. AND prepares for the OR by
forcing zeroes, and OR prepares for the AND by forcing ones.
A is left-shifted by one to update the pixel from being centered fbr the
- previous line to being centered for the current iine. The left-shift movés the
20 previous line n+1 to the currént line n and the previéus line n to the current line n-1.
Previous line n-1 (current line n-2) is shifted out. Notice that this shift applies io all
eight pixels contained in the 32 bits of A so it is an 8-way paralle! operation. Notice
also the bits from previous line n-1 shifts into the unused bit of the next 4-bit pixel to
the left (or off the left edge of the 32-bit word).



15 kernels, the 1-2-1 convolution is used, since they are at the edge of

the pattern. Different tests nay be used for determ ni ng wh rn
i s bei n\)’qw 8%16dd, for exanple, the left four kernels may b?(g‘zﬁ'(ﬁg?}bgg&e

the right four kernels within the wi ndow. 20 * C L M * - 35 3
CLAI M5 1. In a raster-scanned video display for a conputer wher e data
for the display is stored in a franme buf%gr, and where the data is .
organi zed in the frane buffer by scan |liTies with data being stored for each
pi xel along each scan |line, an inproved method for generating

filtered pi xefhgkivid mer dwnmwpenmemadme or &POR. Bitseemapamd hsti ng t he
steps of: (a) storlng the. pi xel data in a frame buffer having a first and

a secondargdeft alﬁnemd&onRIWHsme meogeakin, dadahé anusedbits aresetoXmdWR 10, 11
being stored in said first bank and pixel data for- scan |ines 0,1,4, \J

6,8,9 .. state{OifanANR ifenQRY Aee Snallystated ipshe Adipixe) trame Ul buffer =
Feadi ng f r om B8 Gther RAFKeIAIN B e Manclee ﬁars%y%éﬁwnr LE T L e
n+2, $1+2 nalﬁ scan i nes; (c) convolving the pixel data for said first
The same steps are performed for each successrve scan Ime below until the
bottom of the frame buffer is reached. Then the next column of 32 pixels
" immediately to the right is scanned-down, and so on untrl the entire frame is
scanned. | | [ v
10 The CLUT 101 of Frgure 101s loaded in a similar manner to that of the
planar frame buffer rmplementatron above shown in Figure 21. The dlﬁerences are
that the bit ordering is drfferent and that since bit Oin the 4-bit plxels is
indeterminate (it alternates dependmg on whether the last merge was wrth an AND
oran OR) the same gray value for every two CLUT entries is stored. |
15 OTHER CONVOLUTION 'KERNELS
In the previous section, most of the emphasrs has been on the 1-2-1 kernel.
Experiments have shown that nenher a 3-line convolutron nor on-off-on-off
reduction of 50% gray is essential in al situations for effective interlace flicker
reduction. i the con'straint thef on-oﬁ-on-eff horizontal line patterns are reduced to W/
20 a50% gray is maintained and other kemel sizes are tried other than 1x3 for each
kernel size there is one set of coefficients to méet the on-off-on-off constraint.
These coefficients match Pasqual's triangle (i.e., 1:1,1;1,2,1;1,3,3, 1; 1, 4,6,4,
1 etc). o o _ ,



p| xel of said n, n+l, n+2...n+N scan lines to provide said filtered pixel
data for MOPOOFI67 pixel of said first di splay line; and (d) PCTA;S89(05366
steps (b) and (c) for each subsequent pixel on said first display |ine.
2. The met hod defined by Claim1 wherein N=2. 3. The met hod
defined by Caim2 wherein said reading ste# conprises the reading from
said first bank the pixel data for said first pixel for said n and n+l scan
lines, and the reading fromsaid second bank the pixel data for said n+2

for Subsequent pixel s of sai o ADAPTIVEC BORVOLUATEN o " P1E 1M
S * - 36 - 4. As menfibfedBbO tﬁ‘@WoPﬁ‘ihé%@hﬂ?ﬁ%a%e%e%n&@ ‘?&r{‘n%ﬂd ﬁlper ]

convolving step conprises performn oW ng conpu

[ er r1__wher chdrizontalicohetencei(ke), refsgat hbﬁiorﬁallﬂ fHérﬁonl&l@'hd %ef aﬂdthh{hl scan

line*[err] the pi xel data for said first pixel of said n+l [ine, and
[err]3 the qasbod lingsaand gray-dithepipatiernsfare @xdmpies etpattdrhg withchigind b are
const amss honzontal conere%gé h%%xtdlgfalnneexdan%/le gf %gtr{]e%smvﬂtehroilt gugh Lgheergggel The
convolution discussed above may be adaptive, that is, it may be varied dependmg
on the type of patterns being displayed. First. it is determined whether a repeating
pattern is occurring in a local horizontal group df kernels, for example, 8 pixels
across. If there is a pattern in the kernéls. then all of the kernels are convolved, for
10 example, With_ the 1-2-1 coefficients. If there is no such pattern, then the 8 pixels
are convolved with coefficients making a sharper filter (e.g., 1-3-1 or 1-4-1). The
test to determine whether a pattern is repeating must be applied continuously in a
moving horizontal window, kemel by kerne!. Since the test windows overlap, some
kernels may be part of a pattern in one teét window but not in another. For these
15  kernels, the 1-2-1 convolution is used, since they are at the edge of the pattern.
Different tests may be used for determining whether a pattern is being repeated, for

example, the left four kernels may be compared with the right four kernels within
the window.

20
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to 2a. 6. The nethod defined by daim1l wherein steps (b) through (d)
aummmﬂﬂ"ﬂm ach display line in said display. 7. The net hod |

d Hm wherein pixel data is stored for 2 scan lines prior to
thed firdt displayed scan line in the frame buffer. 8. The net hod - :
defined by aim7 wherein said pixel data stored for said 2 scan lines
prior to first displayed scan line represent all black, in order to provide
a snoother transition at the top of salLdadi splay. 9. In a
raster-scanned video display for a conputer where data for the display is
stored in a franme buffer, and where the data is organized in the frane
buffer by scan lines with data bei ng sepaestsf or each pixel .al ong - 37 -
each scan line, and additionally wher ®===t=®{ the scan |ines conprises

adj acent groups of pixel data, a method for generating filtered pixel da@
for a displaylline, cOnpairasterkecanmed: sideopdisplaydforepas computer =

storing the pixel.data.i 'f,-g,@[red_ fer havipg asfirst Ggag bank

of video RANBlesmg%ﬁ g.sx%& l%(?g't a1 or %lnasf i{l%ség, 52% 57515?%&“% i‘S"ei ng ‘stored

in said firstandnwhere fhe|dakaaisoprganizedndd (the /frame buffer by
scan lines with data being stored for _each pixel along

each scan line, an improved method for generating
filtered pixel data for a first display 1line, said
method comprising the steps of: : _

(a) storing the pixel data in a frame buffer .
having a _f'irst-- _and a second bank of video RAMs with . \/
pixel data for scan lines 2,3,6,7,10,11 ... being stored
in said first bank and pixe_l' data for scan lines 0 '1,4,

6,8,9 ... being stored in said second bank; :

~(b) reading from said buffer the pixel data for
a first pixe], of the n, n+l, n+2..;n-!-N. scan 1lines before
reading from said buffer the -pixe-l data for subsequent
pixels of said n, n+l, n+2...n+N scan lines;

(c) convolving the pix_ei data for said first
pixel of said n, n+i, n+2.-.'.n_-l—N .s_c':an lines to provide
said filtered pixel data for said first pixel of said
first display line; and '

(d) repeating steps (b) and (c) for each \.J

subsequent pixel on said first display line.
2. The method defined by' Claim 1 wherein N=2.
3. The method defined by Claim 2 wherein said

reading step comprises the reading from said first bank
the pixel data for said first pixel for said n and n+1
scan lines, and the reading from said second bank the
pixel data for said n+2 and n+3 scan lines, before
reading' from said frame buffer the pixel data for
subsequent pixels of said n, n+l, n+2...n+N scan lines. |



58,0 ... being stored in said second bank; (b) reading fronméédingﬂjji~_h_ﬁ~h-
the pixel data for a first group for the n, n+l, n+2...n+N scan |lines

sbefore reading fromsaid buffer the pixel data in the next grﬁﬂn e
~along said n, n+l, n+2...n+N scan lines; (c) convolving the "””mﬂgm,l”,”
the pixel in said first group to provide said filtered pixel dataS andw e
repeating steps (b) and (c) for the remaining groups of pixel data

along said display line. 10. The nethod defined.by Claim 9 wherein

sai d convol ving step conprises the step of performng the follow ng

conput er inplenented conputati on: {arT?@F]vmme[eH]isthephwldma
for a first pixel of said first- group for the nth.scan line, P2 is the

pi xel data fogy said fihst..Ri | [T u I «Sal i ne,
nd pa'is thevpixel cira PRERSH Speifid by Piathe B bF o phrdin BREA
n+2 &tan |i neSonvaivingar stepnsaenrrises wrerforming| (the=2fodlowhngabove
conputer  *computétiont M S * - 38 - inplenented conputation.

aP; + bP, + aPj

22 + b

where P, is the pixel data for said first pixel

o of said nth scan line, P, the pixel data for said first

o/ pixel of said n+1 line, and Py the pixel data for said
pixel of said n+2 scan line; a and b are constants.

5. The method defined by Claim 5 wherein b is equal
to 2a.

6. The method defined by Claim 1 wherein steps (b)
through (d) are repeated for each display line in said
display.
7. - The method defined by Claim 1 wherein pixel data

is stored for 2 scan lines prior to the first displayed
scan line in the frame buffer. '

8. " The method defined by Claim 7 wherein said pixel
data stored for said 2 scan 1lines prior to first
displayed scan line represent all black, in order to
provide a smoother transition at the top of said
display. '

9. In a raster-scanned video display for a computer
‘where data for the display is stored in a frame buffer,
and where the data is organized in the frame buffer by
scan lines with data being stored for each pixel along



a
i
plxels afong

enherating a raster scanned display from pi xel data

The netq@a defined by G aim1l0 wherein b is equal to 2a. 12.

~In
st.or ed

gani zed by scan lines with pixel data being stored for

each scan line, an inprovyenment for providing vertically

filtered pixel data conprising: said buffer having a first and a seco
bank of video RAMs with pixel data for scan lines 2,3,6,7,10, 11 ..
stored in said first bank and plxel(kuegicu scan lines 0,1,4,5,8,9
being stored in said second bank; address generation nmeans coupl ed to said
buffer for generating address for said buffer such that the pixel dat

a first pixelea®h tdwam, 1m& and. adHiU:L&ﬁaEll?r' whete %a&dﬁr@ﬁsai’eaééaﬁ

from sai d buff.er, before, aI data for. the xel,s alon
T e O Res, Etieides 2a3atenE, st8hhe o ikl Hasas A Hebheary, ~
convolving tmaqngnheﬂatﬁngofiiaeteﬁlmﬂxqm>dhtmffen|dldxspmaynline,n+N

scan lines t C ﬁg“ﬂ%; 0, Ld glrst pixel s
convol vi ng m%g?ld’ cou ?liéo "Zéu %éiff er; an ﬁee%n%tégé %I l'izing said _
buffer, said address @@ner stoying: ke apixedi datenyinyanfranssbufiferder to

_ process each

Haivitlg 2hOngifd¥e aRaN 4 | BREondS bank O videsY MY dfﬂx

nd
bei ng

a for
ead

hd
aid

ned by

Claim 12 wherein sajd convolvin ans conprises an adder mul ti xer
coupled to aﬂi’ﬁ%lt a‘i’rﬁﬁut ?‘ér?ﬁ?’fg ‘{%Peieﬁcﬁaﬁd?e'r s+« befng sto o

in said first bank and pixel data for scan lines 0,1,4,
5,8,9 ... being stored in said second bank;

(b) reading from said buffer the pixel data for
a firstﬁ-group"fér' the n, n+1;5 n+2...n+N scan 1lines
before reading from said buffer the pixel data in the
next group of plxels along said n, n+1, n+2...n+N scan
lines; : .

(c) convolving the pixel data for the pixel in
said first grodp to provide said filtered pixel data;
and. a _ .-. | -

(d)  repeating steps ' (b) and. (c) for the
remaining groups of pixel data along said display line.

10. The method defined hy7-c1aime'9 ‘wherein said

- convolving step comprises the step of performing the

following computer implemented_domputation:

aP) + bP; + aP3

2a + b

where P, is the pixel data for a first pixel of said
first group for the nth scan line, P2 is the pixel data
for said first pixel of said first group for said n+l

scan line, and P3 is the pixel data for the first pixel

of said first group for the nfz scan line, a and b are
constants and where the value N=2 for the above computer

-
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prescal er for prescaling an input to said adder, said
coupl ed.to a second input term nal of said adder; the output of said adder
deing coupled to a latch the output of said latch bei nH!lWHi'"H!“MH”III
said nmultiplexer and to a nornalizer for normalizing the ou
| atch. 14. In a raster-scanned video graphics apparatus haV|ng a buffer
where pixel data is organised in planes such that the pixel data for a
given pixel is stored with each of its bigg kn a different one of the
pl anes, a nmethod for providing filtered pixel data for a display stored in
a first one of said planes, conprising the steps of: reproducing the plxel
data for the nimplemented computathohines of said first plane, as the n+
n+2, n+3.. .n+N+1l |lines, respectively of a second pl ane; reproducing the
plxeerata for_ the n, n+, n+2...n+N lines of said first pl ane, as the
CH+2, n+1.11piN-| Theedguethodegefined obya Qlaimi poarwhersikmnbngishe
pixel data fr ogera@l debi pa{, second and third planes; and convol ving the

pi xel data as it is read fromsaid buffer. 15. In a raster-scanned
vi deo graphi cs apparat us
12, In an apparatus for generating a raster scanned

~ display from pixel data stored in a buffer and organized
by scan lines with pixel data being stored for pixels
along each scan 1line, an improvement for providing
vertically filtered pixel data comprising:
N\ : said buffer having a first and a second bank of
video RAMs with pixel data for scan lines 2,3,6,7,10,
11 ... being stored in said first bank and pixel data
for scan 1lines 0,1,4,5,8,9 ... being stored in said
second bank;
address generation means coupled to said buffer
for generating address for said buffer such that the
pixel data for a first pixel on the n, n+l, n+2...n+N
scan lines is  addressed and read from said buffer,
before all the pixel data for the pixels along the n,
n+l, n+2...n+N scan lines is read from said buffer;
convolving means for convolving the pixel data
for said first pixel of said n, n+1, n+2...n+N scan
lines to provide vertically filtered data for said first
pixel said convolving means coupled to said buffer; and
means for utilizing said buffer, said address
generation means and said convolving means in order to
process each pixel along the scan lines.

13. The improvement defined by Claim 12 wherein said
convolving means comprises an adder; a multiplexer
coupled to a first input terminal of said adder; a
- .prescaler for prescaling an iﬁput to said adder, said



mnnmuwere pi xel data is organized in planes such that t he pixel
dﬁmmm i xel is stored with each bit in a different one of said

pl anes,. & n®t HFod *for providing filtered pi xel data for a display line '
stored in a first one of said planes, conprising the steps of: reproducing”
the pixel data in said first plane and storing it in a second plane with '
each scan |ine of - 40 - pixel data being shifted in a first vertical _
direction; reproducing the pixel data i_n ?ald first plane and storing it in
athird pI ane with each scan |line of pixél data being shifted in a second
vertical direction, opposite to said first direction; scanning the pixel

data from sai grésestersmé@dtbhlads@c%as o t tta&-m%slp'gf' Is;égtaa for

lines n-1, nand n+l are read at the ,sane tinme; ,convol ving sai p data

as it is readl®fd8Ri skhe putpEt ofgsaid agder being gom ’

wherei n sai d €8EVOULPALSt G COSRiASEIatich SINY  NEGhPTeH ngta I@ﬂia Wi M
gray scale data ' '

ter- d t us, h .
nenory where ’BH(B%paﬁf‘ﬁrf o?n‘gag‘i?sse@;nsg%ﬁgigggtt gf%ﬁp%%ﬁ%ﬂs afvgl Ing%'?ﬁ i ons
in said rrem)rgutput_hofhaalda_dhtwhr.d :

14. In a raster-scanned video graphics apparatus
having a buffer where pixel data is organised in planes
such that the pixel data for a given pixel is stored
with each of its bits in a different one of the planes,

a method for providing filté'r’ed pixel data for a display \/
stored in- a first one of said planes, comprising the '
steps of: '

reproducing the p:.xel Qata for the n, n+1,
n+2...n-1, n+N lines of saiad first plane, as the n+1,
n+2, n+3...n+N+1 lines, respectively of a second plane;
_ reproducing the pixel data for the n, n+1,
n+2...n+N lines of said first plane, as the n-1, n+2,
n+l...n+N-1 lines, res’pécti\feljr of a third plane;
scann:.ng the pixel data from said fJ.rst, second
- and third planes; and
' convolv:mg the pixel data as it is read from
- said buffer. | U _

15. ' In a raster-scanned video graphics apparatus
having a buffer where pixel data is. organized in planes
‘such that the pixel data for a given pixel is stored
with each bit in a different one of said planes, a
method for providing filtered pixel data for a display
line stored in a first one of said planes, comprising
the steps of: ' ' '

reproducing the pixel -data 'in said first plane
and s't:oring' it in a second plane with each scan line of
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“accessed from said menory includes the data for at |east one_pLxefr &
met hod for providing filtered pixel data for a display, said neth

cconprising the steps of: (a) reading said pixel data from sa”ﬂ“ﬁmmmguml
witing it into a second nenory such that the pixel data fo t
of n, n+tl, n+2...n+N scan lines are |ocated in adjacent | ocation's in said
second nenory; (b) repeating step (a) for each pixel along the n, n+l,
n+2...n+N scan |ines such that pixel datgofer the n, n+l, n+2...n+N |ines
are interleaved in said- adjacent nenory |ocations; (c) reading fromsaid
second nmenory said pixel data for said pixel of said n, n+l, n+2...n+N scan
li nes; (d) cnnxglvﬁngasheunglabifuadalnoapfmvstevsatﬁcalldareqtponel dat a;

and - 41 - (e) repg {ofaauéiﬁes&@ CFSBEL],( daaégrlﬁa@aﬂ X r &t ggaﬁae scan

| ines: 18. Ln a raster,-scanned di splay. f conputer, ere dat a
f or “the d|$p|%§d|§ 9F6P6d¥t1%Pf?aﬁ@lﬁﬁfPl?neaH&tﬂhéﬁgﬁrﬁ?%ﬂu%ﬂ?% of

organi zed in tﬂﬁeirdﬁﬁabbéiﬁq huiseaa ihngssetbhd deepcbeangdsieetslohpr each
pi xel al ong each ov€ﬁ8nnethod for generating

filtered plxe? B%fé£?0F° S?F?sflﬁFEp reF sai d

scannxng the plxel data from said first, second
and third planes such that the pixel data for lines n-1,
n and n+l are read at the same time;

convolving said pixel data as it is read from
said buffer.

16. . The method defined by Claim 15 wherein said
convolving step comprises the step of preloading a table
with gray scale data.

17. In a raster-scanned video apparatus having a
memory where pixel data for each scan line is stored in
adjacent locations in said memory, such that each word

~accessed from said memory includes the data for at least
one pixel, a method for providing filtered pixel data
for a display, said method comprising the steps of:

(a) reading said pixel data from said memory and
writing it into a second memory such that the pixel data
for a first pixel of n, n+l, n+2...n+N scan lines are
located in adjacent locations in said second memory;

| (b) repeating step (a) for each pixel along the
n, n+l, n+2...n+tN scan lines such that pixel data for
‘the n, n+l1l, n+2...n+N lines are interleaved in said
adjacent memory locations;

(c) reading from said second memory said pixel
data for said pixel of said n, n+l, n+2...n+tN scan
lines;

(d) convolving said pixel data to provide said
filtered pixel data; and
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met hod 00ﬁﬁr|5|nﬂ thé steps of: (a) storing first a flrst.copy and a second

oﬁmnl w IlHlIIH ata in the frame buffer, said buffer conprising a
p

RAMs; (b) reading fromsaid first copy the video data
for i r'st plxel of each scan line in the follow ng scan |ine order so as"
to provide four-way interleaved groups: 0,1,2,3;4,5,6,7;8,9,10,11; ... and
~reading fromsaid second copy the video data for a first pixel of each scan
line in the following scan line order so as to provide four-way interleaved
groups: 2,3,4,5;6,7,8,9; 10,11, 12,13;~. 42 =(c) convol ving the pixel data
for said first plxels to prOV|de the filtered pi xel data for said first

ife of pixel data in(BhcnEoPeakipd ahebo(F) aa | (Al clios: agh PA%RE used
for said convmlonggthendcad)llnesepeatlng steps (b) and (c) for eacﬁ;}
subsequent pixel on said first display |line. - ' =
18. In a raster-scanned video display for a cbmputér
where data for the display isfstored'in a frame buffer,
and where the data is organized in the frame buffer by
scan lines with data being stored fpr each pixel along
each scan 1line, an improved method for generating
filtered' pixél data for a first display 1line, said
method comprising the steps of:
(a) storing first a first copy and a secbnd copy
of the pixel data in the frame buffer, said buffer
comprising a plurality of video RAMs;
(b) reading from said first copy the video data
for a first pixel of each scan line in the following
scan line order so as to provide four-way interleaved
groups: 0,1,2,3;4,5,6,7;8,9,10,11; ... and reading from
said second copy the video data for a first pixel of
each scan line in the following scan line order so as to
provide four-way interleaved grotps: 2,3,4,5;6,7,8,9;
10,11,12,13; ...; - |
(c) convolving the pixel data for said first
pixels to provide the filtered pixel data for said first
pixel of_said'firsﬁ display line where either said first
or fourth scan line of pixel data in each of said four-
way interleaﬁed groups is not used for said convolving;
and o | -
(d) repeating steps (b) and (c) for each
subsequent pikel,on said first display line.



