2198319 Pl XEL MAPPI NG APPARATUS FOR COLOR GRAPHI GS DI SPLAY BACKGROUND OF

THE-I NVENTION 1. Field of 'the’ | nvention. The invention rel ates to the field
of raster scanned col or video dISp| ay. 2. Priof Art. In raster s B Jréq
coter video displ ays, color data is often stored for ‘each pixel ina rra

buffer. The color data can represent "red", "green" and "blue" (RGB) or can
represent an address to a color |ookup table In many displays a plurality
of wi ndows are si rmltaneously di spl ayled with different sets of colors used

| n each window. 1t |g, "NERHATY rdr ol BR TRasnEPbAYEAY O have a

particul ar col or cod nd for exanple,
anot her col ogmlmgbhgnmclﬁgomuqqo@t her wi ndows. In ot her applications, it
is sonetinmesTdesiranl.e 10 have a particular code represent a color in sone
fields on the display and a shade of this color in other fields. There are
ot her applications e i rabl.e for a particular color code to
represent nore thanwa] éﬁ‘}&l 8¢ Y dP ¢ertai n conditions. One nethod of
having a col or COdeTﬁ@Dﬁﬁr%ﬁBiom%@aiéb’irtoatﬁé NAled dCOt Wasitert Seahned asklidrl Onal
bits of data, for each pixel in the frame buffer which provide, in effect,
bank swi t chi midesr dieptsapi ng within a col or | ookup table or a PROM Assune
that the color datasn fhe frame buffer is represented by N-bits and N-bits
are required to

In raster scanned color video displays, color data is often

stored for each pixel in a frame buffer. The color data can
~ represent "red", "green" and "blue" (RGB) or can represent an address
to a color lookup table.

In many displays a plurality of windows are simultanenusly
displayed with different sets of colors used in each window. It is
often convenient in these displays to have a particular color code
represent one color in one window, and for example, another color in
the background or other windows. In other applications, it is
sometimes desirable to have a particular code represent a color in
some fields on the display gnd a shade of this color in other fields.
There are other applications where it is desirable for a particular

[ color code to represent more than a single color under certain
conditions.

One method of having a color code represent more than a
single color is to use additional bits of data for each pixel in the
frame buffer which provide, in effect, bank switching or remapping
within a color lookup table or a PROM. Assu@e that the color data in
the frame buffer is represented by N-bits ané N-b{ts are required to

provide the RGB signals. If two additional bits are used to provide



provide the RGB signals. If two additional bits are used to provide . -2-

i nformati on which all ows ‘sel ection of different'cdlérs for a particul ar 3
code then N+2 bits nust be stored in the frame buffer fer each pixel, A .-
PROM for this application would have a capacity of [err] nenory cells. | nwe”
typi cal application where Nis equal to 24 bits, the anount of PROM
capacity becones very large and in practice prohibitive. The present

i nvention provides an apparatus which permts a single code to represent
nore than a single color wthout |akge nenory capacity thus elimnating the
undesi rabl e i nt erdependenci es between prograns running in different

Wi Ndows .in fhma filoas @Aich RMABWS s IRceYoRlasE Aa18péidnt eoTdsdUbabre data
selector to select different configurations for each pixel. - 3- SUWARY
OF THE PRVEATHIAY sederthesgNtd kits pretde staveditinothe tframe buffmrodbred a

raster seanngrheil dROptie RbBYLARPALAL IR 13K B RIPLSL Bhcl Slgres N-bits
presen%hng color tor each of at ast a plurality of pi a

2 N memory cells. In a typical application where N is equal

to 24 bits. the amount of PROM capacity becomes very large and in

practice prohibitive.

The present invention provides an-app#ratus which permits a

single code to represent more than a single color without large

memory capacity thus eliminating the undesirable 1nferdependencies \.\‘J

between programs running in different windows. The present invention

provides a softly configurable data selector to select different

configurations for each pixel.



.

I ncl-udi g means for perm.tting said N-bits to represent a plurality of
different col ors conpri sing: storage means for each of at |east certain of
said pixels in said display for storing signals representing a col of node,
sai d¥storage neans being associated with said buffer; routing neans for
routing said N-bits to provide a plurality of sets of signals, said
plurality of sets of signals conprising Mbits, where Mis greater than N
said routing means being coupled to said bu?fer mul ti pl exi ng neans coupl ed
to receive said plurallty of sets of signals, from sai d routi ng neans and

controll able for Q f said sets of signals fromanong said sets
of signals and c5i@ﬂé&—n&&h&ﬁgbigﬁggzgﬁmﬁecelve and bei ng responsive to
sai d color node signals fromsaid storage neans for controlling said

mul ti'pl exi ng means; wher eby saj.d:sel ot i réﬁ%&&£&%“£hé§%é1&% St %9 48,

provi des different colors. ThusS an®i nprove n atras scann
di spl ay appar at uprividieduses zastere srAnreds orvides i ddsploi sappauat:as

representing col gayvhey %%ﬁe@twﬁfﬁts@o%yrﬂbwsOﬁeﬁféséﬁtyﬁedcbm&he
di splay is disclagsed. "Th rovenent permts the sane bits to_represent

a plurality of dFPFéréﬁthoFGrsa§ndlﬁﬁﬁ§ i 8 yPdpgplity, of pixels " and

including means for permitting said N-bits to represent
a plurality of different colors comprising:
storage means for each of at least certain of
~ - said pixels in said display for storing signals
representing a color mode, said storage means being
associated with said buffer; '
routing means for routing said N-bits to
provide a plurality of sets of signals, said plurality
of sets of signals comprising M-bits, where M is
greater than N, said routing means being coupled to
said buffer;
multiplexing means coupled to receive said
plurality of sets of signals, from said routing means
and controllable for selecting one of said sets of
signals from among said sets of signals and
' control means coupled to receive and being
\/ responsive to said color mode signals from said storage
means for controlling said multiplexing means;
whereby said selection among said sets of
signals provides different colors.

Thus an improvement in a raster scanned video
display apparatus which uses a frame buffer for storing
N-bits of data representing color for each of at least
a plurality of pixels used in the display is disclosed.
The improvement permits the same N-bits to represent a
plurality of different colors and thus is useful, for
example, for windows which provide displays for



exanpl e, for w ndows which provide displays for -3A- different prograns
Col or node information is stored in a storage neans$ and is associated with
each of the N-bits of <color data. The storage nmeans in the :
presently preferred enbodinent is part of the frane buffer. A routingie~
means which in the presently preferred enbodinent is a crossbar swtch
provides routing of the N-bits of signafs=to provide Mbits where Mis
greater than N. A nmultiplexer neans selects anong sets of signals from

the Mbits.,, This multiplexing neaps js_controlleqd -by a control
means whi ch AEFERPRE (BROLRY - rmggif’%f (5'% i BHEPTHAT AR dfoSkgFefeans. In
t hi s manner int e stdéeage omeanvngniihdsseassadisigharitiat eabh oft phe of t he

T P Y B ee heRen! 0O Seqracd MY TPCRIET OV

enbodi nent &resentiliv cpreferred embodiment is part of the frame

) buffer. A routing means which in the presently
preferred embodiment is a crossbar switch provides
routihg of the N-bits of signals to provide M-bits
where M is greater than N. A multiplexer means selects
among sets of 'signals from the M-bits. This
multiplexing means' is controlled by a control means
lwhich receives the color mode information from the
storage means. In this manner, the selection among the
sets of signals at the'output of the multiplexing means
provides different colors. '



-5- DETAILED DESCRI PTI ON OF THE PRESENT | NVENTI ON An i nproved vi deo col or
apparatus i s described for a raster scanned dlsplay where signals
representing color data are stored in a buffer-such as a franme buffer. The
i mpeovenment allows the same color data to represent a plurality of
different colors in different nodes. In the follow ng description nunerous
specific details are set forth such as specific nunbers of bits, etc., in
order to provide a thorough understanding of the present invention. It wll
be obvi ous, however, to one skilled i.ngthe art that these specific details
are not needed to practice the present invention. In other instances,

wel | -known ghiglipEScRd eriI9R0g™ 1nR BROFIngdi agram formin order not to
unnecessari 'y obScUre tne present 1tnvention in detail. Referring nowto the
Figure, a portion of a frame buffer 10 is illustrated. These buffers are

frequently used in nec ion, Wt ster scan V|deo dj or
storing a frame of Tgat ravIpg 58 ag}%&scgﬁﬁ'éﬂna’ dp ﬁ@’&éf&*@?d’r’égerm he
buffer readg ﬁlquql;ng L dse qhgl fentignal for, for exanple, a cathode ray tube.
Typi cal |y, plurality of bits are stored for each pixel in the display.
Again, by way of exanple, for each of the pixels in the display N-bits of
color data may be stored and this color data may represent RGB or a pointer
in a color |ookup table. Referring to the frame buffer 10, the data storage
rassoci at ed

~



s

with a single pixel is shown within bracket 12. Wth the present inveniion,.
this data includes color data 12b and col or node data 12a. In the presently
preferred e€nbodi nent, for each -pixel, 24 bits of color data is stored al Qng
with two bits of color node data. The two -6 bits of color node data dwe
coupl ed through the bus 14, through lines 16 to a bank select table 25. The
24 bits of color data are coupled first through the bus 14 then onto bus 18
to a crossbar switch.20. The crossb switch 20 provides routing of the 24
lines in bus 18 to selected ones of the€ lines in the buses 34, 38 and 42" at
the output of the switch 28 Each line in bus 18 can be connected to

sel ect e@ETARLED &E.SS&;E&%_F E ZRESENT lwof exanpl e, exam ning the
crossbar switch 20, the bus 18 is routed as shown by lines 30 in the

switch. Two of the lines 30a and 30b of bus 18 are shown. Two |ines of

out put bus 34 &re ishoawedayillemaplddaappactaBud;id idegcBited foconmaster to |ine
30b by the connection 46 and |line 34b is connected to |line 30a by

connect iS5AnAed 4igplay;shers, sifntls reppsepting wiop datigage es"é’rfedmi'hsﬁ li nes
38a and pgRer |dudh 38% iGraRBOUNE 16PINOR LD nhPoddndfit S tows @ﬁe%?le Qygver, is
not connected to line 30a, (note there is no connection at 4 galn, two

| i nes ofdabmstam'earessrmwnpasrdMnesoﬂmifaadeﬁlt?b:,olbi-élelnélaafté;rémt médeylect ed

to line 30b while line 42b is connected to |line 30a. In effect, the

crossbarts Pt ciPiirBingideseplpting AnmeRaysnerecidis detaldsnardise24fbittes of

bus 18 WyeR as specific numbers of bits, etec., in order to provide a

thorough understanding of the present invention. It will be obvious, \-\;)

however, to one skilled in the art that these specific details are
not needed to practice the present invention. 1In other instances,
well-known circuits are shown in block diagram form in order not to
unnecessarily obscure the present invention in detail.

Referring now to the Figure, a portion of a frame buffer 10
is illustrated. These buffers are frequently used in connection with
raster scanned video displays for storing a frame of data. The data
is scanned and the data stored in the buffer read to provide a video
signal for, for example, a cathode ray ;ube. Typically, a plurality
of bits are stored for each pixel in the display. Again, by way of
example, for each of the pixels in the display N-bits of color data -/
may be stored and this color data may represent RGB or a pointer in a
color lookup table. |

Referring to the frame buffer 10, the data storage associated
with a single pixel is shown within bracket 12. With the present
invention, this data includes color data 12b and qplor mode data 12a.
In the presently preferred embodiment, for each pixel, 24 bits of

color data is stored along with two bits of color mode data. The two



sel ected onés of the 24 lines in the buses 34, 38 and 42. In the presently
preferred enbodi nent the nunber of output lines is equal to the nunber of
input lines tinmes a positive integer. The connections such as 44 and 46 are
pragrammable in the presently preferred enbodiment, that is, they are '

sel ectively rmade by the user although such programm ng cannot be done "on
the fly". The progranmi ng deternines which colors will be obtainable from
the color data bits 12b. An ordinary 3_to 1 nultiplexer 22 selects between
t he buses -7- 34, 38 and 42 and pfberdes a 24-bit output signal on bus
54. The digital output signals fromthe nultiplexer 22 may directly

represent yie8, ot hdllorSmodd @k t& ArdRoGpISE thdough WhedBid O, S tRFGIghd I fnes
provi de the RGB data used for directly driving a nonitor. Alternatively,

t he digit a6 datphank getectmrdgble ABi-deThth 9 kbks taf golonidapat ans conhleh
provi des ofher signals,for_th I.splay, or. the_,signals on bus 54 In sone
ot her way gpll"(%i %é‘%‘:’&*‘o?he ™HE ?ﬁgthﬁi%t gx%ﬁ br?ﬁdgsdta'{gg %Ry B‘éitcﬁtﬁ'n’ggt |y
coupl ed to the nmuid prexe¥ar2dwitvh 20eprévides! poitingt vEYheDYIEFIne4, 188 and

42 (with two bits, a multiplexer can sel ect between four buses). However,
in the curhusnidBytpeeieected] cappoR et 1inefe inothe hwsde 34.938| andid2nat

0ot SREPh P HE ki ol SRR SRt BB bRl

selected lines of buses 34, 38, and 42. By way of example, examining

the crossbar switch 20, the bus 18 is routed as shown by lines 30 in
\~/‘/ the switch. Two of the lines 30a and 30b of bus 18 are shown. Two
lines of output bus 34 are shown as lines 34a and 34b; line 34a is
connected to.line 30b by the connection 46 and line 34b is connected
to line 30a by connection 44. 1In a similar manner, two lines of bus
38 are shown as lines 382 and 38b; line 38a is shown connected to
line 30b. Line 38b, however, is not connected to line 30a, (note
there is no qonhection at 48). Agaiﬁ, two lines of bus 42 are shown
as lines 42a and 42b; line 42a is not connected to line 30b while
line 42b is connected to line 30a. In effect, the crossbar switch
provides routing and connections between the 24 lines of bus 18 with
selected ones of the 24 lines in the buses 34, 38 and 42. 1In the
presently preferred embodiment the number of output lines is equal to
the number of input lines times a positive integer.

The connections such as 44 and 46 are programmable in the
presently preferred embodiment, that is, they are selectively made by
the user although such programming cannot be QOne "on the fly". The
programming determines which colors will be ob%ainq?le from the color

data bits 12b.

An ordinary 3 to 1 multiplexer'22 selects between the buses



sets of signals. In the presently preferred enbodi nent, the two bi‘ts on

line 16 are coupled to a bank select table 25 to'address the table. The ¢
tabl e's output ‘provides a two bit code that controls the bank-sel ect |, o
regi ster 28. The codes at the output of the table 25 are shown with 00
bet'ng interpreted as no change (the nultiplexer 22 continues to $elect the
previously selected bus); 01, switch to bus 34; 10, switch to bus 28; and

11, switch to bus 42. The two bits fron%the regi ster 28 are applied to the
mul ti pl exer 22 over lines 56 and thus are used to control the selection
anong the three buses. Note that with the apparatus shown in the Figure,

t he N-bi 84, 038 @ada4d And( prevides apgd-ditaputnusystenalo opr bys dit.\ Bhe s (e. g

12 1t ) a0k A% BuBhad NEoRE ok S S ORRAAL 3N R0 He cI2 00 2T

grouped In hree set’s tsS w gr oup be

provi di ngee, cbhfafteientth% bad Ha-obaﬁv&s@nab ad ERRL 6@ NE1lghaltd provde CroOSsbar
switch has oq“{ g 24x722 possi bl e connections. Thus, the crossbar
switch atBadgt flht% h‘@%u ?T rﬂié'ﬁéf- P ATVADE e MopAter w0 Wl teratdvei v e thequi r e

Ther of or &X e SUEES:, ALY il BrO¥ds RnCtfleh sBUAciehyctrte: RLehe
-appar at ugrwidéaeo&wrsqgaswmsedetcﬁsl;sswgma tRBQiémebaﬁ'%st B8 B
result. in some other way provide.colqr.

The two bits of mode data 12a may be directly coupled to the
multiplexer 22 and used to select between buses 34, 38 and 42 (with \-;;i
two bits, a multiplexer can select betwgen_four buses). However, in
the currently preferred embodiment, the color mode signals.do not
directly select among the sets of signals at the output of the
multiplexer 22, but rather are used to indirectly select among these
sets of.sighals. In the presently preferrgq embodiment, the two bits
on line 16 are coupled to a bank select table 25 to address the
table. The table's output provides a two bit code that contréls the
bank select register 28. The codes at the output of the table 25 are
shown with 00 being interpreted as no change (the multiplexer 22
continues to select the previously selected bus); 01, switch to bus
34; 10, switch to bus 28; and 11, switch to bus 42. The two bits -/
from the register 28 are applied to the mmltiplexer 22 ovef lines 56
and thus are used to control the selection among the three buses.

Note that with the apparatus shown in the Figure, the N-bits
of data 12b (e.g., 24 bits) are routed to provide M-bits (e.g., 72
bits) of data at the output of the crossbar ;witcﬁ 20. The 72 bits
are grouped into three sets of 24 bits with each group being capable

of providing a different 24 bit color signal. Importantly, the
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-9:7 CLAIMB 1. A raster scanned, video display apparatus having a
bif f:er which stores N-bits representl ng color for each of at least a
plgrality of pixels and including means for permtting said N-bits’to
repf'esent a plurality of different colors conprising: storage means for
each of at least certain of said pixels in said display for storing signals
representing a color node, said storage neans being associated with said
buffer; routing neans for routing said N-bits to provide a plurality of
sets of signals, said plurality of sets &+ signals conprising Mbits, where
Mis greater than N said routing neans being coupled to said buffer;

mul ti pl exi ng creastarcewptell Has pebeiNx¥ {aigh pl2dr32) tppssibbiétosmoecsliogﬁal s,
fromsaid routing means and contraol |l able for gel ectlltagéone sai d sets

signal s fromt3HBngthearBoSERar §M1ETh RILEE FF e SAE B BT ﬁp?’é‘b" 8s ¥

receive and '%hi'@ 6@&99@&& ViRqhQrea{k a0bRoM Wde ésamkshéwr{hsamt&tp@éaae)
means for CO%’ 8 Ing saird multipl exi ng neans; whereby said sel ecti on anong

said sets of n24 snepooy i ekl sdli f Theredore ol these is a substantial savings
in hardware when using the apparatus of the Figure as opposed to

using a PROM to obtain the same result.

[\



2 The appar at us defineﬁ“ﬁV—ETETﬁTT—ﬁﬁE?ETh said routing, nmeans |s a-,

progr ammabl e neans. 3. ‘Lned by claim1l wherein said -
routing means conprises a croslﬂ“ggﬂﬁlﬂ““‘“‘wn ‘ The .apparatus defined .
by claim 1l wherein each of the I'd setsMofs si*gnal s conprises N bits. “ht*
10 - 5. _ The apparatus defined by claim4 wherein said sets’ of

signals are digital signals which provigle-RG information. 6. A

raster scanned, video display apparatus having a buffer which stores

N-bits representing color for each pixel in said display and including

means for permtting said NNbits to répbAEM8nt a plurality of different

colors conprising: storage neans for each of said pixel for storing signals
representing a color node, said storage neans being incorporated into said
buf fer; routtng neans RorTPPeR¥ diserpnned.ur Fidep oAisplayof apparatyseach of

N bits fromgayingt Bl bufred GHIQH INGrEAN-BPELd drépE@seRt Rg Sabtlopuf fer;
mul ti pl exi ng_neans couplgd to receive said Bluiallty'gf set s_of srgnals
fromsaid rofPFngefghnsof at least a plurality “of pixels an

including means for permitting said N-bits to tepfesent
a plurality of different colors comprising: _

storage means for each of at least certain of
said pixels in said display for storing signals
representing a color mode, said storage means being
associated with said buffer; \“;)

routing means for routing .said N-bits to
provide a plurality of sets of signals, said plurality
of sets of signals comprising M-bits, where M is
greater than N said routing means being coupled to said
buffer;

multiplexing means coupled to receive said
plurality of sets of signals, from said routing means
and controllable for selecting one of said sets of
signals from among said sets of signals and

control means coupled to receive and being
responsive to said color mode signals from said storage
means for controlling said multiplexing means;

whereby said selection among said sets of /
signals provides different colors. |

2. The apparatus defined by claim 1 wherein said
routing means is a programmable means.

3. The apparatus defined by claim 1 wherein said
routing means comprises a crossbar switch.

4, The apparatus defined by claim 1 wherein each
of the said sets of signals comprises N bits.



and control [able for sel,ectjng one _ al s; and control
nmeaps being coupled to receive and being res o] sald col or node
si-gnal fromsaid buffer to control s iﬁﬂﬂ@naﬂLneans, wher eby said
sel*ection among said sets of signals nt colors. 7.

The apparatus defined by claimbé6 wher ei n sald routing nmeans is a

progranmmabl e neans. 8. The apparatu%épeflned by claim®6 wherein said
routi ng nmeans conprises a crossbar sw tch. - The apparat us defi ned
by claim8 wherein said sets of signals fromsaid nultiplexing neans are

digital signals gepresenti r | QN - 11 .- 10, J[aster
scanned video g’(:1’ I spl ay Ig%ar%ﬁt? sg?eltﬁ&edidé? zfaﬁjﬂ <]a4r wp&reg.[nopa&&
N-bits representsetp cof oignaleaerepidigital ssdghals pivbichapdovideu®GRy
means for perm tf gl bd¥ bits to represent a plurality of different

col ors conpri sing: -storage means included within said buffer for each of
said pixels for storing signals representing a col or node;

6. A raster scanned, video display apparatus
having a buffer which stores N-bits representing color
for each pixel in said display and inéluding means for
permitting said N-bits to represent a plurality of
different colors comprising:

, _ storage means for each of said pixel for
— ~ storing signals representing a color mode, said storage
means being incorporated into said buffer;
routing means for providing a plurality of
sets of signals each of N bits from said N-bits, said
_routing means being coupled to said buffer;
multiplexing means coupled to receive said
plurality of sets'of signals from said routing means
and controllable for selecting one of said sets of
signals; and
control means being coupled to receive and
being responsive to said color mode signal from said
buffer to cdntrol said multiplexing means;
\\J whereby said selection among said sets of
signals provides different colors. |

7. The apparatus defined by claim 6 wherein said
routing means is a programmable means.

8. The épparatus defined by claim 6 wherein said
routing means comprises a crossbar switch.

9. The apparatus defined by claim 8 wherein said
sets of signals from said multiplexing means are
digital signals representing RGB information.



a programmuabl e crossbar switch coupled to said storage neans for

Sronal s, satd plurality of Set !fllllll]lllglllﬂ AN &5 g 0o 52

greater than N, nultiplexing mearfs ¢

| el t Said crossbar switc

of

ere Mis _

h for

receiving said plurality of sets of signals fromsaid crossbar switch and

being controll able to select one of saldpsets of signals;

control

nmeans

coupled to receive and be responsive to said color node signals for
controlling said multiplexing means; whereby said sel ection anpng said sets
of signals pldéu«i des di {X enmdtem| cscanreld video Ad:es;ixay wfpEctus Vi deo

di spl ay appasaiissh Kl @fé‘ffﬁy%"'f& Pt EN R TS

for each of east a

permitting s&Oc}% bfes tqs%ppéseht Jeppsaiél |<hyssdfam| faademnqﬂmamg

substanti al | meamdhermdrbepermitedRgCr shed wobiks of eniresent® a

acconpanyi ng quralf{y of different colors comprising'

storage means included w1th1n said buffer for

‘each of said pixels for storing s1gnals representing a

color mode,

a programmable crossbar SWltCh coupled to
said storage means for rece1v1ng said N-bits and for

providing a plurality of sets ~of 51gnals,

Plurality of sets of signals comprising M-blts, where M

is greater than N;

multiplexing means coupled to said crossbar
switch for receiving said plurality of sets of signals
from said crossbar switch and ‘being' controllable to

select one of said sets of signals;

control means coupled to receive and be

responsive to said color mode signals for controlling

said multiplexing means;

whereby said selection among said sets of

signals_prov1des different colors.

# TR s or
said \;;J
W/

11. A raster scanned, video display 'apparatus

having a buffer which stores N-bits representing color

for each of at least a plurality of pixels,

and

1nclud1ng means for permitting said N-bits to represent
a plurality of different colors, substantially as
‘to the

_.hereinbefore described with reference
accompanying drawing.
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