United States Patent [ () 4,225,861
Langdon, Jr. et al. ‘ [45) Sep. 30, 1980

[54] METHOD AND MEANS FOR TEXTURE
DISPLAY IN RASTER SCANNED COLOR OTHER PUBLICATIONS
GRAPHIC Giddings & Langdon, “Interactive Color Selection
Apparatus for Color Graphics Displays;” IBM Tech.
75] Inventors: Glen G, Langdon, Jr., San Jose; PP P plays;
[ ] Patrick E. Mantéy, Los GatOS, both Disc. Bul., vol. 19, No. 11, Apr 1977, pPp. 4400, 4401.

of Calif. Primary Examiner—David L. Trafton
[73] Assignee: International Business Machines Attorney, Agent, or Firm—R. Bruce Brodie
Corporation, Armonk, N.Y. [57] ’ ABSTRACT
[21] Appl. No.: 970,598 A method and means for creating the display illusion of
[22] Filed: Dec. 18, 1978 “roughness” or “te{(ture” in color patterns suita.ble for
an raster scanned display surface by assigning different
[51] Int. CL3 e s GO6F 3/153 color values to pe]s (picturc e]emcnts) in adjacent pOSi-
[52] US.CL et 340/703; 340/701;  tions and then replicating the patterns automatically
i 340/744; 340/798; 358/903  ysing the recurrent and sequential accessing of a con-
[58] Field of Search .................. 340/701, 703; 358/37,  cordance table. The real color of each pel of a textured
358/903 pattern is a joint function of a color number stored in a
{56] References Cited refresh buffer driving the display surface for any given

display matrix array pel position and the value of a

U.S. PATENT DOCUMENTS predetermined subset of address bits which describe
3,729,580 4/1973  Schneider ........commrieeenirnnne 358/30 that pel position. The use of preselected pel position
3,843,959 10/1974 Owakietal. ...ccoeeeerevenneee.. 358759 address bits for regulating texture is shown as apphed to

g'gg‘:;zg 12;13,772' ;Jig?x:kltmiw e 3‘;%;22 video lookup tables and refresh buffers as a single level
3976982 8 11976 E?s}o’:len a T 64/900 control and additionally to two or more video lookup
4,146,876 371979  Arellanc et al. ................. 340785  tables for achieving a pattern hierarchy.
4,149,164 4/1979 Reinsetal. ...cocovvereevrenenne 340/701
4,149,184  4/1979 Giddings et al. ................ 340/703 X 6 Claims, 10 Drawing Figures
0
L
/e bl 1
105 e il i
y o e ‘
R REFRESH I
= Pl E BUFFER |
Shoylllg 2 x2"PELS i
] = |
| |
L"“I" L -
CLOCK Ly0)
rk
Mareiiva ~— — ~ ~ " T
S| 2
2
=
i
A

s W Vi
’|
33§ fage Topn | LE
I !
! nge ) oy 1
|




U.S. Patent sep. 30, 1980 Sheet 1 of 4 4,225,861

10, 12=L-DATA /IN
. R v L. KL S
I 5 9 1
{101 I a =
ROW i
} REG | l
103 | (oo TBITS/WORD |
Y ADDRESS |LUM 3 )| ||BUFFER 256 WORDS |
I |
| |
! |
| 1 [
L k= ]
15 et -
| P
| W VIDEO LOOKUP |L/2
T { REG 12 BITS/ WORD |
T
X
Iy | 128 WORDS |
o — == | - i
X } A AR |
nxnPEL ARRAY | QUTPUT VLT v {
ot VLT DATA OUT REG
F1G.1a | 23 |
] T B |
25-<,::> r-—--—-——_-——f———"——
| {_ 13 29\ W
o : _RED | 21
L IL[ RASTER
Ao GREEN |  SCANNED
4 } } DISPLAY SURFACE | |
il BLUE (CRT) |
4 ; L_——333
LDISPLAY

e — e — — e ————————————

PRIRART  FIG. 1



U.S. Patent sep. 30, 1980 Sheet 2 of 4 4,225,861

10
r——————- L m 8
105 | 4. 9 I
y 1'\ ! R |
7 ™ z !
o | = REFRESH |
—|= s BUFFER i
= w Nyoh
y Ll e 2" x 2PELS ,
/n | = |
| |
| |
L__1 - N
B
CLOCK L10)
k
If‘ UTPUT VLT A9 "1| 0
Lol & 0 d
[ e T
3‘ nD._; n‘iu {
| = - |
// > : l2ll I
i - e {
7 | I 3 |
11 ¥ .
VLT DATAOUT REE |/ ll
L ’ ___ — 11— __|
GLOCK
21
25 1] {-— ——————— e ——— et i «[ ——-—-I
|
| 3 |
! / '
i D/A |
~L P :
FIG.2 - - ]
ADDRESS BITS PARTITION OUTPUT VLT AND DISPLAY SURFACE
[0[4]- - - - —|n-2n-1 -x ADDRESS
FIG.2a 9 [0T7- = = = - [oZni. -y AUDRESS
1 {
MOST SIGNIFICANT LEAST SIGNIFICANT

BIT BIT



U.S. Patent sep. 30, 1980 Sheet 3 of 4 4,225,861

_____ % COLORNUMBER i
107 F=— 3 239 k¥
1 ! | = 0 o0 25
COLOR REG }—'l e il E 0, 29 2
! ! = INPUT VLT I} = REFRESH [ j0UTPUT
08 :—’i = b | = 1| BUFFER ] VLT [™{DISPLAY
X ADDR. REG. ;/2" = | o
1034 Lm1<ﬂ L R — | ‘fs ]
|Y ADDR. REG. e n
La ’n
INPUT VLT TRANSFORM FOR COLOR NUMBER / TEXTURE INSERTION INTO REFRESH BUFFER
FIG.3
r | bl w e ' bi ' ;

, oy y 1oy L oy |y iy
—i--| |- |=t-- |-t et ot
bl{r r}y cyiy rlbl y ey wopcy
VLTd VT2 VLT3 VT4 VLTS VLT6

SUBPATTERN TABLE AS A FUNCTION OF x - .¥p-1 , k
FIG.4a

IRRCHSICHII AL vir |2 |vre f v

bIIr rly rty bl}_r

Y ey[r bl e abljcyly
oty AT T 7 yJ!cy- | vLT4 [ VTS
< [y iey[ribl|rlnleyry

T il Ly Toy yurs | vimt | vura s

blir [ryyjriy[blir

T Ty oy v 1o VT4 | VTG |VLT6 | vLT4

a8 PELS ———] SUBPATTERN AS A FUNCTION OF

Xn-? Xn- -2 -
DISPLAYED PATTERN n-2,Xn-3,¥n-2,¥n-3
FIG.4b FIG.4c




U.S. Patent sep. 30, 1980 Sheet 4 of 4 4,225,861

i1
105 L couRnomer L DB 2
Y | BUFFER b | |l SUBPAT TERN
T c il SUBSYSTEM || Ak = |
=6t " S [=hooness  |/={oispuay
= ADDRESS || =
2|3 43 1=
3 e Mg Mg ke
3 -l Yol
¥ cLock
A 20 ~
SUBPATTERN]| | SELECT
(xn—Z.xn-S) 1a R VT SIGNAL
—‘—347,‘,.;; ADDRESS
[1}
(yn-2, Y03 mgen
TEXTURE DISPLAY VIATWO LEVEL VLT PATTERN HIERARCHY
FIG.5
|50 NANOSECONDS —=]
cockeveee [ | [ ] [ ] [
ELEMENT PERIOD 1 PERIOD 2 PERIOD 3
CLOCK COUNT( + 2} COUNTI +3) COUNTG +4)

BUFFER ADDR.REG 105 | ADDRESS PEL+1) | ADDRESS PELG+2) | ADDRESS PELG+3)

COLOR NUMBER,OUTPUTOF10] PELGICOLOR NUMBER | PEL(i+DCOLOR NUMBER | PEL(i+2COLOR NUMBER

VLT QUTPUT 203 DISPLAY PELG+) | DISPLAY PEL() DISPLAY PELG +1)

EVENT-ACTIVITY DIAGRAM, TWO LEVEL VLT
FIG.6




4,225,861

1

METHOD AND MEANS FOR TEXTURE DISPLAY
IN RASTER SCANNED COLOR GRAPHIC

DESCRIPTION
Technical Field

This invention relates to an electronic color graphics
display system, and more particularly to methods and
means for locally altering the display patterns exhibited
by raster scanned color graphics systems for enhancing
display pattern variety.

Prior Art

The prior art is replete with raster scanned color
graphics systems emphasizing diverse electro optical
color properties. Payne et al, U.S. Pat. No. 3,961,365
shows a map of segmented display areas and a table
indicating a one out of n degrees of brightness associ-
ated with each segment. This provides a varying bright-
ness control when a color display is imaged upon a large
surface suitable for audience viewing. Owaki et al, U.S.
Pat. No. 3,843,959 shows a system in which each dis-
crete display area can exhibit adjacent pels of dissimilar
luminosity. Schneider, U.S. Pat. No. 3,729,580 is di-
rected to the analog control of color fringing and mis-
registration of color TV imaging.

Contemporary color graphics terminals select colors
from an electronic TV equivalent of a multi color pal-
ette with a conversion algorithm permitting the use of
hue, brightness, and a method for specifying color. In
some systems up to eight colors may be displayed at
once when selected from the palette.

Raster scanned color graphics system of the prior art
store their images in a refresh buffer memory. It is com-
mon practice to store a “color number” in the refresh
memory and to use a video lookup table (VLT) to
bridge the gap between a small number of color number
bits per pel stored for each position in the refresh buffer
and the larger number of bits used for defining the red,
green, and blue intensity for driving the counterpart
color guns of the display device. In this regard, the
color numbers available at any one time are usually
much less than the number of different colors capable of
being displayed. The “mapping” of the color number in
the refresh buffer to the larger number of bits required
for the real color value as viewed on the video screen is
executed by a table lookup technique involving a VLT.

Raster scan color graphic systems display solid ob-
jects such as polygons or filled circles as contiguous
pels of the same color value. In turn, the refresh buffer
memory stores the same color number for all pels in the
solid color area. This technique provides only: for flat
textureless colors. The illusion of roughness or texture
results when not all the pels in an area have the same
color value. However, software techniques'to provide
the illusion of color texture to a contiguous aréa would
consume significant CPU resources.

The Invention

It is an object of this invention to devise a method and
means of creating the display illusion of “roughness” or
“texture” in color patterns for an raster scanned display
surface. It is a related object to devise a method and
means for generating visually exciting lines, characters,
and colored areas under the auspices of a single color
number assignment or selection by a user. It is yet an-
other object to minimize the utilization of CPU re-
sources ordinarily driving a raster color graphics sys-
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tem. It is a complementary object that the method and
means so devised permit more real colors to be simulta-
neously displayed than there are color number combi-
nations in said refresh buffer.

Satisfaction of the foregoing object is premised on the
unexpected observation that the real color value for
each pel may be made to serve as a joint function of the
color number stored in the refresh buffer of the display
for any given pel position and the value of any subset of
the address bits which describe that pel position. In
turn, this observation is embodied in a method and
means for creating the illusion of roughness or texture
in color patterns for an electrochromic display surface
by positioning pels of different color values in adjacent
positions and then replicating the patterns automati-
cally. The texture effect is achieved when color values
are combined with the lowest order address bits of the
pel position, If, for example, the highest order x (hori-
zontal) and y (vertical) pel address bits are used, then
the viewing surface is divided into four guadrants, each
having its own selection of real colors. More particu-
larly, the method steps of the invention comprise (1)
assigning a color number k for each pattern to be dis-
played; (2) creating a table associating the color value v
for thei=0,1,...,m—1;j=0, 1,..., m—1 pel position
in the mxn pel array of the pattern having the address k,
i, j; (3) displaying the color value v on the surface; and
(4) accessing the table at the address k, i, j+1 in order
to obtain the color value v’ at the next successive dis-
play position i, j+ 1.

Advantageously, texture information may be com-
bined with the color number in a variety of ways. In one
apparatus embodiment of the invention, texture infor-
mation is written into the refresh buffer itself. This may
be implemented by incorporating address bit subset
controlled “texture information” into the “color num-
ber” prior to insertion of the so modified color number
into the refresh buffer memory. In an alternative appa-
ratus embodiment of the invention, the color number
from the refresh buffer together with a preselected
subset of address bits defining the pel position and im-
plied texture information when taken together, can be
used to define an address in a lookup table for extracting
the real color value. In yet another apparatus embodi-
ment of the invention, means for selecting the transfor-
mations and for incorporating and utilizing complex
texture information can be simplified if they are execut-
able in a two level pattern hierarchy of subpattern and
superpattern selection.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 discloses color value using an output VLT
with a refresh buffer as found in the prior art.

FIG. 1a depicts an x-y coordinate system for pel
location in an array.

FIGS. 2 and 2a disclose the use of a color number and
position information for selecting a color value from an
output VLT according to the invention. FIG. 2a defines
the x and y address byte formats.

FIG. 3 depicts an input VLT for incorporating exter-
nally supplied texture information into the color num-
ber prior to insertion of the modified color number into
the refresh buffer.

FIG. 44, shows the subpattern tables whose selection
is a function of the lowest order pel position address
bits, extracted color number, and superpattern selection
signal; FIG. 4b depicts a superpattern as a function of
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higher order pel position address bits; and FIG. 4c sets
forth a typical 8 pel X8 pel displayed pattern.

FIG. 5 shows an embodiment of texture display via a
two level VLT pattern hierarchy.

FIG. 6 is an event activity diagram of selected display
system elements as a function of time.

DESCRIPTION OF THE BEST MODE AND
INDUSTRIAL APPLICABILITY

Referring now to FIG. 1 there is shown a raster scan
color graphics display system typified by the prior art.
Such systems include a buffer subsystem 10, operable in
a read and write mode, for storing an image consisting
of a matrix of color numbers for subsequent presenta-
tion on the raster scanned surface 29 of display subsys-
tem 27. Interposed between the buffer and display sub-
system is a video lookup table 20 for translating each
color number 10, fetched from memory 9 at the matrix
X, y position coordinates previously accessed by address
register 5, into a counterpart color value v. Each color
value v is converted by digital to analog means 31 as
intensities for the appropriate red, green, and blue elec-
tron guns illuminating the raster scan surface 29. Paren-
thetically, the heavy border on refresh buffer memory
9, and the video lookup tables (VLT) memory 19 de-
note both writeable and readable stores. Also, the single
heavy border on registers and counters is indicative of
the fact that they are edge triggered. The change of
state occurs on the leading edge of a signal clock.

Buffer subsystem 10 comprises refresh buffer mem-
ory 9 capable of storing an image matrix of 29 x 29 pel
positions. Each of the resulting 262,144 image memory
pel locations is capable of storing at least 7 bits, termed
a *“color number”. Each buffer memory 9 location may
be accessed by an 18 bit address furnished by address
register 5 over path 7. When memory 9 is operated in
the read mode the 7 bit color number k is read out over
path 15 to the VLT address register 17. Throughout this
description, a cross hatch on a path with an adjacent
number indicates the number of parallel conductors per
path. Thus path 7 has 18 conductors while path 15 con-
tains 7 conductors.

A video lookup table is used to bridge the gap be-
tween the small number of color number bits per pel (7)
stored for each position in the refresh buffer memory 9
and the larger number of bits used for driving the red,
green, and blue color guns within the digital to analog
converter 31 illuminating the display surface 29. The
larger number of bits driving the color guns consist of
an equal number of bits for each gun and define the
number of intensities for each color. Thus, for each
color value of 12 bits, 4 bits are set aside for each color
intensity. The product of 16 levels of intensity for each
of the 3 colors makes possible a total of 4096 unique real
colors on the display surface.

Motivation for the use of plural memories and trans-
formations arises from the very high cost of large fast
refresh buffer memory arrays. This is reflected in the
fact that the color numbers available at any one time are
usually much less than the 4096 colors capable of being
displayed. The “mapping” of the color number from the
refresh buffer memory to the 12 bit real color value
viewed on the display surface is carried out by the
VLT. In the VLT memory 19 there is a 12 bit color
value corresponding to each color number. Signifi-
cantly, the color value is independent of the pel loca-
tion. The same color number from the refresh buffer is
always transformed into the same 12 bit color value
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driving the display surface. Thus, color number ex-
tracted from refresh memory 9 is transferred over path
15 to the VLT address register 17. The 12 bit color
value corresponding to the color number is extracted
from memory 19 over path 21 and placed in output
register 23. At the occurrence of the next clock signal
four 3 bit combinations are applied to the respective
electron guns 31 over counterpart paths 25.

As previously mentioned, prior art systems generate
solid color shapes which are flat or textureless. For
colors without texture, the same 12 bit color value can
be stored for the same color number in each memory.
However, it is an attribute of this invention that to gen-
erate colors with texture, one 12 bit color can be stored
in an odd scan line of the VLT and a different 12 bit
color in the corresponding address of an even scan line
of a VLT. When the “textured area” is to be displayed,
the same 7 bit color number in the refresh buffer can
deliver a different 12 bit color to the display surface
depending on whether it is an odd line or an even line.
Similarly, vertical textured patterns can be generated by
detecting pel bit times which correspond to columns
and, for the same color number, display one color for
even bit times and another color for the odd bit times.

Referring now to FIG. 2a there is shown the byte
format for the XY pel coordinates which serve also as
address bytes for the refresh buffer memory 9. In this
format, the leftmost or zero bit is the most significant
while the rightmost or n—1 position denotes the least
significant bit.

Referring now to FIG. 2, there is shown an embodi-
ment of the invention in which the color value in VLT
memory 19 is selected as a function of the color number
from refresh memory 9 and the high order location bits
xg, Yo. All raster scan color graphics display systems are
synchronous, i.e., clock driven. To this extent an exter-
nal clock drives counter 105. The counter output
supplies the necessary change of consecutive address
position to the edge triggered address register 5. From
the output of register 5, the high order bits xpand ypare
applied also to the input of VLT address register 17. It
should be observed that counter 105 address registers 5,
17, and output register 23 are all clocked. The activities
occurring during consecutive clock periods are set out
in FIG. 6. The menu of events shown in FIG. 6 applies
to the embodiment shown in FIGS. 2, 3 and 5.

Referring again to FIG. 2, VLT memory 19 is shown
partitioned into arbitrary areas “0”, “1”, 27, “3”
These areas correspond to predetermined portions 30 of
display surface 29. It is clear, that the two high order
bits xp, yocan be used to designate the counterpart areas.
The complete address is of course determined by the
high order address bits together with color number k
from output register 13 of refresh buffer memory 9.

Referring to FIG. 6 when taken together with FIG.
2, it is clear that during a first clock period after counter
105 is incremented to count pel position i+2 buffer
address register 5 is actually accessing the pel at loca-
tion i+ 1 from buffer memory 9. Thus, the color number
k to be loaded into address register 17 at the end of the
period represents the color number for the pel at loca-
tion i+ 1. Simultaneously, VLT address register 17 is
accessing the real color value v of pel i from memory
19, to be clocked into register 23 at the end of the pe-
riod. The last concurrent operation is that the color
value v being applied to display subsystem 27 in output
register 23 is associated with the pel color number at
location i-3. In the next period the count is incremented
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by one over the previous period. In a system embodying
the invention using edge triggered registers and count-
ers changing state with the leading edge of the signal
clock, a display surface of 512 pels per line requires a bit
time in the order of 90 nanoseconds. The x value counts
the column along the row and the y value denotes the
row. For raster scan, x is incremented until the end of
the row, when it returns to the first column, the row or
y value is incremented. Thus, the n lowest order bits of
counter 105 comprise the x pel address and the highest
order n bits of counter 105 comprise the y address. Each
pel position may be denoted by a single letter i, with it
being understood to comprise both x and y.

The raster scanned color graphics display system
operates as suggested above in a pipeline of four stages.
The functions are distributed such that (1) counter 105
counts up to the next pel address, (2) address register §
holds the address for the refresh buffer memory 9, (3)
address register 17 holds the color number as an address
for the VLT memory 19, and (4) VLT output register
23 holds the color values for the digital to analog con-
version necessary for pel color display. Also, each stage
should have no more than one pel time (e.g. 90 nanosec-
onds) of delay. For instance, the buffer memory access
time plus the propagation delay of the address register §
plus the setup time for color value register 23 should be
less than 90 nanoseconds.

Referring now to FIG. 3, there is shown an alterna-
tive method and means for inserting texture informa-
tion. The modification includes information inserting
(writing) into the refresh buffer memory 9. This is im-
plemented by the preloading of a color register 107 until
the value of the color registers change. All vectors and
characters placed in the refresh buffer memory take on
that color number resident in the color register. Instead
of simply loading the color number from the color reg-
ister into the refresh buffer unaltered, this embodiment
permits a “texture” pattern to be incorporated into the
refresh buffer memory itself. Note that the color num-
ber is a function of the contents of a color register and
predetermined subset of address position bits applied
through VLT address register 37 to VLT memory 39.

Referring now to FIG. 4c¢ there is shown a display
pattern of 8 X 8 pels which can be decomposed into a 4
cell X4 cell “superpattern”, where each cell is a 2
pel X 2 pel “subpattern”. Instead of having to formulate
a color number in respect of 64 pels for the display
pattern shown in FIG. 4¢, a two stage selection proce-
dure is invoked. In the example, the first stage involves
superpattern selection of 1 of 6 subpatterns for each of
the 16 “super” cells.

Referring now to FIG. 4a the subpattern tables are
selected as a function of the address bits X, 1, y,—1 and
color number k. Six 4 pel subpatterns are shown. These
are designated respectively VLT 1, VLT 2, ... VLT6.
In these tables “r”’ is red, “bl” is blue, “w” is white, *‘cy”
is cyan, “y” is yellow. The patterns and the colors are
meant to be illustrative and not exhaustive.

Referring now to FIG. 5, there is depicted the means
for texture display via two level VLT selection pattern
hierarchy employing superpattern and subpattern selec-
tion as described in connection with FIGS. 44, b, ¢
First, the color number k is selected as a function of the
x, y pel address applied to buffer subsystem 10. The
super patterns are chosen from an address formed from
the color number k and the address bits x,_2, X,_3,
Yn—2, ¥n—3. In turn, the sub patterns are selected ac-
cording to an addressed formed from the color number
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6

k, the low order address bits x,—1, yn—1, and a select
signal representing the superpattern or cell. These are
applied to the display subsystem 27 over path 25 as a
series of color values.

The texture capability can also be used to achieve the
effect of a finer gradation in color. For example, con-
sider a shade of red between the intensity levels 12 and
13. A shading illusion can be achieved by alternating
red intensity 12 with intensity 13. The same technique
can be employed in performing shading, where an area
is to become progressively darker in one direction.
Often, when changing from one intensity to the next
lower level, there is a noticeable line. This line can be
smoothed over by specifying a textured color to the
boundary area.

While there has been shown and described three
embodiments in accordance with the present invention,
it is understood that the same is not limited thereto but
is susceptible of numerous changes and modifications as
are known to those skilled in the art. Therefore the
invention should not be limited to the details shown and
described herein but are intended to cover all such
changes and modifications as are encompassed by the
scope of the appended claims.

We claim:

1. A method for creating the display illusion of
roughness or texture in color patterns for a raster
scanned display surface by positioning pels of different
c¢olor values in adjacent positions and then replicating
the patterns automatically, the method steps comprise:

assigning a color number k for each pattern to be

displayed;

creating a table in a memory associating a color value

v for the relative pel position h, j in the mXxn pel
array of the pattern having the address k, i, j, where
0=i =Em—1,and 0=j=n-1; and

reiteratively displaying the color value v on the sur-

face and accessing the table in the memory at the
address k, i, j+ 1 in order to obtain the color value
v’ at the next successive display position i, j+1.
2. A raster scanned color graphics system compris-
ing:
an raster scanned display means (27);
first addressible memory means (10) for storing a
display image pel array of color numbers in mem-
ory locations corresponding to pel array positions;

means (105, 101, 103, 5) for accessing the first mem-
ory for fetching color numbers from consecutive
locations in raster scan order;
means for deriving a color value v as a joint function
of the color number k stored in any given location
and the value of any subset of addressing bits from
the accessing means defining the pel position; and

means (23, 25) for applying the color value to the
display means.

3. A raster scanied color graphics system according
to claim 2, wherein the means for deriving a color value
v include a second addressible memory means (20) for
storing color values at locations whose addresses are
defined by the color number k and a subset of the ad-
dress bits from the accessing means defining the pel
position.

4. A raster scanned color graphics system including
an raster scanned display means (27); a refresh buffer
memory means (10) for storing a display image pel array
of color numbers k at counterpart addressible locations;
and means (101, 103, 105) for accessing the color num-



4,225,861

7

bers from the refresh memory in raster scan order;
wherein the improvement comprises:
first means (201) for deriving a selection signal (kz)
indicative of a superpattern as a joint function of
the color number k accessed from the refresh
buffer and a first predetermined subset of address
bits (Xp—2, Xn—3, Yn—2, Yn—3) from the accessing
means defining the pel array position of k;

second means (203) for deriving a color value v indic-
ative of a selected subpattern as a joint function of
the color number k from the first means, a second
predetermined subset of address bits (Xn_1, ¥n—1)
from the accessing means defining the pel array
position of k, and the selection signal (kz); and

means for applying the color value to the display
means.

5. A raster scanned color graphics system according
to claim 4, wherein the first and second means respec-
tively include a first and second addressible storage
means.
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6. A raster scanned color graphics system including
an raster scanned display means (27); a refresh buffer
memory means (10) for storing a display image pel array
of color numbers k at counterpart addressible locations;
means (1,3,5) for accessing the color numbers k from
the refresh memory in raster scanned order at an array
address defined by the contents of a first register means
(101,103); and means (20, 25) for deriving a color value
v from a corresponding color number k accessed from
the refresh buffer and applying said color value v to the
display means; wherein the improvement comprises:

a second register means (107) for storing texture in-

formation;

the accessing means includes means (35) for deriving

a color number k as a joint fanction of the first
register contents and a predetermined subset of
address bits and for inserting said derived color
number at a refresh buffer memory location de-

fined by the first register means contents.
* * . * *



