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] Advanced Graphics Techniques

GRAPHIGS 8 In Four
Colors Using Artifacts

David Diamond

A painless, no-POKE method for mastering Atari high resolution,
four-color graphics from BASIC.

Contrary to what the Atari BASIC Reference Manual states,
GRAPHICS 8 is a true four-color mode (five colors if you count
the border). Other articles have shown you how to obtain 16 or
128 colors by PEEKing, POKEing, and using machine language
subroutines to fake out the operating system. This article is
different. You can paint with four colors using simple,
straightforward BASIC programming.

You probably have noticed that patterns drawn in
GRAPHICS 8 often contain spurious colors. Atari sketches your
television’s resolution to its limits and the extra hues do sneak
in.

The spurious colors seem random because they are ap-
pearing within a random pattern. They are, however, well-
behaved. They can be harnessed, controlled, and used for bril-
liant displays.

Before I get into the details, try the following demonstration
program:

1¢ GRAPHICS Y:COLOR 1

15 R=50

20 FOR X=-R TO R STEF 2

30 Y=500R{(R¥R—X%¥X):REM Formula for a c
ircle

40 PLOT 100+X,.100+Y:DRAWTO 100+X, 100-—
Y:REM Circle #1

SO FPLOT 151+X,100+Y:DRAWNTO 151+X,100-—
Y:REM Circle #2

60 NEXT X:FOR I=1 TO 3S0:NEXT I

70 FOR C=0 TO 15
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6 Advanced Graphics Technigues

80 SETCOLOR 2,C,.4:SETCOLOR 4,15-C.8
85 FOR I=1 T0O 350:NEXT I
0 NEXT C

Surprise! You have five vivid, solid colors on the screen at the
same time. Now let’s take a look at that program:

Line 10 - Straight GRAPHICS 8. Standard color defaults.

Line 15 — “R” is the radius of a circle.

Line 30 — This is the formula for a circle: X*+ Y?=R? (“R*R” is
a little faster than “RA2").

Line 40 — This draws the first circle. It is vertically cross-hatched
to fill it in with a solid color.

Line 50 — This draws the second circle. But why is it a different
color from the first circle?

Line 20 — Ah, here begins the secret: “STEP 2", Before reading
further, change it to “STEP 1" and rerun the program.

Lines 40,50 — Here is the second half of the secret: 100+ X" is
an cven offset. 151+ X" is an odd offset. Change both occur-
rences of 151" to 150" on line 50, and see what happens.
(Remember to set line 20 back to “STEP 2".)

Lines 70-90 — These lines show you the wide range of color
combinations available. Of course, when you are varying the
luminance level, there will be even more.

Alternating Colored Fields

Without any additional programming lines, the circles can easily
be changed into beach balls with alternating bands of color.
Make sure that line 20 says “STEP 2, and change lines 40 and
50 as follows:

40 PLOT 98+X.100+Y:DRAWTO 101+X,100-Y
:REM Circle #1

SO0 PLOT 147+X,100+Y:DRAWTO 150+X, 100-
Y:REM Circle #2

Changing the slope of the cross-hatching by a single horizontal
point will add or remove one band of color. Increment the
DRAWTOs by one horizontal point, and see what happens:

40 PLOT 98+X.,100+Y:DRAWTO 102+X,100-Y
:REM Circle #1

SO PLOT 147+X,.100+Y:DRAWNTO 151+X,100-—
Y:REM Circle #2
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6 Advanced Graphics Technigues

Although the quirk that provides us with the extra colors
seems somewhat magical, the reason for the varied solid colors
is not. Remember that the “colored-in"" areas are really com-
prised of finely separated, vertical lines. To better see what is
happening, spread those lines out into a large grid for easier
inspection:

10 GRAPHICS 8:COLOR 1

20 FOR X=10 T0 160 STEF 15
30 PLOT X.1:DRAWTO X,.160
40 FPLOT 1.X:DRAWTO 160,X
S0 NEXT X

This isolates your three colors. The even column vertical
lines are one color. Odd column vertical lines are a second color.
Horizontal lines are the third color. (The background is the
fourth, and the border is the fifth.)

Line 20 controls the colors. Try “FOR X=10 TO 160 STEP
14" and try “FOR X=9 TO 160 STEP 14".

When two adjacent lines touch each other (“FOR
X=...STEP 17), the two colors blend into the official color for
graphics mode 8. Another way to look at it is that there are no
longer separate lines when they touch, but rather a solid field
of pixels.

The Alternating Color Phenomenon
The beach ball display, with its alternating bands of color, takes
advantage of the fact that, with a pixel matrix, one cannot draw
nearly vertical pure diagonal lines. Instead a series of shorter
vertical lines are drawn, as shown below:
As programmed: As actually drawn:
(103,0) (103,0)

|
|
|

(101,50) (101,50)

You can see that the three vertical line segments are drawn on
odd, even, and odd columns, respectively, thus alternating col-
ors.
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Why Multiple Colors

The horizontal resolution limit of a television set is about 160
unique points. This is because on any one line of the television
tube surface there are 160 sets of phosphor points which emit
light when struck by the scanning electron beam. Each set ac-
tually contains three separate phosphor points — one that glows
blue when struck, one that glows green, and one that glows
red. Combinations of these dots in various intensities create
the myriad of colors available.

Atari, in order to provide finer resolutions than 160 bytes
across, plots 320 points across the screen — two for each set of
color dots. (This is referred to as a half color cycle, or a half color
clock.) Thus, even-column points will turn on the left portion of
the three color phosphors, and odd-column points will turn on
the right portion, producing alternating colors. The effect is
referred to as artifacting.

Diagonal Lines

Diagonal lines, ranging from vertical to almost 45 degrees, con-
tain vertical components, and are therefore subject to the arti-
facting effects described above. However, when these lines
are drawn on top of a ”...STEP 2" solid colored field (such as
demonstrated in the above programs), much of the spurious
color effect is minimized, so that the “official”” color for graphics
mode 8 will be seen. If the background is dark, a medium
intensity line will appear light (whitish). If the background is
bright, a medium intensity line will appear dark (often a rich
chocolate brown).

The bold splashes of multiple solid colored shapes can
thus be combined with the more delicate effects of intersecting
diagonal lines, as in the following demonstration program:

10 GRAPHICS B8:COLOR 1

20 SETCOLOR 4,15,10:SETCOLOR 2.0,15

30 FOR A=20 TO 140 STEFP 2

40 IF A=100 THEN A=101

50 PLOT &65,20:DRAWTO A.1:DRAWTO A.A:D
RAWTO A+30,70

60 DRAWTO 65,A:DRAWTO 30,A+40:DRAWTO
65,20

70 NEXT A

80 FOR I=1 TO 3S50:NEXT I
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90 FOR COLOR=0 TO 15

100 SETCOLOR 2,COLOR,.S:SETCOLOR 4,15-—
COLOR, 10

110 FOR I=1 TO 350:NEXT I

120 NEXT COLOR

Moiré Patterns

No discussion of multiple colors would be complete without
mentioning color moire patterns. There are two types of moire
patterns. One type is the secondary pattern produced by the
intersection of diagonal lines, such as is illustrated by demon-
stration Program 2, above. This type is not dependent on color
for its effect. The second type is the subtle and delicate designs
produced by shifts in color along diagonal lines. This type is
dependent on the artifacting effect and is illustrated in the fol-
lowing program:

10 GRAPHICS 8:COLOR 1

20 FOR A=0 TO 319 STEF 3

30 PLOT 0,159:DRAWTO A, 0O

40 PLOT 3192,0:DRAWTO 319-/4,159
S0 NEXT A

Notice that the pattern is whitest in the center, where the
lines are not as steeply sloped, and also toward the upper right
and lower left corners, where the lines are closest together. In
addition to the white and the two artifacted colors, you may
notice a fourth and fifth color along the top and bottom sections
of the pattern. These extra colors are formed by a visual blending
of the two artifacted colors. It is caused by the fact that the al-
ternating colored areas are so close together that the eye has
difficulty resolving them (a trick used by the Impressionists).

You can combine the various effects discussed in this article.
Experiment with different color and intensity combinations.
Blend in some dynamic color changes. You have a palette that
any artist would envy
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Parti:

Atari Video Graphics
And The New GTIA

Craig Chamberlain

In this, the first of a three-part series on the inner workings of Atari
graphics, the author reviews the computer’s system of screen manage-
ment and defines several important terms including color clock,

playfield, mode line, and display list. The next article includes
techniques for using color indirection, a powerful graphics tool, and
explores the new GTIA chip in detail. The final article demonstrates
Hw capabilities of the GTIA. This new chip costs nothing if your Atari
is still under warranty. If you have an older machine, the nearest
authorized service center can install it for you.

The GTIA is an exciting new graphics chip now being shipped
in Atari 400/800 computers. Among its special features are a 16-
color mode with a resolution eight times better than the Apple’s,
and the capability of generating 256 color variations. The GTIA
chip provides three new graphics modes in addition to the nor-
mal 14, totally different, full-screen modes. This article defines
a few terms relating to graphics, explains the normal graphics
modes, then introduces the new modes provided by the GTIA.

ANTIC Is A Busy Chip

We all know that the Atari 400 and 800 have superior graphics

capabilities. This has been achieved by designing special chips
to handle video display tasks, taking that burden off the main
microprocessor. In Atari computers thesc special chips are
known as ANTIC and CTIA.

The ANTIC chip is actually an advanced DMA (direct mem-
ory access) controller that qualifies as a true microprocessor. It
has an instruction set (mode lines and “load memory scan”
operation), a program (the good “ole display list), and data (dis-
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play memory and character sets).

This special chip is a rather busy fellow. Its responsibilities
include doing DMA for the display list, the display data
(playfields), the character set, and player/missile memory. Be-
sides that, it sets the playfield width, controls horizontal and
vertical fine scrolling, keeps track of the vertical position of the
scan beam, and handles non-maskable interrupts. It also sup-
ports a light pen.

The GTIA: Three New Modes

The other chip is the CTIA, or Computer Television Interface
Adapted integrated circuit. This is the chip which handles all
color and luminance (brightness) information to send to the
television screen. This is a complicated process, but the chip
designers at Atari got carried away and created whole new
functions which we know as the player/missile graphics system.
Itis the CTIA which processes the horizontal position, size,
priority, and color of the players. The CTIA also watches for
player/playfield collisions, joystick triggers, and console keys.
Like the ANTIC, it is a busy chip.

The new GTIA chip replaces the CTIA. Rumor has it that
the “G” stands for George. Apparently some fellow named
George was still not satisfied with all the special functions of
the CTIA, and gave it the ability to generate three totally new
graphics modes. When you find out what these new modes

can do, I think you will appreciate “George” and his GTIA.

The three new modes are 9, 10, and 11. The operating sys-
tem and, therefore, Atari BASIC, supports these new modes.
But before describing all the features of these new modes, 1
want to define a few essential terms and review the normal
graphics modes 0 through 8.

In order to fully understand Atari graphics, one must have
a solid concept ot how a television dlsplay is generated. And
no discussion on “television theory” would be complete without
a definition of the “color clock.” The term color clock derives
from the fact that there is a problem in measuring distances on
a television screen. Different television sets have different
screen sizes, with 9”7, 13" and 19” being common diagonal
measurements. All television sets, however, have a scanning
beam which translates a signal from the computer (or a TV sta-
tion) into a picture on the screen.
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The signal coming from the computer contains two charac-
teristics. It has a frequency, which defines a color, and it has an
amplitude, which defines the luminance of that color, often re-
ferred to as the brightness or intensity. These qualities of the
computer signal affect the way in which the scanning beam
shoots electrons at the phosphors on a television screen. This
electron shooting process is done horizontally, one line ata
time, but it is done so quickly that it is not noticeable to the
human eye.

When drawing a line, the scanning beam starts at the left
edge of the screen and proceeds to the right edge, shooting
electrons the whole time. Since the beam has a finite amount of
time it can spend drawing one line, the beam will seemingly
have to move faster to cover more area on a larger screen. Thus
the problem of trying to measure horizontal distances is further
complicated by the fact that different scanning beams not only
travel different distances, but also at different rates. Our unit of
measurement cannot really be a distance; it must be a unit of
time. The hint I gave a moment ago was that the scanning beam
has a certain amount of time it can spend on one scan line. How
fast or how far the beam travels is insignificant.

Understanding Color Clock

The fact that our unit of measurement is based on time explains
the word clock in the term color clock. A color clock is the amount
of time the computer needs in order to sufficiently change the
frequency of the signal it generates so as to produce a different
color. What a mouthful! This is my own personal definition; it
has worked for me, but some people may not agree with it.
Here’s another definition. A scan line is the horizontal path of
the scanning beam from the left edge of the screen to the right
edge.

Scan lines extend horizontally across the screen, but it takes
a lot of them stacked vertically to fill up the screen from top to
bottom. Therefore, horizontal resolution is usually expressed
in terms of color clocks while vertical resolution is expressed in
scan lines. Of course, on different television sets the actual
lengths will differ, but the resolution horizontally to vertically
is always proportionate. [t turns out that, on any screen, one
color clock appears to be equal in length to two scan lines.

Now we have to get even more technical for a moment.
The scanning beam starts at the upper left corner of the screen
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and travels horizontally to the right. By the time it hits the right
edge it has drawn one scan line that is 228 color clocks wide.
The beam then shuts off for a short period while it returns to
the left edge, only one scan line lower. This period is called the
“horizontal blank’” for obvious reasons. The beam then turns
on again and starts drawing the next scan line. This sequence
of drawing scan lines continues 262 times. At that point, the
scanning beam, at the lower right corner of the screen, shuts
off and returns to the upper left corner of the screen during a
period known as the (guess what!) ““vertical blank."”

This whole process of drawing 262 scan lines, each of 228
color clocks, plus the blanking periods, constitutes one “frame.”
The television draws 60 of these frames every second, because
your home power line is 60 Hz (cycles). The name given to this
display method is “raster scan.”” The fact that your Atari follows
a broadcast standard referred to as “NTSC” makes it one of the
few home computers that can be video taped without special
equipment.

Just because the scanning beam generates all those scan
lines and color clocks doesn’t mean that the computer is gener-
ating that much display data. Even if the computer did, you
wouldn’t see the whole image since most television sets display
a little less than 200 scan lines of about 170 color clocks. The
part where the true picture exists is called the playfield, and
now it’s time for another definition.

Playfields And Mode Lines

The playfield is the portion of each scan line for which data
read from memory can produce colors and luminances. The
background exists at the ends of each scan line; the playfield is
in the middle. From the viewpoint of one frame, the playfield
appears as a rectangular region which extends to the sides of
the screen.

Two things control the size of this playfield area. The height
in scan line is controlled by the display list as you will see in a
moment. Recall that the width in color clocks is set by the DMA
control register of the ANTIC.

SDMCTL $022F 559 shadow
DMACTL $D400 54272 hardware
D5 1 display list DMA enable

0 display list DMA disable
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D1,D0 00 playfield DMA disable (no playfield)
01 narrow playfield (128 color clocks)
10 standard playfield (160 color clocks)
11 wide playfield (192 color clocks)

The operating system screen handler always uses a stan-

dard width playﬁeld The advantage of the narrow playfield is
that less DMA is required, so programs execute faster. Unfor-
tunately, the screen handler routines do not work properly
when the playfield width is other than the standard. The wide
playfield generates more data than the television can display;
its uses are rather limited. It's even possible to turn off the
playfield completely, in which case ANTIC fills the screen with
scan lines of the background color. As will be shown in a mo-
ment, the playfield also requires a ““display list,” so bit five
must be set for any playfield type to be generated.

Remember that a byte is made up of eight binary “bits.”” If
playfield and display list DMA is enabled, bits may be read
from the computer memory during the course of one scan line.
The bit pattern determines the frequency and intensity changes
of the scanning beam, with the result being different colors/
luminances. The same bit pattern may be repeated for several
scan lines. And the bit pattern can be interpreted in different
ways. This leads us to yet another definition:

A mode line is a contiguous group of scan lines for which
display memory is read only once.

There are two main types of mode lines. In direct memory
map modes, the bit pattern produces the same image on each
scan line. Text modes are a more complicated mode type which
use a character set.

The ANTIC knows how to handle 14 different kinds of
mode lines. Each mode line corresponds to a different method
for interpreting a bit pattern. A full screen graphics mode is
actually just a series of identical mode lines.

The display list is merely a sequence of bytes in memory
that, among other things, tells ANTIC the proper sequence of
mode lines for one screen.

Whenever the screen is opened (accomplished in Atari
BASIC with the GRAPHICS statement), the screen handler
establishes a display list of many mode lines to produce a screen
of the desired mode. Modes can be mixed by manually changing
the display list. Display lists produced by the screen handler
always contain the proper number of mode lines for exactly 192
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scan lines of playfield. Altering the display list can affect the
total number of scan lines, which is how the vertical size of the
playfield is controlled.

The display list also has other functions, such as control of
fine scrolling, horizontal blank interrupts, and loading the mem-
ory scan counter of the ANTIC so it knows where to start reading
memory.

A mode line divided into several parts forms pixels, which
are single plotting points somewhere within the playfield area.
A pixel’s vertical resolution is the same as the mode line in which
itis displayed, so there can be just as many pixels vertically as
mode lines in the display list. The number of color clocks over
which one pixel is spread is also determined by the mode line.
Here is a little chart to show you the pixel size for the primary
mapping modes:

MODE COLOR SCAN RESOLUTION
CLOCKS LINES (full/splitscreens)

3 4 8 40 by 24/20
4,5 2 4 80 by 48/40
6,7 1 2 160 by 96/80

Note that each time the width of a pixel is reduced, its height
also decreases, so a single pixel appears to be square in shape
regardless of the graphics mode.

Some Observations About Memory

Now to talk about memory. In the one-color modes, one pixel
is represented in memory by one bit. If the bit is on, playfield
zero shows. If the bit is off, the background shows. Modes four
and six are the one-color modes. Fm more color, modes three,
five, and seven allow three colors. The trade-off is that a single
bit is no longer sufficient. Two bits, a pair, are required. The
total value of the two bits selects either one of three playfields
or the background:

BITPATTERN COLOR PLAYFIELDTYPE

00 0 background

01 1 playfield zero
10 2 playfield one
11 3 playfield two

Playfield zero is the same thing as COLOR Tin Atari BASIC.
Plavheld one is really COLOR 2, and so on, with COLOR 0
being the backg sround.
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Although modes four and five both have the same resolu-
tion, or pixel size on the screen, mode five will require twice as
much memory. In the lower resolution modes which require
little memory in the first place, the additional memory needed
is rather insignificant. You might have noticed that mode three
had no single color counterpart. Consider that in a 48K system
it is possible to have about 150 different mode 3 screens in mem-
ory simultaneously. The chip designers probably decided it
wasn’t worth the effort or memory savings to provide a one-
color mode with such low resolution.

Therefore, the size of a pixel on the screen is determined
by two things: how many scan lines high, and how many color
clocks wide. The amount of memory required for a mode is
also determined by two things: how many separate pixels to
one mode line, and how many color possibilities per pixel. The
only real connection between pixel size on the screen and size
in memory is that bigger pixels fill up a screen faster, so there
are fewer of them, and less memory is needed.

Now, three colors means two bits must be used. Does that
mean we are always stuck with only three colors which can’t
be changed? No. The CTIA is capable of generating 128 color/
luminance variations. It can produce 16 different colors, each
in eight different degrees of luminance. But 128 possibilities
means seven bits would be required, and, in most cases, seven
bits per pixel is simply not feasible. There is a limit to how much
memory can be devoted to a screen. The solution to this problem
is a sort of compromise, but it also presents some powerful and
flexible advantages, too. The solution is to use color indirection.
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Part li:

Atari Video Graphics
And The New GTIA

Craig Chamberlain

How to get 256 colors out of your Atari. The previous article in this
three- part series opened with a discussion of Atari graphics. Part 11
examines techniques involving color indirection and looks at the new
GTIA chip in detail.

Next, this series concludes with several programs which put GTIA
through its paces.

Using Color Indirection

With color indirection, the number of different playfields is
limited according to the number of bits per pixel, but the actual
color/luminance of each playfield can be one of the 128 pos-
sibilities. The data bits are used as an index or offset into
playfield color registers:

COLORO $02C4 708

playfield zero color register
COLOR1 $02C5 709

playfield one
COLOR2 $02Ce6 710

playfield two (used in modes 0 and 8)
COLOR3  $02C7 711

playfield three (used in color text modes)
COLOR4 $02C8 712

background color register

These playfield color registers use seven bits to select the
color and luminance, as follows:

D7,D6,D5,D4 color
D3,D2,D1 luminance
DO not used
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BITS VALUE COLOR
0000 0 gray (no color)
0001 1 lightorange
0010 2 orange

0011 3 red orange
0100 4 pink

0101 5 purple

0110 6 purple blue
0111 7 blue

1000 8 blue

1001 9 lightblue
1010 10 turquoise
1011 11 blue green
1100 12 green

1101 13 yellow green
1110 14 orange green
1111 15 light orange

Atari BASIC allows you to select a playtfield color to draw
in by using the COLOR statement. The color register that
corresponds to that playfield can be changed by using
SETCOLOR.

Color indirection is a tool that should not be overlooked. It
is possible to draw a detailed figure on the screen with one
playfield, and then change the color of the entire figure with
just one command. For ex amplc, a printed message can flash
in colors to attract attention. A “glowing’” effect can be created
by rapidly changing the luminance of a playfield while main-
taining the same color. Or, the playfield colors can all be set to
the same color/luminance as the background. Figures drawn
will not appear until the playfield color registers are changed.
By changing the registers one at a time, an animation effect can
be created. Color indirection may still not solve the problem of
having many colors on the screen at the same time, but it does
afford possibilities that otherwise would be difficult to achieve.

In special instances, plavheld color registers can be changed
during the horizontal blank, in which case all 128 color variations

can be shown in one frame. This requires the use of machine
language and still does not solve the problem of many colors
on one scan line. Fortunately, experience has shown that, for
many applications, three playfield colors will be sufficient.
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Multiple Colors

Nevertheless, there are times when many colors would be de-
sirable. This is where the GTIA steps in. It should now be ap-
parent that 16 colors will require four bits per pixel. This is very
expensive in terms of memory, so either pixel size or display
memory will have to increase. Because ANTIC has a limit on
how much memory it can access during one horizontal scan
line, we have a limit on how much memory can be devoted to a
screen. Therefore, resolution will have to suffer.

Before we see what the memory limitis, we should mention
the two modes which are exceptions to the above rules. Three
things distinguish modes zero and eight from the normal
modes. Each pixel is a half color clock wide; a side effect of this
is artifacting. The background color now becomes the border,
and the main part of the screen is filled with playfield two.
Finally, since the whole screen is now playfield two, the bit no
longer tells which plavfield to use, but which luminance to use.

MODE BIT LUMINANCEREGISTER

0,8 1 playfield one
0,8 2 playfield two (no image)

The color part of playfield one is ignored; only the lumi-
nance data is used. If the luminance values of playheldb one
and two are the same, the writing disappears. Modes zero and
eight use this special ““half color clock, one playfield color, two
bnghtness arrangement. Both modes have 320 distinct points
of light horizontally and have single scan line resolution. The
only difference between mode zero and mode eight is that the
first is a text mode and the second is a direct mapping mode.
Mode zero uses a character set and thereby saves memory;
about 1K is required for this mode. Mode eight doesn’t use a
character set, and requires appm\lmatclv 8K. Thatis ourdisplay
memory limit. The Atari 400/800 is not capable of doing DMA
to much more memory than the memory represented by one
television frame.

Since the “half color clock, one color, two brightness” mode
is used by graphics modes zero and eight, all the GTIA really
does is provide three variations on this mode. They all use the
maximum memory arrangement used by mode eu,ht so each
of the three new modes requires 8K. All of the new modes use
four-bit pixels, so the horizontal resolution goes from 320 (half
color clock) to 80 (two color clock, as in modes four and five).
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