EASY -10- BIIILI] BUHGLAR AI.AHM FﬂB EPABTMENT USE

| Opular Electronics

WORLDS LARGEST SELLING ELECTRONICS MAGAZINE - JULY 1976/ $1

MOBILE
;;f:;cnmmumcmnns: -

, B NowYonCan

Gl HIGH-OUALITY
INTELLIGENT
TERMINAL

ﬁ%nnas

Lo ;= Iectrnmc_i‘
~‘ :_} Th . _ : |

-’-Haml l:alculatnrs

*'TEST HEP[IHTS

-3f;_ﬁ : Nikko 7075 AM/ FM

~ Stereo Receiver

4 _M)(H Stereo Equalizer
| SBE “ﬂptl/Scan” .
. Scanner

;  Hickok 370

Analng Multlmeter

r~—~
~
=
-
==
(=}
=
-~
L=
i
o~
e
-
—
~=
-—
=
-
~r
-
o=
—
~=
(]
—




COMPUTER GRAPHICS

ORE and more of the sophis-

ticated computer applications
that were once reserved for big com-
puter systems are being successfully
pursued by hobbyists. Sooner or later,
after the novelty of having “your very
own computer” has worn off, the typi-
cal hobbyist will settle down and con-
centrate on one or two particular ap-
plications for his computer. In many
cases, hardware specific to the cho-
sen application will be built or pur-
chased and increasingly complex
software will be written to get the best
performance possible out of the
hardware.

The conceivable applications of
hobby computers are almost too
numerous and diverse to list. How-
ever, one application that might in-
terest all computer hobbyists is com-
puter “graphics’.

What Is Computer Graphics? In a
nutshell, computer graphics is a gen-
eral term referring to the equipment
and programs used for pictorial input
and output rather than the usual al-
phanumeric input/output. Computer
graphics is very useful for game-
playing boards, artistic pursuits, ar-
chitectural and engineering drawings,
plotting mathematical curves,
amateur slow-scan TV, and of course
impressing your friends. Graphics can
also be an integral part of other hobby
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computer applications. Interactive
computer games is one obvious
example and electronic music is
anotherwhere graphics might be used
to enter and plot waveforms or en-
velope shapes. v

If the user can control the pictorial
display in real-time (the picture
changes immediately when so com-
manded), the system is said to have
interactive graphics capability. This is
obviously very useful in action compu-
ter games such as Space War where
objects are constantly moving around
on a screen under both computer and
player control. Interactive capability is
also useful in artistic and drawing
situations when editing of the picture
is done.

Computer Graphics Hardware.
Perhaps everybody with any exposure
to commercial computers has at one
time experimented with “printer pic-
tures.” These are created with stan-
dard characters printed at selected
places on a printout page. Input of the
image data is usually done by an
imaginative and patient operator. The
results are quite coarse and have to be
looked at from across a room to be
appreciated. For more practical re-
sults, specialized graphics hardware
is needed.

The most common graphics output
devices are CRT (cathode ray tube)
displays and mechanical plotters.
CRT’s have the advantage of much
lower cost and interactive capability.
Plotters, of course, produce an image
on paper that can be saved for later
use away from the computer.

Graphic input devices are much
more diverse. The most common are
special ‘“function keyboards” and
potentiometer dials. A function key
may, for example, erase a previously
designated line from the image when
depressed. Two potentiometers can
be programmed to move an object
around the screen in horizontal and
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vertical directions. A “joystick™ can
replace two controls and provide
greater ease of movement control.
Light pens are used to “point out” or
select an object that is being dis-
played. With proper programming, the
operator can seemingly draw images
directly on the CRT screen. A "'graphic
tablet’’ allows one to trace a paper
drawing into the computer’'s memory.
A digital TV camera such as the Cyc-
lops (POPULAR ELECTRONICS, February
1975) can also be used for graphical
input.

There are two fundamental methods
ofdisplaying or drawing a picture with
a computer. Any image can be broken
up into a number of dots as is done in
newspapers or television. If the
brightness or size of the individual
dots can be controlled, then grey-
scale pictures can be displayed. Im-
ages can also be broken up into
straight lines of various lengths and
angles. Although grey-scale display
using lines is uncommon, it is possi-
ble. Computer graphics output
eguipment uses both methods on CRT
displays and plotters. Let us compare
these two output methods.

The earliest computer graphic dis-
plays were called “point plot” dis-
plays. These consisted of a modified
oscilloscope and two digital-to-
analog converters. A digital-to-analog
converter (DAC) accepts binary num-
bers from a computer and translates
them into corresponding dc voltages.
One DAC would be connected to the
x-axis deflection input and the otherto
the y-axis input on the oscilloscope.
The computer program could display
a dot at any point on the screen by
giving its x and y coordinates. An
image could be drawn by displaying
the proper dots one at a time in rapid
sequence. A later improvement in dis-
play circuit technology allowed
straight lines to be drawn between
points. This greatly increased the pos-

c.'..."'..‘....'. seo0
.G .'.'000. :’

[ oePe L]
eed @
e

o0

Feveocaqy
Q00008

®e
Ll T T T

Cirele and line drawn
on raster display 30 x 30.

POPULAR ELECTRONICS

sible image complexity since one
command from the computer could
replace literally hundreds of individual
dots. Displays capable of drawing
lines from one point to another are
called vector displays and the lines
themselves are called vectors. Usual-
ly, when a computer professional talks
about graphic displays, he means vec-
tor displays.

A major advantage of both point-
plot and vector displays is that the
amount of computer memory neces-
sary to hold the image depends mainly
on the image complexity (the number
of points or lines actually displayed).
Display resolution can be very high,
with only a small increase in memory
usage. For example, take a simple
image containing 100 disjointed lines.
A low resolution hobby display using
only 8 bits for x and y coordinates
would require four bytes for each line
or 400 bytes in all. A high-resolution
commercial display may use 12 bits for
x and y resulting in a 600-byte display
list. The first display has about 65,000
(256 x 256) addressable points. The
second has nearly 17,000,000 possible
points with only a 50% increase in
storage requirements. It should be
noted that the apparent resolution
(sharpness) of a vector display may be
high, even if the end point resolutionis
rather low. This is because the lines
drawn are absolutely straight and their
width is limited only by the electron
beam focus.

An important consideration in
point-plot and vector displays is
speed. Since the points or lines are
plotted one atatime, acomplex image
may require a significant amount of
time to draw. If redrawing of the image
is not done fast enough, then it may
fade away from the CRT screen be-
tween ‘‘refreshes” and appear to
flicker. Usually the display itself limits
drawing speed; but, in a hobby system
the computer may be the limiting fac-
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tor. Use of special phosphors with a
long persistance characteristic in the
CRT slows image fading and allows a
greater number of lines to be drawn
without flicker. If the flicker can be
tolerated, very complex images can be
drawn even on a simple display.

A new type of dot display that has
only recently become practical for
computer graphics is the raster-scan
display. In this type of display the elec-
tron beam is constantly scanning
through a large matrix of dots in much
the same way as a television receiver.
In fact, raster-scan displays of interest
to hobbyists actually use a television
receiver modified for direct video in-
put. To form an image, the computer
must turn the beam on when it is
scanning the desired dots and turn it
off otherwise. The scanning speedina
TV receiver is so fast however that di-
rect program control of the beam is
almost never possible. Instead, a por-
tion of the computer memory is read
out by the display controller in step
with the scanning beam and memory
bits control whether or not the beam is
turned on. Thus one bit in memory is
required for each possible point on
the display regardless of whether it is
turned on or not. Additional bits for
each display point may be used for
grey scale or even full color.

A major advantage of raster-scan
displays is that the display screen may
be an ordinary television receiver. The
rest of the display controller can be as
simple as one or two circuit boards
that plug directly into the computer. A
vector display requires a fair amount
of analog circuitry using op amps and
an oscilloscope for the actual display.
Although a suitable oscilloscope is al-
ready owned by many hobbyists, a
large-screen display suitable for
group viewing requires a special de-
flection yoke and high-power deflec-
tion amplifiers.

A primary disadvantage of the
raster-scan technique is that the
amount of memory necessary to hold
the image depends on display resolu-
tion rather than image complexity. A
128-by-128 point matrix, which is an
absolute minimum for graphics, has
16,384 points. At 8 bits per byte, 2K
bytes of computer memory will be re-
quired to hold an image no matter how
simple it is. Merely doubling the reso-
lution to a 256-by-256 matrix quad-
ruples the memory requirements to 8K
bytes. Adding grey scale or rough
color capability may quadruple the
memory requirements again. It is this
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The

IMSAI 8080.
A commercial
vet personally

affordable
computer.

If you thought you could never afford
a computer at home, think again. The
IMSAI 8080 is built for rugged industrial
performance. Yet its prices are competitive
with Altair's hobbyist kit. Fully assembled,
the 8080 is $931. Unassembled, it’s $599.

The IMSAI 8080 is made for
commercial users, and it looks it. Inside
and out. The cabinet is attractive, heavy
gauge aluminum. The heavy duty lucite
front panel has an extra 8 program
controlled LED’s. It plugs directly into
the Mother Board without a wire harness.
And rugged commercial grade paddle
switches are backed up by reliable
debouncing circuits.

The system is optionally ex-
pandable to a substantial system with
22 slots in a single printed circuit board.
And the durable card cage is made of
commercial-grade anodized aluminum.

The IMSAI 8080 power supply
produces a true 28 amp current, enough
to power a full system. You can expand
to a powerful system with 64K of software
protectable memory plus an intelligent
floppy disk controller. You can add an
audio tape cassette input device, a
printer plus a video terminal and a
teletype. And these peripherals will
function with an 8-level priority interrupt
system. BASIC software is available in
4K, 8K and 12K.

~ Get a complete illustrated
brochure describing the IMSAI 8080,
options, peripherals, software, prices
and specifications. Send one dollar to
cover handling to IMS. The IMSAI 8080.
From the same technology that developed
the HYPERCUBE Computer architecture
and Intelligent Disk systems.

Dealer inquiries invited.
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IMS Associates, Inc.
14860 Wicks Boulevard
San Leandro, CA 94577
(415) 483-2093
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need for large amounts of memory
that made raster-scan graphics pro-
hibitively expensive in the past, when
memory costs were 10 to 100 times
more than they are now.

For some graphics applications
such as engineering drawings, even a
256-by-256 resolution will not be
enough. Grids of 512-by-512 or even
1024-by-1024 are used for serious
graphics work. Although home televi-
sions can theoretically handle 500-
by-500 resolutions when modified for
direct video input, the 30-Hz flicker of
individual dots when viewed at close
range may be objectionable. Higher
resolutions require the special yokes
and deflection amplifiers again.

While a vectordisplay is far superior
for line drawings, a raster scan display
is best for pictorial material. Amateur
slow-scan TV applications, weather-
satellite picture reception, and com-
puter art are all best accomplished
with a raster-scan display. In particu-
lar, the TV Dazzler (POPULAR ELEC-
TRONICS, February 1976) can produce
some really spectacular patterns.
Either type of display can do a good
job on game boards. A graphic display
of either type can often replace a TV
typewriter since text characters are
really just graphic shapes.

Computer Graphics Software.
Even the most sophisticated graphics
hardware is useless without software
to run it. A vector display is normally
connected to several parallel output
ports on the computer. Data sent to
one pair of ports may cause the dis-

. play to draw a line from where it was

last to the new x and y positions
specified by the data. The same pro-
gram action using another pair of
ports may just move the beam without
drawing. Ordinary output instructions
are used to send data to the display
generator. A complete image is drawn
by outputting data associated with
each line until all lines are drawn. The
program must continuously execute a
loop to keep the image refreshed on
the screen.

Image data for a vector display can
be generated in three different ways.
The simplest is to have the data stored
in a display list in memory. A very sim-
ple program loop is used to work

through the list and send data to the-

display. With some kinds of simple im-

ages it may be possible to compute the:

data in line. The x coordinate of a
waveform display for example would
always increase the same amount for

each waveform point displayed. This
technique can save a lot of space in
the display list but does slow down
image refresh. In a system with
graphic input devices, data can be
read from an input and sent directly to
the display without storing it in mem-
ory. In most graphic applications, a
complete image can be drawn using a
combination of these techniques.

A raster-scan display can only run
from a display list in memory. Also the
display controller automatically runs
through the list to generate the dis-
play. The computer program is only
responsible for storing the proper
data patterns in the display list. Thus
the program is free to do other tasks
without having to constantly refresh
the display.

The real software job in computer
graphics is generating the data to be
displayed. One obvious way is to work
up the list by hand. This is quite
straightforward using graph paper
and the computer keyboard. The de-
sired image is firstdrawn on the graph
paper. Then, in the case of a vector
display, the coordinates of the line’s
endpoints are read off and entered
into the computer memory. With a ras-
ter display, all of the dot positions co-
vered by the image will have to be en-
tered. Although simple, this method
hardly makes much use of the compu-
ter.

The real value of graphicsis realized
when the program computes adisplay
list from pertinent data about the
image rather than a line-by-line de-
scription of it. Consider a routine that
would accept an image name (cube,
pyramid, etc.), its size, and its position
in three-dimensional space. The
routine would then generate a display
list to show that object in perspective
on the two-dimensional screen.
Changing a parameter and calling the
routine again would generate a new
list with the object in the new position.
Motion can be programmed by chang-
ing the position slightly each time the
image is refreshed. The calculations
involved are really rather simple for
line images and vector lists.

With a raster display, asubroutine is
needed to accept line endpoints as
input data and set bits in the display
list to display the line. If the lines are
always horizontal, vertical, or at 45-
degree angles, the routine can be
quite simple. A more complicated
routine is needed if lines at any angle
are to be handled.

Itis also frequently desirable to edit
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images on the display. The operator
may want to add lines, delete lines, or
move lines. With a vector display list,
additions are handled by adding the
extra lines to the end of the list. Dele-
tions can be accomplished by replac-
ing the deleted line coordinates with a
null line such as a zero distance move.
If the list gets too big during editing, a
“garbage collection” routine can
compress the null lines out of the list.
Aline change can be easily made right
in the list.

Making additions to a raster display
list is also easy; just set the bits cov-
ered by the added line or object. A
deletion might be handled by calling
the line generation subroutine with
the endpoints of the line to be deleted
and have it reset the bits covered by
the line, thus erasing it. All lines
crossed by the deleted line will have
little gaps left over. The same problem
occurs when a line is moved since it
must first be deleted and then added
elsewhere. The only real solution to
this problem is to have two display
lists. One is a vector list and the other
is the raster list that is actually dis-
played. Editing is done on the vector
list. Whenever any change is made to
the vector list, the raster list is first
cleared. Then it is completely regen-
erated from the vector list by re-
peatedly calling the line generation
routine. Unfortunately, complete re-
generation is slow, which restricts the
kind of motion that can be program-
med on a raster display.

In conclusion, graphics is one of the
most creative applications for a hobby
computer. It is simple enough to get
gratifying results with only a little ef-
fort yet has the potential of keeping
the most serious hobbyist occupied
for years. Graphic output is readily
appreciated by those with no comput-
er experience and at the same time is
appreciated by the experts. &

More Hobbyist Clubs:

Kentucky

Louisville Area Users of Microproces-
sors, Steve Roberts, Cybertronics, PO
Box 18065, Louisville, KY 40218.
North Carolina

Triad Amateur Computer Socisty,
Greensboro and Winston-Salem (NC)
area. Doug Drye, (919) 373-0040.
Triangle Area Computer Club (tem-
porary name),Raleigh, Durham, and
Chapel Hill (NC) area. Russell Lyday,
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PERIPHERA

for your

LTAIR or IMSAI

VIDEO TERMINAL INTERFACE

ASCII characters and 64 graphic characters for

48 x 64 (128 with memory option) array. Text and graph-
ics may be mixed on the same screen, 8-bit keyboard

input port Is provided. Characters are stored In

board memory and may be read or written by the com-
puter. Cursor control, text editing and graphics software

is included. Fully compatible with Altair and
Sockets included.

VTI/32 32 character line. $185.00 kit

VT1/64 64 character line $210.00 kit $285.00 assd.

ANALOG INTERFACE
Complete interface for a CRT graphics display

plotter. Provides 8 channels of software-controlled A/D
conversion. 1 or 2 channels of analog output with 10-bit
resolution (0-10v or +5v out), 6 bits of latched digital
output, and 8 analog comparators. Software included for
A/D conversion by successive approximation and track-

ing. Sockets included.

ADA/1 1 analog output  $145.00 kit

ADA/2 2 analog outputs $195.00 kit $255.00 assd.

Al prices and specilicalions subject to change withoul nolice. Prices are USA only.

Cali. residents add 6% sales tax. Add 5% shipping. handling. and

POLYMORPHIC SYSTEMS

737 S. Kellogg, Goleta, CA 93017 [805] 967-2351

BankAmericard and Master Charge Accepted
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Cunnems to standard TV monitor (or modified receiver)
to display 16 lines of 64 or 32 characters in a 7 x 9
matrix. Character set includes 128 upper and lower case
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handy kits,
precision

instruments,
technical
supplies.

Our 23rd year of service to.the World’s

finest craftsmen and technicians.
A carefully selected and tested assortment
of unique, hard-to-find tools, clever
gadgets, precision instruments, bargain
kits. One-stop shopping for the technician,
craftsman, hobbyist, lab specialist,
productien supervisor. Many fools and
measuring instruments available nowhere
else. One of the most unusual and complete
tool catalegs anywhere. Get your copy of
the NC FLASHER foday.
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