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Raffrarinets Comraty

Temees;_ahnut_a_IeaenL

In 1974, needina real-world data with which to test computer
methods for automatic recosnition of three-dimensional obJects,
Allan Newell chose an evervday obJect, a tearot from his Kitchen.
ther sketchina several views of the vessel, Newell selected
several dozen roints, measured their locations on the drawinas,

and entered their coordinates to aPpProximate the tearot’s share.

Other computer ararhic researchers soon besan to borrow this set
of data, usually to test their own surface-renderina procedures.
During the late 1970’s it seemed that no one could Publish a
rparer on 3-D shaded computer ararhics without illustrating it
with an oblisatory tearot, made shiny, dull, metallic, textured

or spotted with reflections.

To vour leFY, a cabinet houses Newell’s orisinal ceramic tearot
itself, il¥t§inated by three sets of colored lishts in a
miniature stase set. Each liaht source’s color is controlled by
a correspondina dial on the control Panel in front of vou. On
vour risht is a color monitor uron which an Adase 3000 disrlay
Acontroller renders  Newell’s origsinal data describins the tearot

as a smoothly shaded imagse, with simulated colored illumination.

You are invited to experiment with lishtins both the tearot and



its computer simulation: Select one of seven colors for any of
the three liasht sources by rotatina its dial on the control panel
to thg hue vou want to use. Then press the button marKed
“RENDER" to cause the compPuter to simulate the lishtins condition
vyou have Just created, redrawins the imase with approprriate

coloration and hishlishtina.

The demonstration illustrates some of the rotential of compPuter .
ararhics as a tool for simulating the lishtina of theater and

Vs vatl ]
motion Picture sets, which normalf@ entails very labor-intensive
and time—consuming experimentation. Even with this simpPle set of

three lisht sources, each carable of displavyina a sinsle

intensity of seven colors (or turned off entirely)., there—-are 512

age
different lishtins ePPectiﬂPossible.

(other(eFFeoté\Possible: rotation; texture marPins: transrarency:

bumPp mapping’? variations in specularity:; bacKdrors)

Credits.

TeaPott. donation of Allan Newell, 1984.

Tearot Data; donation of James Blinn., JPL., 18984.

Display Hardware; Adaase 3010 disrplay controller and color
monitor donated by Adase, Inc., Billerica, Mass.

Software; F88 and Solid 3000 software racKases donated by

Adase, Inc.

Software impPlementation; Allan SadosKi, Maynard, Mass.



Computer—animated Holosvrarhic Maer, 1978

"American Grarh Fleeting" is a comPuter—generated animation of 18
decades of porulation srowth and chanse of the United States. It
may be the first animated map to be rroduced as a holosram. To
senerate the imases, census counts of ropulation by county were
marred as surfaces, with their heisht proportional to porpulation
density. One surface was computed for each vear durina the period
1790 to 1970; this set of 181 mars was shot as a 16-millimeter film
animation, which was then optically transformed into an assemblase
of minute holosrams. Each of the'I;OOO frames in the 45-second
sequence occuries a thin vertical strip on the holosram mounted
inside the plastic cvclinder. This "multirlexed" or "intearal"
holoaram format, invented by Dr. Sterhen Benton of Polaroid, can be
used to exhibit any film cliP without the need for laser lisht to

display its contents.

Produced by Geoffrey Dutton, Laboratory for Computer Grarhics and

Gratial Analyvsis, Harvard Universitvy. Museum rurchase.
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Uron enterina The Tomeuter Museum, vou walked throush \ﬁéé?&ﬂ
ANIEQFI%uacuum~tube comPputer, built for the U.S. Air Force

M wWon
—hetusen 1958 and 1962.R Desizned for real—-time air defen (S,k}E\
c@ivmand arh=rFoR-ranl /ihe Gemi Automatic Ground 1mentf>or

SRR oomputerlseatured the first operational use of interactive

computer ararhics. Each af~the—tseuan) SAGE 51tes<mhrn©§/ned bt

N

&V \,r\wﬂ—~.~,¢v\) éontrﬂn of North American airspace. From their

consoles the SAGE oPerators could identify and follow all
L .

aireraft within their REPYFEW, uythfx\y”ﬁrmuﬁ\&P/\PFert”a
‘ —(f%s( e PNo etd % \/\:{ UVM I%Q‘V& M
without the—need for tv¥Fina. hnﬁSaQ%p\no Kevboards-were—inetuaded

i-r—the—6AGE—eomsDlesy all interaction was throush Pointina at

PNt v
information on the conseledisplays and setting switches. The

interactivity and resolution of this workstation remained

unmatched by commercial ararhics systems until the early 1970’s.

-~ ~,
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\AO £45 7
&NKK&N SAGE_Cathonde Ray_ Tube. Hushes_ _Charactron_ (18582) +D

Each SAGE site had several dozen orPevator’s consoles displavina
data on 20-inch cathode ray tubes (CRTs) liKe the unit shown
here. Operators viewed line drawinsé of coastlines and radar
blirs coverina their sectors of airsrace. Information about

aircraft and their fliaht paths could be called up by Pointing to



a blip with a lisht sun and flirping switches to indicate the
type of Information desired, such as aircraft identifiers,

compass headinas, velocities and destinations.

SAGE_Lisht_ Gun. IBM._(183582)

This input device was used by SAGE console orPerators to interact
——~

with radar data. - It is one of the earliest uses of the lisht pPen

J
- "Wy » A (S\(\
~ 30 ERIPID-t oaPhi =

and MITs—TH-O0—computer). The active portion is simply a tube

containina a Photosensitive element mounted behind a lens.
Pointing the aun at awx sPot of liaht on the screen and pPressinag
its trigser caused the device to senerate a pPulse; the prosram
monitorina the lisht sun would then looK ur the current J\Apd/™
Pposition of the beam on the éﬁigwav. By matchina this location

to one in the list of coordinates currently beina displaved, the

computer could identify the obJect selected by the arerator.



As of 1ofs]e4

Computer Graphics Technology

Computers need special input devices to take in
postional information, and special output devices,
capable of rendering points, lines, color and shading
in order to draw images. Some of the many unique input
and output devices invented over the past twenty-five

years are displayed here.



SAGE Graphics

Upon entering The Computer Museum, you walked through
the AN/FSQ 7 (SAGE air defense system) computer. This
machine represents a milestone in the use of interactive
computer graphics. From their consoles the SAGE
operators could identify and follow all aircraft within
their region through pointing at information on the
screens and setting switches, with no need for typing
commands. The interactivity, resolution and reliability
of the 1958 SAGE system remained unmatched by all but a

few commercial graphics systems until well into the

1970's.



SAGE Cathode Ray Tube, Hughes Charactron, c. 1958

Each SAGE operator console displayed data on a 20-inch
cathode ray tube (CRT) like the one displayed here.

On their screens operators viewed continuously updated
radar blips of planes on a regional map. Information
about aircraft and their flight paths could be called up
by pointing to a blip with a 1Tight gun and setting
switches to indicate the type of information desired,
such as flight identifiers, compass headings, velocities

and destinations.

SAGE Light Gun, IBM, 1958

This input device was used by console operators to
select aircraft displayed on their screens -- one of the
earliest uses of the light pen. Its active portion is a
tube containing a photosensitive element mounted behind
a lens. Pointing the gun at a spot of light on the
screen and pressing its trigger caused the device to
generate a pulse; the program monitoring the 1light gun
would then look up the current position of the beam on
the screen. By matching this location to one in the

list of coordinates currently being displayed, the



computer could identify the object selected by the

operator.



Storage Tube Oscilloscope, Tektronix Model 564, 1955

An oscilloscope is an electronic instrument which
displays electrical signals graphically. The Tektronix
564 was the first oscilloscope to incorporate a display
that could freeze rapidly changing waveforms on the
screen, the direct view storage tube (DVST). Images are
stored as patterns of electrical charges on a metal grid
behind the face of the tube. The screen itself thus

remembers the image -- no external memory is required.

Here the Model 564 is displaying sound signals being
generated by the microphone in front of you. Speak or
whistle into the microphone to create waveforms on the

screen.



Sectioned Direct View Storage Tube, Tektronix

The Tektronix Model 564 storage tube became the basis
for a generation of vector display terminals, such as
the ARDS terminal and the Tektronix 4000 series of
terminals. Like a mechanical pen plotter, a DVST draws
points or lines, leaving a trace of light on the face of
the tube wherever the beam has drawn. The screen itself
remembers the traces, without requiring the computer to
redraw them. To erase an image, the screen is flooded
with electrons; this causes a brief but bright flash of
green light, followed by a pause of a second or so as
the screen stabilizes. Although a DVST can draw fast
enough to create the illusion of movement, the "green
flash" effect when erasing the screen makes it

unsuitable for dynamic displays.



Plasma Display Panel, IBM, 1984

Plasma displays are light-emitting raster display
screens, as are video cathode ray tubes (CRT's).

Unlike CRTs, however, they are true flat panel
displays. Lightweight, thin and rugged, plasma panels
are suitable for use in vehicles and portable
computers. They contain a transparent plate etched
with a fine grid of holes, sandwiched between a pair of
transparent layers. The holes in the grid are filled
with low pressure gas, which emits points of light when
activated by electrical impulses directed at them
through a grid of fine wires. Once lit, a cell remains
glowing until it is deliberately extinguished. Each
cell in a plasma display, therefore, can "remember" its
(on or off) state, like the screen of a storage tube.
Unlike storage tubes, however, plasma panels can be

selectively erased, pixel by pixel.



Drawing Vectors

To locate the positions of points and lines, display
devices divide their screens into a fine grid of
squares, like invisible graph paper. One corner of the
grid is called the Origin, and has the coordinate
position of (0,0). The opposite corner marks the
horizontal and vertical limits, and typically might
have coordinates of (1024,780). One draws lines
(vectors) by sending the device their endpoints, as a
list of number pairs in the order in which the lines
are to be traced. This is somewhat like communicating
instructions for a connect-the-dots game over the

telephone.

You can get a feel for drawing shapes using pairs of
coordinates by simulating the process on this
Etch-a-sketch tablet. The left-hand knob controls
horizontal movement, the right-hand knob vertical. To
draw in those four directions is simple, but to draw
diagonally requires considerable coordination. Vector
display devices do so by varying the relative speeds of
horizontal and vertical motion according to the angle

at which they are drawing.



Input Device Text: by GHD 9/26/84 0S: KS: GD:

Input of Graphic Data

Computers can build up graphic images by combining simple
objects such as cubes, spheres and cylinders into more
complex shapes. Most real objects, however, are too
irregular to be convicingly described this way. To
capture their shape, they or drawings of them must be
traced by hand, yielding points, lines and areas in the
form of numerical coordinates. This process is known as

digitizing., A variety of devices for the input of vector

data are displayed here. In general, they measure
distances down and across a flat surface (although several
work in three dimensions), generating a series of
coordinate pairs as one traces drawings or objects. Not
shown here are devices which digitize images in raster
form, such as video cameras. You can see one in action at

the "Anatomy of an Image" exhibit by the gallery entrance.



Light Pen, Interactive Computer Products, 1984

Light pens are used to locate, draw and move objects
displayed on video terminals. Working on the same
principal as the SAGE Light Gun, they are one of the
simplest input devices. They are also one of the most
interactive; graphic feedback is usually immediate, and in
the same location that one is pointing. Light pens allow
freehand drawing, as demonstrated originally by
Sutherland's seminal "Sketchpad" system created on MIT's

TX-2 computer in 1962.

Donated by Interactive Computer Products, Inc.



Rand Tablet and Stylus, Rand Corporation, 1962

The Rand Tablet was one of the first devices for the input
of freehand drawings. Its pen-like stylus sensed pulses
of electricity coursing through the tablet's fine grid of
conductors, fixing a position within one one-hundreth of
an inch across the tablet's 1l-inch square surface. The
user could enter lines or positions by pointing and

enter their coordinates by pressing down on the stylus.

Donated by the Rand Corporation, 1984.



BitPad One, Summagraphics Corporation, c. 1975

The digitizing tablet became a common component in
interactive computer graphic systems during the 1970's.
The Bit Pad One by Summagraphics is representative of the
range of page-sized tablets used in many graphic
workstations and as accessories to microcomputer systems.
It is capable of distinguishing points as close as two

thousandth of an inch apart across its 1ll-inch surface.

Donated by Summagraphics Corporation



Transparent Digitizing Tablet, Scriptel Corporation, 1984

Rather than reading out locations from a grid of wires,
this digitizer measures resistance across a conductive
layer deposited on glass, producing a totally transparent
digitizing surface. Transparency lets users place artwork
or menus under the tablet, protected from being torn or
stained. The tablet can also be laminated onto the
display screen of an interactive workstation, or backed
with frosted glass onto which slides can be projected for

tracing.

Donated by Scritpel Corporation, 1984.



“Intelligent" Digitizing Cursor, Altek Corporation, 1982

The manual digitization of artwork such as electical
schematics, mechanical drawings and maps is exacting,
error-prone work. This Altek Apache scanning cursor was
the first digitizer cursor capable of correcting for small
errors in tracing lines. Its one-tenth inch "bullseye"
contains a photosensitive array which senses the edges of
lines being followed. The operator only has to keep the
bullseye on the line being followed, and the cursor's
electronics can compute the center of the line to an
accuracy of two thousandths of an inch. This enables most
operators to use the full accuracy of their digitizers,

generate fewer serious errors and suffer much less

fatigue.

Donated by Altek Corporation, 1984.



Crystal Globe, MIT TX-0 Computer, 1963

In 1963, MIT's Electronic Systems Laboratory created a
graphic display system, nicknamed "Kluge". This was

the first interactive graphics workstation, one which
allowed both input and output of geometric information.
This "crystal globe" was the input device -- an early
prototype of what has come to be called a joystick
control. Instead of moving a lever, however, the user
grasped a clear plastic hemisphere, pushing and rotating
it. Like a joystick, its main use was to indicate
directions and rates of movement; this permitted users to
move objects around on the TX-0 display, and to orient

them in three dimensions.

Twisting the ball activated different switches organized
in three groups of four, one group for each axis of
rotation. Seven different positions could be sensed along

each axis, allowing 343 unique positions to be encoded.

Donated by John Ward, Massachusetts Institute of

Technology.



Space Tablet, Micro Control Systems, c. 1980

As Computer-aided Design (CAD) techniques became prevalent
in mechanical engineering, the need to digitize the

shapes of 3-dimensional objects became commonplace.
Digitizing even a small mechanical part is difficult if
the input device can record only 2 dimensions at a time.
This instrument uses one of several approaches to
measuring the shape of small objects. Each joint of the
digitizer's arm houses a high-precision potentiometer
which senses the angle between the arms meeting there.
Knowing these angles, the lengths of its arms and a little
trigonometry, the Space Tablet can calculate the
3-Dimensional coordinates of the tip of its stylus, and

send this information to the computer.

Donated by Micro Control Systems, Inc., 1984



