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Picture_Window

Few locations offer such a dramatic vista of downtown Boston as
Museum MWharf, several hundred vards across Fort Point Channel
from the heart of the citvy. This urban panorama is a focal point
for the Computer Imase sallery. Even the technical wizardry
brousht tosether here can hardly urpstase the masnificent imase
you see throush our pPicture window.

Still, a numbeyr of individuals have felt challenzed to see what
they can maKe of this scene using their electronic arts. They
have produced four intrepretations, each carpturina. processins,
abstracting and disrplaving the scene’s visual data in distinctly
different wavs. Each of these stvylized presentations has a
different aerproach to describing the forms bevond the window,
their structure, their liahtina and their proJections into our
awareness.

From risht to left our Picture Window wall harbors four
illusions:

1. To show what it taKes for a compPuter to caPture a sceney
and how it deals with an imase’s qualities accordins to
its quantities, a MasscomP XXX system continuously
Processes the view as recorded by the video camera
mounted in the window. You can switch filters and
combine different versions of the ima=se to et a sense of
some of the wavys in which disital imases behave.

2. The next display to the right animates the imase. taKina
it one ster closer to fantasy. throush the video artistry
of Dean WinKler and . « They shot the Panorama on
videotare from ator the museum, and from their studio has
emersed a visualization blendina video and disital
techniques.

3. A portfolio of polysons pours forth from the
Pen Plotter to the left of the window, all filled with
patterns symbolizina aspects of the visual losic of the
Curator Geoffrey Dutton created the demonstration, based
on a photoararh by Karin Rosenthal. Performance by
Hewlett—-Packard’s plotter and HP1i5S0 professional
compPuter.

4, To prove that we Know that the real world outside the
aallery has more than two dimensions, a weishtless tour
tour throuah some of our neishborhood’s coordinates has’
been put tosether by Bruce Forbes of Juna Brannen
architectural firm. The 3-D database was constructed and
rendered by a ComPutervision architectural CAD svstem.
and videotared off its displavy.
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Instructions for Restarting the IBM Plasma Demo

Geoffrey Dutton
The Camputer Museum
20 November 1984

The orange plasma display in the Camputer Graphics Technology
section of the Image gallery is entirely self-contained and
self-booting. However, it will not came up on its own should power
be interrupted. The way to get it going again is simple but
samewhat arduous. By the numbers:

1. Get the IBM keyboard fram the back room;

2,
3.

4.
5.
6.
7.

11.

Unlock the glass case if it is locked (kKey in back roam);
Pick up the plasma panel (very heavy) and put it next to
the PC/XT unit. Don't crush the cables.

Pick up the PC/XT very gently and put it on the floor;

there should be enough cable to reach. If not, extract
same fraom the hole it cames through.

Place the plasma panel on the camputer;

Plug in the keyboard to the back of the PC if you haven't
done so already.

Using the cable hole as a handle, lift up the formica

panel on the bottam of the case. This may take a bit of
wrestling —— it fits tight. You should be able to free the
front so that you can lift it about 10 inches in front.
Inside the base of the case is a 4-outlet junction box with
a light switch attached. Turn the switch off, then on.

The floppy disk light will shortly flash, then the hard
disk light. Within a minute the screen should come to life.
If this does not work, repeat step 8 once again.

Once the display begins, replace the formica panel in its
slot and lift camputer nd display (together if you can)

back where it was. It should angle out toward the corridor.
Slide the glass panel closed and lock it, returning the key.

Should this fail, sameone may have to attach a conventional
monochrame monitor to the PC/XT to see what is going on. It has
been quite reliable so far; keep your fingers crossed.



Outline Proposal for a Gallery

THE COMPUTER IMAGE
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Notes

1. The story line is not gallé%y text but the gist of the
message, ‘

2. The material column is not complete but aims to give
some idea of how one might get ideas over, where the
3D objects are likely to be and how many ‘'specials®
in software or hardware might be needed.

3. The 'Images' section might well be integrated into
aporopriate places within the remaining sections.
The entire proposal should be regarded as fluid, or
as an invitation for criticism. Perhaps the art
section does not fit in. Perhaps the historical
part should also be integrated into the rest or
become larger.

4. Design wmoints: Interactive items should have space
for people to watch each other

An art section might need setting apart

Windows are useful sources of raw images

5. Working exhibits require large resources to develop
and maintain compared to static ones. They tend to
be very popular. How many such items can be develegped
depends on the museum's ‘resources as well as, of course,
how many are deemed desirable. The number of 3D objects
depends on how much collecting can be done as well as
on what would be relevant.

6. In general exhibits should appeal on several levels-
the expert should not feel that information is sparse,
the superficially interested person shauld not be put
off by dry text blocks. Most items listed here could
be presented in this way. The appeal of the displays
will be known to people who have been to computer
graphics conferences and shows. But there should be
a coherent point of view (slant?) throughout the
gallery.



Section

Story Line

Material

beginnings

images

displaying
an image

storing
an image

inputing
an image

When comvouters reached a cert-
ain size and power, images
could be made.

Link up with 4 generations
story and give feel for

1950*s context.

An image is an illusion. Its
'realism' depends on spatial,
contrast and colour resolution.
(not talking about art here)

To display an image electrons
and phosphors, light and film,
and ink and paper are used.

A picture is much more than

a thousand words. But it is
made of 'words'. Tape, video
disk, RAM are convenmient for
computers to read. (the image
is for the human eye)

Input of &n image needs conv-
ersion to suit the machine

and a convenient interface,
Lines input by touch, pressure,
pens.

Machine vision will depend on
television cameras

films - TX-0 sketchpad

objects : PDP 1 and
spacewar
pioneering efforts
first vector tube?
B & S prototypes?

large dissected image
user—-controlled pixella-
tion of Mona Lisa?
vector version?

exposed CRT and vector
machines and plotters

running interactive
programs in which user
makes each plot images
via intermediate stage
showing the process
holograms?

model of section of video
disk - put finger into pi
model of tape FeO element
model of part of RAM?
each next to real thing
get feel for storing
property.

touch-sensitive screen
tablet

mouse

digitiser

TV camera

all interactive, via
program which reveals
process whereby inform-
ation gets in.



fantasy.

Section Story Line Material
images cont.
movement A sequence of similar images interactive control
creates the cinematographic over frame rate
illusion. It takes time to simple animation
generate images so they are
strung together by time-lapse
photography.
anipulating
n image
enhancing Images, photographic or electront interactive control
ically produced can be altered of TV image of down-
contrast to reveal structure -not other- town Boston out the
colour wise visible. Usually it is window: first alter
deblurr known what is'wrong'with the econtrast, colour,
HSI picture. It takes number- filter in abstract
filter crunching to correct it. and then apply to image
separat- maybe best on video taE
ion
non-interactive
before/after:
Landsat
~astronomical
multilayer paintings
forensic
manuscipts
- creating Once inside a computer, images video tape or inter-
effects can be transformed to suit our active manipulation

of view out of window
showing geometric
distorsions, scene
spinning ...



- Section

-3 -

Story Line

Material

synthesising an
.mage from scratcH

the quest for
photogravhic
realism

To see things that never existed
as if they were real the eye has

to be supplied with cues:
perspective, lighting, colour,
near objects obscuring far ob-
jects., Why is it so difficult
to approach the photograph?
What is it for?

4

Entertainment and advertising
apvear to have replaced war
as the driving engine for
reallistic computer graphics.

interactive synthesis
of down-town Boston
view out the window.
showing different level:
~polygons
-texture
-~hidden line and
surfac:
-lighting
-reflections and
transmission

maybe prepared video

or random access series
of frames if full
interactive control”
not possible

m .
copare with real
inverted image from
a fast lens at window

'reallistic' examples
eg Blinn
Whitted

cinema showing Loren
Carpenter, Nelson Max
end others

excerpts from Tron?
always some explanation
of how and what was don:

advertising films

video arcade game
exposed and running
in slowed mode?



Section

-4 -

Story Line

Material

synthesising an
image from screatch
cont,

fleshing
out
ideas

How do materials or artifacts
behave in circumstances so
extreme that they cannot be
reproduced?What does a topolog-
ically interesting surface look
like? How do genes get express-
ed?

What will a house look like
and where should it go?

Which design looks right, fits
best?

What are the consequences of a
business decision?

]

Computer-synthesised images can
lead our imaginations into new
domains.

Real time simulation allows us
to develop skills by practice.
There is a continuum between
'serious learning' (flight
simulator) and 'fun' (video
game ),

films and stills:
science: space simuln.
molecular
biology
topology
particle
physics
galaxy models

technology: materials
deformation
weapons

arhitectural simulation

CAD: one interactive .
example (Ontario?’

motor industry
computer architect
rug design ure
chip layout
Chips&Changes
material

examvles of CAD product
s

graphical visicalce
representation of data

maximise feel for
playing with possibili-
ties
while revealing just
what computer is doing

flight simulator film
video game film



-5 -
Section Story Line Material
images from
scratch cont.
art "de gustibus non disputandum est" ?bhen. Resch a?d others
- international
% -at least probably not here. quotes by artists

technical notes

a more ‘artistic!
approach here

END




Computer Grarhics Technoloay

Most seneral-PurrPose compPuters can store and manirulate
ararhic and imase data. Yet, even the most powerful
comPuter cannot visually communicate information unless
equirped with appropriate input and display devices.
Srpecial input devices are needed to enter postional
information into a compruter: sPecial outrut devices,
carable of vrenderins pPoints, lines, color and shadins
are needed to draw imases. The obJdects displaved here
are a samprling of the many unique inPut and outrput
devices invented over the past twenty—-Ffive vears. As
diverse as these devices may arpear, they rerform a
limited number of Ffunctions and use a limited number of

strateaies to accomplish them.

This chart summarizes computer ararhics technolosv
accovrdina to the functions the devices serve and the
strateaies used to create srarhic images. Its mador

categories are.

FUNCTIONS Tasks to be rerformed
InPut Entry of srarhic data, sestures and commands
Display Screen output of drawings and images

Hardcopy Tangible outpPut vyou can walkK away with



STRATEGIES.: Warys of orzanizina information

Raster Scannina (inPut) or Paintina (outeput),
such as video or photosrarhic imases
Vector Tracing (input) or pPlotting (outpPut),
such as mechanical drawings or contour mars
Refresh Continuous reseneration of a screen imase;
the comPuter must remember the Picture
Storase Once-anly ecreation of a secreen imase;

the screen itself remembers the pPicture

These distinctions are fundamental, at least for current
technoloay: however, new devices which combine more than one
strateay and function aPppPear almost daily. To understand

what they can do and how they do it, it helps one to be

familiar with the lanauaze. concerts and pPrincirples

underlvinag compPuter srarhics technolosy.



List of Display Devices

NAME TYPE DIMENSIONS STATUS
SAGE Tube Crt 20%d x 40"1] At CM
SAGE Lisht aun input 5"l x 4"h x 2"w At CM
Sectioned Tek CRT 20"1 X S"h x 4%w At CM.: Gift of

Textronix., Inec
Tek 564 Score 24"1 x 14"w x 18"h At CM: Gift of

Textronix, Inc

Calcomp 565 Plotter 18"w x 10"h x 18"d Promised

Plasma panel displavy 16 x 16 x 2 7?77 IBM?

LCD panel Display 16 x 16 x 2 7?77 Kalals

Shadow masK tube CRT 15 x 13 x 18 7?7 NEC??7?

MCS 3d dia. Input 1i4"w x 16"1 x 10"h At CM: Gift of Micro

Control Systems, Inc

on 9/7/84
Summa bitead InpPut 12"w x 12"1 X 2"h Prrobable
Numonics dia. InpPut ? Probable
Rand Stylus InPut 6"w x 4"h x 2"1 At CM
Mouse 7 InpPut 2 x 3 x 4 ??? ?
Tek Jovstick InPut 3 x 4 x 3 7?77 requested
Liaht pren InPut 6"1 x .5"d ? requested
Crystal Ball TX-0 InpPut 6"d x 8"h At CM

Transparent tablet Input 14 x 14 x 14777 To be donated by



Seriptel Core. in

October
Intell. dia cursor Input 4 x 3 x 2 7??? Altek may send
Etch—a-sKetch WorKina 8%w x 10"1 x 2%"h Bousht for $9.28 on
9/12/84

In addition there will be an unKnown number of
Photoararhs and line drawinas of devices too bis or too
hard to set. If any of the above items fail to
materialize, a Photo of one can be installed in pPlace of
the artifact itself. In seneral, inpPut and outrPut
devices are in separate sections (excert for the SAGE

light gun, next to the SAGE CRT.



SAGE Grarhics

Uron entering The Computer Museum. vou walked by a larse
vacuum tube comPuters’ built for the U.85. Air Force
between 1958 and 1962, the Semi-Automatic Ground
Envivonment (SAGE) compPuter was designed for air defense
command and control. and rePrresents a milestone in the
use of interactive compPuter 2rarhics. Each S5AGE site
Kert watch over a part of North American airsrace. From
their consoles the S5AGE orerators could identify and
follow all aircraft within their resgion, with no need
for tyPina commands. Indeed, their consoles had no
kKevboards: all interaction was throuzsh pPointing at
information on the screens and settins switches. The
interactivity, vesolution and reliability of the SAGE
system remained unmatched by all but a few commercial

ararhics svystems until well into the 1870’s.

SAGE Cathode Ray Tube, Hushes Charactron (18587)

Each SAGE site had several dozen orevator’s consoles
displaving data on 20-inch cathode ray tubes (CRTs) like
the one displaved here. Orerators viewed line drawinss

of coastlines and radar blieps of planes which was



continually updated on their console screens.
Information about aircraft and their flisht paths could
be called up by Pointing to a blir with a light sun and
setting switches to indicate the tvyre of information
desiredy such as aircraft identifiers, comrpass headinss.

velocities and destinations.

SAGE Liaht Gun, IBM (1893587)

This inPut device was used by console orerators to
interact with the SAGE system —— one of the earliest
uses of the lisht pen. Its active porvrtion is a tube
containing a Photosensitive element mounted behind a
lens. Pointina the sun at a srot of lisht on the screen

and pressing its trisser caused the device to senerate a
Pulse; the pProgsram monitoring the lisht sun would then
looK up the curvrent Position of the beam on the screen.
By matching this location to one in the list of
coordinates currently beina displaved, the computer

could identify the obJect selected by the operator.



Storase Tube Oscilloscore, TeKtronix model S64 (1977)

An oscilloscore is an electronic instrument which
ararhically displays the oscillations of electrical
signals fed into it. Up until the advent of the direct
view storacse tube (DVUST), users of oscilloscores had
difficulty in observina raridly chansins waveforms. The
DUST allowed technicians to freeze a waveform on the
sereenr enablina a more accurate presentation of its
details. DUST technolozy was adarted to
compPuter—controlled disrplavys startins around 1869, and
remained the predominent and most economical interactive
display technolosy throushout the 1970’s. While the
size, speed, accuracy and brishtness of DVST disrplavs
have been improved over the vears, they continue to use

the basic technoloay develorped for the Model S5G4.

Here the Model 564 is displaving audio siasnals beins
generated by the microphone in front of vou. Change the
pitch and volume of vour voice as vou spPeaK into the

microrhone to share the waveforms on the screen.

Sectioned Direct View Storase Tube, TeKtronix. 1977

This Direct view storaae tube (DUST) is derived from the



one develored for the TeKtronix Model 564 Oscilloscore.
and used in subseauent senerations of vector display
terminals, such as the ARDS terminal and the TeKtronix
4000 series of terminals. LiKe a mechanical pen
Pplotter, DVUST’s draw pPoints or line sesments with
arbitrary pPositions, orientations and sizes, leavins a
trace of lisht on the face of the tube wherever the beam
has drawn. The screen itself remembers the traces.
without requiring the compPuter to redraw them. To erase
an imase, the screen is flooded with electrons; this
causes a brief but briaht flash of sreen lisht, followed
by a pause of a second or so as the screen stabilizes.
Althouah a DVST can draw fast enoush to create the
illusion of movement, the "areen flash" effect when
erasinga the screen makes the display unsuitable for

sgreen animations.



Plasma Display Panel, IBM, 19xx

Plasma displavs are lisht-emitting raster disrlay
sereens, as are video cathode ray tubes. UnliKe CRTs.,
hoever, they are true flat panel displavs.

Lightweisht, thin and ruszsed, Plasma Panels are
suitable for use in vehicles and rportable comPuters.
They contain a transparent plate etched with a fine
arid of holes, sandwiched between a rPair of transparent
lavers. The holes in the srid are filled with low
PTessure s2as, which emits Points of lisht when
activated by electrical impPulses directed at them
through a grid of fine wires. Once lit, a cell remains
glowing until it is deliberately extinasuished. Each
cell in a plasma disrlay, therefore, can "remember® its
(on or off) state, liKe the screen of a DVUST. UnlikKke
storagse tubes,. however. pPlasma panels can be
selectively evrased, pPixel by Pixel. Plasma screens are
still fairly costly, and cannot render fine detail as
well as CRTs, but theivr costs are cominag down, size is

aoing up and multicolor displavys may soon be available.
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Computer ararhics is almost alwavs used to reprresent data

of one sort or another. Sometimes asrarhic data can be

gsenerated by evaluation of mathematical formulas (some

simulation svstems do this); usually, however, imases or
measurements must be made to record the shares of 2-R and

3-D obJects. Fhe-aet—of—entering %r‘aphic data as eleced it & Compier

deseribing the position of Points 4o be drawh: TThis proc RS
ial coovd nateﬂ\is called digitizina. LiKe

asa"az\'efb
data display, srarhic digitizing can be rerformed either
in vector or raster mode. To illustrate the areat variety
of ararhic inrPut devices that have been develored, a
modest samplins of disitizers has been assembled here.
All of them are used to entevr vector data. To see
raster—-mode digitizing in action, visit the "Anatomy Qf an

Image" exhibit near the entrance to the sallervy.
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nd Tablet Stylus; Rand Corporation, 19862

One of the earliest freehand inPput devices, the Rand

Tablet was develorped at the Rand Coreporation in 19682. The

10-inch sauare unit was carable of discernina locations at

an accuracy of 100 points per inch (see photo) .

Electrical pulses are continuously cvcled throush the
UnRes M&\*wig suclace 06 oo dablets

rabdredds printed circuit aridh "The stvylus acauires an

electrostatic charae as the pulses pass by its tigj

3Bensina this charse enables the comPuter to determine the

nearest intersection of the 1000 horizontal and 1000

vertical arid lines. The pren’s stvlus also can activate a

microswitch, allowina its user to select locations to

digitize mevrely by pPositionina the pen and pressing down

. uee@, v
to clicK the stvlus, much like a retractable ball point Q@Z (e,
: O
Pen. Q%a%g
PONHen

Donation of the Rand Corporation. 1984.



BitPad One, Bummasrarhios Corproration, c¢. 1975

)\Z?Gﬁ‘ The digitizina tablet became a common component in

interactive compPuter ararhic systems durina the 1970’s, as
firms liKe AlteKk, GTCO, Summasrarhics and Talos brousht
down the cospﬁ'oF manufacturing accurate and reliable
digitizina tablets. The Bit Pad One by Summasrarhics is
rerresentative of the ranse of Pasg:uj}zed tablets used in

many sararhic worKkstations and as accessories to
peecuchion chowld
ot covx.s_\‘s&n*L
descx(@g&.;i :>().001 (?) inch across its il—-inch worKina surface, and can
Recmmmm
W be Vepre
QS'pdw&§@ﬁﬂ\WWL when its user Presses down on the stvlus.

(row)and cobamh A

microcompPuter systems. It has a momiwad resolution of

se‘§e£~ transmit coordinates either continuously or uron demand,) Lak

Donation by Summa Corrporation, 1984.



W gwﬁﬁ 5w ‘U’tﬂ jwﬂ?
1

Space Tablet., Micro Control Systems, c. 1980

As Computerﬂ@ﬁded Desian (CAD) arew to dominate the
computer araprhics industry, the need to enter share data

~ . .
for three- dimensional obJdects arew more ursent.

MRS
~ 3-DPobject, Such 4 “+© dfals
Digitizing even a smalb‘mechanical Part is diFFicultAiF
2

the inpPut device can record Y only two dimensions at a
time. A number of different 3-D digitizina devices have

been develored; some employ ultrasonic sound reflections

usina sonar Principles: others pProJect a srid onto a solid
Q&:\:\O\(
\)oc . . .
ob.Ject, and Process a stereo Pair of video imases to
\S J(D
\NA‘CaX' comPpute 3-D displacements of the ProJected srid. This
AL
. . . . .,
/xxfgéMTIS instrument uses a simpler approach A hish—-preeisien
\
L,Q Ppotentiometer occuries each of the four Joints of the
j&dfﬁdk 0339 disitizina arm. Rotatina anv one of them chanses its

resistancegﬁfoportiona&ly to the anale of rotation. Given
R this data for each of the Joints, pPlus the lensths of all
the arms, the device can compPute the 3-D position of the
tip of its stylus.

The vyl

Donation of Micro Control Systems, Inc.. 1984
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Space Tablet, Micro Control Systems, c. 1980

As Computerﬁ@ﬁded Desian (CAD) asrew to dominate the
computer araphics industry, the need to entevr share data

., . .
for threetgyxmensxonal objects arew more ursent. vu\

3-Dobject, Such &5 o dk‘u D
Digitizing even a smal%ﬂmechanical Part is diPFicultA1F
yd

the input device can record Y only two dimensions at a
time. A number of different 3-D disitizins devices have
been develored; some employ ultrasonic sound vreflections
using sonar Princirples; others prodJect a arid onto a solid
ob.Ject, and Process a stereo Pair of video imases to
compute 3-D disrlacements of the pProJected srid. This
instrument uses & simpler aPproach: A hish—-preadisien
rotentiometer ocecupries each of the four Jdoints of the
digitizing arm. Rotatins any one of them chanses its

: v
resistanceﬁgroportionp&ﬁy to the ansle of rotation. Given

this data for each of the Joints, pPlus the lenaths of all

the arms, the device can compute the 3-D position of the

tir of its stvlus.

714_ 00¥$W
Donation of Micro Control Systems, Inc.. 1984

(h Phop

/—KN‘ M W4 u O(/w;g JJM\WW Y, C(»(/u Le. 67

f
[rLai b ok o %j é//‘m/au( c.«,;if)/t.:, B OOl 7%

i
b
H

7
i

RN



“This \s i
v\)‘\.\;\wss +v
W Lot oo

@;ofyaWw ?\
Cames & €O shefis

TN N
J7 )

L

cho Clon o £ vad g (4
N AR R o ) "“’tﬁ>

Crystal Ba{jhrIT TX-0 CompPuter, 1963-865

This is an early Prototyre of what has come to be called a
JovstieK control. It has three axes of rotation and can
generate G4 pPossible output states (four encodinss for
each axis). The rotation of cams causes saroups of four
i) microswitches to clicKk on and off at certain points as the
shafts are moved. By sensing the on-off states of the 12
switches, the TX-0 compPuter could approximate the alobe’s

three~dimensional orientation. The Crvstal Ball was used ‘TLG

‘3/@;
to indicate rates of rvrotation or translation of simulated b€ t&¥
e

3-dimensional obJects, rather than as a source of data Phn&g =
describina their shapes. ) <o
q#@g

Donatiomef Massachusetts Institute of Technolosy. 1984
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STRATEGIES

Things to ... FUNCTIONS ... be done

ways of Input Display Hardcopy
Organizing
Information Refresh Storage
tablet stroke crt DYST crt pen plotter
mouse penetration ort | COM plotter film plotter
Vector light pen seqmented lcd turtle
joystick n.c. rnachine
¥idicon carnera | video monitor | plasrna panel Ink Jet
ccd camera shadow mask Dot Matrix
Raster facsimile matrix lod Screen Camera
laser scanner Electrostatic

Phototypesetter




STRATEGIES

Things to ... FUNCTIONS ... be done

ways of Input Display Hardcopy
Organizing
Information Refresh Storage
tablet stroke crt DVST crt pen plotier
mouse penetration crt | COM plotter film plotter
Vector light pen segmented lcd turtle
Jjoystick n.¢. rnachine
vidicon camera | video monitor | plasrna panel Ink Jet
ccd camera shadow mask Dot Matrix
Raster facsimile matrix lcd Screen Camera
laser scanner Electrostatic

Phototypesetter




STRATEGIES

FUNCTIONS

input

Display

Hardcopy

Refresh Storage

Vector

Raster
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FUNCTIONS

ways of Input Display Hardcopy
Organmizing
information Refresh Storage
tablet stroke ort DVET crt pen plotter
mouse penetration ort | COM plotter film plotter
Vector tight pen segmented lod turtle
joystick n.c. machine
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Temeest_about_a_Teapaot

In 1974, needina real-world data with which to test compPuter
methods for automatic recosnition of three-dimensional obJdects.,
Allan Newell chose an evervdavy obJect, a tearot from his Kitchen.
After sKetchina several views of the vessel, Newell selected
several dozen Points, measured their locations on the drawinas.,

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

Other computer ararhic researchers soon besan to borrow this set
of data, usually {o test their own surface-rendering Pprocedures.
Durina the late 1970‘s it seemed that no one could pPublish 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 left, a cabinet houses Newell’s orisinal ceramic tearot
itself., illuminated by three sets of colored lishts in a
miniature stase set. Each lisht source’s color is controlled by
a correspondina dial on the control panel in front of vou. On
your risht is a color monitor uron which an Adase 3000 display
.controller renders  Newell’s orisinal data describina the tearot

as a smoothly shaded imase, 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 lisht sources by rotating its dial on the control Panel
to the hue vou want to use. Then pPress the button marKed
“"RENDER" to cause the computer to simulate the lishtins condition
vyou have .Just created, vredrawina the imase with appProprriate

coloration and hishlishtina.

The demonstration illustrates some of the rotential of compPuter
ararhics as a tool for simulatina the lishtina of theater and
motion Picture sets, which normally entails very labor-intensive
and time-consuming experimentation. Even with this simple set of
three lisht sources., each carable of displavina a sinale

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

different lishting effects pPossible.

(other effeocts Possible: rotation: texture marPPing; transParency:r

bump marpPing; variations in srpecularity; bacKdrors)

Credits.

TeaPot:. donation of Allan Newell. 1984.

Tearot Data; donation of James Blinn, JPL. 1884.

Display Hardwarey Adase 3010 disrlay controller and color
monitor donated by Adase, Inc., Billerica, Mass.

Software; F88 and Solid 3000 software rpacKases donated by

Adase, Inc.

Software implementations Allan SadosKi, Mavynard. Mass.

(ST



"A Window full of Polygons"

A number of panoramic views of downtown Boston greet visitors as
they go through The Computer Museum. The one seen from The
Computer and the Image Gallery is in fact a starting point for
several videos and demonstrations there. One of them, known as
"A Windowful of Polygons", features a large pen plotter which
continuously draws the view from the gallery as a suite of
variations in four colors. As visitors look on, the plotter
picks up a fiber-tipped pen from a rotating carousel, using it
to outline and shade one or more features in the scene before
exchanging it for one of a different color. In twenty minutes
the drawing is complete, annotated with the museum's logo, a
title, sequence number and creation date.

Visitors often ask if there is a TV camera attached to the
plotter to capture the vista. A nearby demonstration does in
fact do this, displaying a live view of the city on a monitor
for visitors to "color in" like a coloring book. "A Windowful
of Polygons", however, has no eyes and is not interactive. Its
drawings are based on data derived from a photograph taken from
the gallery in July, 1984, a print of which is displayed next to
the plotter. The photo was hand-traced onto vellum over a light
table, to outline the major features in it, simplifying most of
them in the process. This tracing itself was then traced, but
this time on an electronic digitizing table, using a stylus that
yielded not lines on paper but their coordinates as the contents
of a computer data file.

The digitizing process recorded the coordinate location of each
point where a traced line started, stopped or changed direction.
The lines had been traced so that all of them formed closed
figures, most of them irregular in shape, called polygons by
computer graphics programmers. Being closed figures, polygons
can be "filled" in with lines, patterns or colors, which can be
selected randomly or deliberately to represent properties of the
polygons. The demonstration proceeds to do the latter,
referring to a file of numeric attributes associated with the
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polygons.

Each of the 185 polygons stored in the database represents a
face of a building, part of a street or walkway, body of water,
or a miscellaneous object such as a bench, flagpole, bridge or
the giant milk bottle that stands on Museum Wharf. A number is
recorded in the attribute file to identify the kind of object
the polygon represents. Three other attributes are also encoded
for each polygon: its height, distance from the viewer, and
direction in which it faces. Each attribute has four
categories, represented by the digits 1 through 4; these codes
_control the shading of the polygons.

The program which directs the plotter works with one polygon at
a time, in the order in which they were digitized. It must
decide four aspects of rendering; shading density, color, angle
and whether to use single-direction or crossed shading lines.
For any single drawing, all decisions are made identically for
all the polygons. For example, color can be chosen to represent
the distance from the viewpoint, density to represent surface
orientation, angle to represent height, and line type to.
represent the type of object being drawn. The values of the
attributes dictate the outcomes of these decisions, and the
rules used can be inferred by looking at the patterns on the
finished plot.

There are twenty-four different ways (or permutations) in which
four shading characteristics can be assigned to portray four’
polygon attributes. In due course the program cycles through
all of them, generating 24 different "mappings" of symbolism to
attributes. Not all are equally pleasing, and their esthetics
also depend upon the colors chosen for the pens, and the order
in which they were loaded into the plotter's carousel (which the
program cannot know). The permutation used in a particular plot
is labelled below it; the ninth permutation, for example, is
denoted as 9/24. This "serial number" identifies plots with
identical shading patterns. However, as they may have different
sets of colors, plots with the same serial number may not look
‘the same or be equally attractive.

The demonstration has been tailored to take advantage of some of
the "intelligent" features of the Hewlett-Packard 7586B drafting
plotter. In particular, the plotter itself calculates all
shading lines, based on parameters for their spacing, angle,
color and type. Software embedded in the plotter computes the
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‘beginning and end points of each shading line from the
coordinates of the polygon that contains it. This relieves the
host computer (a Digital Equipment Corporation Vax 11/750) and
software from this highly repetitive task, and probably reduces
the amount of data that must be transmitted to the plotter by at
least an order of magnitude. The lettering is also formed by
the plotter itself, which has several styles of a number of
typefaces stored in its read-only memory. Thus, only the text
of labels -- not the coordinates for their penstrokes -- need be
communicated to the plotter.

The program which controls the plotter is written in the Fortran
language, and was created especially for the demonstration. It
is similar, however, to the type of software frequently used for
drawing "thematic" maps, or maps which portray statistical data
such as population densities or land use. The polygons in this
particular graphic represent an urban scene. It is not hard to
imagine the same scene viewed from directly overhead; this
would eliminate the effects of perspective and transform the
view into a thematic map, one depicting four independent
variables as one graphic ensemble.

Hardware

Hewlett-Packard 7586B 8-pen, 36-inch drafting plotter, donated
by Hewlett-Packard, Inc. DEC Vax 11/750 computer, donated by
Digital Equipment Corporation.

Software

VMS Operating System, donated by Digital Equipment Corporation.
Fortran Compiler, Donated by Digital Equipment Corporation.
Fortran applications programs created by Geoffrey Dutton for The
Computer Museum. DCL operating environment created by Geoffrey
Dutton for The Computer Museum.

Photography

Photograph of downtown Boston created and donated by Karin
Rosenthal, Watertown, MA.
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Input of Grarhic Data

()“O(,f\’;dnS d
Computers can build up ararhic imases by combinins4simple
obJects such as cubes, spheres and cvlinders into more
complex shares. Most real obdects, however, are too
irregular to be convicinaly described this wav. To
carture their share, they or drawingss of them must be
traced by hand. This results in representing Points,
lines and areas as sets of spatial coordinates, a Process
senerally Known as disitizina. A variety of devices for
the inPut of vector data are displaved here. In seneral,
they measure distances down and across a flat surface
(althoush several worK in three dimensions), seneratins a
series of coordinate pairs as one traces drawinss or
obJects. Not shown here are devices which digsitize imases
in raster form, such as video cameras. You can see ohe in

action at the "Anatomy if an Imase" exhibit by the sallery

entrance.



Liaht Pen, Interactive Computer Products, 1984

Light pens are used to locate, draw and move ob.Jects
displavyed on video terminals. Thevy are one of the
simplest, and, due to their mode of use, one of the most
interactive tvypes of ararhic inrput devices (see the

story “"Sase Grarhics", opPrPosite, for details). Because
they must be in contact with the screen of a CRT to work,
lisht pens are not easily used to disitize documents.

They do allow freehand drawinaga, however, as demonstrated
originally by Ivan Sutherland’s seminal "SKetchrad" svystem

created on MIT’s TX-2 computer in 1962.

Donation of Interactive Computer Products, Inc., 1984.



Rand Tablet Stvlus, Rand Coreporation, 19682

The Rand Tablet was one of the first devices for the input
of freehand drawinas. Its Pen-liKe stvlus sensed Pulses
of electricity coursing throush the tablet’s fine arid of
conductors, fixina a rposition within one one—-hundreth of
an inch across the tablet’s 1l-inch sauare surface. The
user could enter lines or positions by Pointins and

enter their coordinates by pPressina down on the stylus.

Donation of the Rand Corporation, 18984.



BitPad One, Summaaraphics Corroration, c. 1975

The disitizina tablet became a common comronent in
interactive compPuter ararhic systems durins the 1970’s.
The Bit Pad One bv Summasrarhics is representative of the
range of pPase-sized tablets used in manvy srarhic
worKstations and as accessories to microcompPuter systems.
It is arpProximately the same size as the Rand Tablet, but
is carable of distinauishins Points as close as one or two

thousandth of an inch arart.

Donation by Summa Covrpovration., 1984.



“Intelligent® Digitizins Cursor, Altek Corporation, 1882

Digitizing documents such as electical schematics.
mechanical drawings and maps is exacting, tiresome workK.
Errors in tracing lines are easily made and may be hard to
detect. This prototyre of AlteK’s Arache scannina cursor
was the first hand-held cursor capable of correctinzs for
small errors in tracing lines. MWithin its one-tenth inch
"hullseve" is an array of Photosensitive elements which
defecks

senses the edaes of lines beins traced. As lons as the
orerator can Keer the bullseve on the line being followed.,
the cursor‘s electronics can compPute the center of the
line to an accuracy of two thousands of an inch. This
enables most disitizer orPerators to use the full accuracy

of their device, gsenerate fewer serious errors and to

suffer much less fatisue.

Donation of AlteK Corporvration, 1984.



Crystal Bal{)MIT TX-0 Computer, 1963-85

This is an early pPrototvre of what has come to be called a
JovsticK control. Instead of movina a lever, however, the
user arasred a plexialass hemisphere which could be pPushed
or rotated in any direction. LiKe a JovsticK, its main
use was to indicate directions and rates of movement,

rather than serving as a drawins instrument: this

rermitted users to move ob.dects around on the TX-0
display, and to orient them in three dimensions. Twistins
the ball activated different switches orsanized in three
arouprs of four, one arour for each axis of rotation.

Seven different Positions could be sensed alons each axis,

lettinag the user specify 343 different pPositions.

Donation of Massachusetts Institute of Technolosy., 1984



Srace Tablet, Micro Control Systems, o. 1980

As CompPuter—aided Desian (CAD) =srew to dominate the
computer svraprhics industry, the need to enter share data
for three—- dimensional obJects arew more ursent.
Digitizing even a small mechanical pPart is difficult if
the input device can record only two dimensions at a time.
To overcome this, a number of different 3-D digitizina
devices have been develorped. this instrument is one of
the simpler aPpProaches to measuring the share of small
obJdects. Each Joint of the digitizer’'s arm houses a
high-pPrecision pPotentiometer. Moving the arm chanses
resistances Prorortionally to the amount of rotation.
Intearating the angle of rotation of each of the Joints
and the lenaths of the arms, the srace tablet can compPute

where its stvlus is located.

Donation of Micro Control Svystems., Inc., 1984
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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



