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A look 
atone small 

company 
that has earned 
an international 

reeutation 
for its 

lase.r displays
uSing a Mac. 

In 1960, Theodore Maiman took a 
two-inch mby rod, ~urrounded it 
with a flash tube and set it off, 
producing a beam of intense mby-red 
light. The laser was born. 

Eight years later, a multi-media art 
collective called Usco was incorporat
ing laser beams into an exhibition at 
the Hudson River Museum. In the 
mid-1970s, a few planetariums experi
mented with laser light shows set to 
music-and a number of rock bands, 
such as The Who and the Blue Oyster 
Cult, followed suit. Today, laser light 
shows, for both entertainment and 
advertising purposes, are a fast
growing industry across the United 
States and througho\lt the world. 

One company that's earned an 
international reputation for its laser 
displays is Image Engineering, a 
small business employing 30 people 
in its modest Cambridge, Mass., 
oftlces. If you were at the unveiling of 
the Statue of Liberty in July 1986, or 
saw the laser shows at the 1984 
Olympics in Los Angeles or the 1988 
Olympics in Seoul, you've seen Image 
Engineering's work. 

The walls of Image Engineering's 
offices are lined with pictures of laser 
displays from Epcot, various super
bowls, and trade shows-all samples 
from the more than 100 shows per 
year that the company produces. 

Upstairs, in a room that houses 
three generations of computers, 
there's a sign on the wall: "Friends 
don't let friends use DOS." The real 
action today, one might infer, is on 
Macintosh computers. And, indeed, 
that is what the company uses. 

But like the light shows that it 
produces, the company's latest 
software program, known as Illteract, 
is like no other program mnning on 
the Mac: Gone is the menu bar with 
its ubiquitous apple, FILE, and EDIT. 
Gone are the pull-down menus. There 
is no way to mn desk accessories or 
programs in the background. And if 
you were using Multi-Fillder, forget it: 
This program disables Apple's multi
tasking operating environment. 

All of this really doesn't matter, 
because if you're running Illteract on a 
Macintosh;you're probably not too 
interested in f10ing anything else 
anyway. The program, in conjunction 
with an expansion cabinet nearly 
three times the size of the computer 

PllOto to left: Laser shaw atthe 1984 
Olympics ill Los Allgeles. Courtesy 
Image Ellgilleerillg. 

itself, turns a Macintosh II into a 
control panel for a sophisticated laser 
projection system. The expansion 
cabinet, called a "NuBox," connects 
the computer with a "laser projector" 
that contains shutters, mirrors, and 
prisms. Fire a high-powered laser into 
the projector and-voila!-instant 
laser show. 

That's why there are no pull-down 
menus, explains Victor Young, the 
program's author. Very early in the 
program's development, Young 
learned that whenever a user holds 
down the mouse button on a button 
or a menu bar, the computer momen
tarily suspends all other processes. 
With most Macintosh programs, this 
pause is not a problem. When Illteract 
runs, however, the Macintosh is 
constantly sending information to 
the NuBox to update the positions of 

the mjrrors. 
"It's like flying an aircraft," ex

plains Young. "If you have 10 watts of 
light moving around, you don't want 
the user playing with desk accesso
ries." 

Ten walts may not sound like a lot 
of power-but this is 10 watts of laser 
light. That's 10,000 times more 
powerful than the lasers in supermar
ket check-out scanners. Collimated 
into a single beam the size of a pencil, 
it's enough light to bum out a per
son's retina in a microsecond. 

Image Engineering got its start in 
1979with four people: Frederick 
Fenning, a technical wizard from 
MIT; Eric Isaac, an alumnus from the 
Massachusetts College of Art; Walter 
Gundy, a biolbgist-turned-rock-and
roller; and Jennifer Morris, who had 
been ~mployed at a multi-media 

production company which had been 
commissioned to produce a laser
light show for Boston's Museum of 
Science two years before. 

To put on a laser show takes a 
unique mix of expertise in physics, 
mechanics, electronics, computer 
science, and black magic. The laser 
can stay in one place, like a lumines-·· 
cent string pulled taut through the 
center of a room-or across the New 
York Harbor. Or the beam can . 
bounce, dance, and fill the space that 
has been given over to it. 

Such effects are called "atmospher
ics," says company president Jennifer 
Morris. The lasers required for such 
"optical tricks" can range anywhere 
from 100 milliwatts to 20 watts. The 
Statue of Liberty performance used 
three 20-watt lasers ganged together. 
to produce a single 60-watt beam
the most powerful laser beam ever 
used for display purposes. 

Reflect a laser beam off a spinning 
mirror, and a circle appears on the 
wall. Use two mirrors, and the circle 
becomes a complicated design similar 
to a child's spirograph. Other devices 
built from black anodized aluminum 
and front surfaced mirrors can send 
out fingers, fans, or cones of light, 
depending on the mirrors' orienta
tions and speeds. 

But the real "power" of most laser 
shows comes from the computer
controlled mirrors in the heart of the 
projector. Typically, there are two 
mirrors-one that deflects the incom
ing laser beam in the X axis, the other 
in the Y. The mirrors, controlled by 
precision instruments known as 
"galvanometers," can move as fast as 
3,000 times a second. High-speed 

. shutters can tum the beam on or off _____ il just as fast. Although the image is 

Laser artist Roehdle Royer uses the Interact program. 

Rachelle Royer makes all image with the Hard Machine. 

typically shown on a screen, it can 
just as easily be projected onto walls, 
ceilings, or even entire buildings. 

lt all comes together to make what 
is surely one of the most flexible and 
most expensive vector drawing 
devices in the world. Under computer 
control, the laser can be "scanned" to 
form spirals, circles, and full-featured 
drawings that can be made to rapidly 
appear, disappear, or even transform 
from one image into another. 

By scanning· a raster similar to the 
electron beam of a television set, 
lasers can even be used to project 
video--one' of the first such systems 
was demonstrated at Siggraph '84 in 
Minneapolis-but that is really a 
perverSion of what is otherwise a 
purely vector device. And what a 
vector device: With 12 bits of output 
resolution, Image Engineering's laser 
projector has more than 54 times the 
resolution of a VGA graphics card. It 
has more colors, too, because the laser 
projector really has three beams -
red, blue, and green-to display any 
hue or tint that the laser artist desires. 

The main laser beam can be split 
into many weaker beams, and each 
one can be sent through a shutter to 
achieve a different effect. The shut
ters, in tum, can be controlled by 
buttons, computer, or instructions 
prerecorded on video tape. 

To the viewer, of course, all this 
technology is hidden. Instead, all that 
one sees are the pretty pictures, 
patterns, animation sequences, names 
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and corporate logos flashing high 
above people's heads. 

Names and logos are particularly 
important because Image Engineer
ing's main business is trade shows. 

The real"power" 
of most laser shows 

comes from the 
computer-controlled 
mirrors'in the heart 

of the proiector. 

Companies pay handsomely to get 
their corporate logos spinning, 
zooming, and running through 
rainbows over people's heads. Hon
ored guests-perhaps salesmen who 
have exceeded their annual quotas
have their names projected in ten
foot-high letters. It's a million times 
more impressive than the neon lights 
of Broadway. 

Nevertheless, before Interact and 
the NuBox, most animation sequences 
that Image Engineering created were 
prerecorded on video tape at the 
company's studio. On the road at the 
show; the tapes were "played back" 
through a special device that trans
lates video signals into commands for 
the laser projector. Such a system 
meant that Image Engineering had to 
know ahead of time both the timing 
of the show and the actual names 
involved. 

When Imaging Engineering got its 
start in 1979, nearly all of the anima
tion sequences that the company in
cluded in shows were generated on a 
device known as the "Hard Machine:' 
a complicated apparatus built from 
oscillators, amplifiers, and special 
electronics, controlled by a panel 
littered with dials, sliders, switches, 
and a rat's nest of cables. The ma
chine got its name because it wasn't 
programmable at all-everything that 
it could do, it did in hardware. 

''This hardware is really an instru
ment," says Rachelle Royer, one of 
Image Engineering's laser artists. 
Royer's approach to the Hard Ma
chine involves taking a basic image, 
such as a line or an oval, rotating it in 
different ways and different speeds, 
and sending it through other elec
tronic effects. When she "discovers" 
something that looks good, she says, 
she records it to tape. 

The Hard Machine also has the 
ability to display simple computer
generated animation sequences. In 
the corner of a room next to Image 
Engineering's studio sits a ten-year
old, Z80-based computer system with 
a digitizing tablet and a graphics 
display. After a lot of software devel
opment, the company came up with a 
system that let artists draw an image 
on a screen and burn it into a set of 
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Laser artist Rachelle Royer inspects the Hard Machine. 

Victor Young demollstrates Interact, the laser-show allt/lOrillg system. AI emter is the Nil Box, a dl'vice that «"'lIecls a Mac 11 (/cft> 
with a laser projector or nil X- Y televisioll (right). 

EPROMs-one for X coordinates, one 
for Y, and one for color. A tray under
neath the Hard Machine's bank of 
dials will accept up to 48 EPROMs, 
allowing 16 different names or logos 
to be displayed in rapid sequence. 

"Given the artists here, you could 
do a lot with that," says Victor Young. 
One of the most impressive images 
Young says he ever saw was that of a 
flying eagle, anim<1tl'd by a sequence 
of 16 successive frames. 

Having pushed the Z80 system to 
its limits, in 1984 the company 
purchased an IBM CS9000-a labora
tory control machine that looked like 
a souped-up IBM personal computer 
with an extra 57 function keys. That 
system, based on a Motorola 68000 
processor (the same as the Macin
tosh), was the company's mainstay for 

the next four years. Young wrote a 
system for the IBM called "Script," 
which let <1n <1rtist choreograph a 
sequence of aninlations, and another 
system called "GE" (graphics entry), 
which he describes as a computer
aided design SYStCI11 for bscr inl<:1gcs. 

Image Engineering bought two 
CS9000s. Compared to the Z80, they 
were as fast as lightning, Young S<1ys. 
Having t\\·o nlachincs had another 
advantage: One could stay in S0111er
ville, while another one could travel. 
In 1986, Image Engineering took one 
of the IBM machines on the road to <1n 

IBM show, and, for the first time, the 
company W<1S able> to get the names of 
salesmen up in lights with only <1 
d<1y's notice. 

Although the (590005 worked well 
at Im<1ge Engineering, the model was 
never very successful, <1nd IBM 
eventually discontinued the product. 
When the news came that the com
pany's main COlllputer system \vas 
ilbuut to beCOlne ,1 white deph'1nt, 
Frederick Fenning, hn<lge Engineer
ing's director of research and devel
opment, started looking for another 
conlputer systcnl to use as an anilna
tion foundation. 

Fenning looked at the latest genera
tion of IBM PC/ AT systems and at the 
Macintosh, <1nd found them both 
lacking. Finally, Young says, he and 



Fenning started to design their own 
specill1-purpose c01l1pukr for nli1-
ning the shows. Then, almost by 
accident, they heard of Apple's plans 
for the Macintosh II. 

Ten watts of laser 
light, collimated 

into a single beam 
the size of a pencil, 

can burn out a 
person's retina in a 

microsecond. 

"The Mac lis were a quantum leap," 
says Young. The machine was so fast 
that it made the CS9000s seem "as 
slow as molasses." Even more impor
tant than the machine's speed was its 
ability to accommodate more than a 
megabyte of memory, as well as the 
computer's all-important slots, which 
let Fenning design the NuBox and the 
interface that connects it directly to 
the Mac's bus. 

In use, bztemC! is like no other 
Macintosh program. Images for the 
screen are drawn with a tablet, which 
gives an artist more control and lets 
artwork be traced. They appear on a 
special "X_Y" monitor, which is 
specially built so that it behaves the 
same way as a laser projector does. 
It's a simple matter to draw a few 
squares on the screen, "pull them 
down" through the Z axis, draw a few 
more squares, hit a "rotate" button 
and have the drawing spin about in 
three dimensions. Everything seems 
to happen.instantly. Indeed, it does. 

The screen of the Macintosh itself is 
littered with buttons and a few 
sliders. Although the buttons can be 
pressed with the mouse, each one can 
also be activated by pressing the 
appropriate key on the computer's 
keyboard. Using the keyboard 
instead of the mouse, Young says, has 
the advantage of not freeZing the 
Macintosh and stopping the laser 
show. Other features let sequences of 
images be edited, spliced, rearranged, 
and recorded to disk. It's easier to use 
than videotape ever was. 

Young has developed a set of other 
programs that let logos be scanned 
into the Macintosh with a conven
tional image scanner and displayed 
on the laser system. For simple 
images, the program can cut an art
ist's time in creating a new segment 
for a show from hours to minutes. 
. Beyond fancy laser displays, says 
Young, people are just beginning to 
devise other uses for computer
controlled laser-projection systems, 
mostly in applications where there is 
a need to mark an object with a dot or 
simple graphics. For example, Young 
says, military commanders might use 

SeIllIlI['/' /Jellln:.; from six 20-11'tltt lasers were froze>! for this photo, while a la:.;"r projector drew the Seoul Olympics logo on a rear 
projection screell. 

IX(:~$SIYE "ULES AND REGS ': ' "~' , , , " , " : 

"The law was designed to be 
extremely conservative and make 
any conceivable hazard impos
sible," says Jennifer Morris, Image 
Engineering's president. 

The 1972 light-show regulations, 
Morris says, restrict the use of 
lasers stronger than one milliwatt, 
Only by obtaining a "variance" 
from the Center for Devices and 
Radiological Health, a branch of 
the Food and Drug Administra
tion-and occasionally from state 
licensing bodib, too-are light 
shows permitted, 

Outdoor displays, says Paul 
Braiman, a former Image Engineer
ing laser safety officer, must 
additionally be cleared with the 
Federal Aviation Administration
not for fear of damaging passing 
planes, but because the visual 
displays might startle or impair the 
vision of pilots. 

"We know that [the regulations] 
are exccssive/' Braiman confides. 

Under the regulations, the 
maximum light that a laser display 
can let fall on an audience is one 
milliw,ltt per square centimeter. 
(Sunlight, Braiman notes, emits 22 
milliwatts per square centimeter 

on the ground on a clear day. If the 
United States' laws applied to 
natural radiation, Braiman jokes, 
"It wouldn't be legal to go out
doors!") 

The regulations also prohibit 
sending a beam to within three 
meters (approximately 10 feet) of a 
bystander. 

Consequently, Morris says, there 
exist a variety of displays that can 
be done in other countries, but not 
in the United States. For example, 
by scanning the laser in a cone or 
pyramid around the audience, she 
can create an effect that would 
make the audience feel as if they 
were placed inside a "tunnel of 
light"-but such an effect would 
necessarily involve bringing a laser 
beam closer than three meters of 
the audience. 

'The spirit of the regulation is 
correc!," Morris says. "You should 
not have anyone stare into a beam, 
any more then you would look at 
the sun with a telescope." But, she 
adds, in many cases, the regula
tions forbid interesting effects that 
she feels could be conducted 
safely. 

-S.L. G. 

a laser to animate the movements of 
troops across a map that was taped to 
the wall of a war room. . 

Image Engineering's main b.usiness 
is likely to remain geared toward 
performances and production, rather 
than equipment sales, for some time 
to come. A show can cost as little as 
$8,000-for a local performance with 
no origi'}al programming-or as 
much as somebody wants to pay. The 
Seoul Olympics, for. example, cost 
half a million dollars in program
ming, operation, and transportation 
charges. 

For those who want to put on their 
own shows, I can attest that playing 
with the equipment is a lot of fun, 
Unfortunately, it is also very expenswe. 
The basic Interact system, including 
the Macintosh, the NuBox, and the 
X-Y television, costs $38,000. Add 
$19,500 for the laser projector, and 
from $12,000 to $70,000, or more, for 
the laser itself. C 

Simson L. Garfinkel is a freelance 
jOllrnalist and computer consultant 
living in Cambridge, Mass. Copyright 
1989 by Simson L. Garfinkel. 
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