Project

Computer-Controlled
Laser Light Show

A low-power He-Ne laser, two miniature servos, some
build-it-yourself circuitry and a home computer let you
create dramatic lighting effects to accompany your music

By Ronald A. Peterson

concert, you’ve probably been

impressed by the dramatic effect
of the special lighting that added new
excitement to the music being heard.
You can create a similar effect at
home with a computer, a low-power
helium-neon laser and model-air-
craft servos. While the effect of our
Laser Light Show may not be quite
as dramatic as that in a concert hall,
it can give your listening a new di-
mension with a complex interplay of
light and sound.

A simple BASIC program and a
Commodore 64 home computer,
plus some inexpensive build-it-your-
self circuitry are all you need to
create this exciting visual effect at a
tiny fraction of the cost of the pro-
fessional systems that cost thousands
of dollars. The Laser Light Show
works in conjunction with a joystick
controller you plug into the C-64 and
position as you wish to swing the las-
er beam to create a hemispheric light-
ing effect ““dome’’ in your listening
room or a small hall. By pressing the
““fire’> button on the joystick, you
can feed into the C-64’s memory a
series of coordinates to which you
wish the beam to go, making the pat-
tern to be described as simple or as
complex as you wish. The fire button
lets you play back the pattern in the
sequence in which it was fed into

I f you’ve ever attended a rock

memory. It doesn’t take complex
geometry or special programming
knowledge to do, either.

There are practical benefits to
building the Laser Light Show as
well. For example, you can omit the
laser and mirror needed for the Light
Show function and attach a light-
weight gripper on a slideable shaft to
the servos instead to use the servo
system as a simple robot arm. And
with a heftier set of servos, it can be
converted into a remote-controlled
pan/tilt head for a video or movie
camera.

System Operation

Model aircraft servos are an ideal
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choice for building a computer-con-
trolled precision positioner for the

‘laser beam used in the Laser Light

Show. These servos are relatively in-
expensive, accurate and, just as im-
portantly, easy to interface to the
parallel ports of most home comput-
ers. A typical example of such a ser-
vo is the Royal Titan No. RP-1F that
develops an output torque of 39.4
ounces and has a stop-to-stop transit
time of 0.6 second. Just about any
other brand of servo will serve as well
in this project.

There are usually three wires on a
servo to provide the ground, positive
dc voltage and control lines. Color
coding of the wire insulation follows
a certain convention: black or green
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Fig. 1. Schematic of buffer interface.
for ground, red for positive dc and Pin Type Note Pin ee Note
the remaining line, usually white, for 1 GND A GND
the control input. 2 +5Vv MAX. 100 mA B FLAG2
Figure 1 shows the schematic dia- S A 2 i
0 0 . 4 CNT D PB1
gram of the circuit needed to drive s - . i
the servos. To keep costs down, the 6 CNT2 3 PB3
circuit hardware was made as simple 7 sP2 H PB4
as possible, with the control logic im- 8 PC2 J PBS
plemented in software. The Fig. 1 in- s L] K .
£ q it 0 bllllt dICIA 10 9 VAC MAX. 100 mA L PB7
terface circuit 1s auouy " 9 VAC MAX. 100 mA M PA2
and ICIBthat perform as buffers be- 12 GND N GND

tween the computer and servos. Op-
erational amplifiers were selected for
the buffer function simply because a
quad op-amp IC was available, but a
7404 TTL inverter would probably
work just as well.

The buffers are connected to the
C-64 computer’s User Port through
a 24-pin connector. The pinout for
the User Port, along with pertinent
signal information for each of the
Port’s contacts, are shown in Fig. 2.

Shownin Fig. 3 is the basic ac-line-
operated, low-voltage dc power sup-
ply for both buffer interface and ser-
vos. This is a standard full-wave
bridge rectifying circuit with filtering
supplied by C2 and voltage regula-
tion supplied by IC2. Ac receptacle
SOI provides the means by which the
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Fig. 2. Pinouts and signal information for C-64’s User Port connector.

laser gets power from the ac line.
This arrangement allows the entire
system to be turned on and powered
down via S1.

Position information supplied to
the servos must be variable-width
pulses of between 1 and 2 millisec-
onds in duration. The pulses are re-
peated at a fairly slow rate of be-
tween 30 and 120 pulses per second.
The Machine-Code Interrrupt Hand-
ler Routine shown in Listing 1 pro-

vides this signal by toggling two of
the User Port’s lines. The C-64’s 60-
Hz internal interrupt clock, used for
keyboard scanning and other simple
I/0 (input/output) functions, is set
to trigger execution of this routine
every 16.67 milliseconds (1/60 of a
second) to provide a stable pulse
train to each of the servos.

Every 16.67 ms, the routine alter-
nates between two independent tim-
ing loops that provide the variable
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tial method of securing the laser to

the V blocks.
Whether you use a kit laser with

separate tube and power supply or an
assembled integrated laser, it’s im-
portant that you mount it so that its
beam is parallel to the mounting sur-
face. Otherwise, the beam is likely to
strike the reflecting surface of the

Words of Caution

If you use a laser, you should exercise
care to protect your eyesight and that of
anyone else who may be in the vicinity
of an operating laser. Tests with anes-
thetized monkeys have shown that as
little as 7 milliwatts of laser light fo-
cused directly onto the retina causes ob-
servable damage. Though it doesn’t af-
fect vision, this damage is, neverthe-
less, detectable with instruments. Other
tests show that a minimum of 20 milli-
watts is required to produce a similar
effect on human eyes (perhaps because
the test subjects were not sedated,
which caused their eyes to wander
about). The information regarding ret-
inal damage cited here was taken froma
page in a Metrologic Laser catalog,
which summarized research papers on
this topic.

Workers who have been ‘‘zapped’’
accidentally with as much as 60 milli-
watts of laser light have reported a tem-
porary loss of sight in only a small area
of their vision for a few weeks. So with
a low-power laser of 2-milliwatt output
or less, there appears to be little danger,
particularly if the beam is constantly
moving. But keep in mind that even a
low-power laser’s beam is very bright.

It’s always best to exercise caution,
regardless of the output power of the
laser beam. Therefore, you and anyone
else in the vicinity should avoid staring
into the beam from a laser for long peri-
ods of time. If you don’t take this ad-
vice, you’ll suffer from spotted vision,
at the very least, just as you would after:
staring at a 150-watt incandescent light
bulb or taking a brief glimpse of the
sun. Though the evidence so far doesn’t
support it, it’s even possible for perma-
nent retinal damage to occur.

Listing 1. Machine-Code Interrupt Handler Routine

LIME# LOC CODE LIME
[} ;
@@ o COMSTAMTS DEFIMITION
5g] ;
[sle} EDNIREC=$DDG3
5]t FORTE=$DD@ |
515 i
@B + ZER PAGE “YARIAEBLES
ja]s] i
[alS] CHT1=%FE ;L BYTE OF COUMTER
@9 CHTZ=$FC JHI BYTE
i iMIRRORS PORTE STATUS
@? JCOUNTER YALUES
Al JPRASSED FROM BRSIC
B JALTERMATE SERVOS
14} i
5} i PUT IM HI RAM S0 CRAM RUOM EBAS
A6 PROGRAM COMCUREEHTLY $20@0=32
A ;
[slaT%] fESE £515]%15)
[a5lz] 5
gla]s} i SERYDOD.HMACLC
(%] ;
[5]%] i
fals) 5 SET UF DATA DIRECTION REGISTER
%} i
BpE AR FF LDA #:11111111 ;1=00T,8=IH
2 5D @3 DD STA EDIREL JFROM CEd,
5 i ZERD COUNTERS
&) N
S A2 Bo ZERD LOA #$0a
Y &5 FB STH CHT1
5 25 FC TR CHTZ
jalt B &85 FE 5TA FLAG
jalsis} I ;
[2]5]5) oeal A 62 LDA #XB8B61ana
[afsl%} 2aeF 2D 11 D STH %Dl : BLAME SICEEEM
FRAT 2912 i
51615} E ;
jal5 s ] Tl 5 SET QUTFUTS HIGH
ARG =6 ;
[a[5]5E 20 AT @3 LDA #AE0aond) ]l
[a]%]5E =15 50 @i IO STA PORTE
R =25 85 FD STA PORT JIMIT MIREOR OF FORT
IR : ;
3533 ; IMIT IRR WECTOR
falx] 1° ;
@{@ __1' I SEI JDISABLE IMTERRELUFT
BEE: =253 A2 3 LOA ##06 SPOIHT IRG YECTOR
jalg]sh 2 20 14 A3 STH $Z14 JTO THIS HAMDLER
G =12 ERES LDA #$21
Heass  2a2 2015 43 STH $315
RS bl b Se cLl JEHABLE IMTERRUFRT

mirror at the wrong angle for proper
system operation.

Use only a front-surface mirror.
With this type of mirror, the reflect-
ing material is on the viewing sur-
face—not buried behind the thick-
ness of glass. If you don’t use a front-
surface mirror, the surface of the
glass and the reflecting material be-
hind it will both give reflections that
can spoil the effect of the Laser Light
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Show. One good source of front-sur-
face mirrors is Edmund Scientific Co.
(see Parts List for address). Other
sources are optics suppliers.

You can check whether or not
your mirror is indeed a front-surface
type with the aid of a sharpened pen-
cil. Simply place the mirror, reflec-
tive side up and gently touch the
point of the pencil to it an an angle.
If the mirror is a front-surface type,
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there will be no gap between the
point of the pencil and its image in
the mirror. If it’s not, there will be a
definite gap equal to the thickness of
the glass on which the reflective ma-
terial is deposited. Note, though,
that with some mirrors, both sur-
faces appear to be equally reflective.
If this is the case, use the front sur-
face to reflect the laser beam.

To make the servo/mirror assem-
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bly, you must first mount the servos
at a right angle to each other so that
one servo pivots the other and the
second servo pivots the mirror (see
Fig. 4). When securing one servo to
the other, align both servos so that
the center of the mirror is on-axis
with both servos, as illustrated in
Fig. 1. Otherwise, as the mirror is
pivoted, it might be taken completely
out of the path of the laser beam,

which will limit the angle of travel.

A quick-setting epoxy cement is
ideal for mounting the mirror to the
small plastic actuator that comes
with the servos. One servo can be at-
tached to the actuator of the other
with a small metal angle bracket ma-
chined to match the mounting holes
on the servo.

To obtain the best effect from the
project, alignment of the servo/mir-
ror assembly with the axis of the laser
beam is relatively critical. The beam
should always be centered on the
mirror, no matter what angle to
which it is set. This will assure that
the mirror will never swing out of the
beam’s path. Hence, take care in lo-
cating the assembly with respect to
the beam.

A simple alignment must be per-
formed to get the mirror to point in
the proper direction. Use the BASIC
program (see Using the Software be-
low) to send the servos all the way to
one end of their travel. Then attach
the actuators so that the mirror is
parallel to the laser beam with the
front surface facing directly into the
beam. You should now be able to use
the joystick to swing the mirror
through a —90-degree to + 90-de-
gree arc both left/right and up/down
as the beam remains centered on the
front surface of the mirror. If neces-
sary, adjust servo/mirror position-
ing to obtain the proper results.

Using the Software

Before installing the project, fire up
your computer and type in the BA-
SIC program in Listing 2. Save it on
tape or disk and then power down
the computer. Attach 24-pin connec-
tor Pl to your computer via its
User’s Port. Then power up the com-
puter and servos and connect a joy-
stick to Port 2 on the computer. Now
recall the BASIC program and run it.
If everything is okay, the computer’s
screen should go blank and the ser-
vos should turn as you operate the
joystick. If the servos do not turn,
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18 REM--LOAD IHTEFPHFT HAHILER
8 FOR I[=32765 TO 3

33 READ A:FOK

43 MEAT I

SB FOR I=33@2 TIEDA

£8 READ A:FOKEL.A

78 HEXT I

75 FEM-—ZET LUF SOUND CHIP

2@ GOSUB S0

98 REM—=MAIH ROUTINE

133 DIM FACSHD, FY(SE)

118 HF=@

120 I11=12a:12=

138 IY=FEEK

135 J4=15-C.IVANDLS

148 TFFR=BTHENGOSLIE2SE

158 IFJ¥=1THEMI1=11+1

160 IFJW=2THENI1=11-1

178 IFJW=4THEMIZ2=I2-1

128 IFJY=5THEMI: 1:I1=11+1
199 IFJ¥=6THENIZ=12-1:11=11-1
200 IFJY=5THEMIZ=12+1

218 IFJW=9THEMIZ=I12+1:11=11+1
o8 IFTY=1ATHENIZ=1z+1:11=I11-1
238 IF 112255 THEM 11-z==
24p IF 11<3 THEM Il=

258 IF 125255 THEM 1¢

@ IF 1243 THEW 12=3

8 G0T0119

79 DATA 15%7.255, 141,32, 221

=E DATA lbj;w 133,251,133

28 DATA 9;8

@3 DATA 3

74 FOKE 37?4¢111 FUFE 33vaz. 12
GOTO 13
FEM——-TUFE FOIMT hUBRHUTIHE
FOKES 33 FDOKES4233, 32

HF=HF+1 FiiHF=11:F
JY=PEEK. (383200 FR= JYAND1 G

PY = S LD

S S L A R R R R R

IW=FEEK 363260 FP JYAMDLE
JV=15-(J 'HHD1S
IFJV=BHHDFR=16THEHGDTD3ZB
IF.JY<@THEMRE TURM
JY=PEEK{SEZZ6) (FR=TYAND1E
IFFR=ETHEHGOT 0252
FORID=1TONF
FORI=1TO308@: NEXT
FOKE 732 FACIDD
FOKE 33733,FYi1D)

JY=FEEKCEE326)  FR=
IFFP BTHEHGOITO444
HEHT
GOTOZ7E
JY=PEEK (583205  FR=JVAND1&
IFFR=0THENGDITO443

YAMD1E

J R A R SR O R PN AV R SR W O DN R O I PV IR TR (S LK (N CATRDE ) [ R O S <X

U WP R OO0 @&

Listing 2. BASIC Program for Operating Laser Light Show

DATAH 141,1,221,1323.:
LATH 124,169.8,141
DATA 3,169,129,141
DATA 3.25,2¢
DATH 128,173,
DATH 441 1-u)1 15;
DHTH d ].F IJ¢J4J:.F
DATA lij 1,133,254, 1659
DATA 1,141,1,221, 168

LATA 122, 156) de"J ] ’ 198
DATA 251.,282.252,165,3
DATA 141.,1,221.76,49

DATA 234,189,9, 133,254
DATH 183,2,141,1,221

DATA 168, 122, 136,285, 233
DATA 15%,252, 202,252,163
DATA 2, 141.1.221.7&

DATA 43,224

REM--S0OUND IMITIALIZATION
5=54272 Fi=1i
FORL=STOS+24  POKEL . & HEXT
POKE 24283,33

FOKE 54283, 122

POKE 24296, 15

FOKE S4254, FE!

FOKE D4233, e

RETLRM
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Fig. 5. In this photo of the assembled project, note how the laser tube is mount-
ed in V blocks and is held in place with rubber bands. If an integrated laser/
power supply is used, blocks must be larger and heavy-duty straps must be used.

you have to check for one or more er-
rors in your entered program or your
wiring of the circuit or both. If you
find no errors, you have a bad com-

ponent in the buffer interface or
power supply.

To determine if you made any pro-
gram-entry errors, list the program
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and compare your entry with the list-
ing keystroke by keystroke. If after
making the comparison and correct-
ing any errors in wiring, the project
still doesn’t run, you have to trouble-
shoot the circuitry with an oscillo-
scope or a signal tracer. If you don’t
have either of these instruments, you
can use an amplifier/speaker ar-
rangement to trace the positioning
signals from computer output,
through interface buffers to the ser-
vos. This 30-Hz square-wave pulse
appears nicely on an oscilloscope
screen or the indicators of a logic
probe, and is easy to hear through a
speaker or headphone.

Once everything is okay, use the
joystick to move the laser beam to a
given position. Hit the ‘‘fire’’ button
on the joystick to store the coordi-
nates for this location in the comput-
er’s memory. You should hear a
“‘beep’’ as you do this. Moving the
joystick should now cause the servos
to reposition the beam for a second
set of coordinates, which you can
also store in memory with the fire
button. You can repeat this proce-
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Fig. 6. These photos show proper servo and mirror mount-
ing left (left) and location and orientation of servo/mirror

dure to store up to 50 sets of position
coordinates. If you wish to store a
greater number of coordinates, in-
crease the size of arrays PX and PY.

To play back the positions stored
in memory, simply hit the fire button
a second time after storing the last set
of coordinates instead of moving the
joystick. The servos should now au-
tomatically swing to each pair of po-
sition coordinates in the same se-
quence in which you stored them.
Hitting the fire button once again
should reset the program so that you
can define a new series of coordi-
nates for playback. To halt the pro-
gram at any time, hit the Run/Stop
key and type in POKE 53265,24 to
reactivate the screen.

You can easily modify or replace
the BASIC program with one you
write yourself, but don’t change the
DATA statements and the part that
loads the machine code. But you can
add your own code to calculate the
positions in whatever fashion you
prefer. Then POKE them into mem-
ory locations 33792 and 33793. The
interrupt handler will automatically
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assembly with respect to path of laser beam (right). Note
that beam strikes center of mirror.

read them and position the servos as
you command.

Because the interrupt handler is lo-
cated at $8000 in memory, your
BASIC programs can’t use all of the
memory space usually allocated for

BASIC without writing over the ma-
chine code. This should not be a
problem for most people. But if you
do need more space for BASIC, you
can move the machine code into a
higher memory location. ME

Order Back Issues of
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