computer mouse and a
A joystick are both pointing

devices. They both have
button inputs. However, a joystick is
an “absolute” position device. Its
control stick can deflect only so far
from the center position. A mouse,
on the other hand, is a “relative”
device—it can be lifted off the
tfable and moved while the cursor
on the computer screen stays
where it is. Unless you have an
Apple Macintosh, you can’t use
one in place of the other, Wouldn't
it be nice if you could use a joystick
as a mouse on an IBM or IBM-com-
patible computer?

The Joymouse described here is
just the device to fill that need. The
circuit board is small enough to be
mounted inside a joystick. With the
flick of a switch, the Joymouse can
change from joystick to mouse and
back.

What’s in a Joystick? An analog
joystick is a very simple device. The
mechanical arrangement of a typ-
ical joystick is shown in Fig. 1A.
Electrically, it has two 100,000-ohm
potentiometers and two normally-
open pushbuttons. The shafts of the
potentiometers are mechanically
connected fo the stick by gimbals
that isolate the left-to-right (X-axis)
movement from the forward-to-
backward (Y-axis) movement. The
stick is usually spring loaded so that
it returns to the center position
whenever it is released.

Joysticks for IBM and IBM-com-
patible computers are designed fo
work with the specification for the
original IBM Game-Control Adapfter.
That adapter has eight inputs—four
digital inputs and four resistive
inputs. Two inputs of each type are
grouped as a pair of joysticks, called
Joystick A and Joystick B. The wiring
diagram and connector-pinout
description for hooking up two joy-
sticks fo an IBM Game Adapter is
shown in Fig. 1B.

Joysticks have a male DB15 con-
nector that connects fo the female
DB15 game-port connector on the
PC. If two joysticks are to be con-
nected to the game port, a Y-
shaped adapter is used to split the
signals for each joystick into individ-
ual DB15 connectors that are wired

as Joystick A. Joysticks that have
additional features such as a throt-
fle control, rudder confrol, or four
buttons use the inputs of both
Joystick A and Joystick B at the
same time for the additional con-
frols. Obviously, since that type of
joystick appears fo the game port
as two joysticks, only one device
can be hooked up at a fime.

Examinning the wire diagram, we
see that one side of each potfen-
tiometer is tied to a 5-volt power
source with the wiper being con-
nected to one of the resistive inpufts.
The resistive-input circuit has a
capacitor connected to ground.
That capacitor and the poten-
tiometer form an RC-timer circuit.
Moving the joystick changes the
charging fime of the capacitor. The
joystick driver-software periodically
grounds the resistive input, and then
times how long it takes for the volt-
age on the capacitor to rise to a
certain level. That time lapse indi-
cates the position of the joystick
handle. The circuit is very similar to
an LM555-based “one-shot” timer
circuit, In fact, some earlier game-
port cards used that exact chip for
the input circuit.

Most joysticks have trim talbs for
each axis that allow the center-posi-
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Use a joystick
as a mouse
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tion resistance fo be set by rotating
the body of the potentiometer. The
buftons on the joystick are con-
nected to ground and the buffon
inputs. The button inputs have resis-
tors that apply a 5-volt signal to the
input on the game card when the
buttons are not pressed. Pressing a
buffon grounds that particular
input. The trigger on the joystick is
normally wired as buttfon 1, Some
joysticks have an auto-fire circuit
connected to the frigger. When the
trigger is held down, an oscillator
circuit pulses the button-1 line faster
than a person possibly could.

What'’s in a Mouse? Mice, because
of the way they are connected fo
computers, need to have some
inteligence built into them, instead
of having some interface hardware
built info the computer. A single-chip
microcontroller (MCU) takes the
information from the mouse but-
fons and the x- and y-axis inputs and
sends it fo the computer.

A typical mouse mechanism is
shown in Fig. 2A. The mechanical
portion of the mouse consists of a
rubber-coated steel ball and a pair
of roller shafts. The two shafts are set
at 90° angles to each other so that
one rotates when the mouse is
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moved left and right. The other
shaft rotates when the mouse is
moved back and forth.

Each shaft has a slotted wheel
attached to it. On either side of
each slotted wheel are two pairs of
LEDs and two pairs of photodetec-
tor. The LED and photodetector
pairs are positioned on opposite
sides of the wheel. That arrange-
ment can be seen in Fig. 2B. When
the mouse is moved, the rubber
ball presses against the shafts con-
nected to the slotted wheels. As
the ball rolls, the wheels spin and
the slots alternate blocking and
passing the light from the LED to the
photodetector. The output pulses
from the photodetectors look like
the pulse frain shown in Fig. 2C.

The two LED-photodetector sefs
on each axis are offset so that the
pulses from each photodetector
are 90° out of phase. Whichever
output switches first indicates the

~

direction in which the mouse Is
moving. The microcontroller counts
the pulses and monitors the phase
to determine the distance and
direction the mouse is moved.
Each pulse is a “dotf,” and mouse
resolufion is often quoted in dots-
per-inch (dpi).

Sericl mice connect fo a stan-
dard RS-232 serial port, Since those
ports don‘t have any power con-
nections, the mouse draws power
from the RS-232 signal lines. Unused
conftrol lines on the serial port are
set to either the “mark” or “space”
voltage level, which are af about
-12 volts and +12 volts, respectively.
The mouse circuitry converts the
negative voltage to +5V by a
swifching-converter circuit. The
negative voltage is usually drawn
from the TD (transmit data) line. The
positive voltage Is supplied by the
RTS (request to send) line.That line is
also used to detect if a mouse is

&w

attached to a serial port. The soft-
ware foggles the RTS line from off to
on and then looks for a response
from the mouse on the RD (receive
data) line. If a mouse is connected
and working, it sends the lefter M in
ASCIl code. If, after a few millisec-
onds, no “M" is received, the driver
software reports that there is no
mouse connected and resefs RTS
fo the off state.

How a Mouse Communicates.
Since the mouse Is an input device,
it doesn’t make sense to send mes-
sages when there is no information
fo send. Messages are only sent
when the mouse is moved, a but-
fon is pressed, or a butfon is
released. The messages sent by the
mouse are referred to as packefs.
There are several formats for mouse-
data packets, but the Microsoft
Serial Mouse format has become
the de facto industry standard for
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TABLE_-‘i o i
MICROSOFT MOUSE PACKET FORMAT

e D5 D4
1st byte Tivan IBs &
2nd byte 0 X5 X4
3rd byte 0 Y5 Y4

LB is th_:e" state of the left butt'oﬁ','ﬁ = press_é_a;.'o = reié'é'.fs'ed‘

Da-- b2 Bi Do
N7 NG X7 X6
X3 X2 X1 X0

Y3

Y2 Y1

RB is the state of the right button, 1 = pressed, 0 = released
X0-X7 is movement of the mouse in the X direction
Y0-Y7 is movement of the mouse in the ¥ direction

serial mice. The Microsoft format is
shown in Table 1.

The Microsoft mouse format only
allows for two buttons—if a three-
button mouse is working in a
Microsoft-compatible mode, the
middle button is ignored. All moves
are sent in an 8-bit two’s-comple-
ment binary-numbers format. That

CHOPPER
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DETAIL

8 g
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Fig. 2. In a typical mouse, a rubber ball spins the shafts of two slotted wheels (A). The slotted wheels
black the light between a pair of LEDs and a pair of photodetectors (B). The photodetectors are set

Q?‘ / ROLLER SHAFTS
NN

arrangement requires seven bits
plus a sign bit. Since the packet
sends seven-bit bytes with the high-
est bit unused, the movement val-
ues are split between two bytes.
The data for the X-axis movement is
stored in the second byte, and the
Y movement information is stored in
the third byte. The first byte com-

bines the extra bits from both the X
and Y movement data with the
state-of-the-mouse buttons. The
mouse driver software in the com-
puter separates out the X and Y
movement data from the different
bytes in the packet.

The packets are sent at 1200
baud with one stop bit and no par-
ity. Although the Microsoft formaf
only requires 7-bit data, most mice
actually send 8-bit bytes with the
most significant bit set to one.
Apparently, the mouse-driver soft-
ware ignores D7.

How the Joymouse Works. The
Joymouse circuit, shown in Fig. 3,
converts the resistive and button
inputs from an analog joystick into a
serial data stream that emulates a

\ PHASE 1

— TO MICROCONTROLLER
INPUT REGISTER

'\
_.L/ PHASE 2

so that a pair of out-of-phase signals will indicate which direction the shaft is spinning (C).

MICROCONTROLLER
INTERFACE

(o}
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Fig. 3. The circuit for the Joymouse is quite simple. A single-chip microcontroller does all of the

work. The optional jumpers labeled “H" and “D" adjust the response of the Joymouse.
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Fig. 4. If you are using either a PC board from a kit or the foil pattern shown in this article, use this

parts-placement diagram to locate the components.

Microsoft serial mouse. Because the
Joymouse is connected to both the
serial port and the game port, the
game port’s 5-volt supply is used to
power the Joymouse circuitry.

The heart of the Joymouse is ICT,
a PIC16C620 microcontroller. That
chip combines a unigque set of fea-
tures that make the single-chip
design possible. Those features
include 2 analog comparators, 13
digital input/output lines, a pro-
grammable voltage reference, a
power-up reset timer, a “wafch-
dog” reset timer, 512 byfes of
EPROM, 80 bytes of RAM, and a
high-performance RISC CPU.

The reset pin on IC1 is controlled
by the RTS signal on the serial port.
When the RTS line has a negative
voltage, Q1 furns on. That grounds
the reset line on IC1, resetting the
MCU. When the RTS line is sef to a
positive voltage, no current flows
through Q1. The voltage on the
reset line of IC1 is pulled up by R7,
letting the PIC16C620 operate
normally.

The resistances from the joystick's
potentiometers are converted into
position signals by measuring the
time it takes to charge a capacitor
up to a fixed voltage. That circuit is
built info IC1. When the position is to
be read, an internal capacitor in IC1
that is connected to an anadlog-
input pin is discharged. The joystick
potentiometer supplies a charging
voltage through a resistance. The
lower the resistance is, the faster the
capacitor will charge. A timing loop
in the soffware counts how long it
takes for the voltage to reach alevel
of 3.59 volts. At that level, an internal

comparator switches.
When the software sees that the
comparator has switched, the

amount of time that it fook for the
comparator to switch indicates the
position of the joystick's handle. One
circuit is used for each of the joy-
stick inputs. That method is very sim-
ilar to the method used by the
game port circuit fo measure the
position of the joystick.

Since the charging and discharg-
ing of the Joymouse circuit and the
game port circuit would inferfere
with each other, the Joymouse is
designed fo disconnect the joystick
from the game port when it is being
used as a mouse. Those signals are
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stick’s game-port cable.

switched by a double-pole double-
throw switch. The joystick pushbut-
tons, on the other hand, are con-
nected to resistors on the game-
port card, so there is no problem
connecting the Joymouse directly
to those inputs.

The RS-232 cable that connects
the Joymouse to the PC's serial
port has four lines. The RTS and TD
lines are’ used for the positive and
negative voltages that are needed
by the Joymouse. A reference voli-
age level is provided by SG (signal
ground), and RD Is the serial data
that is sent by the Joymouse 1o the
PC.

The logic for the serial data trans-
mitter is done by the Joymouse
software. The serial data stream
from IC1 uses an external circuit to
shift the voitage levels to the RS-232
voltage standards. When the serial
data level is high, Q2 turns on. That;
in turn, switches Q3 on. The nega-

JOYMOUSE
CIRCUIT
BOARD

Fig. 5. This wiring diagram shows how to connect the Joymouse if you want to install the board '
directly into the base of a joystick. The four-wire serial cable should be the same length as the joy-

tive voltage on the collector of Q3
keeps Q4 turned off, As a result, the
voltage level on RD Is pulled to the
negative RS-232 voltage through
D2.When the serial data level is low,
Q2 and Q3 are turned off. That

leaves Q4 turned on, pulling RD o .

the positive RS-232 voltage.

Software. Any device with a micro-
controller inside is really defined by
its software, and the Joymouse is no

different. Most of the program con-,

sists of subroutines—smaill blocks of
instructions that are called from the
main program loop. Some of the
subroutines in the Joymouse pro-
gram include measuring the joystick
resistances, creating the data pack-
et for the serial port, sending that
data, and setting up varlous timing
delays.

In a real mouse, if there are no

pulses coming from the photode-

tectors, the mouse Is not moving.

‘ 1-3/4-INCHES,——-|

Here is the foil pattern for the Joymouse. A sin-
gle-sided board is easy to etch and assemble.

I

However, the Joymouse always sees
a resistance for the two joystick
potentiometers. How does it know
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Fig. 6. The Joymouse can also be built as a stand-alone box that connects between the joystick and
the computer. Switch S1 selects either joystick or mouse operation.

exactly what the center resistances
are for each axis? The answer is that
when RTS goes positive and the
Joymouse MCU starts running its
program, it assumes that the joystick
is centered. The first joystick read-
ings are used for the center position
values. Since the resistances at the
center might not be exactly 50,000
ohms due fo component toler-
ances and trim tab seffings, the
Joymouse will keep checking the
joystick readings until both values
are between 38,000 ohms and
62,000 ohms.

When a joystick is released, its
spring loading returns the stick to the
center position. However, due to
mechanical slop in the linkages, the
resistances af the center are seldom
identical from one reading to the
next. For that reason, the software
doesn’t consider the center as just a
pair of X and Y resistances, but as a
range of values surrounding the
center values measured after reset.
That region is called the deadband.
The Joymouse will only send move-

ment data to the PC when one or
both resistance values fall outside of
the deadband. Moving the stick fur-
ther from center is equivalent to
moving a mouse faster.

The default deadband and ramp
should work well with most joysticks,
but they can be changed with the
jumpers labeled "D" and “H" in Fig. 3.
Shorting the "D” jumper will increase
the width of the default deadband
by 50% to compensate for unusually
loose joysticks. Shorting the “H”
jumper will decrease the slope of
the ramp by 50% making the cursor
move slower.

No special software is required
on your PC fo use the Joymouse.
Any Microsoff mouse-compatible
driver will work with the Joymouse.

Construction. Building the Joy-
mouse is simple and straightfor-
ward. The PC board is a single-
sided design that is easy fo efch
and drill if you want to build your
own. Both a complete and partial
kit is available from the source

given in the Parts List.

Before you assemble the Joystick
PC board, IC1 must be pro-
grammed with the Joystick soft-
ware. A pre-programmed chip is
available from the source given in
the Parts List. If you wish to program
your own chip, the software can be
downloaded from the Gernsback
FIP site (ftp://ffp.gemsback.com).
The file name for the Joymouse soft-
ware is joymouse.hex,

The parts-placement diagram
for the Joymouse circuit board is
shown in Fig. 4. Be sure to use a low-
wattage soldering iron when assem-
bling the board. If an iron with a
high-wattage rating is used, the
small pads might lift off the board if
they are overheated.

It's a good idea to use pins and
jumper blocks for the jumpers
labeled “D” and “H.” That way, the
response of the Joymouse can eas-
ily be changed if you find that the
defaulf response is not to your liking.
For now, do not install any jumpers in

(Continued on page 72)
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JOYMOUSE
(continued from page 59)

those locations. When all of the

~ components are installed, examine

your work for any bad solder joints,
solder bridges, or components that
have accldentally been installed
backwards.

You must decide how you want
to mount the completed circuit. Two
cholces are presented here—a sep-
arate box that connects between
the joystick and the computer or
installing the circuit board inside the
base of a joystick. '

The connection diagram in Fig. 5
shows how to wire the Joymouse

- board if it is going to be installed

inside a Joystick. Since there are
many different brands of joysticks
compatible with the IBM PC, specif-
ic Installation instructions are not
possible. You must be able to find

the correct signal wires that need o
be spliced into the Joymouse. The
main trigger button (outton 1) will
be the left mouse button. If there is
an autofire circuit connected to the
buttons, either remove the autofire
circuit or connect the Joymouse

" button inputs to the input of the aut-

ofire circuit. The cable that connects
the Joymouse to the computer’s
serial port should be the same
length as the joystick’s existing
cable.

It is also important o include S1
if you want to be able to switch the
Joymouse between joystick and
mouse operation. One final item to
remember is that if you decide to
modify your joystick, you will void
any existing warranty from the joy-
stick manufacturer.

If you do not want to modify a
joystick, the wiring diagram in Fig. 6
shows how to build the Joymouse
into a stand-alone box that would

connect between your joystick and
the computer’s serial and game
ports. The female DB15S connector
that the joystick will plug into can
be mounted directly on the box.
The game port and serial port con-
nectors are best mounted on short
cables. The rest of the stand-alone
construction is similar to the joy-
stick-modification method.

Testing the Joymouse. Turn your
computer off, attach the joystick
cable to the game port, and con-
nect the mouse cable to the serial
port used for a mouse. Adjust the
trim fabs on the joystick to their cen-
ter position and make sure that S1 is
set to mouse operation. Turn on the
computer and boot to Windows.
The joystick should be centered
while Windows Is starting. The mouse
cursor should be controlled by the
Jjoystick. Move the cursor around for

(Continued on page 104)
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(continued from page 72)

a while to get used to the way the
Joymouse works. The cursor will
keep moving as long as the stick is
displaced from center so you have
to start moving the sfick back to the
center just before you reach your
target.

Try adjusting the sensitivity of the
mouse driver for cursor speeds that
suit you. If you still want a slower cur-
sor, add the “H” jumper on the
Joymouse board. If the cursor slow-
ly drifts while you have your hands
off the joystick, you might need to
increase the size of the deadband
by adding the "D” jumper on the
Joymouse board. :

The two test points on the
Joymouse are confrolled by the
Joymouse software subroutines. Test
point TP1 goes high whenever the
joystick resistances are being mea-
sured, and TP2 goes high whenever
a mouse-data packet is being
transmitted. In addition to showing
that those functions are running, the
test points can also be used 1o syn-
chronize an oscilloscope. That will
let you watch the comparator cir-
cuits and the RS-232 interface. Q






