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Build an Intell igent Relay
A quick-to-make microprocessor-based device,

controlled by your HT.

by Bruce R. Knox N8LXS

T f you want to check out a length
.lof coax. remotely reset a clus ter
or BBS node. or test a doorbell in­
stallaticn, you o ften get some­
one's help. Wouldn't it be nice 10

have a device thai could provide
you with a contact closure. at your
command, using your hand-held
transceiver (H'T)? This art icle will
show you how to bui ld such a de ­
vice. which prov ides you with a
set of functi ons that will make
your life a whole lot easie r in
these situations.

You Need a Mtercprocesscr

In order to provide a set of use ­
ful functions, some fonn of in­
lelligence would be required
for this de ... ice . I looked o ver
the ran ge of microprocesso rs
available and most seemed to
be gross o verk ill for such a
simple application . In m ost
cases, even simple single-chip
microprocessors like the Mo­
torol a 68HC705xx require a
mult i-hundred-dollar develop­
ment environment and a lot of
construction 10 gain even basic
functionality.

Enter a nifty product fro m
Parallax . In c . • call ed T he
BASIC Stamp. This is a sim­
ple-to- use but highly function­
al microprocessor that fits this
(and man y other) applications
perfectly.

Whal ls The BASIC Stamp?

The BASIC Stamp is a PIC
microprocessor mounted on a
small printed circui t board
(2 . 5~ x 1. 5 ~ . or 6 . 3cm x
3 .8 c m) . It spor ts a 5·vo lt
regulator. reset circ uit. re s­
onator. input/output (i/o) head-

Photo A. The Parallax BASIC Stamp.

Photo B. The finished Intelligent Relay.

er for the eight i/o lines , and a 10 x
14 wirewrapJprototyping area. The
fol ks at Parall ax have developed
code for the PI C microprocessor
that interprets "tokens" generated
by a B AS IC lang uage token ize r
thai runs on a standard PC. This en­
ab les you to develop applications in
a high -level lang uage, download to
The Stamp, and run. It runs your in­
structions at about 2,000 per second
(50 microseconds per instruction.
typically). and the supplied EEP­
RO M (Electrically Erasable Pro­
grammable Read Only Me mory)
can hold about 80-100 BASIC in­
structions pe r program,

Fi gure I shows a brief sum­
mary of some of the more inter­
es ting Stamp BASIC commands.
W hile the p rogram speed/size
limitations o f thi s dev ice will
mo st likely prevent you from
doing many d ig ital signal pro-­
cessing applications on it. there
are many others you will be able
to do. and in a fraction of the
time it might take you with a
more conventional microproces­
sor environment. The best part is
that the development environ­
ment that runs on your PC costs
only $99 from Parallax. Inc., and
you can use it o ver a nd o ve r
again. Stamps co st $39 in un it
quantities, and discounts start at
five units.

The "Intelligent Relay"
With th is handy bu ilding

block in hand. it was preuy easy
to develop the application. Fig­
ure 2 shows the sc hematic fo r
this application . It was built en ­
tirely on the prototype area of
The Stamp using poim-to-point
constructio n te ch niq ue s. The
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N\Ulbera

There are more commands.

serial I / O

Digital I /O

tion. If you don't have one of these avail­
able, shielded cable and separate connectors
will work just fine. The block diagram in
Figure 3 shows you how the system is used.

The Software
Figure 4 shows the complete listing of the

Intelligent Relay Program. The only reason

Aaync serial input
Async serial output

Generate tones/white noise on a pin

set pin l ow
set pin high
Change state of pin
measure pulse width
do button functions

Figure 2. The Intelligent Relay Schematic.

SOUND

SOund

SERIK
8EROU'l'

LOW
HIGH
TOGGLE
PULSIN
BUTl'ON

PWM Generate PWM out put
POT Measure value of a potentiometer

I nt eger aath : + , -, . , / , e tc ,
Logica l a : AND, OR, XOR, etc.

Analog I/O

Proqraa Control

IF • • , THEN
GOTO
GOSUB
FOR• • • NEXT

Figure I . Some ofThe Stamp's commands. (See Figure 4 for others.)

sulated wire can be used, and the circuit can
be built in about two hours. One word of
caution: The column of holes in the proto­
typing area right next to the header are con­
nected to the header! Use these holes to pick
up your signal connections to the other parts
of your circuit. Finally, a spare coiled cable
was available for the dev ice-to-Hf connec-
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basic hardware requirements for this device
are:

I. Function from 12 VDC (The Stamp
comes this way); 2. Provide a normal ly open
and closed relay output; 3. Provide a DTMF
tone decoder to receive commands; 4. Pro­
vide a means of transmitting tones from the
HT If you are using a remote switch to
check out an installation-it is really nice to
know if, in the case of an unexpected result.
your remote switch is working. To accom­
plish this, I made a connection to the micro­
phone input of the HT. Through this connec­
tion, each command can be acknowledged
by transmitting a Morse code "R." In addi­
tion, an "0" (a shortened version of "0") can
be sent for off, an "A" (a shortened version
of a "I") for on, and a caUsign for identifica­
tion purposes. The interface to the HT was
implemented using capacitor C2 for the au­
dio tone, and resistor RI for keying the HT.
You may find that you have to adjust the
value of RI or C2 depending on the HT you
use. If the HT you choose does not support
this hardware arrangement (keying and au­
dio on the same wire), you can easily adapt
it to support a relay for the keying and keep
the tone generation output separate. Tone
generation is handled by a command called
"SOUND" in The Stamp's BASIC inte r­
preter, and keying of the HT is handled by a
simple logic level command (see the soft­
ware listing).

Receiving DTMF (Dual-Tone Multi-Fre­
quency) tones is pretty easy these days. A
TeJtone M-8870 DTMF receiver was chosen
for this purpose. The M-8870 (U2) uses a
minimum of external pans and runs off a
single 5-volt DC supply. The outputs of the
M-8870 consist of four data bits that tell you
which tone was most recently decoded, and
a strobe line that goes to 5 volts when a tone
is present. These five lines are run to five of
the eight lines on The Stamp. The M-8870
requires a cheap 3.58 MHz crystal (some­
times called a oolorburst crystal), three resis­
tors and two capacitors to get it running. In
this application, oone of the values (except
the crystal value) are critical, with a 20%
variance being acceptable.

The output from the device is a relay, des­
ignated as Kl. This is a 12 volt DC relay
that is powered from the external supply
(before the on-board 5-'0'011 regulator). Re­
sistor R2 limits the base current to transistor
QI, and standard NPN, such as a 2N2222 or
2N3904. When saturated, QI energizes KI.
Diode 0 2 is provided to snub the tum-off
spikes generated by K1.

Diode OJ was provided for two reasons.
The first and most important reason is to
protect the device from a potential reverse
polarity connection. The other reason is to
introduce a volt or two of drop to limit pow­
er dissipation in The Stamp's regulator. Ca­
pacitor CI, a 0.01 disc, is provided to help
keep RF out of the device.

As mentioned above, point-to-point con­
struction techniques were used for this de­
vice. Photo B shows the finished unit is a
small aluminum enclosure. Small, solid, in-
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Radio Shack '275·249-A
Radio Shack '274·290

What Else Could You Do With This
Design?

T here are lot s of things that could be
done with this application. For exa mple.
you could monitor inputs and report them
on command. Or you could transmit a call­
sign with the relay (could be handy for re­
mote on-air testing). But it is possible to run
out of program space . So, depending on
your application, you'll either have 10 get
real clever in optimizing your code or you'lI
have to limit your functionality. The former
is my preferred method. even though that
method can drive you nuts!

Conclusion

In addition to DTMF-conlrOlled devices.
The Stamp lend s itself to many other
applications. You could make a custom
keyer, a rotor controller, an antenna switch,
or many other sim ple controll ers. And
since the device is software-driven, you can
now dazzle your friends with fancy features
that couldn't be done before without a large
bag of TTL o r CMOS ch ips an d a lot
of ti me and aggrava tion . Have a good
time wo rki ng with this powerful . yet
simple, device. 1:1

with the acknowledgement transmissions.
You could fix this by changing the key-up
delay in the program (or by not using the
Thl ·732).

Parts List

2.2k 1I4W
1.0k 1/4W
300k 1/4W
100k 1/4W
0.01 25W VOC disc
0.1 25W VOC
1N4001
Yellow LED
Green LEO
Relay
Mike connector
118' connector
2N2222 NPN transistor
3.579545 MHz crystal
The BASIC Stamp (Parallax)
Tertone M-8870 OTMF decoder
4' x 2-1/8' x 1-518" Radio Shack '270-239
4-40 screws/spacers/nuts lor mounting The Stamp
318" grommet lor cable entry
Shielded cable/relay/power leads as required

R1
A2,A3,R4
R5
A6,A7
C,
C2,C3,C4
0 1,02
03
D4
K,
p,
P2
a,
XTAL
U1
U2
80,
Hardware
Grommet
Wire

but causes a problem here. The TM·732
does not release the PTT for about two sec­
onds after the last DTMF digit is entered.
This allows phone patch users to release
their P1T while entering strings of digits.
Even though the Intelligent Relay carries
out its commands, the TM·732 interferes

Figure J. Block diagram ofthe Intelligent Relay.

~
1,., 500 1 Microphone

12VDC
Earphone

II 1'41 500 1
L

RemoteHT To COM

IIIoevce
NOTo"

Control led
NO Aela~

The Inlelllgltnl Relay
Controlling HT

• •

DTMF I: Turn relay on for 2 seconds,
send "Roo

DTMF 2: Pulse relay for x times
(digit after 2), send "ROO

DTMF 3: nun relay on. send "R"
DTMF 4: Tum relay off, send "R"
DTMF 5: Toggle relay. send its new state
DTMF·: Send current relay state
DTMF #: Send ID (N8LXS in this case)

the program looks so long is that it is heavi­
ly commented. The application performs the
following functions:

T he mo st impo rtant fea tu re of the
software aspect of Ihis project is the ease
wit h which it can be implemented. You
simply connect a three-wire cable from an
LPT: Port on your computer to a header on
The Stamp. run The Stamp program. enter
your program into a text editor (included),
type ALT-R when you want to ron, and your
program will be off and running. Bugs?
Well, there's a DEBUG instruction that en­
ables you to print variable values back to
the PC to see what might be wrong. With
the possible exception of making a pin into
an oerput when it is connected to an exter­
na l output. it' s j ust about impossible to
break The Stamp with software. So go have
some fun !

Using; Ihe Intelligent Relay

You'll find many ways 10 use this device
in addition 10 those mentioned earlier. Radio
Shack t-ITX-202s were used 10 develop the
design in this article. A Yaesu Ff-470 was
used as the remote radio, and this worked
fine. However. when the Ff-470 was con­
nected as the Intelligent Relay radio. some
problems with the radio keyi ng were en­
COUntered. You can fix problems like this by
playing with the values of Rl and C2. Also
noted. a Kenwood TM-732 has a feature
that phone patch users enjoy (1 presume),

Parts Availability

A set of components, induding The Stamp and a 3.5' disk with the source code on it, is
available from RF Applications, Inc. lor $95. We can program your Stamp for an additional
$20 (please give us your call). Please order this kit by mail or fax , VISAIMC accepted
(encouraged), 819310 UtUe Mountain Road. KirUand Hills OH 44060-7951 ; Fax (216) 974­
9506.

Note: Unless you order The Stamp programmed from us, The Stamp AF Applications,
Inc. supplies is unprogrammed. You'lI need the Development Environment described in this
artiCle to load the software. The BASIC Stamp Development Environment is available from
Parallax, Inc. 3805 Atherton Aoad, 11102 Rocklin, CA 95765. Their telephone number is
(916) 624-8333. The Stamp is a trademark. of Parallax, Inc.
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R.. BASIC STAMP Cont~ol Proq~a.

R•• Int.lli9.nt Relay
Ra. 8y 8~uc. R. ~nox

Ra. Rr Appl i cation., Inc.
R•• Auquat ae , 1994

R•• YOU _ y copy thh ooda , but p l ... . aeltnovled9. i ta ori'll i n .

0- -~ " a D'nll' <Hcod.r on 0-) , .trot» ( aet h. biqbl ,,~ ••...Pin 5 " ....ad f or t~aM"t tone
••• Pin ' " t!M PM' tor t!M redio

••• Pin ' " t.Jla relay output ( a etiva lli9b )... ea-and,, :

••• , • PIllA 011 tor 1 . econd... " • To99la XU...
••• , • Turn o n tba ~.lay

••• • • Turn oft til. relay

••• , • To99la the relay then Function 11

••• n • R.port r.lay atat u . ( A-on , O-O f t).- n • Ill. ( If' LXS i n this ca•• )

R_ sat up P in DirecUon RR9htan (5 i na and ) OUU I.- ", , • ou.tput : h lay, .-0- ", • • ou.t.put : h y Radio, o-J[ayad... ", • • ou.tput : at Tone ou.t
0- ", • • I nput ' DnU" Tone Pr...nt, ,~ Pr...nt
0- ", , • I nput ' D'nlr 8a I
0- ", , • Input' D'nIr lit 2.- ", , • I nput ' DTWF lit 1... '"

, • Input , D'n(r Bit II

di~. - ' 1 1 11111111111

,~ ,
_ A 1_ on Pin 6 keys up til. r adio , 110 atart u.n.kayad

h i "'" 6

R•• Valt tor MIG" UI 01\ D'nlt Data PT... nt Li_

l oopO=
it pin4 • II th.n l oopO

Ra. Ma.k o f t unwanted top four b i t s

b 2 • pin. 6 1 5

...SOrt out ~...
"

., • , "'., ,~,

"
., • , "'"" ,~,

"
., -,

"'"" tunCI

"
., • • then fU l'1C4

re ., • 11 the n funell

"
., • 5 th.n func5

" b , • 12 tban func: 12

loopl :
it pin4 . , tIloan lOOPI

90to ,-.- Pul• • ra l . y o n th.n o ft

t u ne l =

bi9 h 7
pa..... 20011
,~ ,
9Dt<> _ i t _q<>na

... Pul A r . lay X U _ ( X f o11_ t!M 2 1

f unc2 :

tunc:2_1 oop,
i t pin4 _ I th. n func2_ l oop

fune : _loopi=
i t pin4 - 0 th.n fllne:_l oopl

bl -pina6U
bl_bl _ :

f or t>4 _ l tob)
t"'Nl. ,
pa.... IllO_.n.
.~ ,

funcl :
b i9b 7
9oto " " i t _9 0 n•

R• • TIu'1l o f t ralay

tunc4=
,~ ,
9Oto _it.-qona

_ To991. re lay

func5 :
to991a 7

Re. 'all r i9ht into func11 to t a ll tha atata of the r.tay

R.. Uaa · 0· f o r off, - A- f o r on (abort.nd Mo r A I I

funell :
it p in4 - I t ban funcll

i t p in7 _ I than funcll ll
pallA 200,- .
pa..... 400
qoalll:l daah
qoalll:l daah
90"l1l:I da.h
pau•• 200
h19b 6
""to loopO

func1l0 :
9O"1Ib kay_ciovn
qoalll:l dit
9'D"111:1 daah
pa.... 200
lI.iqh 6
9Oto 1oopO

R•• sand c a ll (M'LXS in tIli. ea.-I
R•• l-daah, : - .U t , l -lnt.rctlareet.r apaea

f une U =
90aub "y_down
t or b 2 _ 0 to 21
l ookup b2 , !I , : ,I ,t ,l.I ,: , : ,I ,: ,I ,:,2,I,l,: ,2 ,l ,I ,: ,2,: ) ,b)
9011l1l:I Mnd
_rt .,
pa.... :00

hiqh 6.... '-
... _it f or Oft' tona to 90 a_y bato ra prc>caadl"'9

..ait_qontI :

i f p i n4 - i t h.n ..alt.-90n•

'lO,,1Ib kaY_down

9 011ub dit..........
90IIUb dit
pa.... 2 0 0

hi911. 6

""to lOOPO

R.. Mor•• COd./r.dl0 .upport l"Ol.lt in. a

diU
. ound 5.(1 00 ,5 )
pau•• 15
raturn

4aah:
aound 5.(100 , 15)
pa.... 15
r.turn

A nd :
it bl - 1 than da.1I.

it b) - 2 tIl.n dit

it b3 - ) tIl.n ".~d.lay

aand-dalay:

pa.....0
return

t.y_ciovn :
pIIu•• : 00
,~ .
pau•• 400
r.turn

Figure 4. The software. Nothing to it!
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