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Breakthrough!
A Computerized Antenna Rotator!

- KIM-1 can do!

Fig. 1. A/Dconverter. Ul , U2-Quadop amp (RS 276-1 711J;
U3, U4-741 op amp.
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O ne evening, Ri ch
WB3CTZ and I were

discussing various improve­
ments we had made to our
ham shacks which had re­
sulted in greater operating
co nvenienc e. One t hing
that we felt st i l l could he
improved was the opera­
tion of Rich's Ham I I ro­
tator. There was no simp le
way to get arou nd the nor-

gram is read into the KIM, a
sim ple ca librat ion is con­
ducted . From then on, the
KIM does the work . You
punc h in the bea ring and
push the 5T (start) key. The
KIM wi ll turn on the power
to the rotator. operate the
brake release. turn on t he
motor to tu rn the antenna
to t he desired head ing, turn
off the m otor at the correct
t ime, wait unti l the ante nna
has coasted to a stop, set
the brake, and turn off
power to the rotator con­
t rol. At a ll ti mes the
selec ted beari ng i s d is­
played digi tall y on the KIM
d isp lay.

The re are many error
checks and fai l-safe devices
built into the program to
prevent the operator from
do ing something wrong. All
sw itches in the rotator con­
trol unit have been paral­
leled so that m anual o pera­
tion can be used at any
time. The system has been
found to be reliable and
very accurate. Our init ial
des ign goal wa s an accu­
racy of two degrees, hut as
far as we can determine, the
antenna stops at the exact
bearing punched into the
KIM (as indicated by the
meter on the Ham II ).

amount of va luable time. A
thi rty-hour contest might
require as much as one
hour of t ime devoted to op­
erat ing the antenna (an
average of 45 seconds per
operat ion and fou r opera­
t ions per hour).

About this sam e ti me, we
we re t ryi ng to come up wi th
a good appl ica t ion for o ur
newl y-p u rcha sed KIM-'
m icroprocessor . We had
to ld our w ives how great
m ic ros were but had not
bee n able to show them
much more than the old
standby, Lunar Lander. We
dec ided to work out a
method of using the K1M to
cont ro l and operate the
Ham II rotato r, thereby
el iminating two prob lems
at one time. to everyone's
delight. The result was so
overwhelmingly successful
we thought that other hams
m ight benefit from it.

The system we cam e up
with consists of an AID con­
verter (so that the KIM will
be able to read the bearing
of the antenna), a relay­
operated interface to op­
erate the cont ro ls of the
rotator. and the software.
Operation of the system is
very simple. After the pro-
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mal system of looking up
the bearing, hold ing the
brake release down wh ile
operat ing the motor con­
trol, and watching the hear­
ing indicator. Final ly, a de­
cisio n must be made to re­
lease the motor cont ro l at
the correct time. W hen this
scena rio is repeated m any
times duri ng a contest, it
consumes a cons iderab le
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The I /O Device

The 1/0 device is two
separate ci rcuits , One is
noth in g more than a home­
brew AID converter and the
other is a number of relays
and rel ay dri vers to o perate
the va rious contro ls of t he
rotator.

Fig. 2. Relays and relay driver. Ul -U4 -741 op ampsor equivalent; 0 1-0B- 1N41 4B; Kl -K4
- 12-V dc relays (see text). * /nstall on/o ff switch on V+ line to disable relays.
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about 22 volts at fu ll sca le,
decreasing to 0 volts in a
l inear f ashion. By wiring the
1-mego hm pot as shown in
Fig. 1, we could set the full ­
scale vo ltage to the desired
va lue of 4.7 vo lts wh ich
would take f ull advantage
of o ur AID converter.

W e also found several
volts of ripple w hich was
averaged out by t he meter.
To elim inate th is rippl e, we
used the choke-capac itor
f i lter shown in Fig . 1. The
choke ca me from a " boat
anc ho r" in the basement
and probably any audio­
t ype choke wi l l be suffi­
c ient. A slight amo unt of
hum at the input to t he
comparator will ca use the
KIM to turn off the rotator
motor early regardless of
the directi on in w hich the
an tenna is tu rn ing. Each 13
milli v o lt s o f ri p p le i s
equ ivalent to one degree of
rotation. In our unit , the rip­
ple is sm all eno ugh that the
anten na co mes to rest at
ju st the right place. Murphy
must have been o ut to
lu nch the day we chose our
choke!

The fo ur relay dri ver ci r­
cuits shown in Fig. 2 are
identi cal. One is fo r the
on/off sw itch, one for the
brake sw itch, and one each
for the two motor sw itches.
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wil l be low. The diode o n
t he output of t he com­
parato r prevents the output
from going to V - , wh ich it
w ill t ry to do when it is in
th e l o w o utput state .
Simi larly, t he zener pre­
vents t he o utput f rom going
over 5 volts in the high
state. This protection is im­
portant since the outpu t of
t he com pa rato r is con­
nected to the KIM to te l l it
when the antenna voltage is
equal to the voltage gen­
erated by the AID con­
ve rter.

I recommend chec king
ou t the ope rat ion of t he
co m pa r a to r c a re f u lly
before hook ing it to t he
KIM to be sure t hat the vo lt­
age does not go above 5
vo lts o r to so me negat ive
value. Thi s is the o nly pl ace
in the system where a vo lt­
age is fed into the KIM. Al l
other connectio ns are out­
puts from the KIM.

All connections to the
KI M are as show n in Figs. 1
and 2, with t he exception of
t he powe r su p p ly. The
connect ion to the antenna
rotator contro l is made
through the l -m egohm pot
w ired as a vo ltage d iv ider
and a f il ter c ho ke to f ilter
bu-cvcle hum. We found
t hat the vo ltage across t he
meter in the Ham I J wa s
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sib le w hich m ay be gen­
erated. O ur un it genera tes
voltages w ith a reso lut ion
of 18.35 m illivol t s between
o vo lts and 4.7 vo lts.

U3 is a summing ampl i­
f ier for the vo ltage and also
is u sed to " z ero " t he
system. We foun d that our
KIM produced about 40
mill ivol ts when its outputs
were low. Th is was eq uiva­
len t to abou t 3 degrees of
antenna rotati on. We found
tha t we could compensate
for th is sl ight offset usi ng
U3 and res istors R9, R10,
and R11. The va lues of
these resisto rs were found
experi mentally by usin g po­
tentiometers and ad justing
them unt i l the ou tput of U3
was exact ly 0 volts when al l
inpu ts to U1 and U2 were
held low by the KIM. The
va lues show n shou ld work
v e ry w ell w ith mo st
m achines.

The ou tput of the sum­
mi ng amp is fed to the no n­
invert in g inpu t of the com­
parator, U4. The voltage
from t he rotator, whi ch is
directl y proport ional to the
antenna bearing, is fed to
the invert ing input of the
comparator. Whenever t he
vo ltage f rom the rotator is
higher than the voltage gen­
erated by the KIM, the out­
put from the compa rator

The AID converter in Fig.
1 probably cou ld be re­
placed with a co mmercia l
unit. I took the home-brew
route to m aintain m y im age
of doing t hings the hard
way. Bes id es, I t hought it
wou ld be inst ruc t ive and re­
warding.

O pe ration o f the AID
converter is not diff ic ult.
U1 , U2, and U3 generate a
voltage dete rm ined by the
d igital word at the o utput
of the K1M. The higher the
dig ital word, t he higher the
voltage generated. U4 com­
pares th is vo ltage to t he
voltage to be m easured
from the rotator. W hen t he
two vo ltages are eq ua l, the
com parator sends a signal
to t he KIM (U4 o utput
changes sta te). The voltage
f rom t he rotator is d irectl y
proport ional to the bearing
of t he antenna. For the KI M
to determ ine w he re t he
antenna is pointing, all it
has to do is keep changing
the digita l word at the input
of Ul and U2 unti l it gets
the highsign from t he com­
parator. In our system, w hat
actua l ly happens is th at the
KIM calculates w hat the
digital word would be for a
desired head ing and then
turns t he antenna unti l the
rotato r vo ltage is eq ual to
the voltage generated by
the digi tal word .

Ul and U2 are quad o p
amps set up as vo ltage fo l­
lowers. The o utputs w il l fol ­
low the digital word at the
inputs (0 or 5 vo lts) and act
as a current source. R1
th roug h R8 m ake up a vo lt­
age d ivider w hose output
wi l l be som ew here between
o vo lts and 5 volts. Si nce
there are eight inputs to the
voltage divider, there are
256 different voltages pos-
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Subroutine flo wcharts.

A ft e r t he ca l i b ra t ion
stage, the operator may
enter any bearing, followed
by 5T, and the computer
will do its job. It will-

1) Turn on ac power to
the rotator

2) Release the brake
3) Turn the antenna to

the desired bearing
4) Reapply the brake
5) Tu rn off ac power to

the control box
During the t ime that the

antenna is in m ot ion, the

compute r program. The
first step wa s to determine
how to tell the co mputer
how far the an tenna could
be turned in either direc­
tion. To do this, we came up
with the following method .
We f irst turned the antenna
as far as possible in a
co u nte rclock w ise direc­
t ion, entered the number
1lX)() into the computer,
and pressed the 5T key.
(The 1000 sho uld appear on
the address LEOs of the
K1M.) The computer inter­
preted this action and read
the bearing on the rotator.
This number became the
extreme for counterclock­
wise ro tat ion.

The ext reme for clock­
w ise ro tat ion was indicated
to the computer by swing­
ing the beam as far as pos­
sib le in the clockwise direc­
tion , entering the number
2000, and pressing the 5T
key . (These two actions can
be done in eit her order.)
Once the extremes of ro ta­
tion are determined, the
operator enters the number
3000 and presses the 5T
key, t hus telli ng the com­
puter to set al l its in ternal
math ca lcu la t ions based o n
the two ex t remes of rota­
tion. If you get clockwise
a n d co u nte r cloc kwise
mixed up, the computer
will tell you by displaying
Es when the 3(X)() com m and
is entered. W e call these
steps cal ibrat ion, and they
must be done before the
co m puter can recognize
properly any commands to
tu rn to a ce rta in bearing.

which can handle the cu r­
rent for your rel ays will
work very well. The relays
must be able to handle the
current d rawn by the
rotator motor and brake.
The Ham II requ ired 5-Amp
relays. We got a very good
deal on relays from Poly
Pak s They are 5-Am p rel ays
and require 10 vo lts at 100
milliamps to o perate .

D iode 05 protects the
transistor from any spi kes
developed in the relay co il
when the t ransi stor i s
turned off . It effectively
shunts any voltage greater
than vee to the V + line. I
guarantee that you wi ll zap
any transistor that is not
protec ted by such a d iode.

LE D 0 9 and resistor R27
m ay be om itted and the
rel ay hooked directl y to the
col lec tor o f the t ransistor.
We had it set up without
these two parts at first , but
found it very unnerving to
hear the relays clicking and
not know which ones or ex­
act ly what was happening.
The LED will turn on when
the relay is energized, in­
d icat ing w hich rel ay is
operat ing. This is particul ar­
ly helpfu l in system check­
out and troubl eshooting.

The fin al item I want to
mention is the switch, 51. It
is used to d isable the o nloff
relay during calibration, ini­
t ia l ization, and t roub le­
shoot ing. Remember that
this sw itch and relay are
sw itc h ing 120 V ac, so ex­
treme caution should be
exercised. The entire on/off
power switch relay can be
el im ina ted from the system
if you so w ish, bu t you w il l
have to leave the power
turned on to the rotator
c o nt ro l a ll t he t i me .
Another sw itch should be
provided in the V + which
goes to the relay t ransistors
so that all relays can be dis­
abled for ca librat io n. Thi s
switch should be left open
until cal ibrat io n IS com­
plete.

The Software
With t he hardw are under

way, we began w ork on the
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which opera tes as a switch.
0 1 w i l l not cond uct un ti l i t
is forwa rd bi ased to .7 volts.
This is necessary to prevent
relay activat ion from the
4O-millivolt potential at the
output of the KIM when it is
in the low state.

Res istors R22 and R23
l im it the cu rren t drawn
f rom the buffer amp and
bi as the transistor to op­
erate as a switch. I used
33O-0hm resistors since I
had quite a few on hand, al­
though other values wo uld
work ju st as well . The tran­
sistors are ju nk-box spe­
cials . Any NPN transistor
with a gain of 30 o r more
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As the relay dr ivers operate
simila rly. I w ill describe on­
ly the one used for the
power switch. The output
from the KIM is hooked to
the non-inverting Input of
buffer amplifier Ut. a 741
o p amp, wi red as a voltage
follower. The 47k-O hm re­
sisto r from the input of the
buffer to ground will keep
stray signa ls and noise from
act ivati ng the relays. Wit h­
o ut t hese res is tors. we
found that a z-mrcroamp
signa l would operate the
ci rcuit and t ri gger t he
relays. The output of the
buffer amp is fed through
diode 01 to the transistor,

Delay Location
Power on 10 brake release 02C6
Brake release 10 rotat ion 0206
Stop rotaucn to apply brake 0322
Appl y brake 10 power all 0332

Ta ble 1. Rotator t im ing delays.



. .... "ff............,

"~
~.."
".....".

I
.......
•••••••••

· u ' .
' 0.'.....

...."".. ~ .,..
II . ,

( .. "" )

..

0 ' ...... ....

..

..

.,

...

I

' ",-'
.,..

..

....,..................

..

..

••............._..."""

T",," (II<
100'011 (II<
""UT( ewoo......
••OC•• ,.. , " "

c·
........."
....T ..~.. ' 0
..... ""'..~mo,_......"

I
'U__ ~..,_.."

I
- I"

•••• •••
I

~ll"..
I~'",.... n ,

E

.. r

~

..

._..
100'011 '.
~O"'.c..oc. . ..-

..., ".
C"""S' .. , '"'n .

I
••

01" .......... ...
as ...T....

( S''''' )

"

,.

".'C'"
' ~~OII .'.".cu,.,
••

( S..... )

­........~

.­......,n

I
.....

I

.' 'C.
""'~""IC.-

"

..

..

..

o•

...

...

..
...
...

."
..
'1ST '011• •.........

..C.....,...,.
-,~.n

..CIt....,................ .

moving the antenna. We
can either w ait for the
antenna to reach the w rong
position and then en ter the
one we reall y wanted, or we
ca n touch any key on the
keybo ard . W hen any key is
touched during rotat ion,
the computer assumes that
we entered the w rong bear­
ing and stops the antenna
w here it is so that we can
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Flowchart.

m ay m ake. O ne is attempt­
ing to enter a bea ri ng
before performing the cal­
ibration steps. If we do this,
the computer displays Cs.
te lling us that i t will not re­
spo nd because no calibra­
t ion has been do ne. An­
other is enteri ng a bearing
which is not reall y the one
we wa nt and not icing it
after the computer begins

"
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bea ring which was entered
by the operator w ill f lash.
When the fl ashing stops,
the antenna is in position. A
side benef it o f this system is
that a dig ita l readout of the
current antenna pos it ion
will be shown w henever the
antenna is not in m otio n.

Although the computer is
always right, there are some
errors which we humans
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Program listing. 0066 CJ. AC N '"'
0~7 sc BNE A:;N

0020 A9 '''' U>.< "
0058 FiI

1102.\ ."
0069 A9 U>.<01

0022 80 JrA 1701 4 . f i n. AO thru A7 &8 output 005A 01

002) 01 0063 lO A~!l 110l

(,: l 4 17 cosc ca

0025 A9 U>.< oo 006!l 17

ocee co 006;: 4e J;':P 2F'3

0027 80 J,1'A 1700 c h ar e ut put 0061' r;;

ccee co 0070 Ol

OO~ 17 0071 ... '" sr
"'. " L-:1lU:;l LDY 10 0072 1'1'

0023 10 007) '" '"'",eo, LOOftO ,..., 007'" Bli'; A.:;lit

002;) :xl BlI"ii: iocrre 007'"
oon ra ClO?ti A9 "",01

ccar A9 LI:A til t .. t 101\ 0077 01

OO)tI Cl 0078 :;z A..'!!l 1702

00;1 20 3 IT 1702 0079 ca
OO;l 02 00711. 17

00)) 17 007' sc J t:P )6)

ooy. :» 3~i: L:;C;IT 007C 6)

00)5 05 0071l C)

"" ,. "'" ••t bex ~e
CC)S ;:;: IliC 170:;)

0201 A' L:lA KI:r:'1I b1t;h <mi."" c.~u&Ch...
(0)7 00

00;8 17
0202 f1I

020) C9 0'1' 10 t est t o:< low en4 ca11~.tlon
0039 "C Jt·1' L1:tU';S

C·t;I, 21,
0204 10

e20, ttl BE:( LC.ULCW bco.::ch It ~o
OOJ~ 00

OC)O A'J izcrrr U'A 1700
020S 17

00):1 00
0207 U Q'J' 20 t eo.t f er h i c;b 1000 ca..l i~.t1on

CO)£; 17
0208 20

OO)f 85
0209 FO BE;! LCAUI tr&!lc.~ if s e

S1A VIl....I.P

0040 09
02011. 1::

0041 60
0202 C9 el:J' )0 hst for se t cal ibcstlon

R':'S

00.50 A5 LD.i. VBSVII
O~OC )0

00, 1 08
02 0;) FO 36:< lSi'rOAl br.."ch if so

00 52 ss sac 00
OlO;: 2)

0(5) 00 0201' C9 o~.p 04 t est fer bear ing

0054 85 lirA V1>3VII 0210 04

0055 08 Ol11 90 ecc 1300 brancJ> if so

00, 6 4c Jill' ) Al oa ta 39

0057 Al Oll) A9 """CO LDJI ;;::; error cod e

0058 0) Ol14 :::.;;

0059 8, S11, V.ORAl 0215 8, OISi' STA FOI:rr

00,1, 00 0216 F9

00'3 A' LD.i. V'''OR:<2 0211 8, lI1A POL'"TL

00'0 00 0218 FA

00,:> ::9 sse 00 Ol 19 85 511, PCll:l1i1

00,;: 00 Ol l 1, n
0051 85 SrA Y'oIQRi( 2 0213 4c Jr1' S'A..'lT 4is ple.r errOr

octo 00 021e 4 r

0061 4c JI'1' 23) ol10 t c

0062 3) 021;: 20 LeA! W ' JSJI IW'J' lI;et I / O val..e

006) " 021f 20

ocs, ... '" '" 0220 00

006) " 0221 '" U>.< """
l ow end I/o yel...
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en te r the correct o ne. To
show that it has stopped
without reaching its goal. i t
displays Es (fa ilure to reach
goa l). Another po ssible e r­
ror o f major conce rn is that
of entering a bearing which
is greater than 300 degree s.
If this happens, the com­
pu ter displays Es and waits

~ 90

for a proper entry. The Es
also will he displayed if we
try to enter a command
which it does not recognize
(e.g., 5000 in stead of 3000).

After the program is read
into the computer. the fol ­
lowing steps must be taken
before the $1 key will func­
tion. Place the values 00

and 02 in core locations
17FA and 17FB respective­
ly. Th is should be done im­
mediatel y after the program
is loaded into the computer.

Most of the program is
straightforward. However,
som e complexity was in­
vo lved in determining when
the antenna had reached

the desired bearing. The ap­
proach taken to th is prob­
lem was to have the micro­
processor calculate and
generate through the AID
converter a voltage corre­
spo nd ing to the desired
bearing. The antenna is
then rotated until the vo lt­
age from the rotator eq ual s



0222 rJi 02,5C A9 CO" LDA CC

022) 8,5 STA VLe.i::\D sa.ve it 02,50 CC

0224 00 02,5£ 4 C JI1P DISP

022.5 »c Jr.p START exit 02,5F 1.5

0225 4, 0260 02

0227 rc 0261 »c J!'U' ) e)

0228 20 LeAtHI JSR RAI:? get I/O val~" f or high end 0262 c
0229 20 026) 0)

022A 00 0267 8.5 eTA VBS VL

022a 1\.5 LDJ. VRAh? 0268 07

022e 09 0269 20 J 5R HE::( convert t o he x

0220 8,5 STA VHI;o;:m save " 025... 9)

022£ 01 0263 0)

022 F ic •J!:P START exU 026c ...,5 ""n~
02)0 4, 026;) 0...

02)1 1C 026E 85 ST... V"t!::::GRL f irst d1g1t

02)2 ... ,5 rasrc...L LDA VHI;;:;,;) h1gh calibrat10n value 026F OB

02)) 01 0270 20 J5 R nsx

02}4 )8 '" se t for s~btract 0271 f))

02).5 E,5 SEC VLO', ';::':;) s~btract lo~ cal1brat1on valu e 0272 0)

02]5 00 027) 06 ASL VRa l poa i t i on second d ig1 t

C2)7 90 BCC L~ROR error 1f values reversed 0274 OA

02)3 DII 0275 06 ...5L VRE:!'j

02)9 85 51'''' VCALCOO:" T Save d1fference 0276 011

02).\ 02 0277 06 IISL YEa ',

02)3 119 "" oo cleAr ... 0278 0...

02)C 00 0279 06 A.3 L 'lJIi)1

02 ) D 85 eTIl VCALFLAC i ndicate calibrat ion compl eted On... 0/\

02) £ 0) 027a 18 ,co
on, A9 "" " one 11.5 LDII VHOORL

0240 IT 027D 03

0241 8D STA 1701 set 110 thru A7 &s output 0272 6,5 ere 'lJI£!1

0242 01 027, 011

024) 17 0280 8,5 5TA ViJ:::::;G<lL place second digit

0244 119 LtAlE 0281 os
• •

024,5 1;:: 0282 20 JSR H<X third digit

0246 80 STA 170) set a r thru B4 as output 028) 9)

0247 0) 0224 OJ

0248 17 028.5 66 RCR VR::':".

0249 4c Jr.F 3TART ex1t 0286 011

024/\ 4F 0287 66 ROR VH<:X3RL th ie is input in hex

0243 ic 0288 OB d1v1d ed by 2

024C 11,5 LilEAR LD/\ POI~TL lo~ order bear1ng 0289 A.5 LDA YHEX~RL c""' put e 11/0 bit patter n
0240 FA 028A 03

024.;; ;8 '" pre pare f or subtra.ct 028B 8.5 STA V;jCRK!

024P F8 ,~ s e t ~eoim&1 mode 028C OC

0250 E9 SBC 61 cheo~ for 'illegal bearIng 02 8p 119
"" 00

0251 61 02 8:0: 00

0252 A.5 LDII POI;;TH 028, 85 s r ... ¥~ORi(2

02.5J 1'3
,

0290 OD

0254 E9 SHC 0) 0291 ...6 LDJ( V CALCO~ST

02.55 0; 029 2 02

02.56 30 BCS LQlRO)l r<>port if beari"" ba.d 029J ;0 BE.. LCAL calibrat e i f constant eqaals , oro

0257 53 0294 cr
0'<.58 A5 L:lJ. VCALFUC check for colibration performed 029.5 CA uxn ,~

02.59 OJ 0296 ;0 B.... LDIV "'="' if mult iply oompl e te

02,5A ;0 5~ LCAu:NE 0297 i O

02,53 05 0298 18 , CO set for a.d~
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the vo ltage generated by
the AID co nverter. At th is
po int, t he antenna is point­
ing in the desired directi on,

The first step in thi s pro­
cess was to find an algo­
rithm fo r computing the
correct vo ltage for a given
bear ing. My rotator is set so
that zero degrees is exactl y

mid-scale, with 180 degrees
found at either extreme, To
develop a l inear correspo n­
dence between the bearin g
and the ro ta tor voltage, it
was f irst necessary to add
180 degrees to the input
bear ing, Thi s calculat io n
cau ses the lowest voltage
to correspo nd to the srnal-

lest bea ring fi gure af ter the
add it ion, Since the A/D co n­
verter works in 256 steps
across its range, we theo ret­
ic ally cou ld f ind the proper
bit pattern for generat io n of
the bearing's voltage by us­
ing thi s formu la : 25 5/360 x
input bearing = bit pattern.

Th e only problem wi th

thi s approach is that the
lowest vo ltage generated
by the AID converter might
not eq ual the lowest vol t­
age fro m the rotator. like­
wise, the highest vo ltages
mi ght not be equal. Com­
pensat ion for th is factor is
included in the calculat io n,
When t he value 1000 is en-
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0299 A~ LDJ. V'a'0ftX1 02D) ca

0291. OC tl2na. 11

0293 65 J.DC Yi/oi;l3Jl1. tl2 1l~ 1.9 "" ..
029C 05 ,," ..
029D 85 STJ. rolOlld

OW "
5TJ. YTJIIDt _ te t l.aa

029>: OC tl2D8 0>:

029f 1.5 UlJ. r .0l\l(2 0209 20 LIIASn2 151 ·~ ,C;U

021.0 00 ",.. ..
"''', cc ce O2DB 0)

02J.2 00 """ '" DiX: YTlIIDt

02A) e~ 511. r~0lIA2 O2 OD ce
tl2J.4 OD OlDr DO ~NI LVA31<2

02J.~ 4C J ~J' LOOJ') 020' 19

02AS 95 02EO 1.9 """ t _t bit

021.7 ()2 02>:1 01

021.8 J.2 "''' U" oo e1~ f er d1vide 02E2 20 J.ND 1101 eMU f or h f t Or r1&ht

021.9 00 Ol i:) 02

01J,A )8 "",. '" 02~ 17

021.3 1.5 LOA WORKl 02£5 Fa l lil;I Ul JGHT r etAte right

02AC O~ 0206 68

02,1,0 ~9 sse B4 02 <.'7 ,1,9 LDJ. 00: l att IlOtor

02d 14 02i.8 OE

02Af' 4\: "'" D2~ eo STA 1702 turn on IOOtor

02~D '"' 02 <.1. tl2

C131 00 C1LS 11

(23 ) 90 sec lJIIX* Z C2Ee ,1,9 """"" "" "".... "'" "02!~ ~ = ClEO: e5 S1A r . u ril

C1P6 4C '" "",. C2a O.

,'" U 02F'll 20 """ J~I! J.I(

021802 02Ft n
C239 6J. Lil00llZ '" 02J'2 r e

02U 18 "" 02F) .u '"02H 6~ J.DC YLC.wD 02N DO BNI U AtL

one 00 C2F) 4 0:

0230 eo 51,1, 1700 d_ired voltaf;e D2 F6 4C J~" t es t bit

02U 00 C2 F7 611

cn, 17 " re co
02CO 1.9 "" ca po"er on ",., .. 1;:;;0 1.OFI"

02Cl 02 O2FC l'

02C2 80 SrA 1702 turn e n bo~ 02rI) c6 DEC VW.o.sr £1

02C) 02 02U OF

02c4 17 CU, DO I Ni LOOP~

02C~ ,1,9 u x oe 0) 00 Ei' lOll ha.... no" punched 1n .bollt half of th_ procru l l l

"0'" 0)01 ,1,9 "" "Ole? e~ STJ. YTlr.<: . u t _ U . _ 0)02 50

02C8 00: 0)0) 85 STJ. Y'.A3Ti:1

02C9 20 LIIA3Tl1 JSl! lIASTZ .,.,. "
"" .. O:m 20 ...,. ,lSI! SCA.'IS retreaJ!. d lal'1a1

02e! 0) ""' ''D2ce c6 D<X: YTtr.Ut om "
tl2CD OE """" "..,
02Ci: DO llll.o: L:oiI.3ri.1 OJ'"~ ,.,
02ef 19 0)0,1, r e

"" " """ O)(lll .u. '"0201 06 """. I Ni UAiL

0202 ea S1A 1702 ret..._ bru e 0)00 )6

tered into the co mputer, it th is posmon. The same is
generates a series of volt- tru e for the high end of the
ages, beginning with the meter operation. When the
least possible voltage and value 2000 is entered , the
stopping when the gene ret- same series of voltages is
ed voltage is equal to the generated by the compute r,
rotator vo ltage. Since at stopping when the generat­
this time the meter should ed value is equal to the
be at its lowest point. as set sample from the rotator .
by the operator, we have We the n have a bit pattern
the bit pattern represent ing repre sent ing the highest
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point of meter movement.
By subtrac ting these two
values, we find a value, K,
which we can use in the
following formula: K/360 x
input bearing = X.

When the value X from
th is formula is added to the
bit pattern representing the
lowest point of meter
movement, a bit pattern re-

presenting the desired bear­
ing results. This pattern can
then be applied to the AID
converter and the rotator
stopped when the sample
voltage from the meter be­
comes equal to the voltage
generated by the converte r.
Since If0 port BO is con­
nected to the output of a
co mparato r which com-



0)00: 1.9 =01 t est blt 0)47 F9

0)0' 01 0)48 85 STA FA

0)10 2P AND 1702 0)49 FA

0)11 02 0)41. 85 STI. n

0)12 17 0)43 n

0) 1) ro Il &l. LOr r . but ot f i f vol tage ~A '''' '" JI'J' DIS P d l eplAJ f ail oede

0) 14 07 O)4D i c

0) 15 c6 Dill::: V'J.\ST;''1 0J4 ~ 0)

0)15 OF 0) 4 r 1.9 U1ICHT LDA 16 right ooo t or

0)17 DO BNE LOOr6 0)50 16

0)18 a: 0)51 8D STA 1702

0319 IiC JtlP l»'JTC1l1 0)52 02

0)11. a: 0)5) 17

0)1iI 02 0)54 1.9 = "
O)IC 1.9 W IT "'''' 0)55 rr

0)1:1 06 O)S" 85 STA V'~A3Ti1

cne 8il STA 1702 ehut off ... tOI' 0):;7 OF

O)l F 02 0)58 20 won J3R AK

0) 20 17 0):;9 FE

0) 21 1.9 LDA 10 0)51. 1;,;

0)22 10 0)53 AI. Til

0) 2) 8:; STA VTIII.:J: 0)5C DO elll> LF'AIL

0)24 0;: 0)5D if>

0)2:; 20 LliASTO JSil '.J,3!1 ..... t .. t b .. 0):;3 4c JIlP 71 t _t blt

0)26 eo- 0)5F 71

om 0) ,"" cc
0)28 eli nsc VlU:;a 0)6) DO 3~ i W IT

0)29 0.0: 0)611 B7

0)21. DO 3NS L1IASTJ,;) 0)6:; 06 DiX V"oI,U Ti1

0)25 F9 0)66 .or

0)2e 1.9 LOA 02 0)67 DO Bil E LOCF7

O)2D 02 0)68 EF

O)2E 80 STA 1702 epp}y '<:rak.. 0;169 1.9 "' '''
O)2F 02 0)61. 50

0))0 17 0)63 85 STA V"JASTi1

0))1 1.9 '" o,
coec 07

0))2 04 ")" ao tocse JSR .iCA..'G rehesh <! 1.5rU.7

0))) 85 STA VTIr.:;a O)6s I F

0)J4 OE O)6F I F

0))5 20 LJ .I.3T;':' J.iR WAST.: ..ea t .. tim.. 0)70 20 JSR AI(

0))6 84 0) 71 n:

0))7 0) 0)72 1;;:

0)8 ce OiX VTII::;a 0)7) M Til

0))9 OE 0)74 DO Bl"E LFUL

0))1. 00 Ill"';: L;/I.3T'-;' 0)75 eli

0))3 F9 0)7~ 1.9 =01 t _ t bit

O)JC 1.9 = cc om 01

0)):1 00 0)78 2Il AND 1702

0)):;; 8:1 STA 1702 1'01<81" doom bo _ ")'90'
O))F 02 0)71. 17

0)40 17 0)7J 00 Bll:;; W IT ehut off if voItas' ();i

0)41 4e J MP START ed t 0)7 0 9F

0)42 4F 0)7D C6 DEC " ,1.31':'1.

0)4) t c 0)7':: OF

0)44 1.9 LYUL = IT till oed, O)7F DO BilE LOOi'8

0)45 IT 0)30 ec
0)106 85 STA F9 0;18 1 4<: JKP I1'lC1'C:t2

pares the sample vo ltage
from the rotator with the
voltage generated by the
A/D converter, exami nation
of the port determ ines t he
di rection of ro tat ion. In this
case. a value of 0 indicates
that counterclockw ise rota­
t ion is needed until that
port becomes a 1. If 1 is the
original value, then clock-

wise rotat ion is needed un­
til that port changes to a
value of 0 ,

Another prob lem to be
considered is tha t t he KIM
is much fa ster at issuing re­
quests to the electron ic de­
v ices than those devices are
at acce p t i ng the corn­
mands. For example. the
computer could issue I/O to

release the brake and then was arb itra rily selec ted .
issue I/O to turn on the Table 1 lists the addresses
m o t or l o ng before the which ca n be mod ified to
m echanical act ion of re- change the various t ime de­
moving the brake was com- lays whic h apply to the
pleted. To adjust for thi s rotator controls. Placing a
type of situat io n. we p laced higher va lue in any of these
vario us delay loops in the locations will increase the
program. Some of these time delay. wh ile a smaller
may be of interest because value will decrease the
the length of eac h delay delay.

rr ...
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,

"" 54 OxIl De "'" '"'O)El) 0) OJBE 1..9 ua 00

0)84 11.9 \/ASTE "'" rr . ..te n •• 0)3F 00

0)85 f7 axo 85 SU P..iVII

o}86 8S STA rlUTZ J O) ct 08
OJ8? 11 OJC2 60 srs
eJ58 8S LOOFI O 51A V'JA.STZ2 oJC) 1..5 LDA FOlnI.

O)!39 to O) C4 FA

0)81.. 20 ""'"., J.,R SCAlI3 O)cs 15 '"'0)8] IF o)C6 re ,~

eaee IF
OJ" "

cc ee

"'" " Di:C Yil4Sl'.r;;) exe ec
cjes 11 03C9 85 STA fi'Tl

o}8r D:l M' icces O)CA 12

0)90 F9 O)C!I ~ Ul.\ FOIlrnl

0)91 60 "" O)CC F3

O:m Fa "" "" eo-pute one he. dl~lt e)en ss "'" or
0)94 A2

"'" 00
O) C£ 01

0)95 00 o)er as STA vn ll

0)95 )8 ..sua '" OJDO 1)

om A' "'" ...,.. O)Dl )8 ,,,,
O)9!3 r:tl OJD2 A5 LIlA VPrL

om <'"<J SIC 16 O)C) 12

O)9A 16 0):;14 ~ sac se
OJ9~ 65 STA VIlSYL O)D5 60
ose r:tl O)!J6 85 3TA TJ<:)RAI

O)9D -c JI'J> }O oJD'l oc
0)9';: 50 0)08 ..5 LDAVPl'~

0)9' oc OJD9 1)

O) A1 90 ace W D O)D... rs SBC 0)

0)1..2 08 0)011 OJ

O)A) 8... '" O)llC 90 Bce UDY

0) ...4 18 ere O) OD 06

OJIS &:1 "'" '" O) D<: 8S STA Vf'T!l

0).406 01 O)DF I )

OJ,,? .u '" 0)00 AS LIlA V-o'Cftl(l.

0)484c '" ..,., 0).;::1 oc
0)49 96 0)<2 85 srI.. VPT'L

OJ.u oJ 0)<:) 12

O) Ah 4c "00 JI'.P ass O) r.it DB "'''' ""O)AC ss 0)1:5 AS LIlA Vf'I'll

O)All 0) 0) ;;6 I )

OJ.U: 86 sn vasvt, OJ:? 85 ST,\ m VH

O) ,\r C17 0):11 08

0),,0 85 ST,\ Vila! 0):9 ,\5 "'" ""
0)~1 0,\ O)~ 12

0)62 )3 "" O)~ I>C JI'.P 261

0)11) es SllC 10 0)i:C 6?
0):;/1. 10 0):Jl 02

0)35 )0 Bil t UIi:t O)<:E A5 LD,\ vasvt.

0)116 06 0)2F O?

0)B7 D8 '"' 0)1'0 18 '"'O)S8 18 cic O) F1 69 ADC 16

OJ" " "'" '" O)F2 16

O)U 0,\ 0)" I>C JI'.P )A2

O) S!! 85 STA VIla! O)!i> A::

0)3C 0,\ 0)f5 0)
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Power Supply
The power supply we

used for the K1M was the
same one that was supplied
with the unit when we pur­
chased it. For the I/O de­
vices, we used a dua l-po lar­
ity adj ustable bench supply
that I no rma lly use to
operate the various proj­
ects in the ham shack. We

~ 94

set the supply to plus and
minus 9 volts. A more per­
manent supply ca n be con­
structed bu t it must be reg­
ulated and must be du al
polarity. This can be done
easily with two 9-volt regu­
lator chips . The minus
regulator needs to supply
about 50 milliamps, but the
positive regulator must be

able to operate the relays,
and abou t 250 mill iamps
was satisfac tory in our unit .

Although t his un it was
suff icient for ou r purposes,
an ASCI I keyboard and 4K
of memory could be added
to the system. A bearing
table fo r OX call s cou ld be
placed in the additional

memory. By entering the
call prefix , the computer
could be directed to look
up the pro per bearing and
automat ically rotate the
antenna By including more
data in the bea ring table,
the computer could even
d isplay the approx imate
distance to the OX sta­
tion ._
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