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Shoot the Moon!
- visual tracking for your EME array
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Fig. 1. Video monitor screen presentation. White squares
with numbers are the maximum number of squares that can
be lit. Dark areas are never lit. One possible moon image is
shown by circle (.1 . This would light squares 6,10,1 1, and
14. Adjust your lens or lenses for approx ima tely this kind of
spot size. The numbers correspond to the LDRs in Fig. 10.
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I s you r OSCAR or EME
array a ll automated for

tracki ng? Mine is, but I st ill
wan ted a means of visua lly
track ing in a manual mode.
This article detai ls the sim
ple " moon" camera I came
up with to look at t he moon
while I stayed comfortably
in my basement (Indiana
winters get cold!). It also
makes a fine mot ion detec
tor or low-reso lutio n sur
ve illance camera.

Take a look at Fig. 1 for a
mome nt. What I have is the
screen of a TV set or, in my
case, a video mo nito r.
There is no reason why you
can't feed the video output
of my simp le camera to one
of the TV ga me mod ulators
and pipe it into any TV set
as rf o n whatever channe l
the game mod ulator out
puts on.

As shown, the spot or irn-

age of the moon has been
concentrated into a round
ci rc le that just ill um in ates
on e o r more of the photo
se nsitive devices (more on
them later). Whenever light
shines on these dev ices,
their resistance is greatl y
lowered and I sense that
cha nge to light a square on
the monitor screen. In order
to have the different posi 
tions on the sc reen repre
se nt d ifferent aiming posi
tions of the antennas, t he re
are two main requi rements .

The first and easiest is
that the camera be phys
ical ly boresighted to the
antenna . That's just a fancy
way to say that it has to be
a ligned to look where the
antenna is looking.

Secondly, the photo de
vices must be arranged in
an array t ha t dup licates



kHz, but you may have
something ca lled flutter
due to a difference be
tween you r div ided-down
vertical (59.57 to 60.3 Hz in
the clock range just given)
and t he proper 6o- Hz rate
used to avoid beats agai nst
the power line 60 Hz.

The wide range of toler
ance o n most TV sets
allows you a lot of leeway
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ctlloscope at eac h test
point agai nst Tab le 1. The
sta rti ng point is at the 555
IC, as this is the maste r
clock. It should run a t
122 .88 kHz, and you adjust
to that us ing t he PC boa rd
thumbwheel pot, Ra. The
set you use for a mon itor
wi ll more than likely lock
up (have steady sync) if the
clock is from 122.0 to 123.5

Fig. 2. Foil side of LOR board.
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matte in Fig. 3. The cor
responding foil and compo
nent sides are shown in Figs.
5 and 6.

The counter c hain should
go together quickly, and it
can be c he c ke d out fu lly
when completed -less any
other boards . Load the
boa rd as shown and then
c heck the test points using
a frequency counter or os-

Fig. 3. Counter chain. Set for a frequency of 125 to 126 kHz at Frp test point. For this appli
cation, C1 = 220 pF, Ra = 10k thumbwheel PC pot, Rb = 1Sk, ~-w fixed resistor. General
formula is: f = 1/T = (1.44)1Ra + 2Rb) x C.

what you want to see on the
scree n and then scanned in
ste p with the monitor scan
ning. These la st two re q u ire
ments are met easily using
the circuitry and board lay
outs provided by this arti
cle.

Since I have sta rted you
out at the photo-sensing
end, le t's begin there on the
c irc uit ry and boards . The
first thing you will notice is
all the boards are round in
ste ad of sq ua re or rectangu
lar. This a llows for mount
ing in a round enclosure
(detai ls later, under Me
chanical Assembly). The
fi rst board to consider is the
LOR Board, show n in Figs. 2
and 4. I used light-de pe n
dent resistors (LORs) as pho
to devices; mine are about
Y4 " in diameter at the light
input end. This allows the
array of 16 lORs you see
the pattern fo r to fit eas ily
on my round board.

To mount the LORs in the
board, you need sockets of
some kind. This avoids di
rect so lde ring and the pos
sible altering of the resistive
cha racteristics of the LOR. [
highly recommend a n item
ca lled a matrix pin by AMP,
Inc .; it is their part number
380598-2. These are single
terminal push-in sockets
and are so ld by many parts
houses and the magazine
advertisers . Just dril l out
the circles to hold the
sockets of your choice and
load the board up as shown.

All leads come to the
board from the copper side
and pass through their
holes, leaving a small
amount of the stripped lead
on the copper side to solder
to. When this board is com
plete, there should be
seventeen leads 4" to 5"
long coming off the copper
side. (Use different colors
to avoid confusion.) 16
leads are to one side of
each LOR, and one lead is
common to a ll lDRs and is
called the video lead (VIO).
The re is real ly no easy way
to test the board at this
point, so set it aside and go
to the counter chain sche-
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using a 10k pot for Ra and
jumpers in the fixed Ra
posit ions. a sma ller pot can
be used along with fixed re
sisto ns) to allow Ra to ef
fectively tune slower. You
would have to find the two
extremes of Ra settings that
create a locked-up picture,
measure the resistance of
Ra in each case, and use the
d ifference as the new Ra
value. Then f ixed resistors
make up the jumpers. Re
member, t he total mu st be
10k,

Examp le : I f t he set
locked up alr ight on resistor
Ra settings of 2500 O hms to
7500 O hms, use a new Ra of
5k and one f ixed resistor of
2500 Ohms in ei ther fixed
Ra (jumper) po sition. Your
new range then becomes
2500 to 7500 Ohms.

Ignor ing the + V and
ground leads needed by all
boards except the LDR
board, the re are on ly six
leads leav ing the counter
chain board (A. B, C. A', B' ,
C ), and they all go to the
points lettered the same on

•
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in the setti ng of Ra where
the se t will lo ck up and look
al rig ht . If you can't get
thin gs as good as you wan t

Fig. 6. Component side o f counter chain board. Standard
schematic symbols are used to show component mounting
focarions. Solid lines connecting dots indicate jumper
leads. Circled x indicates test point.

...
-tot -

o

•
0-4

II r."
..
II m

l-U

•c

• .. ", P SDellET "' "
.. P MOUIH ". ,
POST LOCATIO N

...... P LUG III LO R
1161 10T AL

••

•

"

QL..-__O'--"_"Il
" +

,+II.

-., ..

•

.,

• LEAOS rllO" OECOOEll
801.11I 0 •

"II5(IIT rRoY CO'"" £,, "OE
'OlO[llI - CLII' EXCESS 0 ..
CO" PONENT Sl OE IHOlllE
'NSERn", LO'"

Fig. 4. Component side of LOR board. M.P. designates
mounting post (threaded spacer) locations. Use alternate
locations between any board pair, thus only three spacers
look ing l ike a triangfe between any board pair. Sma ll circles
are socket pins for LORs. So fid dots are leads from decoder
board B and should be inserted and soldered from the CO~

per side and excess lead on component side clipped off
flu sh with board. Resistor symbols are LOR locations.
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white squares in the same
pattern as the lORs are laid
o u t on the board if
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getber but no optics or
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mon itor sc reen will light
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Fig. 8. Fo il side o f decoder board A.

a white sq uare is formed at
the top ce nte r of your
sc reen. When you have all
your came ra boards to-

decoder board A (F ig. 7). If
these points are outputting
according to Tab le 1, the
7442 decoders (Iel , le2)
will decode the BCD line
codes into one of ten out
puts. Since the 0 line is not
used off the 74905, the 7442
becomes a one-of-eight
decoder. In le1 , positions 1
to 7 represent seven vert i
cal co lumns across yo ur
monitor screen. Position 0 is
left as hor izontal retrace
and is covered on the v id
eo/sync board. 1(1 runs the
seq uence of 1 to 7, then 0,
32 times before any change
occ urs in the vertica l sca n
decoder. This means 32
tines that are identica l in
vertical cod ing across the
sc re e n. This is accom
plished by placing a fixed
divide-by-32 cha in between
the horizontal and vertical
counters.

In the case of the number
1 LOR. if light is shi ning o n
it each of the 32 lines will
go white from a black
sc reen as it scans over the
co lumn position 4 (ce nter).
When this happens 3 times.
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Fig. 9. Component side o f decoder board A. Letters Vand H
are leads to video/sync board. Letters D to K and 5 to Z are
leads to decoder board B (excep t Vand H). Solid lines con
necting dots are ;umpers on component side,
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Fig. 7. Schematic o f decoder board A.
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having LORs, the LOR re p
resents the lower resistor in
a voltage divider a nd as
such will cause the voltage
at point C to be very close
to +V (LO R off-no light),
o r very close to grou nd
(LOR on -c light shining on
it). My LORs swing from
seve ra l megohms (da rk) to
abo ut 400 O hms (light).
That means the vo ltage
d ivider c hanges from (1)
+ V t hrough 10k t hrough
megohms to ground, caus
ing the junction of the 10k
and LOR to be very close to
+ V, to (2) a series of + V
through 10k through 400
Ohms, ca using the junction
of the 10k a nd LOR to be
very cl ose to ground. This
junction voltage controls
the base of the first video
stage .

Follow ing through the
video for an example of o ne
LOR with light on it, the VIO
li ne and poi nt C will be low
o r near grou nd . The first
video stage is just an emit
ter follower, so no inversion
occurs and the base of the
second video a lso will be
low and the transistor at o r
near c utoff . When it is c ut
off, the collecto r rises to at
o r near + V, a nd this repre
se nts white on the sc ree n.

The last stage is al so just
an em itter fo ll ower to a ll ow
enough cu rre nt to drive a
75-Qhm cable a nd the 75
Ohm load presented by
either the game modula tor
o r the video mon itor input.
If the monitor has a ga in o r
video drive control, jumper
A to C in the last video emit
ter ci rcu it and omit the on
boa rd gain pot, Rl. If the
mon itor has no contro l or
the game modulator no in
put ga in ad just, use RL a nd
jumper B to C to a llow
some means of ad justing
ove ra ll composi te video
le vel .

The base of the final vid
eo stage has control from
t wo m ore poi n ts that
should be cove red here .
The two transistors with H
a nd V for inputs are the
sync mixer a nd make up the

IC3, IC4, a nd IC5 a re
merely inverters to get the
low 1-of-8 outputs of the
7442s back to highs that
can be gated together in
furt her TTl logic. Figs. 8
and 9 show the foi l a nd
co m po ne nt s id es o f
decoder boa rd A.

The last of the decoding
occ urs in Fig. 10 , decoder
board B, where 7403 gates
a re used to detect which of
the 49 sq uares the monitor
is scanning over and en
a ble the proper LOR fo r
that segment. Figs. 11 and
12 show the foil and com
ponent sides of decoder
board B.

For the po sitions that
have no LORs, as you will
see more clearl y next on the
video/sync board , there wil l
be no LOR e na bled and the
video (V IOJ line wil l be at o r
ve ry near + V. This + V on
the V1D line will represent a
black sc ree n on the monitor
in the fina l video com
posite. For those squares
that have an LOR sensor,
each has a correspondi ng
7403 gate sec tion. W hen
the gate is ena bled , the
open collector output tr ie s
to pull +V down to ground
through a load resisto r. All
the LORs a re in pa ra ll el by
the video line , but onl y o ne
at a time ca n be considered
in the ci rcuit - the o ne e n
ab led by t he sc a n ning
c hai n.

Going briefly to po int C
on Fig, 13, the video/sync
board, you will see a 10k re
sistor to + V in the base ci r
cui t of the first v ideo stage.
The ci rcu it is re all y a
vo ltage di vider cons isting
of that 10k at al l times, in
se ries with either (1) an LOR
that is in se ries with the out

.put transistor of its 7403
gate to ground, or (2) the
10k a lone wi th no e nabled
LOR for those posit ions not
having LORs.

Re me mber, I said + Von
the V1D li ne meant a black
screen. Automa tica lly, you
have 33 posit ions re prese nt
ing no LORs and a black
sc ree n. In the 16 positions
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light is falli ng on all the possi ble 7 x 7 or 49-posi t ion
LORs. This will be a fina l re solu tion . The complexity
c heck that all is working, is no t worth it , a nd the
bef ore the m e ch ani c al came ra functions just fine
assembly. us ing only 16 of these 49

The row decoder (lC2) possible locat ions. Th is is
does the sa me job as the accomp lished by a llowi ng
colu mn di vide r (lC1) but at the focused moon image to
a slower rate, to handle be larger tha n one squa re of
horizontal rows. Therefore, resolution and using multi
it advances one position pie lit boxes to show where
a fte r each 32 horizontal the image is re la t ive to
lines. Th is ha ppe ns seven cente r sc ree n (on target). A
times, forming 7 horizonta l perfe c tl y aimed ante nna
rows of 32 lines eac h. If will produce a white + sign
more LORs and decoding at the cente r of the monitor
we re used, the camera has a sc reen.
40 73 Magazine . February,1982
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Fig. 10. Schematic of decoder board 8. Option 1 moves LOR
#9 from column 4/row 4 (center) to cofumn 4/row 7 (botto m
center). Change fCB p ins 1, 2, and 3 as shown, and load LOR
at bottom center.



Fig. 11. Foil side of decoder board B.
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from another end cap. but I
sawed off the ent ire lip
from the horizontal cente r

Fig. 12. Component side of decoder board B. Numbers and
letters indicate proper placement o f input/output leads to
other boards. Solid Jines connecting dots are jumper leads
on com ponent side.

or mod ify from there. As il
lus tra ted in Fig. 16, t he
ho using o n my camera is
PVC plastic pipe! That's
why all the boards are
round and sepa ra ted by
three spacers between each
board. You can, thereby,
b u ild up a board-over
boa rd sandwic h by skipping
every othe r hole of the six
given per bo ard to set the
spacers o n.

Looking straight into the
LOR board, it is spaced
from the board bel ow it by
3 spacers in a triangle. The
next boa rd be low, by 3 in an
inve rted triangle, and so on.
I used a-inch i.d. black pipe,
a nd wou ld suggest tha t
whatever you use be black
inside to avoid light re
flections and stray light.
You can buy end caps fo r
the pipe, and I used one as
is on the rear of the camera .
It was stuck on wit h rubber
cement for easy removal.
O ne ho le in this cove r al
lowed the RG-S9 feedline to
exit through, a nd a second
would have to be provided
if t he o n-boa rd level control
is used -I did not use it.

The fro nt cover I made

fina l composite video. Each
time the H line goes high
(every ho rizontal line, posi
tion 0) or the V line goes
high (every vertical scan or
field, po si tio n 0), the base
o f t he f inal v ideo is
dropped to approximately
0 ,2 vo lts, or close eno ugh to
be ca lled grou nd . This is
sync-vo ltage output in my
camera .

If the video example
were reversed, usi ng a da rk
or absent LOR position, the
second video stage can turn
on only to the point where
its collec to r is a t 1.4 volts.
This is caused by the two
diodes in its emitter for 0.6
vo lts apiece and the 0 .2
volts from emitter to col
lector on the second stage .
This 1.4 vol ts becomes our
black level, and allows fo r
t he norma l video com
posite of sync being blacker
than b lack. If you co nside r
my com pos ite video as
D.2-volts sync , 1 .4 volts
black, and 5.o-volts whi te,
then divide it down with the
level control, you will end
up with video co mposite of
very close to the sta nd ard
of 1.o-volt video, O.4-volts
sync. It at least seems to be
close enough fo r a perfec t
pictu re with stable sync,
and I fe lt that trying to get
any closer wa s not worth
the time o r ex t ra com
ponents . Fo il and compo
nent layouts fo r the
video/sync boa rd are shown
in Figs. 14 and 15.

Tha t a bout com pletes
t he e lec t ro nics package,
and if you have a power
prob lem, the 74Cxx equiva
lents can be used fo r a ll the
TTl devices except the fi na l
7403 decoders. The 555 is
running well below its max
imum + 18 volts, but seems
conten t and quite stable on
+ 5 volts .

Mechanical Asse mbly

The area of mechanica l
assembly will va ry, as with
most ham pro jec ts, along
with its uses. For that rea
son, I'll outline how I did
mine: and yo u can ca rry on

73 Magazine . February,1982 4t
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H is TTL high, S is sync (app. 0.2 vo lts), 0 is option LOR 9

Table 1.

This has the horizontal sync running about 400 Hz low, but all ows the vertical sync to be
correct to avo id vertical "nutter." Th is Is a compromise to reduce system electronics, but
all sets tr ied pulled in easily to the lower horizontal rate.The following is a representation of
the VID line with li ght sh ining on all lDRs.l is TTL low pulses. Scope Horz. rate = 1160 sec
per full horizontal scan or about 3 ms per em on a 6-cm Horz. scale.

gratefu lly accepted .
The li mita tion of this sys

tem would seem to be use
only during full moonl ight,
but that depends on the
response of the photo de
vice you use a nd the lens
system you end up with. As
it stands now, I can track in
some very haz y condi tions,
and even clouds don't con
fuse th ings too much. Next
to try is a full -blown in
fra red system, I think!,

For all the OSCAR fa ns
who read o n when the nam e
was men t ioned in para
graph o ne, t have not gone
bananas enough to try visu
a lly tr acking an OSCAR sat
e llite with the LOR system.
However, the same elec
tronics sys te m is being
tr ied , mounted in the same
waterproof-type hou sin g
with two fu ll caps. The di f
ference is that the 7403 out
puts wi ll be used to act iva te
P IN diodes (or sim ila r
switc hing devices) on the
downlink antenna system. I
am tryin g to build onto the
outdoor, stee rable OSCAR
antennas something like my
Twinlead Ter ror antenna
system (73 Magazine, No
vember, 1977, p. 54), and
then do the video add-on a t
the monitor end using the
sync/white commands com
ing down the 75.Qhm cab le.
The video then would be
derived from some form of
the receiver age. I men
tioned thi s earlier, in the
Twinle ad Terror articl e
(which got titled. "Cheap
Ears for OSCAR").

You ca n do some posi
t ive ly wil d t hings with
scanned and electronicall y
stee red antennas when you
ha ve o nly receiver power
level s to worry about. It
becomes even easier when
you have a full -duplex, two
band arra ngement like the
OSCAR uplink/downlink .
The receive antennas scan
a t a high enoug h rate to be
above aud io, so you can
easily filter out the switch
ra te whine . All you hear is
t he additive result, but each
antenna 's age product is

a " le ns cover" of sorts on
and off the end of the pipe
to keep rain, snow, dirt, e tc .,
out of the lens area .

On the topic of len ses, or
optics, I am still trying for a
better se tup, but one of my
prime criteria was that it be
chea p. After a ll, I'm trying
to avoid using an SSTV o r
FSTV monitor came ra be
cause of cos t, so why use a
camera lens tha t costs more
than the sys tem electron
ics? So fa r, the best combi
nation I have fou nd is with
dim e -store magnif ying
glasses with their handles
rem oved .

I fixed-mounted one that
was right a t 4 inc hes o.d . at
the center of a &-foot piece
of PCV pipe, and tha t al
lows me to slide the e lec
troni cs in and out towards it
from t he rear. I also have a
3.5-inc h lens mo unted in a
4-i nch co lla r tha t I can slide
in and out from the front of
the pipe to form a com
pound len s system. That is
the area of experimenta tio n
a t the moment, and I don't
mind admitting my physics
classes we re too long ago.
O ptics was never reall y my
bag, nor was photography,
so all help offe red will be

Measured Frequency
122.880 kHz (for H =15,360 Hz, V =60 HZ)
61.440 kHz
30.720 kHz
15.360 kHz

960 H'
480 H'
240 Hz
120 Hz
6OH,

like the o nes the advertising
signs use , and I think it wa s
fo r 6-V dc battery opera
tion. Plus 5 volts run s it just
fine, if a bit slow. This a l
low s me to rem otely rotate

-ev

location
555 IC pin 3
Column IC pin 12
Column IC pin 9
Column IC pin 8
+ by lCpin11
+ by IC pin 12
Row IC pin 12
Row lC pin 9
Row IC pin 8

.,.

S~n.1

1. FIll
2. A
3. B
4. C
5. D

6.0
7. A'
8. B'
9. C'

.,.

bracket is attac hed a rod
that runs down the side to
ward the rear to a small.
sealed, metal box that
holds a 4-rpm de motor I
had lying around. It is much
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Fig. 13. Schematic of video/sync board. All transistor de
vices shown are smafl-signaJ NPN devices in an RCA 1(,
CA3046. Numbers shown around the e-b-c of devices indi
cate pin numbers of that tC for referen ce and
troubleshooting. No te: If cable is term inated in 75 Ohms at
the monitor or a drive-level pot (usually 50 to 100 Ohms in
monitors), use}1 from A to C and omit pot RL. If no drive
level ;s used on your monitof, ;umper B to C and use RL as
your drive control to prevent overload.
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Fig. 14. Fo il side of video/sync board.

tentionally chosen for the
EM E arrangement.

1 have tried several sam
ple-and-hold ci rcuits and
antenna po sition ings so far
and have fou nd none to be
the perfect result I want.
Many such ci rcuits are al
ready arou nd as desc ribed
in the articles over the past
couple of yea rs and 10
meter antennas are easy to
build, so you may have
you r system running before
I have mine complete. I am
working hard on the EM E
version at the moment, but
should get back on the
OSCAR version soon.

The cost of the A-to-D
converte r IC is quite attrac
tive now, and with my love
for digital ci rcuits I am go
ing to try one more sample
and-hold c ircu it using that
type of device. It is an
analog in, 3 digits in BCD
output device covered a bit
f urther as an antenna read
out device for use w ith CDE
H am 3 rotator control s in
Ham Radio, January, 1979,
p, 56 . The device used there
is an AD 2020 by Analog
Devices, Norwood, Massa
chusetts.

If there are any ques
tions, please include an
SASE, and I' ll sure try to
help you, If you come up
wi th other uses (surveil 
lance, etc .I please write, as
several people have al 
ready approached me with
ideas beyond what I had in
mind , I' ll t ry to act as a go
between as best I can for
any new ideas fo r my
camera. Good lookin' .•

USE LARGt HOSE CL A "' ~S

TO ANGU IFtO N FO R "' OVU ING

Fig. 16. Mechanical assembly of the camera.

R99d9r S9rvic9 for fllcing pllg9 ..-331-

LHEL
COHUOL SHAFT
(I F REQ' O)

<,

I am stil l deciding wheth
er to use steer antennas to
prod uce center-box white
scheme, o r samp le and dis
play all levels as boxes in
the same arrangement in
whi ch the antennas are me
cha nically set up. The latter
has the advantage of being
able to te ll what polarity
se nse the signa l real ly is, a t
the antennas, by observ ing
wh at box(es) are lit the
bri ghte st. a nd to what
po larity you have those
antennas al igned . I t does re
qui re smal l changes in the
video stage of t he camera,
however, so you don't get
just satu rated w hite or
bl ack o ff p o sit ion s in -
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a samp le, hold, choose-the
highest-figure, and use-tor
d isplay system.

•

1'", VllliO

"

•
1145

'.
.. • •

". 11 01 ""S( N~ ,

~

1
I IDEO/

~TNC BD

OD lD-" ..
I

1- CN

• I •
\

•I\ I DO JL ~I D ( D, I ...
..... - '" ~-

•

1I'j ~ U T LFtO VID EO

FAO M VID \ON LFtD BO

J! 11\~,

• • M, P.

0,

!-, ".,

.t
-

,
"

\IlT

see

• V TEXT
, ,
",

•• ..,
"''" rcon." ..

CNTR ALLEN · BFtAOL EY
TYPE J ?

••

Fig. 15. Component side of video/sync board. Schematic
t ype symbols are used to show loading placement of com
ponents. Sol id lines connecting dots are jumpers on compo
nent side.
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~ RESiSTO R

sam pled, and o nly the high
est is used to light the white
box o n the monitor - sort of

__• JU M~ER




