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A Computer Controlled Tracking System:
Interface Circuits Design

I .  INTRO I)U C TIO\

The ob3ect ive of this report is to present a detailed explanation covering the
design and application of the circuits used to interface a Lockheed SUE mini -corn-

puter with a Canoga Antenna Tracking System. The techniques and instrumentation

systems deve loped will provide a capability for computer-controlling a ground-

based te lemetry tracking antenna. This technique will significant ly improve the
research probe tracking systems used to support the AFGL conducted environ-
mental research programs as well . s available missile tracking technology. The

ground based system will be utilized broadly by the AFSC 6. 2 Environment Pro-

grams that are conducted at remote sites such as Natal. Brazil, and Poker Flat .
A laska.

2. BACKGROU ND MATERIAL

T he existing ground-based telemetry trac king system presently in use at the
AFGL Research Probe Instrumentation Branch consists of the following major

components:
(a) Antenna Feed Assembly.
(b) Monoscan Co’werter ,

(Received for publication 14 February 1977)
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Ic) [‘reanipl if ier ,
(II) i’ rac k Receiver .
(e) Servo Contro l S y s t e m .

%~ hen the S y s t e m  j s  in operation. RI- ’ signals , w hose fr i’quencies arc w i th in
t he operating haull of the antenna an d striking the (eu dipoles t hat i-on~pr’i Sc the
antenna ar ray .  induce signal voltages into the Ilipol es . ‘1’ i s ese I r i l luCell s i n  mia 1 volt —

ag es have phase rI’ latioriships that are a function of the i nc i - i t - li :1 Y lC Ic of the a ntenna
wi th respect to I lie H l~’ IT t t l ’ c e .

The S I L ’ I I :S I  vo l tat~es Induced into the dipoles are ‘oI :m T l e l  into . ic I I i tT f l : l riSol I

31111 i o l ar t -z tt  on — s ~~le~ tj on - o m I ( po ne nt s  within the feed lsi- lcll hlv where they ira-
cI. - I- t r t I -a I Iy  V s r - b i n ! -  I and ..155 - i tc hed so that a r ight—hand c ircular or v f ’ r t i l - .iII v

n- ’ I . I t ’ t ’/ i RI ’  w ave f ron t  st  :- iking t ire antenna - i ipole wil l produce t w o  Iloil it l in ’  — c r I ’ O m ’

lcr1a l~ 511.1 one SWSI S i~~t Ia I front the feed ass-e nt l lv . The three R I ’  ~ in t l3 l  Outputs of
the ( c e l l ire then - ‘no t ed  to the n ionos can ‘ o r l v c r t e - r .  i’hcre , the t w o  err or s iCml : I I U

are eli V ia  e lect conic switching :Sri&I r i t rasi ’  —s hift networks ( I l  3fl alnebr-a l  31111cr coni —

i ’m-nt w here ( I cy  ire vec to r ial lv  .I i II’ I (IS t h e  S O u l s i g n al  to produce a s inc le  phase

-c i i arl t l l i t l lt t ( ( l ) - l S I h I t e 1  RI- (multi plex)  s i~~tla l.

The mult ip lex signal is ( la - n  routed to t i re nrc:Sn pl i f ie r s  v- here the signal
st re i I~~th IS lll,’ l t ’35( I prior to  ceIling it to  the m e I ’1 1 v t~ r’ . At the receiver the s L~t I i l

15 — L l T l V i ’ l - t c , i  . l I)W!l anIl lenlollulatell pro l iu rc t nc  l imited arid tunlinlitell II-’ iii III l it iot i

to Vi iIeo om it put signals that are usable h I sther equipment for - ~t ra I-t i  t in - tat a I hat

niav he , I intainel l  in the original t ransmit ted Sum s igna l .  The phase lIl t S l ’ I t i l i ( t r . l l -

(- IS l t r la t l - - t  ‘~‘ t I tco signal contains the t lO m l l i t l n  —error  - t a b S  t ha t  is i lsi- ,l by t he S c C V O

fillS s-s te m to drive the antenna to tea c1 t tic S fl i-ce of the i-c I’e ivOd s igna I.

T he tracking antenna sv St E- I l l  is capable of operating in a iv f three oh a i rs  ( C I teS

a r t . j  in two  subniodes . The three l i i :Sin I l i s c m - a t i r l ~~ modes are as fo l lows:

at  Manual Mode ,

1-I l Slave Mo le .
(c i  A utotrack Mo le .

The tw ~ suhriioiles are the sniral ~ S -an and ovst i1 - k manual ‘ve e r- t ie. .-\ IIcS I ’ r ’j p ti on

of each n ode fo l lows:

al  Manual \lode , In the manual or lrSrl l lwlleel r o t c  of operat ion, the 1010,1 —

wheel ~ v mtI ’ t l r I s  t r a r i u t ’ - i ( t i - m - ~ s v t t t c t t  at - ,— - ‘( l i ’ l r St l I I  lIs Si t i O t i e l i  ( 1 5 -  t h e  ll3nIiWheE’lS through

‘hutc h nIel - h ian isn is  iri l re Iu,- t i cn  rat i s  t nSrboxes  1 a r - i’ he S l u t’ ’ e l f  the e r r o r—  SIC : —

‘ la ls  ( I T  t i re  t s ’ s i t i o r u i r t g  s e t - s ’ s .

hI ‘ — l ; t s i -  ~*loili’ . lit th e S la v e  Il l,’ of ‘ m a - u - a t  I’ l l . i l l -  l rt f i , n . I  pos i t i o r i i u t - — - c t  s I T

loops I l - r is - ,- error cna l I tt y  roll I’ f lf  of t i n - i - i ’ I - l - t ~~
- lt ! - sy r l , llrrs l t l t t c  wh ich s r -c

. c h i c  I by 01111 :15  01 - - w i t h. -~~. hlI ln ITt I ’s 1 and a t c  t r :sc king S I ’ h l r , cS such as
f ’ k t n , ~ t i ’ lii i H I’(I Il t I  .1 is (l i e mill - l i  ( rack i i i~’ - i n t l  stipp liel l  ss it l I  the

Ill  t ’ l i’ t ’,t -

— —  y r— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ - - . ~~~~~~~~~
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(I- )  S i l i rS S I at i  ‘ I ’  Ic . \V ht-r i ‘lie sp iral sc ;o l  i t o h  If - h - - n  I ll I t ]  iS - - eb b I t Im

5. 311 -! ‘ t :e ra h s m  l I t - S l i t S  a l t ’  t r t i l i -t - - t  10 - f - i l l - r d t I  llC ~- f ’ - l l . , -h I’ r- ro r s t s r l a b s  pica]

- I S ( 1 ’ - r n  of l r l ç I : ’ I l - . : I ’ -  . i t e lv 20 t i ’ .’ I
_
r o t, ]  t h f -  t i l I l l Ilc I l  or s l a s i -  I l l !  r a i l - h e l l  Il l IS It I l l !  (CI I ,

.t , - cs r - r i - S I I I n l i ’ n ’  i : t - b j u s  of It I I t I Xi l  S i l t y  II) tc 5 n’ s-suH ~~. 1) 111  r a tIon  in ( t h i S  n o’lc is

only I l )5Si} I I I  VI ’ ’I ’ ’ ’  f i l lS i xi~ is a lso iii t t t !  ‘ r  : l l r l , ili ( OF ‘- l , \ ’ I’ m- o - I t

t I ’ s  t r e k  ( v t - i l  I ’  \ I l l’ I t . \\ bi&’ ii t ( i &  ins e r t  huttoui on the l I v ~~t l c k  lS i i  

‘ I  I ’ I ’ l l  1i~~ 5 I _’ t t ~S l s  i c  I I I ’ t ’ ,t I ’  I, Il l’  I ’ ‘ 5 t h  1 - I— It V hich d m l - :1 -ma ‘1 tI n( ‘115511

ar ”(iiil of t I l ’ -~~~--’ l t i ’ l’ Ip I II]c  I ’ . ’ .j n vs ( l  it the ax is I f  ( t a ’ .- ’ -  I t - s i re  I. ‘ ! ~i m ~~ - ht —

IS ‘ : r lv  j ’o~ s i l - i ’  in ‘~~ — - t’ :tniral or ~~II1V” t ro t h- s - l f  . I i c t : I ( L . I . .

I I  Aut~ t iro-h i i . In III , ,t - i t t “ 1 , -I-I 1 : s - t i -  of - n- rat ion . r ’  u t  I - , (V I I _ I , , 5 1

I t t  I - ’ - ’ l 5 3 r f ’5 ~S i, op~~I i , ( i c t ( 15111 - ‘n it l( mi! i - ”. I (‘( ‘ rO t  S t i l t s l.~~ fl’ ]5’.’ S ’ —

.1 by t ’ t ’~ - iover 55 1-t i  (115l ! i t i t ] , ‘ t i — ’ t  -i e x i s t .

T i t - ~- Cr - -  i~ t S i s  - - ‘5 be1] in h i s  ‘I - r i , ill 1 IC I ly  I I f sr 1 1 1  ~nat’  , -, oi- 3 “1

m a t h  xi s Ic ,lf op er IltI -su . c -s h i- h ht’ C ‘ -t r I t O n  s- I , - . \I ‘r f - ’ : C’’(’ ’ t h is  ‘ u - n  I’ - is se ’ - ‘ -

lt l ’S ,,t r , t I re  i - - I :  i t s  v — S c ! ’  wi l l  er i C  ‘ n I I r , - ’ - b~ ’’V SIt I elfin ‘h .-

(‘011 fl ’]1’~~ ‘II ’ ] ’  ~‘ t ! ia - C -ni ‘hi— H b -  SlSi i i ’ I’ at i . l  w m l l  I~~5! h t t ’ ] f l’  ( - ‘ r I 5 in ‘I ‘ n - I -

a -o ther  is s s - I e c t e - i ,  I r rir  s i- n ab .  - ire - r e n t I i-: taking t l~’ - ( ‘  I’S I c  - l ~~~~~~ ee’

1(1 , ,i - t i n r i l  a r t t ’ - I nn II~~~- 5 ‘‘Ii and t ie ‘I~~5’ b i ’ ’ te I iiit ,-nntl n r V - - t Im ’  tit a ~‘i’c’ ’t ~~ ’ ‘ ‘  ¶ 1 ’ ’

‘irne ~i mi - l  fi’ ,- liIi1’ t l ’ i s  I -r Ins e v IS I t3S( ’  Ill t~ ’C s E ’ t \ ’ O  5 555(0] - This ill t e l  - - ‘ ‘ 5  , V V
( y  w i P

Sly  mt c t - e n s s ’  the ‘i , ’ n l l Ij i i t \  of (he ra- - k in :~ s v s t s ’ t ’ : . Reacquir i t l r  I)~ los -- c -

i i  l ’ s  a : - i ’ or t , 1 -s (  guesS :ic’ 1i u i S i tj s t :  III vehicles whose s i1’na ls have I~~
( ‘r ‘jOl fi Is -

been ac ’~ut re - I  - It’ I!’53’,l i l l(’ , s I i t e ] I u i e  : I , a s s e s t  s - il ] il l ifi l i - -n’s e ‘ eal~~i t h  - ‘revior

- .  ‘ (h i ls  ~- ô t t1 l ,t i ly  a Il t ’ ss ca- I  tom search ,a t t l’ rt - s  that w p”e  s-er ’- s e i r t o n  r t i - ’ ,~~~Sf t 1 h

3 UI ~I( \ \ \ I S ~l’PLIC-t’I’tO\ ~

T r i ’  hi’ - nf c t -  I lt irin ~m - o t i i  the -omputer in a BCD forn a’ is ~ i- i l r r t i t l l lv  n lane t

on the - s r - t a t t e r ’ S 16 13’a— Is l i t p l l t l i t leS and is 11(1 11 st i-ohed I, ’ a s e c t ’ s  of 4 — l tt  shift

u ’ c .  15 (01’  - P uf fe r  ‘I’ Ll S t e r S  I. The s t i ec i f i c forn~at uti lize’ i ms as In] ( ‘55 5 -

\ 7 i n ’ ’ !t lI -- 5 B C)  I-l n ara ct e rs  lf l  to 365 . ( 11  lcL -1 ,

b - I  evIC t ion — 4 BC I) characters (0 to °h • PP

Tin e — 7 BCD c h a r a c t e r s  (0 t o  166. t~07 Olin) .

Tb. ~( rohshmt ,’ of - (t i t a  into the proper ‘-e in is tcr s  is a ( c o t r I t l l l S h l e h t  uS i ng  t i -  c i r ’ i t i (

of I- ’i~~r u -c 1. \ V t I r  Il l! I-omputer rca l lw r i t e  line in the w l - r f ,  I s - b e  ( l t ’  s r-’hc pulse

is ~~Sc .l  to the t ’m:nih address line of t he bin ary to octal decoder (8250) . Wi th i thi s -

I- lIn e ’ a, l , i i ’ c - ~’z on the ‘i hem - t hree input lines (Table 11, ‘ Ia ’  output line r ’o r rcSmlo ’s  55

ing t o  th. - :1rfl]le r I -  - t s t s ’rs  is act ivated.  Once all of the laIn bias been se ’ ih t I” ’e l ( r-

~~ proper i-c i-~m i ’ m - - -., i t is then str o bed simultaneously to a s eco f l I l  S e m - n e s  - ‘ I  4—bi t

s hift ‘ 5 ’ - i - ( I - r s  Ii r l tc r t . I - e reg is te rs ) .  This action c l e a r s  the buffer u - e ’ i s t - rn  fox- the

ne~~ set of - l a t a  s-a loes to he scq i t Ir t I c. t  ut . This I- i r ’ u it  is i l lustrated in Up-nrc .

7
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‘fable I . A lidress I inc h)efinitions

Read \boIie Address l)efinitions W r i t e  Mode A r b l r- E- sS  I)i’fj nitions

000 ,‘\ z i tt i u th i  (
~.b. -\ 1 000 Azimuth (t I l ’ (

001 Azimut h (I A l  001 Azintuth (LP)

010 Elevation (MA ) 010 Elevation (P)

011 l- : levation t l~ \ )  o i i  Time (hIP)
100 ‘l itre ( ,MA I 100 Time (LP)

101 d i n  e (LA) 111 Pre — F’lig ht Load

110 Range (MA)

111 Range (LA)

‘sl Most Significant Bits

I. Least Significant Bits

3 -\ .-\ - t t r a l

I’ Prerhcted

The internal circuitry of the Lockheed SUE Irrini-computer requiros that a

pulse be returned to the (‘ornputer each time data is strobed. T his pulse tu :ust

occur wit hin 2 (1 sec of the strobe pulse in order to ver i fy  data reception. The cir-

cuit utilized to provide this function is shown in Figure 3 . In addition to applying

LOCKHEED “SUE”

I COMPUT ER

1...----SIROBE RETURN

‘—1 190 NSEC DELAY I

~ STROBE

Figure 3. Strobe Return 1~ulse Circuit

10
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the strobe pulse to the binary to octal decoder , it is also applied to a wired delay

of 80 nsec (93L22) and also to an AN]) gate (25-nsec delay). The output of the ANI)

gate produces a pulse approximately 95 nsec after the strobe occurs which is suffi-

cient time to allow the data to be loaded into the buffer registerdi

Once the data has been strobed into the interface registers it begins to be pro-

cessed. The t ine  characters are sent to  a comparator network (Figure 4) where

they are compared w ith the output of an accurate time code generator to a resolu-

t ion of I msec. At the same time, the predicted azinuuth and -levation information

is compared and subtracted from t he actual azimuth and elevation producing a BCD

difference (see Figures 5 and 6 ) . This actual azimuth and elevation information

is derived from the tracker ’ s existing encoders . W hen a time Comparison occurs ,

the comparator networ k generates a pulse which latches the BCD azimuth and

elevation difference at that moment into the LED display ( IVIDA 6101). This same

pulse is also app lied to a monostable niultivibrator (9602) from which, approximate-

ly 1 gsec later , an output pulse latches the data from the buffer registers into the

interface registers and, approx imately 1 ~isec later still, an interrupt pulse is

applied to the computer causing it to begin sequencing a new set of data values out

to tb’ie buffer registers. The operation of these circuits is illustrated in Figures

7 and 8.
Since the latching and interrupt pulses are automatically generated at eac h

kime comparison, the system can operate on variable time increment s limited

onl y by the niininium resolution of the counters (1 msec). This scheme allows for

frequent updates of fast mov ing vehicles (for examp le, rockets) and non-frequent

updates of s lower ones (for example, sate llit e passes) . 
V

The visual LED display permits the operator to view how close to the pre-

dicted flight path the trajectory actually is, thereby allowing the option of either

switc hing to the computer mode or to the scan mode in the event of an LOS.

The three beast significant BCD digits (representing 0 to 9. 99 deg) of the azi-

muth and elevation differences are continually applied to digital to analog converters

(CY-2638)  whose output s drive the azimuth and elevation servos that control the

position of the tracking antenna (Figure 9), The output of each D/A conv erter is

fed to the OP-AMP circuit shown in Figure 10, which produces a bipolar output

of approximately 10 V magnitude. Depending upon the position of relay R-2 for

elevation or H-S for azimuth, either a positive or negative voltage is generated and

applied to the summing junction of integrated circuit Al  located on the tracker ’ s

ex isting demodulator circuit hoard. The positions of relays R-2 and R-3 are con-

tro lled by the output of the ~/ -  s ign generator, which is a part of the BCD sub-

tractor circuit shown in Figures 5 and 6. The result is a voltage of the correct -

polarity to drive the antenna in a direction which reduces the azimuth and elevation

differences. The 1)/A converter will produce approximately 5 V output for lOdegerror .
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Figure 8. Data Sequencing Circuit

Sensitivity is controlled by adjusting the 10K potentiometer at the output of the 1)/A 
V

converter. The tens digit from t he [lCD azimuth and elevation difference is applied
to a ser ies of OR gates (Figure 9) which control the overrange bit on the 1)/A con-
verters. T hus, w henever there is a difference of greater than ~. 9(1 deg the over-

V range bit will be activated and the output voltage will increase accordingly to a
V maximum of 10 V at 19.99 deg error . A similar scheme is utilized in the LED

display which allows the decimal point to the left of the most significant digit to

light up should there be an overrange condition existing (greater than ~ (1. 9 deg

difference) in either azimuth or elevation (see Figure 7).

The tracking system is placed into the computer mode by depress ing the com-

puter sw itch located on the front panel. In order to avoid the com plexities of re-

designing some of the existing logic associated with the tracker , a sc heme was

utilized whereby a closure of the computer mode switch would essentially energize

the master auto switch thereby activating all bus and subniode relays and lights
associated with master  aut o. However, the input of the error signals provided by
the tracking receiver is disconnected from the summing amp via the summing amp V

input relay and the error signals derived from the Of A converters are connected
tsee Figure 10). Thus the position of the antenna is now under control of the com-
puter predictions. In order to provide clean signals at the input of the dual 1) flip

flop that controls the summing amp input relay, a debounce circuit is utilized . The
operation of this circuit is illustrated in Figure 11 .
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I gIl l s’ 11. Switching l ogic L i r cu it

.\ power —up e ir’cuit w,IS k-sig ne~I into t l tc system to 7ero ill registers w

-
‘ 

could init ialize with random or unallowed - lii~i ts  upon ~tpplication of power .  ‘(‘his

- : circuit also pt ’s~v ~ls’s a ,Is’ iav(’ I at s ’IiiIi~ pulse t t he RC I) di f f e r e nce ?‘ (‘a touts v,ln V I

would latc h the actual position isf the antenna at t he t ilne of power on (di f ference

between az imuth and ci t’s’a~ ion actual and 7ero) . Thus the operator has a quick

check method of determining whet her the difference circuits are operating c o r re c t  —

lv isv s -Onlparing t he difference reading with the actual encoder readouts . ‘)‘his

circuit is shown in Figure 12.
In order to initialize the sv sIs - sn or stat-t • an aI l11-ess was allocated to the t’orii —

puter which would sequence I ,e V I a t : i  ~‘nl ut’s r o n-  1 = 0 (some t jute slight ly n-eatet-

than 0) into t he i n te r fa -e reg i s t e r s . Ih~ V t V l t , i  values for the next  t ime increment

c hosen (I StII e inc rent cut is variable) are then placed into the buffer 1-egi sters thereby

initializlttl.( the s y s t e m . ‘I he r, - a s ( S I I  for placing data ~-alus -’s i -or’ respond ing t o  ‘1’ 0

irit ’ the inter face reg i s te rs  res u lt s from tile ‘act that using data fo t- 1’ 0 during

initialization would - s u s s ’  a t Ili~ ’ I I S I S I ) n I I- iSCI I I  ( s  occur which would  then — i t an - t  the
sequenc inlg i f  V ta t a p r ’n’ at tll ’ s ’ ( V
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TO INTERFACE REGISTERS-MAST ER RESET (FIG 21’______4

TO SWITCHING LOGIC CKT I F IGII ) —~

SOOpF 5K 500pf 5K

________ ________

i~II~ ~~~~~ 

~~~~~SPLAY ENABLE TO TIME COMPARISON

Figure 12. Power Up Circuit

.-\ctua l tracking encoder data as well as time and range data are made avail-
- V able to the computer via 16 data multiplexers . With t he computer read/write line

in the read mode, t he 16 data multip lexers are enabled, t hus allowing the computer
to read t he actual data into memory for either flight or post-flight use . The
addresses assigned (tsr data read operations are shown in Table 1. In Figure 13 the
circuit used r csr data read operations is shown.

in order to improve system noise immunity between the com puter and the
interface circuits , drivers and dual terminators were added to interface lines .
The circuits utilized for this purpose are shown in Figure 14.

The entire ~vstenI was built on \ IUPAC circuit boards using wirewrap tech-
niques. Power requirements for the system are approximately 12 A at ~5 V and
100 mA at ± 15 V .
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Abbrev iat ion~

1. BCD - Binary Coded Decimal
2 . LOS - LOSS of Signal
3 . IC - Integrated Circuit
4 . OP-AMP - Operational Amplifier
5. LED - Light Emitting Diode
6. D/A - Digital to A nalog Converter

7 . RF  - Radio Frequency
8 . IF - Intermediate Frequency
9 . MUPAC - Microelectronic Packaging Systems and Accessor ies
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