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SUMMARY

This report describes a minicomputer controlled system for testing telemetry receiving and recordin g stations.
Self-Check Automated Telemetry System (SCATS) can test a telemetry receiving and recording station in about
one-fifth the time it takes to manually test the station. The test results are printed out and can be stored on the
computer for trend analysis and other statistical analyses. The SCA1’S accuracy is +1.0 dB or better for all tests.
The results of the various tests correlate well with each other and with manually performed tests. It has been
demonstrated that a minicomputer controlled system such as SCATS can perform a good , fast , accurate test on a
telemetry receiving and recording station.
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INTRODUCTION

This report describes a minicomputer controlled system for testing telemetry receiving and recording stations.
This system is called the Self-Check Automated Telemetry System (SCATS). SCATS is also a prototype telemetry
receiving tnd recording station. SCATS uses the standard Inter-Range Instrumentation Group (IRIG) document
number 118 tests. The tests implemented are :

I .  Antenna figure of merit (gain/temperature (G/T))
2. Intermediate frequency (iF) signal-to-noise ratio (SNR)
3. Bit error probability (BEP)
4. Noise power ratio (NPR)
5. Tape recorder frequency response

SCATS performs the first two tests using the SCATS computer controlled receiver but can perform the last three
tests on any manually controlled receiver and/or recorder/reproducer.

SCATS can also be patched to test one of the Pacific Missile Test Center ’s operational telemetry ground
stations. The operational telemetry ground station has four dual-polariza tion , 32-foot dish , tracking antennas;

.4 24 dual-channel telemetry receivers with built-in combiners; and 12 analog magnetic tape recorders. Radio frequency
(RF) signals can be inserted into the preamp lifier inputs of the antennas. The antenna outputs can be patched to
either the SCATS receiver or the ground station receivers. The receiver outputs can be patched to either the tape
recorders or the SCATS data inputs. The tape recorder outputs can be patched to the SCATS data inputs. SCATS
accepts video signals and 450- and 900-kHz frequency modulated predetection carrier signals as inputs.

The use of a computer controlled system to test telemetry ground stations has the following advantages:

I .  Test results are more repeatable because the operator is not in the set-up, adjustment . and meter reading
loop and the computer does the same things each time.

2. Tests take much less time ii’ perform , which is very important  in a busy ground station.

3. A quick , accurate test can be run immediately before a mission , which will increase the probability of
receiving and recording good data during the mission.

4. The tests are easy to do: this makes it more likel y that they will be done.

5. Test results can be stored and also recalled for comparisons between tests run under the same conditions.

The disadvantage of a computer-controlled test system is the higher initial cost. This should be more than
offset by the overall improved data quali ty,  problem detection capabili ty, and decreased down-time for testing.

The work reported herein was conducted under AIRTASKS : A5355352 -054D-5W474 10030 . AO6RO6R I -
054D-6WSL770000 , A6306302.054D-7WSL770000 , A6306302-054D-8W06040000 , and A6306302-054D-
9W06040000, Miss ile Flig ht Evaluation Systems , and was jointly funded by the Naval Air Systems Command
and the Pacific Missile Test Center.
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SYSTEM DESCRIPTION

A simp lified block diagram nt SCAr S ~ presented in figure I .  SCATS conta ins  the follow ing eq u lp itleti t =

Minicomputer with 16K ut  core memory.  4?~K semiconductor memory.

2. Two 5-Megaby te disk drives plus one dual floppy disk drive (250 Kilob ytes each drive).

3. Typewriter terminal plus CRT terminal.

*4 Interface between minicomputer and test equipment.

5. Radio frequency signal generator , L- and S-band . I dB step at tenuator , frequency . and phase modulation
(FM and PM ) .

6. Frequency synthesizer.

7. RF power meter.

8. RF counter.

*9 RF distribution unit .

10. Dual-channel telemetry receiver with synthesiz ed tuner .

I i .  Diversity combiner.

* 12 ,  Predetection discriminators (450- and 900-kuz) .

*13. Programmable gain amp lifier.

14. Pulse code modulation (PCM) test set.

I S.  Noise generator and receiver (for NPR test ).

16. RMS meter.

17. Function generator.

18, Counter.

19. Ten discrete relays and two 10 x 10 matrices.

*20. Controller for amp lifier , relays , and matrices.

2 1. PCM bit synchronizer.

22. S-band to P-band down converter.

23. Oscilloscope (not und ’~r computer control) .

24. RF spectrut n anal yzer (not under computer control).

The RF distribution unit , the discrete relays , and the matrices are used to interconnect  the SCATS equipm ent and
also to connect the SCATS equipment with the operati onal telemetry ground station.

* Indicate equipment designed and built by Pacific ~s lisstIL ’ Test Center (PA C\II STI ST( I N .  all other equi pment i~ cutumerc ialts
available.

.
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EQUIPMENT DESCRIPTION

Minicomputer and Peripherals

The minicomputer used in the SCATS sy stem is a Digital E qui pment Corporation PDI’- l l ,’34 . The main
peri pherals include: two RL -Ol disk drives , an RX-0 1 dual floppy disk Ll t i\e . .~ ii l A36 t ekt ~ pcs~t i t e r  . a
cathode ray tube (CR1) terminal , an IEEE- 488 int er l ’ace card , and a DR-I  l ( instrument  in ter fa c e  card. The
operating system currently being used is R I - i l  version 3. The RL- Ol disk drives contai n the opc ,ating sys t e t l i .
library routines , and the SCATS software . The floppy disk s are used for the storage of test da ta .  Both sof t
(CRT) and hard copy disp lays are available. The CRT terminal is portable and several inter lace p lugs are
available in the operational ground station. This allows the CRT terminal to be moved to the antenna console
to run antenna figure of merit tests , etc. The test results can be stored and a hard copy output  produced at a
later time if desired.

Interface Between Minicomputer and Test Equi pment

Communication between the minicomputer  and the test equi pment is via an in-house designed and fabr ic a ted
“Port Expander ” interface. This interface is described in appendix A.

One of the major expense and time items in SCATS was the desi gn. construction , and debu .~’g ing ~t the
special interfac es for the various pieces of equipment. Most of the SCATS equi pment w as purchase d in 1975
and the interfaces are mostl y uni que. Since that time , the IEEE -48 Interface has gained wide acc eptat ic e . a T J
much equi pment  is now available with this interface. IEEE-488 Interface adaptors are also now available for
many instruments  which are not available with this interface. The use of the IF Ei -4~~ Interfac e .v ill m inint i z e
the hardware interface development but  may transfe r the effort to the softwar e . The software pr ob el ins can he
minimized by selecting a controller wh i ch is opt i tni te -J  for use the JFLE -488 Interface . The in-house :it crtace s
ha~e worked very well.

R F  Si gnal Generator , Telemetry Receiver , and Associated Equipment

The RF signal generator is a M~crodyne Corporation Model 7100 SLIP). The output frequencies of this
~enerat or are 1435-1540 and 2200-2300 MHz. The generator can be either phase or frequency t ’nodul ated. The
peak deviations are +600° and ±6 \ lHz. The modulation frequency response is within ÷ I dB fr om DC to 3 Ml I. -
for p hase modulation and from DC to 4 M~~z for frequency modulat ion.  This is more th an sufficient for PC\1
bit rates up to 3 megabits per second ( Mb / s f  (current maximum capability of SCA TS). The RF output  level is
controllable in I dB steps from - 12 9 dBm to +10 dBm . The RF frequenc y can he remotel y eut l i rol l e d by the
selection of one of 20 crystals or b y the insertion of an external reference frequenc y . The normal SCATS mod e
of operati on is to insert a reference frequency from the Fluke 8l60B frequency synthesizer. This allows the
pr~gram ming of the RF output frequency to within 100 Hz of any desired frequency wi th in  the operating ran~re
of the RF generator. The RF output power is measured using a Boontot l 42BD autorang ing power m eter.  This
pov. er meter has an accti r ac~ of ±0.3 dB for power levels from -50 to + 10 dBm and a resolution of 0.01 dB.
The RF generator  output  is connected to the RF distribution unit .  The RF distribution unit contains isolated
power dividers and RF switches. The RF signal is continuousl y connected to the power meter . RF counter , and
s-iectrum analy zer for monitoring, and the RF signal is also connected to either an S. to P-hand down conve rte r
or t n  the antenna patch panel. The P-hand sign al is sent to the receiver patch panel for direct insertion into  the
on erationa l tele m etry receivers (this telemet ry ground station converts the L- and S-band telemet ry sign als to
P-hand in the antenna pedestals , therefore , the operational receivers cperat e with P-band s~gna1s). The nor mal
te st  mode is to split the L- or S-band sign al into two equal parts and app ly these signal s to the antenna
preamp lifiers.

The telemetry receiver is a Mi crodv n c 2200R(N ) dual-channel receiver with a 2212 ~V T N )  synthesized RF
tuner.  The synthesized tuner operates over the frequency range of 21 5 to 320 \ IHz.  The frequency is remotel y
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pi og r a t i tma bl e  ~ t th  a step sue of 100 kHz. The receiver has six re n i ot els  selectable second Ii  bandwidt h s:
100 , 300, 500 , 1000, 1500 , and 3300 kil , . The demodulator  b an dwidt i t  is sl ave d to the IF bandwid th .  ~wel~e
video bandwi dths  are available tor remote selectio n. The automatic  gain contr o l  (AGC) voltage can be re lt to t el~‘‘I to /e n ” at any time . This allows tneasure nt ent of signal plus noise and noise with the same gain. This is vital
to the an tenna  igur e of ni er i t  and IF SNR tests. The receive r is connected to a d ivet s i t  co t itb ine r which eoni a i l t ~e motely c olt t  ollalr !e pi edc te e o t t  d~ svtI c o t t ve r t e r s (the predet ect ion output  Ir equenc ) is se lectabl e~ as well as a
pre. l e t ec t i ot t  or pust dete ct iolt combiner (switch selectable).

The most critical fea tures  of the equi pment in the RF section of SCATS are the frequency and ou t pu t
power stabi li t ) of the RF generator , the frequency stability of the frequency syiithe sizer , t he accur acs of the
RF power tn e t cr , the frequency and gain stability of the telemet ry receive r , and the l ineari ty and ba ndwidth of
the frequency and phase modulators and demodulators.

SE P and NPR Test Equipment

The current  SCATS PCM test set is an International Data Sciences Model 1000. This test set generates !
receives the standard IRI G 2047-bit pseudo-noise sequence. h owever , this PCM test set only generates the nun -
return-to-zero-leve l (NRZ-L )  code and has a maximum bit rate of I Mb/s. It will be rep laced by a Decom Sy stems
Incorporated Model 7193 PCM test set. The model 7193 generates all of the standard IR IG codes , uses either
an internal or external clock , and handles bit rat es up to S Mb/ s. A Wavetek Model 159 function generator is
used to provide the trans m i t ter  clock. The PCM test set also detects errors in the receive d ns e id o .t ois~ pat ient .
The ratio of bits in error to bits transmitted is measured using a Dana Model 801013 coun t e r .

A programmable gain amp lifier is used to control the RF deviation durin g the B I P  tCs t S .  Ti pm ogr~i . ’rmi ~ahle
gain amp lifier has a bandwidth (-3 dB) of DC to 2.0 MHz. The gain can be varied from 0.006 to 1.0 (gain =

0.99~’ where 0 < X < 1023) . The PCM input to t ite programmable gain amp lifier goes throug h tw o 2 - input
N .-\N E) gates. The PCM data can be set to the hi gh level (“I”) ,  rese t to the low level (“0”), or passed th roug h
unaltered.  This feature is used in setting the frequency deviation in the BEP and NPR tests. An Electro-
Mechanical Research Model 720-02 PCM bit synchronizer is used to synchronize and reco nstruct the input PCM
data. This bit synchronizer accepts all the standard IRl G codes , bit rates from I bit per second to 5 Mb s. and
provides selectable output polarity and recon structed NRZ-L and clock outputs.

The white noise generator is a Marconi Instruments Model 209 1C. The outpu t  powe r is variable from
.59 .9 to + 19 .9 dBnl in 0.1 dB steps. The noise bandwidth can be varied by the insertion of various high- and
low-pass filters. The cur rent capabilities are 12 to 108 kHz and 12 to 252 k l-lz. Tile band-sto p frequ cilc ies can
be varied by tIle insertion of various filters. The current band-stop frequencies are: 16 , 40, 70 , ~ s , 140. and
185 k Ilz.  The output  noise leve l is automatica l ly leve l controlled , that is , when a hand-sto p filter is selected the
noise power at all other tt-equencies is increased by the amount required to keep the total output  power at the
selected level. The noise output can also be turned comp letel y off.

The noise receiver is a Marconi Instruments Model 2090C. The noise receiver has band-pass filters matched
to the noise generator band-stop filters. The tloise powers with the band-st op filter “out ” and “in ” are measured
with a resolution of 0.5 dB. The difference in the two values is the NPR.

The predetection discriminators are pulse-averaging discriminators. Every zero crossing is detected and a
constant width and amp litude pulse is genera ted. This produces a pulse tr ain at twice the input  frequency. This
pulse train is then low-pass filtere d (the low-pass filter bandwidth is approximatel y one-half the discriminator
center frequency). The output voltage is directly proportional to the number of ptilses which is directl y
proportional to the input frequency. This demodulation techni que was selected because of its excellent linearity.
r Ite main limitation is in maximum data rate . PCM data (NRZ -Lf at bit rates above t 5  perce n t of t h e
center frequency are degraded by the interfereiice between the data and the sidebands of the pulse train. Signals
with higher bIt rates should be demodu lat ed before being applied to SCATS (the demodulation should be done
at 10 MHz for best performance).
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Other Equipment

The an ip l i tude  of all signals between 10 II , and 20 MHz is t i t c a s m i ted  using an autorang ing Boonton 93 AD
• t i t l e  RM S vo l t tmme t e r .  This meter has a resolution of 0.01 dB and an accuracy of approximatel y +0.2 dB . All

an m p l i tud e s are read in dR um .  A second Boonton 93 AD is available for exchange when the first must be ca l ib ra t ed
or repaired.

Uh e t t eq u e n c v  of all signals below 150 MHz is measured using a Dana 8OlOB counter .  This count ei has
remote control of all functions including trigger level , Tile lit t le base is variable from I microsecond to 100 seconds.
The frequency ratio mode has a range of 100 to IO~ . This allows bit error probability measurements to he made
over  army number of bits (in powers of 10) up to I 09 bits. The usual interval is I o6 bits.

.-~~ Wa v e me k 159 function generator is used to provide the clock for the PCM generator : the various fr e qu et lc ~
sine wav es to measure tape recorder frequency response , etc. The frequency, amp litude , and offset , are selectable
to three digits and sine , triang le , and square waves can be generated.

SCATS uses eight discrete relays to interconnect instruments. The relays have either five or eight throws ,
greater than 60 dB of isolation at 10 M I-li , and a DC to 300 MHz bandwidth. SCATS also contains two 10 x 10
relay m atrices which are used to interconnect instruments and also to connect SCATS to the operational ground
station equipment.  The matrices have a bandwidth of DC to 20 MHz.

The controller for tile programmable gain ampli fier , the relays. and the matrices allows for either manual
or computer con t iu l .  The program m able gain amp lifier is manually controlled by a series of two-position switches.
Tile relays are n ianuall y controlled by two I C-position thumbwhee l switches as are the matrices. The last setting
(could be manual or computer)  of any relay .s held unt i l  the relay is set to a different position.

SCATS SOFTWARE

The SCATS software provides for operator selection of tests to be run; execution of the tests; monitoring
of equi pment during the test : analysis , disp lay, and storage of test results. The software provides extensive
guidance indicating the options available , response s required at each step, and informing the operator of any
manual steps that must be performed. The operator has full control in selecting the sequence in which tests are
run , the parameters to be used in conducting the test , and whether the results are to be saved.

The software for the SCATS has been wr i l t en  primaril y in FORTRAN with onl y a few assembly language
subroutines used as drivers to interface with noiistandard ex te rna l  equ ip merl t .  Four major programs provide all
of the testing and data retrieval capabilities. An additional group of small programs provides supporting functions
such as maintenance of equipment characteristic flIes , init ial ization of archive files , self-test capabilities . etc.

Due to their size, some programs have been overlayed in order to fit within the available memory. However ,
overlaying aided the program development inasmuch as each overlay represented a more or less independent block
of code which could be worked with individuall y.

Four files constitute the SCATS data base . Two of these files contain information used by the system in
executing test sequences , and tile remaining two are used to archive test results . One input file contains cable
loss values and noise fi gures associated wi th  various equi pment to which the SCATS can be connected. The
second file is used to input test parameters such as IF bandwidth , peak diviation . center frequency . etc. Up to
ten test parameter setups can be generated and saved by name in this file. This feature permits convenient
operator specification of repeatedly tised sets of test parameters.

One of the ou tpu t  files generated is used to archive the results of the BEP. NPR , IF SNR , and solar
cal ibrat ion ests. The second output  file is uni que to solar calibrations and contains for each antenna  at ld

8
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Ileq .i~ r~ s bair d t i r t ’ .~t i r i s t i c a l  l . i t a  su ir t i l l ar i / ing l)ast pe r formance. A data retr ieval  program is available wimich
~~ t i ot s m es iew ut tire til e ~~‘ I l t e l i t s . p m i n t o u l  of spe cific data , and tI m e summari zation of data. Tile capabil i ty has

c c i i  pi~~~~ed to  ~~r l m ~ d a t a  r e t !  es ,tl h~ sp ecif y ing desired combinat ions of equipment numbe r , date period , and
mrmaii s the t’.i\l p a l a l t i e t e l s

TEST PARAMETER ENTRY

[he test op e l a t o t  caim create a data t ile which contains the following data:

I RI- center frequency
2. II - bandwidth (SCATS receiver)
3. Vid eo bandwidth (SCATS receiver)
4 Pred etec t ion carrie r frequency
5. i’oufl te r i l i t C  base exponent (BE? test measurement interval in bits)
Ci. PCM bit rate
7 . Peak RI -’ frequency deviation (fo r BEP test)
~~. m it t s  RF t r e q u e t m c ~ deviatio n ( fo r  NPR tes t )

This data file can then be called any time the operator wants to run a test with these parameter values. An)’
data ent ry  in the file can be change d individually. A samp le SCATS log-in and IF bandwidth change is shown
in f i gure 2. The data entered by the test operator is underlined.

ANTENNA F I G U R E  OF M E R I T  TEST

This test dete mn lines time antenna figure of m erit which is ten times the logarithm of the ratio of the antenna
gain to the system noise temperature (G1T). The Gil is measured at ten frequencies at S-ban d and three frequencies
at both upper and lower L-band and for both antenna polarizations. The SCATS equipment used in this test are:
telemetry receiver, rms ureter , RF distribution unit , and discrete relays (see figure 3). The antenna outputs  are
manually patched into the SCATS receiver and the solar flux , flux measuren lent frequency, Ju l ian date , and
Greenwich Mean Time are entered into the computer terminal. The sun position is calculated and printed out.
The antenna is then manually pointed at the sun and put into autotrack mode. A data entry examp le is shown
in figure 4.

The program first determines if the largest signal is received at the low or high end of the passband with
the antenna tracking the sun. Time gain is set (fo r each receiver channel independentl y) at the frequency with time
largest signal. The rms value of the receiver linear 10 MHz is then measured at each frequency for both receiver
channels. A check is made to verify that the receive r gain (or something else) has not changed by cen-teasuring
the signal at the lowest frequency and comparing it to the value measured earlier. The antenna is then pointed
at the cold sky (300 in elevation from the sun) and the rms values are again measured. The figure of merit is
calculated from the following equation (see reference I) .

81rK L ( p
2
~ - I)

lO log (i1T l O l o g  ~~~~~~~ ( 1 )

R . i , i , r , ( i r r inm an de r s  C ouncil I R i m ;  l ) ocun mcri t . I t  ~.7 1 Rcvmscd  Ju ly  1975 . i;- ’ - t t l - iIr ,i, I ,  Te/e,, u !r i c o - n i ’  and .S r / ’ i 1 ~ m ?i ’

Scu rs ’ I j r  1. 11. 5, lii te S, ntis SI iss il Range.
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•R SCATS

SELF CHECK AUTOMATED TELEMETRY SYSTEM (SCATS)

YEAR 2~
JULIAN [lAY 147

H O U R  23

M I N U T E  20

TYF ’E:
1 L IST DATA SET NAMES
2 = READ DATA SET NAME FILE
3 = WRITE [‘AlA SET FILE
4 = INF’UT OR EDIT DATA SET
5 = R E T U R N  TO SCATS MONITOR 2

TYPE DATA SET NAME : LAW

DATA SET LAW
CENTER FREO ‘= 2250.5 IF BW =1500 VIDEO BW =1000
PRE—D = 450 TIMEEIASE EXP = 6 BIT RATE = 240000.
RF PEAK DEV (BEP) = 84000. RF RMS DEV (NPR ) = 100000.

TYF’E :
1 = LIST DATA SET NAMES
2 = READ DATA SET NAME FILE
3 = WRITE DATA SET F iLE
4 INF’UT OR EtII’T [lATh SET
5 = RETURN TO SCATS MONITOR .j

INF’UT DATA, TYPE :
1 = CENTER FREQ
2 = I F BW
3 = VIDEO BW
4 = PRE—D FREO
5 = COUNTER TIME BASE EXP
6 = BIT RATE
7 = RF DEVIATION (BEP)
8 = RF DEVIATION (NPR)
9 = TERMINATE INPUT
NUMBER: ,.2
RECEIVER IF BANDWIE’TH (KHz): .~QQ

NUMBER : 1.

TYPE:
1 = LIST DATA SET NAMES
2 = READ DATA SET NAME FILE
3 = WRITE DATA SET FILE
4 = INF’UT OR EDIT DATA SET
5 = RETURN TO SCATS MONITOR ~~

Figure 2. SCA rS Log-In and Parameter Entry.
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C O L D
SKY

0Sum”

L C P  R C P

Du AL .
C $A P D 4 E L  AGC ‘ FR EEZE

R E C E I V E R

L I N E A R  tO MHZ

R E L A Y  
Figure 3. Antenna Figure of Mee t

(G/TI Con ftgur~tt on

T R U E  RYS
V O L T M E T E R

INt éiL

SOLAR CAL IBRATION TEST

ENIU~ t REOUENCY BANrI :
1 ‘1 OW L R I -BANE’

F I T  k L—B AN C
~- . I t A N E I  3

EN I L I ~ ~NTENNA NUMBER : 1

l.’ H t m K  t H A T  RECEIVER CHANNEL 1 IS PATCH EE’ TO RHC .
CHI Ll’. T HAT RECEIVER CHANNEL 2 IS PATCHEE’ TO LHC .
NOI . tN T S U N .DAT FLUFFY IN trXl -

T Y I ~E CAR RIAC ;E RETURN ,

ENTER SOLAR F L U X  ( R E A L ) :  152

ENt .t~ ~IH MEA SUREM ENT FREOUENCY IN MHZ (REAL) :  2800

Y L t ’tJ’ ,‘/

Figure 4. Antenna Figure of Merit F liTER JUL L A N  [mA V t  145
(So/ar calibration) Data En rev.

~N1 E k 0th HOUR :

c N ’ I r ~: MINUTE : ~~~

.~~ i .25 AZIMUTH OF SUN IN DEGREES.
.1 .66 ELEVATION OF SUN IN DEGREES .

t )BT (,IN SUN A UTOTRAC K .
IYFI. CARR L~~G~ RETIIRN ,

POINT ANTENNA AT COLE’ SKY.
T Y F E CARRI A GE RETURN.
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w h e r e  L = anten n a beam-width corr ect ion fa c t om = I + 0 ~~ ( A m r t e n m m m a ~~cai~m Jw~~~ii

1’ -, = Suit power
P 1 = Cold sk~ po~~ei

= Solar f lu x ( ss , i t t s n r I i l / )
S ii ,i m flux ruca su r ermi en t  t r t ’~luet1c\

I = Test irequermc~
A = Test frequency wave le rm g th (m ete r S)
K = B olt imann s constant = I 3?~ - I O~~ watt s- °K/Hz

A typical figure of merit  test output  is presented in t ab le  I - The measured Gil values as well as the prior
cumulative averag es , max immm um s , m in r n m ut n s , percentages ot time exceeding specification . and standard deviat ions
are displayed. Time test operator has three options at the end of a G/l test:

I .  I-Ic can archive the d a t a .  This means that  the data is entered into the statistical t’ile for that antenna and is
also saved for later recall.

2. He can save the data. This means that the data is not entered into the statistical file at thi s time but the
data is saved for later recall. The data  can be added to the statistical file at a later t ime. The saved data
calm also be modified by correcting inaccurate solar flux entries . etc . This is especiall y usefu l if a current
solar flux value is not available at the test t ime. The test can be performed ~. i t l t  an estimated solar f lux.
the data car t be saved , amid the correct solar flux entered when available.

3. The t Cst operator also h a s  the opti omm of not st or irm g the data in at m y data file. This is useful if time results
are not valid because ut interfer ing frequencies , patching errors . etc.

The mai n sources ml error are: The latest solar f lux value may have been measured several hours ago and
the solar flux ma~ have changed since then , the extrapolat ion from the flux measurement frequency to the
am itenna m easurement ir equency is not exact , the rms nm eter has a specified accuracy of +0 .2 dB, the antenna
s~ste m and receiver i n troduce errors  because of gai r m changes during the test and anmp li tude non linear ities , and
there t mm ay have been unnoticed i t t t c i t e i i n g  signals present. However , the SCATS systenm gives CI T results which
.are q u i t e  repeatable (s ~m t h i n  +0 .3 dU at S-hand for tests which are run within a t es~ minutes of each other) and
agree very well with n me asur enl e rmt s  made manually using the calibrated a t te r l uator  nmetho d . The overall accurac~
u s e s t i nmat e d to be be t te r  than + 1.0 dB at S-band.

lime difference betwe etm the i mt a x imum ammd minimum measured S-band Gil values (at each f requenc y )  v aries
from I S  to  2. 4 dB for antenna I mmm d from 1.2 to 1.8 dB for antenna 4 (see tables 2 ammd 3). The standard
deviations are appr oxim at el ~ 0.5 dB f i r  an tenna  2 and 0.35 dB for antenna 4 . Seventy percent of the LCP
C T  values and ~4 percent of the RCP C/T values are within +0.5 dB of the average for ant enm m a I at 2250. 5
MElt . The lower L-bammd C/T standard deviations for antenna 4 are about 0.35 dB (see table 4). The uppe r
L-band CIT standard deviations for antenna 4 are about 0.5 dB (see table 5).  The statistical data presented in
tables 2 , 3 , 4 , and 5 represent data taken between May 1978 and Februar ) 1979 . The statistical data in table I
represent data taken between March 1979 and May 1979 .

Since the C T  values are stored on a floppy diskette , various analyses can be performed on the data by
wri t ing  the necessary so ftware.  One ex isting program pr ints  out the overall s tat i s t ical  J at ~ a l om m g with the results
of a ll CiT tests that meet time conditions specified:

1 . - \ m m t e nna number  S. Low solar t l u x
2. F r equenmc ~ band Ci. Hi gh solar t iu x
3 Start year . day. hour , m inu te  7 . Low fl ux tm m e asuR -I net ln I mc , l Iiemmc ~
4 l i i i  ~ear , day.  li~ ur . i m m i n mu t e  ~ h i g h t i tux measur em ’.’ : ml f r eq t i e l mc~
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Table 1. Antenna Solar Cal ibrat ion Test Output

A N tENNA SOLAK CAL I Bf~AT ION NUMBER OF TESTS S
YEAR=79 JULIAN t’AY-~145 GMT HOUR=22 M IN u TE= 37
SOLAR F LUX ~ 152.0 AT 2800.0 MHZ
AN TENNAt’ - 1 RHC

FREG _ S _ ~~EIE~~_LL j81 IbIS GLI_ LL1 B I Z_ .GL ._ . .._..
(MH Z) SUN COL D SKY TEST AVE MAX MIN 15 [‘B S.D.

2200.5 - 1 6.6 32 .7 17.9 18.0 18.2 17.8 100.00 0.14
2210.5 --14.3 -30 .4 17.9 18.0 18.3 17.8 100.00 0.14
2220.5 -13.9 -30.1 18.0 18.1 18.3 17.9 100.00 0.15
2230.5 - -1 3 ,5  -29,6 111.0 18.0 18.3 17,8 100.00 0.14
2240.5 -14.0 --30.:’ 18.1 18.2 18.4 18.1 100.00 0.12
2250.5 - - 14.4 -30.5 18.0 18.1 18.3 17.9 100 ,00 0.13
2260.5 --1 6.1 --31.8 1 1.7 17 .8 18 ,1 17.5 100 .00 0,17
2770.5 — 1 7 ,4 32.9 17.5 t?.e , 17.9 17.3 100.00 0.20
2280.5 -- 18 ,4 - 3 4 . 4  18.0 18.0 18.4 17.8 100.00 0.21
2290 ,5 --18.3 -34.3 18.1 18.1 18.3 17.9 100.00 0.15

A NTENNA $~’ I LI4C
FREQ ..~~~S EIEa’_ LDBJ IbIS . G LI . L D B~~~_ _ _ . ~~~~~~ Z _~~~8E. 

(MHZ) SUN COLE ’ SKY TEST AVE MAX MIN 15 [iB S.D.

2200.~ --15 .5 —31.5 17.8 17.8 18.0 17.6 100.00 0.15
2210.5  — 1 4 . 8  - -30.9 17.9  18.0 18 .2  17.9 100.00 0 . 1 2
2220.5 —1 3 . 1  --29.0 17.8 18.0 18.1 17.8 100.00 0.10
2230.5 —13.4 —29.2 17,6 17.8 18.0 17.6 100.00 0.11
2240.5  - 1 4 , 5  — 3 0 . 3  17.7 17.7 17.8 17.6 100.00 0.08
2250.5 - -14 . . t  -30.0 17,6 17.6 17.8 17.5 100 .00 0.08
2260.5 - - 1 4 . 3  --29 .9 17,6 17.6 17.8 17.5 100.00 0.10
2270.5 -16.5 -32.2 17.7 17 .7 18.0 17.5 100.00 0,20
2280.5 - 17.1 --- -32.8 17.8 17.7 18.1 17.5 100.00 0.23
2290.5 —18.3 —33.9 17.6 17,6 17.9 17,4 100,00 0.22

COMMENTS:

Table 2. Antenna Solar Calibration , S-Band , Antenna 1

A N T E N N A  SULAI’~ C A L I B R A t I O N  NUMBER OF TESTS 38
fEfm R~~78 JUL I A N  t t ( Y - 1’.j l GMT HL1IIR :22 M INU IE ’-SO
¶501 0k’ I L l m ( -  14t3 .() At 2 800.0  MHZ
(‘.N tEN N A I 1 RHI :

H - i t ~ [HIS. .. i L1Th~ ~_ J3L_ 

— 
- - ‘ TE St  out: MAX th IN 15 [‘Em S .D.

18.5 18.0 18.9 17.2 100.0 0.38
2210,5 18.7 18.1 19.1 17.2 100.0 0.42
2220.5 18.8 18.2 19.2 17.4  100.0 0 .47
2230,5 18.6 18.0 19.0 1 7 .3  100.0 0 .48
2240 .~ 10.5 18.0 19,1 17 ,4 100.0 0 . 4 1
2250, 5 18.4 18.1 19.0 17 ,2 100.0 0 ,4 1
2260.5 18.3 17 .8 18.8 17.2 100.0 0.41
2270.5 18 .3  17.8 18.6 17.1 100.0 0.46
2280.5 18.5 18.0 18.9 17.3 100.0 0.41
2290,5 18.3 18..) 18.9 17 .4  100.0 0 .38

A N1E~4N A I - I I -IC
FREO - IU1~ - .~~~ ~~~ I L0B ~ - ~~~~~~~~ 

t M H Z )  TEST AVE MAX MIN 15 tuB S . D .

2200.5 I m m , c  18.0 19.1 17.1 100.0 0 .48
7210.5 t B .6  18.1 19.3 17.3 100.0 0 .49
2 2 70 ,5  18.2 18.0 19.4 17.2 100.0 0.50
2730 .5  17.7  17.8 19.1 17 .2  100.0 0.50
2240 .5  18.3 17.9 19.0 17.0  100.0 0.54
2250.5 18 .4 17.8 19,0 17 .0 100.0 0.52
2260.5  111.0 1 , ’ , 7 19 . ( >  17 ,0 t O O , 0  0 .5 1
2 7 / 0 . 5  1 . 0  1 ? .O  1~~.2 17 .0 100.0 0 .53
228 0.5 lt i .0 1,’,~ 19 , 4  17 .0  100 .0  0 .54
2 2 9 0 . 5  1 8 , 4  1 7. 8  1 9 .1  16.9  100 .0  0 . 56
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Table 3. Antenna Solar Cahbrat~on. S-Band , Antenna 4

ANTENNA SOLAR CALIBRATION NUMBER OF TESTS 33
YEARs78 JULIAN DAY= 15 1 GM T HOUR=22 M INUTE~43
SOLAR FLUX— 148.0 AT 2800.0 MHZ
ANTENNA t- 4 RHC

FREO _IHIS OLI_LEE.1 Z_.J3E. 
(MHZ ) TEST AVE m MAX NIH 15 DB S .D .

2200.5 17.9 17.5 18.2 16.8 100.0 0.37
2210.5 18.3 17.8 18.5 17,0 100.0 0.41
2220.5 18.3 17.9 18.5 17.0 100.0 0.36
2230.5 18.1 17.7 18.3 17.1 100.0 0.33
2240.5 18.0 17.8 18.4 17.0 100.0 0.32
2250.5 18.1 17.8 18.3 17.0 100.0 0,35
2260.5 18.0 17.6 18.3 16.8 100.0 0.37
2270.5 17.7 17.4 18.1 16.7 100.0 0.33
2280.5 17.8 17.5 18.2 16.9 100.0 0.31
2290.5 17.6 17.4 18.2 16.7 100.0 0 .34

ANTENNA *= 4 LHC
FREQ _ I~ IS G~~~ I.. LDE1 Z_ .G E  

(MHZ ) TEST AVE MAX MIN 15 DB S.D.

2200.5 17.8 17.4  18.4 16.6 100.0 0 .44
2210.5 17.9 17.8 18.6 17 ,0 100.0 0.32
2220.5 18.1 17.9 18.6 17.2 100.0 0.29
2230.5 18.0 17.7 18.3 17.1 100.0 0.31
2240 ,5 18.1 17.8 18.4 17.1 100.0 0.32
2250.5 18.1 17.8 18.4 17.0 100.0 0.32
2260,5  17.8 17,7 18 .4 16.8 100.0 0.36
22~~0 .5  17 .8 17 .5  18.2 16.5 100.0 0.36
2. ’80.5 17 .8 17.5 18.2 16.7 100.0 0 .34
7 . ’. O . S  17.6 17 .4  18.1 16.3  100.0 0 .36

Table 4. Antenna Solar Calibration , Lowe r L.Band . Antenna 4

ANTENNA SOLAR CA L I B RAT IC ) N NUMBER OF tESTS 14
Y EAR=78 JULIAN IuAY= 152 GMT HOUR~~2-2 MINUrE~~37
SOLAR FLUX 145.0 AT 2800.0 MHZ
A NTENNA$ 4 R H C

F REG IUIS_ _ . ~LI LU Em1~~~~~ ~~ .uL. -

( MHZ )  TEST AVE MAX MIN ii [‘Em 9.1’ .

1435.5 14.2 13.9 14.6 13.1 100.0 0.33
1485 .5  1 4 . 1  13 .8  14 .5  1 3 . 1  100.0 0.38
1535.5 13.8 13.8 14.1 13.4 100.0 0.19

ANT ENNA$ 4 CItE
FREO THIS . _ . G/I B1_. _ . 

(MHZ ) TEST AVE MAX thi N 11 [‘B S.L’.

1435 .5 14. : ’  13.6 14.5 12.7 100.0 0 .62
1405.5 13. 9 13.8 14.3 12.5 100.0 ,).32
15.35.5 14.0 13.7 14.2 13.1 100.0 0 .31

Tables 2 . 3 . 4 . and 5 were generated using this program. Another program prints out all GIT values for specified
frequencies which meet the conditions specified above . This program also calculates the averages and standard
deviations of the printed Gil values. Table 6 lists all G1T values for 2250.5 MHz on antenna 4 with a sol an flux
between 120 and 170 and a flux measuremen t frequency of 2800 MHz. Table 7 shows the average C T values
and the standard deviations for antennas 1 and 4 at 2250.5 MHz separated b y solar flux value. Usually the sun
is less stable as the solar flux increases , therefore the standard deviations should he larger for increasing solar f lux.
However , the standard deviations in table 7 decrease for increasing solar f lux.  The C/T values also decrease f , r
increasing solar flux; however , the decrease is small (0.2 dB for three of time four cases).
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~( \ I ~ jm~’ ~~~~~ an S-hand (. 1 test in about ~ veit minutes (th is  includes the t ime it ta kes to enter  data
and niaui , m.~II~ p muuut  t f u~’ .intenii., 1. It s~ miuld tak e at least 30 uminutes to nuauiuatl y nie-asute the sun and cold sk~

c u s  and Lale ulale t Ime 20 ( ,  I mj lue ~ ~IR ut t ~tnual stat ist ical  data a,t -al~ si~ would be e \ I I C I O C I \  t t f l )C  consuming.

Table 5. Antenna Solar Calibration , tipper L-Band , Antenna 4

r~ m.~ UI Oh I ,‘m~ t lm I , , T  UN N UMEmE.t-< UI- ILSTS 15

~E . t  / 0 ;Ui IAN I’ 153 UMI HoUR 21 MINUTE -2/
‘ I  ,h I t ) ~ 4~ .0 AT 2800.0 ~iH/

A N t I  N N A t ~ .1 RHI.
I II tui:.~ - _ _ _ U~ I I. li ti~ ~

_ ..J3E . _ _ _ _ -

1151 OVI MAX M J N  13 DR S.D.

1/50.5 1~~.- 16 ,0 16. /  15.5 100,0 0.36
1800 .- 

~~~~ 1 6 . 3  17.0 15.9 100.0 0 . 5 4
1850.5 16 ,9 16.6 17.6 16.0 100.0 0.55

ANI ENNA $ 4 l.HIT

[ HIS L./1 .IIiRL 
( M HZ )  1161 AVE MAX thiN 13 DR S.I’.

16 .2  15, Y 1 6 . 9  15 . 3  100,0 0 . 4 8
1800,5 16.4 16.~ 1/ ,1 15.6 100.0 0.43
1850.5 17. 1 16.6 1’ .’.. 15.6 100.0 0,58

Table 6. Solar Calibration Data Summary , S- Band , Antenna 4

INPUT COMMAN D LINE

s i -m - :5 1 2 0 - 17 0 - 2800--2800 - 2250.5-- - -

SOLAR CALIBRATION DATA SUMMARY

ANIENNA 4 MEASUREMENT FREQUENCY 2250.5

YEA R JUl IAN DAY HOUR FLUX FREO. .FLUX LH RH
78 129 16 2800.0 141.0 17.2 17.1
79 129 19 2800.0 141.0 17.6 17.6
78 130 22 2800.0 127.0 17.9 17.9
78 132 20 2800.0 131.0 17.6 17.7
78 132 19 2800.0 135.0 17.9 17.5
78 133 17 2800.0 135.0 18.1 18.0
78 133 20 2800.0 137.0 18.1 18.2
78 [3.3 22 2800.0 137.0 18.1 18.1
78 [35 18 2800.0 143.0 18.0 17.9
78 136 18 2800 ,0 149.0 17.7 17.8
78 138 16 2800.0 150.0 17.0 17.4
78 142 18 2800.0 135.0 18.1 17.7
78 144 23 2800.0 145.0 17.9 17.9
78 151 22 2800.0 148.0 18.1 18.1
/8 152 22 2800.0 145.0 18.0 18.1
78 179 22 2800.0 168.0 17.7 17.7
78 181 21 2800.0 149,0 17.4 17.2
78 201 23 2800.0 141.0 17.8 17.5
78 338 ~‘3 2800,0 169.0 17.7 17.9
78 354 22’ 7800.0 143.0 17.6 18.0

[F MORE [‘A lA MOUN1 NEXT F L O F T Y  ANt’ TYPE Y
OTHERWISE TYP E N
N

NIJ ME4ER 01 l..lINS~ 20 AVERAGE 17.8 17.8
STANDAR D D E V IA T I O N  0 .29  0 . 3 0
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Table 7. Solar Calibration Means and Standard Deviations, 2250.5 MHz
(All Averages (AyE) and Standard Deviat ions (SD) Are in Decibels)

_____
ANT i ANT 4

Solar Flux No. No.
Range of LCP RCP of LCP RCP

(2 800 MHz) Tests 
— 

Teats — —AVE SD AVE SD AVE SO AVE SD

102-119 13 18.0 054 18.1 0.42 8 179 034 17.9 0.35

1 20-170 14 17.9 0.48 17.9 0.41 20 17.8 0.29 17.8 0.30

171-20 7 6 17.4 0.26 17.9 0.25 6 17.7 0.11 17.7 0.27

INTERMEDIATE FREQUENCY SNR TEST

This test determines the RF powers wlmich give SNRs in the receiver second IF of 0 and 10 dB. This data
is the n used to calculate the effective system noise temperature from the equation :

N = K T B o r T = ~~~ (2 )

where

N = noise power = signal power at 0 dB IF SNR
K = Boltz inann ’s constant
T = Effective system noise temperature (°K)
B = IF bandwidth in hertz

- 

- 
The system noise figure is then calculated from

F = 1 + — 1 — (3)
290°

- 

- 
This test uses the RF signal generator , RF power meter , counter , telemetry receiver , rms meter , RF distribution
unit , and the discrete relays (see fi gure 5). The IF SNR test can be performed at lower L-band and at S-hand.

ANTENNA
PREAMPS

L C P  R C P

DUAL AG C
CHANNEL

PS R E C E I V E R  F R E E Z E

LIN EAR 0 M H z

PS R E L A Y  Figure 5. Receiving System Sensitivity
Test (IF SNR) Configuration.

RF TRUE R M S
SYNTHESIZER G E N E R A T O R  V O L T M E T E R
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The test procedure ,s to insei t a known RF power i t mto the ante t i t l a pueart tp l i t i e i  . ineasuie t he IF SN R . mn d
then extrapolate to the 0 and 10 dB I F SNR power levels. The RF gen e la to r  is t lme n set t o  the expec t ed  p owet
level and the IF SNR is measured. If it is within 1.0 dB of the desired IF SN R , the RF powe r top the desIred
SN R is calculated h~ subtract ing the SNR error fronm the measured RF power.

If the imicasured value is not with in 1.0 dB of the desired value , a new estin iatc of RF power for  tIme destred
SNR is t imade. the RF generator output power is changed , and the measurement repeated. The measurement
procedure is:

I .  Point antenna at col d sky (away from sun and other signal sources).

2. Set RF generator to desired power.

3. Measure power with RF power meter.

4 . “Freeze ” gain of receiver.

5. Measure rmmis voltage in receiver linear 10 MHz output of both receive r channels (S + N) .

6. Set RF generator output  to minimum power.

7. Measure rnm s voltage in receiver linear 10 MHz output of both receiver channels ( N ) .

(S + N )- — N -
8. Calculate IF SNR from: IF SNR = — .

9. Display: 10 log (IF SNR).

The sources of error are the same as for the antenna fi gure of merit test except that the errors due to solar
flux inaccuracies are rep laced by errors due to inaccuracies in cable loss , connector loss, power mete r errors . etc.
The IF SNR accuracy is about ~0.5 dB.

A typ ical IF SNR test output  is shown in table 8. The output  includes the time . RF frequenc y . IF band-
width , and antenna number. The RF power which gives a 0 and a 10 dB SN R for each receiver channel is dis-
played along with the calculated noise fi gure.  noise temperature , and estimated CIT. The short-term IF S\R
repeatability is shown in table 9. Four tests were perfor t ml ed in a span of about 12 minutes. The results w i t im
a -10 dBnm RF generator ou tput  are displayed. The data spread is +0.0 1 dB. This experiment has been repeated
several t i t i mes  wi th  similar results. A comparison between the results of an IF SN R test and a C T  test performed
within a te~s minutes  of each other is shown in ta ble 10. The estimated C/i agrees with the measured C T

Tab le 8. SCATS IF SNR Test Output

YEA R~’79 JUL IAN [‘Ay 159 HOUR 22 M I N L J 1 E ;4 9
FRE Q (MHZ ) 2250.5 IFRW(ls HZ) 1500 VID EO RW~ KHZ).=1O00
ANTENNA NUMBER 3

CHANNEL 1 ES1 . G/T(1 ,Fm )
IF SNR<t ’B ) HF 6[N~~~’t ’ i h-F F OW FR (E ’E mM ) NOISE FI GU R E’.I’B) NOI SE I IMI < h )  (6=42 .5 L1BS

0 .38.0 --111.7 3.3 .324. 1 .4
10 -27 .0 10 1.5 3.4 343.

CHANNEL 2 ESi . G/ 1 (E ’R)
IFSNR(tiB ) HF 6EN (t~}i) RI FOWE R ([’ImM) NOISE FIGU RE( DR ) NOISE TLM F U~) (6=42.6 liE’ )

0 —38.0 1 1 1 . 9  3 , 2  3 1 0 .  1/ ,6

-L 

10 -2 8 . 0  - l Ot . 7  ~,3 .524 .  17 .4
COMMENTS 1
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Table 9. IF SNR Repeatabi l ity (Antenna 1, 1.5 MH z IF SW)

LCP RCPRun RF Power (d Bm)
SNR (dB ( SNR (d8 (

1 -85.75 26.85 26.48

2 -85.75 26.86 26.49

3 -85.75 26.86 26.50

4 -85.75 26.86 26.50

Table 10. Comparison Between Results of IF SNA Test and G/T Test

System Noise G 42 .5 dB G/T Test (dB )
IF SNR (dB( HF Power (dBm ( 

Temp. ( °K) EST. (G /T ( (dB ) 11/6/78 Ave .

0 -112.3 285 17.95
17 .8 18 .0

10 -102.3 286 17.94

A N T E N N A  1 RCP 11/6/ 78

2250.5 MHz 1.5 MHz IF BW (IF SNR TEST)

within 0. 15 dB. The average agreement of tile two tests is be t t e r  than ±0.5 dB. Siimce the C T  test uses the
entire receiving syste imi and the IF SNR test only uses the part of time receivin g system start ing wi th  tile pre-
amplifier , the two tests can be used together to isolate a failure in either the hardware in front  of the preamp lifier
or tile equipment starting with the preamp lifier. The IF SNR test results can also be used to calibrate the AGC
voltages of the receivers . The operator can set the IF SNR to 42 dB. to noise (no RF sign al) . or can start  a
calibration in 6.dB steps.

PULSE CODE MODULATION BIT ERROR PROBABILITY TEST

This test de te r m ines the hi t  error p ro hahi l i t ~ ( BliP) versus RF power perfott nance ,if t h e  equi pmen t  u nde t
test . Time B I P  tes t  ca r m current l y he per (o r imme d o r m h y k r  n o nre turn -to- z ero - level  ( N RZ-L)  FM formats  hu t  sv il t  he
expanded to inc lude  at least  Man ci mester  and PM for mats . The RE P test  can he performed by i n s e r t i n g  att  RF sp~-
nal in t o  e i ther  an an tenr t a pre almlp l i f i e r  or d i rec t ly  in to  a t e l eme t ry  receiver. Time a n t e n n a  ~s stel m i o u t p u t  ( i f  an
an tenna  is used) is patc hed to the receiver (s) to he tested and the anten ima is pointed at  the  cold sk~ - TIte e1c iv e t
ou tpu t  is e i t h e r  conti ect ed to orme of the SCATS data inputs  or to a tape recorder (or  b o t h ) .  If  a tap e reco , de ,  is
u sed , i t s  ou tp u l  is patched to one of the SCATS da ta  inputs .  SCATS accepts 450- ar md 900-kllz FM predete c t i o n
a nd video si gnals at  its data  inputs .  The predetection signals are f irst demodula ted  using a pul se- ave r agi img dis-
c r t i m ii na t o r  and then applied to tile PCM hit  synchro n izer. The video si gnals  are applied d i rec t k  to the hi t  s\ t~J i t
t , i ,’er . The reconstructed data  at id clock f rot i m the hi t  syt i chr ot m iz er arc cont i ected to tile PCM test ~et fot Cr ,  ot
detect ion.  Time counter  disp lays time ra t io  of h i t  errors to hi ts  received (bi t  error probabi l i t y  F A block d i a ~ i ‘ i i ,
I l t e  equ ip nme n ( in l erc onn e , . t i , i t i s  or t h is t est  is sh tow im in fi gure 6. The test sequen ce is:

I .  The test operator first loads the prop er SCATS data file. The RF frequency, PCM bit rate , peak RF deviation .
and counter  ti t i m e base exponen l are set using the data fro nm this file. The operator then enters the imu mber
of the antenna being used (if one is used), the data type , the receiver IF bandwsdth , the Teceiver nsmmber
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and channel , the tape recorder numbe r and track ~t f a recorder is used) , and the RF power step site ( 1 , 2 .
3, 4. etc., dB). A samp le data entry is shown in fi gure 7 . The data en t e ted  b~ t he test operator is under -
h u e d .

2. The RF generator and the telemetry receivers are set to the desired frequency and the necessary manua l
patch iimg is done.

3. The RF generator frequency deviation is set to the proper value as follows: The PCM data stream is
connected to the progra mnmab le gain amp lifier and the amp lifier output  is app lied to the modulation input
of the RF generator. Thi s amplifier includes two 2 .input NA N I) gates through which the PUM data  passes .
The aimip lifier gai n is first set to unity (the gain of the amp lifie r can be set to -an~ gain between 0.006 and

A NTE NNA
P RE AU PS __________

~ c j~~~ j

15tNTMES
~~~1~~~j GEN€ ’

~~.ORI 
[Jr M’~~ B T /CR

R M S  PRAM
V O L T M E T E R

DATA f igure 6. Bit Error P,ot• .in i , r ~PIM rr~~’
s E T  __________________ 

Test Configuranon.
CLOCK

E R R O R S

R A T I O
COUNTER

IS  AN A NTENNA TO BE USE TI T (Y OR N) i
TYPE ANTENNA NUMBER .L
WILL LX 1ERNAL EQUIPMENT BE T E S T E D !  T Y F E  Y OR Nt Y
FOR SCATS EXTERNAL INF IJT 2 —

EN TEE [sATA TYPE:
0 VIDEO.
I FRE T’ 450.
2 = PEE - I’ 900. 0

ENTER RECE IVER I.F . BAN I’WII ’TH(PHZ ) 1500
E N T E R  E X T E R N A L  R E C E I V E R  NU~~BCR USE I’ W I T H  INPU T .~~
E N 1t E  CHANNEL NUMBER (1.  2 . CtR 3 PEtE COMF S INEE II : i
WILL AN EXTERNAL TAPE RECORDER BE USE D WITH  INPUT 2? t t r - i  I OR N: N
CABLE LOSS= --72.90 NOISE 16. --- 3
RI FOW ER SrE 0~ IN t’B 1

INPUI 2 - -RECEIVE I’ 99 Cu 1

Figure .7. Bit Error Probabil i ty Test Data F, Ire
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1.0 by the following formula , gain = 0.995 ” ; 0 ~ X ~ 1023). The data output is set to the high state and
the RF frequency is counted . The data output is then reset to the low state and the RF frequency again
counted. The gain of the amplifie r is then set to the ratio of the desi red peak-to-peak frequency deviation
to the difference between the above counter readings. The deviation is checked by settin g and resetting the
data output and determining the actual frequency deviation. If it is within a predeterm ined toleran ce, the
test continues; if not , a new gain is calculated and the deviation is again checked , etc.

4. The necessary interconnections to measure the BEP are made and the RF generator is set to a power level
which should produce no errors. The error probability is measured and the test contin ues if the BEP is less
than l0~~. If there are too many errors an error message to that effect appears and the test is stop ped until
the problem is corrected.

5. If the system passes the initial BEP test , the RF power is set to give about a 13 dB IF SNR for a specified
system noise temperature and the IF bandwidth being used. The RF power is varied in integral steps (step
size determined by operator). The BEP is measured for each RF power level and disp layed along with the
theoretical BEP. The theoretical BEP is calculated from: 2

Theoretical BEP = 0.5 e~ (4)

where p IF SNR (expressed as power ratio).

This equation is only an approximation but is quite accurate for NRZ-L FM formats with optim um frequency
deviation (cf ~ 0.35 times the bit rate) and an IF bandwidth of approximatel y 1.5 times the bit rate (see figu re
8). A noise figure of 3 dB is assumed for the antenna systems. This gives an IF SNR of 0 dB at .114 .0 dBm
when using a 1.0 MHz IF bandwidth.

A sample BEP test output is shown in table 11. The comments line allows the test operator to enter an~
supp lemental information about the test . The comments are stored along with the data and are printed when the
data is recalled from storage . Exam ination of this data shows that the expe rimental values are slightly better than
the theoretical values. This is caused by the fact that the IF filter characteristics attenuate the signal sidebands
more when the bit rate to IF bandwidth ratio is large (peak deviation assumed to be 0.35 times the bit rate).
Therefore , the theoretical equation changes as a function of the ratio of the bit rate to the IF bandwidth. A
better equation for conditions where the ratio of the bit rate to the IF bandwidth is less than one-half is: 3

5 Theoretical BEP = 0.35 e~~ (5)

Figure 9 shows the two theoretical curves overlayed on BEP test results with bit rate to IF bandwidth ratios of
0.25 , 0.5 , 0.75 , and 1.0. Table 12 compares the IF SNR calculated from the measured system noise temperature
(3 10° K) and from the measured BEP using equation (5) .  The IF SNR’s calculated from the noise temperatures
and from the BEP data agree within 0.3 dB.

The absolute accuracy of the BEP test is better than ±0.5 dB and the short term repeatability is about
+0.1 dB (for 100 or more bit errors per measurement interval). The time it takes to run a BEP test is a function
of the RF power step size and the ratio of the bit rate to the measurement interval in bits. A typ ical BEP test
can ‘e performed in three minutes or less. The PCM test set output can also be cormnected directl y to the PCM
bit synchronizer to test the PCM subsystem alone.

Schwar t7 . \k t t ,an ,  R. Benne tt - t n t  S r i -m , i , t r  S tr i n .  C ii;,?nuiii c,.-l i un S t s t r , ~,c cod Tec/tns que.c Nk-Gra w -l1,t t ,
New York . NY . 19s, s~. p. 338.

3 Nuc t t ,t s , M II. - t ’ i . :lvsis arid Test Rr-ct, ’t., o f a llvhrid P1 11 ES! Suhearrier !?acehas,d t i i i ! t i pk t . to an / t !  L~z ’’~ier . - .

In ternat ional lt’t en iete ring (‘onfcrc n~t’ . t 97.1 . p. 230-6 .
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I MHz IF 614 Kb/S NRZ- L  ~ f’i23O KH z
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~~

o RCP
A LCP

3*10-2  -- - - ———-

io 2

3~ iO~~ 
_ _  _ _

10~~.

3x 1O~~ _____ ______ ______

~~~~~ Figure 8. Bit Error Probabil (p1
Versus IF  SNA.

3~10~

• 6 7 8 9 10 1 1

IF SNR 1dB ) (p)

Table 11. Bit Error Probability Test Output

YEAR i~79 JUL IAN t ’A Y = 1 5 2 HOUR=22 M I N U TE= 4 3

BIT RATE: 615.7 KBS/SEC FEAK t’EV 227.7 KHZ PEN TER FREO :2250 .5 MHZ
I.F . BANDWI D TH: 1500 KHZ
RECEIVER VIDEO

RECEIVER NUMBER 99 CHANNEL 1
ANTENNA NIJ IIBER 1

POWER( E IBM.) TEST RESULT THEOR. ( 3 I’D N P)

-107.6 2 .25E—02 2.76E 02
-106.6 1.05E—02 1.29E—02
—105.6 3.99E-03 ,.18E ---03
-104.7 1.19E—0 3 1.61E--03
-103 ,6 2.55E--04 3,58E-’04
—102.7 4.20E-05 6 .21E—05
-101 .7 7 .OOE-06 6.54E--06
-100.8 5.O0E~~06 3.931 07
--99.8 0.OOE— 01 1.031 - 08
-98.8 0.001—01 1 ,291-10

COMMENTS:

A R C H I V E  D A T A ?  Y
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S BIT RATES
-26*10 -i

0 250 Kb/ S
• X SOO Kb/S

0 150 Kb/S
o~ 

‘
~s~~ • 

S 1000 Kb/S

“
~~~ N.~ IF 8W 1 MHz

PEAK DEVIATION • 0.35 a BIT RATE

io 2

S
- p

0 5 r

035e  
-

3- • 
S

~~ ~~~~~~~~

S

0

Ftgure 9 B,t Error Probat,,lit~ Versus IF St/ P
f o r  Several B,? Rare to IF 8W Raoos

0
2.5x10~~ ~~

— 

5 6 8 9 10

IF SNR 1d B) p t

Table 12. Comparison of IF SNR Calculated From BEP Test Results
With IF SNR Calculated From Measu red Noise Temperature

Calculated IF SNR 4d B )

RF Power (dBmi From BEP Data From Noise Temperature

.107.6 4.38 4.33

.106 6 5.45 5.34
105 6 6.51 6.31

-104 7 7.55 7.30
- 103 6 8.59 8.31
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NOISE POWER RATIO TEST

This test measures the noise power ratio of the telemetry system unde r test. The noise powe r ratio is
dete ri iuned by the video SNR and intertnod ul at ion distortion at a particular frequency and can be used to estimate
the data quali ty of an FM / FM multip lex.4 The noise power ratio test is very sensitive to certain type s of non-
lineariti cs and also to noise .

The telemetry system is tested using a noise generator and a noise receiver. The noise generator modulates
the RF generator and video data is applied to the noise receiver. The noise generator has several notch (band-
reject) filters and the noise receiver has narrow band-pass filters at the same center frequencies. A band-pass
filter is selected and the power in the passband is measured. The matching notch filter is then inserted in the
noise generator and the power in the passband is again measured. The ratio of these powers (expressed in dB) is
the NPR. N e xt , the noise generator is turned off and the power in the passband is again measured. The ratio of
the first power measurement to this power is called the noise power ratio floor (NPRF). This test disp lays the
NPR and NPRF at predetermined frequencies in the video spectrum. The test conditions are entered by the same
process used in the BEP test s .

The ~ I’R t e st  uses all of the SCATS equipment except the PCM test set (see figure 10). The rms RF
~equct tL ~ Jc-.i: , t i o n is set by a procedure which is an extension of the RF deviation routine of the REP test . The

I n t s  deviation is used because the nns voltage of a gaussian signal is easy to measure . The RF deviation routine
~,.ts t he peak .lu-peak fr equency deviatio n of the RF generator equal to twice the desired rms deviation. The fact
~f~.it  ~li e t t i t s  and peak of .‘ two-valued waveform (where each value is equally probable) are equal is then used.
The PCM data jtC is set to 100 kilobits per second and the rms value of the RE generator modulation input is
measured. ftc noise generator is the n app lied to the RF generator modulation inpuI (the PCM is removed from

A N T E N N A
PRE AMPS

T E L E M E T R Y
PS RECEIVERS

POWER PRE - D
M E T E R  PS OR 

~~
LRECO RDERS

V tO E O

S Y N T H E S I Z E R  
GENERATOR [~~~~.IOD/NOlSE RECEIVE ~ j

F qut t O ~~~~~~ P,.~v~- - Rat,o

~~ PR)  r c  t ( - , -

NO ISE RMS
GENERATOR VOLTME TER

I I .t~~ I I I -nI ,) t . and ~t II. \,,-I n’ts . k l ! i n~Iup o f \ , ,t , - /~~,, -, -, P erot  r~. .c,th. -arr,, ’r I) i .c, r,,ninaj .r ()Ur,tuf .cs rnal-
\,,o k .- . - ., t ’ ,a / , t,, ,, r I . r,  Pt - c u l l s ) . I ’,, - , I i .  \ I i ss t l . ’ I ~~ ( e nte r . Point ~1’i gu . (- ‘s ii .7~ —2 l . I A , i r i , % I  l97~
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the modulation input) and the m i s  value of the noise is set equal to the [Ins of the PCM data. This sets the rms
deviation with the noise equal to the peak deviation with the PCM as was desired. The RF generator is then set
to maximum output power and the NPR and NPRF of the system under test are measured. Two RF power
options are available for the NPR test:

I .  Maximum RF power only.
2. RF power varied in S dB steps.

Table 13 shows a sample NPR test output with the RF powe r varied in 5 dB steps. The RF power for a 0 dB
IF SNR is about -112 dBm . One of the importan t feature s of this test is that it can show how much noise and
distortion a tape recorder is adding to the system. This is done by running NPR tests (at maximum RF power)
on both the input and output of the tape recorder. Table 14 shows the NPRs at the inpu t to the recorder and
table 15 shows the NPRs at the output of the recorder. The NPRs at the recorder/reproducer output are 9- to
13-d B worse than the NPRs at the input. Since the NPR values are only abou t 1 dB lowe r than the NPRF values,
the tape recorder noise dominates the distortion. Since the tape recorder SNR is in the neighborh ood of 25 dB ,
the NPRs should be about the same as the NPRs at -88.8 dBm in table 13. They agree within 3 dB.

Table 13. Noise Power Ratio Test Outp ut (5 dB RF Power Steps)

YEARr79 JULIAN DAY~~152 HDuR 22 MINUTE’~13

RECEIVER NUMBER 99 CHANNEL 1
ANTENNA NUMBER 1

CENTER FREQ~ 2250.5 MHZ IF BA Nt ~W It ’TH = 1500 ~.HZ RF RMS IEV= 174 . 7  45 HZ
RECEIVER VI DEO

NF’R/NP R F( D B .)

RF FUR 16 45HZ 40 45 HZ 70 45 HZ 98 45HZ 140 45HZ 185 45HZ

— 6 8 . 7 08 5 3.5/ 6 2 .5  5 0 . 5 /5 5 . 5  4 8 .0/ 5 1 .0  4 6 .0 / 4 8,5  4 3 . 5 / 4 6 . 0  4 2 .5 / 4 4 ,5
—73 .3 DB 53 .0/61.5 50.0/53 ,5 46,5/49,0 45.0/46.5 42.0,’43.5 41.0/41.5
-78.7 08 52.5/59.0 48.0/50.5 44.5/45.5 42,0/43.0 39.0/39,0 37.5/37.5
-83 ,6 DB 51.5/55.0 44 .5 /45 .5  41.0/41.0 37.5/38.0 35.0/35.0 32.0/32.0
-88.8 DB 48.5/50.5 40.5/41.0 36.5/36.5 32.5/33.0 30.0/29.5 27.5/27.5
—93.6 £18 45.0/45 ,5 37.0/36.0 31.5/32.0 28.0/28.5 25.0/25,0 23.0/22 .5
-98.8 DEl 40.5/40.5 31.0/30.5 25.5/26,0 23.0/23.0 20.5/20.5 17,5/17.5

COMMENTS :

ARCHIVE DA TA ? ‘t’

Table 14. Noise Power Ratio Test Results at Recorder/Reproducer Input

Y EAR=79 JULIAN DAY= 155 H0UR-~23 MINUTE= 6

RE CE I V E R  NUMBER 99 CHANNEL 1
A N T E N N A  NUMBER 1

CENTER FRED= 2250,5 MHZ IF EtAN DWIDTH = 1500 45HZ RF RMS t’EV= 123.2 45HZ
FRE-li FRED 900 45 HZ

NFR /NF ’RF (DB.)

RF FUR 16 45H Z 40 45 HZ 70 45 HZ 98 45HZ 140 45HZ 185 )SHZ

--68,7 [‘8 5 4.0/ 6 1 . 0  50.0 /53 .5  4 6 .5 / 4 9 . 0  4 3 . 5/ 4 6 . 0  4 1 . 5 /4 3 .5  3 9 . 0 / 4 1.0

CoMMENTs:

ARC ;HIVE £ ‘A TA ~ Y
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TabI. 15. Noja. Pow., Ratio Test R ,ij lta at Rscordsr /Rsproduc.r Output

YEA R=79 JULIAN DAY=15 5 HOUR=23 MINUTE~ 6

R E C E I V E R  NUMBER 99 CHANNEL 1
ANTENNA NUMBER I
TAPE RECOR V ER 3010 TRACK 2

CENTER FRECt= 2250.5 MHZ IF BANDWIDTH~ 1500 45HZ RF RM S DEV~ 123.2 45HZPRE-D FREQ 900 45HZ
NPR/NP RF(DB. )

RF PWR 16 KHZ 40 45HZ 70 KHZ 98 45HZ 140 45HZ 185 45HZ

-68.7 DB 45.0/45.5 39.5/40.5 34.5/36.0 32.5/33.0 29.0/29.5 26.0/27.0

COMMENTS:

A RCHIVE DATA! Y

The test data shown in table 13 took about 12 minutes to generate . The data shown in table 14 took about
three minutes to generate . This is about one-fifth of the time it would take to perform the test manually. The
test resul ts can also be stored for later retrieval . The NPR is displayed in 0.5 dB increments and the accuracy is
about +1.0 dB. The noise generator can be connected directly to the noise receiver to test the NPR subsystem.
The results of a back-to-back NPR test are shown in table 16.

Table 16. Functional Noise Power Rub Test Results (B ck-to-Back Test )

YEt4R =79 JUL IAN DAY = 159 HDIJR=22 MINUTE=49

NFR/NFRF (DB,)

16 45 HZ . 40 45 HZ. 70 45HZ . 98 45 HZ. 140 45HZ . 185 45 HZ.

74./~~ 9. 77./104. 78./lOS. 81./lOS . 77./lOS. 78./lOS.

TAPE RECORDE R FREQUENCY R ESPONSE TEST

SCATS can also measure the frequency response of a tape recorder/reproducer channel. First , the output
of the function generator is connected to both the rms meter and the recorder input. The frequency is varied and
the amplitude measured at each frequency. The rms meter is then connected to the reproducer output , the
recorder is started and placed in record mode , the frequency is varied , and the recorder/reproducer output voltage
is measured at each frequency. The ratio of the output voltage to the input voltage is calculated for each frequency.
The frequency response is the ratio of the output/input ratio divided by the output/ input ratio at 10 percent of
upper bandedge. This is displayed in decibels along with the input frequencies and the input and output voltages .
A sample tape recorder/reproducer frequency response output is shown in table 17.

INSTRUMENT TESTS

SCATS also has the capability of writing data to or reading data from each piece of test equipment. This
~~~~~ is used for equipment troubleshooting . The instrument interface cards can also be written to and read by this

r OUtI ne .  The interface had three integ rated circuit failures in about 3.000 hours of operation. The problems

25
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t Table 11. SCATS TR FR Test Output

YEAR— 79 JULIAN DAY =11 O HOUR-lB M INUTE— 23
TAPE CHANNEL 2 PRE-D 900 TAPE SPEEII 120

~~LT*FPEQ (HZ ) INPUT OUTPUT OUTPUT/INPUT (dl)
400. 0.622 0.734 1.180
1000. 0.620 0.883 2.820
5000. 0.620 0.695 0.740
10000. 0.622 0.688 0.620
50000. 0.627 0.626 -0.280

100000 . 0.628 0.623 -0.330
200000. 0.633 0.652 0.000
500000 . 0.621 0.616 -0.330
750000. 0.591 0.558 -0.760
1000000. 0.552 0,515 -0.860
1400000 . 0.477 0.467 -0.430
1800000. 0.414 0.390 -0.760
2000000 . 0.402 0.314 -2.400

were quickly traced down and the bad integrated circuits found and replaced. There have be en se~cral t a i l u i e s
of the commer cial test equipment . There were two ta i lures be tweeii I April  and 31 December l97~ . A re lax in
the a t tenuator  driver of the RF generator failed and was replaced . and the rms meter tailed and was rep laced b~
the back-up uni t .  The 5-volt AC to DC power supp ly in the telemetry receiver failed in late Ju l y 19 79 . The
receiver was kept operational by the substitution of a S-volt laboratory power supp ly SCATS ha~ been qui te
reliable but additional spare equi pment is needed to increase the probability of SCATS being available whenever
it is needed.

CONCLUSIONS

The conclusions reached after analyzing the SCATS performance are:

I .  SCATS provides a fast , accurate test of the operational status of telemetry ground station receiving and
recording equipment.

2. The speed and accuracy advantage s of automated testing over manual testing make automated test ing very
cost—effective in a “busy” telemetry ground station.

RECOMMENDATIONS

1. Systems similar to SCATS should be installed at all telemetry receiving and recording stations where fast .
accurate tests of the station ’s operational status are necessary .

2. The IEEE-488 Interface should be used whenever possible . The system controller should be optimized for
use with the IEEE-488 Interface.

3. Spares should be available for all essential equipment.

26
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GENERAL DESCRIPTION

Communications between the Digital E q u i p t n e i i t  Cot p ora t Ion (l)EC ) PE)P- 1 1 i n i t i i c o i t ip u t e i  and t h e  i I1 S t rU ~
n et i tS is vi a an in-house designed and fabricated ‘‘Port l \pa i ldCi - -  i n t e l  I .i~e A st ,iiid,ii u Dl C I)R 1 14 t .eneial

Purpose Parallel  Interface Card is insta l led in the comp u t er .  which provi des a sing le I 6-hit p aial le l  d igi t al inpu t ’
output p~- i i  p luS Sonic s t a t u s  and control signals (hi ts) .  The l’~ it  I x p andei  e~ p a i id s  t h i s  to .i I t ia\III1uII I ol ~~
1 -hit parallel TTL -C oinpa t ihl e interface ports , each with its own in ter rupt  and ii igge i - ~~u r  signals . . i t i a nge d in a
16 \ 16 matr ix  s t r u c t u r e . hii ~ sic a l l v .  these p orts are small u idividual  l ) r i t l ic d  ca id s . called egis le ? ~.ir ds . ~s l i ~

a t e  installed in a rack-mounted  card cage . Standard  l e s t  i n s t r u m e n t s  wi t h  T iE  i n t e r f a c e  ~~p .ihi li t ~ B( l) . hi n a i
or - t h ie i  s~ se )  an thie t i  he interfaced to thes e e cis te  I cards. B~ t his .ippi a c hi  - t he cutupu t c i  iii com m un i ca t e

a la rc e  number  and ssid e l . I i l e t s  of tes t  i n s t i l i i i i c i l t s . and ut t i qu e  i n t e r t a c e s  are p h i s  s k , i I k  eui ~~ e d I I o n I  t h e
c s t i i c t ~d space 01 the computer mainframe.

The h’ i t Expander  is t hus  a large digital . t u ~~~ ss :i~ m u l t i p lexer between tmi a ti ~ i n s t rum e n t s  and tie .. i u p l l t e i
— The t a l l owi n g  sscre p r i mna r ~ goals in the desi gn ot the Port I x p a n d e m

• l - as ~ expansion capabil i ty.
S A b i l i t y  to in te r l ace  to a wide s i n L e t \  of t e s t  instr um et it s . tuc ludit ig icla ~
• Fast response to an~ register card in the i t m a i r i x .
• Ah i l i t s  to detect errors.
• Easy repair of any failures . —

The Port Exp ander  can be implemented as a full  16 block . 16 cards-per-block ( t o t a l  I ~~~ c a id s  m a t r i x .  oi a i l s
subset ( fewer blocks , partial b luc k s . .-~ part ial  ma t r ix  can he bui l t  i n i t i a f I ~ . and can be expanded ,~t a n\  la ic t

• t ime.  All r e g i s t e r  cards are identical  and ma~ i n le t  tace dir eet l~ ii i  the in s t rumen t , or a l i s t  un ien t  In t e r  I , l L e
( a ids  ( I I (  sI .  for which there is also room in the card cag e The IIC s are indi v iduall y desi gned for an~ uni que
r e quire m ent s . such as high current  drive , level c l ia i ig e s . or 1 1 1 5 C r  s b u s . L’ ic Ther e a te  155 t e a l  L i e s  in the  Pot
Expander ot special interest:  the In te r rup t  Request ( I RFQ)  system and t h e  In te r rup t  Read ( a l e  ( I RU  ) s~ ste i n
The IRF O s~ s t e t t t  provides a hardware vectored in t e r ru p t  tr omn at i s reg ister card i n t h y ’ r i l , l t i u \  in equal t i m e . J i ld
includes a s tack for mul t ip le in t e r rup t s . Thus,  no software polling is required , and e sei ~ i m i t e r r u pt i s h ia m i dl e d  ss i th
equal response t ime. The IRG s~ steni provides a hardware check on address ing and reading d a ta  t i o in  the re g l su ~
cards. It  continuousl y monitors  those operations , and raises a flag to the c l ) In ~ ut c i  i f and oiit ~ ii the ie  is an
erro r: t t l i e r ~ se . the IRG s s tem is t rans paren t  and causes no dela y to the Port Expander o p e r a l l ul h4 e~ , l l s C  the
l- xpan der is n odular in design , the register cards are identical , a nd error detec t ion is buil t  i n to  the ss s t e i n .  an~
fai lures  are easil y located and repairs are usua lly in the form of card swapping.

Two Port I xpander systems have been built , and have been in c o n t i t i u r us operation since I ~~~~~ TIie~ are
the Aut o t t ia ted  Test Svs t euui  (ATS) in the Ins t rumenta t ion  Division , Code I I  ~4 . ari d t i r e  Self-Check \ L L r I r r . 1 e f
Telemetry S s s t e r u t  (SCATS) installed in the PACM I STE STCFN ’s operational te lemet r y  re ~e i s i n g  and e~~ u d i t i g
sta t  lo t i  located in Bui ld ing 738 . Thei r  operation has demonstrated a high degree of i e l i ah i h i t ~ and the a t t a i n m t i e n t

all design goals.
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BLOCK DIAGRAM DESCRIPTIONS

Figure A-I  is au overall block diagram of the P iim t I xpandei syste m, and app lies to both ATS amid SCATS.
ATS is a larger in ip lein entatio n . consisting of five block s contained in two card cages: SCATS presei L ti ) co n sists

of three block s within one card cage , but can be expanded it necessary as noted above . The Master Control is a
large pru n ed ci rcui t  board assem bl y located in one of the card cages. The D R l l - C  l~O Cai -d is located ssi t h in the
I’DP- I i  co t npu ter , and communicates wi th  Master Controh via two 40-conducto r flat cables (Conmiectors #1 and

I The \ Iasue i  (‘ontrol c onim itunicates wi th  the reg ister ca rds 5-ia time various signal paths (READ Bus, WRITE
Bus . e tc . )  which will be described below . Not shown in this diagram are the test ins t ruments , which would be
out s i de the calLI  cages . Communication with them is via cables between the cages and individual instruments.

i - i ~ u iue  A .2 describes the Master Control section , which handles all communications between the DRI  I-C
aiid t h e  regis ter  cards. The I ) R l  1-C I/O card provides the following signals:

Output

• 16 data output bits
• 2 programmable control bits (CSRO and CSRI )
• New Data Read y (NDR) pulse (data read y on output lines)
• Data Transferred (DT) pulse (input data accepted)
• A Reset signal ( IN I T)

Inpu t

• lb data input bits
• 2 interrupt  lines (REQ A and REQ B)

Under s , r t t s s  a l e  control , t he output  bits contai n two types of infor m at ion am different  times: data  to be sent to
a reg is t e i  card , and the register card address (in the lower 8 bits onI~ ) . The input bits contain data coining in
f ro m mi a register  card . The control  bits (CSRO and CSR I )  are used in conjunct i st i with the data pulse s )NDR amid
DT) t i  t o m n i  i m i t e r n a l  control  si gmi als which steer the data  to the proper p laces at the proper times . The tour
basic operatio ns def ’ined from u the viewpoint of the Port Expander , and the c u m i t ro l  signals they use, ar c as follows

• Write operat iot i . Master Data Register Enable (MDRE) amid Write Command (W(
• Read operation - Read Gate (RG) and Quiet (QT)
• Trigge r operation (provides a trigger pulse out from an addressed Reg ister Card) - Tri gger ( TR )
• Reset (clears all Register Cards) - Mast er Reset (MR)

figure A-3 details the timing and contro l for the first three operations : Reset is immediate upon tra n smission ot
the I N I T  signal tro ut the con iputer . or if the manual reset but ton is pushed.

In the Wi it e operati on . the first ou tput  word is the data , which is stored in the Master Data Register , whose
output  is buf fered and sent to the register cards. The second output  word is the coded address m n t r i u m a t i o n  (4 bi ts
or Block Addiess . 4 hits fo r  Card Address) which is app lied to the dual I .ü t - I  6 Ad dress Decod er amid sent ii  the

register ~ m rds , which are logically arranged in an X-Y ma t r ix ,  as Block Selects and Card Selects T h e  WC pulse
actu aiI~ loads the da ta  I n t o  time selected register card. In the Read oper ation . the address in f o rma t ion  is sent out

t he Addre s s Decode r , the RE pulse is transim mi tted . causing the selected meg i s t e m card to app ly its data to  the
m mrpi i m l ines , the com puter  accepts the data , amid the QT pulse is sent to sig nmt ~ t h e  end srI the operation lii the
Tr igger  ope i .it  omi , the address i t i fo r t u a t i om i  is decoded and the TR pulse is t r am i s n i i t t ed . win ch cause s the se l ey t e d
r e g i s t e r  card to  ou t pu t  a trigger pulse.

I’he two sm g mi. tk  I n t e r rup t  Request  ( I  RI - Q) amid I n t e r r u p t  Read Gate ( I  RU ) ire a c t ive  tr m t h ~ dur ing the Wi ic
and Read operation s ik henever a i egi s t er  card is wi i t t en  t o . ii causes t h e  I RI- Q signal to gil tti le - This a c mis ate s
t he I R I -  Q sy s t e t t i  whtch i  raises R I - Q  \ to the c u t t i pu t em and loads ,i ‘‘vector .” or ad uh r e s s of the c,n d s~ hich was

A-4
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L ss i i t t c n  t O , i t t o  .i specia l register card . (This sy stem n will be detailed b elow .) During the Read u p e r a t  on.  u hic
IR (~ signal Is a ssert ed , w hich gates t h e  data onto the Read i3us , and al so a y t l s a u e s  t h e  1kG s\ s t e i n .  The IR ( ,
s~ s i enl  c omm i pa r e s  t h e Ad die ss  Decoder ou t p u t  svi t hi  t h e  address of the act  ual i eg i s te r  ~ard h e i i r ~ read , as c u e  sled
front the 1kG s I g n als . I t  t l i e~ :ue iden t ica l . t h eme is ito . i c t l ur , if not , an c i r r i r is i m p l ied . RE Q 13 is  raised to t h e
c o u u i p u t e r . amid umi u h er so t t ss .ue c o r i t i o l . c n i i e c i i \ c  ac t i o n  cami be taken. I S5~ other  special reg i s t e r  ~a u d s  a l e  loaded
ss l i i  cad gLu e S e c t r i l s  to a s si s t  i i i  t i t us  a c t ion .  \\ l i e u  a successfu l read opera t io n  is acc uup l r s l i e d  - t h e  QT sicu al
clears both the I REQ and I RU signals.

Au Important cLr r si l lar \ to the detlmsition of these o p e r a t i o n s  is t h a t  evei  y ‘ A n  u c  must  be I r l h r s s  en h~ a
Read , due to the fact t ha t  the QT puhse is required to y lC , i J  the I R L Q .  There are two sour ces  t o r n  which the
eg isicu ends receive data: the com puter and the instruments. In the first case , the compu sem s sending L I I-
na t ion  to an instru nient via a reg ister  card.  Here , the ni amida to ry  W r i t e - R ea d sequence allows the computer to

ct ’ ) a re the data sent wit h the actual contents  ni l  the ie g i s te r  card to check or any ci m rs. In the second case -

an l i l s i  I w t i ent  is se miding  da ta  to the c om li p l i ter  via a d i f ferent  r eg i s te i  ,u rd .  and this External W lie pc r u t  n i l

l i i t r r l l i s  the c o m p u t e r  ( S i .  the IRLQ .R E Q .-\ si gna ls )  t ha t  da ta  is avai lable .  T i tu s  i u i r t l a t C s  thie  R e d  o p e r d t l s r t i .
is h t e eb s t l ic e o i u ip u t e r  r e c e u c s  the da ta  front t h e  reg ister card.

1- l e u r e  A.4 i l l u s t r a t e s  the r e g i s l e r  card ar e i n  I C y t  S i t s ’ - The cu i  d conta ins  a I n-h i s t o ra g e  l e g r s t e r , tsS ~ t I n-I n
b u f f e r s , and some con trol logic.  I n p u t  to t h e  r e g i s t e r  is fro m e i the r  t h e  co l l : pu tcr  I vi a the ~slas ie  I Dat a R~ e st -
in t u e  Maste r Cont ro l  s C c t l r r i r  I or fr i  ii an I n s t r u m e n t , d ep em id ing ott the app l ica t ion . The upper  buffe r . al is as
enabled . t s r 1 l i r s ~s the regis te r  o u t p u t  amid is used to drive l i r s i l  u l u l e r r i s , l i C ’ s . re la\ - s . et c. The gated bu f fe r r n n t p u i
is enabled b y the IRG signal in n l v  du r ing  a Read op era t i on .  and is used ml )  send d i i i  back i n  the computer
M aster  Cont ro l .  Bot h b u f f e r s  h a s e  a c t i s e  IrOS . opemi -col lector  Ill o u tp u t s . The en u i t r o l  log ic accepts the
commands Wf - RU , QT. and TR t r u l y  when i t s  se lect  hines i BS\ and ( S \ )  are ~~s~r t e d .  The M R  comm and is
ov erriding .iu all  t imes. If the reg i ster card is used to a ee pu d : r t a  f r o m  an ins i r u in emut . then ‘At  is l i t  I- -c
in ste a d , the I \ f  im i pu l  u~ ee~~l~ a load con itn an d l’r ont the i r t s t ru t i t em i t  to as\ l r e l l u l n i i n r r d \  l r u i  the d a t a  i n t i ’  I n c
reg ister , independent  of the s C I c e t  lines . The co l or  i i  kn c t c  al so ~!ene r a l e s  t he necess ar v I R i  Q itr d  I R( sm g m , t i s
p lus the se le c ted TRIG si gnal  o u t p u t .

The next four d r a g r a r u i s  I I i ~~:o- ~- s \ - ‘ t n  A- -~ i l l u s t r a t e  hoss the sa r io r i s  si gnal l 1 a t l i s  . i r s ’ I - - u t y ’ , t l r r r ’ u u ’k , t ( :  -

P i r  I s p , i r i d cr  m a t r ix .  F i g u r e  .- \ -~~ - Re g is te r  Card Address in g .  shtos vs htoss the H l n ~ 1- Selects u i ’  com in e. ted t ii
cards ss l t i n l r r  a block to which the com puter  551 i t e s . amid the ( a N  S e l e c t s  con n ect acr o ss the Ni t , k~ \ - -1 ‘ m a :
si (tent an imistrut ti ent writes to a cai 1. the I -Vt i m t put  is used instead of ltS.\ au : d  I

,r In l a m e  \ - n , the d,i t :i paths (Write Bus and Re , i - .n Bus) are Shn ’, - t l , I n ’  ‘A ‘ i te  i t ; - - cues t n - r n  \‘. i~:~ : I i n

to all reg i s ter  cards to which the compute r  w r i t e s  da ta  - those Cards to  ss l ; i ~ i r i ns t rum li e mu t  v - l i m e  arc lot  -u ‘li e
‘A itte Bus . I h oss e se r , a ll reg ister ~, irsl s are oil one of t w o  t \  

~~ n t  Re a d B i n s - n ’s, T h e  i ;R Id ‘I f I3i~ - R e i d  I
I den t i ! i ~ a u r n r u  I and CRU ID (C _ t i  LI Read Gate Id ent itic ation ) cards in Block I ~ ate oti a spes ia 1 ~ , I k - a d  I , j l e
Read 13:rs ss i t ch  is accessed in M a s t s’: Control only ss li en the 1kG s y s t e m  d e t e c t s  an ci r ’ t  u I r k  cu i ng d n ~
from sotuiewlie re else in the Port I s g a r r d e r  matr ix . All other card s are omu n i n e  D.o ,i R ead h I h e  s~ I re J i ) R
Read Bus con nects the op e rn - - i l le s  i r r r  out puts  of the t eg is t e t  cards amid is ._ ot lect ed mm the h u t  ie~ s c _ t i  -m: om t h e
encoder ;butte r cards at the top of eac h block, The ssired.OR h \(’ (I~ I - c u d  o u t pu ts are t h e i r  col ic5 red i i
M a s t e r  Cotstroh section. In Block 14. there rs an examp le of a reg ister card cs nr iesmed stmn u lma u ieon i sls t o  the ‘e, .i
bus and to an ins t rument . usmui g  the Iwo output ports available ,

ftc r e d - O R  read h r i s  illows e; is~ e’.p . i i r s i rmi  of the I’ . h - x p ’ a mn der  s% s t e i t i ,  - is  i r e  r i t  m m m c  t ha i  rul e ‘c - _ s
ten card is g a l e d  on to  t h e  Bus  at art y g i v e n  t i t h e . i t iv a l id d . i ta  sv i i l  result . h or r l .i t ‘ C . ’, ’ I r e h l ~~, s i s t e m n  r s , i s  de
ve luped . a nd f u t u r e  ,-\ -7 i l l u s t r a t e s  i ts  c n , r r n l e s - l l - r r s  f lue r peu . c o l l e c t , r r  1 I R C I  ~gn. ils ur n t he r C i I - t C  s a i ls i re
colle cted acros s all  cards  w i t h i n  a block timid  sent  t o  \ t , r sne  (‘o n i t ro l, w i r i l ’  t he 1R G 2 s  . m e  ~‘ ‘lIec 5’d t r i - i ~ t ime \ ‘ t hm
e : i r i I  , i e rc i s s  a ll blocks amid i lso s cu it  to \ l ; i s n n ’r ( n - r : l r : r l .  ‘lhs ’s~’ , i i e  s n ’ n r s e n l s ’ nI t o l i e BR (  , .in i t RU sr g mi .u lc  . t n rd se n t
n o the B R U I D  atid (‘RUlE ) c a i d s  in Block I ~~ . I l i e s  L i r e  i l s i - n i p . u n e d . t i n  \ l -  a’ ( - o I l , t i ’  t h e  o u t p u t  ‘I t I m e
\ n t n i r n ’ss Decoder , sslu hi 5 i n t ; u n s  the  i n i d r e s s  nt  t u e  ea r l se lected I ’  t he  R~~~. I p e n a t m ~’ u i h r  r h e s  are i d e m i t i e a l ,  i to

_ ic t r o n r  occurs , t hus  e . i u i s i r u t  t in del i s  t o  t ine  l’ ’r I I \ p . r r n iv ’n o p e u a n l i r r r . i i - - - , - i i _’ t  - i t  t h e  c u i m t p a m i s r nm t . o l s  l i en  t i me
RU l , O - ’I )  l us ts  t ime  B R G I I )  ( R( hE )  s’: ird s s i l t i t  t i ne h u c a t u o n  i f  i i i  a i l s c r u e l u n t i ’  t ime Read It- ~ and mnm er iupt s
the  com p u t e r  Via REQ B. t r u d e r  s r d l s s :nr e e o n i t n o l . the  i s n I , i t ~~ l R ( ,  R e . i n t  t I n s  i s then  read , a m nd cr l m ,’ c t l s e  ,u~ t t i ’ n m
can then he t a k e m i .
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Time IREQ system prov ides a hardware vectored priority interrupt  system with equal response t u lle l ’ rom it  a uu y
register card , with no software pollin g required. Figure A-8 shows the system interconnections , amid fi g ur e A - I
details the sy stem opera ti on on a sim mi p hit ied (two block , two cards per block) Pou t lixpamid er svs t em n.  Similarl y
to the 1kG s~ste m , the (REQ l ’ s are collected across the blocks and sent to the special Block Encoder card in
Block t~~. I’he IRE Q2 ’s are collected at the Emm cod er/ Buff er card within each block , and en uco d cd un to the h R ic Q
Addi cts Bus , which also goes to the Block Encoder card , along with a Group Si gnal (CS) . When a reg ister car d
is wr it ten to , eith er front the computer or from an instr un t ent , its IREQ I is encoded to the block number  imi
whic h the card resides , the Block Enable ( B E N )  signal is sent to the ENC / BUF card of the proper block , which
enables the iki~~2 to be encoded to the card number and app lied via the IREQ Card Address Bus to the Block
Encoder card. The US then triggers a one.shot , which loads the encoded block and card number in to the
IR E QI D card , whose IREQI signal in terrupts  the computer Via REQ A. This entire op erat iomi sounds quite
involved , bu t  actuall y occurs in less than one microsecond 1(16 sec ) . in order to acquire data f rom the register
card . t h e comiiputer would first read the IREQ ID card , whose contents are the address of the register can d (or
vector), amid then read the vectored register card. Due to the type of circuits used in the IR E Q s y s t e u r i . higher
block mtu m nbe r s have higher priority than lower block numbers (i .e .. will be serviced first in the case of sim m uu ht amm eous
in te r rupts ) ,  and likewise , higher card numbers have higher priority within a block , N one that the li i gimest priorits
goes to the BRG (D/ CRGID cards , followed by the IREQ ID card , and t im en all other reg ister cards. Fi gure A-9
presents a simplif i ed  schematic diagram of the IRE Q sy stem. along with a flowch art of t I me i i p e i a t i o m i  se j uen ee .
In the event of mult i pie in te r rupts , the highest priority is serviced first while time o thers  are h eld at t h e  Reg ister
Card I RF,Q’s un t i l  serviced. TItus , au in t er rupt  “stack ” is effectivel y forn ied wit hu imu t Ime I R E Q  sys te m.

PHYSICAL DESCRIPTION

The Port Expander com tsisi s of one or more rack~mounted card cages. The Master Control section is a lance
printed circuit (P, (‘ . )  board assem bly m oun ted on the top of the first card cage . The reg iste r , E~ ( BI, -F Block
I. t ie der Re lay and I ns t r i mu imemi t  I m i t e r t  ace Cards ( II C’ s) are all 4 , 5’’ by ô .~ ’’ P.C. boards with 72 pim i ed ge e ’ l r u n e e u r m s .
The card cage h a s  a is ime -wrapped back plane . On the back of the cage are electrical con t l ccmo rs , fromi m wh ich
cables go to nbc if l5 t rui i l tCih t s  The tis o 40-conductor flat cables between the con mm p t i t e r  m u d  Port I x p mn ude i  unt i l
the cables to the i t n s t rum n en u s  can be up to appr oxim it atel y 25 feet long.

In the ,~tTS . a special rela s card h a s  beerm designed wh ich contains sixteen TTL - co mn pat ib h e SPST reed eh a s s
isu t lu ill r c l : i s  contacts available on the edge connector and provisions for jun iper wir e s on tIme card. A large
number of li tese have been im m t c r c o r i i i e cmed  iii a separate card cage , and driven d i i c e t l v  by t h e  reg i s t e r  camd s . to
for rit a large com puter  c i - t i t r o l l e r t  crossbar relay m il at r i x  for swi t ch m i mm g amia hr g signals between t h e  test im is t m utn ie tmts
and the Uni t  Under Test ( I t  ‘TI ,

Sonic imis t r u um n ent s  t r e  designe d to accept active low TTL control signals , amid e’.e n have intem m tal ~,uhl-sip
resistors. These m t r s t r um ments  ciii be interfaced directly to the register card outputs . Others requi te  different
logic levels , mm mc rease d dr iv e ,  or special formatt ing.  In these cases, the register cards interface to the im i st rum it em i ts
via the IIC ’s which are individuall y designed for each specific app lication .
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I R E Q OUTPUTS AND OUTPUT S A R E
N COLLECTOR.

RESISTORS TERMINATE TO +5 VOLTS.
HEST NUMBERED BLOCK HAS PRIORITY;
HEST N U M B E R E D  CARD W I T H I N  BLOCK

PRIORITY .
FLOW CHART FOR OPERATION.

p.3. ARE 74148 PRIORITY ENCODER;
~~9 3 1 1 A 4 - T O - 1 6 D E C O D E R .

~IP~~~ Q ,
CARD
A DDRESSF

~~
.>

~~~
AD BUS

BLOCK
ADDRESS

IREO 1 TO REQ A

I ACTIVATES IREOXX

E ENABLE = (t~R’~.~~’~i) = (CSR O + CSR1) WILL
OFF INTERRUPTS BY DISABLING _74148 UNTIL
JT SERVICE CO ETES. THEN IREQ1XX GOES
ICK ENCODER; GS1 ENABLES 9311 WHICH ENA-
ARD ENCODER IN THAT BLOCK TO FORM CARD
$5. GS2 CAUSES BLOCK AND CARD ADDRE SS TO
uDED INTO IREO ID CARD.
)N IREQI D CARD RAISES REQ A TO COMPUTER .

~ETS CSR 1 TO Ir°H!qhT OTHER INTERRUPTS ,
ADDRESS TO COMPUTER VIA READ BUS AND

S REQ A .
CSR 1 IS MAINTAINED ACTIVE HERE TO PRE-
NTERRUPTS DURING AN INTERRUPT SERVIOE
nON .
TILL INHIBITS 0TH-E R INTERRUPTS; THEY ARE
DON THE DATA CARD.

Figu re A.9. /REQ System Simp lified Operation.
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I NI T I A L  D I S T RI B U TI U N

EXI ’E RNAL Copies I X T E R N A L  (‘opie s

Commander Offlcer -un .Charge
Naval Air System s Command Head quarters Fleet Analysis Center
Wash ington , DC 2036 1 Nasal Weapons Stat ion , Seal Beach
Attn :  AJR-954 2 Coromma , CA 9 1720

At tn :  Code 84
Defense Documentation Center Code 85
Cameron Station Code 854
Alexandria , VA 223 14 Code 854 1 ( H.  P. Wagner)
Attn: hOC 12 Code 8543

Commander Director
Naval Sea Systems Comman d Head quarters Mobile Sea Range
Washington , DC 20362 Port Hueneme , CA 9304 1
Attn:  SEA-654 I 1 Au nt PMS 404-70

SEA-6542
SEA-6543 I Commander
SEA-06N I Naval Air Systems Command

Target and Range Division
Commander Point Mugu , CA 93042
Naval Weapons Center AUnt  AIR.630
China Lake , CA 93555 AIR -63OC
Attn : Code 3060 1 AI R -6302E 3

Code 62 13  1
Code 6242 1 DDR&E AD TR
Code 6243 1 The Pentagon

Washington , DC 20301
Commanding Officer Attn: D. Greenlee
Naval Avionics Center
Indianapolis , IN 462 18 Commanding Officer
Au nt  Code 906 1 Naval Ordnance Missile Test Facility

Code 8 1 1  (J. Brining) I White Sands Missile Range, NM 88002
(K. Burgess) I At tn :  Code 503 (W. W . Bohn)

Commander Commander
Naval Air Test Center White Sands Missile Range , NM 88002
Patuxent River , MD 20670 Attn: STEWS .ID-DH (A. Gavay)
Attn: Code TS2I (W. D. Anderson) I STEWS-ID-DT (C. Mal one)

Code TSO2 (H. 0. Norfolk , Jr.) I STEWS-ID-S (E. Bejarano)
(P. Sharp)

Commanding Officer STEWS.ID-lT (B. Chin)
Naval Ship Weapon Systems Engineering

Station Commanding Officer
Port Hueneme , CA 93043 Box 23 , U.S. Naval Station
At tn :  Code 452 1 (H. Morris) I Atlantic Fleet Weapons Training Facility

Code 63 10 (1. Bates) I FPO Mia mi , FL 3405 1
At tn :  C. W ihks
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F \ I I- R N A L  Cop ies EXT E R N AL Co 1ue~

ADTC
F.d’,s ,t rds \ I- B . ( A ~~~~~ Egli mi AFB . FL .~~~42
A u n t  h~~ lt ) I I  51W I I  ESD , Stop 23~ At tn :  $ 4 n t ) u  I LSTW TI I R S

(J Ramos , I I I )  I ~F. J ,  Posclue l)
(~~1O TE STW’TF .EDO, Stop 200 3246tl i IF STW TLEPL

(A Yamagu chi ) I (R. W . Ilo t ’ne )

Commanding Officer ADTC
Yun ia Proving Ground 1-lolloman AF B , NM 88330
Yuma , AL ?15364 At t n :  6585th TESTG /TK I (C. Kern)
A t t u t  STEYP.MDP (R. Gour ley) I

USAAR&DC
SAMTEC Dover , NJ 07801
Patrick AFB , FL 32925 At tn :  DRDAR.TSI .T (L. H. Glass)
A t t n :  DET ~ l ETR/TOEI

(II.  F. Beckner , Jr . )  1 AFGL
L. C.. Hanscom Field

ADTC Bedford , MA 01730
Hol loman AFB , NM 88330 Attn:  AF GL-LCR ( R .  Wi l t on )
Attn: 6585th TESTG /T KIA

(J. A . Haden , Jr.) I SAMSO
P. 0. Box 92957

AFSC F Aerospace Corp., Bld g. A-2 , Rm 1077
Sunnyvale AFS, CA 94086 Los Angeles, (TA 90009
At m : Aerospace Corp., Bld g. 1003 Attn:  N. F. Lantz

(D. Stevenson) I M. H. Nichols

SAMTEC/ROIS Lawrence Livermore Laboratories
Vandenberg AFB , CA 93437 P. 0. Box 808
Attn: D. K. Manoa 3 Livermore , CA 94550

K. 0. Schoeck I Attn: R. 1. Hasbrouck

Test Squadron/TEJS Sandia Laboratories
Tyndall AFB, FL 3240 1 Kirt land AFB - East
At tn:  CAPT A. Hudson , USAF I Division 1535

Albuquerque , NM 87 115
Missile Research & Development Command Attn:  R. S. Reynolds
Redstone Arse nal , AL 35809
Attn: DRSMI-RTA, Bldg. 7855 Sandia Laboratories

(R. D. Bibb) I Division 1584 , Box 5800
Albuquerque , NM 87 1 15

Commanding Officer Attn: H. 0. Jeske
U.S. Army Electronic Proving Ground
Fort Huachuca , AZ 85613 National Aeronautics and Space Administration
Attn:  STEEP-MT-I (W . 1. Lyon) 1 Goodard Space Fligh t Center

Greenbe lt , MD 20771
ADTC Attn: Code 730.4 (W . B. Poland . Jr.)
Eglin AFB , FL 32542 Code 34 (R. M. Mu ller)
Attn :  Vitro Services (D. Crump ler ) I (C . Tevathan )
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1 \ I E R N A I  , Copies E X T FR \A L  Copies

Sam id ia I , abss ua toute ~ McD onmm el l ’Doug las Ast ronaut ics
Ton opal u I Cst Rauuiy ’ 5301 Bolsa Avenue
l~. 0. Box ~~

‘ I Huntington Beach. CA ~~~64T
Tonopah , NV ~~049 Att n: A3-833-BBSO (D. R. Ande luui
. - \ u m n :  I) i ’. u ~i omm 11 72  (R .  Beasley ) 1 A3-250.AG3O (R ,  M . Frahuri)

NI ’TR Federal Fle~tric Corpo ration
1 . 1 Cem m mro , CA 922 43 Van d enberg AFB, CA 93437
At tn  ( otk 3 U A  (J.  T Doeru ) 1 At tn :  V. Shibota 3

Na t ional  Burea u ot Standards Grumman Aerospace Corporation
Wa sh ington . DC 20234 Instrumentat ion PLT 6
At tn :  I)mvmsj on 4. S ,03 (P . S. Lederer) I Calverton , NY 11933

At tn :  R. S. McElhiney
National  Burea u of Standards E. Charland
Magnetic Surfaces I..aborator\
Bldg. 22 5 , Rrn A.105 Harris Electroni c Systeuiis Division
Gaithersburg, MD 20760 P. 0. Box 37
Attn :  FSA-FSS (J . J. Fior i) I Melbour ne , FL 32935

Attn: C. Curry
AFFDL /FBG
Wright-Patterso n AFB , OH 45433 Martin -Marietta Corporation
At t n:  C. F . Thomas I P. 0. Box 179

Denver , CO 80201
University of South~u r - California Attn: MS 8200 (C M. Kortn ian )
Olin Hall. Un iversity Park (S. Hurst)
Los Angeles , CA 90007
At tn:  Dr . W . C. Lindsey 1 Teledyne Telemetry Company

1901 South Bundy Drive
National Aeronautic s and Space Administration Los Angeles , CA 90025
1520 Fl Street N. W . Ann: H. F. Pruss
Washington , DC 20546
Attn: Code MF (W . E. Miller , Jr.) I Kent Ton International

Box 1 207
Marshall Space Flight Center APO San Francisco 96555
Huntsville , AL 35811 Attn:  Telemetry Supervisor
Aunt  Code S&E-ASTR-1 (W . Threlkeld) I

Kentron Internationa l
Boein g Company, ASG 22003 Byrdspr in g Road
Systems Instrumentation and Telemetry Huntsville , AL 35802
Seattle , WA 98124 Attn:  C. Vernon
Attn:  Org. 2-5 180 MH 8H..07

(V. A. Jennings) I Com mander
Kwajal ein Missile Range

Jet Propulsion Laboratory Box 26
4800 Oak Grove Drive (156-142) APO San Francisco 96555
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