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TP-79-30
10 October 1979
PACIFIC MISSILE TEST CENTER
Point Mugu, Californic 93042

MINICOMPUTER CONTROLLED SYSTEM FOR TESTING
TELEMETRY RECEIVING AND RECORDING SYSTEMS

(AIRTASK A6306302-054D-9W06040000)

By
E.L. LAW and G. J. HARBOLD, JR.

SUMMARY

This report describes a minicomputer controlled system for testing telemetry receiving and recording 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 SCATS 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.

Publication UNCLASSIFIED.

Approved for public release; distribution unlimited.




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 and recording station. SCATS uses the standard Inter-Range Instrumentation Group (IRIG) document
number 118 tests. The tests implemented are:

Antenna figure of merit (gain/temperature (G/T))
Intermediate frequency (IF) signal-to-noise ratio (SNR)
Bit error probability (BEP)

Noise power ratio (NPR)

Tape recorder frequency response

Il

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-polarization, 32-foot dish, tracking antennas;
24 dual-channel telemetry receivers with built-in combiners; and 12 analog magnetic tape recorders. Radio frequency
(RF) signals can be inserted into the preamplifier 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:

1. 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 to 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 likely 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 quality, problem detection capability, and decreased down-time for testing.

The work reported herein was conducted under AIRTASKS: AS5355352-054D-5W47410030, AO6RO6R1-
054D-6WSL770000, A6306302-054D-7WSL770000, A6306302-054D-8W06040000, and A6306302-054D-
9W06040000, Missile Flight 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 simplified block diagram of SCATS is presented in figure 1. SCATS contains the following equipment:

| Minicomputer with 16K of core memory, 48K semiconductor memory.
2. Two 5-Megabyte disk drives plus one dual floppy disk drive (250 Kilobytes each drive).
| 3. Typewriter terminal plus CRT terminal.
*q. Interface between minicomputer and test equipment.

: 5. Radio frequency signal generator, L- and S-band, 1 dB step attenuator, frequency, and phase modulation
9 (FM and PM).
3 6.  Frequency synthesizer.

7. RF power meter.

8. RF counter.

*Q, RF distribution unit.

10. Dual-channel telemetry receiver with synthesized tuner.

11. Diversity combiner.
*12. Predetection discriminators (450- and 900-kHz). ;
*13. Programmable gain amplifier. ‘ ,

14. Pulse code modulation (PCM) test set.

15. Noise generator and receiver (for NPR test).

16. RMS meter.

oo

| 72 Function generator.
18.  Counter.

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

—

*20.  Controller for amplifier, relays, and matrices.

21 PCM bit synchronizer.
22. S-band to P-band down converter. i
23.  Oscilloscope (not under computer control). ' 8

24.  RF spectrum analyzer (not under computer control). .

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

* . . . o N s
‘ Indicate equipment designed and built by Pacific Missile Test Center (PACMISTESTCIEN): all other equipment is commercially
i available.
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EQUIPMENT DESCRIPTION
Minicomputer and Peripherals

The minicomputer used in the SCATS system is a Digital Equipment Corporation PDP-11/34. The main
peripherals include: two RL-01 disk drives, an RX-01 dual floppy disk drive, an LA36 teletypewniter, a VTS2
cathode ray tube (CRT) terminal, an IEEE-488 interface card, and a DR-11C instrument interface card. The
operating system currently being used is RT-11 version 3. The RL-01 disk drives contain the operating system.
library routines, and the SCATS software. The floppy disks are used for the storage of test data. Both soft
(CRT) and hard copy displays are available. The CRT terminal is portable and several interface plugs 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 Equipment

Communication between the minicomputer and the test equipment is via an in-house designed and fabricated
“Port Expander” interface. This interface is described in appendix A.

One of the major expense and time items in SCATS was the design, construction, and debugging of the
special interfaces for the various pieces of equipment. Most of the SCATS equipment was purchased in 1975
and the interfaces are mostly unique. Since that time, the IEEE-48 Interface has gained wide acceptance, and
much equipment 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 IEEE-488 Interface will minimize
the hardware interface development but may transfer the effort to the software. The software probelms can be
minimized by selecting a controller which is optimized for use the IEEE-488 Interface. The in-house interfaces
have worked very well.

RF Signal Generator, Telemetry Receiver, and Associated Equipment

The RF signal generator is a Microdyne Corporation Model 7100 SL(P). The output frequencies of this
generator are 1435-1540 and 2200-2300 MHz. The generator can be either phase or frequency modulated. The
peak deviations are +600° and +6 MHz. The modulation frequency response is within +1 dB from DC to 3 MHz
for phase modulation and from DC to 4 Midz for frequency modulation. This is more than sufficient for PCM
bit rates up to 3 megabits per second (Mb/s) (current maximum capability of SCATS). The RF output level is
controllable in 1 dB steps from -129 dBm to +10 dBm. The RF frequency can be remotely controlled by the
selection of one of 20 crystals or by the insertion of an external reference frequency. The normal SCATS mode
of operation is to insert a reference frequency from the Fluke 8160B frequency synthesizer. This allows the
programming of the RF output frequency to within 100 Hz of any desired frequency within the operating range
of the RF generator. The RF output power is measured using a Boonton 42BD autoranging power meter. This
power meter has an accuracy 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 continuously connected to the power meter, RF counter, and
spectrum analyzer for monitoring, and the RF signal is also connected to either an S- to P-band down converter
or to the antenna patch panel. The P-band signal is sent to the receiver patch panel for direct insertion into the
operational telemetry receivers (this telemetry ground station converts the L- and S-band telemetry signals to
P-band in the antenna pedestals, therefore, the operational receivers cperate with P-band signals). The normal
test mode is to split the L- or S-band signal into two equal parts and apply these signals to the antenna
preamplifiers.

The telemetry receiver is a Microdyne 2200R(N) dual-channel receiver with a 2212-VT(N) synthesized RF
tuner. The synthesized tuner operates over the frequency range of 215 to 320 MHz. The frequency is remotely
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programmable with a step size of 100 kHz. The receiver has six remotely selectable second IF bandwidths:

100, 300, 500, 1000, 1500, and 3300 kHz. The demodulator bandwidth is slaved to the IF bandwidth. Twelve
video bandwidths are available for remote selection. The automatic gain control (AGC) voltage can be remotely
“frozen™ at any time. This allows measurement of signal plus noise and noise with the same gain. This is vital

to the antenna figure of merit and [F SNR tests. The receiver is connected to a diversity combiner which contains
remotely controllable predetection down converters (the predetection output frequency is selectable) as well as a
predetection or postdetection combiner (switch selectable).

The most critical features of the equipment in the RF section of SCATS are the frequency and output
power stability of the RF generator, the frequency stability of the frequency synthesizer, the accuracy of the
RF power meter, the frequency and gain stability of the telemetry receiver, and the linearity and bandwidth of
the frequency and phase modulators and demodulators.

BEP and NPR Test Equipment

The current SCATS PCM test set is an International Data Sciences Model 1000. This test set generates/
receives the standard IRIG 2047-bit pseudo-noise sequence. However, this PCM test set only generates the non-
return-to-zero-level (NRZ-L) code and has a maximum bit rate of [ Mb/s. It will be replaced by a Decom Systems
[ncorporated Model 7193 PCM test set. The model 7193 generates all of the standard IRIG codes, uses either
an internal or external clock, and handles bit rates up to 5 Mb/s. A Wavetek Model 159 function generator is
used to provide the transmitter clock. The PCM test set also detects errors in the received pseudo-noise pattern.
The ratio of bits in error to bits transmitted is measured using a Dana Model 8010B counter.

A programmable gain amplifier is used to control the RF deviation during the BEP tests. Th: programmable
gain amplifier has a bandwidth (-3 dB) of DC to 2.0 MHz. The gain can be varied from 0.006 to 1.0 (gain =
0.995% where 0 < X < 1023). The PCM input to the programmable gain amplifier goes through two 2-input
NAND gates. The PCM data can be set to the high level (1), reset to the low level (“0™), or passed through
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 reconstruct the input PCM
data. This bit synchronizer accepts all the standard IRIG codes, bit rates from 1 bit per second to 5 Mb/s, and
provides selectable output polarity and reconstructed NRZ-L and clock outputs.

The white noise generator is a Marconi Instruments Model 2091C. The output power is variable from
-59.9 to +19.9 dBm in 0.1 dB steps. The noise bandwidth can be varied by the insertion of various high- and
low-pass filters. The current capabilities are 12 to 108 kHz and 12 to 252 kHz. The band-stop frequencies can
be varied by the insertion of various filters. The current band-stop frequencies are: 16, 40, 70, 9%, 140, and
185 kHz. The output noise level is automatically level controlled, that is, when a band-stop filter is selected the
noise power at all other frequencies is increased by the amount required to keep the total output power at the
selected level. The noise output can also be turned completely 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 noise powers with the band-stop 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 amplitude pulse is generated. This produces a pulse train at twice the input frequency. This
pulse train is then low-pass filtered (the low-pass filter bandwidth is approximately one-half the discriminator
center frequency). The output voltage is directly proportional to the number of pulses which is directly
proportional to the input frequency. This demodulation technique was selected because of its excellent linearity.
The main limitation is in maximum data rate, PCM data (NRZ-L) at bit rates above 65 percent of the
center frequency are degraded by the interference between the data and the sidebands of the pulse train. Signals
with higher bit rates should be demodulated before being applied to SCATS (the demodulation should be done
at 10 MHz for best performance).




Other Equipment

The amplitude of all signals between 10 Hz and 20 MHz is measured using an autoranging Boonton 93 AD
true RMS voltmeter. This meter has a resolution of 0.01 dB and an accuracy of approximately +0.2 dB. All
amplitudes are read in dBm. A second Boonton 93 AD is available for exchange when the first must be calibrated
or repaired.

The frequency of all signals below 150 MHz is measured using a Dana 8010B counter. This counter has
remote control of all functions including trigger level, The time base is variable from 1 microsecond to 100 seconds.
The frequency ratio mode has a range of 10° to 10%. This allows bit error probability measurements to be made
over any number of bits (in powers of 10) up to 107 bits. The usual interval is 10 bits.

A Wavetek 159 function generator is used to provide the clock for the PCM generator; the various frequency
sine waves to measure tape recorder frequency response, etc. The frequency, amplitude, and offset, are selectable
to three digits and sine, triangle, 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 MHz, and a DC to 300 MHz bandwidth. SCATS also contains two 10 x 10
relay matrices 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 the programmable gain amplifier, the relays, and the matrices allows for either manual
or computer control. The programmable gain amplifier is manually controlled by a series of two-position switches.
The relays are manually controlled by two 1C-position thumbwheel switches as are the matrices. The last setting |
] (could be manual or computer) of any relay is held until 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 equipment during the test; analysis, display, and storage of test results. The software provides extensive
guidance indicating the options available, responses required at each step, and informing the operator of any I
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 written primarily in FORTRAN with only a few assembly language
subroutines used as drivers to interface with nonstandard external equipment. 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 files, initialization 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 individually.

Four files constitute the SCATS data base. Two of these files contain information used by the system in
executing test sequences, and the remaining two are used to archive test results. One input file contains cable
loss values and noise figures associated with various equipment 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 sctups can be generated and saved by name in this file. This feature permits convenient
operator specification of repeatedly used sets of test parameters.

One of the output files generated is used to archive the results of the BEP, NPR, IF SNR, and solar
calibration tests. The second output file is unique to solar calibrations and contains for each antenna and

J
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Frequency band the staustical data summarizing past performance. A data retrieval program is available which
periits eview of the file contents, printout of specific data, and the summarization of data. The capability has
been provided 1o permit data retrieval by specifying desired combinations of equipment number, date period, and
many of the test parameters.

TEST PARAMETER ENTRY
The test operator can create a data file which contains the following data:

RF center frequency

IF bandwidth (SCATS receiver)

Video bandwidth (SCATS receiver)

Predetection carrier frequency

Counter time base exponent (BEP test measurement interval in bits)
PCM bit rate

Peak RF frequency deviation (for BEP test)

rms RF frequency deviation (for NPR test)

Al I

e e

This data file can then be called any time the operator wants to run a test with these parameter values. Any
data entry in the file can be changed individually. A sample SCATS log-in and IF bandwidth change is shown
in figure 2. The data entered by the test operator is underlined.

ANTENNA FIGURE OF MERIT TEST

This test determines the antenna figure of merit which is ten times the logarithm of the ratio of the antenna
gain to the system noise temperature (G/T). The G/T is measured at ten frequencies at S-band 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 meter, RF distribution unit, and discrete relays (see figure 3). The antenna outputs are
manually patched into the SCATS receiver and the solar flux, flux measurement frequency, Julian 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 example 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. The gain is set (for each receiver channel independently) at the frequency with the ;
largest signal. The rms value of the receiver linear 10 MHz is then measured at each frequency for both receiver ﬂ
channels. A check is made to verify that the receiver gain (or something else) has not changed by remeasuring
the signal at the lowest frequency and comparing it to the value measured earlier. The antenna is then pointed
at the cold sky (30° in elevation from the sun) and the rms values are again measured. The figure of merit is
calculated from the following equation (see reference 1).

Py
87K L| .= -1
P

10log 6T = 100 og ——=———="7=—== (1)

()

o

lRun;zc Commanders Council TRIG Document, 118-73, Revised July 1975, “Test Methods for Telemetry Svstems and Subsystems.”
Secretariat, White Sands Missile Range.
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SELF CHECK AUTOMATED TELEMETRY SYSTEM (SCATS)

YEAR Z2
JULIAN DAY 147

HOUR 23

MINUTE 20

TYFE

1 = LIST DATA SET NAMES

2 = READ DATA SET NAME FILE
WRITE DATA SET FILE

INFUT OR EDIT DATA SET

- RETURN TO SCATS MONITOR 2

DO
iod i

TYPE DATA SET NAME: LAW

DATA SET: LAW
CENTER FREQ = 2250.5 IF EW =1500 VIDEO EW =1000
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Figure 2. SCATS Log-In and Parameter Entry.
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SOLAR CALIEBRATION TEST

ENTER FREQUENCY BAND:
1=LOMER L~BAND
2=UPFER L-BAND
3=G-BAND 3
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ENTER ANTENNA NUMEER:

CHECK THAT RECEIVER CHANNEL 1 IS PATCHED TO RHC.
CHECK THAT RECEIVER CHANNEL 2 IS FATCHED TO LHC.
MOUNT SUN.DAT FLOFFY IN DX1.

TYFE CARRTAGE RETURN.

ENTER SOLAR FLUX (REAL): 152

ENTER SUN MEASUREMENT FREQUENCY IN MHZ (REAL)! 2800
YEAR 29

ENTER JULIAN DAY?! 145

CNTER GMT HOURS

22
32

261.2%  AZIMUTH OF SUN IN DEGREES.
“1.66 ELEVATION OF SUN IN DEGREES.

ENTER MINUTES

OBRTAIN SUN AUTOTRACK.
TYFE CARRIAGE RETURN.

FOINT ANTENNA AT COLD
TYFE CARRIAGE RETURN.
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where L = antenna beam-width correction factor = 1 + 0.38 (A:i‘!ehn:',ééﬁi:ﬁfffﬁ

P, = Sun power

P| = Cold sky power

Fo = Solar flux (watts/m=/Hz)

f, = Solar flux measurement frequency

| = Test frequency

A = Test frequency wavelength (meters)

K = Boltzmann’s constant = 1.38:10"2% watts/°K/Hz

A typical figure of merit test output is presented in table 1. The measured G/T values as well as the prior
cumulative averages, maximums, minimums, percentages of time exceeding specification, and standard deviations
are displayed. The test operator has three options at the end of a G/T test:

¥ He can archive the data. This means that the data is entered into the statistical file for that antenna and is
also saved for later recall.

L=

He can save the data. This means that the data is not entered into the statistical file at this time but the
data is saved for later recall. The data can be added to the statistical file at a later time. The saved data
can also be modified by correcting inaccurate solar flux entries, etc. This is especially useful if a current
solar flux value is not available at the test time. The test can be performed with an estimated solar flux,
the data can be saved, and the correct solar flux entered when available.

3. The test operator also has the option of not storing the data in any data file. This is useful if the results
are not valid because of interfering frequencies, patching errors, etc.

The main sources of error are: The latest solar flux value may have been measured several hours ago and
the solar flux may have changed since then, the extrapolation from the flux measurement frequency to the
antenna measurement frequency is not exact, the rms meter has a specified accuracy of +0.2 dB, the antenna
system and receiver introduce errors because of gain changes during the test and amplitude nonlinearities, and
there may have been unnoticed interfering signals present. However, the SCATS system gives G/T results which
are quite repeatable (within +0.3 dB at S-band for tests which are run within a few minutes of each other) and
agree very well with measurements made manually using the calibrated attenuator method. The overall accuracy
is estimated to be better than +1.0 dB at S-band.

The difference between the maximum and minimum measured S-band G/T values (at each frequency) varies
from 1.5 to 2.4 dB for antenna 1 and from 1.2 to 1.8 dB for antenna 4 (see tables 2 and 3). The standard
deviations are approximately 0.5 dB for antenna 2 and 0.35 dB for antenna 4. Seventy percent of the LCP
G/T values and 84 percent of the RCP G/T values are within +0.5 dB of the average for antenna 1 at 2250.5
MHz. The lower L-band G/T standard deviations for antenna 4 are about 0.35 dB (see table 4). The upper
L-band G/T 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 February 1979. The statistical data in table 1
represent data taken between March 1979 and May 1979.

Since the G/T values are stored on a floppy diskette, various analyses can be performed on the data by
writing the necessary software. One existing program prints out the overall statistical data along with the results
of all G/T tests that meet the conditions specified:

Low solar flux
High solar tlux
Low flux measurement frequency
High flux measurement frequency

Antenna number
Frequency band
Start year, day, hour, minute
End year, day, hour, minute
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Table 1. Antenna Solar Calibration Test Output

ANTENNA SOLAR CALIERATION NUMEBER OF TESTS S
YEAR=79 JULIAN DAY=145 GMT HOUR=22 MINUTE=37
SOLAR FLUX= 152,00 AT 2800.0 MHZ
ANTENNA#= 1 RHC
FREQ - -EMS_MEIER_(DE) ENER e i i (o S 1 S SN Z_.GE.
(MHZ) SUN COLDN SKY TEST AVE MAX MIN 15 DR
2200.5 1646 ~32.7 172.9 18.0 18.2 17.8 100,00
2210.5 ~14.,3 ~30.4 12.9 18.0 18.3 17.8 100,00
2220.5 =139 ~30.1 18.0 18.1 18.3 17.9 100.00
2230.5 ~13,5 -29.6 18.0 18.0 18.3 17.8 100.00
2240.5 -14.,0 ~30,2 18.1 18.2 18.4 18.1 100.00
2250.5 -14.4 ~30.5 18.0 18,1 18.3 17.9 100.00
2260.5 o % ¢ -31.8 1722 17.8 18.1 17.5 100.00
2270.5 ~-17.4 -32.9 175 176 172.9 17.3 100,00
2280.5 -18.,4 ~34,4 18.0 18.0 18.4 17.8 100.00
2290.5 -18.3 ~34,3 18.1 18.1 18.3 17.9 100.00
ANTENNA$= 1 LHC
FREQ - .BEMS_METER_(DB) THES e v GLT CORY. o Z._..GE.
(MHZ) GUN  COLIDN SKY TEST AVE MAX MIN 1S5 DB
2200.5 ~15 ¢S -31.5 17.8 17.8 18.0 17.6 100,00
2210:5 -14,8 ~30.8 17.9 18.0 18.2 17.9 100.00
2220.5 -13.1 ~29.0 17.8 18.0 18.1 17.8 100.00
2230.5 ~13.4 e 17.6 17.8 18.0 17.6 100,00
2240.5 ~14,5 ~30.3 L7467 17.7 17.8 17.6 100.00
2250.5 ~14.,3 ~30.0 17.6 17.6 17.8 17.5 100.00
2260.9 ~14,3 i 17.6 17.6 17.8 17.5 100.00
2270.5 14645 =32.2 177 177 18.0 17.5 100.00
2280.9 =171 ~32.8 17.8 177 18.1 175 100,00
2290.5 ~18.3 ~33+9 17.6 17.6 17.9 17.4 100.00
COMMENTS ¢
Table 2. Antenna Solar Calibration, S-Band, Antenna 1
ANTENNA SOLAR CALIERATION NUMEER OF TESTS
(EAR=78 JULLIAN DAY=151  GMT HOUR=22 MINUTE=50
SOLAR FLUZC= 148.0 AT 2800.0 MHZ
ANTENNAE - 1 RHC

FREQR B {1 - SRRSO - -.0) ) | . » [P SUUPENIIES S | o ey

CMHZ)Y FEST AVE MAX MIN 15 DK S.In.
2200.% 185 18.0 18.% 1722 100.0 0.38
2210.%5 18.7 18.1 19.14 17.2 100.0 0.42

18.8 18.2 19.2 17.4 100.0 0.47
18.6 18.0 19.0 17«3 100.0 0.48
18.%5 18.0 o B A 17.4 100.0 0.41
18.4 18.0 19,0 172 100.0 0.41
18.3 17.8 18.8 17.2 100.0 0.41
18.3 17.8 18.46 171 100.0 0.46
18.5 18.0 18.9 17.3 100.0 0.41
18.3 18.0 18.9 17.4 100.0 0.38
ANTENNAS= | LMC

FREQ i of 3 L PRESRTMSIRRES, - ) (o ¢ ) - RSN ee e, b I, | S,

(MHZ) TEST AVE MAX MIN 15 DR S.I.
2200.9 18.3 18.0 19.1 17.2 100.0 0.48
2210.5 18.6 18.1 19.3 17.3 100.0 0.49
2220.5 18.2 18,0 19.4 17.2 100.0 0.50
2230.,S g 17.8 19,1 17+2 100.0 0.50
2240.%5 18,3 17.9 19.0 1740 100.0 0.54
2250.5 18.4 17.8 19.0 17.0 100.0 0.52
2260.5 18.0 767 19,0 17.0 100.0 0451
22705 17.8 17.8 192 17.0 100.0 0,53
228049 18.0 s ks 19,4 17.0 100.0 0.54
229049 18.4 17.8 191 16.9 1000 0.56
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Table 3. Antenna Solar Calibration, S-Band, Antenna 4

ANTENNA SOLAR CALIBRATION NUMBER OF TESTS 33
YEAR=78 JULIAN DAY=151 GMT HOUR=22 MINUTE243

SOLAR FLUX= 148.0 AT 2800.0 MHZ

ANTENNA®#= 4 RHC

FREQ R ENE Rl o o v e o G4I_LDBY . Lo uGEa
(MHZ) TEST AVE MAX MIN 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 o Ao IE Sl S S BLT_ LRB) e Z_uGEa -
(MH2Z) TEST AVE MAX MIN 15 DR 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
2270.5 17.8 17.5 18.2 16.5 100.0 0.36
2280.5 17.8 17.5 18.2 16.7 100.0 0.34
22904 S 17.6 17.4 18.1 16.3 100.0 0.36

Table 4. Antenna Solar Calibration, Lower L-Band, Antenna 4

ANTENNA SOLAR CALIBRATION NUMEBER OF TESTS 14
YEAR=78 JULIAN DAY=152 GMT HOUR=22 MINUTE=37

SOLAR FLUX= 145.0 AT 2800.0 MHZ

ANTENNA#= 4 RHC

FREQ RIS - o e BLECCOBY oo o e B SR e
(MHZ) TEST AVE MAX MIN 11 DR S.D.
1435.5 14.2 13.9 14.6 13.1 100.0 0.33
1485.5 14.1 13.8 14.5 13.1 100.0 0.38
1535.5 13.8 13.8 14.1 13.4 100.0 0.19
ANTENNA$= 4 LHC

FREQ SRR o o i s e d LR s B DB i e i i e e R e S i e
(MHZ) TEST AVE MAX MIN 11 LR S.0.
1435.5 14.2 13.64 14.5 12.7 100.0 0.62
1485.5 13.9 13.8 14.3 12,95 100.0 0.32
1535.5 14,0 13.7 14.2 13.1 100.0 0.31

Tables 2, 3,4, and S were generated using this program. Another program prints out all G/T values for specified
frequencies which meet the conditions specified above. This program also calculates the averages and standard
deviations of the printed G/T values. Table 6 lists all G/T values for 2250.5 MHz on antenna 4 with a solar flux ]
between 120 and 170 and a flux measurement frequency of 2800 MHz. Table 7 shows the average G/T values
and the standard deviations for antennas 1 and 4 at 2250.5 MHz separated by solar flux value. Usually the sun r
is less stable as the solar flux increases, therefore the standard deviations should be larger for increasing solar flux.
However, the standard deviations in table 7 decrease for increasing solar flux. The G/T values also decrease for
increasing solar flux; however, the decrease is small (0.2 dB for three of the four cases).
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SCATS pertorms an S-band G/T test in about seven minutes (this includes the time it takes to enter data
and manually point the antenna). It would take at least 30 minutes to manually measure the sun and cold sky
powers and calculate the 20 G/T values. Any manual statistical data analysis would be extremely time consuming.

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

ANTENNA SULAK CALTERATION NUMBER UF TESTS i5
YEAR 78 JULIAN DAY=153 OGMT HOUR=21 MINUTE=27

SOLAR FLUX 145.0 AT 2800.0 MHZ
ANTENNAS- 4 RHC
FREQ [HIS i e B B o R i i y AN | D
\MHZ) TEST NVE MAX MIN 13 DE S,
1750.95 16.2 16.0 16.7 15.5 100.0 0.36
1L800.5 16.5 16.3 17.0 15.9 100.0 0.54
1850.5 16.9 16.6 17.6 16.0 100.0 0.55
ANTENNAS - 4 L HC
FREQ IHIS i GLT_CORY. - ¥ W OF e
(MHZ) TEST AVE MAX MIN 13 DR S.D.
1750.5 16,2 15,9 16.9 15.3 100.0 0.48
1800.95 lé.4 16,3 17.1 15.6 100.0 0,43
1850.5 17.1 16.6 17.5 15.46 100.0 0.58

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

INFUT COMMAND L INE

| §-1-4---=-===-=3-120-170-2800~2800-2250 , 5~~~
! SOLAR CALTERATION DATA SUMMARY
' ANTENNA 4 MEASUREMENT FREQUENCY 2250.5
YEAR JULIAN DAY HOUR FLUX FREQ. «FLUX LH RH
78 129 16 2800.0 110 1742 17t
78 129 19 2800,0 141.0  17.6  17.6
b 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
78 133 22 2800.,0 137,0  18.1  18.1
78 135 18 2800,0 143,0 18,0  17.9
78 136 18 2800.0 149.0 177  17.8
78 138 16 2800,0 150,0 17,0  17.4
78 142 18 2800.0 135.0  18.1 17.7
l 78 144 23 2800,0 145,0 17,9  17.9
| 78 151 22 2800.0 148.0  18.1  18.1
‘ 78 152 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 23 2800.0 169.0  17.7  17.9 ik
78 354 22 2800.0 143.0  17.6  18.0 ’
If MORE DATA MOUNT NEXT FLOFFY AND TYPE Y ‘
OTHERWISE TYPE N ;
N |
i s s 4 e o S o o o e o 0, . 4l o S P A . S e O S S S S B o 4
NUMEER OF RUNS= 20 AVERAGE 17.8  17.8 |

STANDARDT DEVIATION 0.29 0.30
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L Table 7. Solar Calibration Means and Standard Deviations, 2250.5 MHz
i (All Averages (AVE) and Standard Deviations (SD) Are in Decibels)

ANT 1 ANT 4
Solar Flux| No. No.
Range of Lce RCP of Lce RCP
(2800 MHz)| Tests Tests
AVE | SD | AVE | SD AVE | SD |AVE | SD

102-119 13 [18.0 054 ]| 18.1 042 8 [179(034 1179 [0.35

120-170 14 (179 (048 179|041 20 |178]0.29 |17.8 |0.30

171-207 6 |174 |0.26]| 179 |0.25 6 |[17.7 1011 [17.7 [0.27

INTERMEDIATE FREQUENCY SNR TEST

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

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

ﬁ A The system noise figure is then calculated from

F=1+_1_ 3 1
2900 G :
L ) This test uses the RF signal generator, RF power meter, counter, telemetry receiver, rms meter, RF distribution :

unit, and the discrete relays (see figure 5). The IF SNR test can be performed at lower L-band and at S-band.

. ANTENNA ’
| PREAMPS i
| LCP RCP
puaL AGC
CHANNEL n "
! PS RECEIVER FREEZE
% LINEAR 10 MHz

[
POWER | I .
METER ps] RELAY Figure 5. Receiving System Sensitivity
[ Test (IF SNR) Configuration.
i :
4 RF TRUE RMS
l" | SYNTHESIZER GENERATOR VOLTMETER




The test procedure is to insert a known RF power into the antenna preamplifier, measure the IF SNR, and
then extrapolate to the 0 and 10 dB IF SNR power levels. The RF generator is then set to the expected power
level and the IF SNR is measured. If it is within 1.0 dB of the desired IF SNR, the RF power for the desired
SNR is calculated by subtracting the SNR error from the measured RF power.

If the measured value is not within 1.0 dB of the desired value, a new estimate of RF power for the desired
SNR is made, the RF generator output power is changed, and the measurement repeated. The measurement
procedure is:

v~

1. Point antenna at cold sky (away from sun and other signal sources).

o

Set RF generator to desired power.

3. Measure power with RF power meter.

4.  “Freeze" gain of receiver.
5. Measure rms voltage in receiver linear 10 MHz output of both receiver channels (S + N).
6.  Set RF generator output to minimum power.

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

S +N)? - N2
8.  Calculate IF SNR from: IF SNR = -L—-,)—-—-—

w

Display: 10 log (IF SNR).

|
|

The sources of error are the same as for the antenna figure of merit test except that the errors due to solar

‘ flux inaccuracies are replaced by errors due to inaccuracies in cable loss, connector loss, power meter errors, etc.
The IF SNR accuracy is about +0.5 dB.

A typical IF SNR test output is shown in table 8. The output includes the time, RF frequency, IF band-
width, and antenna number. The RF power which gives a 0 and a 10 dB SNR for each receiver channel is dis-
- played along with the calculated noise figure, noise temperature, and estimated G/T. The short-term IF SNR
repeatability is shown in table 9. Four tests were performed in a span of about 12 minutes. The results with
I - a -10 dBm RF generator output are displayed. The data spread is +0.01 dB. This experiment has been repeated
several times with similar results. A comparison between the results of an IF SNR test and a G/T test performed
within a few minutes of each other is shown in table 10. The estimated G/T agrees with the measured G/T

Table 8. SCATS IF SNR Test Output

YEAR=79 JULIAN DAY=159 HOUR=22 MINUTE=49 !
FREQ(MHZ)=2250.5 IFEW(KHZ)>=1500 VIDNEO BW(KHZ)=1000
ANTENNA NUMEBER 3

b CHANNEL 1 EST. G/T(OR)
| IFSNR(DE) RF GEN(DE) KRF POWER(DEM) NOISE FIGURE(DR) NOISE TEMP(K) (G=42.5 DR)
| 0 ~38,0 ~111.,7 3.3 324, 17.4
10 -27 .0 -101.5 3.4 343, 17.1
CHANNEL 2 EST. G/T(IE)
‘ IFSNR(DE) RF GEN(DE) RF FOWER(DEM) NOISE FIGURE(DE) NOISE TEMF(K) (G=42.5 DK)
| 0 -38.0 ~111.9 3.2 310, 17.6
10 ~28,0 ~101.7 3.3 324, 17.4

COMMENTS !
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Table 9. IF SNR Repeatability (Antenna 1, 1.5 MHz IF BW)

Run RF Power (dBm) SNI»:(::B) SN'I:C(:IB)
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 SNR Test and G/T Test

' -425dB | G/T Test (dB)
IF SNR (dB) | RF Power (dBm) | SV Maies } G & — &

Temp. (°K) | EST. (G/T) (dB) [11/6/78 [ Ave.
0 23 285 17.95
178 |18.0
10 -102.3 286 17.94
ANTENNA 1 RCP 11/6/78
2250.5 MHz 1.5 MHz IF BW (IF SNR TEST)

within 0.15 dB. The average agreement of the two tests is better than +0.5 dB. Since the G/T test uses the
entire receiving system and the IF SNR test only uses the part of the receiving system starting with the pre-
amplifier, the two tests can be used together to isolate a failure in cither the hardware in front of the preamplifier
or the equipment starting with the preamplifier. 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 signal), or can start a
calibration in 6-dB steps.

PULSE CODE MODULATION BIT ERROR PROBABILITY TEST

This test determines the bit error probability (BEP) versus RF power performance of the equipment under
test. The BEP test can currently be performed only for nonreturn-to-zero-level (NRZ-L) FM formats but will be
expanded to include at least Manchester and PM formats. The BEP test can be performed by inserting an RF sig-
nal into either an antenna preamplifier or directly into a telemetry receiver. The antenna system output (if an
antenna is used) is patched to the receiver(s) to be tested and the antenna is pointed at the cold sky. The receiver
output is either connected to one of the SCATS data inputs or to a tape recorder (or both). If a tape recorder is
used, its output is patched to one of the SCATS data inputs. SCATS accepts 450- and 900-kHz FM predetection
and video signals at its data inputs. The predetection signals are first demodulated using a pulse-averaging dis- 1
criminator and then applied to the PCM bit synchronizer. The video signals are applied directly to the bit synchro-
nizer. The reconstructed data and clock from the bit synchronizer are connected to the PCM test set for error
detection. The counter displays the ratio of bit errors to bits received (bit error probability). A block diagram of
the equipment interconnections for this test is shown in figure 6. The test sequence is:

1. The test operator first loads the proper SCATS data file. The RF frequency, PCM bit rate, peak RF deviation,
and counter time base exponent are set using the data from this file. The operator then enters the number
of the antenna being used (if one is used), the data type, the receiver IF bandwidth, the receiver number




R T —
’ o RGBT i oo e s

T Bl et

gy

(]

and channel, the tape recorder number and track (if a recorder is used), and the RF power step size (1, 2,

3,4, etc., dB). A sample data entry is shown in figure 7. The data entered by the test operator is under-
lined.

The RF generator and the telemetry receivers are set to the desired frequency and the necessary manual
patching is done.

The RF generator frequency deviation is set to the proper value as follows: The PCM data stream is

connected to the programmable gain amplifier and the amplifier output is applied to the modulation input
of the RF generator. This amplifier includes two 2-input NAND gates through which the PCM data passes.
The amplifier gain is first set to unity (the gain of the amplifier can be set to any gain between 0.006 and

ANTENNA
PREAMPS

R RECEIVERS il

PRE-D
POWER | m orR | RECORDERS
METER VIDEO

RF
SYNTHESIZER GENERATOR DEMOD/BIT SVNCHROMZE;I

RMS l PRAM l
VOLTMETER

DATA Figure 6. Bit Error Probability
PCM TEST
SET Test Configuration.
CLOCK
* ERRORS
RATIV
COUNTER

IS AN ANTENNA TO EE USED? (Y OR N) Y

TYFE ANTENNA NUMEBER L

WILL EXTERNAL EQUIFMENT EBE TESTED? TYFE Y OR Ni Y
FOR SCATS EXTERNAL INFUT 2

ENTER DATA TYFE:

0 = VIDEO.

1 = FRE-DI 450,

2 = FRE-D 900, O
ENTER RECEIVER T.F. HANDWIDTH(KHZ) 1500
ENTER EXTERNAL RECEIVER NUMEER USED WITH INFUT 2: 99
ENTER CHANNEL NUMBER (1, 2, Ok 3 FOR COMEINEID: 1
WILL AN EXTERNAL TAFE RECORDER BE USED WITH INFUT 27 TYFE Y OR Nt N )
CABLE LOSS= -72.90  NOISE FIG.= 3 ]
RF FOWER STEFs IN DE: L
INFUT 2 -RECEIVER 99 CH 1

Figure 7. Bit Error Probability Test Data Entry.




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 amplifier is then set to the ratio of the desired peak-to-peak frequency deviation
to the difference between the above counter readings. The deviation is checked by setting and resetting the
data output and determining the actual frequency deviation. If it is within a predetermined tolerance, 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 continues if the BEP is less
than 1075 If there are too many errors an error message to that effect appears and the test is stopped until
the problem is corrected.

S.  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 displayed along with the
theoretical BEP. The theoretical BEP is calculated from:?

Theoretical BEP = 0.5 e (4)
where p = [F SNR (expressed as power ratio).

This equation is only an approximation but is quite accurate for NRZ-L FM formats with optimum frequency
deviation (af =~ 0.35 times the bit rate) and an IF bandwidth of approximately 1.5 times the bit rate (see figure
8). A noise figure of 3 dB is assumed for the antenna systems. This gives an IF SNR of O 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 any
supplemental information about the test. The comments are stored along with the data and are printed when the
data is recalled from storage. Examination of this data shows that the experimental 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

Theoretical BEP = 0.35 e ™ ()

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
(310° 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 typical BEP test
can e performed in three minutes or less. The PCM test set output can also be connected directly to the PCM
bit synchronizer to test the PCM subsystem alone.

z\vhs( ha Schwartz, William R. Bennett, and Seymour Stein. “Communication Systems and Techniques,” McGraw-Hill,
New York, NY, 1966, p. 338.

}\'lylmh. M. H. “Analysis and Test Results of a Hybrid PCM/FM Subcarrier Baseband Multiplex on an FM Carrier,”
International Telemetering Conference, 1974, p. 230-6.




% I‘MHZ IF 614 Kb/S NRZ-L Af=:230 KHz
10_:»> e ”j
] B l}
; ] o RCP ‘
1 A LCP |
| 3x1072 “’ﬁ**“ iy T {
l BN
)
10724
3x1073
] o i
4 | @ 10 :
g |
3x107 \ |
i i | |
5 } Figure 8. Bit Error Probability :
. Versus IF SNR. i
3x1073 ‘
i
102 2 ) }
4 5 6 7 8 9 10 "
IF SNR (dB) (p)
Table 11. Bit Error Probability Test Output
YEAR=79 JULIAN DAY=152 HOUR=22 MINUTE=43
BIT RATE! 615.7 KES/SEC FEAK DEV: 227.7 KHZ CENTER FREQ:2280.%5 MHZ i
I.F. BANDWIDTH: 1500 KHZ 3
RECEIVER VILEO
RECEIVER NUMBER 99 CHANNEL 1 !
ANTENNA NUMERER 1
FOWER (DIEM . ) TEST RESULT THEOR.( 3 DE NF)
-107.6 2+25E-02 2+.76E~02
-106.6 1.05E-02 1+29E~-02
-105.6 3+.99E-03 5+18E~-03 |
~-104.7 1+19E-03 1+61E-03 |
-103.6 2.55E~04 3.58E-04 |
-102.7 4.20E~0S 6+21E-05 |
=101.7 7+.00E~06 b6+54E-06 |
| -100.8 S5.00E-064 3.93E-07
’ ~99.8 0.00E~-01 1.03E-08
-98.8 0.00E~01 1.29E~-10
COMMENTS 1

ARCHIVE DATA? Y
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Table 12. Comparison of IF SNR Calculated From BEP Test Results
With IF SNR Calculated From Measured Noise Temperature

Calculated IF SNR (dB)

RF Power (dBm) | From BEP Data From Noise Temperature
-107.6 4.38 433
-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 under test. The noise power ratio is
determined by the video SNR and intermodulation distortion at a particular frequency and can be used to estimate

the data quality of an FM/FM multiplex.4 The noise power ratio test is very sensitive to certain types of non-
linearities 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. Next, 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 displays the

NPR and NPRF at predetermined frequencies in the video spectrum. The test conditions are entered by the same
process used in the BEP tests.

The NPR test uses all of the SCATS equipment except the PCM test set (see figure 10). The rms RF
frequency deviation is set by a procedure which is an extension of the RF deviation routine of the BEP test. The
rms deviation is used because the rms voltage of a gaussian signal is easy to measure. The RF deviation routine
sets the peak-to-peak frequency dewviation of the RF generator equal to twice the desired rms deviation. The fact
that the rms and peak of a two-valued waveform (where each value is equally probable) are equal is then used.
The PCM data rate is set to 100 kilobits per second and the rms value of the RF generator modulation input is
measured. The noise generator is then applied to the RF generator modulation input (the PCM is removed from

ANTENNA
PREAMPS —_-_|
[
TELEMETRY
PS RECEIVERS
)
POWER P
METER® PS OR RECORDERS
VIDEO
/
RF
YNTH | "
SYNTHESIZER GENERATOR DEMOD/NOISE RECEIVER
Figure 10. Noise Power Ratio 4
{NPR) Test Configuration. j
NOISE RMS
GENERATOR VOLTMETER

‘i L Law, I [ kimball, and M. 1. Nichols. “Relationship of Noise Power Ratio to Subcarrier Discriminator Output Signal-
to-Nowse Ratio  Analvsis of Test Resudes),” Pacific Missile Test Center, Point Mugu, CA. TP-75-21, 1 August 1975.
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! the modulation input) and the rms value of the noise is set equal to the rms 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:

1.  Maximum RF power only.
2. RF power varied in 5 dB steps.

Table 13 shows a sample NPR test output with the RF power varied in 5 dB steps. The RF power for a 0 dB

IF SNR is about -112 dBm. One of the important features 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 input 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-dB worse than the NPRs at the input. Since the NPR values are only about 1 dB lower than the NPRF values,
the tape recorder noise dominates the distortion. Since the tape recorder SNR is in the neighborhood 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 Qutput (5 dB RF Power Steps)
| YEAR=79 JULIAN DAY=152 HOUR=22 MINUTE=13

RECEIVER NUMBER 99 CHANNEL 1
ANTENNA NUMBRER 1

CENTER FREQ= 2250.5 MHZ IF EBANDWIDTH= 1500 KHZ RF RMS DEVU= 124.7 KHZ
RECEIVER VILDEO
NFR/NFRF (DB, )

RF FWR 16 KHZ 40 KHZ 70 KHZ 98 KHZ 140 KHZ 185 KHZ

-68.7 DB 53.95/62.5 50.5/55.5 48.0/51.0 46.0/48.5 43.5/46.0 42.5/44.5
-73.3 DB S53.0/61.5 $0.0/53.5 46.5/49.0 45.0/46.5 42.0/43.5 41.0/41.5 {
-78.7 DB 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 IE 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 DB 45.0/45.5 37.0/36.0 31.5/32,0 28.0/28.5 25.0/25.0 23.0/22.5
i -98.8 DB 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 DATA? Y

Table 14. Noise Power Ratio Test Results at Recorder/Reproducer Input
YEAR=79 JULIAN DAY=155 HOUR=23 MINUTE= 6

RECEIVER NUMEBER 99 CHANNEL 1
ANTENNA NUMBER 1

CENTER FREQ= 2250.5 MHZ IF EANDWIDTH= 1500 KHZ RF RMS DEV= 123.,2 KHZ
FRE-I FREQ = 900 KHZ
NFR/NFRF (DR, )

RF FWR 16 KHZ 40 KHZ 70 KHZ 98 KHZ 140 KHZ 185 KHZ

-68.,7 OE 54.0/61.0 50.0/53.5 446.5/49.,0 43.5/46.0 41.,5/43.5 39.0/41.0

¢ COMMENTS ¢

ARCHIVE DATA? Y
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Table 15. Noise Power Ratio Test Results at Recorder/Reproducer Output
YEAR=79 JULIAN DAY=155 HOUR=23 MINUTE= 6

RECEIVER NUMBER 99 CHANNEL 1
ANTENNA NUMBER 1
TAPE RECORDER 3010 TRACK 2

CENTER FREQ= 2250.5 MHZ IF BANDWIDTH= 1500 KHZ RF RMS DEV= 123.2 KHZ
PRE-D FREQ = 900 KHZ
NPR/NPRF (DB, )

RF FPWR 16 KHZ 40 KHZ 70 KHZ 98 KHZ 140 KHZ 185 KHZ

-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

ARCHIVE 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 results 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 Ratio Test Results {Back-to-Back Test)
YEAR=79 JULIAN DAY=159 HOUR=22 MINUTE=49

NFR/NFRF (DE.)

16 KHZ. 40 KHZ. 70 KHZ. 98 KHZ. 140 KHZ. 185 KHZ.

74./7 79. 77./104. 78./105. 81./105. 77./105. 78./10S.

TAPE RECORDER FREQUENCY RESPONSE 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
routine. The interface had three integrated circuit failures in about 3,000 hours of operation. The problems
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Table 17. SCATS TR FR Test Output

YEAR=79 JULIAN DAY=110 HOUK=18 MINUTE=23
TAFE CHANNEL 2 FRE-D 900 TAPE SPEED 120

VOLTS
INPUT QUTPUT OUTPUT/INPUT (dB)

FREQ(HZ)
‘oo .
1000.
5000.
10000.
50000.
100000.
200000.
500000.
750000.
1000000.
1400000.
1800000.
2000000,

0.622
0.620
0.620
0.622
0.627
0.628
0.633
0.621
0.591
0.552
0.477
0.414
0.402

0.734
0.883
0.695
0.688
0.626
0.623
0.652
0.616
0.558
0.515
0.467
0.390
0.314

1.180
2.820
0.740
0.620
-0.280
-0.330
0.000
-0.330
-0.760
-0.860
-0.430
-0.760
-2.400

were quickly traced down and the bad integrated circuits found and replaced. There have been several tailures
of the commercial test equipment. There were two failures between 1 April and 31 December 1978. A relay in
the attenuator driver of the RF generator failed and was replaced, and the rms meter failed and was replaced by
the back-up unit. The S-volt AC to DC power supply in the telemetry receiver failed in late July 1979. The
receiver was kept operational by the substitution of a S-volt laboratory power supply. SCATS has been quite
reliable but additional spare equipment is needed to increase the probability of SCATS being available whenever

it is needed.

CONCLUSIONS

The conclusions reached after analyzing the SCATS performance are:

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

recording equipment.

(]

cost-effective in a “busy” telemetry ground station.

RECOMMENDATIONS

The speed and accuracy advantages of automated testing over manual testing make automated testing very

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 IEEE488 Interface should be used whenever possible. The system controller should be optimized for

use with the IEEE488 Interface.

3. Spares should be available for all essential equipment.
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GENERAL DESCRIPTION

Communications between the Digital Equipment Corporation (DEC) PDP-11 minicomputer and the instru-
ments is via an in-house designed and fabricated “Port Expander™ interface. A standard DEC DR11-C General
Purpose Parallel Interface Card is installed in the computer, which provides a single 16-bit parallel digital input/
output port plus some status and control signals (bits). The Port Expander expands this to a maximum of 256
16-bit parallel TTL-Compatible interface ports, each with its own interrupt and trigger-out signals, arranged in a
16 x 16 matrix structure. Physically, these ports are small individual printed cards, called register cards, which
are installed in a rack-mounted card cage. Standard test instruments with TTL interface capability (BCD, binary,
or otherwise) can then be interfaced to these register cards. By this approach, the computer can communicate
with a large number and wide variety of test instruments, and unique interfaces are physically removed from the
restricted space of the computer mainframe.

The Port Expander is thus a large digital, two-way multiplexer between many instruments and one computer.
The following were primary goals in the design of the Port Expander:

Easy expansion capability.

Ability to interface to a wide variety of test instruments, including relays.
Fast response to any register card in the matrix.

Ability to detect errors.

Easy repair of any failures.

The Port Expander can be implemented as a full 16 block, 16 cards-per-block (total of 256 cards) matrix. or any
subset (fewer blocks, partial blocks). A partial matrix can be built initially, and can be expanded at any later !
time. All register cards are identical and may interface directly to the instrument, or via Instrument Interface

Cards (1IC’s), for which there is also room in the card cage. The 11C’s are individually designed for any unique

requirements, such as high current drive, level changes, or inversions, etc. There are two features in the Port

Expander of special interest: the Interrupt Request (IREQ) system and the Interrupt Read Gate (IRG) system.

The IREQ system provides a hardware vectored interrupt from any register card in the matrix in equal time, and

includes a stack for multiple interrupts. Thus, no software polling is required, and every interrupt is handled with

equal response time. The IRG system provides a hardware check on addressing and reading data from the register

cards. It continuously monitors those operations, and raises a flag to the computer if and only if there is an !
error: otherwise, the IRG system is transparent and causes no delay to the Port Expander operation. Because the

Expander is modular in design, the register cards are identical, and error detection is built into the system, any

failures are easily located and repairs are usually in the form of card swapping.

Two Port Expander systems have been built, and have been in continuous operation since 1976. They are
the Automated Test System (ATS) in the Instrumentation Division, Code 1174, and the Self-Check Automated
Telemetry System (SCATS) installed in the PACMISTESTCEN's operational telemetry receiving and recording
station located in Building 738. Their operation has demonstrated a high degree of reliability and the attainment
of all design goals.




BLOCK DIAGRAM DESCRIPTIONS

Figure A-1 is an overall block diagram of the Port Expander system, and applies to both ATS and SCATS.
ATS is a larger implementation, consisting of five blocks contained in two card cages: SCATS presently consists
of three blocks within one card cage, but can be expanded if necessary as noted above. The Master Control is a
large printed circuit board assembly located in one of the card cages. The DR11-C 1/O Card is located within the
PDP-11 computer, and communicates with Master Control via two 40-conductor flat cables (Connectors #l and
#2). The Master Control communicates with the register cards via the various signal paths (READ Bus, WRITE
Bus, etc.) which will be described below. Not shown in this diagram are the test instruments, which would be
outside the card cages. Communication with them is via cables between the cages and individual instruments.

Figure A-2 describes the Master Control section, which handles all communications between the DR11-C
and the register cards. The DR11-C 1/O card provides the following signals:

Output
. 16 data output bits
. 2 programmable control bits (CSRO and CSR1)
®  New Data Ready (NDR) pulse (data ready on output lines)
o Data Transferred (DT) pulse (input data accepted)
. A Reset signal (INIT)
Input

o 16 data input bits
° 2 interrupt lines (REQ A and REQ B)

Under software control, the output bits contain two types of information at different times: data to be sent to

a register card, and the register card address (in the lower 8 bits only). The input bits contain data coming in
from a register card. The control bits (CSRO and CSR1) are used in conjunction with the data pulses (NDR and
DT) to form internal control signals which steer the data to the proper places at the proper times. The four

basic operations defined from the viewpoint of the Port Expander, and the control signals they use, are as follows:

e  Write operation - Master Data Register Enable (MDRE) and Write Command (WC)

L] Read operation - Read Gate (RG) and Quiet (QT)

. Trigger operation (provides a trigger pulse out from an addressed Register Card) - Trigger (TR)
L Reset (clears all Register Cards) - Master Reset (MR)

Figure A-3 details the timing and control for the first three operations; Reset is immediate upon transmission of
the INIT signal from the computer, or if the manual reset button is pushed.

In the Write operation, the first output word is the data, which is stored in the Master Data Register, whose
output is buffered and sent to the register cards. The second output word is the coded address information (4 bits
for Block Address, 4 bits for Card Address) which is applied to the dual 1-0f-16 Address Decoder and sent to the
register cards, which are logically arranged in an X-Y matrix, as Block Selects and Card Selects. The WC pulse
actually loads the data into the selected register card. In the Read operation, the address information is sent out
to the Address Decoder, the RF pulse is transmitted, causing the selected register card to apply its data to the
input lines, the computer accepts the data, and the QT pulse is sent to signify the end of the operation. In the
Trigger operation, the address information is decoded and the TR pulse is transmitted, which causes the selected
register card to output a trigger pulse.

The two signals, Interrupt Request (IREQ) and Interrupt Read Gate (IRG), are active only during the Write
and Read operations. Whenever a register card is written to, it causes the IREQ signal to go true. This activates
the IREQ system which raises REQ A to the computer and loads a “vector,” or address of the card which was
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written to, into a special register card. (This system will be detailed below.) During the Read operation, the
IRG signal is asserted, which gates the data onto the Read Bus, and also activates the IRG system. The IRG
system compares the Address Decoder output with the address of the actual register card being read, as encoded
from the IRG signals. If they are identical, there is no action: if not, an error is implied, REQ B is raised to the
computer, and under software control, corrective action can be taken. Two other special register cards are loaded
with read gate vectors to assist in this action. When a successful read operation is accomplished, the QT signal
clears both the IREQ and IRG signals.

An important corollary to the definition of these operations is that every Write must be followed by a
Read, due to the fact that the QT pulse is required to clear the IREQ. There are two sources from which the
register cards receive data: the computer and the instruments. In the first case, the computer is sending infor-
mation to an instrument via a register card. Here, the mandatory Write-Read sequence allows the computer to
ccurpare the data sent with the actual contents of the register card to check for any errors. In the second case.
an instrument is sending data to the computer via a different register card, and this External Write operation
informs the computer (via the IREQ-REQ A signals) that data is available. This initiates the Read operation,
whereby the computer receives the data from the register card.

Figure A4 illustrates the register card architecture. The card contains a 16-bit storage register, two 16-bit
buffers, and some control logic. Input to the register is from either the computer (via the Master Data Registe:
in the Master Control section) or from an instrument, depending on the application. The upper buffer, always
enabled, follows the register output and is used to drive instruments, 1IC’s, relays, etc. The gated buffer output
is enabled by the IRG signal only during a Read operation, and is used to send data back to the computer via
Master Control. Both buffers have active low, open-collector TTL outputs. The control logic accepts the
commands WC, RG, QT, and TR only when its select lines (BSX and CSX) are asserted. The MR command is
overriding at all times. If the register card is used to accept data from an instrument, then WC is not used
instead, the EXT input accepts a load command from the instrument to asynchronously load the data into the
register, independent of the select lines. The control logic also generates the necessary IREQ and IRG signals
plus the selected TRIG signal output.

The next four diagrams (figures A-5 to A-8) illustrate how the various signal paths are routed througl
Port Expander matrix. Figure A-5, Register Card Addressing, shows how the Block Selects are connected 1o 4l
cards within a block to which the computer writes, and the Card Selects connect across the blocks. Note thy
when an instrument writes to a card, the EXT input is used instead of BSX and CSX.

In figure A-6. the data paths (Write Bus and Read Bus) are shown. The Write Bus goes from Master Cor
to all register cards to which the computer writes data: those cards to which instruments write are not on the
Write Bus. However, all register cards are on one of two types of Read Busses. The BRGID (Block Read Gate
Identification) and CRGID (Card Read Gate Identification) cards in Block 15 are on a special RG (Read Gate)
Read Bus which is accessed in Master Control only when the IRG system detects an error while reading data
from somewhere else in the Port Expander matrix. All other cards are on the Data Read Bus. The wired OR
Read Bus connects the open-collector outputs of the register cards and is collected in the buffer section of the
encoder/buffer cards at the top of each block. The wired-OR ENC/BUF card ovtputs are then collected in the
Master Control section. In Block 14, there is an example of a register card connected simultaneously to the read
bus and to an instrument, using the two output ports available.

The wired-OR read bus allows easy expansion of the Port Expander system: however, it more than one regis-
ter card is gated onto the Bus at any given time, invalid data will result. For that reason, the IRG system was de
veloped, and figure A-7 illustrates its connections. The (open-collector) IRG1 signals on the register cards are
collected across all cards within a block and sent to Master Control, while the IRG2's are collecied from the N'th
card across all blocks and also sent to Master Control. These are converted to the BRG and CRG signals and sent
to the BRGID and CRGID cards in Block 15. They are also compared. it Master Control, to the output of the
Address Decoder, which contains the address of the card selected for the Read operation. It they are identical. no
action occurs, thus causing no delay to the Port Expander operation. However, if the comparison fails then the
RG LOAD loads the BRGID/CRGID cards with the location of all cards gated onto the Read Bus. and interrupts
the computer via REQ B. Under software control, the isolated RG Read Bus is then read, and corrective action
can then be taken.
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The IREQ system provides 4 hardware vectored priority interrupt system with equal response time from any
register card, with no software polling required. Figure A-8 shows the system interconnections, and figure A-9
details the system operation on a simplified (two block, two cards per block) Port Expander system. Similarly
to the [RG system, the IREQI’s are collected across the blocks and sent to the special Block Encoder card in
Block 15. The IREQ2's are collected at the Encoder/Buffer card within each block, and encoded onto the IREQ
Address Bus, which also goes to the Block Encoder card, along with a Group Signal (GS). When a register card
is written 1o, either from the computer or from an instrument, its IREQI is encoded to the block number in
which the card resides, the Block Enable (BEN) signal is sent to the ENC/BUF card of the proper block, which
enables the IREQ2 to be encoded to the card number and applied via the IREQ Card Address Bus to the Block
Encoder card. The GS then triggers a one-shot, which loads the encoded block and card number into the
IREQID card, whose IREQI signal interrupts the computer via REQ A. This entire operation sounds quite
involved, but actually occurs in less than one microsecond (1070 sec.). In order to acquire data from the register
card, the computer would first read the IREQID card, whose contents are the address of the register card (or
vector), and then read the vectored register card. Due to the type of circuits used in the IREQ system, higher
block numbers have higher priority than lower block numbers (i.e., will be serviced first in the case of simultaneous
interrupts), and likewise, higher card numbers have higher priority within a block. Note that the highest priority
goes to the BRGID/CRGID cards, followed by the IREQID card, and then all other register cards. Figure A-9
presents a simplified schematic diagram of the IREQ system, along with a flowchart of the operation sequence.

In the event of multiple interrupts, the highest priority is serviced first while the others are held at the Register
Card IREQ’s until serviced. Thus, an interrupt “stack” is effectively formed within the IREQ system.

PHYSICAL DESCRIPTION

The Port Expander consists of one or more rack-mounted card cages. The Master Control section is a large
printed circuit (P. C.) board assembly mounted on the top of the first card cage. The register, ENC/BUF. Block
Encoder Relay and Instrument Interface Cards (11C’s) are all 4.5 by 6.5 P.C. boards with 72 pin edge connectors.
The card cage has a wire-wrapped backplane. On the back of the cage are electrical connectors, from which
cables go to the instruments. The two 40-conductor flat cables between the computer and Port Expander and
the cables to the instruments can be up to approximately 25 feet long.

In the ATS, a special relay card has been designed which contains sixteen TTL-compatible SPST reed relays,
with all relay contacts available on the edge connector and provisions for jumper wires on the card. A large
number of these have been interconnected in a separate card cage, and driven directly by the register cards, to
form a large computer controlled crossbar relay matrix for switching analog signals between the test instruments
and the Unit Under Test (UUT).

Some instruments are designed to accept active low TTL control signals, and even have internal pull-up
resistors. These instruments can be interfaced directly to the register card outputs. Others require different
logic levels, increased drive, or special formatting. In these cases, the register cards interface to the instruments
via the 1IC’s which are individually designed for each specific application.
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Figure A-9. |IREQ System Simplified Operation.
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