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This report consists of two volumes. Volume 1,
System Summary (X-460-70-299), contains section 1
only (section 2 was deleted). Volume 2, Data and
Analysis (X-460-70-300), contains sections 3, (4
deleted), 5, 6, and 7.
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3. DATA ANALYSIS

Contained within this section are detailed analyses of the various SHF experi-
ments. These experiments were performed at the three ground stations, utilizing both
ATS-1, ATS-3, and ATS-5,and the test results were recorded during actual test runs.

Subsequent paragraphs contain individual analyses of these experiments. The
analyses are based on an evaluation of large quantities of data obtained under various con-
trolled and uncontrolled conditions. The statistical approach used in obtaining meaningful
conclusions is described in detail in section 7.3 of this report.
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3.1 PATH-LOSS EXPERIMENTS

3.1.1 RF SIGNAL POWER LEVELS AND PROPAGATION LOSSES (J. G. McGillen)
(MA-AT-1.1, MA-AT-1.2, FT-AT-1.1, MA-RF-1.1, MA-RF-1.2, MA-RF-1.3,
FT-RF-1.1, FT-RF-1.2)

3.1.1.1 Description and Test Resulis

The objective of this experiment is to evaluate and obtain accurate methods for
determining path losses (uplink and downlink) for both modes of the ATS-SHF system, Mea-
suring techniques will be different for the SSB/PhM mode than for the Frequency-Translation
mode. A secondary objective is to evaluate the importance of antenna beam position on the
path-loss calculation.

In the analysis of the test data, a computation of the path-loss factor is performed
using the line-of-sight range between the ground station and the satellite, and the uplink and
downlink operational frequencies. These computed values are called the predicted path-loss
factors,and the path-loss values determined from the test data are called the measured path-

loss faciors. The parameters in this experiment are:

1) Transmitter Output (Pt + Gt)g - Effective radiated power per test tone
~ (MA mode-SSB); Effective total radiated power (FT mode-FM)

2) Satellite Received Power (Pr - Gr)s - Test-tone power at satellite antenna
(MA mode), total power at satellite antenna (FT mode)

3) Uplink Path Loss (Uu)
4)  Satellite Transmitter Power (Pt + Gt)s - Effective total radiated power
(both modes)
5)  Ground-Receiver Input Power (Pr - Gr)g - Total power at receive antenna
6) Downlink Path Loss (U d).
"The relationship between transmitted and received powers in a communications
link is as follows:

2

P G

P GG + G Or
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where:

Received power at the receiver input terminals

b
i

1

Transmitted power at the power amplifier output terminals

Gt Transmitting antenna gain, including losses between the power amplifier
and the antenna

(o}
[

Receiving antenna gain, including losses between the antenna and the
receiver input (e.g., parametric amplifier input for the ground receiver)

N\ = Wavelength
R = Range

2,2
% = Free space loss

N
L = Other path losses, such as rain

2,2
U = 157% = Total path loss
1N
In decibels, the equation can be written

Pr= Pt+ Gt+ Gr—U

where U is regarded as a positive number (e.g., 150 db). From this equation

U11 = (Pt+ Gt)g - (Pr - Gr)s and

Ud = (Pt+ Gt)s - (Pr - Gr)g
I R is expressed in nautical miles and the operating frequency in MHz, free space loss can
be predicted as follows:

Free space loss = 37.85 + 20 log R + 20 log

While the path losses should be identical for the SSB/PhM and FT modes, the
results have been separ?.ted due to the difference in power measurement techniques for Prg‘
Data is also presented on an individual station and satellite basis as the path-loss values
should vary slightly due to variations in range. .

The satisfactory test results obtained to date are presented by station, satellite, and
operational mode (MA or FT) intable 3.1. The table also showsthe calculated mean value of uplink
and downiink path loss obtained from the measuredtransmitted and received power levels for the
specified number oftest runs. This calculated value is usedas the best estimate of the measured
path-loss value. The predicted valuesare obtained from the free space-loss calculation. The
predicted values do not take into account atmospheric losses of free oxygen absorption and
vapor absorption. These lossesare a function primarily of elevationangle, as well asweather

conditions. Also,theatmospheric lossesarean increasing function with frequency in C-band.
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3.1.1.2 Analysis

In the limited number of test runs on ATS-1 from Rosman and Mojave,the devia-
tion between measured and predicted values for the uplink path loss is generally greater
than that obtained by Cooby Creek. This may be expected, however, when it is noted that
Cooby Creek has over 40 test runs for both the FT and MA mode from which the mean may be
determined. For both ATS-1 and ATS-3,the maximum deviation from any station between the
computed measured mean value and the predicted value is 3.0 db. The single measurement
on ATS-5 in the MA mode shows correlation within 1,3 db.

In the uplink path-loss calculation, satellite received power (Prs)is measured in the
FT mode bya power detector in the spacecraft and its value transmitted to groundvia telemetry.
In the MA mode, Prs is measured indirectly by monitoring the peai{—to peak amplitude of a
received tone at the output of the ground receiver. A calibration curve that relates the above
amplitude to Prs is employed for this measurement. This technique is possible because of the
unique manner (SSB/PhM) in which the uplink MA mode of operation is instrumented. To date,
the data shown in table 8.1 does not show any consistent difference between the two modes.

Prs is measured in the MA mode on ATS-5 which has a spinning antenna, by noting
the deviation of the PhM downlink during the burst of received signal measured when the s/C
antenna is pointing towards the earth. The technique involves synchronizing a spectrum analyzer
to sweep only during the peak of the spacecraft antenna beam pattern. When the first sideband
equals the carrier power of the IF downlink spectrum,the modulation index is equal to 1.435
radians. By knowing the spacecraft modulator deviation constant,the spacecraft-received
signal power may be calculated.

The downlink path-loss values for Cooby Creek are shown in table 3.1. Starting
with test data acquired January 19, 1968, spacecraft Antenna Beam Position (ABP) for ATS-1
in most cases is recorded. From this, the off-beam center allowance can be calculated for any
ground station. This telemetry data is available only for the ATS-1 spacecraft.

From knowledge of the spacecraft ABP, the off-beam center allowance may be
determined by finding the stations position in the beam cross-section pattern. While the in-
flight spacecraft three-dimensional transmit antenna beam pattern has not been measured, an
adequate approximation can be obtained by assuming a parabola in both elevation and azimuth
sections and an ellipse in cross section. Where the ABP data has been available,the correc-
tion for assumed antenna gain has been modified and used to correct measured downlink path-
loss values. “As shown in table 3.1,the use of this correction factor increases correlation in
both the FT and MA modes from 2 db to within 1 db.

Che lack of ABP data on ATS-3 makes an accurate determination of the off-beam
center allowance impossible. An allowance of up to 2 db is made when it is indicated that
the stations have not optimized the beam prior to running the test. This could account in part

for the somewhat higher path-loss values measured for ATS-3.



While an ABP rea.dou&t was not considered essential on ATS-3 due to the complexity
and resultant size and weight of such a system, it is apparent from the above data that such a
system is required in order to realize accurate results. This is more true in the case of ATS-3
than ATS-1 in that on ATS-3,both the transmit and receive antennas are oriented by the same
control system. Errors, therefore, are reflected in both the measured ﬁplink and downlink
path losses. On ATS-1, with its broad beam from the collinear receive 'array, the full
antenna gain is easily realized.

Excellent correlation has been attained on downlink measurements on ATS~5,to date,
using the synchronizing technique mentioned above. The mean value is only 0.6 db higher
than the predicted.

Measured path-loss variations, within a test run, of approximately 1 db have been
observed in manual and automated tests. These variations are due to variations in Prs and
Prg' Time records for these two factors show a distinct 1. 6-Hz frequency component exists
in the continuous plot. This frequency is edual to the spin rate of the satellite. The Prg
variations within a test run are caused by variations in Gts‘ This latter factor is supposed
to be held constant by the PACE or MACE system which nullifies the spinning effects of the
satellite. The one-db variation in Prg can be taken as a figure of merit for the PACE and

MACE Antenna Control Systems.
3.1.1.3 Conclusions

The best estimates for uplink and downlink path losses for ATS-1, ATS-3, and
ATS-5 are presented in table 3.1. For ATS-1, the data from the Cooby Creek ground station
shows excellent correlation between measured and predicted values with a maximum deviation
of 0.6 db for the uplink path loss and 0.8 db for the downlink value. Correlation of the down-
link measured values has been enhanced by correcting for off-beam center allowance.

On ATS-1 for the uplink pathloss, the main reason for the deviations has been the
inaceuracies in measuring Ptg and Prs' The indirect method of measuring Prs in the MA
mode and AGC method in the FT mode,both show comparable measurement errors.

Test results on ATS-3 show a slightly larger deviation than ATS-1 data. Rosman
shows 3. 0-db maximum deviation on the uplink and 2. 5-db maximum on the downlink. Mojave

measurements indicate 1.9 db on the uplink and 3.0 db on the downlink.

The larger deviation for the ATS-3 uplink data is due in part to the assumed
value for Gr - The much narrower receiving antenna beam on ATS-3 results in a loss of
gain when not positioned properly. With the broad receiving beam on ATS-1, the actual

maximum gain is truly being realized.

For the downlink path loss, the measurement errors in Pr and the assumed
value for Gt g 2re the main cause of the deviations. The present method of employing C/N
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measurements to obtain Prg in place of AGC calibration readings shows an improved correla~
tion between measured and predicted values for this parameter. The lack of ABP data makes

an accurate determination of Gts impossible.

Good correlation has been obtained between the predicted and measured path loss

values when operating with ATS-5.
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TABLE 3.1. SUMMATION OF MEASURED AND PREDICTED PATH-LOSS VALUES
FOR MANUAL TESTS (ATS-1, ATS-3, AND ATS-5)

Uplink Path Loss 90% Nambey | Dovnlink Path Loss| g4 Nummber
Station |gatet-|Mode [Prodictedt] Mea. | Confidencel’ s oot [ Predictedy Mea- | Confidence| of test
lite @) | Mean | Inferval j'p., . (@) | Mean | Igterval | Runs
{db) (db) (db)

Rosman] 1 T 200, 8 202.0 +2.36 5 197.1 186.9 #1.85 5
Rosman] 1 | MA | zoo.s 2025 | =078 | 6 197.1 1197.5 | =3.8° | 3
Mojave| 1 | ¥r | 2003 |199.7 | w0.025] 7 196.6 |197.8 | s2.92 | &
Mojave| 1 |MA | 200.3 {2013 | s1.38 | 9 196.6 |198.5 | 169 | 10
Cooby | 1 |®r | 2006 (2012 | =20.38 | @ 196.9 |199.0 | s0.42 | 49
1977 0,54 | 32
Cooby | 1 |mA | 200.6 i200.8 | =0.36 | 45 198.9 |198,0 | «0.50 | 42
19774 20,74 | 20
Rosman| 3 | ®r | 200.0 |208.0 | :0.46 | 20 196.3 |108,6 | «0.545 | 22
Rosman| 3 |MA | 200.0 |202.7 | =076 | 18 196.3 |198.8 | =s0.86 | 17
Mojave | 3 | FT | 200.2 j202.1 | #0.66 | 12 196.5 |189.5 |- s0.24 | 18
Mojave | 3 |MA | 200.2 |201.7 | =s0.88 | 13 196.5 [197.5 40.86 | 11
Mojave | 5 | MA | 199.9 |201.2 1 196.3  [196.9 1

*Predicted values are based upon frequencies of 6301-MHz uplink and 4179-MHz downlink for Rosman,
otherwise frequencies of 6212-MHz uplink and 4120-MHz downlink are used.
*¥Corrected for Off-Beam Center Allowance.
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3.2 MULTIPLEX IF/RF AND BASEBAND PERFORMANCE EXPERIMENTS
3.2.1 BASEBAND NOISE POWER RATIO (MA-BB-1.1 and FT-BB-1.1) (E.E. Crampton)

3.2.1.1 Description and Test Results

OBJECTIVE

The objectives of this experiment are to: (1) Determine the noise characteristics
of the SSB-FDMA/PhM (multiple access, MA) and FM-FDM/FM (frequency translation, FT)
modes of operation, and (2) Determine the optimum test tone~to-noise (TT/N) for the various
ATS earth station/spacecraft configurations.

The optimum TT/N ratios, the noise power ratio (NPR) should be maximum;
therefore, the following relationships are developed to evaluate the effect of various system
parameters on optimum system performance:

1) Test tone-to-noise due to modulation (TT/(I + A ) and test tone-to-idle noise

TT/R+Ni) as a function of channel loading and baseband frequency for the ATS

system configurations listed below:

a) Earth station antennas: 85 feet at Rosman, and 40 feet at Mojave and
Cooby Creek.

b) Spacecraft EIRP: ranges from 49.4 dbm to 56.5 dbm.

2) Optimum channel test tone level for most efficient use of spacecraft/earth
station configurations.

TEST CONDITIONS
The following test conditions are applicable to this analysis:

1) Mode of operation - Each test was performed in one of two modes; multiple
access SSB-PhM (MA), or frequency translation (F'T).

2} System Configuration - All experiments were separated into various ground
station-satellite groups (e.g., Rosman and ATS-3). Each group provides
manual test data for single station tests. The data varies between groups due
to differences in ground station G/T values and satellite radiated power (EIRP).

3) Controlled parameters - Table 3. 2 lists the nominal system parameters which
were controlled for the FDM tests.
4) Uncontrolled variables - The uncontrolled variables that have the most

significant effect on system performance are path loss variations, S/C
antenna pointing, and system noise temperature. The effect of these variables

may be partially offset by normalizing NPR and TPR data to a particular
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carrier-to-noise ratio, (C/N), as discussed in paragraph 7.6.1. Also weekly
system noise temperature is presented as supplementary data to this section.

STANDARDS

The recommended standards relating to user requirements for an FDM telephone
channel are defined in terms of channel test tone (TT)-to-noise ratio which is related to the
NPR of the multiplex channel by system constants; namely, channel bandwidth, channel loading,
and channel bandwidth weighting. Therefore, no conclusions regarding user requirements
will be presented in this paragraph. For an equivalent TT/N (F1A weighted) of 50 db, the NPR
is: Rosman, 30.5 db, Mojave and Cooby Creek, 30.8 db. These values are obtained by using
7.5.2.

the equations given in subsection

TABLE 3.2. NOMINAL SYSTEM PARAMETERS FOR FDM BASEBAND TESTS

Station
Parameter Rosman Mojave and
(85-Ft antenna) Cooby Creek
(See Note 1) (40-Ft antenna)
Channel Spectrum (No. of channels) 1200 240
Baseband Channel Spectrum (kHz) 316-5564 316-1300
Channel Loading* {dbm0} 15.8 8.8
Receiver IF Bandwidth
(3 db) (MHz) 30 nominal 12 nominal
(Noise Bandwiylth) (MHz) 35.5 15.5
FDM Channel Bandwidth (kHz) 3.1 3.1
Channel Weighting (F1A) (db) 3.0 3.0
Peak Deviation of Carrier (FT Mode)
per channel (kHz) 690 1230
Total Baseband** (MHz) 9.6 7.6
Spacecraft Received Power
SSB-PhM Mode (Per Channel) (dom) ~-87.0 -87.0
FT Mode (Total) (dom) ~73.0 ~73.0
Peak Test Tone Modulation Index
At Spacecraft (SSB-PhM Mode)
(Per Channel) (Radians) 0.35 0.35
Total Baseband {Radians) ** 4.84 2.12

NOTE 1 - Mojave is also capable of 1200 channel operation with ATS-3.

* The CCIR recommended noise loading for N channels is applied to a baseband spectrum of
N channels. Refer to paragraph 7.6.3 (System Loading) for a complete discussion of the

FDM Multiplex System Loading.

** Calculation assumes a peak to rms factor of 10 db.
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TEST RESULTS
NOISE CHARACTERISTICS

Following is a list of figures which show the baseband noise characteristics in
both the FT and MA modes. Both idle {no modulation) and loaded (with modulation) conditions

are included.

Figure 3.1 (FT Mode, idle noise spectrum at various
C/N ratios)
Figure 3.2 (FT Mode, loaded noise spectrum with sinusoidal

modulation at various C/N ratios)

Figure 3.3 (FT Mode, effect of CCIR 240 and 1200 channel
telephony de-emphasis on idle noise spectrum)

Figure 3.4 (FT Mode, 1200 channel intermodulation noise
spectrum derived from multitone testing)

Figures 3.5 (MA Mode, noise spectrum for idle and nominal 1200

and 3.6 channel white noise modulation)

TFigures 3.7 (MA Mode, individual noise spectrums at various

through 3.9 C/N ratios for sinusoidal medulation)

Figure 3,10 {MA Mode, 1200 channel intermodulation noise

spectrum derived from multitone testing)

The following list of figures show the resulis of several one tone, two fone, and
three tone tests for the MA mode as well as the FT mode which were performed on ATS-3.
These figures show the harmonic or intermodulation products relative to the power of the
fundamental tones used in these tests.

Figure 3.11 (Mojave, MA, two station - two-tone test)

Figure 3.12 (Rosman, MA Mode two station - two-tone test)
Figures 3.13 {Rosman, MA Mode, one; twozand three-tone tests)
through 3.15

Figures 3.16 (Mojave, MA Mode, one; two;and three-tone tests)
through 3.18

Figures 3.18 (Rosman, FT Mode, one-and two-tone tests)

and 3.20

Figures 3.21 (Mojave, FT Mode, two-and three-tone tests)

and 3.22



Figures 3. 23 and 3. 24 show typical group delay measurements through ATS-3
repeaters for the Mojave and Rosman earth stations. Also shown in these figures are the
first two terms of the group delay expansion continuous function about 70 MHz.

SYSTEM OPTIMIZATION

SSB-PhM (MA) MODE

The figures in the following list show the loaded noise power ratio (NPR), idle
noise power ratio (TPR), and test tone-to-noise ratio (TT/N) (idle and loaded conditions) as
a function of test tone power for various channels across the baseband. Also shown, as a
function of test tone power, is the test tone-to-intermodulation noise plus A noise (theAnoise
component is only significant at low carrier-to-noise ratios). The ordinate of these curves
represent the mean values of several test runs. A single curve representing the channel fre-
quencies is shown whenever the mean NPR or TPR were within 20.5 db for several channels.

Figures 3.25 (Cooby Creek, ATS-1, 52.2 dbm EIRP)
and 3.26

Figures 3.27 (Mojave, ATS-1, 52.2 dbm EIRP)

and 3.28

Figures 3.29 (Mojave, ATS-3, 54.6 dom EIRP)

and 3.30

Figure 3.31 (Rosman, ATS-1, 52.2 dbm EIRP)
Figure 3.32 (Rosman, ATS-3, 52.2 dom EIRP)

The following figures show the NPR values versus the variation of test tone
power for five different values of loaded baseband bandwidth (Bn) corresponding to 180
channels, 240 channels, 600 channels, 960 channels, and 1200 channels. Also shown is the
optimum operating point for each Bn'

Figures 3.33 (Rosman, ATS-3)

and 3. 34

Figure 3. 35 (Mojave, ATS-1)
Figure 3. 36 (Cooby Creek, ATS-1)

Figures 3.37, 3.38, 3.39, and 3.40 show the relative signal power spectrums
as well as the SSB transmitter power output at the optimum test tone level for each loading
bandwidth, Bn.

Table 3.3 presents a summary of link performance limitations. The table
indicates whether the system is uplink or downlink limited (or optimized, arbitrarily defined
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for purposes of this analysis as when the uplink and downlink test tone-to-noise performances
ave within 2 db of each other). The table also indicates whether intermodulation or thermal
noise is the limiting factor within the channel. Table 3.4 presents a summary of baseband
performance, at both optimum test tone power as well as nominal test tone power. Also
shown in this table is the change in test tone power from nominal required to optimize the
system for the various conditions tested. Measured downlink C/N ratios for various test
conditions are also given (S/C antenna is beamed to the sub-satellite point for these tests).

FT MODE

The figures presented in this section represent the mean values of numerous
tests. The following is a list of figures which show the NPR/TPR ratios, TT/N ratio, and
TT/(I + &) ratio as a function of test tone level. The optimum test tone level is also shown.

Figures 3.41 (Mojave, ATS-3)
and 3.42
Figures 3.43 (Mojave, ATS-1)
and 3.44
Figures 3.45 (Rosman, ATS-3)
and 3.46

Figure 3.47 shows a typical comparison between FM (with and without
pre/de-emphasis) and PhM using the FT mode on ATS-3.

Table 3.5 presents a summary of link performance limitations. The table
jndicates whether the system is uplink or downlink limited (or optimized when the uplink and
downlink test tone-to-noise performances are within 2 do of each other). The table also
indicates which noise component is the limiting factor in the total link for either the high or
low channel. The user requirements as they apply to the ATS system are discussed
extensively in paragraph 3.4.1, and are directly applicable to this analysis.

Table 3.6 summarizes TT/N (loaded) and NPR performance in both the high and
low channels for nominal and optimum test tone level. In these tables the change in test tone
power necessary to optimize system performance is also included. Table 3.6 presentis a
summary of performance with and without CCIR recommendation 275-1 (Oslo, 1966) for

pre/de-emphasis circuits.

SYSTEM NOISE TEMPERATURE

The figux:es presented in this section are a time record on a weekly basis of the
noise temperature for the three stations. Figure 3. 48 is the time plot for the three stations
when operating with ATS-1. Figure 3.49 gives the time plot for Mojave and Rosman when
operating with ATS-3.



3.2.1.2 Analysis

This analysis is divided into three sections: NOISE CHARACTERISTICS, SYSTEM
OPTIMIZATION, and SYSTEM NOISE TEMPERATURE. In the NOISE CHARACTERISTICS
section the significant types of noise in the ATS system are presented and discussed. The
SYSTEM OPTIMIZATION section presents test tone-to-noise ratios as a function of test tone
level and discusses variations of the noise characteristics as the test tone level approaches
the point at which maximum test tone-to-_noise is reached (optimum operating point). Also
included in this section is system optimization for other than 240 and 1200 channel loading.
The SYSTEM NOISE TEMPERATURE section presents the system noise temperature variation

over approximately a 3-year period on a weekly basis.

NOISE CHARACTERISTICS

In theory, the output noise characteristics of an FM or PhM receiver are
developed in terms of an input carrier-to-noise (C/N) ratio to the discriminator and system
non-linearities. Practically, C/N ratio is dependent on several factors, but primarily
spacecraft EIRP and earth station G/T ratio. In the ATS system, spacecraft EIRP ranges
from 49.4 dbm to 56.5 dbom while the earth stations obtain G/T theoretical ratios of 32.2
and 39. 6 db for parabolic antennas of 40 feet and 85 feet in diameter, respectively. At the
extremes, for example, in a multi-station configuration using ATS-1 (EIRP of 52. 2 dbm) with
1200~channe! loading, both Cooby Creek and Mojave (G/T ratios of 32.2 db) operate with a
C/N ratio near 7 db. Rosman (G/T ratio of 39.6), on the other hand, when using ATS-3
(EIRP of 56. 6 dbm) operates with a C/N ratio near 20 db. To analyze the FT and SSB-PhM
(MA) modes of operation over this range of C/N ratios, the noise characteristics are dis-
cussed in terms of four significant components. These components are intermodulation

noise (I), thermal noise (R) and threshold noises (Ni) and (A) and are defined as follows:

(1) = Intermodulation noise which varies with the degree and form of modulation
and is caused by system non-linearities, but is not a function of C /N ratio.

(R) = Thermal noise which varies linearily with decreasing C /N0 (carrier-to-

noise density ratio).

(N.) = Threshold noise due to impulse (or "click") noise that is a function of C/N

and varies in a non-linear manner with C/N.

(4) = Threshold noise due to impulse noise that is not only a function of C/N
(varies in a non-linear manner with C/N ratio) but also the degree and
form of modulation employed.

Atlow C/N ratios (7 to 10 db), the threshold components (Ni) and (4) or (Ni +A)
are predominant in the lower portion of the baseband. In the intermediate range of C/N ratios,

3.13



which for the ATS system is 11 to 15 db, thermal noise (R) predominates. At high C /N

ratios {20 db), intermodulation noise (1) predominates since the other noise components,

which are a function of the C/N ratio, become insignificant. In the following analysis, the
measured noise characteristics are presented and their effect on inulﬁplex channel performance

is discussed in more detail.
THERMAL NOISE

In an angle modulated system, basic theory shows that the spectral characteristics
of the thermal noise power at the output of the detector or ¥M discriminator varies as the
square of the baseband frequency, «, for high C/N ratios. Stated mathematically, noise
power density (ND) is given by,

X kel

Sl
n
Q

where C /N is the input to the discriminator defined in a unit bandwidth and K is the dis-
criminator constant. The resulting output baseband noige power spectrum is commonly
termed parabolic and is characteristic of the FT mode of operation at high C/N ratios.

In the SSB-PhM (MA) mode, this parabolic spectrum is passed through a
de-emphasis network with a transfer function of 1/ +o/fe a)’ where o is the frequency
at which the response is down 3 db. When (o/ma >> 1, the noise density output of the
de-emphasis network is independent of », and the resulting flat noise spectrum is
characteristic of the SSB-PhM (MA) mode at high C/N ratios.

Figure 3.1 shows the baseband idle noise characteristics (no modulatlon) in the
PT mode without de-emphasis. At C/N ratios above 10 db, the primary contributor to the
noise spectrum in the 316 kHz to 5564 kHz baseband is thermal noise (R). It can be seen that
the R component increases approximately as the square of the baseband frequency. As egpected,
the measured results are consistent with the FM theory previously discussed.

System signal-to-noige performance can be improved at the high end of the
paseband with the use of de~-emphasis o equalize the noise component R across the baseband.
Figure 3.3 shows the equalization of the baseband idle noise based on the standard CCIR 1200
channel de-emphasis network (Recommendation 275-1, Oslo, 1966), as well as the CCIR 240
channel de-emphasis network. Characteristically, the noige is increased at the low end of
the baseband, while at the high end, itis decreased relative to the idle noise without de-~
emphasis.

Optimum de-emphasis for the FT mode depends on the amount of increase in
noise which can be tolerated in the Iow end of the baseband to improve the high end and must



take into account any increase in non-linear noise in the low end of the baseband due to system
non-linearities. For the particular case shown, a maximum improvement of 4 db is realized
at the high end while the low-end degradation does not exceed 4 db for the 1200-channel network.
On the basis of the 240-channel de-emphasis network the noise is equalized such that a maxi~
mum test tone-to-idle noise improvement of 4 db is realized at the high end of the baseband,
while the low-end degradation does not exceed 3 db.

The flat noise spectrum which describes the thermal noise characterisitics of the
SSB-PhM (MA) mode is shown in ﬁgure 3.5. If can be seen that for C/N ratios above 10 db,
the measured noise spectrum is essentially flat across the 316 kHz to 5564 kHz baseband.

THRESHOLD NOISE

ATS earth station/spacecraft configurations provide a variety of C/N ratios, as
mentioned previously. At C/N ratios of 10 db or less, it was noted that the noise level
increased in the lower end of the baseband (342 kHz, 768 kHz region) for both the FT and MA
modes above that expected by the equation for thermal noise given previously. This
phenomenon of increased low frequency noise in the baseband noise spectral characteristics
at the FM discriminator output for the threshold region has been ana;fyzed in a number of
publications (42,44). It is explained by noting that the baseband noise consists not only of
thermal (parabolic) noise, but also a flat noise which is a critical function of C/N, This flat
noise spectrum is sometimes called impulse (or’ ';click'!) noise.because the amplitude is
proportional to the number of impulses ("clicks™) per second. The flat noise spectrum arises
from the fact that the frequency response of the baseband filter is essentially flat within the
regions of interest for an impulse input. Fpr thié analysis this flat noise has been divided
into two components: Ni’ the threshold noise which is only a function of C/N, and 4, the
threshold noise which is due to the degree and form of modulation as well as C/N ratio. At
low C/N ratios (below 10 db), the threshold noise components become dominant in the low
end of the baseband relative to the thermal noise.

It can be seen in figure 3.1 that as C/N is decreased, the Ni component causes
the noise spectrum to become flat in the low end of the baseband as discussed above. In
going from a C/N ratio of 18 db to 8 db, the Ni threshold component increased the total idle
noise approximately 1 db at 342 kHz.

When modulation is applied, the A component is present and this case is shown
in figure 3.2. In going from a C/N ratio of 18 db to 8 db, both threshold components
(Ni + A ) now increase the total noise approximately 13 db at 342 kHz. Thus the A component
contribution is approximately 11.5 db above the idle noise terms at this baseband frequency.
To arrive at the above results, single tone modulation (10-MHz peak deviation) was used so
that baseband intermodulation products would not contribute to the increase in noise with
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modulation. Although the form of modulation used to simulate multichannel telephony is
different from that used for this test, the significant A noise component contribution discussed
above is indicative of the presence of this compornent when a white noise-like signal is used

for modulation.

Also it can be pointed out that the rms frequency deviation used for 1200 channel
telephony is about 3.8 MHz while the sinusoidal modulation rms frequency deviation used for
this test was about 7 MHz. Thus for 1200-channel telephony the A noise component should not

be as great as shown in figure 3. 2.

Noise characteristics for the PhM (MA) mode downlink were determined by noise
loading the test modulator (316 kHz to 5564 kHz). The PhM detector is configured by
employing an FM discriminator followed by a 8 db per octave de-emphasis network. At high
C/N ratios (above 10 db), the discriminator output noise spectrum is parabolic, thus the
de-emphasis network output noise spectrum is flat. At low C/N ratios (below 10) , the noise
spectrum which is flat prior to the de-emphasis network is equalized such that the de-emphasis
network output noise spectrum increases as a function of decreasing baseband frequency.

These conditions are shown in figures 3.5 and 3. 6.

A further indication of the threshold noise effects in the SSB-PhM (MA) mode is
shown in figures 3.7, 3.8, and 3.9. The A component shown in these figures was measured
by applying a 40 kHz tone to the FM modulatoi‘. The peak frequency deviation was set at
10 MHz. The measured data at the output of the FM discriminator was analytically altered
by the PhM de-emphasis network transfer function to determine the shape of the noise
spectrum for the output of the PhM receiver.

1t can be seen that at a C/N ratio of 20 db (figure 3.7) both threshold components
are about 6 db below the thermal noise at 316 kHz. As the C/N ratio decreases, both Ni
and A components increase. However, ata C/N ratio of 8 db (figure 3. 9) the A component
is dominant and in the worst case (at 316 kHz) it is about 14 db above the thermal noise.
Basically, these figures show that both thermal noise and the threshold component Ni are
jndependent of modulation and are present regardless of the type of modulation. it can also
be seen that the A component contributes the larger amount of noise at a low C/N ratio.
Although the degree and form of modulation used to determine A shown in figures 3.7, 3.8,
and 3.9 are different from the nominal SSB-PhM (MA) mode signal characteristics, these
figures clearly indicate the presence of the component in the baseband spectrum. It can be
noted, however, that the effective frequency deviation for this test is somewhat larger
compared to the effective frequency deviation of the SSB-PhM (MA) mode for 1200-channel
operation. For example, the effective frequency deviation was 7 MHz for this test, while
the effective frequency deviation for 1200-channel loading in the MA mode is approximately
5 MHz, thus the A component is expected tobeless for 1200-channel loading than shown in
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these figures. This conclusion of A noise increasing with modulation has been shown

. (41:\
analytically by Rice
NON-LINEAR NOISE

Intermodulation and harmonic non-linear baseband distortion using the various
ATS earth station/spacecraft configurations is generated from several sources. In the FT
mode (for single carrier operation) and the downlink portion of the SSB~PhM (MA) mode there
are essentially three separate sources of baseband distortion caused in the IF-RF transmission
medium; amplitude response non-linearities, phase response non—linearitie's, and spectrum
truncation of the modulated signals. These affect the modulated signal spectrum in such a
way that linear distortion occurs. It is not until the demodulator operates on the IF-RF
signal spectrum that new frequencies or non-linear distortion is generated in the baseband.
Also in these modes, the non-linearity of the FM or PhM modulators and demodulators
create non-linear distortion. In the uplink portion of the SSB~-PhM (MA) mode and the base~
band amplifiers of both modes, the chief cause of non-linear distortion is the non-linear

dynamic amplitude transfer characteristic.

The sensitivity of the system to amplitude response deviations of the phase
modulated downlink signals (SSB-PhM (MA) mode) and the frequency modulated signals
(FT mode) is reduced as the index of modulation is increased(48). Since for nominal
1200-channel conditions the modulation index is large, the importance of amplitude response
deviations is greatly reduced and thus is not considered significant for the ATS modes of
operation.

It should be noted that harmonic distortion is insignificant compared to inter-
modulation when a white noise-like signal is used for modulation. The harmonic distortion
is insignificant for two reasons: (1) the number of harmonic products of any particular order
is at least an order of magnitude less than intermodulation products of the same order; and
(2) the magnitude of the harmonic products is several db below the level of the intermodulation
products of the same order.. Therefore, intermodulation distortion will be used instead of
non-linear distortion in the following analysis, except where harmonic distortion is specifi-
cally included. When considering baseband non-linear distortion in terms of its effectin a
multiplex channel, it is present as additional noise regardless of whether or not the channel
is being used. Thus the term noise will replace the term distortion in the subsequent analysis.

The non-linear noise is determined by two techniques; multitone tests and noise
loading tests. In the noise loading test, the system is modulated with a white noise-like
signal (which simulates multichannel telephony)in a manner which follows CCIR Recommendation
353-1, Oslo, 1966. A Marconi Noiée Test Set OA2090 is used to determine the signal density-
to-total noise density ratio (NPR) as well as the signal density-to-idle noise density ratio
(TPR). The signal for this.analysis is the reference level measured with the Marconi Test Set.
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The use of NPR and TPR is used extensively in this section as a basis for analysis

and therefore these terms will be defined as follows:

NPR - The ratio of the noise in a slot channel in the baseband when the system is
noise loaded to the noise in the slot channel when noise loading is removed from that channel.

This ratio is a measure of the total noise present in the slot channel.

TPR - The ratio of the noise in a slot channel in the baseband when the system is
noise loaded to the noise in the slot when noise loading is removed from the system. This

ratio is a measure of the idle noise present in the channel.

By removing the contribution of the idle noise from the total noise the signal density-

to-intermodulation noise density ratio (K) may be determined from the following:
_ (NPR) (TPR) -

K= TOR)-(NPR) (numeric)
This equation applies whenever the C/N ratio is above threshold. In the threshold region it
should be noted that the above equation yields the signal-fo-intermodulation plus A density
ratio, since the equation essentially removes the effect of idle noise components from the
total noise leaving only the noise which can be attributed to modulation from all sources in

the system.

In the SSB-PhM (MA) mode care must be taken in analyzing the NPR/TPR
results. In this mode there is an attenuation roll-off of approximately 3 db at the highest
baseband frequency (5.6 MHz) in the SSB uplink. This rolloff causes less equivalent fre-
quency deviation for the highest baseband channels on the PhM downlink which can cause the
signal density-to-intermodulation density to be in error up to 3 db in the lowest portion of the
baseband. This error results from the fact that the second order intermodulation spectrum
in the low end of the baseband is changed when a net baseband roli-off is present at the input
to the §/C modulator. This same type of error is also present either in the uplink due to the
third order intermodulation spectrums caused by transmitter non-linearity (amplitude) and

other non-linearities in the downlink (phase or amplitude).

In the MA mode there is no practical way of measuring group delay of the PhiM
downlink. However by assuming typical group delay coefficients measured through the link
in the FT mode for the MA mode PhM downlink phase non-linearity, additional conclusions
can be drawn from the two tone test results. These group delay coefficients should represent
2 maximum value since the earth station IF-RF receiving equipment is the same in each mode
as well as the transmitter sections of the S/C repeater. For the F'T mode additional group

delay is introduced in the ground transmitter and input sections of the 8/C transponders.
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I'he amplitudes of intermodulation products in multitone tests in the MA mode
are a function of the frequency of the fundamental tones when these products are caused by
downlink phase non-linearity or discriminator non-linearity. However, when the cause of
the intermodulation products are from amplitude non-linearities in the uplink or the S/C
modulator, these products are not frequency dependent. These results are arrived at in sub-
section 7.7, Similarly, in the FT mode the intermodulé.tion products in a multitone
test caused by phase non-linearities in the total link are dependent upon the baseband fre-

quency at which these products are measured.

Figures 3.11 and 3. 12 show the results of a two tone multi-station test.in the
SSB-PhM (MA) Mode. Mojave and Rosman each transmitted one tone at 12. 8 dbm0 (3 db
below the nominal aggregate of 15. 8 dbm0 for 1200 channel operation). This test was con-
ducted on ATS-3 with a spacecraft EIRP of 54. 6 dbm. The results show the magnitudes of
the various orders of intermodulation and harmonic products relative to the fundamental
tones. The results are then compared to the SSB-PhM (MA) mode one, two, and three tone
single station tests shown in figure 3.13 through 3.18.

These SSB-PhM (MA) mode tests show that the third order 2£1~f2 type products
were the largest in magnitude on single station tests while in the multistation tests this type
of product is not present. Fifth order products also follow this trend although the fifth order
products are not as significant in amplitude as the third order. At Rosman the third order
products measured in a two tone single station test are approximately 33 db below the total
fundamental power. At Mojave the 2f1 -f2 third order products are approximately 39 db below
the total fundamental power. From the foregoing, it can be concluded that the 21y - 1, third
order and 3f1—2f2 fifth order intermodulation products in the single station test are caused
solely by the SSB earth station transmitter. Third and fifth order products such as 2f1 + f
3f1 or 3f1 + 2f2 cannot be generated in the SSB transmitter since these products fall out of

band.

9

Using the fundamental frequencies shown in figures 3.11, 3.12, 3. 14,0r 3.17
{and the equations in sub-section 7.7), the calculated second order products caused
by non-linear phase response in the IF-RF portions of the PhM downlink are negligible when
compared to the meaéured values shown in these figures. This fact follows because the fre-
quency of the fundamental tones are relatively low in the baseband. Therefore, the measured
intermodulation products are not expected to be caused primarily by phase non-linearities.
The frequency of the fundamental tones must be in the upper portion of the baseband for second
order intermodulation products caused by IF-RF non~linear phase response to be approximately
the value of those shown in figures 3.11, 3.12, and 3.17.
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It can be noted that in the multistation tests (figures 3.11 and 3. 12) the second
order products are approximately the same level xﬂeasu;ed at either station. It has also
been obsei‘ved that when the frequency of the fundamental tones is reduced trom those used
in these figures, tile amplitude of the intermodulation products did not reduce in value! Thus,
it can be concluded that the second order intermodulation products shown in these m'ultistétion
two tone'tests are primarily caused by the S/C modulator. This follows sincé these products
were not'a function of fundamental frequency, which eliminates phase noh-linearitiés and: the.
earth station demodulator as the sources of these intermodulation. Furthermore these
products could not be generated in the earth station transmitter since ‘each station transmitted'

only one tone.

When a two-tone multistation test (both stations receive) is performed such that
both fundamental frequencies (in upper portion of bageband, 3.886 MHz anc'i 5.34 MHz) ‘are
transmitted by a single station and the test tone deviation is increased above nominal a
significance difference in level (10 db or greater) is noted in measurements of second order
products made at Rosman and Mojave earth stations. The second order products measured
at Mojave were i2 db above the proriucts measured at Rosman. Since the fransmitting 9arfh
station and spacecraft were the same for each measuring earth station, it can be concluded
that tile Mojave earth station non-linearities (phase in IF-RF region or discriminator) are
gréater than at Rosman. From group delay measurements (see figures 3.23 and '3.24) it
can be been that the measurements made at Mojave show the total panabolib group &elay as
well as-the linezui group élela:ﬁ' t'o be less than the measurements at Rosman. From the above,
it appears that the Mojave discriminator non-linearity is the source of these intermodulation

products.

Figures 3.19 through 3. 22 show the results for two and three ‘tone single station
tests at Mojave, and one and two tone 'single station tests at Rosman inthe FT mode. The
intermodulation products shown in these figures are a function of baseband frefquency. As an

example, for the same type of product (third order) shown in figure 3. 21, the amplitude of

2f1 - fz, ZEZ - fl’ 2f1 + f2 and 2f2 + fl increase monotonically with baseband:frequency. From
the equations in subsection 7.7, it is shown that the amplitude -of intermodulation pro-
ducts when caused by phase non linearities in the IF-RF portion of the total links are a func-
tion of the baseband frequency at which the products are measured. - It is also shown that the
intermodulation' products caused'by non-linearities of the modulator and discriminator in the
FT 'mode are not a function of baseband frequency. Thus, it is concluded that the dominant.

source of the intermodulation products shown in these figures is the IF-RF phase non-linearity.

There is a definite relationship between the results of two tone tests and signal-
to~intermodulation noise ratio determined from the NPR/TPR results. These relationships

are quite complex from the standpoint that the relative spectrums of various orders of



intermodulation noise must be determined for all significant causes of intermodulation noise,
the sum total of ,which'combines int;a the fotal nonlinear noise spectrum that exists at the
baseband output of the earth station receiver. These relationships have been developed in
severalrpapers for most of the causés of nonlinear noise previously discussed (39, 26,43, 49)

Typical relationships are given in subsection 7.7,

Based on theoretical equations, calculated spectrums, and results of multifone
single-station and multistation tests, the predominant second and third order 1200 channel
intermodulation spectrums are shown in figures 3.4 and 3.10 for the FT and SSB-PhM (MA)
modes, respectively. The amplitudes of intermodulation products caused by various sources
in the system are determined by varying the conditions of multitone tests. For example, the
frequencies of the ft_mdamental tones are varied and multistation two tone tests are used to
isola:te the source of particular orders of intermoélulation products. Next, the second and
third order intermodulation spectrums are computed for a white Gaussian noise input. These
spe‘ctrums are computed by taking the Fourier transform of the autocorrelation function of
the output of the system for which white Gaussian noise is the input. Quasi-stationary
assumptions are made in these- computatlons Using expressions given in subsection

7.7 the measured intermodulation products and specirums are normalized to a common
reference. These spectrums are. shown in figures 3.4 and 3.10. These figures also show
the combmatlon of these spectrums added on a power basis to yield the total intermodulation
spectrum from the multitone test results. Also the intermodulation spectrums computed
from NPR/TPR results are shown for comparison. It can be seen in these figures that the’
total intermodulation spectrums based upon multitone tests and the NPR/TPR measurements
agree within =2 db.

SYSTEM OPTIMIZATION

The curves presented in this analysis are based on typical SSB-PhM (MA) mode
and FT mode NPR/TPR test runs from each ATS station. Utilizing various earth station/
spacecraft configurations, C/N ratios above and below threshold are obtained. At C/N
ratios above 10 db, the threshold noise components are negligible, thus only thermal noise (R)
and intermodulation (I) determine total noise. At C/N ratios below 10 db, both N; and A
threshold noise components contribute to the total noise, particularly at the lower end of
the baseband. For a particular configuration, the contribution of all noise components to the
total noise can be determined by noting their variation with respect to test tone level. In
particular, the combination of TT/(R+Ni) and T'T/(i+4) at low C/N ratios or TT/R and TT/I
at high C/N ratios determines the optimum operating test-tone level.

3.21



System TT/(R+Ni) and TT/(I+ A) ratios are derived from measured NPR and
TPR data. The TT/ (R+Ni) ratio is given by:

TT/(R+Ni) = TPR (db) + 10 log Y (db) and the TT/(I + A) ratio is given by:

TT/(I+4) = (all.numeric) -

(¥) (TPR)
TPR _
NPR

where Ni and A are.negligible at high C/N ratios, and Y is given by,

=B

Y= 3
where K is a function of the number of channels being loaded, b is the channel bandwidth
(FIA weighted), and B is the noise loading bandwidth. The constant Y for the ATS earth

stations is as follows:

10 log (¥) = 19.5 db at Rosman (K = 15.8 db)
10 log (Y) = 19. 2 db at Mojave and Cooby Creek (K = 8.8 db)
In addition, at low C/N ratios, the relatively high level of the total noise causes
the reference level for the NPR and TPR ratios to be in error, thus measured values are
also in error. Corrected NPR and TPR are derived as follows:
‘(RL)+R+ N +4+1

WNPR),, = R+ N +4A+1 ’ ®
RL) + R + Ni+A+I
(TPR), = RN @
1
RL
(NPR), = g Iéi +)A+ i ®
1

where:
(NPR)m = Measured NPR value
(TPR)m = Measured TPR value
(NPR)c = Correct NPR value

(TPR)c = Correct TPR value

RL = Correct reference level



Using enuations (1), (2), (3), and (4) it can be shown that
(NPR), = (NPR), -1

and
(TPR), = TPR [ 1- TNTlRE:l

SSB-PhM (MA) MODE

Figures 3.25 through 3.32 show the variation of TT/N (loaded), T'T/N (idle) and
TT/(I+ A) ratios (all FIA weighted) as a function of test tone level for various earth station/
spacecraft configurations, hence various C/N ratios. Noise variation in terms of NPR and
TPR as well as the equivalent test tone to noise are shown so that station performance can
be compared for differént channel loading and baseband bandwidths. For each configuration,
the point at which system operation is optimum is clearly evident.

As shown in figures 3. 25 through 3.32, TT/N (idle) and TT/N (loaded) increase
linearily with increased system test tone power until thé (I+A) noise term becomes significant
with respect to the (R+Ni) term. At this point the TT/N (loaded) begins to level off, and then
deceases with further increase in the (I+A) noise term. At all earth station/spacecraft con-
figurations utilizing 240 channel loading the (I+ A) noise term was not dominant at nominal
test tone level. This can be seen from the fact that at nominal test tone level the TT(I +4)
ratio is much greater (more than 3 db) than the TT/N (idle) ratio.

The effect of the (I +A) noise term at C/N ratios below 10 db is seen in figures
3.26 and 3.28. The low channels at both Cooby Creek and Mojave, each using 30 MHz IF
filters and 240 channel loading, have degx:aded in TT/N performance because of the threshold
effects previously discussed. For Cooby Creek with a C/N ratio of 7.3 db; the degradation
is 3 db at nominal (TT/N decreased from 36 db to 33 db), and at the optimum operating point
the degradation is 4 db (38 db to 34 db). At the higher C/N ratio of 9.0 db at Mojave, the
degradation is approximately 1 db (36.5 db to 35.0 db at nominal; 38 db to 37 db at the
optimum operating point).

Figure 3. 30 shows TT/N performance at Mojave with 1200 channel loading using
ATS-3. Figures 3.31 and 3. 32 show similar performance at Rosman using ATS-1 and ATS-3.
In the case of Mojave, optimum performance requires a 2-db increase in test tone power. It
can also be seen that intermodulation noise as a function of test tone power is frequency
dependent for both stations above nominal test-tone power. The I +Anoise distribution is such
that it is greatest in the low frequency baseband channels and decreases with increasing base-
band frequency. For example, in figure 3. 32, when test tone at Rosman is increased 4 db
above nominal, TT/N drops 1 db at 1248 kHz relative to 5340 kHz (39.5 db to 38.5 db) while
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at 342 kHz TT/N decreases another 1.5 db relative to 1248 kHz (38.5 db to 37.0 db), resulting
in a spread in "TT/N of 2.5 db between the 342-kHz and 5340-kHz channels. It was shown
previously that-the composite intermodulation spectrum is essentially flat across the baseband
for nominal test tone level (see figure 3.10). When operating above nominal as shown in
figures 3,30, 3.31, and 3. 32 the intermodulation spectrums combine such that this frequency

dependence is evident.

“The effect on TT/N performance of varying the IF filter may be seen in figures
3. 25 through 3.28. In these figures,Cooby Creek and Mojave NPR/TPR performance is
given with the 12-MHz and 30-MHz IF filters. For the higher baseband frequencies, at the
optimum operating point, the TT/N for 12-MHz and the 30-MHz filters are approximately
equal. For example, in figure 3. 27 and 3. 28, at the optimum operating point, Mojave using
ATS-1 has a TT/N of 38.5 db with the 12-MHz filter and TT/N of 38.0 db with the 30-MHz
filter. Also, in figures 3. 25 and 3. 26, Cooby Creek, at the optimum operating point, has a
TT/N of 37.5 db for either the 12-MHz or 30-MHz filter. However, the overall C/N in the
receiver IF is decreased as a result of more noise due to.the wider IF filter bandwidth.
This reduction in C/N ratio (below 10 db) degraded TT/N performance in the low frequency
channels because of threshold effects at both Mojave and Cooby Creek.

Figures 3. 33 through 3. 40 further summarize optimum earth station performance
on the basis of channel loading and 8SB transmitter power output. These figures-also show
the NPR variation with respect to test tone level for loaded baseband bandwidths (Bn) other
than 240 and 1200 channel loading.

Figure 3. 33 shows the NPR values versus the variation in transmitter power
output per channel for five different values of Bn' In each case, the reference power level
was determined according to the CCITT recommendations based upon the number of
channels N, contained within Bn' The NPR data was measured in the 342-kHz baseband slot
(Rosman, ATS-3). The optimum operating point was determined by locating the point at which
the NPR was maximum.

Figure 3.37 shows the baseband signal power spectrum which exists for the
optimum operating point shown in figure 3.33. It should be noted that the total earth station
power output required for the optimized condition varies only 3 db for optimization of 180 to
1200 channels; however, the signal power density undergoes a fotal change of 6.7 db.

The foregoing optimization was based on NPR measurements made in the 342 kHz
slot. Figures 3.34 and 3. 38 show the corresponding curves for measurements made in the
1248 kHz slot. In this case the total earth station power output changes 2.6 db for optimum
performance from 240 to 1200 channels. Similar results were obtained for channel
optimization based upon the NPR measurements at other baseband slot frequencies.



Figures 3. 35 through 3.40 show the résults of similar optimization at Mojave and
Cooby Creek both operating with the ATS-1 spacecraft. In both cases the optimization was
performed based upon NPR measurements made in the 342-kHz baseband slot. In all cases as
Bn is decreased, the SSB transmitter power output is only slightly affected (for optimum,
operation), thus indicating that the increase in TT level required is essentially offset by the
corresponding decrease in Bn'

Table 3.4 summarizes the results of optimization tests performed for a variety
of earth station/spacecraft configurations under maximum loading conditiors (the test data
presented in figures 3. 33 through 3. 40 was not used to compile table 3. 4, however, close
agreement is seen to exist between corresponding system configurations). The measured
NPR and TT/N ratios are listed for nominal conditions as well as the corresponding optimum
conditions. Also shownis the increase in test-tone level required to achieve these optimum
ratios. Table 3.3 summarizes which link, uplink or downlink, limits performance and
which noise component causes this limitation.

FT MODE

Figures 3.41 through 3. 46 show the variation of test tone-to-idle-intermodulation
and-total noise for several typical ATS earth station/spacecraft configurations, hence for
various C/N ratios. Also shown for several configurations is the effect of de-emphasis on
the low and high frequency channels in the baseband.

As shown in figures 3.41, 3.43, and 3.45, TT/N in the low channel (342 kHz),
without de-emphasis, exceeds the CCIR recommendation of 50 db. Characteristically, TT/N
decreases with increasing baseband frequency and for a baseband loaded from 316 kHz to
1300 kHz, figures 3.42 and 3. 44 show that the high channel (1248 kHz) TT/N is about 4 db
below the recommended TT/N of 50 db. For a baseband loaded from 316 kHz to 5564 kHz
figure 3.46 shows that high channel (5340 kHz) TT/N is about 15 db below the 50-db recom-
mendation.

Table 3.6 summarizes the results previously discussed. The measured NPR is
listed for specific earth station/spacecraft configurations as well as the corresponding
optimum NPR. It is evident that the largest improvement realized by increasing TT level
occurs for those configurations where C/N ratio is at or below threshold.

When C/N is low (below 15 db), TT/N can be improved by increasing test tone
level. For example, in the case of Mojave with ATS-1 and 1200~channel loading (table 3. 6)
an increase in test-tone level increases TT/N about 2 db.

Table 3.5 summarizes link performance and shows whether the uplink or down-
link limits performance and which noise component causes this limitation.
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The addition of pre/de-emphasis improves the TT/N in the high channels at
least 3 db with a corresponding 3 db decrease in the low channels. These results are also
shown in figure 3.41 through 3.46, as well as table 3.6. In order to meet a 50-db TT/N
across the entire baseband, compandors are required for the high channels when 1200

channel loading is used.

Figure 3.3 shows the relative thermal noise spectrum for 240-and 1200-channel
bandwidths.  As indicated in the figure, the noise density increases with baseband frequency.
Consequently, the noise is highest in the channel which is highest in the baseband. Figure
3. 3 also shows the effect of de-emphasis (pased on CCIR recommendation 275-1 Oslo) on
the noise spectrum across the baseband. It is seen that this effect is to substantially flatten

the noise across the baseband.

The effect of pre/de-emphasis is further illustrated in figure 3. 47 for several
types of pre/de-emphasis (FM without pre/de-emphasis is shown as a reference). The CCIR
pre/de-emphasis lowers the test tone-to-noise ratio in the lower channels relative to no
pre/de-emphasis, yet raises the test tone-to-noise ratio inthe upper channels. Since PhM
is equivalent to FM with a 6 db/octave pre/de-emphasis, it is shown also. It can be seen
that the CCIR pre-emphasis circuit lowers the test tone-to-noise at 342 kHz by 4 db, while
increasing the test tone-to-noise at 5340 kHz by 4 db. On the other hand a straight 6 db per
octave pre/de-emphasis (PhM) lowers the test tone-to-noise ratio at 342 kHz by 19 db
relative to no emphasis FM, while raising the test tone-to-noise ratio at 5340 kHz by about
5 db. It would appear from the figure that pre/de-emphasis circuits which would optimize
the greatest number of channels having 50 db test tone-to-noise ratio or close fo it would
require pre/de-emphasis circuits somewhere between the CCIR 1200 channel pre/de-emphasis

and the 6 db pre/de-emphasis (PhM).

SYSTEM NOISE TEMPERATURE

Figures 3.48 and 3. 49 show plots of the earth station system noise temperature
(TR) for each station operating with ATS-1 and ATS-3 respectively. The plots present TR
with the earth station antenna pointed in the approximate vicinity of the S/C. Each point
represents the mean of several tests conducted during a one week time interval. It should be
noted that, due to the low elevation angle, the TR value for Rosman using ATS-1 is consider-
ably greater than for any other system configuration (approximately 105°K versus 70°K).
The curves are presented to give an indication of the variation of T_, over a long time

R
interval. The TR value is also recorded each time a test is performed; thus the actual value
is available for consideration when the data is analyzed.
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3.2.1.3 Conclusions

The results of the (SSB-PhM) MA mode tests have been summarized in tables
3.3 and 3.4 with typical performance characteristics plotted in figures 3. 25 through 3. 32.

The optimum test-tone power is reached when NPR is a maximum. 'This con-
dition is essentially attained at nominal test tone power of 15.8 dbm0 at Rosman using either
ATS-1 or ATS-3. At Mojave, optimum operation is reached on ATS-1 for 240 channel loading
at a test tone level of +4 db from nominal, while on ATS-3 for 240 channel loading optimum
operation ig reached at a test tone power of +2 db from nominal. At Cooby Creek, an increase
in test tone power of +4 db would be required to achieve optimum operation.

At Mojave, where one of the test conditions results in 2 C/N ratio of 9.0 db,
threshold effects were noticed (the degration in the 342 kHz channel NPR was 1 db relative
to the 1248-kHz channel). At Cooby Creek,threshold effects caused by a low C/N ratio of
7.3 db in one of the test conditions showed a degradation of 3 db in the 342-kHz channel re-
lative to the 1248 kHz channel.

At all stations in the SSB-PhM (MA) mode the downlink was the limiting link for
all channels, except Rosman.using ATS-1. However at Rosman (using ATS-1, EIRP of
49.6), the uplink (TT/N) and the downlink (TT/N) are within 2 db of each other. For
practical purposes, this link is optimum.

For 240 channel loading NPR has no dependency upon baseband frequency with
increased test tone power, assuming C/N is above 10 db. When 1200 channel loading is
used, then intermodulation noise which varies with frequency is apparent above nominal
test tone power. For example, at Roéman on ATS-3 when the test tone power is increased
+4 db, there is a spread of 2.5 db between the 342-kHz slot and the 5340-kHz slot.

The FT mode results have been summarized in tables 3.5 and 3. 6 with typical
performance characteristics presented in figures 3.41 through 3.46. In this mode, the
thermal noise power, R, increases approximately as the square of the baseband frequency
(as expected from theory). The intermodulation noise power, I, is very dependent upon
baseband loading, and is also dependent upon baseband frequency. Because the baseband
noise spectrum is a function of frequency, it is generally not possible to optimize the
performance of the high and low channels simultaneously by adjustment of test-tone level.
For 240 channels loading the CCIR recommended pre/de-emphasis networks equalize the
noise such that the test tone-to-noise is almost uniform across the baseband. However, for
higher channel loading the spread between the upper and lower baseband chanmnel test tone-
to-noise ratios, when the CCIR recommended pre/de-emphasis networks are used, indicates
that more optimum networks could be employed.
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TABLE 8.3. SUMMARY OF LINK PERFORMANCE LIMITATION, SSB-PhM MODE

8Z°8

Satellite (1'; ) _ (E ) @ Limiting Link ® Noise Limitation
Station Satellite EIRP N/ wp AN/ down t ggﬁ‘&h“k R+N;
(dom) (Based on System Calculations) O Optimum L+
O Optimum System
Rosman ATS-1 49.4 -0.17 o (T+a)
52,2 -2.3 U (I+a)
ATS-3 52. 2 3.1 D I+a4)
54,6 2.4 D I+a)
56.5 2.4 D 1I+a)
Mojave ATS-1 49.4 5.9 D R+N,)
52,2 4.5 D ®+W,)
ATS-3 52,2 7.0 D ®+N,)
54,6 5.0 D ®+N,)
56.5 4.0 D ®+N,)
Cooby
Creck ATS-1 52,2 4.5 D ®+N)

TT >2db
(( N T> down
T

@ By definition, the system performance is downlink limited when (_’_I‘N’L

up
TT ) > 2 db, Optimum when TT _ (I’_I‘__)
N up N up N down

@ By detinition the link is R limited when (R+N,) - ([+4) >2 db, I limited whef (I+A)- (R+N,) >2 db
and Optimum when | (R+N,)- (I+4) | s2db

i e TT <
Uplink limited when ( N) down ( <2dv
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TABLE 3.4. SUMMARY OF BASEBAND PERFORMANCE AT NO! AL AND OPTIMIZED
TEST-TONE LEVEL (SSB-PhM (MA) MODE)

Nominal Optimum Optimum
/€ Loading | IF Low Channel | High Channel | Low Channel | High Channel Powef fers(:n’f [I’\?oemmal ®| Mean
Station s/c ;Egg{nl:) (Channéls) BainMdlel)d th : ] ) TLow High c/N ®

NPR | TT/N | NPR | TT/N| NPR | TT/N| NPR | TT/N| -0 Channel | (db)

(db) | (db) | (db) | (db) | (db) | (ab) | (db) | (ab) (b) ()
Rosman ATS-1[52.2 1200 30 20 39 20 39 20 39 |20 39 0.0 0.0 14.8
ATS-3|54.6 1200 30 24 43 24 43 24 43 |24 43 +0.4 +0.4 19.7
Mojave ATS-1]52.2 240 127 19 38 19 38 20 39 |20 39 +2.5 42.5 13. 0
240 30 16 35 17 36 17 36 |19 38 +3.0 +3.6 9.0
ATS-3{54.6 240 30 21 40 21 40 23 42 123 42 +4.8 +4.8 11.6
1200 30 18 38 20 39 18 38 |20 40 +2.0 +2,0 11.6
Cooby Creek | ATS-1{52.2 240 12 18 37 .18 37 19 38 |19 38 2.0 +2.0 10.6
240 30 14 33 17 36 15 34 |19 38 +4.1 +4.2 7.3

(@ NPR and (TT/N) have been rounded off to the nearest whole db.

@ These values are the measured downlink (C/I8)'s.

The high-channel baseband frequency is 5340 kHz at Rosman and 1248 kHz at
Mojave and Cooby Creek, The low-channel baseband frequency is 342 kHz at all stations. NPR and (TT/N) for intermediate channel fre-
quencies generally fell between the values for the high and low channels. (TT/N) includes a 3 db F1A weighting.

® Optimum occurs when the NPR is a maximum, which is the point where TT/{l + 4 and idle (TT/N) are equal.
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TABLE 3.5. SUMMARY OF LINK PERFORMANCE LIMITATION, FT MODE

@ Limiting Link NoiseRI.nt\}itation
. Satellite D =Downlink i
Station | Satellite EIRP (c /N> - /N ) U =Uplink I+4
(dbm) of up o/ down O = Optimum O = Optimum System
(Based on System Calculations)
Low Channel High Channel
ATS-1 49.4 5.3 D R+Ni R+ Ni
52.2 | | 2.5 D 0 R+ N,
Rosman ;
52.2 1.6 (o] R+Ni R+Ni
ATS-3 54.6 ~0.8 (o] R+Ni R4+ Ni
56.5 -2.2 U ) R+N;
ATS-1' 49.4 11.3 D R+N, R+ N,
52.2 8.5 D [0} [¢)
Mojave 52.2 , D R+N, R+N,
9.0 5 A
ATS-3 54.6 D R+ N. R+ N.
6.6 i i
56.5 5.2 D o o’
Cooby
Creek ATS-1 52.2 8.5 D o] (o]

@ By definition, the system performance is lownlink limited when(C/N()) w” <C/No> down*™> 2 db

Uplink limited when <C/No> down ™ <C/N )

o wp 2 db, and optimum when l(C/No> w” (C/No> down I < 2db

(@) The channel is R+ N, limited when (R+N;) - (I+ A) >2 db, I limited when (+4) - (R+N,) >2 db,
and optimum when (R + Ni) -(I+a)s2db

Low Channel = 316 to 342 kHz
High Channel = 5340 or 5560 at Rosman and 1248 or 1296 at Mojave and Cooby Creek
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TABLE 3.6. SUMMARY OF BASEBAND PERFORMANCE AT NORMAL AND OPTIMIZED TEST TONE LEVEL (FT MODE)

Optimum Uplink

Nominal Optimum
s/c Loadin F Low Channel | High Channel { Low Channel | High Channel PowerTg‘:gxzx‘oll\}gminal Mean
Station | S/C | EIRP (Chamelgs) Bandwidth € € /N
{dom) (MHz) | wpg | TT/N| NPR |TT/N | NPR | TT/N | NPR | TT/N |Low Chanvel | High Channe1| @)
(do) | (@b} | (db) | (db} | (db) | (db) | (db) | (db) (db) (db)
Rosman | FLAT | 54.6 1200 30 39 58 16 35 40 59 16 35 -0.4 +1.4 17.2
ATS-3
FLAT | 56.5 1200 30 40 60 16 36 40 60 17 36 1.0 +2.5 20.2
ATS-3
EMPH | 56.6 1200 30 37 .56 20 40 37 56 21 40 1.0 +2.5 20,2
ATS-3
EMPH | 54.6 1200 30 37 56 20 39 37 56 21 40 0.0 +1.0 17,2
ATS-3
Mojave | FLAT | 52.2 240 12 37 56 27 46 317 56 27 46 0.0 +1.0 12.3
JATS-1
FLAT | 52.2 1200 30 31 50 10 29 32 51 12 31 +2.0 +3.0 9.7
ATS-1
FLAT | 54.6 240 12 38 57 30 49 40 59 30 49 -1.0 0.0 14.3
ATS-3
FLAT | 54.6 1200 30 36 56 12 31 37 56 14 33 +0.8 +3.0 12.1
ATS-3
EMPH | 52.2 240 12 31 50 31 50 33 52 31 50 -2.0 +1.0 12,3
ATS-1 ‘
EMPH | 52.2 1200 30 28 47 13 32 29 48 16 35 +2.0 +4.0 9.6
ATS-1
EMPH | 54.6 240 12 32 51 33 52 36 55 33 52 -2.0 0.0 14.3
ATS-3
EMPH | 54.6 1200 30 31 50 15 34 35 54 17 36 +4.0 +4.0 10.1

ATS-3
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3.2.2 FDM BASEBAND ATTENUATION VERSUS FREQUENCY (BASEBAND FREQUENCY
RESPONSE) (J.W. Bedinger) (MA-BB-2.1)

3.2.2.1 Description and Test Resulis

OBJECTIVE

The objective of this experiment is fo determine the baseband frequency response
for the SSB/PhM mode from the transmitter baseband input fo the receiver baseband output for
system conditions utilizing the ATS-1 and ATS-3 satellites. The response covers a frequency
range of 300 kHz to 6 MHz and employs two methods of collecting data: (1) asweep technique
above 1 MHz that is supplemented by a point-to-point technique below 1 MHz, (2) a point-to-
point measurement over the whole frequency band (300 kHz to 6 MHz).

TEST CONDITIONS

The baseband frequency response is measured by a sweep oscillator, covering
the baseband frequency range of 300 kHz to 6 MHz, connected to the SSB transmitter base-
band input. The receiver is terminated in the receiver detector unit of the test set. The
output of the detector is connected to the vertical deflection input of a calibrated strip chart
recorder which has its horizontal deflection input synchronized with the oscillator sweep
rate, The resulting strip chart recordings are a permanent record of the baseband frequency
response. The normal method of obtaining data is by the sweep technique which is supple-
mented between 300 kHz and 1 MHz by the point-to-point measurement. For this report onlv
data taken over the whole frequency band by a normal point-to~point measurement will be
presented. The reason for this is the poor repeatability of the results from the sweep
response technique. The amplitude versus baseband frequency curves are r‘xornia]izeﬁ
relative to the fesponse at 1 MHz and also corrected for any cable losses in the system.
Frequency scale expansion between 300 kHz to 1 MHz is necessary to accurately plot the
response, The SSB/PhM receiver has a 315-kHz to.5. 8-MHz bandpass filter with-a response
which is nominally flat between 500 kHz to 5 MHz.

STANDARDS
No applicable standards exist for FDM operation.
RESULTS

The response curves presenteéd in this analysis are typical SSB/PhM test runs
from each station. For a particular satellite, each station has a similar response; therefore,
a composite response curve may be representative for all stations using that satellite. The
response curves for this experiment are shown in figures 3,50 and 3.51 depicting data
from ATS-1 and ATS-3. The plots shown in figure 3.50 are derived from fests at 3 stations
(Rosman, Cooby Creek, Mojave) and are typical of the results obtained from the three

3.94



stations. The response labelled, "AVG PM RCVR Response" is the average measured re-
sponse in a test loop that only includes the PM receiver and a test modulator. This response
is given as a standard for comparing the S/C loop results.

Figure 3.51 shows the results of a multistation test performed with Rosman
and Mojave on ATS-3. The test was performed by Rosman transmitting the test frequencies
and both Rosman and Mojave measuring the response. It was repeated with Mojave trans-
mitting the test frequencies. The responses for the two conditions were almost identical,
hence, only one response is presented. A comparison of the baseband frequency response
with filler characteristics as specified by the baseband filter manufacturer is given in table
3.7,

3.2.2.2 Analysis of Test Results

As shown in figure 3.50, good correlation exists between the various responses
for the stated system conditions in the flat portion of the baseband frequency range, Hence
in this.frequency interval the response is mainly determined by the baseband filter in the PM
receiver. This would normally be expected. Response deviations occur between stations
and the filter manufacturer's roll-off characteristics in the upper and lower skirt regions as
shown in table 3.51 for the ATS-1 test loop, These variations are due to the following
factors: (1) Rate of change of the response in the skirt regions is quite high; consequently
second order effects on the response would be more pronounced. These effects would include
such things as the response variations in the SSB transmitter and the effect of the S/C cir-
cuitry on the overall response. (2) Measurement accuracy of the response is more critical
in the skirt regions. This accuracy will depend on the stability of the measuring unit and the
magnitude of the signal-to-noise ratio. Noise impinging on the test signal will definitely
degrade the measurement accuracy.

Results of the multistation test shown in figure 3.51 (ATS-3 test loop) shows a
more pronounced roll-off at the high end of the band relative to the response for the ATS-1
test loop. Quantitative measurements shown in table 3.7 at test frequencies of 5.6 MHz
and 5. 8 MHz give the actual response differences. Since Mojave and Rosman both measured
this excessive roll-off when each was tl{e transmitting station, it can be concluded that the
circuitry in ATS-3 definitely effects the response at the high end of the band. The response:
degradations at the skirts will adversely effect the NPR/T PR measurements. This follows
from the fact that the measurement accuracy of the above factors dei)ends on a uniform noise
reference level that exists over a frequency interval of 316 kHz to 5.5 MHz, Tests have
shown that a 2 db error results from the degradations in the baseband frequency response.

3.2.2.3 Conclusions

Good correlation exists between the response plots shown in figure 3.50 for the
RF, 8/C (ATS-1) and receiver test loops. Response deviations occur between stations and



the filter manufacturer's roll-off characteristics in the upper and lower skirt regions of the
response. These deviations are due to second order system effects on the response and the
limitations on the measurement accuracy of the test frequencies. From the multistation
test results on ATS-3, it was concluded that the roli-off at the high end of the test frequency
band is affected by the circuitry in the spacecraftf.

Degradations in the response-at the upper and lower frequency regions effects the
measurement accuracy of the NPR and TPR factors by as much as 2 db.
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TABLE 3.7. COMPARISON OF BASEBAND CHARACTERISTICS

315 kHz 320 kHz 5.6 MHz 5.8 MHz
Rosman, ATS-1 -2.2db -1.8db -1.0db -3.35db
Cooby Creek, ATS-1 -4.8 db ~4,.3 db -1.47 db ~4.7 db
Mojave, ATS-1 -5.5db -4.8 db -1.75 db -4.3 db
Mojave and Rosman, ATS-3 -2,6db -0.7db -4.4 db -7.3 db
Filter Mir's stated
roll-off characteristics -3 db -1db -1db -3 db
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3.3 CONTROL LOOP AND STABILITY EXPERIMENTS

3.3.1 MULTIPLEX-CHANNEL FREQUENCY STABILITY (L. K. Harman),

3.3.1.1 Description and Test Resulis

OBJECTIVES

The primary objective of this experiment is to determine the frequency stability
chafacteristics of a test tone in a 4-kHz multiplex channel and the degree of compensatidq
achieved by the SSB/PhM AFC unit on the instabilities of the test tone. Another obj ecﬁve is
to determine the frequency stability characteristics that affect voice intelligibility and error
rates on a digital signal. The above signal types are transmitted over the SSB/PhM system.

A complete discussion of the overall AFC system is given in section 1ot
this report. In general, the system consists of a f)rimary AFC loop and an open-loop §§st§m
defined as an error correction loop (E). The primary AFC system is type Zero unit with an
open-loop gain of 60-db and 3-db closed-loop bandwidth of 0.32 Hz. This low b;mdwidth 1s '
required for loop stability because of the abnormally high transport lag value (T) of 0.27
second. The E unit operating by itself applies an inverse frequency correction only to the-
FDM signal in the SSB transmitter to insure that this signal will arrive at the 8/C receiver at

the correct frequency.

The various factors that affect the test tone frequency stability will be divided into
two categories: (1) Factors that define the short term stability characteristics; and @)
factors that define the long term frequency stability characteristics. The first category will
be defined as those factors that cannot be reduced or eliminated by t’he AFC unit. The second
category will be defined as those factors that can be eliminated or substantially reduced by
the AFC unit.

TEST CONDITIONS

To determine the factors that affect the long-and short-term frequency stability
characteristics of the test tone in a multiplex channel, various tests were performed in a
number of test loop configurations. The test loops employed were: (1) Multiplex back-~to-
back (b-b) loop; (2) S/C loop on both ATS-1 and ATS-3 (performed with and ‘without the E loop
inserted); and (3) collimation tower test loop with and without the E loop inserted. The
multiplex b-b loop test was utilized to determine-the effects of thermal noise on the short
term stability characteristics of the test fone. The collimation tower tests were utilized to
determine the effects of the S/C transport lag (0.27 second) on the operation of the E loop
and its ultimate effect on the short term frequency stability factors.

Spacecraft and multiplex b-b loop tests were also performed on a method
developed to reduce the short term stability factors called the carrier reference technique.
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This technique is discussed in detail in paragraph 5.1.183 of the report. This technique
involves transmifting a reference carrier along with a specified group of multiplex chdnnels.
The carrier is then employed to demodulate the channels in the multiplgex receive unit. . The
basic idea is to demodulate the channels with a carrier that contains aberrations which are
identical to those imposed on the channels. The resulting frequency distortion will only be a
function of the differential distortion and relative time delay between the carrier and the
mulﬁplex channels.

Various methods were employed to determine the factors that affect the short
term frequency stability. A Marconi TF 2330 wave analyzer with a search bandwidth of 6 Hz
was swept through a typical multiplex channel to determine the presence and relative ampli-
tudes of distinct spurious frequencies. Also strip-chart recordings of the received test tone
were employed. Both of these methods were utilized with the various loop configurations
presented above.

Due to the resolution and bandwidth limitations of the above measurement
technique another method utilizing Fourier techniques was developed.

This technique presented an amplitudé spectrum and a frequency histogram of
the output signal from a discriminator that was tuned to the received test tone frequency.
The resulting spectrum shows the various frequency components that cause the instabilities
down to a resolution of 0.1 Hz. The histogram gives a quantitative measure of the frequency
instability. It follows that the standard deviation (o) of the histogram is a good measure of
the frequency instability of the received tone.

The long-term frequency stability characteristics are based on the results of an
automated test which calculates statistical factors (mean, median, etc.) based on secondly
averages of the frequency errors. These tests are performed through the spacecraft with

the system normally configured, and the results for the conditions of baseband noise loading
on and off are averaged.

STANDARDS

For evaluating the long-term frequency stability, the RETMA TR-141 specification
and the CCITT Recommendation G. 225 are used.

The RETMA specification states that the frequency error shall not exceed 10 Hz
in a multiplex voice channel (with.seasonal oscillator adjustment of 1 per year) for voice
application and shall not exceed 23 Hz per year with the same seasonal adjustment for data
application. The CCITT specification, which is a general specification designed to suit most
user requirements, simply states that the frequency error shall not exceed 2 Hz in a multiplex
voice channel.
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RESULTS

The following figures and tables are presented to show the stability characteristics
of the received test tone and the éffects of the AFC unit on these characteristics:

Figure Data
3.52 Frequency spectrum for Collimation Tower Loop,

(0 - 200 Hz) {v for E loop in 3.65 Hz, < for E loop
out 3.31 Hz,

3.53 Frequency spectrum for Collimation Tower Loop,
0-20 Hz

3.54 Frequency spectrum for ATS-1 loop (0-200 Hz) (o for
E loop in 4.02 Hz, « for E loop out 3.39 Hz.

3.55 Frequency spectrum for ATS-1 loop (0-20 Hz)

3.56 Frequency spectrumfor ATS-3 loop (0-200 Hz)

3.87 Frequency spectrumfor ATS-1 loop (0-600 Hz with

Supergroup Correction

Table

3.8 Reference Carrier Test Results (ATS-1})

3.9 ‘Summary of Automated Tests

3.10 Test Time Availability

3.11 Automated Test Long-Term Observations

3.12 Frequency Stability Test Results

3.13 Thermal Noise Effects on the » factor.

3.14 Carrier Offset Data

3.15 Pe vs. Pk-to-Pk Frequency Jitter on the Receiver

L.O.
3.3.1.2 ANALYSIS

GENERAL

Utilizing the Marconi TF 2330 wave analyzer, it was possible to detect harmonics
of the 1-kHz test tone plus 60-Hz components and multipies thereof when operating with the
ATS-1 8/C loop. Of the two components measured, the harmonic levels were negligible
relative to the 60-Hz component levels. When operating with the ATS-3 loop, the above
components were detected along with large spurious components in the' 130-Hz to 200-Hz
region. Frequency spectrums obtained from the Fourier measurement technique give the
same resulis as stated above. Figures 3.54 and 3.55 show that relatively, large components

3.102



oceur at the S/C spin rate and 60-Hz components and multiples thereof when operating with
ATS-1. For ATS-3 operation, the large components in the 130-Hz to 200-Hz region are quite
evident in figure 3.55.

From the above measurement techniques, it was determined that the following
factors affect the test-tone frequency stability:

1) 60-Hz sidebands and multiples thereof (Incidental modulation).

2) Spin-modulation components (approx 1.6 Hz) due to §/C spin effect.

3) Oscillator 1/f phase noise.

4) Quadrature component of the normally distributed thermal noise.

5) Spurious frequencies at high end of frequency test band {ATS-3).

6) Frequency offsets of the system oscillators.

7) Doppler shifts.
AFC UNIT

Due to the extremely low bandwidth of the AFC loop (0. 32 Hz), it follows that
only very low-frequency rates can be handled by the loop. It has been found that items (6)
and (7) fall into this low rate category; hence, the AFC loop can negate their efiect. How-
ever, the effect of the other 5 factors cannot be negated so they cause short term variations
of the test tone frequency. The o values computed from the freguency histograms are a

direct measure of the magnitude of these factors. The values of « obtained from the various
test configurations are listed in table 3.12.

Thermal noise (factor 4) is present in all systems. It cdn cause short-term
frequency variations of the test tone by the vector addition of the signal vector and the
quadrature component of the noise vector. In order to determine the thermal noise effect on
stability, tests were performed in the multiplex b-b loop at various S/N values. For each of
the values a value of ¢ was measured. Because of the test loop employed, the thermal noise
was the chief contributor to the o value. The results are shown in table 3.13. The operational
S/N values vary in a range of 34 db to 40 db (flat-weighted). Therefore, the above o values
set an absolute lower limit on the test-tone short-term frequency stability that can be obtained
from the system.

ERROR CORRECTION LOOP (E LOOP)

The effect of the E loop is to increase the ¢ factor for any given test loop con-
figuration. This is clearly shown in table 3.12 and in figures 3.54 and 3.56. The spectrum
plots show that, in general, the E loop amplifies the factors that affect the short-term frequency
instability.
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As explained in paragraph 5.5.1 of the report, the E loop varies the test
tone error spectrum in a sinusoidal manner. This is shown in figure 3.55. Specifically, the
transfer function is 2 sin w ft. T is the time delay between the residual frequency errors
that are present in the E loop and the AFC loop. For a §/C loop test configuration, T would
be the 8/ C loop transport lag, 0.27 seconds. For this value of T it can be shown that
frequency errors will be cancelled if they fall at multiples of 3.7 Hz. Also, the frequency
components at 1,85 Hz and multiples thereof, will be increased by 2 factor of 6 db (fig-
ure 3.55). Inthe 60 Hz region, the sinusoid will peak at 61.05 Hz. From the above it can
be concluded that the E loop actually amplifies the spin modulation and incidental modulation

components.

The effect of reducing T on the E loop performance is shown in figures 3.52 and
3.53. In the latter figure the spectrum is basically flat over the 0 to 20 Hz range; hence, it
can be concluded that T is low enough to obtain a nearly constant value for the sinusoidal
transfer function. As shown in figure 3.52, the E loop is effective in reducing the error
spectrum in the lower part of the 0 to 200 Hz spectrum. However, in the 30 to 70-Hz region,
the E loop amplifies the components of the spectrum. It can be concluded that the E loop has
an added property of an amplification effect on noise in addition to its sinusoidal response
characteristic. This amplification effect is probably due to the fact that the E loop is
instrumented by utilizing a mixer and other associated circuifry. Evidently when mixing
two noisy signals that have the same noise characteristics but are displaced in time, the
resultant noise level on the output signal is an amplified version of the noise level at the ’
input to the mixer. This amplification effect could.be due to the fact that the noise components
at the inputs to the mixer are narrow band and highly correlated. The correlation coefficient
for thermal noise is largely dependent on the bandwidth of the noise signals. As the band-
width decreases,the correlation between the input noise signals increases for a given time

displacement between the signals.

REFERENCE CARRIER STABILIZATION TECHNIQUE

-

This technique was developed for reducing the magnitude of the components that
effect short term frequency stability. A detailed discussion of the technique is given in
paragraph 5.1.13 of the report. Figure 3.57 shows the effect of the above technique
on a 0 to 600-Hz error spectrum. As shown, the technique substantially reduces the spectrum
in the lower end of the frequency band. In the 360-Hz region, the response with the reference
carrier technique approaches the response obtained with normal system operation with the E

loop off. The thermal noise contribution to the error spectrum is defined by the line which
defines the error spectrum for a multiplex b-b loop with thermal noise inserted to obtain the
same S/N value that is realized in the S/C loop.
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Table 3.8 shows the ¢ values for various test loop configurations when operating
with a normal system and with the reference carrier unit inserted in the system. The ¢
values for the multiplex b-b loop show the effect of thermal noise on the normal and reference
carrier tes_t configurations. As shown the reference carrier technique has an amplification
effect on the thermal noise. It is noticed that for both S/N values, the ¢ values for the
reference carrier condition are essentially equal for the multiplex b—ﬁ 1oop and the S/C-loop
(e.g., for an S/N of 37 db, ¢ = 2.36 Hz and 2.31 Hz). Therefore, it can be concluded that
the reference carrier technique reduces the effects of all components causing the short term
instability other than thermal noise. It is shown in paragraph 5.1.13 that these
components are reduced by a factor that is greater than 40 db. This fact supports the above
statement.

Since thermal noise is the main factor in determining o for the reference carrier
technique, it follows that the effect on o of the incidental modulation factors, the spin
modulation component and the 1/f phase noise can be obtained by comparing the ¢ values for
the normal system and reference carrier test configurations in the S/C loop. For a S/N
of 37 db the difference is 0.85 Hz. For an $/N of 43 db it is 1. 88 Hz. From the above results
it can be concluded that thermal noise is the main limiting factor in reducing the short term

frequency instability for operation with ATS-1.

LONG TERM FREQUENCY STABILITY

In assessing the long term frequency stability of the ATS system, the CCITT
G. 225 Recommendation is used for comparison. Site operation and method of testing multi-
plex channel frequency stability preclude direct application of the previously stated RETMA
Specification.

The results of the automated tests (tables 3.9 through 3.11), based on secondly
averages of the multiplex channel frequency errors, show that in nearly 100 percent of the
tests considered, the test mean and median frequency errors were less than 2 Hz. The RMS
variation-of the test means was less than 2 Hz in all cases. Generally, about 25 percent of
the automated tests showed worst case minutely means greater than 2 Hz, with a median
worst case minutely mean at Cooby Creek in the order of 0.6 Hz. Perhaps the most
meaningful statistic from a user point of view is the time availability. This statistical value,
for all test data from all stations, shows that when the system is operating normally, less
than 10 percent of secondly frequency errors will be greater than 2 Hz. It is concluded,
then, that the AFC system in the SSB transmitter is sufficient for meeting the CCITT G. 225
specification, and will probably also meet the RETMA TR-141 specification.
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EFFECT OF CARRIER FREQUENCY OFFSET ON VOICE INTELLIGIBILITY

An important source of distortion with regard to voice usage is the condition of
unequal L. O. frequencies in the transmit and receive multiplex units.

This distortion was first noticed in carrier telephone circuits using SSB suppressed
carrier modems, and involves destruction of harmonic relationships, best explained by an
example. Intable 3.14, the sender's suppressed carrier frequency is precisely 400 kHz.

For this example, suppose the receiver, after mixing, must insert a 400 kHz signal for
demodulation in the receive multiplex unit. In the demodulated output, the harmonic
relationships are preserved. In the next condition, the receiver L.O. frequency is 20 Hz
higher than the sender's suppressed carrier. For this case, it is seen that the harmonic
relationships of the 1-kHz modulating frequency are destroyed.

Fletcher, et al (22) found through a series of subjective tests that naturalness of
speech is maintained for carrier frequency offsets up to 20 Hz, and that for 90% phonetically-
balanced word list intelligibility, a receiver L.O. offset of -200 Hz to +325 Hz could be
tolerated.

Needless to say, transmission of music is very sensitive to harmonic relation-
ships. Just a few cycles of carrier frequency offset is detrimental to this type of trans-

mission.

EFFECT OF SPACECRAFT FREQUENCY INSTABILITIES ON FSK DATA ERROR RATE
IN THE MA MODE

Subjective tests have shown that the frequency jitter and S/C spin modulation of
the ATS system do not impair voice and music transmission, but these instabilities, plus

random noise, produce errors in the transmission and reception of FSK data.

An experiment was performed on ATS-1 with Cooby Creek and Mojave which
helps to answer the question as to the relation of error rate to the ratio E/NO, where E is
the bit energy and N0 is the spectral noise.density which could be jitter noise, white Gaussian

noise, or a mixture of the two.

The following is a synopsis of the test format, and results.
TEST FORMAT

A narrowband FSK modem was used at three different bit rates, 50, 100 and 200
bauds. The peak deviations were 30, 60, and 120 Hz, respectively. The test was performed
under the following system configurations:

1) The normal spacecraft loop, in the SSB/PhM mode.
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2) The spacecraft loop, with Gaussian noise inserted along with the FSK signal
at the input to the transmitter MUX.

3) MUX back-to-back loop with Gaussian noise inserted as in condition 2.

4) MUZX back-to-back with a Gaussian noise source FM modulating a frequency
synthesizer, tuned to the receive MUX carrier frequency.

In the first configuration, the combined effects of S/C spin modulation, ambient

noise, and jitter noise affect the error rate.

The second and third configurations provide the framework for comparing
identical E/N0 values for the cases of No being the sum of ambient noise and $/C oscillator

jitter noise (case 2), and N0 being white Gaussian noise alone (case 3).

The fourth configuration isolates the effect of various amounts of oscillator

frequency jitter on data error rate.
TEST RESULTS

Comparing the results to the theoretical values of error probability versus E/ No’
obtained from the relation P_ = 1/2)e -1/2 (&/ No)

where P e = probability of error

E = average bit energy.

No = average Gaussian noise energy.

it was found that under configurations 2 and 3, for the same error probability, the correspond-
ing E/NO value was on the average 1 db greater than the theoretical for measurements in both
the S/C and baseband loops, for each of the three bit rates tested. This was caused possibly
by: (1) accurate §/N measurements are relatively difficult to perform in the S/C loop due to
spin modulation; (2) impulse noise is not taken into account; and (3) the discriminator used

did not have an ideal filter associated with it. The close agreement of these results with the
theoretical values for Gaussian noise alone shows that fotal system oscillator frequency jitter,
and in particular the S/C oscillator frequency jitter, is minimal when compared to overall
ambient noise.

In the normal S/C loop configuration, when no additional noise is introduced in
the ground transmitter, no errors were counted at either of the bit rates used. The MUX
channel TT/N was 39 db for this configuration (configuration 1).

The results of testing under configuration 4 show the effect of frequency jitter
alone on FSK modem data error rate
for the cases of no baseband loading and for the worst case of a continuous
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space in one adjacent channel 'and a continuous mark in the-other adjacent channel. Table 3.15

summarizes theresults of this test.

For the same P the difference between frequency jitter for the loaded and
unloaded cases was in the order of 30 Hz for each of the bit rates tested. Ifa P of 10~ 55 is
desired, the amount of tolerable jitter at 50 bauds is 100 Hz, at 100 bauds is 120 Hz, and
at 200 bauds is 190 Hz.

3.3.1.3 CONCLUSIONS

The overall system AFC unit consists of a primary AFC-loop and an open-loop
system defined as an error correction (E) loop. The latter loop has a sinusoidal response
that is a function of the S/C transport lag, T. For a T of 0.27 second, it can be.shown that
the E loop amplifies the spin-modulation components (1.F; Hz) and the 60-Hz components
(incidental angle modulation). It also attenuates the 1/f phase noise. From the test data
obtained, it has been shown that the overall AFC unit can compensate only for long‘term
frequency drifts (S/C oscillator drifts and/or doppler shifts). Incidental angle-modulation
components, S/C spin-modulation components and thermal noise are the chief contributors
to the short-term test-tone frequency instability for ATS-1 operation. For ATS-3 operation,
the above factors cause short-term frequency instability in addition to large spurious
frequency components in the 130-Hz to 200-Hz region. Because of these latter components,
the ¢ value for ATS-3 operation iS approximately double the value that is realized for
ATS-1 operation (4 Hz for ATS-1, and 9.45 Hz for ATS-3). )

The E loop and the reference-carrier stabilization technique has an amplification
effect on thermal noise. Because of this, thermal noise is the limiting factor in reducing the
short-term test-fone instability for ATS-1 operation. Thermal noise and the spurious
frequency components are the limiting factor for ATS-3 operation.

Assessment of long-term frequency stability, or frequency drift is based on
automated test data which calculates statistical factors on the basis of secondly averages of
frequency errors. In nearly 100 percent of the tests considered, the test-mean and median
frequency errorswerelessthan 2 Hz. In 75 percent of the tests,the worst-case minutely
mean was less than % Hz, and the cumulative time availability shows that less than 10 percent
of the secondly average frequency errors were greater than 2 Hz. It is then concluded that
the AFC system in the SSB transmitter is sufficient for meeting the CCITT 2-Hz frequency
error limit.

The frequency characteristic that is most detrimental o voice intelligibility is
the destruction of the harmonic relationship of the various tones that make up a voice signal.
The destruction can be realized by a fixed-frequency offset of the local oscillator in the receive
multiplex unit relative to the local oscillator frequency in the transmit multiplex unit.
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The error rate (Pe) of an FSK digital signal was found to be relatively insensitive
to-the peak-to-peak frequency jitter impressed on the signal. For a 30-Hz frequency deviation
of a 50~baud signal, a peak-to-peak jitter value of 100 Hz is required to produce a Pe of 10'5
This is equivalent to a oof 16 Hz. If the adjacent multiplex channels are loaded with a
continuous mark and space frequency in different channels, it was found that a peak-to-peak
jitter of 50 Hz is required to produce a ]E’e of 10_5. This is equivalent to a ¢ of 8 Hz. This
critical condition would not be realized in an operational system. The 8-Hz value is.only

given to define the lower limit for o for the 50-baud case which utilizes a frequency deviation
of 30 Hz.

TABLE 3.8. REFERENCE CARRIER TEST RESULTS (ATS-1)

Multiplex Channel Normal System Reference Carrier
Test Loop TT/N (db) (o-Hz) (o -Hz)
Multiplex )
back-to-back loop 37 1.66 2.36
s/c 37 3.16 2.31
Multiplex
back-to-back loop 43 0.91 1.23
s/c 43 3 1.12
s/c 37 3.74%

*With E loop in, all other cases E loop was not in system.
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TABLE 3.9. SUMMARY OF AUTOMATED TESTS
Of Tests For % Of Tests For |%Of Tests For Which
Number of :/,‘;’,hich Mean Freq, | Which Median  |The Worst Case Mi-
. E 2 Freq. Error nutely-Average Freq.
Station Re pizzzsnted rror Was > 2Hz 22 Hz Error Was >2 Hz
"} High Low High Low High Low
Chan. Chan. Chan, Chan. Chan. Chan.
Cooby Creek 37 0o - 2.7 0 29.8 27.0
Rosman 9 0 0 0 22,2 11,1
TABLE!3.10. TEST-TIME AVAILABILITY
High Low
Chamnel Channel
Cocby Creek 8.1 15.6
Rosman 22.2 22,2
TABLE 3.11. AUTOMATED TEST LONG-TERM OBSERVATIONS
RMS Variation Overall % of .
of Test Errors Less Than Medu?.n of Worst
. Mean Freq. 2 Hz Case Minutely Means
Station Tow High | Tow Thgn [ oW CHammer High CHABTEL
Chan. Chan. | Chan. Chan, |Mex- [ Min. [ Max. Min.
Cooby Creek | 0.643 0.117 95 92 0.50 ~0.67 0.50 ~0.70
Rosman 1.35 1.80 92 93 3.75 -2,78 0.50 -2, 47
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TABLE 3.12. FREQUENCY STABILITY TEST RESULTS

Test Configuration o (Hz) TT/N (db)
Collimation Tower Loop 3.65 40
E Loop In
Collimation Tower Loop 3.31 40
E Loop Out
ATS-1 E Loop In 4.02 33.5
ATS-1 E Loop.Out 3.39 38.5
ATS-3 E Loop In 9.45 37
ATS-3 E Loop Out 8.45 37

TABLE 3.13. THERMAL NOISE EFFECTS ON THE ¢ FACTOR

TTs/N (db) o (Hz)
28 5.05
30 4.01
32 3.17
34 2.51
36 1.96
38 1.56
40 1.24
68 0.17
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TABLE 3.14. CARRIER OFFSET DATA

Transmitted Freq. (kHz) Receiver L.O. Freq. (kHz) Demodulated Output (Hz)

401.0, 402.0, 403.0 400. 000 =0 Hz 1000, 2000, 3000
(Normal Case)

401.0, 402.0, 403.0 400. 02 (carrier 980, 1980, 2980
offset of 20 Hz)

Example of the effect on a received tone of a mismatch between the Suppressed Carrier and
Receiver L.O. Frequencies in SSB Transmission. Assume a suppressed carrier frequency
of 400 MHz and a modulating frequency of 1 kHz.

TABLE 3.15. Pe VERSUS PK-PK FREQUENCY JITTER ON THE RECEIVER L. O.

. Pe for a pk-pk jitter of
Bit Rate (Bauds) N
50 Hz 100 Hz 150 Hz 200 Hz
50 - 107 107! -
Adjacent
-3 Channels
100 - - 5x10 - Unloaded
200 - - - 1074
50 1075 1072 - -
Adjacent
~4 -2 Channels
100 - 10 5x 10 - Unloaded
200 - - 5x107° | 5x107°
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Figure 3.54. Frequency Spectrum For ATS-1 Loop (0-200 Hz) (r for E Loop in 4. 02 Hz, « for E Loop Out 3. 39 Hz)
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3.3.2 MULTIPLEX-CHANNEL LEVEL STABILITY (L.K. Harman), (MA-MX 2.1,
MA-AT-1.1, MA-AT-1.2)

3.3.2.1 Description and Test Results

OBJECTIVES

The objective of this experiment is to determine the effect of the entire SSB/PhM
satellite communications system, including the ALC subsystem, on the long and short-term

level stability of signals in multiplex channels across the baseband.

The test parameters are: 1) Short-term level instability, which occurs over
periods up to one second, (including the effects of random variations and 1.6-Hz modulation
caused by misalignment of the spacecraft receive antenna; and 2) Long-term level instability,
which are level variations occuring over periods greater than one second and through several
test periods.

The short-term parameters are the prime reason for level instability in a multi-
plex channel in the MA mode. This affects the multiplex channel voice telephone user
because there is a subjective limit to the amount of cyclic level fluctuation and random noise
that can be tolerated for voice communication. The long-term level drift, caused by pro-
pagation changes (e.g., due to weather) or caused by relatively slow variations in system
gain can be corrected by the ALC loop in the SSB transmitter.

TEST CONDITIONS

Level stability tests were performed only in the 8/C loop. The short-term level
stability measurements are taken in a high-and a low-multiplex channel on a single-station
basis with noise loading off. Two tests are used to assess short term level stability: 1) Strip-
chart recordings of multiplex channel test-tone level versus time. In this test, a 1-kHz tone
is transmitted through the spacecraft in the SSB/PhM mode. Strip-chart recordings are then
made of the received multiplex channel test-tone level variations. 2) A Fourier analysis
test, in which level changes in the 1-kHz tone are detected. The output signal'of the detector

is fed into an A/D converter and then into a computer where a Fourier spectrum is computed.
STANDARD

Directly applicable specifications are not readily available for either the long or
short term level stability evaluation. However, the CCITT Recommendation G. 121 and the
results of research into the subjective effect of level changes are used for comparison.
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RESULTS

Short, Term Level Stability

The resulis of the shori-term level stability strip-chart tests are summarized in
table 3.16. A typical strip-chart recording of level variations versus time is presented in
figure 3.58. The rms error is estimated by using values on the strip chart recording. It
should be pointed out when comparing this test to the Fourier analysis test in paragraph 3.6.2,
that the limiting bandwidth in the strip-chart test is the strip'-chart channel (3 Hz). The
Fourier analysis test should be weighted more heavily, since higher frequency effects can be

assessed.

Table 3.16 represents the results of a typical test run at each station. The
values listed apply to both satellites ATS-1 and ATS-3, since no noticeable difference exists
in the parameters listed. Since there is close correlation between the high and low channels,
(see table 3.17) the above values apply to both channels.

Reference to figure 3.38 shows that the maximum level excursions on the strip-
chart recording occur at the spacecrait spin rate, so that in table 3.16 the recorded maximum
values (column 4) contain the effects of thermal noise plus 1.6-Hz 8/C spin modulation. In
general, the average fluctuation at the §/C spin rate is 20.5 db. The level variations
occurring at a rate greater than 1.6 Hz are seen qualitatively on the recording but no quanti-
tative assessment, except on 2 general basis has been made. One noticeable difference
between ATS-1 and ATS-3 strip-chart records is in an increased amount of higher frequency
fluctuations through ATS-3. This fact is verified by the Fourier analysis test and discussed
in_paragraph 3.6.2.

Long Term Level Stability

Table 3.17 contains a summary of automated test results. The statistical factors
given are calculated by the computer on the basis of secondly samples.

The overall percent of level errors within 2 db, based on secondly samples of

muliiplex channel test-tone power is shown in table 3. 18.

The channel level correlation coefficients (table 3.17) are better than 0.96 Hz for

each station, indicating equal level changes across the band.
3.3.2.2 Analysis

The method of analysis must, of necessity, follow two lines of approach. For
the short term level stability evaluation, no specifications can be found in the literature.
Use is therefore made of the results of subjective listener tests performed at the Bell Tele-
phone Laboratory.* On the basis of these tests it appears that for multiplex channel voice

FFletcher: "'Speech and Hearing”, D. Van Nostrand Co., Vol. 1, pg. 145.
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communication, the 1.6-Hz level variation will be the most detrimental to listener tolerance.
Conclusions can be drawn, then, by comparing the observed 1. 6-Hz level fluctuation of the
ATS system with the above subjective test results. For evaluating the long-term level sta-
Dbility and ALC loop operation, results of the automated and manual level stability tests will
be used for comparison with the CCITT Recommendation G. 121, and the above subjective test
results.

Short-Term Level Stability

It was found as a result of the subjective tests carried out at Bell Laboratories
(27) that the ear was most sensitive to fluctuations in intensity when these fluctuations
occurred a rate between 1 and 6 Hz. In their experimental work, the 3-Hz rate was chosen as
being best for perceiving small differences in intensity. At this rate,it was found that for a
1000-Hz tone of power greater than 50 db above the threshold of perception (-122 dom), the
minimum fractional variation in tone power barely perceptible to the average listener was
found to be from 5 to 10 percent of the nominal tone level. It is pointed out that these results
were obtained under conditions of minimal background noise. Also, these test results do not
provide information on the subjective effect of level fluctuations on speech intelligibility and
listener tolerance.

Since the ATS spin rate (1.6 Hz) is very close to the level-variation rate chosen
for the above subjective tests, and since the nominal multiplex channel test tone power is
550 db above the threshold of perception as determined in the above subjective tests, the
results of these tests may be used for comparison with the short term level instability ob-
served through the ATS. The average fractional variation due to the observed 1 db peak-to-
peak level variations of the 1 kHz multiplex channel test tone at 1.6 Hz is (1.2/5) X 100= 20
percent. This is well above the 10 percent limit stated above. It is concluded, then, assum-
ing negligible background noise, and no other significant level variations within the 1to 6 Hz
band that the normal level fluctuations occurring at the S/C spin rate will be perceived by
the multiplex voice telephone user. Reference to table 3. 16 shows that peak-to-peak fluctua-
tions in excess of 1 db are experienced in a 2-second interval. These represent fractional
variations in the order of 35 percent, but are not in the frequency range of greatest listener
sensitivity to level variations. The research at Bell Laboratories showed that variations
occurring at less than 0.2 Hz or greater than 25 Hz had about one-third the effect of changes
at a I to 6-Hz rate. Level variations occurring over a period greater than 5 seconds, and

higher frequency variations such as those seen in the ATS-3 data, will have a secondary
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effect on the multiplex voice telephone user. Figure 3.128 of paragraph 3.6.2 shows a 14-Hz
component (8th harmonic) 1.5 times the magnitude of the spin-component (1.6 Hz).

It is pointed out that the tests by Fletcher were performed under S/N conditions
much higher than the ATS multiplex channel S/N total in the range of 40-db. It is felt that
the total effects of other short term variations plus thermal noise is the limiting factor,

rather than this 20 percent level fluctuation.

Long Term Level Stability

In assessing the long term stability of the ATS system, CCITT Recommendation
G. 121 is used for comparison. This specification applies to four wire telephone trans-
mission on metallic lines and states that, for a 1000-Km circuit, the standard deviation of
overall loss with time should be less than 1.0 db for circuits routed over automatically

regulated groups.

Table 3.16 shows the rms level error to be on the order of 0.3 db on the basis
of the strip chart recordings. Table 3.17 shows the rms variations of test minutely means
is less than 1 db in all cases. Thus it is concluded that the overall system (including the
SSB transmitter ALC circuit) long term level variations meet the above CCITT Recommen-
dation. Time availabilities have been calculated on the basis of a 2 db spread and are pre-
sented in table 3.18. They indicate that on the basis of secondly samples, approximately
81 percent of the test tone power level samples will show variations of less than 2 db from
the mean level. The above analysis applies to all channels in the baseband, since the high
and low channel correlation coefficients are nearly 1 for all stations (table 3.17).

3.3.2.3 Conclusions

The manual level stability tests indicate a test tone level variation of between
0.5 to 1 db as a result of the satellite antenna spin rate. From subjective testing, it is con-
cluded that this fluctuation alone would be barely perceptible under conditions of large S/N

as a cyclic level variation when the channel is used for voice communication. However,

other short term effects observed in the Fourier analysis.tests (paragraph 3. 6.2) contribute to
the overall level fluctuations in a multiplex chamnel. The total of these components will give

the effect of increased noise in a multiplex channel.

For the long-term level stability, the rms channel level error is below the
CCITT G. 121 Recommendation of 1 db. The rms variation of minutely means of secondly -
channel level samples also shows a value below 1 db. About 80 percent of the secondly
samples show power level variations of less than 2 db from the average. It is concluded
that on a long-term basis, the overall ATS system level instabilities, including effects of the
transmitter ALC loop, are sufficient to meet the CCITT G. 121 Recommendation, and that
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level correlation between multiplex channels is nearly unity for all stations. Further, itis
concluded that short-term level fluctuations will not be perceived by the average multiplex
voice telephone user as a cyclic variation, because this effect will be masked by the total
noise in a multiplex channel. The subjective effect can therefore be ascertained by multi-
plex channel S/N measurements, since this parameter will be the limiting parameter on
voice intelligibility.
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TABLE 3.16. SHORT-TERM LEVEL STABILITY TEST RESULTS

10 Minute Interval | Second Interval | Minute Interval Power (dbm)
Cocby Creek 0.3 1.8 &b 2.3 d 7.0
Rosman 0.26 1.0 1.2 d 7.4
Mojave 0.28 ) 1.5d 2.5dv 7.0

TABLE 3.17. LONG TERM LEVEL STABILITY TEST RESULTS**

RMS Variation of | RMS Variation of -
Test Mean Test Minutely 9 Tests, With Worst Case

Skoksk
No. of Tests . Chan. Level Means* Worst Case Power | Chan. Level
Rep- | Station : Var.<2db  |Corr. Coetf
resented Low High Low High ’ - Loell
Chan Chan Chan Chan
36 Cooby 1.04 1.08 0.24 0.51 86.4 i 0.967
Creek
9 Rosman| 1.75 1.43F 0.20 0.14 65.0 0.987
8 Mojave | 1.43 | 2.24[ 0.40 0.31 70.8 0.994

*These values are based on the results of one 3-station automated test.
*¥The computer calculates the mean tone level for each test, and the average tone level
for each minute of each test. Also, the greatest deviation from nominal test~tone level is
printed out. The channel level correlation coefficient is calculated for each two-minute
interval by the following method:

L.H +LH +.... +L H
nn

G = L i
L1 + L2 LN + Ln
where, _
Ly= 1og™* _11_%1_ 21, *2--- %1 = individual data points (db) for the low

channel.

7 = average of low channel data points for
2-minute period.

Hl’ Hz --- Hn is similarly defined for the high channel.

**%The values in this column do not reflect relative level variations, but variations in the
mean level from test to test.

TABLE 3.18. PERCENT OF LEVEL ERRORS

Station No. of Sec. Samples % Sec. Samples of TT Level Var. { 2 db
Cooby Creek 8640 78.2
Rosman 5760 76.3
Mojave 7200 87.2
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3.3.3 .GROUND-TRANSMITTER AUTOMATIC-LEVEL CONTROL LOOP (J.G. McGillen)
(MA-SP-3. 1)

3.3.3.1 Description and Test Results

OBJECTIVES

The objective of this experiment is to evaluate the performance of the automatic
level control (ALC) system for the SSB Transmitter.

In the MA mode, the satellite may receive SSB signals from many ground stations
with variable but unique path attenuations between each ground station and the satellite. These
variable path attenuations can result from range variations, rainfall, gain changes in the SSB
transmitter, and gain changes in the spacecraft receiver. In addition, spacecraft antenna
pointing inaccuracies occur when the spacecraft is in eclipse. During this period an unsensed
increase in angular velocity occurs, causing the despun antenna beam to move off the sub-
satellite point which changes the satellite received antenna gain for ATS-3.

TEST CONDITIONS

The test-tone PhM deviation produced in the satellite SSB/PhM transponder is,
jdeally, proportional to the received SSB signal amplitude. To provide uniform deviation for
all FDM chamnels, each ground station must individually, precorrect its transmitter power.
ALC systems at each ground station operate by local measurement of deviation produced
remotely at the satellite, for their respective assigned pilot signal, Fp. The ALC adjusts
the RF drive to the SSB power amplifier to compensate for long-term variations in test
tone PhM.

STANDARD

The design specification for the ALCloop statesthat the loop will sense and correct
level changes +6 db and ~20 db about the nominal operating condition. The received pilot is
to be maintained within 0. 2 db of its normal value and should be corrected.by the loop at a

rate of 0.1 db per second.
RESULTS

The results of two RF loop tests performed by Cooby Creek are summarized in
table 3.19. Figure 3.59 explains graphically the response parameters given in the table.
Figure 3.60 is a sample strip-chart recording of the ALC loop response. The following is
a verbal definition of the control-loop parameters presented:

1) Loop Delay or Dead Time, TIJ - The point at which the response is equal to

one~half its final value is visually determined, and the associated point on the
horizontal time axis is designated Tp. The time at which the step function is
introduced is the reference origin (t = 0). This parameter, then, includes the
transport time to and from the S/C.
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2) Rise Time, Ty~ Commonly defined as the time interval between the 10-percent
and 90-percent points (of the steady-state value) on the response.
3

<

Overshoot, Og -~ With the initial value of the transient response taken as the
reference level, the maximum value of the response and the steady-state value
of the response are designated M and A, respectively. The percent overshoot,

Og, is then given by

M-A
Og = 5 X 100
4) Total Settling Time, Tg - The time interval between the input perfurbation and

the point at which the response transient has decayed to +5 percent of its steady-

state value.

5) The Effective System Velocity Constant, Ky - Defined on the basis of a step
input as -1
K Log™ ~(S/20)

v = T
where § is the db'value of the step input perturbation and Tr is as defined above.

3.3.3.2 Analysis

It should be noted that the transmitters at Mojave and Cooby Creek when operating
with ATS-1 under a fully loaded condition are at their maximum rated power. Any level
changes at this point would cause the intermediate power amplifier to overdrive the power
amplifier with a resultant rise in intermodulation. In the case of ATS-3, however, the ground
transmitter is operating some 10 db below maximum power. The ALC loop, therefore, would
be readily able to compensate-for such an increase in attenuation without affecting overall

system performance.

From the design specifications and the possible causes of level changes mentioned
above, it can be seen that the loop is not required to overcome rapid large variations. For

this testing program the maximum perturbations have been limited to 6 db.

From the results of the two RF loop tests, the ALC loop meets the specification
of response rate perturbations. For a 1.0-db step the correction rates were 0.14 and 0.09 db
per second. For a 3.0-db step, they were 0.11 db per second; and for a 6.0-db step they
were 0.09 and 0.1 db per second. Inboth tests there was no observable overshoot. These
results show that due to the finite speed limitation of the motor driven attenuator, the ALC
loop acts like a perfect integrator o step changes, and controls the loop within the response

rate specification.
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3.3.3.3 Conclusions

The two ALC loop tests were performed in the RF loop-test configuration, the
results indicate that performance is essentially in agreement with the design objectives. The
median value of test runs shows a response rate of 0.1 db per second. The principal con-
clusion to be drawn from the tests is that slope of the transient response is essentially
constant (i-e., independent of tl;e magnitude of the step input). Also, from observation of
the strip chart recording, the overshoot of the response was not significant, thus indicating
a well-damped system.
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TABLE 3.19. GROUND-TRANSMITTER, AUTOMATIC
LEVEL CONTROL-LOOP TEST RESULTS (MA-SP-3.1)

| g
Date 11-29-67 12-3-67
Test Time 0800%Z 06352
Duration (minutes) 30 26
Station Pilot, F, (ki) 292 292
Loop Configuration RF RF
Rise 0.2-do STEP @ ®
Time 1.0-db STEP 7.2 11
T, 3.0-db STEP 28.0 27
(Seconds) 6.0-db STEP 66.0 63

0.2-db STEP ) @

Percent

1.0-db STEP ©) ©)
over 3.0-db STEP ©) )

Shoot

6.0-db STEP ) ®

Delay 0.2-db STEP @ ©)
Time, 1.0-db STEP 8.0 7.0
T, 3.0-db STEP 20.0 21.0
(Seconds) 6.0-db STEP 40.0 42.0
Settling 0.2-db STEP @ ®
Time, T, 1.0-db STEP 14.0 " 11.0
{Seconds) 3.0-do STEP 35.0 45.0

6.0-db STEP 92.0 84.0

Carrier-to-Noise Ratio 31.4 db 128.0 db
Computed 0.2-db STEP ® @)
Velocity 1.0-db STEP 0.156 0.102
Constant, 3.0-db STEP 0.050 0.052
K, (H) 6.0-db STEP 0.303 0.318

@ Not Discernible
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Figure 3.59. ALC Loop Response Parameters Defined
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3.4 MULTIPLEX PERFORMANCE EXPERIMENTS

A series of tests are employed to evaluate the performance capabilities of the
ATS system in the transmission of multi-channel FDM (frequency division multiplex). These
tests include both operating modes of the SHF radio equipments: namely, FT (FM/FM
frequency translation), and SSB/PhM (SSB uplink and PhM downlink).

These tests are performed under the following conditions unless stated otherwise
under the individual subparagraph:
1) FT or SSB - PhM mode as applicable.

2
3

Earth station antenna "peaked" on satellite.

L=

Spacecraft antenna positioned for maximum earth station received signal
strength, except for multistation tests. .
4) Earth station AFC in "AVG" position with FM transmitter.
5} RF carrier deviation (FM) or S/C mod index for TT level (SSB/PhM)
690-kHz peak Rosman

FT { 1230-kHz peak,Mojave and Cooby Creek
SSB/PhM 0. 35-radian peak (spacecraft)
Receiver IF bandwidth set to 30 MHz (nominal) at Rosman, and 12 MHz
(nominal) at Cooby Creek and Mojave, except 30 MHz is used whenever more
than 240 channel spectrum is received, eg., for multistation tests.
Audio test-tone levels set for -16 dbm at the input to the multiplex equipment
and the receive output is set to +7 dbm (unweighted).
Baseband test-tone levels set at -30 dbm send and receive.

6

=

7

=

8

=

3.4.1 CHANNEL TT/NRATIO (MA-AT-1.1, MA-AT-1.2, MA-MX-T.1, MA-MS-2.1,
FT-MX-6.1 (D. F. Maguire, E, E. Crampton)

3.4.1.1 Description and Test Resulis

OBJECTIVES

The primary objectives of the channel test tone-to-noise (TT/N) ratio experiment
are to evaluate the capability of the ATS system to provide useful frequency division multi-
plex (FDM) telephone service and to obtain the experimental data necessary to establish
realistic user requirements for such a system.

The following specific relationships will be developed to obtain these two broad
objectives:

1) Multiplex voice channel TT/N performance will be compared to the nominal

CCIR recommendation of 50 db and the nominal EIA recommendation of 45 db.
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2) Multiplex voice channel ATT/N performance will be determined as a function of:
a) SSB-PhM (MA) and FT modes.
b) Earth station antenna (85 feet at Rosman and 40 feet at Mojave and

Cooby Creek).

Satellite EIRP (over a range of 49.4 to 56. 5 dbm)

Channel frequencies (low channel,316 kHz to 342 kHz at Rosman, Mojave,

and Cooby Creek; high channel, 5340 kHz and 5560 kHz at Rosman;

1248 kHz and 1296 kHz at Mojave and Cooby Creek)

Single and multiple earth station access to the satellite

3) Multiplex voice channel TT/N performance will be related to the abnormal
conditions during an eclipse (satellite in Earth's shadow) and closest con-

c
d

RN

~—

e

conjunction (satellite in a direct line between Earth and sun. )

In addition to the primary objectives, the T'T/N data will be used for correlation to
other experiments, specifically Data Error Rate (par. 3.4.2) and Noise-Power Ratio
(NPR/TPR) (par. 3.2.1).

TEST CONDITIONS
The following test conditions are applicable to this analysis:

1) Mode of Operation - Each test is performed in one of the two modes; multiple
access SSB-PhM (MA) or frequency translation (FT).' Basically, selected
channels are noise-loaded and measurements obtained; the loading is removed
and measurements are again made. An evaluation is then made to determine
the intermodulation noise and how the TT/N varies as a function of baseband
frequency.

2

~—

System Configuration - The experiments are separated into two earth station -
satellite groups; a) single station (e.g., Rosman and ATS-3) and, b) multi-
station (e.g., all three earth stations and ATS-1). This is done to evaluate
differences due to earth station antenna size, satellite transmitter power , and

earth station performance as well as multistation access to the satellite.
3

~

Uncontrolled Variables -~ The uncontrolled variables that have the most signifi-
cant effect on system performance are path loss variations, S/C transmitter
power output, S/C antenna pointing, and system noise temperature. The effect
of these variables may be partially offset by normalizing TT/N data to the mea-
sured mean carrier-to-noise ratio of the test runs.

4

famd

Controlled Variables - The following listed system parameters have been con-
trolled for the FDM tests.
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STATION
PARAMETER MOJAVE and
ROSMAN
(85" Antenna) COOBY CREEK
(40" Antemna)
Channel Bandwidth (unweighted) (kHz) 3.1 3.1
Weighting Improvement (FIA) (db) 3.0 3.0
Channel Spectrum 1200 240
*Channel Loading (noise on) (db) 15.8 8.8

Receiver IF Bandwidth (signal) (MHz) 30 nominal 12 nominal

(noise bandwidth) (MHz) 35.5 15.5
FDM Channel Spacing 4.0 4.0
Peak Deviation of Carrier (FT Mode)

per channel (kHz) 690 1230

Total baseband (MHz) 9.5 7.6
Spacecraft Received Power

SSB-PhM Mode (per channel) (dbm}) -87.0 -87.0

FT Mode (total) (dbm) -73.0 -73.0
Peak Test-Tone Modulation Index

at Spacecraft (SSB-PhM Mode)

(ver channel) (radians) 0.35 0.35
Total baseband (radians)** 4,84 2.12

*The CCIR recommended noige loading for channels is applied to a baseband spectrum of N
channels. Refer to paragraph 7.6.3 (System loading) for a complete discussion of the
FDM multiplex system loading.

*¥Based on a peak-to-rms factor of 10 db.

STANDARDS

In this analysis,the user requirements are presented that are applicable to all
system configurations and conditions.

These requirements have been developed from the recommendation contained
in EIA TR-141 para. 2.7 "Standards for Multiplex Telephone Channels" and CCIR XI Plenary
Assembly. These recommendations are presented in paragraph 7. 6.2 FDM Multiplex
user requirements.

The test tone-to-noise (T'T /N) recommendations which are applicable to the ATS
system consist of the following:
EIA (RETMA)45 db (F1A weighted)
CCIR 50 db (Psophometrically weighted, 50.5 db F1A weighted)
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RESULTS

SSB-PhM (MA) Mode, Single Station Access

MA mode test results are summarized in table 3.20 for the low-baseband channel
(336 kHz or 342 kHz at all earth stations and for the high-baseband channel (5340 kHz at
Rosman and 1248 kHz at Mojave and Cooby Creek). This table lists the mean TT/N (noise
loading on) and TT/R (noise loading off) ratios as a function of ATS-1 and ATS-3 EIRP. The
mean ratios were determined after the measured ratios were normalized to mean C/N also
listed in table 3.20. The noise loading on ratios are for 1200 channel loading (15. 8 dbm0) at
Rosman and 240 channel loading (8. 8 dbm0) at Mojave and Cooby Creek. In addition, the
predicted TT/N and TT/R ratios are listed as a basis for comparison.

Table 3.21 summarizes a number of automated tests performed at the Mojave
earth station. The automated feature provideé a system/computer interface such that the
mean of TT/N and TT/R (12 samples) is computed each minute. This data indicates the
variation of these ratios over the test interval as well as the rate of variation. Typical
examples of the data printout are illustrated in figures 3.61 and 3.62.

SSB-PhM (MA) Mode, Muitistation Access

Two comprehensive series of multistation tests were performed in the SSB-PhM
mode. The results of the first series, which included some automated tests, are presented
in figures 3.63 through 3.70 and in table- 3.22 for the-different multistation system
configurations.

Figures 3.63 and 3.64 show the variation of TT/N in two (341 kHz to 1247 kHz)
multiplex channels at each earth station as a function of the number of channels loading the
satellite. The variation of TT/N across the baseband (test channels slots from 342 kHz to
5340 kHz) as a function of C/N ratio at each earth station is shown in figures 3. 65 through
3.69 for 240, 640, 940,and 1200 channels loading the satellite. Figure 3.70 shows the
effect of overdeviating the low-frequency channels at the medium station as well as medium
station TT/N improvement. Finally, the measured mean TT/N for the various system con-
figurations and loading conditions are summarized in table 3.22. Results of this first test
series are presented with no attempt to normalize the measured TT/N to mean C/N. Thus,
figures 3.63 through 3.70 and table 3.22 include any variation in C/N during the test
interval.

The second series of multistation tests was expanded to include over-deviation of
the high-frequency channels and to show any multistation effect relative to medium station
channel group placement within the baseband spectrum. In addition, specific tests were.
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perforﬁlEd to measure TT/N variation across the baseband as a function of C/N ratio. Since
a1l tests were at 1200-channel loading, the measured parameter, NPR, is presented to show
this variation rather than TT/N.

Figure 3.71 shows the variation of NPR across the 316-kiz to 5564-kHz base-
band as a function of C/N ratio to further emphasize degradation in the low-frequency channels
when receiver operation is in the threshold region. Figures 3.72 and 3. 73 summarize the
effects of medium station overdeviation of the low-and high-frequency channels,respectively.
The data shown in these figures is at 1200-channel loading of ATS-1.. Figures 3.74 and
3.75 indicate system limitations from intermodulation noise contributed by the spacecraft
and earth station receiver (Kov) and the earth station transmitters (KZ) as a function of

baseband noise loading.

FT MODE, SINGLE STATION ACCESS

FT mode test results are summarized in the same manner as those shown for
the MA mode. Table 3.23 presents the mean of the TT/N and TT/R ratios measured without
pre-emphasis/de-emphasis as well as the corresponding predicted ratios. Measured and
predicted ratios with pre-emphasis/de-emphasis are presented in table 3.24.

SPECIAL CONJUNCTION EXPERIMENT

Special tests were conducted at the Mojave and Rosman earth stations to
measure multiplex-channel received test tone and noise levels during conjunction of the
earth, spacecraft,and sun. Measurements made in selected multiplex channels at the
Mojave earth station are presented in figure 3.76 and are considered representative of the
variation of these two parameters during the period of conjunction. In addition, the variation
of carrier plus noise during the conjunction period, also measured at the Mojave earth

station, is shown in figure 3.77.
3.4.1.2 Analysis

Test tone-to-noise {T'T/N) or (TT/R) ratios discussed in this analysis are
derived from measured test tone plus noise-to-noise ratios. For high ratios (above 15 db),
(TT+N)/N and (TT+R)/R ratios are, for all practical purposes, identical to TT/N and TT/R,
respectively. (N) consists of four types of noise terms which are intermodulation (I), thermal
(R), and threshold noises (Ni) and (A). These noise components and their significance with
respect to C/N ratio are fully described in section 3.2. 1. Inthe idle condition (noise- off),
the noise consists of (Ni) and (R) and in the loaded condition (noise on) all noise terms are
present. However, in this analysis, the (R) term only is used to denote idle noise and the
(1) term to denote all noise terms except idle noise. (N) then, denotes idle noise plus all

other noise terms in the noise-loaded condition.
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Predicted TT/N and TT/R ratios provide the reference for comparing measured
ratios. Predicted ratios were derived from an overall system analysis, based on SSB and
FM theory, using pre-launch system design parameters either unmodified or modified by
post-launch measurements. Thus, the system parameters, used to calculate the predicted
ratios, are known to an acceptable degree of accuracy. These ratios define multiplex channel
operational performance in both the SSB~PhM and FT modes. However, the comparison
between predicted and measured TT/N and TT/R ratios is valid only if the C/N ratio is above
threshold. Evaluation of multiplex-channel performance for the SSB-PhM and FT modes is
based on the above theory, and the measured and predicted ratios should essentially agree
for above threshold operation.

SSB-PhM (MA) MODE, SINGLE STATION ACCESS

Characteristically, TT/N and TT/R ratios measured in the SSB-PhM mode of
operation should be essentially constant over the operating baseband, provided the
received C/N ratio is above threshold. With the received C/N ratio at or below threshold,
there is a noise build-up in the low end of the baseband (see section 3. 2.1 for analysis) and
in fact, in the threshold region, a one db decrease in C/N ratio will cause the 342 kHz
channel TT/N to decrease about 2 db. Thus, the TT/N and TT/R summary presented in
table 3.20 is for earth station/spacecraft configurations that provide C/N ratios above the
threshold level of about 10 db. However, measurements were made in low-and high-baseband
channel to show any variation. It is seen that this variation does not exceed 2 db which
occurs at Cooby Creek with a C/N ratio of 10.9 db.

The TT/N summary in table 3.20 shows that measured ratios are within 2.8
db of the predicted ratios. However, none of the earth station/spacecraft configurations
shown can provide a TT/N ratio to meet either the 45 db EIA standard or the 50 db CCIR
recommendation. In fact, only the Rosman earth station (85-foot antenna) with ATS-3
(54.6 dbm EIRP) can meet the EIA standard and this is based on TT/R (F1A weighted) at the
nominal spacecraft received test tone power (Prs) of -87 dbm.

At this nominal Prs condition, figure 3.75 shows that the best T'T/I the earth
station transmitter, with a 40-foot antenna and using ATS-1 (240-channel loading), can provide
is approximately 46 db. On the other hand, this same earth station, using ATS-3 (1200-channel
loading), yields a ‘fT/I of 54 db; however, the spacecraft now limits TT/I such that the best
overall system TT/I is still about 46 db. The earth station transmitter, with an 85-foot
antenna and using ATS-1 (see figure 3.74) provides a TT/I of approximately 43 db. This earth
station.with ATS-3 is again limited by the spacecraft such that the system TT/I is still about
46.db. Based on this 46 db TT/I ratio and the T'T/R ratio of about 46 db, shown in table 3.20,
the best TT/N is 43.3 db and this occurs at the Rosman earth station (85-foot antenna) using
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ATS-3 (56.5 dom EIRP), also indicated in table 3.20. In order to meet a 50 db TT/N ratio
without compandors, both T'T/I and TT/R should be increased to 53 db.

An increase in earth.station transmitter output power will increase uplink TT/R
and this can improve the overall TT/N for those configurations that are thermally limited.
These configurations include all earth stations with 40-foot antennas. The overall im-
proven;ent in TT/N is limited by the increase in intermodulation noise caused by the system
non-linearities. Referring to section 3.2.1, table 3.3, shows the limiting noise factors,
i.e., uplink and downlink thermal and intermodulation noise for the SSB-PhM (MA) mode.
Table 3.4 shows that it is possible to obtain a one to two db improvement in overall TT/N

relative to the nominal operating point.

Table 3.20 shows that the measured TT/R ratios are generally lower than pre-
dicted TT/R ratios. This shows the effects of the uncontrolled variables discussed under
test conditions which caused measured C/N ratios to be somewhat lower than those used to
obtain the predicted ratios.

Table 3.21 provides an indication of the variation of measured TT/N and TT/R
with time. Each test covered a continuous time period of one hour. The observed maximum
deviation from the mean of the measured TT/N ratios is plus 0.2 db/minus 0.5 db and this
occurs within a 13-minute period. Short term TT/R variations are somewhat larger, the
maximum being a 1.1-db total excursion in a 2-minute period. The larger variation in TT/R
is reflected in TT/N since the T'T/I, which is relatively constant, and TT/R are the same
order of magnitude as previously discussed. Although these test results are somewhat
limited, they provide an indication of both long and short term TT/N and TT/R variation.
These measured variations do not appear to be significant with respect to the operating
system T'T/N and probably no more than a one db margin for variations with time, is
required to compensate for the uncontrolled variables listed under test conditions.

In addition, tests were performed under extreme weather conditions. During
a heavy rainstorm and with the earth station antenna at a low elevation angle (approzimately
7°), a maximum decrease of 4 db from nominal multiplex TT/N was observed. At higher
elevation angles (approximately 36°), the maximum observed decrease in multiplex channel
TT/N was 2 db. In another test, a maximum decrease of 2 db was observed when the earth

station antenna was covered with snow.

The statistical nature of these weather conditions depends on geographical
location. This fact must be considered along with the measured data to arrive at the
proper system margin to compensate for these conditions. Based on the location of the ATS
earth stations, and considering T'T/N variation due to uncontrolled parameters stated above,
a system margin of 2 db appears adequate to realize the mean TT/N ratios shou}n in table

3.20, in any hour.
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This analysis shows that for the earth station/spacecraft configurations shown
in table 3.20, the best TT/N ratio is obtained with the Rosman earth station (85-fdot ‘antenna)
using ATS-3 (56.5 dbm EIRP). This TT/N ratio is 43.3 db which is practically equal to the
predicted ratio. However, it is 1.7 db below the EIA standard and 6.7 db below the CCIR
recommendation. TT/N ratios for the thermally limited earth station/spacecraft configura-
tions can be improved by 2 db, however, this improvement is not sufficient to meet the EIA
standard. The fact that TT/N ratios in the SSB-PhM mode do not meet either the EIA
standard or the CCIR recommendation is also reflected in the predicted ratios. To over-
come the system limitations, compandors can be used to increase TT/N somewhere between
13 db and 22 db. The overall improvement will then depend on the number of compandors
and in general their use will allow the system TT/N to subjectively meet the CCIR recom-
mendation of 50 db. The variation of xilultiplex chamnel TT/N due to the uncontrolled param-
eters appears minimal. Considering a one db margin (exclusive of weather effects), both
TT/I and TT/R should be at least 54 db to provide a TT/N of 50 db without compandors.

SSB-PhM (MA) MODE, MULTISTATION ACCESS

Figures 3.63 through 3. 69 show measured TT/N as a function of satellite loading
and baseband frequency for the various multistation system configurations. This data taken
during the first series of tests is summarized in table 3.22 for 640 and 1200 channel loading
for the high (5339 kHz and 1247 kHz) and low (341 kHz) telephone channels. Table 3.22 also
shows the results of automated multistation tests indicative of TT/N variation as a function
of time. No attempt was made to normalize the multistation test TT/N to the mean C/N.

With 1200-channel loading at ATS-1, measured TT/N in the 341 kHz channel at
both Cooby Creek and Mojave drops to unacceptable levels. Multistation operation requires
that all earth stations receive the entire baseband signal which in turn requires an IF filter
bandwidth of 30 MHz nominal. The penalty is low C/N ratio (7.4 db to 9.1 db) at the medium
earth stations (40 ft. antennas). Positioning of the ATS-1 antenna beam to provide equal
C/N ratios at these two stations as opposed to positioning the beam for optimum C/N ratio
at an individual station, also contributes to the lower C/N ratio in multistation operation.
The variation of earth station C/N ratio with respect to the ATS-1 antenna beam position is
shown in figure 3.78. The net result is operation in the receiver threshold region, leading
to noise build-up (Ni and A become dominant), thus low TT/N and the unacceptable per-
formance.

This effect, although less severe, also occurs at Rosman (85 ft. antenna and
ATS-1). In this case, C/N ratio is some 3 db to 5 db higher which provides a 2-db to 3-db
margin above an assumed threshold level of 10 db. It appears that a larger margin is
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required to completely eliminate the threshold noise effects. This is further substantiated by
the Mojave/ATS-3 system configuration (C/N of 11.8 db, TT/N of 34.1 db) which compares
to Rosman/ATS-1 (C/N of 12.4 db, TT/N of 34.8 db).

Figures 3.65 and 3. 66 show that measured TT/N in the high channel (5339 kHz)
shows little or no decrease due to threshold effects at low C/N ratios (7.4 db to 9.1 db). This
compares to single station data for the same system conditions (Mojave and ATS-1), where
TT/N varies about 1.0 db for the worst case. The TT/N ratio of 36. 5 db.at Cooby Creek
and Mojave for 1200-channel loading at ATS-1 is about 1.0 db less than the predicted TT/N
ratio of 38.3 db for 240-channel loading.

The Rosman ATS-3 system configuration provides the largest C/N ratio, approx-
imately 20.0 db. At this level, measured T'T/N ratio remains fairly constant over the
baseband as shown in figure 3.69 and compares favorably to single station predicted TT/N

ratio.

Figure 3.70 shows the improvement obtained at a medium station as a result
of overdeviating the medium station 60-channel spectrum (316 kHz to 552 kHz). Overdeviation
is accomplished by increasing the loading level above nominal 2.8 dbmO for 60 channels
until NPR measurements show that intermodulation noise dﬁe to spectrum truncation or SSB
transmitter non-linearities limits improvement in the overdeviated channels. Approxi-
mately 5.0-db improvement is realized in the 341-kHz channel at a load factor 6.0 db above
nominal. At the same time, about 2.0-db improvement is realized in the 341-kHz channel at
the large station. Since the large station thermal noise is low compared to the medium
station, it should and does see the effects of increased intermodulation noise due to over-
deviation sooner, consequently the improvement will be less. There is negligible degrada-
tion on the chamnels (e.g., 767 kHz) outside the 60-channel spectrum.

Measured TT/N ratios derived from the multistation automated tests (see table
3.22) show the same results as the above data, i.e., the threshold noise effect at low C/N
ratios. Variation of TT/N with time is essentially the same as that discussed for single—

station access, as shoéwn in table 3.21.

The second series of tests were performed with nominal 1200-channel loading
(15. 8 dbm0 per CCITT recommendation G222). Various stations, through the process of
mixing and filtering, were allocated 60, 120 and 240 channel groups at different portions of
the baseband spectrum, but with the large station supplying the necessary channels to
provide full 1200-channel loading at the satellite. The average of some 27 test runs showed
that TT/N over the 316-kHz to 5564-kHz baseband was consistent (1.0 d‘r;) with the 1200~
channel curves shown in figures 3. 66 through 3. 68 for comparable C/N ratios. During
the second series of tests, C/N varied from 8.1 db to 8.9 db at the medium station and from
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13.0 db to 15.2 at the large station, from ATS-1. Thus, these curves reflect expected
system performance under the given conditions in either a fixed or random assignment of
channels. They also show that the medium station with its low C/N ratio can avoid the
threshold effect at the low end of the baseband and realize some 10 db to 12 db TT/N
improvement when it receives its multiplex channel group at the high end of the baseband.
This restriction limits the random access feature but may be necessary for satisfactory

communications to the medium station.

A further indication of the threshold characteristic at) low C/N ratios is seen in
figure 3.71, which shows the medium station TT/N variation over the 316-kHz to 5564~kHz
baseband as a function of C/N ratio. That TT/N is a critical function of C/N ratio below
threshold operation, particularly at the low-baseband frequencies, is quite apparent, since a
2-db change in C/N ratio causes TT/N to change 6 db in the 342-kHz channel. This data tends
to confirm that threshold for the SSB-FDMA/PhM mode is in the neighborhood of 10 db. The
drop in TT/N at the low and high ends of the curve for the 10 db C/N ratio, is attributed to
baseband frequency response which is down about one db at 342 kHz and 2 db to 3 db at
5340 kHz. From the standpoint of complete random access, this data indicates system
design should require all stations, regardless of clagsification, to operate above threshold.

The variation of TT/N over the baseband at low C/N ratios suggests the
possibility of overdeviation at the low end of the baseband to improve TT/N ratio when the
medium station is receiving a group of channels in this portion of the baseband. This means
_that the transmitting station must be given a larger share of the satellites available power by
permitting overdeviation of this same channel group, to improve T'T/N at the medium
station. It also means that SSB transmitter linearity must be able to support this over-
deviation without generating excessive intermodulation noise. Depending on the mix of
medium and large stations and on the links between stations, overdeviation at the trans-
mitting station to improve medium station TT/N would become quite complex and is not
considered a practical solution. However, a practical solution would be to have proper
pre-emphasis in the satellite. It follows that this solution would reduce station transmitter-
power requirements as well as more stringent transmitter linearity requirements. These
effects were investigated but were restricted to overdeviation in a link between two medium
stations, both occupying the low end of the baseband, and with the large station making up
the-total of 1200 channels loading the satellite. In addition, the effects of overdeviation at
the high end of the baseband were investigated.

Figure 3.72 summarizes the results of medium station 60-and 120-channel
overdeviation at the low end of the baseband. Sixty-channel (316 kHz to 552 kHz) over-
deviation shows practically a I-to 1-db TT/N improvement at the medium receiving station

3.141



up to 9 db of overdeviation at the medium transmitting station. Reception at the large
station also shows an improvement which begins to limit and then decrease at about 6-db
overdeviation with the medium station transmitting. Since the large station thermal noise is
lo“; (high C/N ratio) compared to the medium station, it begins to see the effects of inter-
modulation noise build-up sooner than the medium station. In this case, the intermodulation
noise is most likely due to the medium station transmitter. This data essentially confirms
that shown in figure 3.70, obtained during the first multistation test series. During both
series of tests, no noticeable degradation was observed outside the overdeviated (9 db) 60~

channel spectrum.

PFigure 3.72 also shows that by increasing the number of channels overdeviated
at the medium transmitting station to 120 (316 kHz to 808 kHz), the effect of intermodulation
noise build-up is now seen at the medium station at about 6 db compared to 2 db at the large
station. In addition to transmitter intermodulation noise, the increased rate of intermodulation
noise build-up observed when 120 channels are overdeviated, follows from the fact that with
PhM the lower modulating frequencies contribute less to the overall width of the frequency
spectrum than the higher modulating frequencies. This can be seen in figure 3.79 which
shows the equivalence between phase and frequency deviation with noise loading measured
at Cooby Creek. In the event a medium station must receive at the low end of the baseband,
overdeviation improvement, if allowed, also becomes a function of the number of low-ire=

quency channels being overdeviated.

As pointed out, overdeviation at the higher baseband frequencies increases the
rate of intermodulation noise build-up and is caused by IF passband spectrum truncation.
Figure 3. 73, which summarizes the results of 60-channel (5322 kHz to 5558 kHz) and 120~
channel (5066 kHz to 5558 kHz) overdeviation at the high-baseband frequencies, clearly shows
this effect. This data shows that transmission level is critical for any station transmitting
at the high end of the baseband. In this case, the intermodulation noise buildup degrades all
channels outside the overdeviated spectrum at both the medium and large stations. The.
total noise in any channel is now proportional to the-magnitude of the intermodulation noise
caused by the overdeviation, and either the magnitude of the thermal noise at the high C/N:
ratio (14 db - large station) or the magnitude of the threshold noise at the low C/N ratio .
(8.6 db - medium station). Data for the large station shows that the intermodulation noise
predominates. It increases with decreasing baseband frequency and thus TT/N degradation
is most severe in the low-frequency (342 kHz) channel. At the medium station, however,
threshold noise predominates in the 342-kHz chamnel. Threshold noise decreases with_in-
creasing baseband frequency. Its level in the 534-kHz channel is sufficiently low so that as
the intermodulation noise increases with increased overdeviation levels, TT/N begins to
decrease at a faster rate relative to the 342-kHz channel. It is also dependent on the
number of channels being overdeviated. Figure 3.73 shows that 120-channel overdeviation
at the high end of the baseband causes the intermodulation noise to increase two to four times
faster than for 60-channel overdeviation.
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FT MODE - SINGLE STATION ACCESS

In an ideal FDM FM system, the relationship between thermal noise and baseband
frequency is given by R = kg2 (where K is a constant), provided C/N is above threshold. The
expected difference in channel TT/R (A TT/R) is:

A TT/R= 20 log &)
)

where f2 = high-channel baseband frequency (5340 kHz at Rosman and 1248 kHz
at Mojave and Cooby Creek)

f; = low-channel baseband frequency (342 kHz at all earth stations)

Based on the above equations, the predicted ATT/R is 23. 8 db for Rosman and
11. 2 db for Mojave and Cooby Creek. Referring to table 3.23, it can be seen that the
measured ATT/R ratios are within 1.9 db of the predicted ratios for all earth station/
spacecraft configurations. Since these configurations provide C/N ratios above 13 db, the
FM demodulator output thermal noigse spectrum should be parabolic and this is confirmed by
the measured ATT/R. ATT/N also has the same characteristic for C/N ratios above 13 db.

Considering TT/N, the measured ratios in the low=frequency channel for all
earth station/spacecraft configurations are within 3.8 db of the predicted ratios. The high-
frequency channels show a maximum difference of 1.6 db between measured and predicted
TT/N ratios. This variation is expected and is evident from figure 7.5 in paragraph 7.2,
which .shows the variation of Kov (overall TT/1 at any channel within the baseband). Predicted
TT/N ratios, presented in table 3. 23, particularly for the low-frequency channel, used the
more optimistic values of Kov shown in figure 7.5, thus, the measured ratios are more
realistic in terms of normal system operation. The TT/R ratios shown in table 3. 23 define
the upper limit of TT/N.

Although measured TT/N ratios in the low-frequency channel are somewhat lower
than the predicted ratios, for all configurations TT/N exceeds the CCIR recommendation of
50 db by at least 4.4 db. Characteristically, TT/N decreases across the baseband and at
1248 kHz (240 chanmel total loading), TT/N is 4 db below the CCIR recommendation in the
worst case, while-at 5340 kHz (1200-channel total loading) the difference is 15.8 db. This
again follows from the fact that both I and R increase with increasing baseband frequency.

TT/N in the high-frequency channel can be improved with the use of standard
CCD‘?, pre-emphasis/de-emphasis networks. Table 3.24 shows this improvement for
representative earth station/spacecraft configurations. For 240-channel total loading, it
can be seen that both the low-and high-channel TT/N ratios are slightly above 50 db. De-
emphasis reduces the ATT/N from about 9 db to 2 db or less. This indicates that the
pre—emphasis/de-emphasis networks are essentially optimum for this condition. In fact the
50-db TT/N ratio is realized without using compandors.
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With 1200-chaniiel loading, pre-emphasis/de-emphasis improves TT/N in the
5340-kHz channel about 4 db. At the same time, it is noted that the low channel TT/N is de-
creased about 3 db, but is still some 4 db above the 50-db TT/N ratio. In this case, de-
emphasis reduced ATT/N from about 22 db to 14 db, thus a further reduction appears de-
sirable. This indicates that for this condition, pre—empha,sis/ de-emphasis is not necessarily
optimum. A further decrease in low-channel TT/N could be tolerated in order to further
improve high-channel TT/N. In either case, compandors are required to realize a 50 db
TT/N ratio across the entire baseband. The number of compandors required can be mini-
mized by using optimum pre-emphasis/de-emphasis with this condition of 1200-channel total
loading. The results of experiments with different pre-emphasis/de-emphasis networks for
1200-channel loading are discussed in section 3.2. 1.

SPECJAL CONJUNCTION EXPERIMENT-SSB-PhM (MA) MODE

The results of the special conjunction experiment are shown in figures 3. 76 and
3.77. The test was conducted by monitoring a tone in the high-and low-FDM channel outputs
ona strip-chart recorder as the S/C went into conjunction with the sun (earth station, §/C,
and sun in line with each other). In order to obtain a measure of the noise alone, channels
at the high and low ends of the baseband, adjacent to the tone-carrying channels, were also
mon.{tored. The earth station RCVR AGC was monitored in order to obtain a measure of the
maenitude of the received carrier plus noise during the conjunction period.

Figure 3.76 shows the high-and low-channel tone plus noise and noise only
curves (TT + N, N). It should be noted that the noise is significantly higher (approximately
9\‘ db) in the low channel during the time that the receiver is operating below the threshold
point of the discriminator. This is'in agreement with previous observations that, at low C/N,
the threshold noise in the low channels is significantly greater than in the high channels.

Figure 3.77 shows the plot of RCVR AGC (calibrated in terms of receiver
input power) during the conjunction period. It is seen that the communication system is com-
pletely out of service during mi)st of the conjunction period (system operation is below thresh-
hold for five minutes of the nine-minute period).

At operation above threshold, the T + N output consists essentially of tone power
only; however, as the threshold point of operation is reached, the channel noise power in-
creases until it becomes appreciable and eventually exceeds the tone power. As shown in
figure 3.76, the tone power is seen to decrease as the threshold point is reached. The tone
and noise powers are equal at a total power output of about -6 dbm for the high channel and
+2 dbm for the low channel (corresponding to -9 dbm and -1 dbm levels for the high and low
tone, respectively).

It should be noted that the tone only curve has been approxirx}ated over a portion
of the eclipse period. This is because the calculation of the tone power becomes inaccurate
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as the T + N and N terms become nearly equal. This inaccuracy is compounded by the fact
that separate FDM channels are used to measure T+N and N, each with slightly different
gain and noise bandwidth characteristics, thus no accurate measurement can be made of sig-
nal suppression in either the high‘ or low channels.

3.4.1.3 Conclusions

SSB-PhM (MA) MODE

Depending on earth station/spacecraft configuration, in the SSB-PhM (MA) mode,
measured TT/N ratios vary from 36.7 db to 43.3 db based on single-station access. The 43.3-db
TT/N ratio is realized at the Rosman earth station (85-foot antenna) using ATS-3 (56.5 dbm
EIRP) and this ratio is within 0. 4 db of the predicted ratio or expected performance. How-
ever, it is 1.7 db below the EIA standard of 45 db and 6.7 db below the CCIR recommendation of
50 db. The system is thermally limited on the basis of 240 channel operation while inter-
modulation noise limits 1200-channel operation relative to nominal operation. Although a
2-db improvement is possible for the thermally limited configurations, this improvement is
not sufficient to meet the EJA standard. These system limitations can be overcome with the
use of compandors. Overall improvement will depend on the number of compandors and in
general, they will allow the multiplex channel to subjectively meet the CCIR requirement of
50 db.

The results of the multistation tests show that predicted channel TT/N ratios at
the low end of the baseband frequency spectrum cannot be obtained with the present mix of
earth stations and the ATS-1 spacecraft operating at full 1200 channel system capacity. The
system configuration utilizing 40-foot antennas at Cooby Creek and;Mojave with ATS-1 (52.2
dbm EIRP), give C/N ratios in the receiver threshold region, resulting in TT/N ratios of
about 24 db, which are unacceptable. A

Performance can be improved by limiting system capacity. For example, with
640 channel loading some 8-db to 12-db improvement in TT/N is realized in the low-frequency
channels. By assigning the high end of the baseband spectrum to the two earth stations with
40-foot antennas, T'T/N ratio may be improved by some 12 &b. If the medium station must
receive a channel group at the low end of the baseband, performance can also be improved
by allowing the transmitting station to overdeviate this same channel group. .There is prac-
tically a one db increase in TT/N for each db increase in overdeviation relative to nominal.
However, a limit exists when intermodulation noise due to transmitter non-linearity and/or
spectrum truncation tends to negate this improvement. This same overdeviation effect could
be realized with the proper pre-emphasis at the satellite and is considered the more practical
solution for future similar SSB-PhM (MA) systems.
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At high C/N ratios, TT/N performance compares favorably to predicted perfor-
mance and is reasonably consistent across the baseband. It follows that design of a random-
access multiple-aceess system using a SSB-FDMA/PhM mode, requires a high C/N ratio
(adequate margin above threshold at each earth station to provide an acceptable TT/N

ratio).

In the SSB-PhM (MA) mode, the variation of multiplex TT/N due to uncontrolled
variables appears to be minimal. Considering a one-db margin based on the 1. 1-db total
measured excursion.in the automated tests (exclusive of weather effects), both TT/I and
TT/R should be at least 54 db to provide a TT/N ratio of 50 db without compandors. Based
on the Rosman earth station (85-foot antenna) and a nominal 30 MHz RF-IF bandwidth, a C/N
ratio of 27 db is required to realize a TT/R ratio of 54 db.

FT MODE

The various ATS earth station/spacecraft configurations provide C/N ratios
above threshold in the FT mode of operation. As a result, TT/N ratios measured across
the baseband without pre-emphasis/de-emphasis vary in accordance with the parabolic
noise spectrum characteristic of FM systems. With 240-channel loading, TT/N ratio in the
low channel (342 kHz) varies from 54.5 db to 57.7 db while in the high channel (1248 kHz),
it varies from 46.0 db to 49.0 db. In this case, the use of standard CCIR pre-emphasis/
de-emphasis networks will alloiy the system to meet the CCIR recommendation of 50 db

without the addition of compandors.

For the case of 1200-channel loading, TT/N ratio in the low channel (342 kHz)
varies from 54.6 db to 58. 4 db while in the high channel (5340 kHz), it varies from 34.2 db
to 38.1db. Inthis case, standard CCIR pre-emphasis/de-emphasis networks improve the
high channel about 4 db with less than 3-db decrease in low-channel TT/N. This indicates
that the pre-emphasis/de-emphasis is not necessarily optimum for 1200-channel loading. In
order to realize a 50-db T'T/N ratio across the baseband, compandors are required. The
number of compandors required can be minimized by using optimum pre-emphasis/de-emphasis

for this case.
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TABLE 3.20. TT/N AND TT/R SUMMARY, SSB-PhM (MA) MODE (SINGLE-STATION ACCESS, MANUAL TESTING)

MEAN OF MEASURED RATIOS PREDICTED
- NORMALIZED TO MEAN C/N RATIOS Mean
. . EIRP | Loading . Downlink
Station Satellite Bandwidth
(dbm) | {(Channels) (MHz) TT/N (db) TT/R (db) /N | TT/R ((:o{bl\;
Tow Ch: | High Chi | Low Ch: | High Cr: | (@) | @)
Rosman ATS-1 [52.2 1200 30 40.2 41.1 .4 | 440 | 203} 45.4 14.7
1
(@' ANT.) | Apg.3 |52.2 1200 30 42.2 42.1 43.7 43.3 42.9 | 45.6 16.1
54.6 1200 30 43.0 | 430 | 45.6 | 45.4 | 43.3 466 19.6
56.5 1200 30 43.3 43.3 6.3 | 6.3 43.7 | 47.5 20.5
Mojave ATS-1 |52.2 240 12 31.4 | 38.7 38.1 30.8 | 39.5 | 40.5 12.9
1
@OTANT.) | g |B2.2 240 12 s7.9 | 382 | 385 | 39.5 | 40.5|40.5 | 149
54.6 240 12 39.9 | 40.9 40.7 | 4.2 2.3 | 125 15.4
Cooby Creek| ATS-1 |52.2 240 12 36.7 38.7 37.6 39.2 39.5 | 40.5 10.9
(40" ANT.)
NOTES:

(1) Low channels are 336 kHz or 342 kHz at all earth stations. High channels are 5340 kHz al Rosman and 1248 kHz at
Mojave and Cooby Creek. All ratios are F1A weighted.
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TABLE 3.21. TT/N AND TT/R SUMMARY SSB-PhM (MA) MODE (ONE HOUR TEST RUNS)
(SINGLE-STATION ACCESS, AUTOMATED TESTING)

Noise Loading On

Noise Loading Off

Channel Sziis;l IV(I:e/aI.\?. Mean of Measured Ratios Mean of Measured Ratios
No. (db) TT/N (db) Deviation from Time Between TT/R (db) Deviation from Time Between
Mean (db) Max. & Min. Dev. Mean (db) Max. & Min. Dev.
Low
+0.1 +0.1
341 kHz ~0. -0.2
(341 ) M3003B{ 11.7 38.9 0.2 16 39.2 0 3
+0.2 +0.2 P
M3004* | 11.7 38.1 o4 55 41.4 on 21
Center  |y33038 | 10,7 | 417 .2 14 42.2 9.2 2
(758 kHz) : :
+0.2 +0.2
M3004% | 11.7 38.2 s 13 41.2 s 2
High M3003B | 11.7 1. 40.7 0.3 43 411 0 1
(1248 .
. +0.1 +0.1
kHz) M3004* | 11.7 38.5 o5 53 41.3 oa 8

* Noise loading on 1200 channels (15, 8 dbm0), all other test runs on 240 channels (8. 8 dbm0)



TABLE 3.22. TT/N AND TT/R SUMMARY SSB-PhM (MA) MODE,
(MULTISTATION ACCESS)

MANUAL TESTS - TELEPHONE CHANNEIL-MEASURED MEAN TT/N RATIO IN DB

Sat 640-Channel Loading 1200-Channel Loading
Station | Sat. EIRP C({kl’\l at Satellite - 13.1 dbm0 at Satellite ~ 15. 8 dbm0
dbm 341 kHz Ch: | 1247 kHz Ch: | 341 kHz Ch: | 5339 kHz Ch:
Cooby Ck|ATS-1] 52.2 | 7.4-8.1 36.4 37.9 24.5 36.5
40" Ant.
Mojave |[ATS-1| 52.2 |7.5-8.8 31.2 36.1 23.7 36.5
40" Ant. [ATS-3| 54.6 11.8 39.4 40.4 34.1 37.5
Rosman [ATS-1| 52.2 | 12.4-14.2 39.2 40.2 34.8 40.0
85' Ant. |ATS-3| 54-6 20.7 43.5 44.9 -41.8 43.9
AUTOMATED TESTS - TELEPHONE CHANNEL-MEASURED MEAN
TT/N AND TT/R RATIO IN DB
1200-Channel Loading at Satellite - 15.8 dbm0
Sat. [No. o/N Test
Station | Sat. |EIRP|of S 341 kHz Channel 1247 kHz Channel
db Interval
dbm [Sta.
TT/N| « |TE/R| ¢ |TT/N| ¢ [TT/R| <
Cooby Ck|ATS-1|52.2 | 3 | 6.2-7.4|1Hr 28.5 |0.90{46.8|0.84| 32.3(0.52] 39.5!0.37
40" Aut. 45 Min
Mojave |ATS-3{52.2 | 3 | 7.7 2 Hr 23.3 10.41(35.2{0.31]33.2}0.45[39.3]0.22
40 Ant. 0 Min
ATS-3(54.6 | 2 | 11.7 3 Hr 41.2 (0.15(42.7 [0.14]36.90.40{41.0{0.26
31 Min i
Rosman [ATS-1[52.2{ 3 | 13.0 1 Hr 39.9 |0.26{44.1 {0.26|42.00.14|45.4(0.26
85' Ant. 46 Min .
ATS-3|54.6 | 2 | 20.0 3 Hr 43.3 |0.44)44.7 {0.50]45.010.60| 47.3(0.71
31 Min
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TABLE 3.23. TT/N AND TT/R SUMMARY, FT MODE WITHOUT PRE-EMPHASIS/DE-EMPHASIS
(SINGLE-STATION ACCESS)

Mean of Measured Ratios
Normalized to Mean C/N

Predicted Ratios

Station satellite | o7 TT/N (db) TT/R (db) TT/N (db) TT/R (db)
Low Ch: High Ch: Low Ch: High Ch: Low Ch: High Ch: Low Ch: High Ch:

Rosman ATS-1 522 | s6.4 | 34.2 56.4 34.2 58. 1 35.5 60.7 36.9
(85" Ant.) ATS-3 |s2.2 | 56.8 36.4 58.6 36.7 60.1 36.9 61.7 37.9

54.6 | 51.6 37.8 60.2 38.1 61.0 37.9 63.0 39.2

56.5 | 58.4 38.1 62.3 39.9 61.6 38.8 64.1 40.3
Mojave ATS-1 |52.2 | 56.8 4.3 60.6 9.1 58.2 a6 61.0 9.8
(40" Ant.) ATS-3 |[s2.2 | s6.1 a7 59.6 49.4 59.7 48.7 61.1 9.9

54.6 | 57.7 9.6 62.5 51.3 61.0 50.1 63.1 51.9
Cooby Creek | ATS-1 |s52.2 | s4.4 46.0 58.9 4.4 58.2 4.6 61.0 9.8
(40" Ant.)

NOTE: TT/N and TT/R ratios based on 1200-channel loading at Rosman and 240-channel loading at Mojave and Cooby Creek.

Low channel is 342 kHz at all earth stations. High channels are 5340 kHz at Rosman and 1248 kHz at Mojave and

Cooby Creek.
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TABLE 3.24. TT/N AND TT/R SUMMARY, FT MODE WITH PRE-EMPHASIS/DE-EMPHASIS
(SINGLE STATION ACCESS)

, Novmalized to Mean /N Predicted Ratios
Station satellite | T TT/N (db) TT/R (db) TT/N (db) TT/R (db)
Low Ch: High Ch: | Low Ch: High Ch: Low Ch: | High Ch: Low Ch: High Ch:
Rosman ATS-1 |52.2 52.8 38.7 53.2 39.6 54.1 39.5 56.7 40.9
(83" Ant.) ATS-3 |52.2 54.2 0.5 55.2 41.6 56. 1 40.9 57.7 41,9
54.6 55.3 41.5 56.5 41.9 57.0 41.9 59.0 43.2
56. 5 55.6 42.5 58.5 43.5 57.8 42.8 50. 1 44.3
Mojave ATS-1 |52.2 50.3 51.5 56.6 51.6 55.2 51.6 58.0 53.8
(40" Ant.) ATS-3 |[52.2 50.2 50.7 57.5 52.0 56.7 52.7 58.1 53.9
54.6 51.6 53.7 59.6 55.6 58.0 54.1 50. 1 55.9

NOTE: TT/N and TT/R ratios based on 1200-channel loading at Rosman and 240-channel loading at Mojave. Low channel is
342 kHz at both earth stations. High channels are 5340 kHz at Rosman and 1248 kHz at Mojave.
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3.4.2 DIGITAL DATA ERROR RATE (F.J. Kissel) (MA-AT-1.1, FT-AT-1.1)
3.4.2.1 Description and Test Resulis
OBJECTIVES

The objective of this test is to determine the bit error rate of a FSK digital signal

transmitted by means of an FDM voice channel. Separate tests are performed to obtain
datainthe SSB-PhM (MA)mode and in the frequency translation (FT) mode using automated
testing at one or more earth stations in either single or multistation operation. The results
of these tests are analyzed to provide the following ATS performance characteristics:

1) Bit error rate under nominal system conditions
2) Bit error rate as a function of multiplex channel S/N.

TEST CONDITIONS
1) Mode of operation

Each test is performed in one of two system conditions, SSB~PhM (MA)
or frequency translation (FT). The data and analysis of each mode
is presented separately.

2) System Configuration

All experiments are separated into various earth station - satellite
groups. Each group is capable of providing automated test data for
both single and multistation tests,

3} Controlled Variables

The following system parameters have been established for the FDM
tests:

a) Type of data — Pseudo random, word length 2047 bits

b) Data rate - 1200 bits/sec ’

¢) Modulation — non-coherent FSK

d) FSK "'Space" pulse frequency - 1232.5 Hz

e) FSK "Mark" pulse frequency - 2252.5 Hz

f) FDM data channel bandwidth — 3.1 kHz

g) FDM data channel group location — 80 kHz

h) FDM data channel baseband location — 336 kHz

i}  Channel deviation of RF carrier in FT mode - 490-kHz rms (1200-channel
spectrum) and 870%Hz rms (240-channel spectrum)

j)  S/C received power (SSB/PhM mode)~— minus 87 dom per test tone

k) S/C peak deviation per channel (SSB/PhM mode) - 0. 35 radians per test tone

*Peak factor = 1.
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" 4) Unconirolled Variables

The uncontrolled variables which have the most significant effect on
system performance are impulse noise and signal fading; however, at
normal system signal levels, only interference which is in excess of
20-25 db above the noise level will cause measurable degradation.

THEORY OF ANALYSIS

The theory of analysis consists of determining the bit error rate as a function
of the energy contrast factor (E/No) of the data channel. The (E/No) factor is directly
related to the data channel 8/N, bandwidth and bit rate (discussed in paragraph 3.4.2.2).
The data channel S/N is determined from the measured S/N in a voice channel adjacent to
the test channel.

RESULTS
1) MA Mode (SSB/PhM)
a) Normal Tests
Due to the high S/N ratios (approx 35 db) for all single or multistation
test runs, no bit errors were recorded during the fest intervals. An

average fest interval is 30 minutes with 1.44 x 106 bits compared
for errors.

b) Special Tests

Table 3.25 shows the data error rate as a function of test-tone
signal-to-noise ratio. As expected, no ervors were detected during the
15-minute test duration when the S/N was held at 32.5 db since the
channel is virtually error-free at this S/N level.

A special bit error test was performed at Cooby Creek and Mojave using the MUX
back-to-back configuration. The S/N was varied in steps and the number of errors occurring
during each step was recorded. The test was performed for data bit rates of 1200 bps and
1500 bps.

Figure 3.81 shows the results of the foregoing tests plotted against the FDM
channel energy contrast value. The notable item from figure 3.81 is that the filters
employed in the multiplex units limit the bit rate to around 1200 bps.
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2) FT Mode
a) Normal Tests

Due to the high S/N ratios for all single or multistation test runs, zero-
bit errors were recorded during the test intervals. An average test
interval is 30 minutes with 1.44 X 108 bits compared for errors.

b) Special Tests

Figure 3.80 shows the results of the FT-AT-1.1 test performed at the
Rosman station during an eclipse period of the ATS-3 satellite.

The test results show zero errors detected during all but two of the

46 one-minute test periods. All of the errors were detected during

a time that the high-and low~channel S/N values were out of limits

{too low to be recorded)., During the last 33 minutes of the test,

1.58 X 10% bits were transmitted without error, thus establishing

the bit-error rate to be less than 6.3 X 10~7

3.4.2.2 Analysis
MA MODE (SSB/PhM)

Because of the high signal-to-noise ratios obtained at the standard test-tone
levels (35 to 45 db, depending.upon earth station, S/C, S/C EIRP, etc), the bit-error rate is
essentially zero. To determine the error rate as a function of test-tone S/N, a special test
(T1020) was performed at the Cooby Creek ground station. This was accomplished by
attenuating the transmitted FSK digital signal level 20, 25,and 30 db to provide S/N ratios of
12.5; 7.5 and 2.5 db, respectively. The resulis of this test are shown in table 3.25 and
figure 3.81 where the ideal curve for non-coherent FSK is also plotted. R should be noted
that the ideal curve is based upon a statistical noise distribution which may be somewhat
different from the noise distribution which actually exists in the FDM channel. Such is
apparently the case since, as shown in Figure 3.81, the measured MUX back-to~back test
results indicate performance slightly better than that predicted under-ideal conditions.

The actual error rate, Pe’ at a specified test-tone level is a function of the energy
contrast factor, E/No’ which is defined as the ratio of the energy per bit to the normalized
spectral noise density, N,- The relation of E/No to the channel S/N value is as follows:

jeeikoy]

2|
2|

where:

B is the bandwidth in which the 8/N ratio is defined (3.1 kHz = 34.9 db/Hz)
H is the bit rate (nominal 1200 bits/sec = 30.8 db)
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E/N0 values corresponding to the test S/N ratios are also shown in table 3.25. This pro-
vides a comparison to the ideal curve for non-coherent FSK which plots E/N , versus bit-

error rate, as shown in figure 3,81.

Considering the above values of B and H, the nominal S/N ratio of 32.5 db with
the 20-db attenuation factor, corresponds to an E/N0 value of 16.6 db. At this relatively
high level, the corresponding Pe value is so low that excessive test time would be required

to obtain a bit-error sample.

For the 25-db attenuation factor, the corresponding E/No is 11.6 db. For this
value, a 9-minute test period produced an error rate less than 2.1 X 10'5. For the 30-db
attenuation factor, the E/No value is 6.6 db. In this case,the bit-error rate was 0.120. Thus.
bit-error-rate performance was acceptable at S/N ratios above 7.5 db.

Observed modem performance at a 1200-bps rate shows that at a S/N ratio of
17 db, an error rate not in excessof 1 X 1078 can be expected. At a 8/N ratio of 12.5 db,
an error rate less than 2.1 X 10"5 was measured., A comparison of bit rates shows that an
increase in bit rate yields a corresponding increase in error rate for a given energy con-
trast factor due to the bandwidth limitation of the multiplex channel. This limitation causes

a decrease in E as the bit rate is increased.

Included in figure 3.81 are the results of a special bit-error-rate test,conducted
at Cooby Creek and Mojave,for different S/N levels at two different bit-error rates with the
multiplex equipment in a back-to-back test configuration. In these tests, the S/N level was
varied by changing the level of noise injected in the MUX channel. The MUX back-to-back
configuration was used to determine what bit-rate limitation was imposed on the system by
virtue of the multiplex transmit and received units. As shown in figure 3.81, the back-to-
back loop imposes a limit on the error rate somewhere between 1200 bps and 1500 bps. The
limitation is readily apparent when the error rates at an E/NO of 13 db are considered
@2x 10"5 error rate at 1200 bps versus 6.5 x 10"4 error rate at 1500 bps). This limiting
effect is even more pronounced at higher values of E/N o° Data taken at bit rates lower than
1200 bps showed essentially no change in error rate from that observed at 1200 bps.

FT MODE

Significant bit error rate data was obtained from a single test (FT-AT-1.1,
R3-004) using ATS-3 performed at the Rosman earth station on 18 March 1968. A total of
1,584, 000 bits were transmitted without error, establishing a bit error rate less than
6.3X 1077, Asa matter of interest, an eclipse of the ATS-3 satellite occurred during this

test.
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When the satellite went into the eclipse position (within the earth's shadow) the
MACE lost its sun-synchronization pulses, with the result that the mechanically despun antenna
(MDS) shifted its boresight away from the earth. This shift continued until about the 15th
minute of the test, when the sun was reacquired. Figure 3.80 shows a par.tial history of
this eclipse. The S/N of the low and high multiplex channels decreased rapidly from
nominal during the first portion of the eclipse period. During the 12th and 13th minute test
periods, the values of S/N were out of limits (too low to be measured). It is during this
interval that bit errors were in evidence. The S/N slowly returned to nominal during the
remaining 33 minutes of the test. A total of five errors were detected during the last
15 seconds of the 12th one-minute test period, and 36 errors were detected during the first
20 seconds of the 13th one~minute test period.

3.4.2.3 Conclusions
In the foregoing analysis, the following conclusions have been made:

1) The bit error rate of the FDM FSK digital channel at nominal S/N
levels is less than 6.3 X 10_7, based on no errors received in

1.584 X 106 bits transmitted.

2) Reasonably good bit error rate performance (1 part in 10-6) will be
realized at a S/N ratioc as low as 10 db (corresponding to an energy
contrast level of 14 db) for a 1200-bps rate,

3) Bandwidth restrictions of the multiplex units limit the bit rate to about
1200 bps.
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TABLE 3.25. DIGITAL DATA-ERROR.RATE VERSUS
CHANNEL S/N COOBY CREEK (T1020), 2 AUG, 1967

Data Channel Energy Contrast Error Number of BITS
S/N (db) Factor Rate,- Transmitted
(Calculated) (E/N o(db) Pe
. -6
32.5 36.6 <5,6°x10 180, 000
12.5 16.6 <2.1 X].O_5 48,000
7.5 11.6 6.0x107° 108,000
2.5 6.6 0,120 108,000
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3.4.3 MULTIPLEX-CHANNEL LINEARITY (M.E. STRONG) (FT-MX-3.1/MA-MX-4.1)

3.4.3.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to determine the amplitude linearity
characteristics and overload compression point of a voice frequency multiplex channel. This
test is performed using the SHF equipment on a single station basis for both the MA and FT
modes to establish the operating range of the multiplex system and the range of input signal
levels that can be handled by the équipment. '

TEST CONDITIONS
The significant conditions of this experiment are:

1} Tests are run in both FT and MA modes utilizing both S/C and RF loops. The
RF loop is run primarily as a comparison for evaluating the satellites contribution to the

parameter.

2) The "reference" is established by setting the channel output level at + 7 dbm
with an input of -16 dbm at 1000 Hz. This is the system nominal operating level.

3) The tests were performed in a high-and low-multiplex channel at each of the
three test stations.

4) Tests are run over a range of levels from -32 dbm to -4 dbm at discrete
intervals.

STANDARDS

Specifications and user requirements applying to the overall multiplex SHF
systems of this type are not readily available. The reports of CCIR and CCITT omit the
parameter completely. EIA Standard 2.4.2 of TR-141 denotes the overload level* and 6 db
above test-tone level (or at ~10 dbm input when applied to the ATS system).

*Overload level is defined here according to ASA 65.08.048 which states that "overload
level is that level which operation ceases to be satisfactory as a result of signal distortion,
overheating, damage, etc.".

3.179



RESULTS

In figure 3. 82, a representative curve for all test conditions is presented.
Individual test data has shown sufficient uniformity to justify a typical curve. No significant
differences were observed relating to frequency, mode, satellite,or station.

3.4.3.2 Analysis of Test Results
Amplitude linearity is a measurement of incremental increases of output power

levels corresponding to discrete increments of input signal level. Ideal linearity is obtained
when the incremental rise in output power equals the incremental rise in input level. At
some value of input level, the multiplex equipment will begin to limit the output level, an
effect referred to as overload compression. When compression occurs, the signal ceases

to be satisfactory as a result of signal distortion. Economics dictate that equipment be
operated in the upper portion ofeits linear range, but with sufficient margin to enable optimum

signal-to-noise without compression.

The respresentative curve of figure 3. 82 shows the multiplex channel test-tone
level to be about 2 db down at + 6 dbm0 input level, The gain reduction at + 3.5-dbm0 input is
in the order of 0.5 db, and the gain reduction at+ 12 dom0 is about 8 db. For all practical
purposes these results represent the channel response of the multiplex equipment itself. It
is seen that the EIA specification is met, since the gain reduction is about 2 db at + 6 dom0
(=10: dbm).

3.4.3.3 Conclusions

On an individual channel basis, the linearity characteristics of the multiplex
equipment are adequate for any mode of transmission within the ATS system capabilities.
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3.4.4 MULTIPLEX-CHANNEL AUDIO-ENVELOPE DELAY (FT-MX-4.1, MA-MX-5.1,
FT-MS-1.1, MA-MS-1.1) (M.E. STRONG)

3.4.4.1 Description and Test Results

OBJECTIVES

This experiment is conducted to determine the relative audio-frequency envelope
delay in a multiplex channel. It is performed with the SHF equipment on either a single or
multi-station basis in either the MA or FT modes to determine the capability of the ATS system
in the handling of digital data. Signal distortions produced by variations of time delay affect
the wave shape of digital signals but are not critical for voice and teletype signals. In the
ATS system, a digital rate of 1200 bauds is employed. When sending a digital signal at a
1200-baud rate, there will be components of the signal distributed across the voice channel
passband. Differential time delays between these components will cause envelope distortion

of the received bits, and, for a given S/N ratio, could increase the error rate.
TEST CONDITIONS
The significant conditions for this experiment are:

1) Tests are run in both MA and FT modes utilizing both S/C and RF loops. The
RF loop is run primarily as a comparison for evaluating the satellite’s contribution to the

parameter.

2) The "reference” is established by determining the frequency of minimum delay

using an Acton 453-B delay measuring test set.

3) The tests were performed in high-and low-multiplex channels at each of the
three test stations.

4) Delay measurements are made at frequencies of 500 Hz, 800 Hz, 2000 Hz,
2400 Hz, 3000 Hz, and 3400 Hz.

STANDARDS

CCITT Recommendation Gi31, paragraph F, is used for comparison and is

applicable to international telephone circuits.
RESULTS

A typical multiplex-channel audio-envelope delay versus channel frequency is

presented in figure 3. 83.
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3.4.4.2 Analysis of Test Results

Reference to figure 3. 33 shows that the multiplex-channel audio-envelope delay
versus frequency response is within the manufacturer's stated limits. Also, no difference
attributable to mode (FT or MA), loop (S/C or ground R¥), station, or satellite has been
observed.

The effect of the observed multiplex channel envelope delay will be most pro-
nounced when transmitting data. In terms of the harmonic relationships invoived, the digital
signal f(t) (which can be represented as a rectangular wave) may be expressed as the sum of
an infinite series

_Zi Sin nyt
nw to

(t) =
n odd
where A is the amplitude of the rectangular wave, n is the harmonic of the fundamental

frequency —:—, and to is the bit length in seconds. Assuming a 1200-baud signal, the funda-
()
-4

mental frequency in the Fourier expansion is w,= %— =600 (27) Hz, and to = 8'.’34 X 10 “seconds.

Substituting into the previous equation: °

4 4 4
1) = 28 [sin (1;) 3"’:)+ 1/3 sin <——3 . “t) +1/5 sin (5 2 "t) + -

Only the first 3 terms in the expansion lie in the channel passband. These are the funda-
mentai.l, third, and fifth harmonics, lying at 600, 1800, and 3000 Hz, respectively. The
envelope delay at these frequencies, relative to the lowest value of envelope delay in the
channel passband is 0. 37 msec, 0.03 msec, and 0.15 msec, respectively. The envelope
delay relative to the 600-Hz fundamental is then 0.03-0. 37 = -0. 34 msec for the third
harmonic, and 0.15 - 0,37 = -0. 22 msec for the fifth harmonic. The relative phase delay of
each harmonic is givenbyA¢ = (360°)

where A ¢ is the phase delay relative to the fundamental in degrees
T is the envelope delay at the harmonic frequency of interest
f is the frequency of the harmonic of interest.
then, A ¢] =-(0.34 x 10'3) 360 (1800) =-220°
3rd Harmonic
and s ¢J= -(0.22 x 10”3) 360 (3000) = ~238°
5th Harmonic ’
These harmonics can now be added in the proper phase in order to determine the
shape of the received data signal. It is pointed out that data is transmitted through the ATS

system by means of FSK. The above development is presented as a means of interpreting the
observed multiplex-channel audio-envelope delay.
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3.4.4.3 Conclusions

The multiplex-channel audio-envelope delay is entirely satisfactory for voice
usage. Data transmission will be somewhat impaired because of bandwidth limitation and the

above phase shift of each harmonic.
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3.4.5 MULTIPLEX-CHANNEL TOTAL DISTORTION (FT-MX-7.1, MA-MX-6, 1)
E.E. Crampton

3.4,5,1 Description and Test Resulis

OBJECTIVE

The objective of this experiment is twofold: (1) to measure the magnitude of the
multiplex-channel total distortion, and (2) to determine the nature of the distortion.
TEST CONDITIONS

'The significant conditions applicable to this experiment are:
1) Mode of operation-Tests are conducted in both the MA (SSB-PhM) and FT
modes of operation. The data and analysis of each mode is presented

~

separately.

The tests utilize both the S/C and earth RF loops. RF loop tests are performed

primarily as a comparison for evaluating the satellite's contribution to the

2

=

total distortion level.
3) The tests are performed at two test-tone frequencies (500 Hz and 1000 Hz).

4) Harmonic and spurious tones are measured with a Marconi TF 2330 Wave

Analyzer.

THEORY OF ANALYSIS

The theory of analysis is based upon determining the total distortion from the
combination of harmonic and non-harmonic distortion terms. The amplitudes of the harmonic
components are identified and measured with the wave analyzer, and then these amplitudes
are combined in an RMS manner to yield the total harmonic distortion. Similarly, the
amplitudes of the non-harmonic signals are measured and combined in an RMS manner to

yield another distortion term.
STANDARDS

User specifications applying to the overall multiplex-radio system of this type
are not presently available. However, EIA Standard TR-141, Sec 3.2 and CCITT Recommen-
dation G:531 (f) of the Plenary Assembly in New Delhi, December 1960, states that the tele-
phone channel (Voice and Teletype) harmonic distortion should not exceed 5 percent (26 db
below test tone). It should be noted that in systems for which these recommendations were
written, harmonic distortion was the predominate distortion. Therefore, the recommendations
should be used cautiously with regard to the SSB-PhM (MA) Mode where harmonic distortion
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is not the predominate distortion. The manufacturers' specification for the multiplex equip-
ment states that 1 per cent (40 db below test tone) is the limit for the total multiplex-channel
distortion.

RESULTS

Average percent distortion values, based on test results from Cooby Creek,
Mojave, and Rosman are presented in tables 3.26 and 3,27.  Signal-to-distortion noise
ratio values are shown for each condition that the distortion percentage is given. Table 3,26
shows the results of the FT mode operation for the 500 Hz and 1000 Hz input test tones,
Table 3.27 shows the harmonic distortion and the 60 Hz sideband distortion levels measured
for the (SSB-PhM) MA mode using the 500 Hz and 1000 Hz input {est tones. Table 3.28
shows the results of two tests conducted at Mojave for various test loops and with both ATS-1
and 3 satellites.

3.4.5.2 Analysis of Test Results

FT MODE

Total distortion includes 60-Hz sidebands on the signal tone, but these components
were negligible with respect to the predominate harmonic distortion. The FT system does
not contribute significantly to the multiplex equipment distortion. Since the carrier which is
used for demodulation goes through the same perturbations as the signal, this mode has an
intrinsic self cancellation characteristic for frequency instabilities.

When operating in the FT mode, the system performance is well within thé
CCITT/EIA recommendation of 5 percent total harmonic distortion since it rarely exceeded
1.2 percent. Since the total distortion is mainly comprised of harmonic distortion, only this
factor is shown in table 3. 286.

MA MODE

The Marconi TF 2330 wave analyzer with a search bandwidth of 6 Hz was utilized
to determine the levels of the spurious frequencies and test tone harmonics present in a
typical multiplex channel. In addition to the test-tone harmonics, frequency components that
are related to the S/C spin modulation harmonics and frequency components caused by inci-
dental FM modulation of the frequency standard in the SSB transmitter were measured in the
multiplex channel. Also components that can be related to the S/C master oscillator and its
related circuitry in the case of ATS-3 were also measured.

From the results shown in tables 3.27 and 3.28, it is apparent that the test
tone harmonic distortion is mainly caused by the non-linearities in the transmit and receive
multiplex units. This conclusion is reasonable when comparing the corresponding S/N

values for the various test loops with the multiplexunit back-to-back loop. Since no
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appreciable S/N degradation is apparent when the test.results are compared between the
basic multiplex loop and the S/C loop, it is reasonable to conclude that the multiplex units
are the main cause of the levels.measured for the tést tone harmonic distortion. Also, it can
be concluded that the multiplex units meet the manufacturer's standard for multiplex equip-
ment which is an 8/N of 40 db.

For the test.results given in table 3.27, it is apparent that for the Cooby Creek
data, the 60 Hz components and multiples thereof (produced by incidental modulation of the
frequency standard) emanating from the SSB transmitter define the limit on the maximum
signal-to-total noise ratio (S/N) that can be obtained when operating with ATS-1. As shown,
this value is 34 db which meets the EIA/CCITT total link recommendation of 26 db. The
same conclusions can be obtained from the data obtained'from Rosman when operating with
both ATS-1 and ATS-3. For the Rosman case, it is apparent that the levels produced by
incidental modulation in the SSB transmitter are about 7 db worse than the levels produced at
Cooby Creek. Also, these levels are the limiting factor for the maximum S/N value that can

be realized at Rosman.

As shown in table 3.28, the test results from the ATS-1 and collimation tower
test loops are generally consistent, that is, they produce an S/N of about 42 db. These
results show that multiples of the spin modulation fundamental component are not important
in their contribution to the total distortion level. The significant components measured for
these test configurations were mainly multiples of the 60-Hz component and not the actual
fundamental component. In comparing the Mojave results with Cooby Creek, and Rosman
for the ATS-1 test condition, it is apparent that the levels of the incidental modulation
components (60 Hz and multiples thereof) at Mojave are at least 8 db better relative to
Cooby Creek and 15 db better relative to Rosman. Since the S/N value for idle noise is 10 db
less than the S/N value for spurious frequencies at Mojave for ATS-1, it follows that the
thermal noise level is the limiting factor in defining the total distortion level.

For the ATS-3 test case, it is noticed that the resulting S/N value for the
spurious frequencies is about 8 db less ( =34 db) than the corresponding value (= 42 db) for
the ATS-1 collimation tower test loops. Hence, it can be concluded that for ATS-3 operation,
the dominant spurious frequency levels are produced by either multiples of the spin modula-
tion component or by components emanating from the S/C master oscillator and/or related
circuitry. From the wave analyzer measurements, it was shown that this increase in the
spurious fréquency components occurs at frequencies of 130 Hz or greater. Because of this
relatively high-frequency range, it is not reasonable to conclude that these components are
being generated by a higher order multiple of the eighth harmonic of the spin-modulation
frequency. This eighth factor results from the modulation produced by the eight VHF whip
antennas crossing the SHF beam while the S/C is spinning. Therefore, it must be concluded
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that the high-frequency components being generated-are produced by the S/C master oscillator
or related circuitry. Also, it is shown intable 3.28 thatfor ATS-3 operation, the spurious
frequency and idle: S/N ratios are essentially equal. Hence the spurious frequencies and idle
noise contribute equally to the overall noise level.

3.4.5.3 Conclusion

For the FT mode of operation, performance is well within the CCITT/EIA
recommendation of a S/N of 26 db. The lowest S/N value (mainly due to harmonic distor-
tion) measured was 39.2 db for a test-tone input of 1 kHz. Inthe MA mode of operation, the

test-tone harmonic levels are negligible compared to the spurious frequency levels.

For the MA mode of operation at Cooby Creek and Rosman the spurious 60-Hz
sidebands and muitiples thereof, caused by incidental angle modulation of the master
oscillator in the SSB transmitter, produce the highest components in the multiplex channel.
The corresponding S/N for Cooby Creek is 34 db and for Rosman it is about 27 db for both
ATS-1 and ATS-3 operation. For Cooby Creek, the 60-Hz components contribute about
equally with idle noise to the total multiplex-channel noige level. For Rosman, the 60-Hz
components are the limiting factor.

At Mojave, for ATS-1 operation, the idle noise level is the limiting factor since
its measured S/N value was about 32 db and was 10 db lower than the spurious frequency
S/N value:s For ATS-3 operation, frequency components-at 130 Hz and higher were measured.
These components caused the corresponding spurious frequency S/N value to decrease to
about 34 db. It was concluded that these components are being generated by the S/C master
oscillator or related circuitry. Since the spurious frequency and idle S/N ratios are
essentially equal, both factors contribute equally to the overall noise level.
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TABLE 3.26. FT MODE MULTIPLEX CHANNEL TOTAL DISTORTION

Test Average EIA/CCITT Manufacturer's
Condition Freguency Harmonic Total Link Standards for
(Hz) Distortion Recommendation '| Multiplex Equipment
Representative of 500 Percent 0, 51 5.0 1.0
Actual Conditions S/N (db) 45. 8 26 40
Cooby Creek ATS-1 -
1000 Percent 0.33 5.0 1.0
S/N (db) 49.5 26 40
Representative of 500 Percent 0.90 5.0 1.0
Actual Conditions S/N (db) 40.9 26 40
Rosman ATS-3
1000 Percent 1,10 5.0 L0
S/N (db) 39.2 26 40
Representative of 500 Percent 0.75 5.0 1.0
Actual Conditions S/N (db) 42.5 26 40
Mojave ATS-1
1000 Percent 0.64 5.0 1.0
S/N (db) 43.9 26 4.0
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TABLE 3.27. MA MODE MULTIPLEXCHANNEL TOTAL DISTORTION
Test Average Average EIA/CCITT Manufacturer's
Condition Frequency Harmonic 60 Hz Sideband Total Link Standards for
(Hz) Distortion Distortion Recommendation Multiplex Equipment
: 500 Hz Percent 0.30 2.0 5,0 1.0
Representative of ° y -
Actual Conditions S/N (db) 50. 2 84.0 G 40
Soopy Creek 1000 Hz | Percent 0.22 1.9 5.0 1.0
S/N (db) 53.1 34,2 26 40
Representative of 500 Hz g/e;c&r]lat) %93 35 ‘21('_3 59 260 100
Actual Conditions y :
Rosman 1000 Hz | Percent 0.26 4.9 5.0 1.0
S/N (db) 51.8 26.3 26 40
Representative of 500 Hz gfﬁc&% 05'12% 3&93 360 41100
Actual Conditions ° M
Bosman 1060 Hz | Percent 0,22 4.2, 5.0 1.0
S/N {(db) 53.1 27.5 26 40




%61°¢

TABLE 3.28.

MA MODE MULTIPLEX-CHANNEL DISTORTION (MOJAVE)

Test Test Harmonic Spurious Signal to EIA/CCITT Total Manufacturer's Stan-
Loop Freq. Distortion Sidebands Idle Noise Link Recommenda- dards for Mux.
(Hz) S/N (DB) S/N (DB) Ratio (DB) tion S/N (DB) Equipment S/N (DB)
MUX. 500 53.2
BtoB 40
12/6/69 1000 §5.4
ATS-1 500 51.4 41.3
s/c 33.5 26 40
12/6/69 1000 53.2 41.5
ATS-3 500 NOISE 35.6
s/c - 35 26 40
12/6/69 1000 53.1 35.6
MUX 500 52.2
BtoB 40
12/18/69 1000 55.5
COLL. 500 54.2 42.6
TOWER 38.6
12/13/69 1000 56 41,2
ATS-1 500 56 43.5 31.5 26 40
s/c
12/13/69 1000 56 43
ATS-3 500 NOISE 33
s/c
12/13/69 1000 NOISE 33 34.6 26 40




3.4,6 MULTIPLEX-CHANNEL AMPLITUDE VERSUS FREQUENCY RESPONSE (FT-MX-2.1,
MA-MX-3.1)} (M.E. Strong)

3.4.6.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to measure the multiplex-channel amplitude
versus frequency response to determine the bandwidth of a channel and the amplitude variations
as a function of frequency within the channel. The ideal amplitude versus frequency response is
a constant output level at all frequencies within the multiplex-channel bandwidth, assuming
a constant input level. In a multiplex voice channel, the response is dependent upon the
channel bandwidth filters, and to a lesser degree by the transmission system.

TEST CONDITIONS
The significant conditions of this experiment are:

1) Tests conducted in both the FT and MA modes utilizing both S/C and ground
RF loops. The RF loop is run primarily to evaluate the spacecraft’'s contribution to this

parameter.

2) The reference point is established by setting the channel input level to ~16 dbm
and the output to +7 dbm at 1000 Hz. This represents the nominal operating level of the
system.

3) The tests are conducted in the 317-kHz, 509 kHz, and 1247-kHz channels
at Mojave and Cooby Creek, and in the 319-kHz, 511-kHz,and 3895-kHz channels at Rosman.

4) The frequency response is obtained for the range of frequencies from 250 Hz
to 3600 Hz in the multiplex channel.

STANDARDS

CCITT Recommendation G. 511 paragraph 5.1, EIA,Standard TR~-141, paragraph
3.1, and the multiplex manufacturer’s specification TCS-600/1200 are used for comparison.
The CCITT limits apply to international telephone circuits, and the EIA Standard applies to
microwave relay systems. The CCITT Standard is shown in figure 3. 84.

RESULTS

A typical response curve indicative of the results of many tests under all conditions
is presented in figure 3. 84.

3.4.6.2 Analysis

The typical response curve in figure 3. 84 shows that the amplitude versus fre-
quency response of the SHF multiplex channels is virtually flat (between 0.5 db and -0.5 db)
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from 300 to 3500 Hz, with a sharp roll-off above and below this band. This roll-off
characteristic is integral to the multiplex equipmenf design. Since the transmission system
has minor influence on the muitiplex—channel responses, the curve of figure 3. 84 can be
considered the frequency response of the muitiplex equipment itself.

3.4.6.3 Conclusions

The muliiplex-channel amplitude versus frequency response characteristic is
virtually flat from 300 to 3500 Hz, indicating that the amplitude fidelity for all modes and
conditions of transmission should be excellent and the sharply defined bandwidth provides
for good channel separation.
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3.5 TELEVISION PERFORMANCE EXPERIMENTS

INTRODUCTION

A series of tests are employed to evaluate the performance of both the yideo and

audio channels of the system. The audio tests cover frequency response; video-to-audio

‘crosstalk; hum and other periodic noise components; chanmel S/N ratio,and distortion. The

video tests include insertion gain stability; differential gain; low-and high-frequency responses;

hum and other periodic noise components; color-vector transmission analysis; and video

S/N. In addition, intermodulation distortion is measured in the video baseband above 100 kHz

for correlation with other experiments.

TEST CONDITIONS

These tests are performed under the following conditions unless otherwise stated:

1
2)
3)

4)

*5)

*g)
7

8)
9

~

10)

Frequency Translation (video) mode
Ground antenna peaked on satellite

Spacecraft antenna positioned for maximunr received signal strength-at the °
earth station. '

Ground station transmitter AFC switch in "Sync Tip" position for those test
signals-that include the horizontal (line)-sync pulses. If sync pulses aré not
“Pesent then the "AVG" position is used.

Pre-emphasis network removed from transmitter for both video and audio.
De-emphasis network removed from receiver for both video and audio.

RF carrier deviation: *10-MHz peak (video )
=1-MHz peak (subcarrier).

6-MHz, audio-subcarrier deyiation: 200 kHz peak.
Receiver IF bandwidth set to 30 MHz.

4.5-MHz filter in video-baseband output.

*Several tests include comparative data with and without the inclusion of pre-emphasis.
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3.5.1 CONTINUOUS RANDOM NOISE (TV WEIGHTED NOISE), (M:E. Strong) (FT-TV:1.1):

3.5.1.1 Description and Test Regults

OBJECTIVES

The objective of this experiment is to measure the video channel signal-to-noise
ratio and correlate this measured value with the values obtained from calculations based on
measured carrier-to-noise ratios vandi link calculations.

TEST CONDITIONS

The test conditions are as stated in paragraph 3.5, with the addition of a 10-kHz
high-pass filter and a video noise-weighting network (per CCIR Recommendation 421-1) in the
video baseband.

STANDARDS

The standard used for comparison is the CCIR Recommendation 421-1,
paragraph 3.3.1. . This i‘ecommendation states that for 525-line systems, in Canada and the
USA, the peak-to-peak amplitude of the picture to the rms amplitude of the noise within the
range between 10 kHz and the nominal upper limit of the video frequency band of ‘the system
(4 MHz) must be at least 56 db. This recommendation applies to intercontinental trans-
mission and transmission through active communication satellites (see CCIR working group
IV-A, amendment of recommendation 354, question 2/IV). In addition, the EIA Standard
RS-250A paragraph 5.7 calls for an overall signal-to-noise ratio of 56 db in multihop systems.
However, -this figure includes the sync pulse which is excluded in the CCIR recommendation,
and the EIA standard calls for a noise weighting filter of 7 db instead of the 10.2 db of the CCIR.
These two factors nearly cancel each other, so the net result is that the EIA standard is nearly
equal to the CCIR, where the requirements apply to the video terminals. However, Prosser
and Allnatt 21) have conducted extensive subjective viewer tests and have concluded that
adequate viewer performance is attained at signal-to~weighted triangular noise ratios of
about 39 to 41.5 db. (See section 1. 3 of this report for a summary of their results)
It may be concluded that the ATS communications systems can logically be judged on their
ability to attain the performance level computed as the "system calculated" in table 3.29, since
this value 'is in keeping with the above referenced subjective test resuli;s. This value is cal-
culated from the system design parameters (i.e., transmitter powers, receive noise figures,
antenna gains, etc).
RESULTS

Since evaluation of the video channel signal-to-noise ratio depends on individual
station parameters, such as antenna gain and look angle, and qn individual satellite parameters,
such as EIRP,receiving antenna gain, and noise figure, the results are presented separately for
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each station and satellife in table 3.29. The "mean-measured" signal-to-noise values given
are based on the indicated number of observations, each normalized to the mean station re-
ceiving system noise temperature of 76°K (except for Rosman on ATS-1 which is normalized
for 105°K) and corrected for the satellite antenna off beam position. The "predicted from
measured C/N" values of S/N ratio are calculated by adding a system bandwidth and devia-
tion adjustment factor to the mean measured carrier to noise figures given for each station
and satellite. The "system calculated" values are based on link calculations as previously
mentioned. (See section 7.1.) This value of video channel weighted signal-to-noise
ratio can be considered as the optimum value for the respective stations, since it is calculated
from system design parameters and operating conditions. The 90-percent confidence interval
(or the interval, assuming random error, in which we are 90 percent confident the true mean
lies) is given for each "measured” value of S/N. Table3.30 presents a summary of com-
parative measurements both with and without the inclusion of the CCIR recommended

emphasis networks.
3.5.1.2 Analysis
COOBY CREEK

* The data summary for Cooby Creek shows close agreement (within 1.4 db) between
the system calculated, predicted, and measured values of video S/N. The 90-percent con-
fidence interval of 0.9 db from 11 tests indicates a relatively close grouping of data points.
The close agreement among the three recorded values indicates that the system parameters
as assumed to compute the "system calculated” S/N value are in fact valid and correct-as
verified by the two measured values.. The correlation shown by the predicted value indicates
that the system parameters assumed in calculating uplink and downlink carrier-to-noise ratios
are co_rrect and valid. The correlation shown by the measured value indicates that the
system parameters of bandwidth ratios and FM improvement (deviation) factors are correct
and valid.

ROSMAN

As expected, the highest video channel S/N values were obtained with the 85-foot
dish at Rosman on ATS-S. Table 3.29 shows ’compatibility among the system calculated,
C/N predicted, and measured S/N values of 1.2 db, and a 90-percent confidence interval
among the 5 measured values of 1.5 db. The observed video-channel S/N ratio at this
station is in the order of 5.db below the CCIR Recommendation of 56 db. However, the re-
sults are in keeping with the system-calculated values, and are sufficient to produce a high-
quality television picture.

3.198



MOJAVE

Results through ATS-1 and ATS-3 at the Mojave station are presented in table
3.29. For ATS-1, the "predicted" and "measured" video S/N values for conditions of one
and two satellite TWT's are within 0.7 db in the worst éase and each agree with the "system
calculated'" or optimum value within 0.8 db in the worst case. The 90-percent confidence
interval given for the measured video S/N values for the case of one satellite TWT indicates
that a substantial portion of the time, the video-channel S/N will be below the 39-db minimum
viewer tolerance limit. This case (i.e., ATS-1 with one TWT and a 40-foot earth receiving
antenna) is seen to reiaresent a marginal system from the standpoint of acceptable viewer
tolerance to noise influences. Even the 2 TWT case (ATS-1) at this station is not far above
marginal performances since the mean measured C/N is less than 2 db above the idle
threshold value (7.5 db) for this station. For 2 TWT's the video S/N is above the subjective
limits stated under the "Standards" of paragraph 3.4. 1.1, but taking into account the 1. 8-db
confidence interval, it appears that even with two satellite TWT's operating, the video S/N
will be marginal a small percentage of the time.

On ATS-3, there is close agreement (within 1.1 db) between the system calculated,
predicted, and measured S/N. It appears that the video channel S/N through ATS-3, with one
or two satellite TWT's operating will be sufficient to produce a good picture from a subjective
point of view.

PRE-EMPHASIS

Table 3.30 summarizes the results obtained from several comparative tests.
These measurements were performed to evaluate the effect of adding the CCIR recommended
pre-emphasis/de-emphasis networks. The receiving equipment.de-emphagis curve is shown
in figure 3.85. When this curve is applied to the parabolic spectrum of FM noise it is found
that the calculated improvement in video S/N is 2.6 db. This differential is therefore shown
in the "System Calculated" column of table 3.30., The mean of the three sets of measure-
ments at Mojave show a S/N improvement of 2.3 db via the ATS-3 satellite, and an improve-
ment of 2.2 db when checked in the RF Loop configuration. The measured values are thus
seen to correlate with the theoretical values within less than 0.5 db. The measurements at
Rosman show an improvement of 1.8 db via ATS-1 and 2.6 db via ATS-3. An RF loop meas-
urement has shown an improvement of 3 db. The relatively small reduction in noise is pri-
marily obtained in the upper portion of the frequency spectrum where the eye is more tolerant
of thermal noise in the video display. This accounts for the fact that a video transmission
system is frequently operated without use of the pre-emphasis techniques. However, systems
such as the ATS where the audio is carried on a sub-carrier can benefit considerably by the
use of video pre~emphasis. This fact is illustrated by other portions of this document. (See
paragraphs 3.5.6 and 3.5.9.)
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3.5.1.3 Conclusions

The conclusions drawn from the foregoing discussion are summarized below:

1) On the basis of thorough subjective viewer testing, adequate video perfor-
mance is attained at signal-to-weighted triangular noise ratios of about 39 to 41.5 db. -(See
séction 1.3.)

2) Comparing to the above subjective tests, results from the Cooby Creek Station
are generally acceptable, but at times may produce a marginal picture.

3) Results from Rosman, with the 85-foot dish and high C/N through ATS-3, are

some 10 db higher than necessary to produce an adequate picture, under the above assumption;
but is approximately 5 db below the CCIR and EIA recommendation for video channel S/N.

4) The Mojave results show unacceptable response through ATS-1 with one
satellite TWT and marginal results with two TWT's. The system calculated, or optimum
value, based on design parameters, receiver noise figures, antenna gains, etc., show that
these results are in keeping with the system capability.

5) The Mojave results through ATS-3 show a S/N in the video channel which is
sufficient to give good picture quality.

8) The measurements with pre-emphasis at Mojave and Rosman show that
approximately 2-db improvement is attainable. While not large, this improvement is
sufficient to be noticeable and desirable in a marginal system.
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TABLE 3.29. VIDEQ WEIGHTED SIGNAL-TO-IDLE NOISE RATIO

. . S/N Values in db, Normalized to
Sat‘elhte Sﬁtlon M?ian System Mean Noise Temp. 909
Station ezg}llse M : Confidence
and No. | ATS [E.I.R.Pj No. of ) ean o Interval
of obser- | No. | (dbm) | Twrs | (Rormalized System | Values Pre- Ml\g:;mur%fd for Mean
‘vations to Station  |Calculated|dicted from Vals Measured
Mean Noise Measured ues Value
temp) . C/N
Mojave(5) 1 52.2 2 8.7 43.2 42.4 42.4 +1.8
Mojave(5) | 1 49.4 1 7.4 *39.6 40.1 39.4 1.9
Mojave(4) 3 54.6 2 10.6 45.4 44.3 45.5 +0. 8
Mojave(3) 3 56.5 1 12.7 47.1 46.4 46.9 +1.4
Rosman(5)| 3 56.5 1 17.0 51.9 50.7 51.1 +1.5
Cooby(11) 1 52.2 2 8.1 43.2 41.8 42.5 0.9
*Value given is at threshold.
TABLE 3.30. EFFECTS OF PRE-EMPHASIS ON VIDEQ S/N RATIO
. Station Mean{S/N Values in db, Normalized to
Satellite Measured System Mean i\loise Temp. 9.0%
Confidence
(@ orx(x:'é. I;Iize d Mean of Interval
ATS|E.LR.P| No. off toStation | System |Valies Pre-) Mean of | for Mean
No.| (dbm) | TWT's| Mean Noise | Calculated| @L6ted irom |Measured) Measure
temp) Measured | Values Value
C/N
Mojave; average of
3 test measurements
without emphasis 45.4 44.9 46.0 #0.5
with pre-emphasis | 3 | °+8 2 fi.2 48.0 47.5 8.3 | 0.4
without emphasis RF| Loop 12.1 N/A 45.8 47.0 2.0
with pre-emphasis 48.4 49.2 +1,6
Rosman
without emphasis 48.1 4.7 48.5 N/A
with pre-emphasis | © | °%2 2 14.0 50.7 50.3 5.3 | N/A
without emphasis 52.4 54.1 N/A
with pre-emphasis | Y] L0%P 18.7 N/A 55.0 5.1 | N/A
Rosman
without emphasis 3 54.6 2 18.0 50.7 51.7 50.6 N/A
with emphasis 53.3 54.3 53.2 N/A
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3.5.2 VIDEO-CHANNEL PERIODIC NOISE AND TWO-TONE INTERMODULATION
DISTORTION (M. E. Strong) (FT-TV-4.1)

3.5.2.1 Description and Test Results

OBJECTIVE

This experiment is conducted to evaluate periodic noise due to single-frequency
spurious signals,and power-supply hum, including the fundamental and lower harmonics.

Periodic noise is measured with an idle channel'to determine if spurious signals
or power-supply hum meet CCIR and EIA standards. If these standards are not exceeded,
periodic noise should have no effect on picture quality or stability of synchronization.

The primary quantity of interest is the ratio of the peak-to-peak picture signal

to peak-to-peak power-supply hum plus its harmonics. Expressed analytically,

2
0.714

R(db) = 10 log10

4
n-1 60
where R(db) = ratio of interest in db
0.714 = peak-to-peak picture signal voltage (less sync)
VGO = peak-to-peak voltage of the nth harmonic of the power-supply ripple.
n

The fourth barmonic is generally the highest harmonic of significance in the
measurement.
The results of the power-supply hum tests may vary slightly between earth stations, but the
measurements at a given earth station should not vary between the S/C and RF loop. This is
because the S/C does not contain any 60-Hz power sources.
TEST CONFIGURATIONS
While power supply hum occurs at the lower baseband frequencies, spurious sig-

nals are likely to occur at the higher baseband frequenéies. A spéctrum analyzer is used

to search for spurious signals in the baseband when the carrier is unmodulated. This search
is conducted between 100 k¥z and 4.9 MHz.

TEST CONDITIONS

The test conditions are as stated in paragraph 3.5. Results are presented for
both earth RF and S/C loops.

STANDARDS

The applicable standards for the periodic noise measurement are CCIR
Recommendation 421-1, paragraph 3. 3.2, and EIA Standard RS-250A, paragraph 5.8. The
CCIR Recommendation states that the ratio of the peak~to-peak picture signal to peak-to-peak
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periodic noise, including harmonics, should be-at least 35 db. The EIA Recommendation is
37 db for this ratio. In.addition, the CCIR Recommendation states.that on a similar basis the
ratio be at least 59 db for periodic noise between 1 kHz and 2 MHz, and decrease linearly to a

final value of 43 db at the 4-MHz cutoff frequency.

RESULTS

The results of tests to determine the magnitude of the power-supply hum and its
harmonics are presented in tables 3.31 and 3.32. Table 3. 32 presents comparative resulis

with and without the inclusion of pre-emphasis networks.
3.5.2.2 Analysis

POWER SUPPLY HUM

The data from Cooby Creek and Mojave confirms expected results and provides
a reliable basis for evaluating ATS system performance. It can be seen from table 3.31 that
) the total power of the hum components for Cooby Creek (44.7 db) was virtually the same for
the S/C loop and the ground RF loop, as expecte‘d. The value is nearly 8 db better than the
EIA Standard and 10 db better than the CCIR recommendation for frequencies below 1 kHz.
Although not listed in the table, there were two spacecratt loop tests that reported a total
of five spurious periodic noise components between 1.0 kHz and 1.5 kHz. These same tests
noted one similar component each in the earth RF loop tests. All the observations were
within a few cycles of being multiples of 60 Hz and were better than 55 db below the picture
»sjgxxéi reference. Four of the seven observations were not within the CCIR recommendation
of 59 db. The source of these components cannot be confirmed from the data; however, since
,théy were multiples of 60 Hz and the particular tests involved contained numerous other
harmonics between 240 Hz and 1 kHz, it is suspected that the source is possible legkage by
cable crosstalk from lines carrying the field synchronizing pulses of the TV signal. It will
also be noted in the data that 180-Hz and 240-Hz harmonics are in many cases not as low as
might be expected if the source was strictly power supply hum wherein 60 Hz and 120 Hz
(from full wave rectification) would predominate. This also tends to support the cable
crosstalk theory. However, since these components were only observed.on two out of seven
tests and were very nearly within the rather strict CCIR limits, it is not felt that this is

a serous problem worthy of further analysis.

The power-supply hum and its harmonics measured at Mojave show generally
decreasing amplitude with successive harmon.i@s as do those at Rosman., These test results

showed no significant periodic components above 1 kHz.
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The sum of the power-supply hum and its harmonics (up to the fourth) meet the
above stated CCIR and EIA recommendations. Also, the periodic components above 1 kHz
in‘the video baseband were greater than 60 db below picture signal level.

The meagurements of power supply hum comporients as shown in table 3,32
illustrate the effect of applying pre-emphagis techniques to a video transmission system.

The fact that the hum level increases nearly 10 db indicates that the major portion of the hum
components are introduced into the system after the transmitter pre-emphasis network and/or
before the receiver de-emphasis network, Any hum introduced into the system prior to
pre-emphasis and after de-emphasis is unatfected by whether the networks are inserted or
not. However, when the receiver de-emphasis network is switched into the circuit,all
frequencies below 10 kHz are boosted in level by 10. 2 db as compared to their former level.
Thus it is seen that care is required in system and hardware design to avoid hum problems
when applying pre~emphasis. A balanced design would require that hum introduced into the
system between the pre- and de-emphasis networks should be held to at least 10 db less than
that hum generafed before and after the networks. This problem can be minimized by
locating the transmitting pre-emphasis as near as pogsible to the modulator and the réceiving
de~-emphasis as near as possible to the demodulator.

‘The measurements at Mojave {fable 3.32) reveal that the system becomes
marginal when pre-emphasis is employed. The measured value.of 33 db is 2 db below the
CCIR recommegdation, and 4 db below that of the EIA.. Investigation at the site revealed '
that the larger part of the hum originates in a baseband amplifier immediately following the
receiver demodulator, but preceding the de-emphasis network.

SFURIOUS SIGNALS

The video baseband appears o be free from spurious signals. Severaltests did
indicate the presence of such signals, but, since the test results could not be duplicated later,
the signals were assumed to have been generated within the test equipment.

3.5.2.3 Conclusions

The results from performing the power-gupply hum and spurious signal tests
may be summarized as follows:

FOR THE NON-EMPHASIZED BASEBAND

1) The sum of the power supply hum and its harmonics up to 240 Hz meets the
the CCIR and EIA Recommendations of 35 db and 37 db below picture signal
level {0.714 volt peak-peak). In general, the harmonics above 240 Hz are
greater than 60 db below this signal level.

2} The periodic components observed between 1 kHz and 2 MHz, except ina
few cases, meet the CCIR Recommendation of 59 db below picture signal level.
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3) There appears to be no spurious components in the video baseband above
100 kHz.

FOR THE BASEBAND WITH PRE-EMPHASIS

A measurement at Mojave has shown that the 60-Hz hum in the ATS ground
equipment is about 2 db greater than the CCIR recommendation. If the system is to be used

with pre-emphasis, a change in the receiving bageband equipment is rec{uired.
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TABLE 3.31. PERIODIC NOISE (?OWER-SU'PPLY_'HUM) FT-TV-4.1

Level below Peak-to-Peak Picture Signal
Satellite & Freq. {less synch) db

Ground Station Hz RF Loop S/C Loop
Mean . Mean
60 49.5 49.6
ATS-1 120 52.1 53.0
Cooby Creek 180 49.1 48.3
(7 Observations) 240 56.3 55.4
R(db) 44,9 44.7
80 46.8 43.2
ATSE-1 & ATS-3% 120 59.2 43.2
Mojave 180 57.6 57.4
(5 Observations) 240 52.0 59.4
Ri(db) 46.2 42.8
60 45.3 49.3
ATS-3 120 45.1 49.4
Rosman 180 51.2 51.5
(4 Observations) 240 54.9 59.8
R(db) 43.0 45.0

Note: All values in this table were adjusted to picture signal peak-to-peak of 0.714 volt
from test signal peak-to-peak of 0.5 volts.

*The mean values for Mojave are based on 3 tests through ATS-1 and 2 tests through ATS-S;.

TABLE 3.32. MEASUREMENTS WITH PRE-EMPHASIS

Level below Peak-to-Peak Picture ‘Signal

Satellite and Frequency (less synch) db
Groung Station in Hz No Emphasis | With Pre and De-Emphasis
ATS-3 60 42 33
Mojave 120 62 51
180 59 51
240 57 47
300 - 57
360 62 ] 52
Ridb) 41.7 32.6
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3.5.3 FIELD-TIME AND LINE-TIME LINEAR WAVEFORM DISTORTION (VIDEO LOW-
‘FREQUENCY RESPONSE) (G.1. Shriver) (FT-TV-2.3)

3.5.3.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to evaluate the video-amplitude and phase-
response characteristics of the ATS system at the field rate of 60 Hz and at the line rate of
15,750 Hz. Deviation from uniform amplitude response and linear phase shift characteristics
throughout the passband of the video transmission system must be limited. This is done o
prevent distortion of the relative Tuminous intensity of the various picture elements as well

as objectionable picture streaking or smearing.

Field-time and line-time linear waveform distortion is measured by employing
a 60-Hz square wave and the white-level portion of a standard test window pattern, respect-
ively. Photographs of CRT presentations are examined to determine percentage tilt.
Overshoots and undershoots are overlooked in determining this value. (See figure 3. 86)
Overshoots and undershoots are, however, considered in'the analysis since they cause
streaking and smearing.

TEST CONDITIONS

This test is performed under the conditions stated in paragraph 3.5.
STANDARDS

The CCIR (Recommendation 421-1 paragraphs 3.5.1 and 3. 5.2) suggests a 10~
percent limit (signal unclamped) at the field rate, and a 5-percent limit at the line rate for
international television circuits for this type of distortion; 5-percent limit (signal unclamped)

at the field rate and l-percent limit at the line rate for system M (Canada and United States).
RESULTS

Téble 3.33 shows the test results from the various stations. The mean-percent
tilt and 90-percent confidence is shown for both line and field rates. The aggregate values
are also shown on this table for all stations combined. Table 3.34 gives the results of
comparative measurements both with and without the recommended CCIR pre-emphasis/

de-emphasis networks.
3.5.3.2 Analysis

Uniform amplitude response and linear phase shift throughout the passband of the
video-transmission system are characteristics to be desired. Failure to attain these
characteristics can cause many different impairments to picture transmission, buf are
generally manifested in the form of relative luminous intensity distortion, and picture
streaking or smearing. Streaking is caused by frequency distortion up to approximately
200 kHz, while smearing is generally caused by somewhat higher frequencies. These im-~
pairments affect both monochrome and color video transmission almost equally.
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Amplitude response and phase-linearity tolerances at the very low end of the
video band, generally below half-line frequency, are not too critical. In fact, the amplitude
response at 60 Hz can be allowed to vary considerably, and when the signal is clamped, it
can be adjusted to depart from a uniform response at 60 Hz or other points below hali-line

frequency to provide phase correction at line frequency and its harmonies.

Luminous intensity distortion manifests itself in the following manners, if
impairments are of sufficient magnitude: at the field rate (60Hz), a noticeable change in
contrast between the top and bottom portions of picture elements occurs: at the line rate,
the change occurs between the left and right portions of a picture element. Such changes are
objectionable to the viewer and are most prominent for a very light, or very dark picture
element:

Distortion in the region of the 15, 750-Hz line rate, or its first few harmonics,
will cause streaking as evidenced by a sharp luminance transition starting at some point in
the picture and extending toward the I:ight edge. Streaking is highly objectionable when the
transition is from a high luminance to a low luminance or vice-versa. An increase in low-
frequency gain causes the black to white (or white to black) transition of the window pattern
to appear rounded and the white level amplitudé tends to have a positive slope. A decrease
in low-frequency gain causes long duration overshoots at the transitions and the white-level
amplitude tends to have a negative slope.

Photographs of received window patterns were studied with respect to the above
characteristics. The transmitted waveform, at field rate appeared slightly rounded instead
of flat. The received waveforms at both line and field rate have essentially the same shape
as the transmitted waveforms, however, some negative tilt or droop usually occurs. Since
some of the transmitted waveforms are not flat and noise is present on the received wave-
forms, an accurate analysis is not possible. However, at line rate a slight overshoot is
offen observed thus indicating a very small amount of negative streaking.

The data presented in table 3. 33 indicates the field-time and line time linear
waveform distortion is well within the CCIR limit. There is no significant difference between
RF loop and S/C loop data. This indicates that the satellites are not appreciably contributing
to this parameter.

The data listed in table 3.34 would appear to show that.a considerable improve-
ment in linear waveform distortion is attainable at the field rate thfough the use of pre-
emphasis. However, the data shown for the 15.75%kHz line rate refutes this assumption.
Investigation reveals that the field rate data is distorted by the presence of 60-Hz hum in the
displayed signal waveform. This distortion of the waveform makes accurate data reduction
nearly impossible, and the listed results are really a ""best estimate' of the true values as
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seen in a Polaroid snapshot of the test waveforms. The non-emphasized data is free of this
hum distortion because the transmitted signal in this case is 10 db greater than it is when
operating with pre-emphasis. (Measurements and a discussion of this problem are given

in paragraph 3.5.2.) -It is therefore concluded that Linear Waveform Distortion, either at
field or line rate, is largely unaffected by the presence (or absence) of video pre-emphasis/

de-emphasis networks.

3.5.3.3 Conclusions

The data indicates that the ATS system is well within the 10-percent CCIR limit
for field-time linear waveform distortion and the five percent limit for line-time distortion
for the internatioixal television circuits. It is also well within the five-percent CCIR Limit
for field-time linear waveform and slightly exceeds the one percent CCIR limit for line-

time waveform distortion. Satellite contribution to these parameters is negligible.
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TABLE 3.33. LINEAR WAVEFORM DISTORTION (VIDEO LOW-FREQUENCY RESPONSE)

Field Rate Line Rate
U.s RF Loop S/C Loop Us RF Loop 8/C Loop

jon |AT8 [ No CCIR 90% 90% No. | cor 90% 90%

Station . . 0
No. of Standard A,}J‘lgl‘t % Confidence A‘{I%It% Confidence of Standard AYI%'M% Confidence A",I%lt% Confidence
Te/stin (%) Interval Interval Tests (%) + Interval Interval
IRF/S/C RY/S/C

Cooby . .
Creek 1 8/17 5 3.29 %0, 61 2.80 *0, 84 3/3 1 1.87 +1.59 1.77 +1’, 85
Rosman| 1 3/4 5 4.43 0. 09 4,20 +1. 85 2/2 1 0.55 * 0.70 *
Mojave | 1 3/3 5 2.28 =1.61 3.08 =1. 43 1/1 1 0 - 0 *
Rosman| 3 2/ 5 5.75 * 3.382 =0, 47 2/5 1 1.05 * 0.75 0,47
Mojave | 3 3,8, 5 1.67 +1,56 1.40 +1.66 3/3 1 0.60 +0.51 0.53 +0.78
Aggre-
gate 1&3| 19/22 5 3.31 =0. 65 3.02 =0. 47 11/14 1 1.18 %0, 59 1.03 =0, 40

*Less than 3 test runs
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TABLE 3.34.

MEASUREMENTS WITH PRE-EMPHASIS/DE-EMPHASIS NETWORKS

Field Rate (60 Hz)

Line Rate (15750 Hz)

Station RF Loop S/C Loop RF Loop S/C Loop

No Emphasis | With Emphasis | No Emphasis | With Emphasis | No Emphasis | With Emphasis { No Emphasis | With Emphasis
Mojave
ATS-3 1.24% 0.15% 2.6%

.62%

.62%

1.1%

1.1%

1.1%




OVERSHOOT

UNDERSHOOT

Tigure 3.86. Waveform Distortion (Shows departure from ideal waveform)
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3.5.4 SHORT-TIME LINEAR WAVEFORM DISTORTION (VIDEO TRANSIENT RESPONSE)
(G. 1. shriver) (FT-TV-3.1)

3.5.4.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to determine the ATS video system short-time
Jinear waveform distortion. This characteristic is significant in that excessive distortion

will cause an undesirable "edge effect" and may even reach the point of ringing or smearing.

TEST CONDITIONS

This test is performed under the conditions stated in paragraph 3. 5.

STANDARD

CCIR Recommendation 421-1, paragraph 3. 5.3, suggests that where a test signal
comprising a sine-squared pulse of half amplitude duration is used, the output signal should
have a first overshoot amplitude (negative), leading or trailing, not greater than 13 percent

of the peak amplitude of the pulse.
RESULTS

Short-time linear waveform distortion test results are summarized in table 3. 35
Results are given by earth station and S/C. Aggregate test results are also given. Table
3.36 shows a comparison of this parameter with and without CCIR recommended pre-empha-

sis/de-emphasis.
3.5.4.2 Analysis

This analysis is concerned only with the overshoot, or excessive response to a
sudden change in signal, generally caused by excessive gain at high frequencies. An over-
shoot of the trailing edge of the sync pulse, if it extends above black level, may be visible in
the picture as a gray vertical bar due to illuminating portions of the horizontal return traces.
An overshoot of the transition from picture to blanking, if of sufficient magnitude, may cause
improper triggering, or clamping, which could result in serious tearing or complete loss of
picture. Either overshoots (or the inability of the system to follow rapid amplitude transition
accurately) if sufficiently severe, will also cause edge effect, streaking, or smearing. In
a monochrome sy'stem streaking and smearing appear a§ contrast distortion, but in a color
system they appear as saturation distortions. If overshoots tend to oscillate, ringing will

also appear in the picture.

"Edge effect” is displayed as a light border following a dark picture element,
or a dark border following a light picture element. Ringing appears as additional lines on
either or both sides of a picture element. The test is performed using a sine- squared pulse
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of half-amplitude duration (1/2f - where fc is the high-frequency cutoff point). This experi-
ment is another means of evaluating video baseband-amplitude respo}lse.

Table 3.35 shows the mean percent T-pulse overshoot for both S/C to be well
within the CCIR recommendation of 13 percent. The maximum overshoot for an individual
test was 11 percent, thus, none of the values determining the mean exceeded the CCIR
standard. Where values are present for both the RF loop and S/C loop configuration, those
for the $/C loop are slightly higher. This seems to indicate that the satellites are adding
to the short-time linear waveform distortion. The average amount of distortion added by the
satellites, according to the aggregate test results, is about 1.1 percent.

Table 3. 36 shows the results from one comparative test with the without the use .
of the CCIR recommended pre-emphasis/de-emphasis networks. The readings in each of the
three test-loop configurations indicate a small increase in overshoot with the inclusion of the
emphasis networks. This would suggest that the networks cause a small boost in the high-
frequency amplitude response. A test run of this latter parameter as recorded in paragraph
3.5.12 tends to verify this conclusion. The test result is seen to be well within the CCIR
recommended limit of 13 percent. It also verifies the obvious hypothesis that the use of
video pre-emphasis and de-emphasis networks have little or no effect upon the system

transient response.
3.5.4.2 Conclusions

The test results indicate that the ATS video system will easily remain within the
13-percent limit recommended by the CCIR.
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TABLE 3. 35. SHORT-TIME LINEAR WAVEFORM DISTORTION (VIDEO TRANSIENT RESPONSE)

ATS-1 ATS-3
. Mean % * 20% Mean % * 90%
Station | Numberof | 7_pyise | Confidence | MRS °f | T-Pulse |Contidence
ests Overshoot Interval Overshoot| Interval
Cooby Creek
RF Loop 6 4.05 0. 69 ATS-3 not visible at
$/C Loop 6 5.67 %2.42 Cooby Creek
Rosman
RF Loop 5 4,74 +1.28 2 5.55 +2, 83
8/C Loop 6 6.65 22,02 5 5.16 +1,22
Mojave
RF Loop 5 5.90 +1, 92 3 3.00 0
$/C Loop 5 6.80 +1.70 3 3.67 +1,94

Aggregate Results

*

Loop Configuration | Number of Tests | Mean % T-Pulse Overshoot | 90% Confidence Interval

RF Loop 21 4.65 +0. 68

25 5.79 0,77

8/C Loop

*13% CCIR Recommended Limit
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TABLE 3. 36.

TRANSIENT RESPONSE WiTH PRE-EMPHASIS (T-Pulse)

. No Emphasis* . L
Station and " ~ With Pre & De-Emphasis
Test Loop C/N Ratio %vﬁrgﬁi’? % T-Pulse Overshoot

Mojave

Hi-Level RF Loop 35.0 5.9 6.5

Lo-Level RF Loop 12.8 6.0 8.6

ATS-38/C 10.2 8.6 10.2

*
13% CCIR Recommended Limit
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3.5.5 INSERTION GAIN (AND VARIATIONS) (VIDEO INSERTION GAIN) (STABILITY)
(G. 1. shriver) (FT-TV-2.2)

3.5.5.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to determine the transmission gain stability of
the ATS system, in the FT mode, over a given time period. System gain-variations are re-
flected as a change in contrast of the received picture. Excessive contrast changes in a short
period of time are objectionable to the viewer, and therefore must be held to specified limits.

TEST CONDITIONS

This test is performed under the conditions specified in paragraph 3. 5.
STANDARDS

CCIR recommendation 421-1, paragraph 3.2, establishes the limits for short-term
(1-second interval) gain variations at 0.3 db (0.2 db for Canada and the U.S.A). Limits of
1.0 db are also suggested for medium-term variations (1-hour time period). Because of the

time required to perform the test, no medium-term observations were made.

RESULTS

The results of the short-term gain variation tests appear in table 3.37. The
table shows the number of tests which equal or exceed the CCIR limit in both the RF and S/C
loop configurations. -The tests are separated according to earth station and the results for
both satellites are combined. Only two, variations were observed during these tests, and the
maximum variation (0.2 db) did not exceed the CCIR recommended limit. Since the inclusion
of video pre-emphasis has no effect upon this parameter, no measurements were made in this

configuration.

3.5.5.2 Analysis of Test Results

For the purpose of this analysis the test results from the different earth stations
and satellites are grouped together. This is considered valid since-the satellites are
essentially the same, and the earth stations have identical equipment with the exception of

the antenna system.

This test is performed by observing amplitude changes on a waveform monitor
for a period of 60 seconds. The maximum change that occurred during any 1-second time
period is then recorded as the short-term insertion gain value. Although medium-term
insertion gain was not measured, no indication of drift has been noted over the

60-second time period.

Only two variations of short-term insertion gain were reported
and they did not exceed the CCIR limit. It is essential to maintain correct video levelsin a

video-transmission system, since any rapid changes in insertion gain, if of sufficient
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magnitude ( > 0.2 db), would result in rapid changes in picture brightness and contrast
which would be disturbing to the viewer. Very large changes () +0.2 db) could even result
in frame rolls or momentary picture tearing. The test results indicate that the ATS system
will not create disturbances of this type.

3.5.5.3 Conclusions

It is concluded that the short-term video insertion gain characteristic of the
ATS system is within the CCIR recommended limits.
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TABLE 3.37.

INSERTION GAIN (AND VARIATIONS) (VIDEO:

INSERTION GAIN) (STABILITY)

Station and
Loop Configuration

Short-Term Variations

(CCIR International Standard =0. 3 db)
(CCIR Standard 0. 2 db in USA and Canada)

Number of Tests
Within Standard

Number of Tests
Exceeding Standards

Mojave
RF Loop
8/C Loop

Rosman
RF L.oop
8/C Loop

Cooby Creek
RF Loop
§/C Loop
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3.5.6 LINE-TIME NON-LINEARITY DISTORTION (VIDEO DIFFERENTIAL GAIN)
(G.1. Shriver) (FT-TV-2.1)

3.5.6.1 Description and Test Results

OBJECTIVE

This test measures the line-time non-linearity distortion as a function of average
picture level (APL). This is accomplished by transmitting a stairstep line pattern (10-step
sawtooth) with a iow-level 3.58-MHz subcarrier superimposed on each step. The received
test signal is passed through a high-pass filter to eliminate the sync pulses and stairsteps,
and displayed on a waveform monitor (A-scope). The maximum and minimum amplitudes of
the 3.58-MHz bursts are determined, and the percent line~time non-linearity distortion is
computed as,

100 (1 -1\3/}-) %: where m and ‘M are as shown in figure 3. 87.

The test parameter is measured at 10-percent, 50-percent, and 90-percent average picture
levels (APL). Fifty-percent APL is attained with the above described waveform transmitted
on every horizontal line. Ten-percent APL is obtained by transmitting the stairstep pattern
on every fifth line with the four intervening linés being sent at "blank” level. Ninety-percent
APL is the-same as above except that the four intervening lines are sent at ' white" level.
Thus, it is seen that the percent APL is also a measure of the video system loading; 10 per-
cent being lightly loaded and 90 percent being heavily loaded.

Excessive line-time non-linearity variation in a monochrome transmission system
will distort the gray scale of the displayed image. Ina color-transmission system, line-time.
non-linearity causes an error in color saturation of the received image. This distortion is
more noticeable, and thus more objectionable to the view‘er, when transmitting images in the
lower APL ranges (i.e., 10 to 50 percent).

TEST CONDITIONS
This test is conducted under the conditions stated in paragraph 3.5.
STANDARDS

The CCIR (Recommendation 421-1 Paragraph 3.4.2) states "the non-linearity
distortion should be expressed as a percentage’ and "should not be fnore than 20 percent".
The CCIR also states "for system M (Canada and the U.S.A.), the non-linearity distortion
should not be more than 13 percent, and "for color in system M {(Japan), . . . the differential
gain should not exceed 10 percent".
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RESULTS

Video-Differential Gain is largely controlled by the phase and amplitude response
in the system 1. F. Since the effective EIRP's from the different ground stations and satellites
should have no effect on this performance characteristic, and as the remaining equipment
characteristics are essentially the same, test results from all stations and both satellites
have been combined. The aggregate-mean and 90-percent confidence interval for each APL

is given below for several test runs on a flat, or non-emphasized baseband.

APL Mean % 90% Confidence Interval
10% 19.0 +6.3%
(Based on 11 values)
50% 19.5 +3,1%
(Based on 21 values)
20% 18.7 4, 2%

(Based on 11 values)

A special series of four test runs were conducted in order fo specifically compare
system performance with and without the inclusion of the recommended pre-emphasis net~

works. The results of these tests are given below:

Test Configuration Percent Line-Time Non-linearity Distortion
(All in RF Loop) At 10% APL AT 50% APL AT 90% APL

No Pre-emphasis 15% 14.5% 14.2%

With Pre-emphasis 6.3% % 4.3%

3.5.6.2 Analysis

Difficulties were encountered in obtaining test data for this experiment. The
signal-to-noise levels, especially for the earth stations equipped with 40-foot antennas,
are not high enough to obtain a noise-free CRT presentation of the 3. 58-MHz subcarrier
when using the standard bandpass filters in the waveform monitors. This results in present-
ations lacking a distinet outline. This problem is further amplified at 10-and 90-percent
APL, because the stairstep is being transmitted only 20 percent of the time, and the CRT pre-
sentation is not only masked by noise, but also lacks contrast. The severity of the latter
effect can be reduced by either increasing the brilliance on the oscilloscope, or by increasing

the exposure on the camera (slower shutter speed or larger aperture),

However, the noise masking effect illustrates a deficiency in the test method
when applied to systems operating at relatively low carrier-to-noise ratios. For exampie,
the 85-foot Rosman station with ATS-3 operates with a C/N ratio around 18 db. The ratio of
peak signal-to-noise peaks exceeded 1 percent of the time is about 20 db. Thus, it is seen
that the oscilloscope presentation of the 3. 58-MHz subcarrier envelope will be masked by a
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noise envelope whose amplitude is up to 10 percent or more of the desirved signal under
scrutiny. As a result, the values obtained from the various tests are limited to best estimates.
Due to poorer CRT presentation at 10-and 90-percent APL, a distortion value could not be
evaluated for many tests. For some tests, due fo the high noise level, no distortion value

was obtained for any APL. This problem is also largely instrumental in causing the large

spread in the 90-percent confidence interval seen in the above resulis,

The average values of line-time non-linearity distortion, and the 90-percent
confidence intervals, indicate that the non-emphasized ATS system will operate near, or
slightly below the CCIR recommended international limit of 20 percent, The distortion values
in only a small percentage of the tests are within the 13-percent CCIR limit recommended for
Canada and the U.S.A. On the other hand, the values shown above for the special test series
illustrate the large improvement attainable when applying pre-emphasis techniques to the
system. The transmitter pre-emphasis network reduces the deviation from the large level,
low frequency signal components below 100 kHz by at least 9 to 10 db. Thus the system
loading by the horizontal line sync pulses and the 10-step sawtooth is reduced by up to 90
percentof its former value. System deviation from the 3.58~MHz color subecarrier is
increased about 3 db, Thus the effective "modulation' of the subcarrier by the low-frequency
components is greatly reduced, and the distortion introduced by RF/IF phase and amplitude
non-linearities is largely overcome.

3.5.6,3 Conclusion

The test data indicates that the line-time non-linearity distortion, when measured
on a non-emphasized baseband, should average slightly below the CCIR 20-percent international
limit, Based on the test data, it is expected that this limit will be exceeded occasionally. The
13-percent USA/Canadian limit will nearly always be exceeded. The measured data points have
a large spread in value because of the masking effects of noise. This results in a rather large
confidence interval,

The test data taken with video pre-emphasis applied to the system shows that the
more stringent U, S./Canadian limit of 13 percent is easily attainable. This data also indicates
the dependence of this parameter on the RF/IF group delay and amplitude-response
characteristics of the system.
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Figure 3.87. Line-Time Non-Linearity Distortion
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3.5.7 COLOR VECTOR AMPLITUDE AND PHASE DISTORTION (FT-TV-5.2) (G.1. Shriver)

3.5.7.1 Description of Experiment

OBJECTIVES

This experiment is conducted to .evaluate the ATS video system with respect to the
transmission of color TV signals.

The visual sensation of color results from the combination of three characteristics
known as hue, saturation, and luminance (brightness). Brightness is the only characteristic
of the image that can be transmitted over a monochrome system. (This parameter is not
considered in the analysis section of this experiment, but is included in the analysis section
of the line-time non-linearity distortion experiment (FT-TV-2.1).) To produce a color image,
provisions must be made to transmit all three of these color characteristics. Although color
television signals are affected by the same impairments as monochrome, color signals may '
also be seriously impaired by conditions that do not affect monochrome signals. Thus, the
ATS video system "color fidelity", or ability to reproduce colors which are realistic and
pleasing to most viewers, must be known.

TEST CONDITIONS
This experiment .is performed under the conditions stated in paragraph 3. 5.
STANDARDS

Each transmitted color can be represented by a color vector. In the National
Television System Committee system, a standard color phase vector diagram has been
specified for six colors: red, green, blue, yellow, magenta, and cyan. The hue of each
color is identified by the vector angular (phase) displacement with respect to the color sub-
carrier reference vector. The magnitude (or amplitude) of each vector corresponds to the
saturation of its respective hue. FCC Regulations [Sec. 73.682 (20)(vii)] specify the allowable
variation in phase and amplitude of each vector with respect to its standard phase and
amplitude on the vector diagram and is applicable to this test. CCIR Report 407* (part Al.1.6)
also covers this requirement and gives the same allowable variations as the FCC. The
minimum variations specified are +10 degrees for phase, and +20 percent for amplitude.

RESULTS

The results of this experiment in terms of the measured mean color vector phase
and amplitude variations are shown in figure 3.88. This data is also summarized in table 3.38
along with the 90-percent confidence interval about the measured mean values. The data is
based on the results of five tests with ATS-3.

*XIth Plenary Assembly, Oslo, 1968, Volume V.
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3.5.7.2 Analysis

Figure 3. 88 and table 3" 38 show that-both the color-vector amplitude and.phase
are well within the recommended limits, The reproduction of colors by the ATS video system
should’ suffer only small errors in saturation and hue. The mean phase-variation shows a
small lag for all colors except blue, and the ean amplitade vériatiéxi/shows ‘an increase in
amplitude for all colors except blue. If the hue and sat\;riition controls on the receiver are
adjusted to minimize the errors for most colors, the distortion in the blue area will be
amplified. The use of pre-emphasis/de— emphasis networks results in impro‘ved phase and

amplitude response.
3.5.7.3 Conclusions

Both amplitude. and phase variations appear to be well within the CCIR recommended
limits, and only minimal errors in hue and saturation should occur within the ATS sysfen'l.

Pre/de-emphasis networks make these'parameters better yet.
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TABLE 3.38. COLOR VECTOR AMPLITUDE AND PHASE DISTORTION
(COLOR VECTOR-ANALYSIS) (FT-TV-5.2)

(Spacecrait Loop) (5 Tests) (Flat Baseband)

. ‘ Phage Variation (Degrees) Amplitude Variation (Percent)
Color Vector CCIR Rec. %10° . CCIR Rec. 20%
Mean 90% Confidence Interval Mean 90% Confidence Interval
Red ~0.6 +2, 37" +0. 4 +4, 43
Green -1.6 +3.45 +3.0 +4, 95
Blue +1.0 +2, 62 -1.2 +5, 50
Yellow -2.4 +3.58 +5.6 +8. 08
Magenta -0.8 +1.38 +1.0 =4, 88
Cyan -1.6 3,51 +2.8 5,52

(Spacecraft-Loop) (1 Test) (Pre/de-emphasized Baseband)

Phase Variation (Degrees) Amplitude Variation (Percent)
Color Vector CCIR Rec. #10° CCIR Rec. #20%
No Emphasis With Emphasis No Emphasis With Emphasis

Red +2.0 4] +2.2 -1.3

Green +3.3 -0.2 +3.2 0

Blue +4.2 -0.3 0 -1.2

Yellow +0.5 +0.5 -2.3 - -2.3

Magenta +3.7 +0.7 +1.0 -1.8

Cyan +1.0 -0.5 +0.9 -0.6
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AMPLITUDE VARIATION-PERCENT

PHASE VARIATTON=DEGREES
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Figure 3.88. Color-Vector Mean-Phase and Amplitude
Variation (FT-TV-5. 2)



3.5.8 TV AUDIO CHANNEL IDLE NOISE (M.E. Strong)

3.5.8.1 Description and Test Regults

OBJECTIVE

The objective of this experiment is to measure and establish the signal-to-idle
noise ratio in the audio channel of the ATS Television sub-system operating in the FT mode.
Idle noise is a combination of thermalnoise, power-supply hum, and any spurious components
present in the unmodulated TV relay subsystem,

TEST CONDITIONS

This experiment is performed under the conditions stated in paragraph 3.5.

The CCIR has proposed that in the 50-to 15, 000-Hz frequency band, the absolute
rms noise voltage level, measured at the end of the circuit without a weighting network, and
referred to a zero relative level, should not be more than -52 db. 25) This recommendation
is applicable to the normal program circuit, Type A, defined in CCITT Recommendation J. 21
for carrier systems. EIA Standard RS-250-A recommends that the audio signal-to-noise
ratio (rms signal to rms noise) at the output terminals of a multi-hop relay system shall be at
least 55 db (58 db for a single hop-relay system) where noise is any extraneous output
voltage in the frequency band from 50 Hz to 15 kHz. Both of these recommendations are

considered applicable to the analysis of the ATS Television subsystem audio channel.
RESULTS

The satellite EIRP will vary according to the spacecraft and transponder used.
This variation is noted in the test results contained in tables 3.39 and 3. 40.

3.5.8.2 Analysis

With respect to the standards used in this analysis, both are based on total noise
measured in the audio channel instead of idle noise, thus neither standard is directly applicable.
The CCIR proposed recommendation (S/N =61 db) is for a common carrier circuit, not a
satellite relay system, but is significant in that the circuit is described as "very-high-quality".
The EIA Standard (S/N = 58 db for single hop systems, S/N = 55 db for multi-hop systems)
references circuits utilizing equipment common to the audio and video signals. Thus, to meet
the CCIR Recommendation, a signal~to-total noise ratio of not less than 61 db can be realized
if the signal-to-idle noise and signal-to-crosstalk noise are each not less than 64 db, To meet-the
EIA Standard for multi-hop relay systems, the S/N ratios must be 58 db. Based on the
above and the assumption that the crosstalk products are at least 6 to 10 db below idle channel
noise, a 55 db signal-to-idle noise ratio is suggested as the standard for evaluating the audio
channel of the ATS Television Subsystem.
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Basged on.system .calculations, for a !"Flat" or non-emphasized configuration,
table 3.39 shows that the Rosman station (85-foot ant;enna) is capa‘ble of achieving a signal-
to-idle noise ratio of 55 db or greater for all system conditions using the ATS-3 satellite.
The corresponding measured S/N ratios support the system calculations quite well.

The Rosman station with its 85-ft antenna is alsé able to achieve a 55-db signal-
to-thermal noise ratio via ATS-1 when it is in the 8-watt mode (two TWT's). The "System
Calculations” and the measured values both show that the 4-watt mode of ATS-1 cannot be
expected to produce the desired 55-db S/N ratio. As before, the measured values of s/N

ratio support the accuracy of the calculations.

The ATS-1measurements from Mojave illustrate the system incapability
to attain a 55-db S/N ratio with the 40-ft earth-station antenna at the EI R.P ievels attain-
able with this satellite. This is largely because the receiver G/T ratio for Moja'we is ap-
proximately 6 db less than that of the Rosman station. The influence of the uphnk noise con-
tribution is responsible for the observation that there is less than 6-db dﬁference in the cal-
culated §/N values between Rosman and Mojave employing ATS- 1 for the two TWT condition.

The data listed in table 3. 40 illustrates the advantage to be gained by using the
recommended'75-microsecond pre-emphasis and de-emphasis networks. The values listed
in the "System Calculated" column are obtained by use of the formula:

@vim~ )

.
1o rtme)

P (db) = 10 log
3@2wfmT -tan
where p is the calculated value of improvement, 7 isthe 75-psec time constant of the
emphasis network, and fm is faken as 13,000 Hz. This value of 13 kHz for the audio-channel
bandwidth was determined by the frequency response curves plotted subsequent to the addition
of the 15.75-kHz notch filter. (Seeparagraph3.5.10.) Using these values in the above equa-
tion yields an expected improvement in signal-to-noise of about 12 db.

However, the actual improvement gained through use of audio pre-emphasis is
only about 8.5 db as seen in the column of measured values. This discrepancy is explained
when the curve of channel response with pre-emphasis i§ examined for this station. This
curve (see paragraph 3.5,10) shows that the audio channel effective bandwidth is reduced to
about 7 or 8 kHz when emphasis is employed. Usinga value of 8 kHz for im in the above
formula yields an expected noise improvement factor of 8.6 db. Thus the actual improve-
ment as measured is verified, and the value of 64.5 db listed as the "'System Calculated"
signal-to-noise ratio really becomes approximately 60 to 61 db. A more exact determi-
nation would require a more detailed analysis of the channel response and effective noise
bandwidth under the effect of the emphasis networks. However, the theoretical
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improvement of 12 db rémains in table 3. 40 because this is the value which should be

attained if the pré—emphasis and de-emphasis responses were complementary to each other.

3.5.8.3 Conclusions

The audio channel S/N of 55 db, as specified by the EIA, cannot be attained in the
ATS .system with earth station antennas 40 feet in diameter (G/T ratio of 32.2 db). To ac-
complish this level on a "Flat" or non-emphasized basis requires a satellite EIRP of 57.5
dbm or more. Changes to system parameters such as deviations and uplink power levels can
also vary the thermal noise level, but only at the expense of other conditions such as inter-
modulation and harmonic distortion overloads. On the other hand, use of the recommended
T5-microsecond pre-emphasis will allow the 55-db sighal—to—noise ratio to be attained for all
conditions of satellite EIRP for the ATS System (minimum is 49.5 dbm EIRP).
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TABLE 3.39. TV AUDIO-CHANNEL IDLE NOISE

Satellite

Station Mean Measured

S/N ratio in db, normalized
to System Mean Noise

Temperature

C/N (Normalized
Station ﬁs ?;bRﬂ% g%},l?,f s to Station Mean Mean of ratios
: Noise Temp.) (db) S"stem@) Calculated Predicted  |Mean of Measured
4 4 from Measured ratios
C/N
Rosman| 3 52.2 1.1 56. 4 58.5 56.3
3 54.6 14.4 57.8 55.2 57.6
3 56.5 17.2 59.0 58.0 57.6
Rosman| 1 49.4 12.2 53.1 53.1 53,5
1 52.2 13.7 55.2 54.5 54,7
Mojave | 1  49.4 . 6.8 46.7Q 45.8 45.0
1 52,2 9.6 | 50.3 50.4 52.8

@ Reference Section

® Allows 1-db degradation for assumed threshold operation

1.3 for system calculations.
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TABLE 3.40. EFFECTS OF EMPHASIS ON AUDIO S/N RATIO

S/N ratio in db, normalized

Satellite to System Mean Noise
Stati;)n Mean Measured Temperature
X - C/N (Normalized
Station ‘?\I’gs ?g]?:;) ,II:I&T?; to Station Mean Mean of ratios
: Noise Temp: ) (db) Syst em® Caleulated: Predicted Mean of Measured
¥ from Measured ratios
Cc/N
Mojave

with Empliasis 3 54,6 9 1.1 64.5 63.9 58.5
without Emphasis 52.5 51..9 50.0
with Emphasis RF Loop 11.0 N/A 63.8 59.5
without Emphasis : 51.8 51,0




3.5.9 'V AUDIO-CHANNEL PERIODIC AND CROSSTALK NOISE (M.E. Strong) FT-TV=6.1

3.5.9.1 Description and Test Resulis

OBJECTIVES

This experiment is conducted to evaluate the periodic and crosstalk noise in the
TV audio channel of the ATS television subsystem. Periodic noise, in contrast to.idle noise
(measured in another experiment), results primarily from power-supply hum, while the
crosstalk noise is usually caused by the field and line synchronizing pulses in the video signal.

TEST CONDITIONS

This experiment is performed under the conditions stated in:paragraph 3.5.

STANDARDS

The criteria for this evaluation will be based on the CCIR proposed(25) change
to CCIT'T Recommendation J-21 pertaining to international program circuits, and EIA

Standard RS-250A pertaining to television relay facilities,

Before proceeding with the analysis, it will be necessary to aiscuss tne
standards to be used in the evaluation. Multiplexing sound with video on international radio
relay circuits using satellites is being studied by the CCIR. Thus, the CCIR does not
have specific recommendations for crosstalk in such systems. The nearest applicable
recommendation is the CCIR proposed change fo CCITT No. J21* 'pertéining to program )
channels carried on international telephone networks., This recomnie;ldati'on states that
the unweighted noise (which includes both random and periodic noise) should not exceed
minus 52 db relative to a zero reference level at the extremity of an international
Normal Program Circuit, Type A. (Type A circuits are those transmitting a frequehcy *
band of 50 Hz to 10 kHz and are the highest grade circuit covered by CCITT for inter-
national telephone systems.) However, the recommendation was never intended to cover
a satellite TV relay system with a multiplexed audio channel. Inthis analysis, the above
recommendation is considered mainly as a guide to a reasonable performance level.
However, it is suggested that EIA Standard ** RS-250A, "Electrical Performancé Standard
for Television Relay Facilities, ' is a more appropriate standard since it.deals with 1.‘adio
relay equipment for an application si;nilar to the satellite relay sys_tem and specifically
notes that it applies to circuits that are "common to the audio and video signals". This
standard sets a minimum 8/N ratio of 58 db in single hop systems and 55 db in multi-hop
systems where the _noise is any extraneous output voltage in the frequency band from 50 Hz to
15 kHz. The EIA standard requires that the audio §/N measuremeénts shall be made while

*(CCITT Red Book Volume III)
#*Electronic Industries Association, Feb. 19¢

3.234



relaying a standard composite picture signal under standard (input and output conditions.-
Since the satellite system is capable of bridging long distances equivalent to multi-hop
systems, the 55-db standard will be considered the criteria for evaluating the ATS system.
This means that the periodic (power-supply hum) and the video-to-audio crosstalk S/N ratios.
should each be greater than 60 db (assuming that thermal and periodic/crosstalk.are
approximately' equal).

RESULTS

The results of the tests performed at Rosman, Cooby Creek and Mojave are
summarized in table 3.41. It should be recognized that the 60~Hz and 120-Hz field-rate
crosstalk listed in‘the table is actually the total periodic noise at these frequencies, which
includes the power-supply hum. However, this does not lead to difficulty in analysis since
the power supply hum level is generally several db lower in level; a fact which permits the
field rate crosstalk to be readily identified, Table 3.42 lists the results of a special test
performed to specifically evaluate the effects of the video and audio pre-emphasis on the
video-to~audio crosstalk,

3.5.9.2 Analysis

.The analysis of the results of this experiment is divided into three parts,based
on the squrce of the periodic noise. The first is the idle 60-Hz power-supply hum in the
audio chanpel itself. The other two result from the intermodulation crosstalk from the
active video channel wherein the 60-Hz field rate and 15.75-kHz line-rate synchronjzatioh
provide the predominant sources of crosstalk products. Only the second harmonic of
the 60~Hz sources is considered in the analysis since the appearance of the higher order
harmonics was not consistent and was usually 60 db or more below the tesi-tone level.

POWER.SUPPLY HUM

This source arises from the TV audio-channel equipment in the ground stations
and is not expected to be affected by the spacecraft fransponder. It can be seen in
table 3. 41 that at the Rosman and Mojave stations the 60-Hz and 120-Hz power-supply hum
is consistently low, (greater than 55 db). At Cooby Creek the hum was generally low; but
there has been'an occasional observation of -50 db in the satellite loop. However, the
RF loop recordings at this site show that the hum level is very low. Since Cooby Creelg
operates at'the lowest C/N ratio, it is believed that this factor was responsible for
masking the proper reading in the S/C loop.

Mény of the test measurements did not list a specific numeric quantity for the
60-Hz and 120-Hz power—s;xpply hum components. The test data merely recorded the
components as ''greater than 55 db below test-tone level." (Examples are seen in table
3.41 under Rosman and Mojave via ATS-1.) However, many other tests did record a
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numeric value, and it was found that the 60-Hz hum and its 120-Hz harmonic were each
down at least 60 db or more. From the aﬁove; it is concluded that power supply hum
levels in the idle audio channel are probably at least 60 db below test tone. This is seen to
be satisfactory in accordance with the criteria developed in the section above.

FIELD RATE CROSSTALK

The vertical synchronizing pulses in the video signal are a source of 60-Hz
c¢rosstalk into the accompanying audio channel. The results listed in table 3. 41 indicate
that this parameter has been observed to be from 36 db to over 70 db below test~tone level.
Furthermore, the majority of readings are seen to be considerably below the target of
minus 60 db. All of these test measurements were made on a flat baseband (i.e., with
no video or audio pre-emphasis/de-emphasis). Thus, it is concluded that the field-rate (60 Hz
crosstalk into the audio channel is excessive in the ATS system, and will not permit the
desired 55-db signal-to-total noise to be obtained. This crosstalk problem is caused by the
group delay characteristic of the IF passband which introduces intermod products within the

sub-carrier channel passband.

LINE RATE CROSSTALK

The horizontal synchronizing pulses of the video signal are a source of 15.75-kHz
crosstalk into the audio channel. However, since the audio channel contains a 15-kHz low
pass filter in the receiver output circuitry, the crosstalk component is technically an
""out-of-band" interference. The filter specification calls for not more than 3 db down at
14.5 to 15 kHz, with a roll-off of 36 db per octave above the 3-db down frequency. This
means that the channel response is probably no more than about 5 or 6 db down at the
15.75-kHz line rate. Even with this ""out-of-band" attenuation advantage, the line-rate
crosstalk component was measured at levels as high as -37 db (see Rosman via ATS-1 in
table 3.41), This 37 db is a 6-test average containing a low of 35 db and a high of 39 db.
Other averages are seen to run between 40 to 58 db, all of which do not meet the target
of more than 60 db below test-tone level,

Since the interfering signal is technically, if not actually, out-of-band, a large
scale effort to locate the exact source of the crosstalk was not initiated. A notch filter
tuned to 15.75 kHz was procured and installed in the receiver audio-output circuitry.
Subsequent measurements indicated that the line rate crosstalk was reduced to well over
60 db. The effect upon the audio channel amplitude versus frequency response was minimal.
The 3-db down point is now about 13 kHz instead of the former 15 kHz, This is considered
to be a relatively insignificant degradation in the channel bandwidth.
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However, the 60-Hz field rate and 15, 75-kHz line rate components are not the only
parts of the total crosstable problem. When the video channel is actively carrying a test
pattern or other video waveforms, there is a general interference, or random noise level
introduced into the audio channel. The phenomena is shown in lines one and two of table
3.42 where the rms noise level without video pre-emphasis is seen to rise at least 6 to 8 db
when a video signal is transmitted. However, a narrowband wave analyzer search in the
audio channel failed to reveal any distinct periodic interference components; at least in suf-
ficient numbers and levels to account for the observed increase in the channel rms noise
level. When video pre-emphasis is applied to the system it is seen from lines 3 and 4 of )
table 3.42 that the former crosstalk problem disappears. The very small increase in noise
level when video is applied means that the crosstalk noise components are at least 8 to 10 db
below the idle system noise level {thermal plus power supply hum). Thus, it is seen that the
incorporation of video pre-emphasis and de-emphasis techniques is most effective in elimi-
nating the crosstalk problem. The observed 8 db or so improvement from lines 1 to 2 and
from lines 3 to 4 in the table are indicative of gains made by utilizing audio pre~emphasis.
This subject is discussed in paragraph 3.5.8 of this report.

3.5.9.3 Conclusions

All identifiable noise sources in the ATS TV audio channel (i.e., idle channel
continuous random noise from thermal limitations, power supply hum components , and
crosstalk from the video field and line rate sync pulses) must be considered for their
contribution to total noise. Generally, this experiment shows that the contributions from
power supply hum are sufficiently well suppressed as to be relatively insignificant in their
effect upon the total noise level. Video crosstalk, however, is severe enough as to preclude
meeting the goal of 55-db signal-to-total noise on a flat baseband basis. The line rate crosstal
can be eliminated by the addition of a 15.75%kHz notch filter. The remaining crosstalk
components are still capable of defeating the 55-db S/N goal. The use of video pre-emphasis
and de-empha§is was found fo be effective in eliminating video crosstalk into the audio channel
Measurements indicate that the video crosstalk is at least 8 to 10 db below idle channel noise.
Furthermore, the use of emphasis technigues in the audio channel was found not to be
detrimental to power-supply hum components. Thus the limitation to achieving the desired
channel 8/N ratio of 55 db becomes primarily dependent on the thermal noise level.
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TABLE 8.41. TV AUDIO-CHANNEL PERIODIC AND CROSSTALK NOISE (FT-TV-6.1)

. .4b Below Test Tone Level
¢ 8/C Loop RF Loop

Station, .Satellife, Mie' | Vides Tdle Video

and Dates Component Chamnel Hum | Crosstalk | Channel Hum | Crosstalk
Cooby, ATS-1 " 60 He 550 7 36.0 =70 525
7/3/67 thru 120 Hz >50 ' I e >0 62,2~
6/10/68.(6 tests) 15,75 KHz y 4079 o481
Rosman, ATS-1 80 Hz >55 : > 55 355 0 ¢ g« 250
7/23/67 thru 120 Hz >55 | >55 358 o 248
9/21/67 (6 tests) 15,75 Kz { 3.1 . 39,8

3 M B Fe l o LRk
Rosman, ATS-3 60 Hz 59.0 : " 54,6 . .
8/2/68 thru 120 Bz 61.2° | 6L LG
9/6/68 (8 tests) 15.75 KBz [ 57.9 i
Mojave, ATS-1 80 Hz >55 { 45.5 58,5 46,5
“7/25/68 thru 120 Hz >70 | 39.0 >0 50.0
10/8/68 (2 tests) | 15.75 kilz 3 0.5 46.8
Mojave, ATS-3 60 Hz > 70 | 47.3 > 70 45.0
12/20/67 thru 120 Hz >0 } >70 52.3
10/8/68 {3 tests) 15,75 Kz | 542 54.2
Mojave, ATS-3 60 Hz >10 ; 70 69 70
12/8/68* (1 test) 120 Hz None I 72 72 None

15,75 kHz i None None

*Measurements made with 15.75~kHz notch filter in receiver output,
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TABLE-3.42. EFFECT S. OF EMPHASTS. ON- VIDEO-TO-AUDIO CROSSTALK

db Below Test Tone Level

:.Satel_lite Loop RF Loop
| Idle _ Video e Video
-| Channel - Crosstalk Channel- Crosstalk.
| -Noise Noise Noise Noise
Mbojave, Dec. 1969, ATS-3

'NoVided or Audio Emphasis | 50.0 43.0 51.0 45.0
No'Video Emphasis, but 58.5 50.0 59,5 53.0
with Audio Emphasis
With Video Emphasis, but 50.0 49.5 50..5 - 50.0
No Audip Emphasis
WithVideo and Audio Emphasis§ 58,5 58.0 59.5 57.5
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http:EFFECTS,.OF

3.5.10 TV AUDIO-CHANNEL AMPLITUDE VERSUS FREQUENCY RESPONSE (M. E. Strong)
(FT-TV-6.2)

3.5.10.1 Description and Test Results

The objective of this experiment is to establish the amplitude versus frequency
response of the TV Audio Channel in the ATS television subsystem. The significance of this
response characteristic resides in the fact that it is one of the important characteristics
which defines the fidelity of the audio channel.

TEST CONDITIONS

This experiment was performed under the conditions stated in paragraph 3.5.
STANDARDS

The ATS television subsystem audio channel will be evaluated in the context of
contemporary program channels employed in common carrier systems. The CCIR proposed*
change to CCITT Recommendation J-21, pertaining to Type A program circuits on common
carrier telephone circuits, is considered applicable to the ATS TV audio chamel and is
considered in the analysis of the experiment. Briefly, CCIR recommends that the frequency
band effectively transmitted should extend from 30 Hz to 15, 000 Hz and the response curve
should be within limits as shown in figures 3. 89 through 3. 94 where the slope of the curve
should not exceed 6 db per octave in the 10, 000-Hz to 15,000-Hz frequency band.
RESULTS

The TV audio channel amplitude versus frequency response characteristics was

measured at each of the earth stations, using either.ATS-1 or ATS-3, during the pericd
December, 1966, through October, 1968, The results of these measurements are shown
in figures 3.89, 3.90 and 3.91. Subsequent to October, 1968, a 15,750~Hz notch filter
was installed in the audio channel output to reduce line rate crosstalk appearing in the audio
channel. The resulting audio channel response characteristic, is shown in figures 3.92
through 3.94. In December 1969 and February 1970, the effect of adding the 75-microsecond
pre- and de-emphasis networks was ascertained. These results are seen in figures 3.95
through 3.98.

3.5.10.2 Analysis

NON-EMPHASIZED CHANNEL
CCIR studies covering circuits for monophonic program transmission have resulted

in recommended changes to CCITT Recommendation J. 21 for normal program circuits, Type A,
This recommendation pertains fo a very high-quality circuit and is considerably more
stringent than the existing CCITT Recommendation J. 21,

*Study Program 5A/CMTT, Addendum No. 1 to Volume V of the documents of the Xith
Plenary Assembly of the CCIR, Oslo, 1966.
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Examination of the above referenced figures shows that the audio channel ampli-
tude response consistently falls below the Oslo 1966 recommendation of the CCIR in the 50—
to 100-Hz frequency range. However, it is also true that even the worst of these curves is
well within the limits of CCITT Recommendation J-21 dated December 1960, This latter
guideline was the one in effect at the time of equipment procurement and installation. The
high~frequency response appears to be somewhat marginal for Cooby Creek and Mojave in
the vicinity of 8 to 10 kHz. On the other hand, the curves for Rosman (without pre-emphasis)
show an adequate high-frequency response. As before, even the worst curve (Mojave) is well
within the earlier limits of CCITT Recommendation J-21.

Figures 3.92, 3.93,and 3.94 show the amplitude response after the installa-
tion of the aforementioned 15. 75-kHz notch filter. As expected, the high-frequency response
is seen to haye a very sharp roll-off above 12 kHz because of the presence of the noteh filter.
The relative amplitude at 15 kHz is over 20-db down,referenced to the oufput at 1 kHz. How-
ever, the output at 13 kHz is down only 3 db or less. Thus the effective 3-db bandwidth
transmitted is found to be approximately 40 to 13,000 Hz. This response does not quite meet
the suggested criteria of the Oslo 1966 meeting of the CCIR. However, it is well within the
limits recommended by CCITT Rec. J-21 of Dec. 1960.

EFFECTS OF PRE-EMPHASIS .
Figures 3.95 through' 3.98 illustrate the result of adding the 75-microsecond

pre-emphasis and de-emphasis networks to the audio subsystem. It is seen that the response
with emphasis is degraded at both stations, (Mojave and Rosman) when compared to the
"Flat" or non-emphasized conditions. The high frequency roll-off at Mojave is considerably
worse than that of Rosman. This is probably caused by the difference that exists in the audio
input circuits at the two sites. At Rosman the audio input signals are first applied to a
switch which selects either a fixed attenuator or a 75-microsecond pre-emphasis network.

At Mojave the pre-emphasis is inserted in an audio feedback loop which is primarily used for
control over modulation linearity and audio harmonic distortion reduction. Nevertheless, it
" is evident at both sites that the pre-emphasis and de-emphasis network responses are not
exact complements to each other. The feedback loop circuit as used at Mojave is

seen to be inferior at matching the receiver de-emphasis network.
3.5.10.3 Conclusions

It is concluded that the "Flat" or non-emphasized ATS audio channel frequency re-
sponse will not meet the modern CCIR recommended limits for a small portion of the low
frequency end of the audio band (approximately 50 Hz to 100 Hz) and will not meet the high~
frequency limits (13 kHz to 15 kHz) because of the 15.75-kHz notch filter. However, the
observed deviations from the recommended requirements are relatively small and should not
materially affect the audio-channel fidelity.
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When the 75-microsecond pre-emphasis and de-emphasis is added to the system,
the high-frequency response is degraded. The modified input circuit as used at Rosman im-
proves the response characteristic, but additional improvement is needed to make the

emphasis curves more exact complements of each other.
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3.5.11 TV AUDIO-CHANNEL NON-LINEAR DISTORTION (M. E. Strong) (FT-TV-6.4)
3.5.11..1 Description and Test Results
OBJECTIVE

The objective of this experiment is to establish the harmonic distortion character-

istics of the television audio channel portion of the FM video transmission system. Harmonic
content and components are determined because they are a direct measure of amplitude non-
linearities occuring in the system.
TEST CONDITIONS

The experiment is performed under the conditions stated in paragraph 3.5. Dis-
tortion characteristics are evaluated for test tone fundamentals below 100, 1000, and eithér
4000 or 5000 Hz.
STANDARDS

The ATS television subsystem audio channel will be evaluated in the context of
contemporary program channels employed in common carrier systems.

One standard applicable to systems, similar to the ATS, is the EIA Standard
RS~250A. This document is primarily intended to cover studio-to-transmitter links, but it
is.specifically stated to apply to facilities where the audio program material is transmitted
along with the video signal over common equipments and carriers. This standard is dated
February 1967, and allows the following levels of harmonic distortion:

Fundamental - Harmonic Distortion
50 to 100 Hz 1.5%
100 to 7500 Hz 1.0%
7500 to 15000 Hz 1. 25&

Another applicable document is CCITT Recommendation J-21 dated December
1960. This document was published and in force at the time of ATS equipment procurement
and installation. As such, if is considered more directly applicable to the system under
discussion. This recommendation allows harmonic distortions of 4 percent or less, but
suggests that a more modern design objective would be for distortions of 3 percent or less
for fundamentals below 100 Hz and 2 percent or less for fundamentals above 100 Hz.

Finally, ?Et the Oslo 1966 meeting, the CCITT proposed a revision to their
Recommendation.J-21 which suggested the following tdlerances on harmonic distortion:

Fundainental Harmonic Distortion
50 to 100 Hz 3%
100 to 7500 Hz 1%
7500 to 15000 Hz 3%

* Study Program 5A/CMTT Addendum No. 1 to Vol. V of documents of the XIth Plenary
Assembly of the CCIR, Oslo 1966.
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RESULTS

The results of harmonic-distortion measurements are shown in tables 3.43 and
3. 44 for satellites ATS-1 and 3,respectively. Table 3.45 shows the results of comparative
measurements made both with and without the use of audio pre-emphasis and de-emphasis

networks.

3.5.11.2 Analysis

From an examination of the results shown in the tables, it would appear that the
satellite was a contributing factor to the determination of overall audio channel harmonic
distortion. This apparently anomolistic behavior can be at least partially attributed to the
fact that many of the distortion measurements were made with an instrument which operates
on the principal of nulling out the fundamental and measuring the remaining signals within
the channel passband. This of course means that noise and all other in-band components
are recorded as well as the desired harmonics of the.fundamental signal. Since the satellite
loop circuits are generally considerably more noisy than the RTF loop configurations, it is
expected that the spacecraft harmonic distortion readings would be slightly greater than those
of the R¥ loops.

The various entries in the tables for ear;h site show a large degree of variation
in the measurements. The differentials between readings are seen to cover ratios from two
to four or more. This points up the difficulty and sensitivity of the audio channel to system
alignment and adjustments.

The distortion measurements tabulated in tables 3. 43 and 3. 44 were taken at the
normal test-tone level of +9 dbm. A few measurements made at test tone levels one or two
db greater resulted in greatly increased harmonic distortion. Likewise, measurements
taken at a test tone level of +6 dom showed harmonic distortion levels only a few tenths of
one percent. This indicates that the test tone level of +9 dbm is close to the system '"crash-

point™.

The measurements from Mojave in table 3.45 were also taken at maximum rated
subcarrier deviation. The data from Rosman in the non-emphasized configuration was ob-
tained at maximum level (+9 dbm). These results show that the CCITT proposed recommen-
dation can nearly be attained. However, of more interest in this latter table is the indica-
tion that pre-emphasis and de-emphasis is effective in further reducing the amount of
harmonic distortion. Actually, it is the effects of the de-emphasis network that is instru-
mental in reducing harmonic distortion. As seen from the table the harmonic suppression
is greater for the higher frequency fundamentals. - This is caused by the increasing ampli-
tude reductions for signals above 1000 Hz. In any event, the results shown in table 3.45
indicate that the CCITT recommended limits for harmonic distortion can be attained when
pre-eniphasis is applied to the audio channel.
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The tables do not show any distortion values for fundamentals above 5000 Hz. In
particular, they show no measurements in the 7500-to 15000-Hz range of the referenced stan-
dards. However, measurements actually have been conducted in this region, but practically
no harmonic distortion could be detected for fundamentals above 7500 Hz, and very liitle dis-
tortion could be detected between 5000 to 7500 Hz. This is caused by the fact that the
channel has a fairly sharp cut-off above 14 or 15 kHz. Therefore, the harmonic distortion
measurements were limited to an upper limit of 5 kHz, so that at least the second and third
harmonies were still within the channel passband.
3.5.11.3 Conclusions

With careful adjustment, the ATS system is capable of performance at reason-
ably low harmonic-distortion levels. The system can be operated at a lower test-signal level
with less attention to adjustments. The use of the standard 75-microsecond pre-emphasis
and de-emphasis technique is effective in reducing the level of harmonic distortion to within
the CCITT recommended limits,
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TABLE 3.43 TV Audio-Channel Harmonic Distortion (ATS-1)

Station, Date, C/N in db Percent total harmonic distortion
& Serial No. RF s/C RF Loop S/C Loop

Loop Loop [100 Hz | 1kHz | 5kHz | 100 Hz | 1 kHz | 5 kHz
Cooby Creek, T1001 X
7 April 1968 31 6.5 3.6 3.6 3.6 3.8 5.6 4,5
Cooby Creek, T1008
11 November 1968 1.5 1.3 0.3 1.7 1.7 1.1
Mojave, M-block
25 July 1968 17 9.6 1.8 1.7 2.1 1.7 1.3 1.2

TABLE 3.44 TV Audio-Channel Harmonic Distortion (ATS-3)

C/N in db Percent total harmonic distortion

Station, Date,
& Serial No. RF s/C RF Loop §/C Loop

Loop Loop | 100 Hz TkHz | 5 XHz | 100 Bz [1kHZ [ 5 kHz
Rosman, R3003
22 August 1968 17.5 5.0 3.7
Mojave, M3001 10kHz 10 kHz
8 December 1968 4,2 2.4 0.1 4,3 3.1 2.5

TABLE 3.45 EFFECTS OF EMPHASIS ON AUDIO DISTORTION

Percent total harmonic distortion

Frequency RF Loop 8/C Loop
Station and Date in No Pre-~ With Pre- No Pre- With Pre-
Hz Emphasis Emphasis Emphasis Emphasis
Mojave (ATS-3) ki) 1.45 1.25 1.55 1.38
11 December 1969 1000 1.25 0.8 1.4 0.9
4000 1.54 0.76 1.6 0.84
Rosman 75 1.21 <1.0 - -
February 1970 1000 1.02 0.42 - -
. 4000 1.61 0.6 - -
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3.5.12 VIDEO BASEBAND ATTENUATION VERSUS FREQUENCY (BASEBAND FREQUENCY
RESPONSE) (G.I. Shriver) (FT-BB-5.1)

3.5.12.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to determine the video baseband attenuation
versus {requency characteristic of the ATS system in the FT (television) mode. Picture
deterioration of several types may be observed if this transmission parameter is excessively
degraded.

TEST CONDITIONS
This test is performed under the conditions stated in paragraph 3.5.
STANDARDS

CCIR Recommendation 421-1, paragraph 3.6, gives the following design-
objective limits for system "M", and recommends a reference frequency of 160 kHz. The
limits, for Canada and the U.S.A., are 20.16 db between 10 kHz and 300 kHz with a linear
increase between 300 kHz and 4 MHz to £0.63 db. The international limits allow a variations
of 1.0 db between 160 kHz and 800 kHz, with a linear increase in level to +2.5 db at 4 MHz,
and linear decreases in level to -2.0 db at 3.2 MHz and -4.0 db at 4 MHz.

RESULTS

Results from this experiment are shown in figures 3.99 and 3.100. Rosman
test means are shown in figure 3.99. The plots on this figure were obtained from test
information on ATS-1 and ATS-3. No significant difference was observed in the test results
from the two S/C. Figure 3.100 shows test results for Cooby Creek on ATS-1 only. These
two figures show the mean, maximum, and minimum values obtained from numerous tests.
Figure 3.101 shows the resulis of a special test run at Mojave on ATS-3. This figure
shows test results with and without pre/de-emphasis. The Canadian - U.S.A. and the
international CCIR design-objective limits are also shown on all figures.

3.5.12.2 Analysis of Test Results

The attenuation versus baseband frequency curves in figures 3.99 and 3.100
are normalized to 200 kHz instead of 160 kHz as recommended by the CCIR. This change in

the normalization frequency has little or no effect on the displayed curves.

There appears to be no significant difference in test results from the three earth
stations or from the two spacecraft. Deviations from a nominally flat response occur at
both ends of the frequency band. A low frequency boost was intentionally added in the

receiver video amplifier to prevent a decrease in gain at the lower frequencies. In most
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cases the bandpass is essentially flat between 200 Hz and 200 kHz. A gain increase does
occur at very low frequencies but this is far below the lowest frequency covered by the
CCIR Recommendation. At 30 Hz, (the lowest frequency component of a television signal)
the level is generally. within 1 db of the level at 200 kHz. A high frequency roll-off exceeds
the CCIR Recommendation for the USA and Canada at about 2 MHz (1 MHz at Mojave with
.ATS-3 on the special test performed on 27 April 68). The system does, however, meet the
CCIR international limits. From typical filter response test data, about half of this high
frequency roll-off can.be attributed to the video low-pass filter. Excessive loss of gain at
the higher video frequencies could result in a loss of picture detail. However, these losses
are not considered excessive since subjective tests and TV demonstrations indicate a high

resolution picture is possible. (See section 1 of this report. )

Figure 3.101 shows the resulis of a special test performed at Mojave on
ATS-3 (27 April 68). The test was performed in the normal manner with pre-emphasis and
de-emphasis removed. Then the test was repeated with pre-emphasis and de-emphasis
networks installed. The test results indicate essentially no difference in attenuation at the
lower frequencies, but a more rapid roll-off as frequency increases when pre/de-emphasis
networks are used. The maximum difference in attenuation between the two tests is in the
order of 0.5 db. This indicates that the pre/de-emphasis networks are not exact complements

of each other.
3.5.12.3 Conclusions

The video baseband attenuation versus frequency curve shown in figure 3.99 is
typical of test results at the three earth stations and for spacecraft. The baseband attenuation
increases with frequency and exceeds the CCIR USA-Canadian limits at about 2 MHz. The
system does not exceed the CCIR international limits.

The results of limited testing indicates no change at the low frequencies, but a
more rapid roll-off at higher frequencies when pre-emphasis and de-emphasis networks are
not removed for test execution. This roll-off is approximately 0.5 db greater, at the upper

end of the frequency spectrum, when the measurement is made with pre/de-emphasis.
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3.5.13 ENVELOPE DELAY VERSUS BASEBAND FREQUENCY (ENVELOPE DELAY
DISTORTION) (G.1. Sh:("iver) FT-BB-4.1)

3.5.13.1 Description and Test Results

OBJECTIVE

This experiment is performed fo determine the envelope deldy characteristic
of the ATS satellite system. Envelope delay versus baseband frequency in this experiment,
refers to a departure from flatness in the envelope delay of the FT mode fransmission
syséem as a function of the baseband frequency. This departure can cause waveform distor-
tion of complex signals and is of more importance to the transmission of wideband digital
data and television signals rather than FDM multiplex signals. This experiment is also
performed with and without pre-emphasis/de-emphasis to determine the effect of the

emphasis circuits on envelope delay.
TEST CONDITIONS

This test is performed under the conditions stated in paragraph 3. 5.
STANDARD

CCIR Recommendation 421-1, paragraph 3.6 is applicable to this experiment.
This recommendation allows a variation of +32 nsec from 10 kHz to 3 MHzjand from 3 MHz to
4 MHz,a linear increase to 63 nsec is permitted.

RESULTS

Some typical envelope delay versus baseband ffequency curves are shown in
Figures 3.102 through 3.105. Figures 3.106 and 3.107 show.the results of this
test performed with and without pre-emphasis/de-emphasis on the S/C and RF loop configura-

tions.
3.5.13.2 Analysis

The test equipment used in the experiment limited the measurements to above
100 kHz which does not include the lower end of the spectrum to 10 kHz covered by the CCIR
Recommendation. Also, the referenceé frequency used in the test set was 200 kHz instead of
the 160 kHz recommended by CCIR. It is considered that these factors do not materially
affect the results of the test nor the conclusions that may be drawn from them. The theory
of envelope delay distortion and its effect on television signals is well documented in literature

and will not be covered here. (24)

The 4.5-MHz video low-pass filter is the primary factor determining the
envelope delay characteristic. Secondary factors affecting the results of this experiment
include the FM modulator/demodulator transfer characteristics and video-baseband amplifiers

and circuitry. A minor contributor is the IF"/RF group delay.
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In performing the tests, it was found that the resolution and stability of the
measurements were highly depen&ent on the baseband signal-to-noise ratio. This was
traced to the fact that the test equipment used (which is typical of that available today)
requires a rather high baseband signal-to-noise ratio. As a result of this, measurements
made on ATS-1 or at the stations with a 40-foot antenna tended to be very "noisy'" and un-
repeatable, (See figures 3.108 and 3.104.) Tests performed employing the RF loop were
somewhat better due to the use of 2 simulated carrier level some 10 db higher than that from
the spacecraft (see figure 3.105), The best results were obtained at Rosman (85-foot antenna)
using, ATS-3 (12 watt transponder). (See figure 3.102.) This configuration provided a C/N
ratio of 20. 5 db resulting in a baseband S/N ratio of 37.5 db. These results indicate that
measurements obtained using the available test equipment must have a baseband S/N of
better than 30 db or so in order to obtain satisfactory results. Therefore, this tends to limit
this test to the Rosman and Mojave Stations when utilizing ATS-3.

The test was run at three deviation levels to determine if the envelope delay
distortion would improve if a narrower TV signal spectrum were used (lower deviation).
Figures 3.104 and 3.105 are examples of the typical results which indicate that the envelope
delay distortion became worse at the high end of the spectrum when the deviation was
decreased. This is contrary to expectation since the lower deviation occupies the more
linear portion of the transfer characteristic and should show improvement. These apparently
anomalous results may be explained, however, in the following manner. Since pre-emphasis/
dé-emphasis is not used, the baseband noise is parabolic. Therefore, the S/N ratio at the
high end of the baseband is considerably poorer than at the low end. When the test signal is
swept in this region, the resultant phase measurement is subjected to a larger error which
is reflected in a noisy, less reliable plot. This theory tends to be supported by the fact that
the test at Rosman where the best overall baseband S/N ratio was obtained, the three deviations
tended to produce nearly identical results.

On all tests, at the high end of the frequency spectrum, increasing envelope delay
is indicated. This delay increases very rapidly between 4 and 4.5 MHz, and is attributed to
the 4.5-MHz video low-pass filter. The manufacturers instruction book indicates a 1~db drop
at 4 MHz and a 3-db drop at 4.5 MHz, This indicates a rapid increase in group delay in this
portion of the frequency spectrum. This instruction book also allows a filter delay tolerance
at 4 MHz that is almost as-great.as the tolerance recommended by the CCIR for the entire
system.

On a high percentage of tests from all stations, some indication of discontinuity
is present. This discontinuity manifests itself in the form of one or more narrow spikes,
either positive or negative, on the envelope delay versus baseband plot. These spikes were
originally attributed to noise bursts. Later consistent test results show that these spikes
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are not random, but in fact, tend to be repetitive at specific points within the frequency
spectrum. The spikes are shown in figure 3.106 but do not appear in the other figures
showing spacecraft loop test results due to the smoothing technique employed in plotting the
data. Figure 3.107 shows the results of an RF loop test performed on the same day, at.

the same site, and under the same conditions as the spacecraft loop test results shown in
figure 3,106, Since these spikes are present in the spacecraft loop, but not in the RF loop,
it is concluded that spikes on the envelope delay distortion versus baseband frequency plot
are introduced by the spacecraft transponder. There is some speculation that this distortion
is present only during the test because of transponder sensitivity to the characteristics of
the test signal employed to measure envelope delay. Whether or not these spikes in the
envelope delay response are actually present while a television signal is being transmitted is
unknown. However, no degradation in picture quality that might be attributed to envelope
delay discontinuity has been reported from the many TV demonstrations performed with

the ATS-1 and ATS-3 satellites.

CCIR Recommendation 421-1 applies to the transmission of television signals
over long distance international television circuits and is representative of the quality of
performance that may be expected by users of a satellite system such as ATS. The limits
contained in the recommendation as they apply to a 525 line TV system defined as System M
(USA) are shown on the figures for reference. The general shape of the plots indicates the
system should operate within these limits, yet the limits are often exceeded by the sharp
spikes

This experiment was performed with and without the video pre~emphasis/
de-emphasis networks in the earth station equipment to determine the effects of these net-
works on envelope delay. Figure 3.106 shows typical results of a test performed with and
without pre/de-emphasis in the spacecraft loop. Since the discontinuities introduced by the
spacecraft make this figure somewhat difficult to analyze , figure 3.107 may be substituted,
Both of these figures show the resulis of the same test run at the same site on the same day
at the same peak to peak signal levels. The only difference being that figure 3.107 was run
in the RF loop and figure 3.106 was run in the spacecraft loop. . Except for the spikes
introduced by the spacecraft, the figures are essentially the same. The figures show that
the emphasis networks cause a greater relative delay variation at the low end of the frequency
band (below 1.5 MHz), while in the remainder of the frequency band of interest (1.5 MHz to
4,0 MHz), the delay variations are essentially the same. A vertical shift in the entire
envelope delay curve is of no significance; only the relative variations in envelope delay

with respect to frequency can cause signal distortion.
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3.5.13.3 Conclusions
The results of this experiment have shown the following:

1) An overall baseband S/N ratio of about 30 db or more is required in order to
obtain satisfactory test results with the available test equipment.

2) The degree of envelope delay distortion ig, fo a first order, not dependent on
the deviation of the test signal, but the measurement accuracy is probably seriously affected
by the fact that the S/N ratio, in the detector of the test equipment, is reduced at the high
end of the baseband spectrum.

3) The test results show that the spacecraft transponders cause abrupt changes
in envelope delay with respect to frequency. It is not presently known whether this distortion
is generated at all times or just during testing. However, no degradation in picture quality
that might be attributed to envelope delay discontinuity, has been reported from the many TV
demostrations performed with ATS-1 and ATS-3.

4) The addition of the video pre/de-emphasis networks causes envelope delay
variation to increase at frequencies below 1.5 MHz, but delay variation in the remainder of
the frequency band is essentially unchanged.

5) Except for the narrow spikes, the measured envelope delay is within the
limits recommended by the CCIR for the US and Canada. At no time have the spikes exceeded
the less siringent CCIR recommended international limits.
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3.6 SPACECRAFT EXPERIMENTS

3.6.1 SPACECRAFT ANTENNA PATTERNS (R. L. Baldridge)

3.6.1.1 Description and Test Results

OBJECTIVE

The objective of this experiment is to verify that spacecraft antenna patterns can
be measured at an earth station, and to determine the value of the technique. Only conical
cuts of the antenna patterns are obtained. If full three dimensional patterns witha spin-stabil-
ized spacecraft are desired, the spin axis would have tobe placed in the earth's equatorial plane.
BACKGROUND
ATS-1 AND ATS-3

To make antenna pattern measurements from the ground it is necessary to vary
the antenna pattern position in time and measure signal power received at the spacecraft
and also at the ground. This is conveniently done in the case of the spin stabilized ATS-1
and ATS-3 spacecrafts. The transmit antenna pattern is measured by recording the
power received at an earth station (AGC voltage) as the transmit pattern is made to precess,
relative to the earth, about the spacecraft spin axis, with constant spacecraft transmitter
power. The receive antenna pattern is measured by recording the spacecraft received
power as the received antenna is made to precess about the spacecraft spin axis with
constant ground transmitter power. For this purpose, a single sideband pilot tone is
transmitted to the spacecraft in the MA mode. The pilot level received at the spacecraft is
determined by measuring the pilot level at the ground station after phase demodulating the
signal from the spacecraft. (In the-MA mode the spacecraft phase modulates the single
sideband AM signal received from the ground.) The transmit and receive antenna patterns

can in this way be recorded simultaneously.

The spacecraft antenna patterns are made to rotate about the spacecraft by
changing the despin rate of the antenna pattern while the spacecraft spin rate remains
constant. The precession rate is equal to the difference between the spacecraft spin
rate and the antenna pattern despin rate. Each 360-degree rotation of the beam provides
a complete conical cut of the antenna pattern at the antenna angle, which is the complement
of the aspect angle. The antenna geometry is shown in figure 3,108. In the normal attitude,
the aspect angles from which available earth Sta,tiO;IS can view the spacecraft are about
94 degrees from Cooby Creek and about 84 degrees from both Rosman and Mojave for ATS-3.
Therefore, only Rosman and Mojave are capable of obtaining ATS-3 antenna patterns. These
aspect angles vary slightly within a 24-hour period. All stations can view the ATS-1 space-
craft.
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ATS-5

Although, ATS-5 was to be gravity-gradient stabilized, technical diificulties pre-
vented deployment of the gravity gradient stabilization system. ATS-5 is presently spinning
at a rate of approximately 76.2 rpm and has no despun antennas like ATS-1 and ATS-3.

Due to-this relatively rapid antenna spin rate, certain changes in the test pro-
cedure are necessary to record the antenna patterns. The same te§t procedure as used
on ATS-1 and ATS-3 was used‘ with the following two exceptions. First, since the antennas
on ATS-5 are already spinning with respect to the earth, it is no longer necessary (or possible,
since the antennas cannot be despun) to make the antennas precess, - relative to the earth,
about the spacecraft spin axis. Secondly, since the strip-chart recorder used to record
ATS-1 and ATS-3 is not capable of following the rapid changes in level. (due to the rapid spin
rate),it is replaced by a Honeywell 1508 Visicorder.

RESULTS

The measured transmit and receive antenna patierns for ATS-3 are shown
in figures 3.109 and 3.110, respectively. These are shown in polar form in figures 3.111
and §.112. These patterns were taken with an antenna precession period of about 5 minuies.
The width of the lines in figures 3,109 and 3.111\ indicate the level of spin modulation on the
pattern. In figure 3.112, the front 230 degrees of the received pattern are reproduced. The
absolute levels shown in these figures are arbitrary. The levels relative to isotropic cannot
be determined from isolated conical cuts, so the antenna gains cannot be determined from
these results. Replication of only the transmit antenna pattern has been achieved.

A measured transmit antenna pattern for ATS-1 is shown in figuré 37115, This
pattern was obtained by recording the AGC of the SHF tracking receiver utilizing an AGC
time constant of three seconds. Figure 3.116 shows the preflight transmit antenna pattern.
It should be noted that other transmit antenna patterns have been obtained and the results are
very similar to the preflight transmit antenna pattern.

The ATS-1 receive antenna pattern cannot be measured since it is omidirectional.

Figures 3.117 and 3.118 show the ATS-5 transmit antenna patterns for the
planar array and the omni antenna,respectively. The ATS-5 planar array receive antenna
pattern is sHown in figure '3+119.  All of these patterns were derived from measurements
made at Mojave with the S/C spinning at about 76 revolutions per minute. This nieans that
signal transmission to and from the satellite is possible for approzimately 50 milliseconds *
per revolution (3-db beamwidih) when using the planar array antennas. Due to the measuring

. technique used, only about 40 percent of the planar array receive pattern can be measured.
\However, the main lobe is included in this 40 percent.

For comparison, prelaunch antenna patterns for eachof the above cases are
shown in figures 3,120 through 3,122,
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3.6.1.2 Analysis

To verify that orbiting spacecraft antenna patterns can be measured from the
ground it must be shown that the recorded variations in signal levels are indeed produced by
the antenna gain variation with antenna beam attitude and not by some other mechanism.
This can be shown by repeating the measurements on separate occasions. The level
variations due to the antenna pattern rotation will be reproduced but other variations will

not.

Replication of the ATS-3 éransmit antenna pattern has been achieved on different
occasions and with different antenna pattern precession rates so the pattern presented is an

accurate representation of the actual pattern.

teplication of the ATS-1 transmit antenna pattern has also been'performed with
a fair degree of correlation with the préﬂight transmit pattern.

Replication of the ATS-3 receive antenna pattern has not been achieved, but
there is reason to believe that the pattern presented is an accurate representation of the
actual‘pattern. Note that the in-orbit measured transmit antenna pattern closely
resembles the preflight measured transmit paitern. (See figure 3.113.) If would be
expected that the in-orbit measured receive antenna pattern would likewise resembile the
preflight receive antenna pattern because the transmit and receive antenna patterns are
of the same design and are constructed on the same assembly. These receive patterns are
very similar. (See figures 3.112 and 3.114.)

No replication of the ATS-5 antenna patterns has been achieved.
However, the measurements do appear to be quite similar to measurements made prior to

launching the spacecraft.
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A comparison between the ATS-1 transmit antenna pattern and the preflight
pattern indicates that good correlation exists (see figures 3.115 and 3.116 ),This is
especially noted in comparing the beamwidths, depth of nulls and sidelobe gains.

The value of measuring ATS spacecraft antenna patterns in orbit is twofold.
The technique provides a means of determining changes in the pattern due to the launch or
to the space environment, and the technique provides a good measure of the antenna nulls,
side lobes, and back lobes, free from reflection and near field effects present on a ground
test range. Note that these effects are present in the preflight antenna patterns and not in
the patterns made while in orbit, In other space systems there may be other applications

of this technique.

There is an additional advantage of the inflight patterns over the preflight
antenna patterns. The inflight patterns display well-defined spin modulation. The mechanism
that produces this spin modulation was present when the preflight patterns were measured,
but it was not controlled. If the preflight patterns were obtained by rotating the antenna re-
flector and the spacecraft body, the actual patterns could be either higher or lower than
the preflight measurement by the amount of the spin modulation. If the preflight patterns
were obtained by rotating the antenna reflector while holding the spacecraft body fixed, the
actual patterns could be both higher and lower than the preflight measured pattern. The
result is that the preflight pattern may be in error by plus or minus the spin amplitude
modulation. This advantage of the inflight measurement could have been realized on pre~
flight pattern measurements by altering the procedure to provide for spacecraft spin-up.

3.6.1.3 Conclusions

The ATS-3 transmit antenna pattern and partial receive antenna pattern have
been measured after launch at an aspect angle of 84 degrees, and are shown in figures 3.109
through 3,112. The patterns are similar to the preflight measured patterns but provide

a more accurate measure of the far field pattern free from reflection distortions.

The same condition exists for the ATS-1 transmit antenna patterns. In comparing
the ATS-1 transmit antenna pattern with the preflight transmit pattern it is seen that these

patterns are quite similar.

ATS-5 antenna patterns are also quite similar to preflight patterns.
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3.6.2 CARRIER MODULATION DUE TO SPIN (MA-SP-1.1) (R. L. Baldridge and
G. K. Kuegler)

3.6.2.1 Description and Test Resulis

OBJECTIVES

The major objective of this experiment is to measure the modulation at the
spacecraft spin frequency and its harmonics produced upon reception and upon transmission
of signals at the spacecraft as a result of the spacecraft’s spinning, and to determine,
where possible, the probable cause of the modulation. Since this modulation is introduced
by the spacecraft antennas, and because of the approach of this experiment in measuring
the modulation, the experiment is an antenna subsystem rather than a communication
system experiment. In this experiment, four antenna subsystems of three different types

are considered.

A secondary objective of this experiment, which is more in the nature of a
communication test objective, is to determine the effect of the automatic level control loop
on the spin amplitude modulation produced by the satellite receiving antenna. The pilot
tone for level control will undergo the same spin modulation effect as the 1-kHz tones;
therefore, when using the automatic level control, the 1-kHz tones will contain the effect of
any automatic adjustments of the single-sideband transmitted power. This effect is evalu-
ated by comparing the amplitude modulation on the received 1-kHz tone measured with
automatic level control, with that measured without automatic level control.

TEST CONDITIONS

To determine the spin modulation produced by the spacecraft antennas, the test
is performed in the MA mode. An AM detector is placed at the output of a multiplex
receive channel to determine the amount of amplitude modulation present on a 1-kHz or a
3~kHz submultiplexed tone,transmitted and received at the Mojave ground station. The
frequency modulation on a similarly multiplexed tone is also recorded. These modulations
are the spin modulation produced by the spacecraft receiving antennas. To determine the
spin amplitude modulation produced by a spacecraft transmitting antenna, the amplitude

variations of the carriers received from the spacecraft are measured.
STANDARDS

There are no known standards which are applicable to this experiment.
RESULTS

The measured spin modulation characteristics for the ATS-1 collinear array and
for the phased array antenna are shown in figures 3.123 through 3.126. The spin amplitude
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modulation characteristic for the ATS-3 mechanically despun receive antenna is- shown.in
figures 3,127 through 3.129.

3.6.6.2 Analysis

The three types of antennas considered are the ATS-1 receive antenna, a.
spinning collinear array; the ATS-1 transmit antenna,. an electronically desplin—pha.sed
array; and the ATS-3 transmit and receive antennas, which are both mechanically despun
antennas. The parameters required to determine the spin amplitude and angle modulation
produced by the receive antennas on both satellites and the spin amplitude modulation pro-.
duced by the transmit antennas on both satellites are measured in this experiment. The
spin angle modulation produced by the transmit antennas is not measured because the
results of such a measurement are not significant to the communications experiments on the
ATS program.

ATS-1 COLLINEAR ARRAY SPIN AMPLITUDE MODULATION

In the ATS-1 receive antenna épin amplitude modulation shown in figure 3.123,
the spin frequency of the spacecraft and twice the spin frequency of the spacecraft are
apparent. The peak-to-peak variation is approximately 1 db.

The results of the Fourier Analysis is depicted in the amplitude spectrum of
figure 5,124, The 1st, 2nd, 3rd, 4th, 5th, and 8th harmonics of the spin rate are evident.
The frequency and magnitude of the 1st and 2nd harmonic have been resolved(47) to 1.5613
and 3.12295 Hz,and 0.071-and 0.1025-volt peak,respectively. The 8th harmonic has a
level of 0.02-volt peak. These levels can be converted to percent modulation using the
curves of figure 3,130. The curves in this figure.are the calibration ofthe AM detector
output as a function of percent modulation. The primary curve was obtained from a 10-Hz
modulating signal by varying the percent modulation from 2 to 6 percent. The family of
curves was obtained by inserting different modulating frequencies from 1 to 10 Hz at a
constant 5-percent modulation and graphically extrapolating the curves associated with-
each modulating frequency.

From this figure,it can be seen that the levels of the 1st and 2nd harmonics of
the spin frequency correspond to 4 percent modulation. The 8th harmonic corresponds to
1 percent modulation.

The automatic level control loop has no apparent effect on the spin-amplitude
modulation produced by the spacecraft receiving antenna. This is expected because of ifs

low-response time.
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ATS-1 COLLINEAR ARRAY SPIN-ANGLE MODULATION

The receive antenna spin frequency modulation fo‘r ATS-1, shown in figure 3.125,
agrees with the model developeci in section 5.1 of this report which considers the
effect of the phase center being offset from the spin axis. It is seen from the figure that
the peak frequency variation, Af is about 1.0 Hz. This produces a peak-phase deviation
of 0.635 radians. V(For sinusoidal moduiation i is given by Af divided by the modulation
frequency which is, in this case, the spin frequency, 1.58 Hz.) Recalling equation 56 from
section 5.1 which relates the phase deviation to the misalignment, it can be deter-
mined that such 2 phase modulation could result if there were a misalignment of only
0.246 cm between the S/C spin axis and the electrical phase center of the spacecraft

receiving antenna.

ATS-1 PHASED ARRAY SPIN AMPLITUDE MODULATION

The transmit phased array antenna on ATS-1 consists of eight phase shifters

- driving sixteen elements. Misalignment in the radiation elements or in the phase shifters
could cause strong harmonies in the spin amplitude modulation characteristic of this
antenna up to eight or sixteen times the-basic spin frequency. A second possible source
of 8th harmonic and multiples of the 8th harmonic modulation is the telemetry whip antenna
which pass between the antenna and the ground eight times per revolution. Although the
eighth harmonic is not the only harmonic in this characteristic, its presence is apparent.
(See figure 3.126.) The maximum and minimum points lie very nearly 45 degrees apart,as
can be seen in figure 3.126, in which the spacecraft transmit spin amplitude modulation
characteristic is shown along with a graph of its ma:dmun; and minimum points. Four of
these points are not true maximum or minimum in that their first derivatives are not equal
to zero, but theyare so identified because there is an apparent trend to a maximum or min-
imum where these maximums and minimums are expected for pure eighth harmonic. The
technique of recording the modulation on a stripchart will diminish eighth harmonics
considerably and will completely remove multiples of the eighth harmonic due to the low
irequency response of the stripchart.

ATS-3 RECEIVE MECHANICALLY DESPUN ANTENNA SPIN AMPLITUDE MODULATION

_ Figure 3.127 is a stripchart recording of the detected AM on a 3-kHz sub-
multiplexed tone. The peak-to-peak variations appear to be approximately 1 db. The
eighth harmonic of the S/C spin rate is clearly visible.

Unfortunately, the data was not calibrated and the percent modulation of each
frequency component cannot be determined.
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Figures 3.128 and 3.129 indicate the relative magnitude of the various harmonics
of the §/C spin rate. The x's indicate the resolved levels at the spin rate and harmonics.
A comparison of these figures with figure 3.124 indicate that ATS-3 is much richer in
harmonic content than ATS-1. Particularly the multiples of the eighth harmonic which
are much more severe with the mechanical despun antenna than.with the collinear array

antenna (ATS-3 and ATS-1 respectively).
3.6.2.3 Conclusions
The following conclusions can definitely be made.

First, the ATS-1 collinear receive antenna spin phase modulation is large
(20.635 radians) and free of harmonics. This means that the antenna phase center is not o1
the spin axis. Infact, on 11 November 1967, it was 0.246 cm off axis. Whether this is due
primarily to a tilt of the spacecraft and/or antenna, or to an elecirical misalignment is not

clear.

Second, the ATS-1 collinear receive antenna spin amplitude modulation is about
1 db peak-to-peak. The AM consists of harmonics of the S/C spin rate. The first and
second S/C harmonic frequencies are probably present because of an asymetrical receiving
antenna radiation pattern. The eighth harmonic is probably due to the interaction with the
eight telemetry whip antennas that are fixed about the SHF receive antenna.

Third, the ATS-1 phased array transmit antenna spin-amplitude modulation is
small (0.4 db peak-to-peak) and contains strong harmonics of the spin frequency, most
notably the eighth. This could be due to the eight phase shifters or to the light telemetry

antennas.

Fourth, the ATS-3 mechanically despun receive antenna spin amplitude
modulation has a large eithth harmonic and is rich in multiples of the eight harmonic of
the S/C spin rate. There is also a notable first and second harmonic of the S/C spin rate.
This is probably due to the telemetry whips revolving in front of the SHF antenna. Because
of the large number of multiples of the eighth harmonic present, it canbe concluded that
there is an abrupt change in the radiation pattern at 8 times the spin frequency. The cause
of the large fundamental component is more difficult to ascertain. Since ATS-3 hasa
mechanical despun antenna for both the receive and transmitted signal, the only way to
alter the radiation pattern at the S/C spin rate is to change the relative position between the
feed and the reflector. This change of focus will deteriorate the radiation pattern and
therefore change the gain of the antenna as a function of S/C rotation.

Fifth, the ALC loop in the MA mode has no effect on the spin-amplitude

modulation produced by the collinear-array receiving antenna.
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3.6.3 REPEATER-SATURATION CHARACTERISTICS (FT-8P~1.1) (E. E. Crampton)

3.6.3.1 Description and Test Results

OBJECTIVES

The major objectives of this experiment are to determine the repeater-saturation
characteristics of the FT mode in terms of (1) spacecraft carrier-output power versus space-
craft received power and (2) total link carrier-to-noise density as a function of spacecraft-
received power.

TEST CONDITIONS

The two ATS-1 transponders and ATS-3 transponder 1 can be configured
to provide 4 watts (1 TWT) or 8 watts (2 TWT's) output power. ATS-3 transponder 2
provides 12 watts (TWT) output power. Specific test configurations included all transponder
configurations on ATS-3 while on ATS-1 only the 8-watt output power configuration was used.
All tests were conducted with the Rosman earth station.

RESULTS

The resulting normalized saturation curves for each of the transponder configura-
tions were within £1.0 db of each other. A typical saturation curve is presented in fig-
ure 3,131. Also shown with this typical saturation curve are the uplink, downlink, and
overall carrier-to-noise density ratios (C/No) for the ATS-3, 12-watt repeater.

3.6.3.2 Analysis

In order to determine the saturation characteristics in the S/C test configuration,
the received carrier plus total noise (C + N)is measured in a 2.16-MHz noise bandwidth.
At the earth station, this received carrier is then translated (10"MHz) at IF such that it is
outside the 2.16-MHz filter bandwidth. This allows the total received noise power to be
measured in the absence of the carrier. This process is repeated at various spacecraft
received power levels obtained by varying earth station transmitter output power. When
measured noise power (N), is subtracted from (C + N), this method provides an indirect

measurement of the variation of transponder carrier output power.

The downlink carrier-to-noise ratio is determined at a high spacecraft received
carrier-to-noise density (greater than 90 db) by first measuring the carrier plus total noise
at the earth station. The earth station antenna is then moved 10° off the spacecraft and the
downlink noise power measured. Since the downlink noise is constant, the downlink carrier-
to-noise density is a direct function of the S/C carrier output power. Thus at low values of
spacecraft received power, the downlink carrier-to-noise density ratio follows the S/C output-
carrier power.
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The uplink carrier-to-noise density ‘is defined as the carrier:to-noise density
at the output of the spacecraft transponder. This ratio was determined by removing the
downlink carrier-to-noise density contribution from the total carrier-to-noise density

ratio.

In the normal use of the FT mode, the repeaters are operated in a saturated
condition (spacecraft received power (Prs) equals -73 dbm). However, figure 3.131 shows
that if the PrS is reduced approximately 22 db (assuming a peak-to-rms factor of 10 db for
a noise-like signal), the repeaters can be operated linearily. However, lowering the Prs’
results in a lower overall carrier-to-noise density ratio, thus utilization of full system
bandwidth is not realized. This indicates that multiple-access in the FT mode, i.e., multip.
carriers which require greater transponder linearity, is possible, but the number of

operational voice channels would be reduced.

For the conditions shown in figure 3.131, the improvement in carrier-to-noise
density from the S/C limiter begins to increase this uplink carrier-to-noise density ata Prs
equal to -83 dom. At nominal Prs of -73 dbm, full 3 db theoretical limiter improvement is
realized. This 3-db realization is also true for all other test configurations at this Prs.

In addition, for the configuration shown in figure 3.131, if the uplir;k carrier-to-
noise density is increased by increasing Prs 10 db from the nominal -73 dbm, the overall
C/N ratio will increase by approximately 3 db. This follows from the fact that at the nomina’
level, the uplink and downlink carrier-to-noise densities are essentially equal. Since down-
link carrier-to-noise density is a function of (1) repeater EIRP and (2) earth station G/T, it
would be reduced either by using one of the transponder configurations other than ATS-3,

12 watt output power or by using an earth station with a lower G/T ratio such as Mojave, for
example. In the other configurations where the downlink carrier-to-noise density is lower,
less improvement in overall C/N ratio would result from an increase in uplink carrier-to-

noise density.

The saturation point is defined as that spacecraft input power level .which when
increased by two db, results in a one-db increase in spaceeraft power output (also referred
to as the one-db compression point). The one-db compression point, was found to be abotft
-85 dbm, and it is an indication of the non-linearity of the transponder.

3.6.3.3 Conclusions

It can be concluded that at nominal -73 dbm spacecraft received power, the full
theoretical 3 db limiter improvement is obtained in the uplink> carrier-to-noise density.
Non-linear operation of the transponder is indicated by the one db compression point and
occurs at a spacecraft input power of about -85 dbm. For the configuration shown in
figure 3.131, an improvement of 3 db in overall carrier-to-noise ratio can be obtained by
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increasing the uplink carrier-to-noise density approximately 10 db. The amount of improve-
ment in the overall carrier-to-noise ratio with other earth station-repeater configurations,
based upon an increased uplink carrier-to-noise density, will depend on the repeater EIRP
and earth station G/T.
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3.7 EARTH-STATION EXPERIMENTS

3.7.1 EARTH TERMINAL G/T (AN-SP-1.2) (H. J. Kochevar)

3.7.1.1 Description and Test Results

OBJECTIVE

The purpose of this experiment is to determine accurately the G/T ratio of the
earth terminal antennas by utilizing a radio star of known radiating power density as a signal
source. Where an earth station which is capable of performing this measurement has
established its G/T value, it becomes the standard with which other stations can determine
their G/T ratio by a comparison method of their C/N ratio measurements performed with an
ATS satellite.

With the establishment of the G/T ratio of an antenna, the gain can be obtained by
simply measuring the system noise temperature and adding it (in db) to the G/T value.

TEST CONDITIONS
The establishment of the G/T ratio of an earth station antenna by utilizing a radio
. star was performed at the Rosman station. With an 85 foot antenna, only this station
has sufficient gain to provide the minimum signal plus noise-to-noise ratio required
from the low radiation level emitted by the radio stars. If the S+N/N ratio is less than 2 db,

the measurement accuracy is degraded considerably.

The radio star Cassiopeia A was selected for this measurement because it provides
the larger power density level at the 4-GHz frequency than two other possible sources
(Cygnus A and Taurus A). Radiation level of the latter two stars is appreciably lower
than Cassiopeia A and therefore they are not suitable for use in this test.

The G/T for the Rosman antenna was determined by first measuring the S+N signal
with the antenna pointing at the Cassiopeia A star. With the antenna fixed in its position
relative to earth, the earth's rotation moved the antenna beam approximately 10 degrees
away from the star's position in space. At this antenna position the system noise temper-
ature was measured. With the measured S+N/N value and a calculated constant containing

the established radiated power density of the star, the G/T ratio was determined.

After the G/T measurement was completed for theRosman antenna, the next step
was to measure the carrier-to-noise ratio of the signal received from one of the ATS satellites.
The Rosman antenna was centered on the ATS satellite (in this case the ATS-3) and the
satellife's antenna beam centered on the earth station antenna for a maximum received signal.
The latter function was performed to normalize all parameters that may effect the measured
carrier-to-noise ratio. An unmodulated carrier was provided by the satellite for this

measuremel}t. After the carrier plus noise-to-noise ratio of received satellite
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signal was measured, the Rosman antenna was moved about 10 degrees away from the sat-
ellite to allow the system noise temperature to be measured. During this process,the eleva-
tion angle was kept constant to minimize the measuring errors.

The next procedure was to measure the carrier-to-noise ratio at the Mojave
station antenna. This procedure required the Mojave antenna to be centered onto the same
satellite and the satellite antenna to be centered onto the Mojave antenna for a maximum
received signal. The carrier-plus-noise-to-noise ratio and the system noise temperature
for the Mojave station were measured by following the same procedure as that perfdrmed on
the Rosman antenna.

With the data measured at Rosman and Mojave, the G/T value and the antenna
gain for both stations were computed.

STANDARDS

There are no standards for the G/T ratio because of its dependence on the antenn:
system noise temperature which is a variable function. However, the antenna gain determine
from the measured G/T ratio is compared with the theoretical value which is used as a
standard, The standard value of the antenna gain does not have variables because its devia-
tion is based strictly from the geomeiry of the antenna and the operating frequency.

RESULTS

The G/T ratio and the gain of the earth station antennas at Rosman and Mojave
were determined from measured parameters and are presented in tables 3.46 and 3.47.
In addition to the measured parameters,the theoretical gain of the antennas is shown in

the tablesfor comparative purposes.
3.7.1.2 Analysis

The measured gain of 57.2 db obtained for the Rosman antenna by the radio star
method compares closely to the theoretical value of 58.4 db shown in table 3.46. This close
agreement of the antenna gain to the ideal value indicates the accuracy in the use of the radio
star method of measurement. However, this accuracy cannot be achieved unless a minimum
signal plus noise-to-noise ratio ( r ) of 2 db is obtained. To achieve this minimum ratio, the
earth station antenna must have a G/T value of at least 36 db when using the radio star
Cassiopeia A. The test performed at the Rosman station met these minimum requirements
with values of 37.3 db for the G/T ratio and 2.46 db for the "r" ratio which are indicated in
table 3.46. A relatively higher system noise temperature of 97°K was measured resulting
from the low-elevation pointing angle of 15 degrees to the radio star,
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When the signal plus noise~to-noise ratio 'r' has been measured, the G/ T value for

the Rosmar ‘antenna is calculated in accordance to the CCIR standards. The G/T value is
determined from the following formula:

G/T=78”2K (r-1)
L%

(antenna figure of merit)
where

G = Gain of earth-station antenna

T = System noise temperature of earth station

K = Boltzman's Constant = 1.38 x 10725 joules/°K
Pst + Pn

P
n

T = Signal plus noise-to-noise ratio measured =

Pst = Noise power received from radio star
Pn = Noise power of earth station corresponding to system noise temperature TS
(r-1)= Signal-to-noise ratio = -5

P
n

A = Wavelength of receiving frequency = 0,0718 meter (4.178 GHz)

¢f = Flux density radiated fr;én radio star Czassiopeia A at measured
frequency = 1030 x 107" Watts/Meter” /Hz (4,178 GHz)

d’n = Flux density of ¢f corrected for time elapsed from January 1, 1968,t0
February 14, 1970.

The flux dénsity of ¢ £ noise power radiated from the radio star Cassiopeia A
was extracted from the graph of figure 3.132 for the receive frequency of 4.178 GHz. This
value of flux density is based on established data which is dated January 1, 1968. Radio
star Cassiopeia A has a flux Hensit}r which decreases in level with time as shown in
figure 3.135. A correction for the flux density must therefore be made based on a time
elapse from January 1, 1968,to February 2, 1970,amounting to 2.2 years. The new flux
value is determined from the following expression;

¢, = &, (0.989)"

n = Number of year s from Jan. 1, 1968 = 2,2 yrs
¢ = 1030 x 106 (0.989)* % = 1006 x 1026 w/M%/Hz (time corrected)

The same value of time corrected flux density can also be obtained from the
graph in figure 3.135. A signal-to-noise ratio (r- 1) is now determined from the measured
value of "r",

r=2.46db= 1,76

(r-1)= 1.76-1.0= 0.76 = ~1.21 db
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A G/T ratio for the Rosman antenna is obtained by substituting all of the known

parameters into the above formula:

8 x (1.38 x 10°2%) @-1)
-26,

o/r= X -1)=
AT

(0.0728)% (1006 x 10

n
In terms of db the above expression becomes:
G/T = 38.2+ 101log(r - 1)= 38,2 - 1.21 = 37.0db

There are two correction factors that must be é.pplied to the calculated G/T ratio
in order to achieve an accurate value by minimizing ail of the effective errors. These
correction factors consist of atmospheric attenuation and angular extension of ratio stars.
The atmospheric attenuation is dependent upon the frequency and the antenna elevation angle.
This value was derived from the following formula and can also be extracted from the graph
shown in figure 3.133 for an elevation angle of 15 degrees:

Atmospheric Attenuation = mﬁ (db)
sin «

1

where
« = Antenna elevation angle to radio star Cassiopeia A = 15'

o

c = LB - 800 - o

Flux emanating from the radio star Cassiopeia A is considered a source
represented by a disc subtending an angle of 4.3 minutes. The effective beamwidth of the
earth antenna for receiving the star radiation is based on the half power level. Since the
distribution of the star flux is not uniform over the antenna beamwidth, a correction factor
must be applied. With a beamwidth of 0. 20 degree or 12 minutes at the -3 db point for the
Rosman antenna, a correction factor of 0.18 db is obtained from the graph in figure 3. 134

and is presented as:

Cy= 0.18 db

By applying the two correction factors C; and C2 to the G/T value, the resultar

ratio for the Rosman antenna becomes:

G/T = 37.0+ C, + C2= 37,0+ 0.14 + 0,18 = 37.3 db

1
With a measured system noise temperature of 97°K for the star-pointing conditi

the Rosman antenna gain becomes:
TS = 97°K = 19.9 db Rosman System Noise femperature

G=G/T+ T, =37.3+19.9= 57.2 db Rosman antenna gain
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When the Rosman antenna was directed towards an ATS satellite, optimum values
of the carrier-to-noise ratio and systems noise temperature had to be measured to determine
accurately the Mojave antenna characteristics. One condition required was the centering of
the satellite antenna beam to the Rosman antenna for a maximum received signal level.
Another condition utilized to minimize errors was to measure the system noise temperature
-with the earth station antenna pointed to the satellite and the downlink carrier removed. This
procedure maintained the propagation conditions the same by not altering the earth antenna
pointing angle. The measured carrier-to-noise ratio and system noise temperature values

shown in table 3.46 are nominal values and agree closely to previous measured results.

The Mojave antenna G/T ratio is derived from the Rosman antenna G/T value
after it is first normalized to the measured system noise temperature when the Rosman
antenna is pointing to the ATS satellite. The normalized G/T now becomes:

97

A’I‘s = e = (19.87 - 18.87) db = 1. 0-db correction for normalizing to 77°K

G/T = 37.3 + 1.0 = 38.3 db. Rosman antenna normalized to T7°K

When the parameters were measured at Mojave for the G/T d'etermination, the
satellite beam was centered to the Mojave antenna for the purpose of minimizing errors. Before
the conversionA of the G/T ratio from Rosman to Mojave can be accomplished, the measured
carrier-to-noise ratio at Mojave must be normalized to the Rosman antenna receiving =
conditions. To perform this normalization, three factors must be considered and consist of:
the difference in the range and atmospheric attenuation between the two earth stations and
the satellite; and the difference in the system noise temperatures between the two earth
stations. The range correction is proportional to the square of the range and becomes:

38, 887 _ _ .
m = (91.79 - 91.43) db = 0.36 db Correction for range

difference

@RP =

To correct for atmospheric attenuation, the attenuation factor for each earth
station is first obtained from the graph of figure 3.133 by using the associated elevation angle

for each station antenna as follows:
(Rosman) C:l = 0.05db {x= 48°)
(Mojave) 01 = 0.07 db (x = 31°)

The correction factor to be applied is the difference in the atmospheric attenua-

tion between the two- stations and becomes:

A 01 = 0.07 - 0,05 = 0,02 db correction for atmospheric attenuation
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To normalize the Mojave carrier-to-noise ratio to the Rosman system noise
temperature, the following correction factor is determined. This factor is negative because
normalization is performed to a higher system noise temperature,

=14 = -
AT, = (y = (18.69- 18.87)db = -0.17db

The Mojave carrier-to-noise ratio is normalized to the Rosman receiving system
conditions by applying the three correction factors relating to the range, atmospheric
attenuation and system noise temperature, The normalized value is obtained as follows:

C/N = C/N+ (AR)2 + AC1 + ATS = 14,0+ 0.36 + 0.02 - 0.17= 14.2db
The Mojave G/T ratio can now be simply achieved by taking the difference between
the normalized carrier-to-noise ratios of the two earth stations and applying it-to the Rosman
G/T value as follows: R )
AC/N = 20.5-14.2= 6.3 db
G/T= G/T (ROS) - AC/N = 38.3 ~ 6.3 = 32,0 db Mojave antenna

By applying the Rosman system noise temperature to the Mojave G/T ratio, the

antenna gain for Mojave becomes:
Ts = 77°K = 18.9 db (Rosman)
G = G/T+ T =32.0+ 18.9 = 50,9 db Mojave antenna gain

. A comparison of the measured Mojave antenna gain of 50.9 db indicates a close
agreement to the calculated value of 51. 8 db. Accurate results are feasible only if all of the
effective errors occurring in measpred parameters are considered and minimized. The

most significant characteristics of the Mojave antenna are presented in table 8.47.
3.7.1.3 Conclusion

The results obtained in measuring the G/T ratio of an earth station antenna by
the radio star method verifies the accuracy of this technique. Greater accuracy is achieved
with the radio star method because it can be considered to be a point source of
radiation whose power density is well established. By using the radio star method the near
field effects and multipath effects for the earth station antennas are essentially eliminated.

In addition to the accuracy that this method provides, it has another
advantage of requiring only one simple and quick measurement, the S + N/N ratio (r), to
determine the G/T value. If the gain of the antenna is required it is simply achieved by
measuring the system noise temperature and applying it to the G/T value.

3.312,



A desirable feature of this technique is that once an earth station has established
its G/T ratio by the radio star method, it can be used as a standard for other earth-station
antennas who do not have the capability of using the radio star method of measurement. B
utilizing a geostationary satellite,any number of earth-station antennas can have their G/T
ratios and their gain determined accurately from the established standard G/T value.
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TABLE 3.46. ROSMAN ANTENNA CHARACTERISTICS
Radio Star Cassiopeia A Satellite
8k No»| Ts| g/ Meas | Cale | o/n | Ts | a/r Range | EL Angle
2.46db | 97°K [37.3db |57.2db [58.4db |20.5db | 77°K [ 38.3 db | 37,202 kM |  48°
TABLE 3.47. MOJAVE ANTENNA CHARACTERISTICS
Satellite

c/N Ts G/T Meas Cale Range El Angle

14,0 db 74°K 32.0 db 50.9db | 5i.8dp 38, 887KM 31°
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3.7.2 EARTH-STATION TRANSMIT ANTENNA PATTERN (AN-SP-1.2) (H.J. Kochevar)

3.7.2.1 Descripton and Test Results

OBJECTIVE

The purpose of this experiment is to determine the transmit beam pattern of the
earth station antennas and to present a three dimensional projection type of beam pattern
display. Two types of system tests utilized to measure the antenna patterns consist of a one
earth-station test and a two earth-station test. Both the one-and two-station tests require the
use of an ATS satellite to provide a long-range antenna test facility to measure the antenna
patterns. By comparing the results of the two techniques of testing the more informative

method is clearly shown.
TEST CONDITIONS

The earth station antenna and the ATS satellite system have the capability of
measuring the transmit and receive antenna patterns individually or simultaneously by
utilizing a single earth station. However, test results indicate limitations exist in the
magnitude of the scan angle that can be used for the transmit antenna pattern test. To obtain
optimum test results each type of pattern test was conducted individually. Limitations in the
test results of the transmit antenna pattern measurement were eliminated by using a two
“station system test. A two-station test requires the earth station whose antenna pattern is
being measured to scan and transmit a signal to the ATS satellite. The retransmitted signal
from the satellite is received by the second station antenna and recorded. An antenna pattern
of the second station is obtained by reversing the process described above.

‘When either the single or two-station test is utilized, the transmit antenna pattern

"is measured by transmitting a test tone of 3.25 MHz in the SSB-FDMA/PhM mode to the
ksate].]ite. The test tone signal received by the satellite phase modulates the downlink carrier
of the satellife. The downlink PhM modulated carrier signal from the satellite is received
by the earth station antenna where it is down—converted to a 70-MHz IF signal by the PhM
receiver. Signal flow from this point is different for the two types of tests. For the single
station test the 70-MHz signal from the PhM receiver is applied to the R/RR receiver. The
3.25-MHz tone signal is extracted from the IF signal by the R/RR receiver and applied to the
Electrac demodulator from which an AGC signal output is provided. For the two-station testy
the 3.25-MHz signal is obtained from the demodulation of the 70-MHz IF signal in the PhM
receiver and applied to the Electrac demodulator. The AGC signal output from the Electrac
demodulator is recorded for both tests.

Two receivers are required to perform the one-station test so that a sufficiently
large range of signal level is obtained to maintain the signal level above threshold in the

Electrac demodulator. This requirement is necessary because of the simultaneous variation
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in the instantaneous gain of the transmit and receive antenna bearns during the scanning
period. For a two-station test,the instantaneous gain of the transmit antenna beam varies
with scanning while the receive antenna beam remains fixed. Therefore, only one receiver
is required to maintain the signal level above threshold inthe Electrac demodulator.

Test-ione power received at the satellite is a direct function of the earth-station
transmit antenna pattern. The ground received test tone power is directly related to the PhM
modulation of the satellite downlink carrier which is modulated by the satellite received test-
tone signal. Therefore, the recorded AGC signal level developed from the 3.25~-MHz fone
is a direct representation of the earth §tation transmit antenna pattern. Time is also recorded
concurrently with the AGC voltage on 2 strip-chart recorder.

A symmetrical antenna pattern measurement was achieved by using the autotrack
coordinates as the reference position for the center point of the scanned frame. The raster
scanning of a complete pattern frame by the antenna was automatically performed from a
programmed tape. An entire pattern frame is produced by moving the antenna along the
Y-axis at a rate of 0.05 degree per second and in steps of 0.05 degree along the X-axis
after the completion of each Y-axis scan. This scanning rate was used for all tests performed
at the Rosman and Mojave stations. The scanning characteristics for the tests conducted at
Rosman and Mojave are summarized in Table 3.48.

Time and anterma X and Y-axes position angles for the complete coverageof a
pattern frame were recorded on teletype tape. The recorded AGC voltage representing the
relative antenna gain provides the information from which the three-dimensional projection
display of the transmit pattern is developed.

The antenna pattern is constructed by first determining each recorded AGC
voltage pattern representing one scan (see figure 3.137 ) with respect to its proper scan
position inthe.pattern frame and its appropriate boundaries for each scan. Boundaries
and the centerline for each scan are located by correlating the antenna position data and time
as recorded on a print-out from the TTY tape-with the-time of the strip-chart recording of
the AGC voltage.

A contour plot of the antenna pattern was developed by translating points of
significant energy levels from the AGC voliage recording to a drawing representing-a com-
plete scanning frame and containing the number of scans shown in the above table. With a
strip chart speed of 0.5 inch per second the scan length of the AGC voltage recording was
sufficient to permit a direct full scale transfer of significant energy level points to the
associated scan on the pattern frame drawing. By joining all of the plotted common points
irregular contour lines are formed which represent the following antenna pattern characteristics:

a) Constant energy level lines of the main beam and cones of energy
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b) Maximum energy levels of side lobes
¢) Minimum energy levels of nulls

When a single station test is used to measure the transmit antenna pattern the
system test capability is reduced resulting from the simultaneous varif;xtion of the transmit
and receive instantaneous earth station antenna gain during the scanning period. This effect
causes a small signal-to-noise ratio to be received by the earth station receivers resulting
in the signal level falling below the threshold of the Electrac receiver. This condition causes
the Electrac receiver to lose lock on the input signal whenever the antenna scans the low
power level of the antenna beam. With this restriction a maximum peak-to-peak antenna
scanning angle of 1.8 degrees was achieved for the Mojave station to cover a frame of the
transmit pattern along both axes. Although a scan angle greater than 2 degrees is desirable,
the maximum value of 1. 8 degrees obtained with the one station test at Mojave includes all of
the first side lobe. This amount of coverage normally provides sufficient information for

most purposes.

With a two-station test,the transmit antenna patterns can be measured to a scan
angie of 2.6 degrees (peak-to-peak) or greater which is sufficient to present the area con-
sidered to have the most significant information. Antenna patterns taken at the Rosman and
Mojave statior;s used scan angles0f2.0 degrees and 2.6 degrees (peak-to-peak), respectively.

RESULTS

A transmit antenna pattern of the Mojave station was first measured by using the
single station test in conjunction with the ATS-1 satellite. From the data obtained, a three-
dimensional projection type of display of the transmit antenna pattern was developed and is
illustrated in figure 3.136. A complete scan taken across the center of the main beam shown
in figure 3.137 illustrates the configuration of the relative antenna gain for that particular
cross section. The parameters defining the scanning characteristics for each antenna pattern
test at Rosman and Mojave are given in table3.48. The significant measured parameters
presented in figures 3.138 and 3. 140 for the Rosman and Mojave antenna patterns determined
by the signal and two station tests are givenin table 3.49.

Because of the advantages provided by the two station test, the antenna patterns
for Rosman and Mojave were performed by this method and utilized the ATS-3 satellite.
Three dimensional projection type of displays of both station's antenna pattern were developed
from the two station test data obtained and are shown in figure 3.138 for Rosman and figure
3.140 for Mojave. The relative gain of each antenna pattern taken across the center of the
beam is illustrated in figure 3.139 for Rosman and figure 3. 141 for Mojave.
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3.7.2.2 Analysis

The Mojave transmit antenna pattern presiented in figure 3.136 and derived by
the single-station test essentially consists of contour lines indicating the following characteristies:
the main beam at different relative power levels; maximum level of the side lobes and the mini-
mum power levels or nulls. In figure 3.136, each side lobe and null is indicated by the average
relative power level. Measured beamwidths of 0.24 and 0.27 degree at the half-power points
(-3 db) in the X and Y-axes planes are in very close agreement with the predicted value of
0.28 degrees. The results verify this method of pattern measurement is very accurate in

determining the antenna beamwidth.

Figure 3.136 presents the main beam in concentric constant level contours from
the center of the beam to the first null. The contours vary in level from 0 db to an average
value of ~-30 db at the first null. The first side lobe has an average power level of 18-db
below the peak of the main beam. Measured angles for the first side lobe are 0. 40 degree
along the Y-axis and 0.48 degree along the X-axis. These value compare closely to the
predicted value of 0.46 degrees.

A total of 18 scans were utilized to develop.the transmit pattern illustrated in
figure 3.136. Scans beyond the ninth from the beam center -could not be used because
sufficient data was not available. Useable data is limited in this pattern and is the result
of the Electrac receiver loosing lock when the input signal level drops below the receiver
threshold. This limitation in available data is a significant disadvantage in the use of a
single-station test to obtain a transmit pattern of an earth station antenna.

The application of a two station test to measure the transmit antenna patterns
provides useful data equally along both axes resulting in a symmetrical pattern around the main
beam as illustrated infigures 3.138and 3.139. The Rosman antenna with a diameter of 85 feet
has a pattern as shown in figure 3.138 and indicates useful data was obtained for a beam angle
coverage of 2 degrees (peak-to-peak) along both axes. This beam angle along the X-axis is
twice the value as that provided by the single-station system test shown in figure 3.136. A
total of 40 scans were utilized to complete one antenna pattern frame.

The Rosman pattern in figure 3.138 shows the main beam has a half-power
(-3 db) beam width of 0.20 degree inthe X-axis and 0.16 degree in the Y-axis. These
values are in close agreement with the predicted value of 0.13 degrees. The first side lobe
is located at an angle of 0.27 degree along the X-axis and 0.24 degree along the Y-axis.
These values compare closely to the predicted value of 0.22 degrees. The level of the first
side lobe has an average value of 18 db below the peak of the main beam.
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A very interesting characteristic was revealed by the Rosman pattern presentation
(figure 3.138) and shows the second side lobe consists of eight major jirregular cones of energy
located symetrically around the main beam. The relative peak magnitude of each energy cone
in respect to the main beam varies over a range of -19 db to -26 db. This characteristic of
energy cones, forming the second side lobe is contrary to the belief that the second side lobe

forms a solid ring of energy surrounding the main beam similar to the first side lobe.

The configuration of each energy cone and the main beam are presented as constant
level contours. These contours present a perspective view of the shape of the masses of

energy in the direction of their height or magnitude.

To distinguish the different characteristics presented in the pattern illustrated in
figure 3.138, three types of contours were used consisting of constant levels, peak levels
and minimum levels. Constant level contours are used to represent irregular cones of
energy and the main beam, the solid contour lines represent peak energy levels of the side
lobes and the dotted contour lines represent the energy levels of the nulls.

Another important feature revealed by the pattern display is the distribution of
energy in the side lobes and nulls beginning with the second null where irregular open contour
lines diverge at the ends of the X-axis instead of forming closed concentric loops. Relative
energy levels are indicated at different points along these contours to present the variation
of the energy magnitude over the entire antenna pattern. The configuration of the energy
cones and contours presents.an overall picture of the energy distribution in the transmit
antenna pattern. The first side lobe in the pattern is the only side lobe which forms a solid

concentric ring of energy surrounding the main beam.

Additional cones of energy exist to that shown in the pattern of figure 3.138,
however, their magnitude in respect to the adjacent nulls are so small their presentation
’ v;as not considered significant. Irregular distribution of energy in the pattern shown by the
contours beyond the first side lobe is the result of such factors as antenna reflector surface
irregularities, mjisalignment of feeds and subreflector and interference from struts supporting
the subreflector. The important measured parameters of the Rosman antenna patiern are
summarized in table 3.49. Significant parameters defining the scanning characteristics for
the Rosman pattern are presented in table 3.48. Relative gain of the Rosman antenna for one

complete scan angle taken across the center of the main beam is shown in figure 3.139.

R The ATS satellite not being a perfectly stationary geocentric spacecraft undergoes
a small.drift which creates a minor displacement of the center of each scan in respect to the
previous scan. Maximum displacement will occur in the last scan with respect to the first
scan where the total satellite drift is produced during the scanning period of one frame. In

the development of the antenna pattern the center line of each recorded scan configuration is
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aligned with the X-axis. This process eliminates the relative displacement of each scan
therefére no errors are created in the construction of the pattern dispiay.

The relationship of the satellite drift to the changes created in the Xand Y-axes
coordinates of the Rosman antenna during autotrack is presented in figure 3.142. Time of
start to finish in scanning one pattern frame results in a period of 27 minutes. For the
period of 27 minutes,the graph indicates a change of 0.0025 degree occurs in the X-axis
and a change of 0.070 degree in the Y-axis. This change in the X and Y-axes is the dis-
placement produced in the last scan with respect to the first of the antenna pattern. However,
as mentioned above, this displacement causes negligible error or distortion in the developed

pattern.

A difference between the values of the X-and Y-axes coordinates may occur as
given above. This result is dependent on whdt section the scanning of one frame occurs on
the figure eight pattern of motion the satellite produces during a 24-hour period. This
difference factor has no effect in the development of the display pattern.

The Mojave antenna with a diameter of 40 feet has a pattern as shown in figure
3.140 and was measured with the two-station test. A scan covering.2.6 degrees was used
with the Mojave antenna to provide a minimum of four side lobes in the pattern. Figure
3.140 shows the Mojave antenna main beam has a half power (-3 db) beamwidth of 0.29 degree
in the X-axis and'0.26 dégree in the Y-axis. A calculated beamwidth of 0.28.degree com-
pares very closely to the two measured values. The first side lobe exhibits an average level
of 18 db below the main beam and has an angle of 0.53 degree along the X-axis and 0.41
degree along the Y-axis. This measurement is in close agreement to the predicted value
of 0.46 degrees. The measured parameters of the Mojave patiern are summarized in
table 3.49 for the one-and two-station test and show a close agreement within the measuring
tolerances between the two tests.

The second side lobe of the Mojave pattern also exhibits irregular cones of
energy located symetrically around the main beam similar to that of the Ros}nan pattemn.
A total of ten major cones of energy occur in the second side lobe as shown in figure 3.140.
The relative level of the peak of each cone of energy in respect to the main beam varies over
a range of -21 db to -29 db. The first side lobe in the pattern is the only side lobe which
forms a solid concentric ring of energy surrounding the main beam. An illustration of the
relative gain of the Mojave antenna for a complete scan taken across the center of the main
beam is shown in figure 3.141.

Contour construction of the Mojave transmit antenna pattern as presented in
figure 3.140 was developed in the same manner as was done for the Rosman pattern. There
are in existence additional low-level cones of energy in this pattern whose magnitudes are
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too small to be considered significant for-their presentation. The minor difference between
the Rosman and Mojave antenna patterns is the resuit of their antenna parameters not being '
the same because of their basic difference in diameter. Struts supporting the subreflector
will also have some effect on the pattern configuration. A quadripod (4 struts) is used to
support the subreflector for the Rosman antenna and each pair is mounted in the plane of
either the Xor Y-axes. For the Mojave antenr{a,each pair of a quadripod are mounted at

45 degrees to the planes of the X-and ¥-axes.

Another factor effecting the pattern configuration is the surface tolerance of the
parabolic antenna reflector. This tolerance normally expressed in rms deviation from an
ideal parabola is very small for the Rosman and Mojave antennas and is given in table 3. 50.
The effect of the surface tolerance on the antenna gain for both stations is negligible and
amounts o a reduction in gain of approximately less than 0.1 db. Some of the major

characteristics for the Rosman and Mojave antennas are presented in table 3.50.
3.7.2.3 Conclusion

The two transmit antenna patterns presented as three dimensional projection
displays and.shown in figures 3.138 and 3.140 reveal information not normally seen in
antenna pattern presentations. An important feature exhibited by the two patterns is the
existance of irregular cones of energy for the second side lobe and beyond. With both
antenn-a patterns exhibiting similar characteristics, the configuration becomes an example
for a typical Cassegrainian antenna design. These characteristics are also similar to the
results described in a publication on an antenna pattern measurement performed on a 30-ft

Cassegrainian radar antenna. (50)

In addition to providing the above information,the two antenna patterns also
present the following useful applications:

a) Provides a measure of the degree of circularity of any of the contours. Both
patterns indicate the contours of the main beam through the first side lobe
are slightly elliptical in form. This information is helpful when the gain of
thé antenna is to be measured by the pattern integration technique.

b

=

The antenna patterns being a three dimensional projection type of display are
informative for investigation purposes on the energy distribution over an
area of the antenna beam. Location of a cone of energy on a null can be

quickly determined from the pattern presentation.

The large separation distance between the earth-station antenna and the satellite
provides an ideal test range with which accurate measurements of the antenna far field
pattern can be made. Accurate measurements are feasible because the primary degradation
factors such as near field effects and multipath effects are essentially eliminated. Accuracy
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of this method of measurement is verified by the close agreement of the measured beam

angles and the first side lobe angles to their predicted values as shown in table 3.49. The

method of measurement and presentation of the antenna pattern becomes informative by

providing an accurate technique of measuring and by revealing the.unique structure of the

second side lobe as a ring of irregular energy cones surrounding the main beam.

TABLE 3.48. SCANNING CHARACTERISTICS

Stati Type of Scan No. of One Scan One Frame AGC Volt.

ation Test Angle Scans Period Period Chart Speed
Mojave {1 Station 1.8° 36 36 sec. 22 min. 0.2 in/sec
Mojave |2 Station 2.6° 52 52 sec. 45 min, 0.5 in/sec
Rosman | 2 Station 2.0° 40 40 sec. 27 min. 0.5 in/sec

TABLE 3.49. TRANSMIT ANTENNA PATTERN CHARACTERISTICS

System Beamwidth (-3 db) First Side Lobe Angle Fl‘\ﬁlslt No.
Station | Test Ave | Level Side
Used |X-Axis|Y-Axis| Theor.| X-Axis | Y-Axis | Theor. Level | (Ave.) Lobes
Mojave [One 0.27° §0.24° ]0.28° | 0.48° | 0.40° 0.46° [-18db(-30db 3
Station
Mojave [Two 0.29° | 0.26 0.28° | 0.53° |[0.41° |0.46° [-18db(-36 db 3
Station
Rosman |Two 0.20° | 0.16 0.13° | 0.27° | 0.24 10.22° |-19db|-26db 5
Station
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TABLE 3.50. CHARACTERISTICS OF EARTH STATION ANTENNAS

Earth-Station Antenna

Characteristic

Rosman Mojave
Diameter (Cassegrain) 85 ft 40 ft
Gain Transmit (6.2 GHz) 61.5 db 54.6 db
Gain Receive (4:2 GHz) 58.5 db 51.0db
Efficiency Transmit 47% 44%
Efficiency Receive 55% 46%
Polarization I:inear Linear
Tracking Accuracy 0. 05° 0. 015°
Angular Velocity Range 0.005° to 3.0°/sec 0.04° t0 5.0°/sec
RF Beamwidth Transmit (-3 db) 0.13° 0.28°
RF Beamwidth Receiver (-3 db) 0.20° 0.47°
System Noise Temp. (ZENITH) 63°K 63°K
Surface Tolerance 0.040 in. rms 0.031 in. rms
/D Ratio 0.423 0.40
Subreflector Diameter (Hyperboloid) 11 ft 41t

Monopulse Feed

17-Horn Array

5 Dielectric Rods
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