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1« IHTRCDUCTION
This report supmarizes isolation measurements made on the
CTS spacecraft 11.7 GHz circularly-polarized downlink during the

1978 calendar year. Attenuation statistics ror the c:came time

period were published in Final Report for Third Year of Rork on A
Depolarization and Attepuation Experiment Using the Comstar and
CIS Satellites by C. W. Bostian €t al, submitted for Coatract
NAS5-22577 and dated February 9, 1979. For information on the
experimental hardwvare the reader should consult Quarterly
Technical Progress Report I by C. W. Bostian et al, issued
December 22, 1976, for the same contract. Details on the data
reduction procedure used appear in Fjinal Report (Second Year of
Work) by C. W. Bostian, et al, issued February 9, 1978. Complete
bibliographical information on these documents appears at the end

of the report.
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2. POLARIZATICN ISOLATICN

Isolation ameasured from a beacon signal is an indication of
the crosstalk that precipitation scattering woula introduce into
a dual-polarized satellite communications system. Wwith a single-
polarized transamitter, isolation is the decibel ratio ~. the co-
polarized component cf the received signal to the cross-polarized
component. CTS transmits a right-hand circularly polarized
signal; vhen this encounters raindrops or ice crystals a small
left-*and circularly polarized component is generated. The dual-
polarized feed at the VPIESU earth station antenna separates the
right-hand and left-hand circular components and routes them %O a
dual-channel signal-processing receiver that measures the power
level of each incoming signal. If the co- and cross-polarized
signal power levels in watts are PR and PL' respectively, then

the isolation I in dB is given by

I = 10 1og10 (pR/pL) (1)

If both the transmitting and receiving antenris were ideal,
isolation I wvould be infinite in clear weather. In practice,
both antennas possess some residual cross-polarization, and
clear-veather values of I tend to be about 30 dB. wnhen a small
amount of precipitation is present, the cross-polarized signal
that it generates may combine in-phase or out of phase wita =ae
residual cross-polarized signals from the antennas and caise *he
net I to increase or decrease f{rom its clear-weather value. As
the precipitation 1intensifies, path depolarization overrides

antenna ecifects and I decreases. Generally rain efrfects begin %o



dominate at attenuation (A) values above 1 or 2 iB.

Because A and I are really tvo different measures of the
same scattering phenomena, the tvo guantities should be related,
at least for propagation through rain. (The attenuation caused
by ice is negligible and ice dJdepolarizes without 1atroducing
significant fades.) Several authors have postulated a

relationship in the form

I = U=V log (A) (2)

where U and V are constants. (The literature 1is inconsistent
about the appropriate base for the logarithm; scme authors use 10
and others use e.) Unansvered questions about these equations
include:

1. Can universal U and V constants be found that lescribe
the observed real-time behavior of I and A for a
particular frequency and elevation angle?

2. Can isolation statistics be predicted from attenuation
statistics wusing (2), thus avoiding the expense of
separate isolation measurements?

This report addresses these two questions and provides monthly
and annual percent-of-time data for I as measured at our earth

station.



3. DATA REDUCTION PROCEDURE

The VPIESU earth station receives CTS at a nominal eleva*ion
angle of 33 degrees. As described in earlier reports (Sce
Section 1), our equipment monitors the incoming signals
continuously and records a data point vhenever a 3significant
(approximately 1 dB) changye occurs. These data are maintained on
magnetic tape in a format that allows us to Jetermine the value
of any data variable at any time. The data reduction and display
software samples the stored information and builds a file
containing the values of nteasured quantities at thirty second
intervals. These are used to study the instantaneous
relationships between selected variables and to compute percent-
of-time information. The processing is done with instantaneous
signal values taken from detectors with 10-second time constants;
no digital averaging is involved.

“e normally process data for one calendar month at a timea
Attentuation is calculated wvith respect to the @monthkly awmean
signal level and any negative values are set tc zero. This
reduces the uncertainty caused by spacecraft orbital motion.
When the necessary signal levels are missing (because of receiver
maintenance, equipment malfunction, spacecraf+t shutdown, a fade
that exceeded the dynamic range of the receiver, etc.),
attenuation values are filled in by scaling from one of ¢the
COMSTAR downlinks. Unfortunately there is no accepted way %o
scale isolation data, and the problem of hovw to handle missing
isolation values had to be resolved befor- isolation statistics
could be determined. In preparing this report, we rtollowea

several alternative approaches.



To determine the U and V coefficients that best relate
sisultaneous values of attenuation and isolation, we siaply
excluded any missing values. This means that our curve fits
relating I to A on a real-time basis were derived rrom nmeasureld
data aloce; no scaled values vere used.

For the percent-of-time data, wve used two methods. In one,
missing isolation values were ignored ana the time Lase was
corrected to include only those times when valid sijnals wvere
present. In the second, missing values of i.olation were
arbitrarily set equal to 30 dB. The reason was that, with CTS
(vhich never lost phaselock during any 1978 rain events) missing
values should result only from receiver down-tiame for maintenance
during clear veather. Hence it is reasonable to set the missing
values equal to our nominal clear-weather level of ' 30 db. For
the isolation range of interest (I less than 30 do), the two
me thods yielded essentially identical pecrcent-of-time

distributions.



4. DATA

Figures 1 through 13 display the percentages of *ime tha=
the CTS 11.7 GHZ isolation wvas less than the indicated values for
each month of 1978 and fcr the year. These 'lessence' vlots weoe
made for exactly the same time periods as were the attenuation
and rain rate distributions published in Reference 1.

Most of the figures contain three curves. As discussed in
the previous section, these are

(1) nmeasured isolation statistics with missing values
set to 30 dB

(2) measured isolation statistics with missing values
excludsl from the data base

(3) 1isolation statistics PREDICTED froa the attenuation
statistics measured for the saae *ime periog.

For all except Figure 13, th; p;edictions in (3) were based
on a least-squares fit of eguation (2) *o simultanecus values of
I and A for 5 < A < 30 45, when the data su;gpor*ted such a fit.
The plotted points show the results +*hat cculd be expected if
isolation statistics vere predicted from attenuation idata,
provided that sbe necessary coefficients U and V were known. For
the yearly data (Figure 13), the prediction was based on aguation
3 (p. 28), determined by statistical methods. For any one month,
insufficient statistical data vere available to nrovide

meaningful values of U and V; hence we used *hec 1nstantaneous

fits.
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Figure 14 is a theoretical plot of yearly isolation
statistics calculated from our measured rain rate data under the
assuaption of jdeal antennas at both ends of the pati. The
theoretical calculation also ignores the effects of ice. At 11.7
GHz ovnr theoretical model tends to underestipate attenuation and
overestimate isolation; hence the theoretical curve shows better
isolation for =~ given percent of time than was measured. Antenna
effects and possible ice depolarization also cause the measured
isolation to be poorer than the theoretical value. Cf course
wvhat happens vith ideal antennas is somevhat academic; practical
communications systems use real antennas and imperfect pointing
techniques and they will experience isolation that is poorer than

that predicted theoretically for ideal conditions.
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S« RELATING ISOLATION TO ATTENUATICN

Parts a and b of Table 1 suamarize the results ot fitting
equation (2) to simultaneous I and A values tor 3 < A < 30 dF ana
5 <A< 30 dB, respectively. petter fits are obtained in the
second case because it eliminates the wide isolation scatter
generally observed at attenuations in the 3 to 5 d&B range. The
coefficients in part b of Table 1 correspond to those published
by #4. J. Vogel of the University of Texas on page 10 of Jefereuce
4.

Figure 15 is a scatter plot of isolation versus attenuation
for all the A > 3 db data taken during 1978. Superiaposed on it
are plots from the A > 3 db and A > 5 dB curve fits. Figure 16
plots the mean value of I observed in 1978 for all attenuartions
greater that 3 dB; the error bars extend plus and wminus one
standard deviation from the mean. Figure 17 presents the sanme
information owfter the isolations for each integer value of
attenuation have been combined.

Ano“‘nher approach to relating I and A is to determine U and V
values statistically. To do this we find the values A(P) that
the attenuation was greater than and I(P) that the isolation was
less than for P percent of the time. A curve fit in the foram of
equation (2) can ther be developed if the Jdata set cortains
sufficiently many P values for whick we have toth A(P) ard I(P)

To illustrate the month-to-month variation in correspoading
I-A values, Table 2 lists the integer values of I that correspgona
to each integer value of A duriry each wooth of the year and tor
the year as a whole. Since it is rare to find a '.ercentage P for

vhich both the attenuation exceeded for P percent of +time¢ and *he
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Table 2. Integer values of isolation that
approximately correspond to
integer values of attenuation
for each month in 1978 and for
the year. See text for explanation.

A FIM|A| M| I |I|A]S]O]|N
1129 127 |26 | 26| 28 25 | 25 | 27
2 24 23 24
3 24 24
3 23 | 23
5 21
6 23 | 23 19
7 22 | 21
8 20 [ 20 | 20
9 18
10
11 18
12
13 23
14
15 14
16 R
17
18
19
20
| 2] 12
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value that the measured isolation was less than for P percent of
time are available, some of the entries ir Table 2 are
approximate and should be interpreted as being correct to within
about 1 dB.

Values of U and V based on Table 2 appear in part c of Table

1« The yearly f£it for A > 5 dB,

I = 40.99 - 23.23‘10910(A) (3)
is quite similar to the result

I = 41 - 20.6*10910(A) (4)

published in-Reference 4. Fcr ideal antennas, our theoretical

model predicts
I = 36.05 - 18.35"10910(A) (5)

Over the range 5 < A € 20, the I values predicted by (3) and (5)

differ by less than 1.5 dB.
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6. CONCLUSIONS

Like other investigators, we find considerable scatter in
the values of isolation observed at a yiven attenuation (5) and
in the U, vV coefficients for dirferent time periods (4).
Presumably this occurs because isolation is much more sensitive
to the fine details of drop shape and orientation thaan
attenuation. Another potential factor is scattering by ice
crystals, which depolarize but do not attenuate (o). These
effects make the prediction of monthly isolaticn statistics fron
monthly attenuation statistics difficule, as Figqures 1-12

illustrate.
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