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MEASUREMENTS OF DEPOLARIZATION AND ATTENUATION
AT 11.7 GHz USING THE CTS BEACON

N

W.L. Nowland®, J. Schlesak, R.L. Olsen, J.I. Strickland
Communications Research Centre
Ottawa, Canada

INTRODUCT ION

To design a satellite communications system using frequencies above
several gigahertz, it is nécessany to evaluate the attenuation of mictgyave
sigga]s by Tliquid water in the earth's atmosphere, For those satellites
which use orthogonal polarizations té increase their capacity, it is also’
necessary to evaluate the depo]érization of signals by non-spherical kain*
drops, ice particles in clouds, and snow./ Since the characteristics of pre-
cipitation vary widely across Canada, jt is insufficient to study attenua-
tion and depo]afization in only one location. -

| This paper describes a joint experiment being conducted by the

Communications Research Centre sf the Department of Communications and Bell-
Northern Research to measure the characteristics~of depo]arizatibn and .

attenuation at several Tocations across Canada using the.signal received from

the 11.7 GHz‘beacon of CTS. Initial results obtained at Ottawa are sgmmarized.

BACKGROUND .

Measurements of depolarization and attenuation of the CTS beacon have

been made at Ottawa 'since July 1976. With support’ from the Trans-Canada Tele~

¥ formerly at Be]l-ﬂérfhern Research.



phone System and the Department of Communicatiéns, this expefiment has re-
cently been extended to several locatiqns which'are believed to be repres-
gntative of the vérious climatic areas of Canada. Equipment was installed
at the telephone toll offices in Winnipeg, Tbronto, Halifax and St. John's
in August and September 1977. The equipment at Winnipeg will be moved to
Vancouver in Janudry 1978.
Since earth stations operating in the 12 and 14 GHz bands can be

— ; '
located within cities, thg depolarization and attenuation data will be direct-
1y applicable to the design of future satellite communications systems. The
combined measurements of depolarization and attenuation will also assist in
understanding the significant depolarization mechanisms in:the 12 gnd 14 GHz
bands and their relation to various meteoro]bgica] quantities. Predictions
of depolarization statistics may then be made from existing statis£ics of
other prbpagatiOn orlneteqrd]ogica1quantities.(’when rain is the dominant
depolarization mechanism, a technique "has been deve]op;;‘;;;\g;gaqu?ﬁg de-
polarization statistié@ from rain attenuation statistics [1].- Since rain
attenuation statistics, particularly those obtained with radiometers, are
movre wide]y'avai1ab1e than depolarization statistics, it is important to
evaluate this technique. The measurements provide a means of not only evalua-
ting this technique but also obtaining the effective parameters of the rain-
drop canting-angle dis&ribution (i.e., distribution of orientations) which
are also required by.the prediction technique. At some sites, the combination

of depolarization and rainrate measurements will allow the evaluation of tech-

niques for predicting rain depolarization statistics from rainrate statistics

[2].



EXPERIMENTAL TECHNIQUES

Attenuation and depolarization data are obtained from measurements
of the linear orthogonal cémponents of the circularly-polarized signal from
the CTS beacon. At Ottawa, a 3.7 m antenna is employed; 1.9 m antennas are
used at the other sites. The amplitude and~phase‘of the two orthogonal
1inear1y—holarized components (nominally horizontal and vertical) are co-
hérenily detected by a special phase-lock receiver whose block diagram is
given in Fig. 1. The differential attenuation AA (in dB) and differential

phase AR (in radians) between these orthogonal components are calculated from

the demodulator outputs, Q and I, using

. - 2 ‘2
(Q-Q,)" + (I-1)) )
A = 10 o 9 o - (dB
9 )+ (T )
| » .
: . (1-1 I -1
-] 0 -1 1'¢s ‘o .
AR = tan ' |=—Fm—] - tan T (radians)

where ch and ICs are the clear sky values of Q and I, and QO and I0 are the
values of Q and I obtained during that part of the receiver calibration in

which the H signal is removed. The cross-polarization discrimination (XPD)

* and co-polar attenuation (CPA) are then calculated using the approximate re-

lations

XD = -10 Tog {[(AA/8.686)2.+ (As)2]/4} (dB)

CPA = A, + A2 (dB)

The theoretical basis of these relations is discussed in [1].



Except at Ottawa, each receiving terminal is complemented by a
standard Canadian tipping-bucket raingauge and a 13 GHz radiometer [3] to
measure the sky noise tempgrature. Radiometers and receivegs are calibrated
daily. A1l data are recorded at one-secénd intervals on digital magnetic

tape, and the tapes are sent to Ottawa each week for analysis.

INTTIAL RESULTS

The initial results are best illustrated by the scatter plot in
Fig. 2 of XPD versus log (CPA}, based on eight rain events at Ottawa, includ-

ing two convective storms, during July and August 1976. Each data point

- represents a 10 s sample of XPD and CPA.' For the six light to moderate rain

events observed, the CPA never exceeded 3 dB, Although the values of XPD
show considerable scatter, the minimum value was 20 dB. For the two convect-
jve storms, however, the XPD reached a minimum of 14 dB for a CPA of 10 dB.
The re]ationshiﬁ between XPD and CPA is better defined for>£hese heavier

rain events. . .

Several theoretical curves havé been inc]uded in Fig. 2 to he1p>ex-
plain the experimental results. These curves are based on the dropsize dis-
tributions of Laws and Parsons (LP) [4] and Joss et al. [5] (J-T and J-D),
the forward-scattering amplitudes of Oguchi [6] for Pruppacher-Pitter-form
raindrops, and effective standard deviations of the raindrop cahting-ang]e
distributiqn of o = 0° and 40° [1]. As discussed in more detail elsewhere [7],
a comparison of the experimental and theoretical curves results in the follow-
ing conglusions: | .

(i). The scatter in the experimental data for a given attenuation

is due much more to variations in the canting-angle distribu-



tion than to-variations in the dropsize distribution.
Thus, an extenéive]y'tested dropsize distribution, such
as that of Laws and Parsons, can be adopted for all rain
depolarization predictions.

(ii) At least for the events analyzed, rain depolarization at
11.7 GHz seems to be more significant than depolarization
due to other hydrometerors along the path. Thus, depolari-
zation predictions based only on rain effects may be valid
in the 12 and 14 GHz bands. However, additional measurements .
are required,'particular]y for other climates, before a ‘
more definite conclusion can be drawn.

(iii) The feiationsh{p between XPD and 10§(CPA) for rain is

. approximately linear as suggested by Fheory. Thus, XPD
statistics can be predicted from known CPA statistics. For
the frequeﬁcy and elevation angle of.the experiment, a )

. suitable predictioﬁ.equétion is XPD = 35 - 20 log(CPA).
Similar relations can be obtained for other frequencies and
elevation angles using the effective standard deviation of
the canting-angle distribution of o = 25° [1] which this
fe1ationship implies: A possible dependence of ¢ on climate
will be obtained from the additional measurements at other

locations.

CONCLUSIONS

Theoretical calculations show that XPD is approximately linearly re-
lated to log(CPA) and suggest that depolarization statistics can be predicted
from rain attenuation statistics. This is confirmed by initial results from

measurements at Ottawa. Measurements at 6ther.Canadian locations will allow



a more extensive evaluation of theory and provide the necessary information
on the effective canting-angle distribution of the raindrops. The direct
attenuation measurements will provide a means of evaluating calculations

based on radiometric measurements of sky noise’ temperature.
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Fig. 1

Fig. 2

" Block diagram of the CTS eross-polarisation receiving
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Comparison of 11.7 Gliz experimental data and theoretical
curves for XPD as functions of CPA. Circular polarisation,
path elevation angle of 24.6°. —LP, — —J-T, and

————— J-D dropsize distributions with an equi-oriented
raindrop model. —e— LP dropsize distribution and random
canting-angle model with o = 40°. Data for the two convective
storms are shown as crosses; the remaining data are shown as
dots.
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