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1. Introduction

This report présents the accuhulated-data from a 27-month investi-
gation of the inflﬁence.of polarization on millimete; wave propagation
through'rain; The authors' intent is to collect all of the pertinent
experimehtal data in one volume for the convenience of NASA and other
interested agencies. For a detailed discussion of-thé millimeter wave
depolarization problem, the readér should consult

C. W. Bostian, W. L. Stutzman, P. H. Wiley, and R. E.
Marshall, "The Influence of Polarization oﬁ Millimeﬁer
Wave Propagation Through Rain.".Fina1 Report, NASA

Grant NGR-47-004-091, VPI&SU, Blacksburg, April 1974._.

2. 'Description of the Experiment

Thé experiﬁentélksystem used in this prbject.is showﬁ in Figure.l.
Basiéally it consisted of a 1.43 km 1iﬁe-6f-sight éath with 4-foot
(1.22 meter) diameter dual-polarized paraﬁolic reflector antennas af
each end. The anteﬁnas used were Control Data Corforatibn (TRG)
questioanarklmounted scalar feeds. Lineafly'polarized 17.65 GHz
signals were transmitted with their eleqtric field vectors at +45° and
-45° from the vefticél; -These pqlaiizaﬁiéns were initially chosen
to maximize the measured depolarization at any giben.réinfall rate and
thus provide as much data as possible. Later it was discoveréd that

_the cross polarization levels measured with i'450 linearly polarized
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signals are theoretically the least sensitive to\variations in drop
canting angle and this choice of polarization greatly reduces the scatter
in the data (in comparison, say, to that which -is’ observed with hori-
zontal and ‘vertical po larization) .

The antennas were designed for low residual (i.e. clear weather)
cross polarization ievels, When' the systen began operations on August
4, 1972, both channels indicated residual’cross-polariZation isolations*
of -51 dB;- As the antennas‘aged and particulariyiafter,the transmitting
antenna was invaded by a housefiy this high degree of isolation could
‘not be maintained on both channels. After October 6, 1972, the system

operated with a nominal - to + isolation of =40 dB and a nominal + to
- iSolation of -26 dB. This inequality between the channels provided
unexpected 1nformation on the way in which antenna characteristics
.influence observed values of rain depolarizaiton ‘

The propagation path was carefully selected to eliminate depolar—
izatlon by ground reflection or other multipath phenomenona. The
vcommon voiume formed hy-the nain beams of the two antenna did not
intercept the ground or any other obstacle; The angle to the gronnd
at midpath from either'antenna was 2° and the angle from the mainbeam
maximum to the first null of the radiation pattern was about 1°. There-

fore only sidelobes intercepted the ground and any multipath effects were

more than 40 dB beiow.the‘direct signal.

*Inverting P. A. Watson and M. Arbabi's definitions to match the data
display’ conventions used in this ‘report, cross polarization isolation
is the_dec1be1vratio of (a) the power coupled into one receiver channel
from the orthogonally polarized transmitting antemna channel to (b)
 power coupled into the same receiver channel from the co-polarized trans-

mitting antenna channel



E ]

Underneath the path were five tipping—bucket rain gauges, spaced
about 300 metérs'apart.' Tﬁese were cdnneeted to the dafa pfocessing
system by leased telephong lines. Wind éensdrs were installed at two
rain gauge.locationé." |

A Raytheon fB 440 computer assisted by a specia}-purpose controller
oﬁeiated the experiment, aéquired data, and performed preliminéry data
processing. The_experimeﬁtal control progfam maintained ;he system in
the proper operating mode for existing weather conditions énd signal
behavior; The clear weaﬁher operating ﬁode was called mode 0, and in
it the +ZSo traﬁsmitter cﬁannel operated coﬁtinﬁously while the computer
mpnitored the +45° to -450 crqés fdlériza;ion levél and the +45°
| direct attenuation. 3otﬁ receiver channels.wefe sémpled at 10 second
intervals whilé wind veloéity and transmitter poﬁer were sampled‘every |
100 seconqsﬁ If the cross polarization level (in dﬁ) ﬁhanged'by more.
than 2% or if one of'the rain gauges repérted preéipitation, the system
began Qperating in que'l. buring mode:l:qperaﬁion, transmissiOn-was
sequenced at 4 secdnd intervals from the +45° to the —45é channel and
then to both channels;‘ keceiver‘sampling occurred at 1 seéond inter-
vals éndpwind velocify was sampled every four seconds. " Mode 1 operation
continued until the precipitation rate fell Selow 6Imm/hf or until the
éross polarization lé&el étabilizéd. At this tiﬁe, mode 2 opération
began with trégsmittgr switching at 10 secoﬁd intgrvéls.and receivér and
wind sampling at Z.and:10 sécond intervals respeétiveiy. Mode 2‘
Operatioﬁ continﬁed until fﬁé precipitation raté feli'below 3 mm/hr
fhe sysgém then éntefed,qué 3 with transmitter switching at 100 second

intervéls and receiver and wind sampling at 10 and 100 second intervals



respectively. When the precipitation raté fell belowa mm/hr, the
system re-entered mode 0 operation. In all modes there was a low
pass filter (time constant = 0.4 seconds) at the iﬁput to the A-D
converte; which Surpressed_fast scintillations of the signals and
insured tha?»average values were sampled.‘

When a new data point_éntered the PB 440 computer, a prograﬁ
loqéted the last two Qalues sfored for that;inpuﬁf if thé new
value and the last value éifferedlby mﬁre tﬁan 1% the new value was
stored. If the difference betweenAthe new value and the last value
was less than 1%, the new value was compéfed to thé next to last
value. If these differed by ﬁore than 1%, the new value was stored;
if this difference was less than 1%, the last value was discarded and
the new value took its place. |

An‘IBM 370/155 computer brogram was developed which processed,
analyzed, and plotted the accumulated dafa ffom‘any_number of seleéted
storms. These data.were rain rates from”eaéh gaugé plus quasi—
.ihsgantaneous (i.é. short ihteération timé)'saﬁples of fhe an#log
signal levels during a storm. The latter were stored at essentially
regular times while:the intervals betweenlSuccéssive rain gauge
trips were random. Before data from.different inpﬁts'could be com-
pared the compﬁter was required to generate a time-function represen-

tation for each variable. - These time functions were then averaged over
. e _

selected time intervals to generate the average signal levels, rain

rates, etc., required by steady state theory.



A detailed ﬁistory_of the project and déscription of the experi-
mental system may be found in the folloﬁiﬁg reports. |
1. C. W. Bostian and W. L. Scuczmah, "The Influence of Polari-
zation Qn.Millimetér Wave Pfopagation Through Rain," Semi-
“Annual Status Report I, NASA Grant NGR-47-004-091, VPI&SU,

Blacksburg, July 1972 (NASA-CR-130107).

2. C. W. Bostian and W. L. Stutzman, "The Influence of Polari-
zation on Millimeter Wave Propagation Thrbugh Rain," Semi-
Annual Status Report II, NASA Grant NGR-47-004-091, VPIA&SU,

Blacksburg, January 1973 (NASA-CR-132074).

3. C. W. Bostian, W. L. Stutzman, P. H. Wiley, and R. E. Marshall,
"The Influence of Polarization on Millimeter Wave Propagation
Through Rain," Semi-Annual Status Report III, NASA Grant

‘ NGR-47-004-091, VPI&SU, Blacksburg, July 1973 (NASA-CR-132819).

3. Guide to the Déta;

Data are presented in this report for 22 storms. Table 1 (1972)
-and Table 2_(1973) iist the_dates‘and times éf these storms, their
peak rain rates, and theAnumber of retained data points. In these
tables,ARG stands for.:éin gauge, T stands for Fransm;tting, and R
sténds for receiving; Thps, during August 4, 1972; storm rain gauge
1 recorded 3.81 mm of rain, tripping 15 times in the process, and
68Iéignél léﬁél sémp1eé were récordéd oﬂ‘tﬁe +45° receiver channel
_with the +45° tranémitter channel on and the -450 transmitter-channel

off.
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For most of the storms there are 11 plots. These are:

1. Path-average rainfall rate versus time. Each point represents

%the rdnning 15-second time average of the path-average rainfall
rate at the instant plotted.

" 2. Cross polarization isolation versus time. Each point

represents the 15-second running average cross polarization
isolation for one channel. In these plots, a A represents

the isolation I + where

' E_ to + '
,I_' + = _20 loglo T (1)
: e
and E_ to + + channel receiVed.signal when the -

channel (only) is transmitting

[<3]
[l

= + channel_received signal when the +

channel'(only) is transmitting.

A [].represents the isolation,I+‘_ where

E

L ’ + to -
: I+ =20 log10 E (2)
and E --E+ to - -~ channel received signal when the +
' channel (only) is transmitting
. S
E = - channel received signal when the -

channel (only) is transmitting.
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3. @ Attenuation Qérsﬁs time. Each point répresénts the 15-second
'ruhning avgrége for one channel. A A represents the + channel
and a [J represents the - chanpe1.~ Thg‘reader sﬁould keep
in mind that when rain attenuation is measured the instantaneous

' ;ignal is subtracted from a reference signal. The reference

‘signal should be the nominal clear weather value, and this

~ showed some small drift betweeﬁ.sformé._ For this reason,

attenﬁation ﬁeasu:ements may‘be expecteq té be slightly less
repeafabié tﬁaﬁ grosé polarizationAmeasufements. |

4. Cross polafization isolation versus. rain rate séatter plot.

In thisvplot the 15-second running.aﬁefage cross polarization
isolation iS'displayed versus the 15-sécond path éverage
rain rate at l-second intervals. A + rep}esents I + and é

) represents I, _-

5.. Average cross polarization isolation versus rain rate for

each channel. For each channel all of the points from 4

above for a given 1 mm/hour increment of rain rate have been
averaged. - | The vertical bars extend from one standard
deviation above the average to one standard deviation below

' the average. A + represents I_  and a | represents I

+ + -

The pbints shown by-a A are the theoretical values of cross

. polarization isolation ignoring the antenna effects for 40%

oblate drops. For the v}ay in which the éritennas‘ modify the

theoretical curve see the Final Report for this grant. The

théoreticéllcurve was calculated using 19.3 GHz scattering

coefficients.
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11.
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Average cross polarization isolation versus rain rate. In this
graph all of the points from 4 above falling in each integer
increheht of rain rate have been averaged together without

regard to their channel of origin, Vertical bars indicate plus

-and minus one standard deviation.

Attenuation versus rain rate sdatfer;plot. This corresponds

to 4 above with a + representing + channel attenuation and a

| representing - channel attenuation.

' Average attenuation versus rain rate for each channel. This

plot is analégous.fo 5 above.

Average attenuation versus rain rate. This is analogous to 6

above.

Attenuation versus cross polarization isolation scatter plot.

This plot was generated by<plotting eaCh'atteﬁuation point in
7 versus the corresponding cross poléfization isolation from

4.

AVerage attenuation versus average Cross polarization isolation.

This graph ;displays average attenuation'(both channels together)

.versus average isolation for each{integer rain rate.
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4. Comments on Particular Storms

»Ihe storms of July 20, 1973, and October 2, 1973, were too short
for our time history generating program. For thié reason no time
histories of these storms apfear in this report.

Due‘to equipment malfunétion data froﬁ only oﬁe réceiver channel
were stored duriﬁg.the storms of August-4,_l972,‘ahd May 27, 1973.

, Tﬁeée storms have nine plots rather than the full set of 11.

Over the course of the project several changes were made in the

experimental system.

£

1. A'plexiglass ;oof was Iinstalled above the receiving antenﬁa
oﬁfJune 1, 1973; Prior to this d#fe the receiving antenna
had been exposed to the wgather.-

2, The receiver l¢cal-bééillato: ﬁﬁs”feplaceéApn June 14, 1973.
3. On June 27, 19f3, tﬁe mode 0 sﬁitching time:(see pagé 3) was
" changed ffom-four'seéonds to 10 secdndé to faciiitate some
- phase méaéufemgnté. The samplinébréte‘was u#changed.
Except for_these min§r changes,.thebdata fdr 511 st6rms were

taken under eéséntialiy'the s ame conditions.

! T
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