N94-14678
The ACTS propagation experiment discussion included participants from

several companies and universities. As part of the discussion, the following
two papers were presented and are included in these proceedings:

Ka-BAND PROPAGATION MEASUREMENTS USING THE
ACTS PROPAGATION TERMINAL AND THE CSU-CHILL
MULTIPARAMETER RADAR

V. N. Bringi
Colorado State University

SPACE COMMUNICATIONS TECHNOLOGY CENTER
FLORIDA PROPAGATION PROGRAM

Henry Helmken
Florida Atlantic University

and

Rudy Henning
University of South Florida
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Ka-band Propagation Measurements
Using the ACTS Propagation Terminal
and the CSU-CHILL Multiparameter Radar

Experimenters
Colorado State University
Department of Electrical Engineering
Ft. Collins, CO 80523

Principal Investigators
V.N. Bringi, Professor
V. Chandrasekar, Assistant Professor
Eugene A. Mueller, CSU-CHILL Radar

Joseph Turk, Research Associate
John Beaver, Ph.D. Candidate

ACTS Propagation Studies Mini-Workshop
June 14, 1993
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UPDATE AND NEW DEVELOPMENTS

e Proposed rooftop site on the University of Northern Colorado

Earth Sciences Building will be re-roofed in August. We may
set up the terminal at the CHILL radar site (10 km north) for
testing in the summer and then re-install the system on the
rooftop site in late August to be ready for the measurements

period.

New reflector to be installed on the CSU-CHILL radar by end
of December 1993. This will provide better cross-polar perfor-
mance and lower sidelobe levels. Installation involves radome
removal and some disassembly during October and November.

NCAR-FAA Winter Icing and Storms Project (WISP-94) field
program from January-March 1994. Instrumentation includes
NOAA radiometers and Ka-band polarimetric radar, research
aircraft. Good opportunity to study ACTS propagation through

- winter storms.
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MICROWAVE RADIATIVE TRANSFER AND
PROPAGATION MODELS

e We have completed development of a plane parallel, polarized
radiative transfer model which employs different types of scat-
terers such as oblate raindrops, conically shaped graupel, ice
needles, plates, and columns. The model outputs the up and
down H and V T for any number of layers.

e We are working with colleagues at NCAR to complete the prop-
agation model which will output the propagation parameters
such as attenuation, depolarization, etc. for the same plane-
parallel atmosphere as input to the radiative transfer model.

e These two models allow us to compare against the beacon atten-
uation and brightness temperature as measured by the ACTS
station.

e With the CSU-CHILL polarimetric radar data, the vertical
structure of the atmosphere can be inferred during rainy or
snowy conditions, and this information will be used to initial-
ize the propagation and radiative transfer models.
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SPL

Name

Robert Baver

John Beaver

V.N. Bringi

Alan Cha

Almee Chan
Robert Crane
Faramaz Davarlan
Asoka Dissanayake
Banry Fairtbanks
Julius Goldhirsh
Robert Gunderman
Henry F. Helmken
Rudolph Henning
Stephen Horan
Rateh Hulays
Bradley Jaeger
M.M.Z. Kharadly
John Kiebler
Alexander Kukushkin
Robert M. Manning
Chailie Mayer '
Timothy Pratt

Horst Salzwedel

Ed Satorius

Ernest Smith
Warren Stutzman
Krisjani Suwitra
Joseph Turk

Wolf Vogel

Llarry Ware

Mardy Wilkins

ACTS ELECTRONIC MAILING LIST

Ielephone
216-433-3431

303-491-6758
303-491-2249
818-354-0412
604-293-6094
405-325-4419
818-354-4820
301-428-4411
216-433-3541
301-953-5042
216-433-3544
407-367-3452
813-974-4782
505-646-5870
604-822-2872
907-474-7815
604-822-2816
202-646-9113
612-868-3724
216-433-6750
907-474-6091
703-231-6681
415-378-7537
818-354-5790
303-492-7123
703-231-6834
818-354-9250
303-491-7678
512-471-8608
604-822-2816
818-354-9250

acts@java.]pl.nasa.gov

June 15, 1993

FAX
216-433-6371
303-491-2249
303-491-2249
818-393-0096
604-293-5787
405-325-7689
818-393-0096
301-428-3638
216-433-6371
301-953-5548
216-433-6371
407-367-2336
813-974-5250
505-646-1435

907-474-6087
604-822-5949

202-646-9109/8

216-433-6371
907-474-6087
703-231-3355
415-358-3601
818-354-6825
303-492-2758
703-231-3355
818-393-0096
303-491-2249
512-471-8609

818-393-0096

E-mall
acbauver@lims01.lerc.nasa.gov
jbé86028@longs.lance.colostate.edu
bringi@longs.lance.colostate.edu
cha@java.jpl.nasa.gov
achan@mprgate.mpr.ca
bcrane@geohub.gen.uoknor.edu

davarian@java.jpl.nasa.gov

asoka_dissanayake@mr_mail.trans.comsat.com

acfair@lims01.lerc.nasa.gov
julius@nansen.jhuapl.edu
acgun@lims01.lerc.nasa.gov
helmkenh@acc.fau.edu
henning@ec.usf.edu
shoran@nmsu.edu
acls@ee.ubc.ca
fsbejl@aurora.alaska.edu
acts@ee.ubc.ca
jkiebler@mitre.org
akukushk@rp.csiro.au
acmann@lims01 .lerc.nasa.gov
ffcem@aurora.alaska.edu
satcom@vtvml.cc.vi.edu
horst@csi.com
satorius@voyager.jpl.nasa.gov

smithek@boulder.colorado.edu

 stutzman@vivml.cc.vt.edu

suwitra@java.jpl.nasa.gov
turk@longs.lance.colostate.edu
wjvogel@chpc.utexas.edu
acts@ee.ubc.ca

wilkins@java.jpl.nasa.gov

To be on the list, please contact the ACTS E-mail administrator:

Krisjani Suwitra Telephone: 818-354-9250 FAX: 818-393-0096 E-mail: suwitra@java.jpl.nasa.gov

323



T

VBT IO WD UL ) i) | )M 1

. R V0 I AR G | i . . o

DIIMNS SU
-abpssauWl §s3} JNOA paAI9dal |
‘qog

js91 v -3y :oalgns
npa-lowjon-usb-gnyoabgaunioq 0}
A0S DSDN' Al DAD[BDIYIMNS (Lo
0090- 8Z:S0:G1 €661 JOW L1 ‘POM BiPQ

aupi) qog
"}59} D sI Sy
‘SL)|

jso1 v :poalgns
A0S 'DSDN’ Al DAD[DIIMNS (O]
npa-iowjon-usb:qnyoabpaunioq :wolj

0090~ 82:S0:SL €661 JIOW L1 ‘POM 9i0Qd

abpssawl [Ibwi-3 3|dwbS VY

Adlr

324



jsa] v Jo3lqns
Aob-pspu|dl'pAD[@DIIMNS 0]
Aobpspu|di'pAD[ES}oD (W04

0090- 82:S0:GL €641 dunr | ‘'Uow :3jpQ

IS1| Buijibuwl 9y} WioJi} obpssaWl b BUIAIS D9y

Jsal v Jo3lqns

Aob pspu|dl-pAb[pSoD 0]

Aob pspu|di pAb[DIIMNS (WO

0090- 8C-S0:Gl €641 Sunf {| ‘UOW :3jpbQ

ISI| Buijpwi 9y} o} obpssall D buipuas

n-

325



R L R LT T TR O T L T N AL TRl T ) I

,, _35:2_”_8_%”
Aob psouidi-pAD[EDIIMNS : teif: { :0]
npa-iowjon usb-gnyoabpaunidq :woi4
0090- 82:G0-S1 €441 aunr ¢| ‘uow :9jpQg

|[DNPIAIPUI UD O} o9bpssawl A|dal ¥

il

326



A3TSa9ATUf 23B3S § IINITISUI OTUYISIATOJ BIUTSITA ‘UPWZINIS USIIey

('sjoele estou s Bupnjoul uogenusje urel

£6/20/¢0 eje|Nuus Ajgeinooe jIm uey 1 ~ JeJojenuepe sagdiosge Uy)
Mmipaqow
uonels anH LINY 48jUs) LoJeassy SImeT] feuiLlis] eiqoN S1OV
'\ ZHDOE uopoe.LIoy joAe]
afemp.reH CW_WMC%% ZHD S'Le < VOH XY
1Y pelenuuIg (pereog) eyeQq spe4 urey oped
o8 ﬁx urey SNdNA10
ZHD S§'L2 o
Qm_sc..__#
E] & reryovy Wkl ZHOOE  ZHOOZ

o1~ M N | &W (pereog) ejeq epe4 o %\
[oAeT urey SNdWA10 s
+ uooeag 5
ZHD : AN

ZHO |

g- oo [—>— (-
oe 0z

+ : | axg

(ogen 10 JN)

=

(VOH) WipuoBy Iwm e

uoRoe.LIoD) Urey Uooeeq

HURUMOP ZHY) 02

Ioma@JWE-

uodeeg ZHO §'L2

Jugdn ZHO o€

ue|d wawadx3 [eujwial ajiqoiNl SLOV NS % IdA

IAV FHL ONISN INIWIWIIXT TOALNOD HAMOd ANITLA

327






ABojouyoa] jo 91nisuj eluiojijen

V) ‘euspesed
Aiojesoqe uoisindoid 1or

BUO'OY

SININIHIdX3 SNOILVOINNNINOD S10V NOHA
Y.1vVAd NOILYDVdOUHd ONIHINOOVY HO4 NV'Id V

ddlr

329

PRECEDING PAGE BLANK NOT FE.MED



PNV OO 11 OO A g [T T

i

s|ielap uosiel| buiinpayos

pue Bunoeuod ‘esluyos) ‘uswabeuew ‘Buipuny N0 YIOAN

siojebiseaul [ediound jo uonelsadood ureyqo -

mczmmE sJejuawadxs suoledIUNWWOo? S| DV e uejd sjowold
- suoissnosip 10} doysyiop uonebedold S1OV e ueld ay} Juesaid
]08]|00 0} Blep 1Bym aulus}o(]

o|ge|ieAe Si Blep Jeym aulwisiedg

Sd341S dHL

eleq YO3 @S 0} ue|d

dr

330



sieak om] 0] SY88M WOl | sieahA om)

9Q ued uoljeINp {SNONUIUOD Jou 190 JuaWaINSEaW SNONUIJUOD
elep ape} ejep (uonenuaye) apej
o|gejiene
Jou Ajjensn ejep onewi|o ejep oljewl|o Jaylo pue uiel
dwejs awn dwe}s awn
vO3 | SSBID VUN
SOILSIH31OVHVYHO V.1vd

eleq YOI osn o} ue|d

dr

331



oy
1l

SR LT T T T T T TR T A W VRN T N N N T T T G 100 |

20 Je psysodep 8q pINoYs PUE SGEN|eA SI JUBLIUOIIAUS 8]Iqow Ul eeq -
o | sjeuiw8l 8jIqON '€

"sieak oM} JOAO moﬁ% 81 1oMO| B}
U1 sjuasaidai ajebaibbe ejep ayl ‘SHOW e pansodsp si eiep ayl
10 sonsne)s ape} abesaAe ayl s) 1 SO 1E Peliso m_nEwwm_m oc% ]
-Jeak sy} Jano Ajuuojiun Apre} pue Ajusnbaiy pasn aq (|im yoiym pue 1abuoj 4
BS 8y} e IM UDIUM S[eulwa] 1B Ajasojo %007 : S|eululal jenpiaipu) -
JEeA 80 10) UOREOO] BUIES BULIE B IA I I SOW e palols pue paysodap s! ejep aped -

S.LVSA ¢

"eale puejans|)
ay} 10} Juowiadxa | SSe|D B 81| SH00| SIy] : JUBWISSesSY

yodire Aquesu wolj sjqejieae aq Aew ejep Jaylesp\ -
. SOW 1e palols eleq -
pouad uswuadxs §19V Jeak-oml
8y} JOAO SISeq snonuuod-isenb ‘Ajiep e uo painsesw [9As] Jamod uodeaq ABwalel ZzHO 02 -

(SO / SON) UOnEIS [013U0D JBISBIN pUe UoleIS punoiy YSYN I
S31VAIANVO DNISINOYHd JNOS

ejeg vO3 9sn o} ueld
dlr

! Wl

332



€661 ‘0l aunp ‘Aepsinyl

.m m
O O O | DAady 0} uss erep vO3
0 sjuawuadxa yO3
.m Bunesw dnoib som
O vO3 e ueid sjowold
0 doysxiom uonebedoud
e ue|d ssnosiq
Av Buipung
Aw 0 juawdojaaap ued jeuly
: , I uejd yeip 1sii4
4 jJuswdo[aasp ueld

o8g | AON | 190

deg

Bny

AIinp iaunp

e

idy

e

qad

uep

€661

uoio9|I00 Elep Y03

333



HE R | ] o

[ [N T




R f W ng Grou int Meetin
D. V. Rogers and R. K. Crane

In Session II of the ACTS Miniworkshop held on June 14, 1993, the Science and
Systems Working Groups met jointly to conduct deliberations per the agenda listed in
the Table of Contents of this publication. A brief report on this meeting and on the
status of Action Items from the previous ACTS Propagation Studies Workshop (APSW
IV) is provided here.

Action Items

The following Action Items, with responsible individual(s) noted, resulted from
discussions at APSW IV. The status of each is briefly summarized.

1. E-Mail Status Reports/Computer Bulletin Board - Bob Bauer

Krisjani Suwitra, the ACTS E-mail Administrator, described the benefits of the
E-mail system for the ACTS propagation program, which is already operational.
A list of E-mail addresses of the ACTS propagation experimenters is in
preparation. Addresses for this list should be supplied to Krisjani Suwitra
(suwitra®@java.jpl.nasa.gov).

An ACTS computer bulletin board is in preparation by NASA Lewis Research
Center, and is expected to be operational by early August. Satellite ephemeris
data will be supplied to experimenters for antenna pointing calculations. As
ACTS is intended to be station-kept in a small (+ 0.05) box, effects of pointing
errors should be small for the ACTS propagation terminals.

2. Rain-Gauge Siting/Maintenance/Operation - Julius Goldhirsh

J. Goldhirsh delivered two technical reports for dissemination. The first is titled
“Operation, Calibration and Data Acquisition for Capacitive and Tipping Bucket
Rain Gauges”, by N. E. Gebo and J. Goldhirsh, and the second is “Comparative
Assessment of R.M. Young and Tipping Bucket Rain Gauges”, by J. Goldhirsh
and N, E. Gebo. A 3.5 inch floppy disk of data acquisition and processing
software for tipping bucket and capacitive rain gauges was also provided. The
information is to be disseminated by VPI & SU.

3. Sample OPEX E-Mail Reports/Sample Data Set - Tim Pratt

Samples of OPEX E-mail status reports were supplied by T. Pratt to R. Bauer for
consideration in instituting a similar system for the ACTS program.

A sample data set for use during experimenter training was prepared and
applied for this purpose.

4, Experimenter Guide/Data Processing Outline - R. Crane and D.
Rogers

R. Crane discussed requirements for sophisticated data processing in the
presentation, “Measurement Needs Beyond CCIR", which addressed CCIR needs,
interannual and seasonal variability in statistics, measurement procedures, and
comparisons of measurcments with model predictions and among different
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observations (e.g., comparison of beacon and radiometric data). Important for
the assurance of propagation data quality is the identification of the cause of
each observed outage or attenuation event (e.g., attenuation caused by rain or
cloud, signal-level reduction caused by scintillation, loss of signal due to
equipment malfunction, loss caused by antenna misalignment, wet snow on the
antenna, graduate student in front of the antenna feed, etc.). During
discussions generated by this presentation the need for specific systems
information (diurnal distributions of fading, rates of fading, fade durations, etc.)
was also noted. :

An outline of a “strawman” guide for experimenters is planned for the next ACTS
Propagation Studies Workshop. Per intentions stated during APSW IV, the guide
would be prepared after experimenters have collected several months of ACTS
propagation data. In preparation for discussions at the next ACTS workshop,
experimenters are encouraged to: compare the monthly cumulative
distributions of attenuation observed at one frequency with those predicted from
observations at the other frequency using one or more models for frequency
scaling; compare attenuation observations with predictions from radiometer
observations using one or more models for medium temperature; and compare
attenuation observations with predicted ,at:te;nu,a,tio:ns, based on the rain rate
distribution for the month (using all data, not just observations simultaneous
with beacon measurements) and one or more models for attenuation prediction
given the rain rate distribution. In addition, comparisons should be made
between rain accumulation estimates tallied from the rain rate observations,
accumulations estimated from nearby NWS and other cooperative observer
reports, and climatologically-expected monthly accumulations.

Other Issues

Several other important issues were discussed during the Joint WG Meeting. The main
issues were the following: : :

1.

ACTS Field Support

The degree of field support to be provided by NASA for ACTS Class I propagation
experimenters was unclear and the cause of some concern. The NASA
representative stated that some form of site support was still intended, but that
it remained to be seen who would provide it.

Several experimenters commented on this issue, noting that the satellite launch
was imminent, and that there are bound to be hardware and software bugs
discovered after installation of the propagation terminals. Some means to
quickly and reliably diagnose problems confronted in the field and to supply
remedies was deemed essential by the experimenters.

- licati I

Several system designers and users participated in the ACTS Miniworkshop and
expressed some systems concerns and requirements during the meeting.

Cloud losses, snow (whether on the propagation path or the antenna), light rain,
and other usually-small propagation effects were recognized as important for
small-margin telecommunication systems and possibly for propagation
impairment-mitigation technologies. Designers of satellite systems are
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furthermore concerned with net impairments confronted by the system (e.g.,
snow on an earth-terrmminal antenna may be even more important that snow on
the path), and would prefer prediction models that can account for all such
weather-related effects.

However, propagation experimenters have difficulty in identifying and treating
nonpath effects, which are often unique to local parameters (such as antenna
type) and difficult to classify for modeling applications. If categorization is
incomplete (e.g., if the prediction methods are purely empirical), there is little
prospect for developing site-specific prediction capabilities. This problem is
deserving of more attention and additional discussion at future meetings,
particularly as to how the system needs can be addressed during the ACTS
propagation experiments.

Interest was also expressed regarding “integration” of the results from the ACTS
propagation experiments into suitable formats for system needs. The answer
offered was that this process would occur collectively within the propagation
community in collaboration with systems experts. A mechanism to ensure that
those system needs that can be addressed via the ACTS propagation results are
accommodated in the studies may be necessary.
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