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AUTOMATED METEOROLQGICAL DATA FROM CONMERCIAL AIRCRAFT VIA SATELLITE -~ PRESENT

SXPERIENCE AND FUTURE IMPLICATIGNS

Robert Steinberg

NASA Lowiln Research Center
Cleveland, Ohio kd135

ABSTRACT

The National Aeronautlios and Space Admini-
stration hao developed a lew-cott conrunlen-
tieno oyctem to provide meteorclopical data
from comrercial aircraft, in near reegl-time,
on & fully autcrated banis. The corplete
system including the low profile antenna ond
all !natnllatien herdware weighe 3l kg,

The prototype oyotem hao becn installed on e
Far. Ameriecan B-TUT aireraft and has been pro-
viding meteorologicanl data (wind anple and
veloelty, temperusture, gltitude and poaition
as a funetlon of time) on a fully cutorated
tasis for the pact several montho. The re-
Bults have been exceptional. This soncept 18
expected to have impsrtant implieations for
operational meteorclogy and alrline route
forecasting.

BACKGROUND

A number of recent events have emphaslzed the
fact that man must intensifly his efforts to
improve his underatanding of weather and eli-
mate 1f he expects to maintain his present
economie positlon. It is5 not now known Lf
the fluctuations in weather we are expepri-
eneing are part:of & "normal’ peltern or Af
important changes in c¢limate are beginning to
ocecur, However, it is clear that we muit
sharpen our analytical technlques and expand
the present. global date base 1f we expect to
improvae our predictive capability for weather
and our undercetanding of the vagaries of cll-
mate., Figure 1 shows the current aveillablility
of upper alr data on a world-wlde bosis.

Over moest of the plobe, the pracent daota base
is inadegquate or at bect marginal., We need
to begin to improve thic situation. Efforts
are now beilng made to uce satellites to i1l
the data void. However, thelr present sensor
resolutlon i insuffilcient to meet evepn mini-
mal requiremente for both tempersture and
winds in oritical ercas of the troples and
the southern hemispherse. It is hoped that
this situation wiil Improve as new satellite
ingtruments are develeped in the future., Tor
the present, however the major question stlill
remaine, how can we improve the meteorologl-
cal data base in areas of the world which are
elther sparsely inhabited or covered by water?

Recently, several paople (1,2) have polnterd
ocut that commerecial alreraft which cavpy in-
ertial Navigation Systems could provide a
slgnificant improvement in the present mete-
orcloglcal data base in the tropies and the
southern hemisphere as well as s reference
level for satellite calibration. The value
of this proposal was demonstrated during an
international meteorologleal experiment (3)
in 197k and again in 1976, where the data
was provided on megnetlc tape for research
purposes. The next step (and the subject of
thls paper) was to develop a commupnleatlons
system to provide this data frem alreraft via
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satellite reloy, in near recl-time, to meet
the needs of cperational meteorology.

INTRODUCTIOH

Over 500 Boeing B-747 and Pouplas DC=10 aip-
cralt equipped with Inertial Navipation Cys-
tems (INE} £y international alr routes each
day. Many of thesec routes are in the data
sparsce tropico and southern hemisphere, The
INS provides high recolution data on wind
anpgle and velocity ag well as slrcraflt posi-
tion while the Alr Data Computer (ADC) pro-
vides infermation on temperature and zltitude.
These data are avallable cn o fully aputomated
basils and require no flipght crew participa-
tion. The importance of this information to
metecrology (i) has already been established;
tut there remaine the challenge to provlde
this information to a naticnel meteorologleal
conter in operational time and to developn
rrocadurens to process and utilize thic data
mest effliclently.

In order to meet part of thies reguirement, the
Nationzl Aeronautics and Epace Administration
has develeped a low=-cost communicatlions syas-
tem to provide metecroloplcal data from com—
merelal aireraft, in near real-time, on a
fully automated basls. The communications
pystem called ASDAR (Aireraft to Satellite
Data Relay) consilstos of a trancmitter,
recelver, dlpltal interface unit and pover
aupply. The complete syster including the
artenna and all associleted installation hard-
ware welghs about 34 kg. Pan American Air-
lines, under contract to NASA, has developed
the procedures (including a field modification
kit) for the installation of an ASDAR system.
on a B-TU7 aireraft and has obtalned Federal
Aviation Authority certification.

The {irst ASDAR system has been Installed on

a Pan American B-THT and has been providing
meteorologlcal data (wind angle, wilnd veloe—
ity, temperature, and altitude as a funotien
of latitude, longitude and time) on a fully
automated basls for several monthe. A lew
miner technicel problems have been expericnced
(see ssction cntitled Problem Areas) which
proved to be more annoylng than diffiecult be-
cause 1t resulted in & reduced flight sched-
ule. Hewever, in the maln, our resulis to
date have been exceptional. We have been able
te trensmit data from the aireraflt to the sag—
ellite with an elevation angle a5 small as {
and & single gatelllte has provided coverage
from 20° to 1B0° west longitude. By early 1978
there will be four synzhronous meteorclogleal
satellites in orbit providing the potential
for global coverage fror ASDAR equipped com-
mercial aliveralt.

ASDAR System Description

Flpure 2 shows a block diagram of the preto-
type ASDAR systemn. The trancmltter ocutput ils
80 W at 401 mHz and 1o controlled Ly 2 micro-
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procepoor in the digital interface unit. Data
is transmitted at the rate of 100 “ito/mec. A
standard transmissiont vunslists of eipght com-
plete data sets and takes abont 37 secondo to
complete. The purpose of the Y68 mHz recelver
is to provide accurate time from the satel-
lite, By synchronlzing all airceraflt teo o sin-
gle time source the time between aircraflt
transmissions can be minimized. This would
provide for the maximum number of airecraft per
satellite channel. If power is Interrupted

t the ASDAR syotem for any reason, trans-
migsivn Wwill not occur until a correct time
update has been retelved and verlfied., The
digital interface unite provides an accurate
vine osipnal and stores all required 1nforma-
ticn from the airceraft INS and ADC in the
proper time sequence for trancmisscion. A
Jdiplexer is alpo provided te prevent damage

tc the receiver during trancmicsion, and a
small preamplifier has been ineluded to re-
duce sipnal losses resulting from a leng cable
run from the electronics vay to the antenna.

Flgure 3 shows the complete ABDAR syatem, ex-
cept for the antenna. The transmitter, re-
seiver and digital interface unilt 1s on the
Jeft znd oceuples a full ATR (alr transport
radio) box in the aircraft electronlcs rack.
The frent penel thumb-wheels and switches
{normaliy covered with a plate) are used to
accomplish the following:

{1) pet the time for transmission (min/sec)
(2} identification number of ASDAR unit

{3) transmission rate (1, 2, 4, B transmis-
sion/hr); each transmisaion provides
8 data sets

(4) ground checlkout of system

The power supply 18 on the right and it oec-
cupies o hall ATR box. In the center fore-
ground 1g the diplexer with the preamplifier
behind 1it.

ASDAR Antenna

Figure 4 shows the prototype ASDAR antenna
mounted on & B-TY47 ailrcraft. The antenna
which is a Coplanar Stripline type is 20 cm
wide, by 40 em long by 1.9 cm high and is
contoured to fit the aireraft fusalage. If
is designed to provide for both transmiasion
and reception and meets the Tcllowing specl-
flcations:

Frequency Galn
Transmit 401 mHz 2.0 4dB
Recelve 468 mHz 1.5 dB

Axia) ratlo .
3.5 dB
3.2 dB

These antenna specificatlons are for the pro-
duction model and are somewhat better than

was initially achieved for the prototype. The
prototype antenna, however, performed extreme-
1y well as can be seen from figure 6. The
antenna welghs about 2.5 kg and 1ls easlly

‘mounted on the aireraflt; requiring only about

a 3 centimeter dlameter hole for the conneg-
tor. The installation kit developed by Pan
American Airlines includes the antenna and all
mounting hardware as well as detalled instrue-
tions degigned for airline installation.

Operating Experlence

Figure 5 shows a computer printout of ASDAR
data as obtalined from the Hatlional Environ~
mental Satellite Service at Sultland,

Maryland. Thils deta was recorded when an
ASDAR equipped Pan American B-TH7 wao on the
ground af San Franclioco in preparation for o
f£light to Tokyo. Figure 6 shows the locatlen
of mebeorologlicnl mensurements made (during
a 8ix weelk period) from g single airvernft,
with contours of conetant elevation to the
recelve sntellite, which wap at 1059 west
longltude, superlimposed. A time nignal wao
provided by another satellite at 750 west lon-
gltude, Thip explains why no data was trans-
mitted wegt of Hawall. The ASDAR oystom wao
unable to get a time updote on leaving Hawali
because the elevation anple between the alr-~
eraft and the satellite (759 W) wac less than
00, However on the Atlantiec olde, transmle-
sions were belng made successfully at oleva-
tion anples of less than -59, because of oanly
recelver lock-on from the satellite at 750
west longltude. Data was also received from
go far north as 8% on Seattle to London
flights. In the beginning meteorelopleal in-
formation was transmitted hourly however this
vap changed to half hour Intervale in an at-
torpt te better define the area of coverage.
The ASDAR syotem performed well duprlnpg almost
2 1/2 months of unattended operatlon., This
clearly nhowed that the system could meet our
operational requirements and that there were
no msajor technical problems.

Froblem Area

The first problem experienced was a molsture
lea't at the anteraa (after 2 1/2 months of
fi%ing). 'This has been corrected and no
further difficulty 1s expected, A drift in
transmitter frequency has also recently been
discoverad. This i3 belng analyzed and elim-
ination of this diffieulty 15 cxpected
shortly,

ASDAR System Modifications

A fully self-timed c¢lock will be installied in
a2ll ASDAR packages replacing the present re-
celver. This will eliminate the reguirement
for time~code broadeasts [rom current satel-
lites supporting the ASDAR data collectlon
program. It it expected that this change will
make it easier to implement the ASBAR program
internatlionally. As a conseguence, however,
the e¢lock mn each alrcraft will have to he
reset about once every 12 meonthe and perhaps
even more important, the number of alrcraft
per satellite channel wiil be reduced. Pres-
ently with the prototype receiver system, a
single channel can handle about 100 aircraft.
The on~board clock reduces thls number to
about 30. If testlng shows that the recelver
15 in fact the better approach, the deslgn

is such that the ASDAR system can easily be
returned to the original confipuration.

Present Plans

A major international meteorological experi-
ment is scheduled to begin in December 1978
and last for 12 months. It ls antleipated
that perhaps as many A8 15 to 20 ASDAR
equipped alreraft will be in operation during
this experiment providirg important data [rom
the troples and the southern hemisphere in
near real-time., In addition, these alreraflt
will be supplemented by 70 ¢o 88 alrcraflt
whieh will alsc provide ASDAR type data stored
on magnetie tape. The same high quallty,
high resclution data that ASDAR provides will
also be avatlable in this case, but not in
near rral-time., This combined fleet will not
only make pogssible z significent improvement

| : B | N i

B e R



in the research detn base for this experiment
from the troplces and the couthern hemisphore,
it will aloo provide an opportunity to eval-
uate this potentinlly new snource of metcoraw
logical dota over the full 12 months of the
experiment.

Future Impliecations

Many ailreproaft which are used on international
ever-water routet carry IN3, The preoent
fieet of about 500 INS equipped jfeto 18 ex-
pected to increase witl the trend toward
larger aiveraft. Meoteocsolopleal data relay
satellltes such as Meteonat and Goee can pro-
vide the means for petting this data from alp-
eralt to natlional meteoreloplicol ceatern in
near real-time.

ASTAR will cost between 20 and 30 thousand
doilars rer sysotem ineluding installation (in
quentitics of 10 to 12}, Thero ave at leact
260 INS equipped aircraflt which traonclt the
iropdes every diy.  Zach i cacentlally a
netasrelopgieal dota cgllectlion platform, An
invostment of mbout § millton dolilars could
cglty als 200 aireraft ith ASDAR pyntems
(Ineluding opares), This would provide nbout
4 1040 percent increasc in the nuiiber of ne-
teorologleal reparts (280 km resolution)
coming from the troples and the southern hemi-
sphere! The impact of suech an inerease in

the present data base could be of major im-
partance not only to weather forcoeocting but
airiine fllght planning as well. More accur-
ate and timely windfleld and temperature in-
formation should provide the potential for a
better analysis and weather fereecast. Since
the alrlines use this forecpst to fenerate
their own minimum time traek fidipght plans,

the availabllility of more accurate and timely
windfleld and temperature information car alae
be translated by the alrlines inte fuel sav-
inge., Consldering the fact that fuel now ae-
counts for over 40 perecent cf airillne oper-
ating conts, the savings could be sipnificent.

It should be made clear, howsver, that al-
though ASDAR equipped aircraft ean provide 2
significant improvement to the present data
base, it is not the total sclutlon. !o single
system can provide all the necescary data and
at best & ccmposilte cobserving system 1ls pe-
quired. ASDAR cen howevor play a very impor-
tant role in the global cobperving eystem. Be-
cause of this potential a major effort 1is
presently belng mounted by the World Meteoro-
loglical Organlzetion to obtain International
support for ASDAR., If this support 1s forth-
coming and there are indications that 1¢ will
be, then ASBDAR can provide a maj]or new data
source for global meteorology wilthin 5 years.
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Figure 1. - Current availability of upper air data.
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Figure 2. - Block diagram of Aircraft to Satellite Data Relay (ASDAR) system.
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Figure 5. - ASDAR printout obtained, via satellite relay, from Natio Jl

Satellite Service.
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Figure 6. - ASDAR data record points with contours of constant elevation to the receive
satellite,
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