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ASDAR (AIRCRAFT TO SATELLITE DATA RELAY)
FLIGHT TEST REPORT
by Edward J. Domino, Robert R. Lovell,
Martin J. Conroy, and David H. Culp

Lewis Research Center

SUMMARY

-

The objective of the Aircraft to Satellite Data Relay (ASDAR) pro-
ject is to provide a low cost prototype data handling system to transmit
metecrological data from wide body jet aircraft to ground users via
synchronous meteorological data relay satellites. The ASDAR system
was developed by the NASA Lewis Research Center, and managed by
the NASA Goddard Space Flight Center for the National Oceanic and
Atmospheric Administration. Affer an extensive in-house test program,
the ASDAR package, aboard a Pan American Airways (PAA) B-747 air-
craft left New York City on a test flight over the U.S. East Coast and
adjacent Atlantic Ocean. During the test flight, extensive interference
testing was performed to determine any detrimental affects ASDAR
might have on the B~747 electrical and radio frequency systems. No
detrimental effects were found.

Some interference from ground based mobile unifs was experienced
by the ASDAR receiver, but these were minimal with no impact on
overall system operation. The test flight has been considered a success
and the ASDAR system is now considered operational. Pan American
Airways, acting under contract to NASA, has received Federal Aviation
Administration (FAA) certification on a B~747 and will continue to carry
the ASDAR package for a test and evaluation period of one year.



INTRODUCTION

The United States has been deeply involved in the Global Atmo-
spheric Research Program (GARP) and has assumed responsibility
for certain activities which are-being coordinated by the National
Oceanic and Atmospheric Administration (NOAA). One of these activi-
ties is the First GARP Global Experiment (FGGE).

A prototype system for providing low cost, fully automated, meteor-
ological observations from aireraft has been developed by the NASA
Lewis Research Center located in Cleveland, Ohio. This system will
utilize the geostationary satellites expected to be available prior to the
FGGE and has been called the Aircraft to Satellite Data Relay (ASDAR)
system. The importance of this development to the science of meteor-
ology and, in particular to aeronautical meteorology (where direct
benefits such as fuel savings and increased passenger comfort and
safety are possible) was noted by the Congress of the World Meteor~
ological Organization (WMO).

On February 4, 1977, the ASDAR system, aboard a Pan American
Airways B-T747 aircraft left New York City on a flight test over the U.S.
east coast and adjacent Atlantic Ocean. All of the components had gone
through prior functional and radio frequency interference tests in the
laboratory, but this was the first time that actual winds and aircraft
position were obtained from the Inertial Navigation System (INS) and
Flight Data Acquisition Unit (FDAU) on board. More important, the
flights presented a severe test of the ASDAR receiver's capability to
receive time-code signals from the U.S. geostationary satellite despite
the myriad of other nearby signals over a metropolitan area. Pan Amer-
ican Airways, acting under contract to NASA, received Federal Aviation
Administration (FAA) certification on a B=747 and will carry the ASDAR
package for a special test and evaluation period of one year. Under this
special contract, Pan American Airways will also provide periodic re-
ports of actual conditions under which the system is flown 0 that NASA
engineers can fully analyze the system's performance.



This report presents a briel description of the ASDAR flight system
followed by the results of the lirst {iight test of February 4, 1977.

DESCRIPTION

The ASDAR system is ilustrated in figure 1. Meteorological data
{wind speed, wind direction, and air temperature) along with aircraft
position information {latitude, inngitude and altitude) is extracted from
existing aircraft equipment. The data is processed and transmitied to
the SMS,/GOES sateliiies for relay to the National Environmental Satel-
lite Service (NESS) facilities ai Waliops Island where it is received and
demoduiated. The daia is then fed {o ithe NESS data recording and dis-
semination facilities at Marlow Heights, MD.

Figure 2 is a block diagram of the equipment that is instailed in
the Boeing 747 aircrafl. Figures 3. 4, and 5 illusirate fhe actual air-
craft installation.

Downlink signais from the satellite are received by a coplanar,
circularly polarized slot antennga which is located on top of the fuselage,
above the lounge of the B-747 aircraft. The downlink signal (468. 8375
MHz) is separated from the uplink signal (401. 835912 MHz) by the di-
plexer and is fed in the preamplifier which establishes the system
noise figure ai approximately 2.8 decibels. The preaniplifier output
is fed to the receiver in the Elecironics Unit which is Iocaked in the
equipment bay area of the aircraft. The demodulated ouipul of the re~
ceiver is fed to the Digital Interface Unit {DIU) which exiracis coded
Greenwich Mean Time from the downlink waveirain. This time informa-
tion is used by the microprocessor in the DIU to control data sforage
and processing. The serial digital data sireams from the aircraft
Inertial Navigation System INS) and the aircraft Flight Data Acquisition
Unit {FDAU) are also fed to the DIU". Seven parameters are sampled
and stored in each sampling period. When eight sets of parameters
have been stored, the DIU turns the transmitter on at a preprogrammed
Hme, and all exght sets of stored data are transmitted via the SMS/GOES



satellite to the Wallops Command and Data Acquisition station within

37 seconds. In normal operation, the data acquisition and transmission
cycle is repeated on a once per hour basis. By setting the appropriate
thumb wheel switches under the front panel cover of the Electronics
Unit, the data acquisition and transwaission cycle can be made to operate
at 1, 2, 4, 8, and 16 times per hour. The faster rates are intended for
test purposes. A separate power supply provides all the potentials

(+28 V de, 12 V de, 5 V dc) required by the system from the aircraft
115 volt, 400 Hertz, three phase lines. The system operates auto-
matically without attention by tli:ht or ground personnel except for
turn-on or turn-off by means of the ilight deck circuit breaker. A pho-
tograph of the Electronics Unit and the power supply is shown in figure 6.

Test Flight Result Summary

The flight test of the ASDAR sysiem occurred on February 4, 1977,
from 1:50 pm EST to 6:00 pm EST and was successful. No vibration,
shock nor temperature problems were observed with any of the ASDAR
components, including the antenna. EMI testing confirmed that the
ASDAR did not interfere with any of the aircraft systems. Incorrect
outside air temperature readings occurred during the flight, and this
anomaly was subsequently traced to an aircraft harness wiring error.
The error has been corrected and all aircraft data are now being proc-
essed without anomalies. As a result of the flight test, Federal Aviation
Administration (FAA) Certification of the installation is assured. Formal
transmittal of the FAA Supplemental Type Certificate is expected within
30 days. The aircraft was released for revenue service and the ASDAR
is now operating satisfactorily during normal passenger service.

Systems Tests

A flight test program was generated by the L.eRC engineers to con-
firm the ASDAR units meet the environmental and electro/magnetic re-



quirements of the Radio Technical Commission for Aeronautics (RTCA)
Documents DO-138 and DO-160, respectively. Chraonologically the
system fests consisted of the following six operations:

(1) Checkout of ASDAR system No. 103 (EMI Unit).

(2) Ground checkout of system No. 101 (Flight Unit).

(3) Flight operations of Unit No. 101.

(4) EMI operations of Unit No. 103.

(5) Flight checkout of Unit No. 102 (flight backup).

(68) Final installation of Unit No. 101 for revenue flights.

Checkout of System No. 103 (EMI):

ASDAR system No. 103 had been modified by LeRC engineers
specifically to provide the capability of manually keying the transmitter
in order to facilitate EMI testing on the aircraft. The checkout con-
sisted of applying power to the installed unit by means of the cockpit
circuif breaker, manually keying the transmitter, and measuring the
RF power output at the Electronics box transmitter port. The unit
performed satisfactorily, and was then removed from the aircraft in-
strumentation rack and stored on the aircraft for subsequent use during
the test flight for EMI testing.

Ground Checkout of System No. 101 (Flight Unit):

Upon removal of the EMI test unit, Electronics Unit No. 101 was
installed by Pan American technicians under the supervision of LeRC
personnel. An in-line wattmeter was temporarily installed at the
Electronics box RF output port to permit power measurements during
the flight test. A portable electronic teletype terminal to monitor trans-
mitted data was installed in the passenger area, within 12 feet of the
aircraft instrumentation racks. Since the aircraft was in the hangar
during this portion of the testing, it was not possible to receive the
downlink signal from the satellite. To simulate the downlink signal,

a signal generator, phase modulated by a minicomputer, and fed to a



9 decibel gain helical antenna was used. The receiver locked to the
simulated signal, confirming receiver operation. At approximately
12:00 noon EST, the aircraft was rolled out of the hangar for fueling
and engine runup. OQuiside of the hangar, the receiver acquired the
downlink signal from the satellite, the Digital Interface Unit locked to
the time code which is multiplexed on the downlink carrier, and trans-
missions to the satellite commenced.

Flight Operations of Unit No. 101:

At approximately 1:50 pm EST, the B-747 was airborne. During
the taxi and ascent, three time and receiver dropouts were noted but
these were expected. Similar dropouts had occurred during testing at
the LeRC and during test flights in the NASA C-47 aircraft. These
dropouts are caused by adjacent and cochannel interference from land
mobile stations, which share the downlink frequency band. This type
of interference occurs only in highly industrialized areas. Once the
cruise altitude of 33, 100 feet was reached, no receiver nor time drop-
outs were noted.

The flight path (fig. 7) was selected to evaluate three major areas:
(2) system performance, (b) antenna performance and (c) interference
to the downlink from the satellite. An octagonal flight path was chosen
to provide a realistic number of antenna view angles to the satellite.

The octagon provided a southwest (230°), south (1809, southeast (140°),
east (90°), northeast (45°%), north (0°), northwest (320°), and west (2709)
headings which were considered acdequate for preliminary antenna evalua-
tion. Each leg of the octagon had a duration of ‘7% minutes. This length
was selected to allow two transmissions at the greatest transmission

rate on each leg. A path over highly industrialized areas, such as the
middle Atlantic coast, was selected to observe receiver and time dropouts.

Data (table 1) taken manually during the flight path consisted of the
following information:



(1) Eastern Standard Time

(2) Altitude in feet

(3) Heading in degrees

(4) Angle of attack in degrees

(5) RF power in watts

(6) Signal to noise ratio in decibels
(7) Outside air temperature

In summary, no major problems occurred. Under control of the
DIU, in the rapid transmit mode, a block of data was transmitted every
3-3'- minutes, and the duration of each transmission was 37 seconds.

Tfle RF power output, measured at the transmitter port of the Electronics
Unit was 80 watls. The carrier to noise ratio was measured at the NESS-
CDA station at Wallops Island, and ranged from 8 to 14 decibels, which
is adequate for good quality data reduction. Translated carrier fre-
quency measurements were alsc made by the Wallops Island CDA.

The sixth, seventh, and eighth significant figures (thonsands, hundreds
and tens of Zertr) aré given. The carrier frequency remained within

the 1.5 kHz channel bandwidth. Two minor discrepancies were noted:

Discrepancy No. 1:

During portions of data runs Nos. 1 and 2 (230° and 1800, respec-
tively}, the Wallops Command and Data Acquisition Station reported
that their demodulator failed to lock on the ASDAR signal. The dropouts
are a function of aircraft heading, and, therefore, appear to be a func-
tion of the angle between the antenna and the satellite. However, at this
time, range data on the antenna is inadequate to definitely attribute the
signal loss to the antenna. Within 15 minutes, the problem disappeared,
and no demodulator lock problems were encountered during the remainder
of the flight.



Discrepancy No. 2:

The teletype printout obtained during the test flight indicated a
constant outside air temperature of +50° C. Unit No. 102 also indicated
the same erroneous reading. The aircraft cockpit display indicated an
outside air temperature at altitude which varied between ~49° and -56° C.
A review of the aircraft wiring installation disclosed a wiring error.
This error was corrected and on a subsequent revenue flight to London,
the outside air temperatures varied between -42° and -57° C as is ex-
pected.

Figure 8 is a reproduction of one data transmission as obtained
from the NESS data collection facility. The figure is annotated to de-
scribe the method of interpretation.

EMI Operations of Unit No. 103:

Unit No. 103 had been extensively used for ground EMI testing.
All ground EMI testing showed the ASDAR system did not interfere with
any of the B-747 electrical and communidation systems that had been
subjected to EMI testing. The only remaining requirements was to per-
form EMI testing on aircraft equipment that is used during take off and
landing operations. The EMI tests during the test flight were on the
following systems:

(1) VOR/ILS System - Very high frequency Omni Range/
Instrument Landing System.

(2) Marker System

(3) LRRA -~ Low Range Radio Altimeter System

No anomalies, visual or aural were observed either during ground
or flight testing. Table 2 is a tabulation of all the systems on which
EMI testing was performed.



Flignt Checkout of Unit No. 102:

ASDAR Unil No. 102 was taken to PAA as a flight backup unit in
the event problems were encountered with the flight unit No. 101.
Unit No. 102 was installed and tested after the completion of the EMI
testing. No anomalies were observed and this unit is now available as
a PAA backup.

Final Installation of Unit No. 101 for Revenue Flights:

ASDAR Unit .No. 101 was reinstalled at approximately 5:15 pm EST,
February 4, 1977. The following switch settings were set on the elec-
tronics unit for future revenue flights.

(1) Number of transmissions per hour: 1.

(2) Transmission time (minutes after the hour): 00
(3) Transmission time (seconds after the minute): 00
(4) Address: 155FFC28.

After one transmission to the satellite at 6:00 pm, the flight test
was terminated. Table 3 is a listing of the personnel associated with
the flight {est.

Conclusion

The ASDAR system is now operational with FAA certification
assured. All appropriate personnel have signed off on the documentation
required to obtain a Supplemental Type Certificate (STC).

No problems were encountered with the Transco inferim antenna.
Transco had supplied PAA with the required environmental test docu-
mentation which was then signed off by the FAA PAA representatives
(Quality Assurance, Structural, Aero Dynamics). No failures or
anomalies of the antenna were noted during the test flight, and therefore,
the antenna has been approved for revenue flights.
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The anomaly which manifested itself as an incorrect outside air
temperature reading was found to be a wiring error in the aircraft
harness. This has subsequently been corrected and is no longer a
problem. The ASDAR test flight is a success and the program will

conltinue as scheduled with a one year evaluation period on PAA air-
craft NP657 PA.



DATA TABULATTON

0.8.
Angle B/N  Air
Flight Time Altitude of Rgti o Temp Freq.
Sequence (EsT)  (Ft) Heading Attack (DB) (€) {Hz) Remarks
Start & Warm-up  13:17 0 125° o° - - - J mi
R. F. Turn-on 13:20 o 130° o° 1 - o
Parked 13:37 0 130° o® ip - 11 min
Taxi 13156 0  Var, 0° 1h - - 19 min.
Pake-0fE 13:58 0 120 15% - - - -
Climbin 13: ° ° : '
wne 03 e e e Moo pme
n 1:07 17600 150° 50 - - - % min.
" 14:11 23400 135° 5° 2k - -k min,
" 141k 27900 150° 5° 13 - - 3min
" 14:18 31500 elog 32 I -k min.
1h:20 33100 230 o 13 -51° -~ 2 min,
lat . o o (]
SPIgE Coyree R MMM OB L 3 e o Nemonios
2nd leg Course 14:29 33100 1802 22 10 :210 B} woono
" 14:33 33100 180 o 12 -51° - LY "
a . [a] Q 0
g opme W Mo BE x Booh C peewor
hth Ieg Course Uk 33100 o0® 2° 12 -510 - " "o
" 1 1 148 33100 90O 20 12 _gOO : u " 1
Sth leg Course 1&:52 33100 L52 20 I e S
14156 33100 45 2 10  -51° -
G:t:;h D'E‘g Co&:.rse 1%:59 33100 Og 22 8 —gi" g(g)g -
15:03 33100 0 2 8 -51° 6 -
Tth eg Course 15:07 33100 3207 22 10 -310 588 -
15:11 33100 320 o 10  -52° -
SEh Leg Course 15:14% 33100 2702 2° 12 -210 ggg -
15:18 33100 270 2° 12 -51° 615 -
Ieg to U. S. 15:22 33100 o70° 2° 12 -51° ;
F%t.OYer ng'AEs 15:26 33400 2702 22 1z —220 gig E $§§°
A : o) L
A N B
, ' ] 1 - - - - min.
oo n w 95.53 29600 280° -o° - 2360 -~ 5 min,
Ianding @ Dulles - - - - - - -
Clinbing 16:58 7100 30° 52 g° {
: - - 5 min.
" 17:00 1100 120° 10° - 00 -~ 2min
g 17:03 17400 90° o° - 21° - 3 min.
Ieg to Kennedy 17:15 17100 70° o° - -p° - 8y Ref'lL FWR

Table 1



EMI_TESTS FOR ASDAR

1, Inertial Navigation System (INS) #1,
2, Inertial Navigation System (INS) #2,
3. Inertial Navigation System (INS) #3.
4, Central Air Data Computer {CADC) #!.
5, Central Air D;ta Computer (CADC) #2,
6. Digital Flight Data Recorder,

7. Auto Pilot,

8. Very High Frequency Omni Range/Instrument.
Landing System (VOR/ILS).

9, Marker System.

10, Low Range Radio Altimeter (LRRA),

11, Distance Measuring Equipment (DME).

12, YHF Communications {118MHz - 135.75MHz).

13. Selective Calling System (SELCAL),

14, Publir Address, Passenger Entertainment, Interphones,
15, Cockpit Voice Recorder

16. HF Communications (2MHz ~ 28MHz),

17. Automatic Direction Finders (ADF).

18, Weather Radar System,

Table 2



ASDAR CERTIFICATION FLIGHT

PERSONNEL LIST

PAL FIICHT PERSONNEL (7)

Captain/Pilot and FAA/DER ..

1st Officer . .

Flight Engineer .
Flight Engineer . . .
Operations Engineer and FAA/DER .

Treining Pilot.

Technical Contruller. . .

*

+ 0w

.« . = s+ e

. . + e

PAA BNGINEERING PERSONNEL (8)

Avignies
Avionics
Avionics
Avionies

Engineer and FAA/DER .
Engineer . . .
Engineer .
Engineer .

+

Structures Engineer and 11"M!L/DER .
Communications Engineer . . . . .
Avionics Mechanic .

Avionics Blectronies.

NASA - IeRC (9)

Teut Director .

Ass't Test Director .

»

PAA Co-QOrdinator.
RF Systems Eangineer .
DIU Logic Engineer. .
Data/logistics Fngineer . . . . .
Fower Systems Engineer. . . . . .

Tech~Mechanical

Tech-Electronics.

OTHERS (3)

Observer {NASA-GEFC).

Observer (NQAA) . . . . .
Observer (WOAA) . . . . . . . .
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A. Brown

K. Herndon
Miller

D, Cassaniti
K., Hart
Fleming
Welkerle

5. Winter

A, Cressi

W. Austin
Madanmiz
Stanton (Miami)
Ellis
Vandeneedon
Regenherd

Domino
Conroy
Myhre
Zakrajsek
Lindow
Culp
Kraweczyk
Belmont
Petti

. - = w
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Stetine
Sparkman
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DATA PRINTOUT
OBTAINED FROM
NESS DCS

SUITLAND, MARYLAND

SIGNIFIES THE ASDAR ADDRESS CODE

NESS DATE/TIME HEADER
ASSIGNED TO LeRC BY NESS

035-35th DAY; OR: FEB. 4, 1977
190400-1904 GMT, OR 2:04 PM EST

155FFC2E035 150400
Q2268732961003 107804+5H0 57 a4 A
010247687331 61903001 H 50770

1VAD2E 7873334150209 5684502 7 aig
AO028BHB 733521500080 204 5027 100
OAQZOAE7H37419010723404! v\‘-" ‘
DANEI 3LV 3405101067 LE+500
OO LAPTRAGH L0 Los lrrf;ti'"tulﬂ

01041 PUZ,40| LFOUQULOQIu oty

THE LATEST DATA IS
PRINTED FIRST AS
DENOTED BY THE

TIME SEQUENCE

THIS BLOCK OF DATA
REPRESENTS A PART OF
THE 747 FLIGHT TEST,
SHORTLY AFTER TAKE-OFF

CODE: O=N, 8=8 —— WIND SPEED IN KNOTS

LATITUDE: N40° 31.9’ - ——————
O-=E, 1= +00°

WIND DIRECTION IN °

CODE: B-W, 9 = 41000 AIR TEMPERATURE IN °C
LONGITUDE: W73° 43.1' - ALTITUDE IN FEET
NOTE: THE AIRCRAFT IS 8 MILES S.E. TIME

OF NEW YORK JFK AIRPORT (GMT)

1900 = 1400 EST, OR 2:00 PM EST

FIGURE 8





