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Al AIRBORNE METEOROLOGICAL DATA COLLECTION W&mﬂ

SYSTEM USING SATELLITE RELAY (ASBDAR)

by James W, Bagwell and Bruce {, Lindow

National Aeronautics and Space Administration
Lewis Research Center
Cleveland, Dhio 44125

INTRODUCT ION

The Alrcraft to Satellite Data Relay (ASDAR) project waz bzgun in 1975 as a joint NASA/NCAA
progran to provide an improved source of meteorological data for weather forecasting. The
initiatire for starting the prcject came from a recognition that much of our weather origi=
nates in the data sparse areas of the tropics and Southera Hemisphere, It was further re-
wgnized that these areas are frequently crossed by many of the modern, widesbody Jet air-
craft of the B«747, DC=l0 type, These aircraft contain navigation and data systems capable
0." providing the following data: latitude, longitude, altitude, wind speed, wind directien,
and outside air temperature, 7The ASBDAR system consistes of a data acquisition and control
unit to acquire, store, and format this data; a transmitier to relay the formatted data via
satellite to the ground; and a clock to time the data sampling and transmission reriods. In
cooperation with the National Oceanic and Atmospheric Administration (NOAA) the data is re-
layed to the ground via thelr Geostationsry Operational Environmental Satellite /GOES) saries
and then to the Natlonal Meteorological Center (NMC) to ald in weather forecast.ng,
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SYSTEM DESCRIPTION
Data Sources *

The B~747 aircraft used in commerclal airiine service uses an Inertial Navigation System (INS)
and & Flight Data Acquisition Unit (FDAU) as part of its complement of avionics egyuiprent.
These two units serve au sources of the data necessary to "rovide the wind speed and direc-
tlon, and static outside alr temperature at a specific latitude, longitude and altitude,

The INS system provides the latitude, longitude, wind direction, and wind speed as serial,
BCD data, The FDAU system provides altitude and outslde static alr temperature in the form
of PCM serial data.

Data Format

These data are the same as are normally manually reported by airline pilots in the form of

aircraft reports (AIREF's). The ASDAR reports are formetied in e manner similar to these re-

ports, As a result of the onboard formatting prior to transmission, the message as received

cn the ground requires little processing to be sultable for inser:ion onto the Global Tele-

communicaticns System (GI'S) and, subsequently, into the weather data base, A sample formatted ,
message 1s shown in Figure 1 as it is received and printed on a ground terminal, !

Major System Elements

The major elements of the ASDAF system are shown ln Figure 2. Clockwise they are the elec-
tronics unit, the antenna, ard the power supply, These are interconnected as shown in Fig-
ure 3, As described previously, data from the aircraft INS and FDAU are fed into the Data
Acquisition and Control Unit (DACU). A battery powered clock was developed and is included
in the electronics unit along with the DACU, The clock output is used by the microprocessor
based controller to determine che data sampling times and transmission times, In normal
operations, elght complete sets of data a1 acquired over a one hour period and transmitted
to the satellite at a precise time each hour. The DACU provides all the necessary scaling
to the data and stores it in International Alphabet No. 5 in 8 bit ABC II, At the appropri-
ate time each hour, the DACU turns the transmi‘ter on and delivers a Manches®er bi-phase
data 1ignal to phase modulate its carrier,
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The transmitter 1l an 80 W device designed for intermittent operation wi‘hin the electronics
unit, The transmitter operates at a nominal 402 Miz and feeds a Coplanwss Stripline antenra
mounted on the top of the B=747 airecraft,

Physical Layout

The DACU, clock, and transmiter are ull packaged in the electronics unit which conforms to a
1 ATR {(Alr Transport Rating) package whose dimensions are 26 cm wide by 19,69 cm high by
50,17 . long with a weight of 15,27 kg. The system is powered by m separate power supply
contalnes. n a & ATR package whose dimensions are 12,7 cm wide by 19,69 cm high by 50.17 om
long witii a weight of 5.58 kg, These two wnits are mounted in the forward electronics rack
of the B=747 airceraft as shown in Figure 4, The RF cable is routed, as shown, to tie top of
the airurafy where it is connected to the antenna mounted on the outside skin of the aireraft,
The total sy item weight including mounting hardware, cables, and antenna is 30,19 kg.

VETAILED FUNCIIONAL DESCRIPTION
Data Acquisit.on and Control Unit (DACU)

Because the DACY contains a misroprocessor, the operating features are readlily changed by re-
programming. The operating characteristics described herein reflect the present programming
decisions, realizing that changes may be made in the future. As shown in Figure 5, the DACU
consists of three major circuit boards: the I/0 board, the CPU board, and the front control
panel, The function of each will be described in the following paragraphs,

The front ¢ontrol panel of the DACU contains a number of switches that can be used to select
various options in the programming of the microprocessor. It also contains five LED indica=-
tors that give a visual indication of the status of the DACU. For use with external equip~
ment, there are 4 jacks that can also be used to diagnose the operation of the DACU, Figure &
shows the front control panel and identifies its functions,

The DACU operutes on a specific tims schedule, acquiring data and transmitting the data to
the satellite at times that are selected by thumbwheel switches on the DACU front panel.

Many ASDAR units will share a single RF channel, hence each unit f1 assignea a specific time
glot for data transmission, When g unit is to transmit a data m :sage, there is a predeter-
mined sequence of events that must be performed by the DACU, For a single data point, the
overhead required as a preanble to the data transmission would be longer than the data part
of the message. Rather than transmitting many short data messages, the DACU of the ASDAR
units stores data sets in memory and then transmit blocks of stored data in order to make
more efficient use of the AF channel, As a compromise, the ASDAR units always transmit eight
sets of data during ~ach transmission sequence. Therefore, if a unit is set to transmit data
once every hour, then the eight sets of data would be recorded at 7.5 min intervals,

As mentioned earlier, each ASDAR unit 1s assigned a specific time slot for its transmission,
This requires that the DACU have access to a clock, The aircraft systems do not have a clock
that is accurate enough to time the tranamissions, so the ASDAR package must have its own
clock, therefore, a clock was integrated into the electronics unit,

When the DACU determines it is time to transmit data, the DACU must turn on the ASDAR trans-
mitter and then send the following sequence;

(1) 5 secs of unmodulated carrier

2) 2.5 secs of alternating l's and O's

3) 15 bit MLS

4) 31 bit unit address

5) A sets of data

(8) 3 end of transmission codes, 31 bits each

After the end of the message, the DACU turns off the transmitter. The total message length
is about 20 secs when the data is transmitted as an 8 bit ASC II coded message.

The data acquired from the aircraft systems for each reading is as follows:

sl) Present position, latitude

2) Present position, longitude

55; Altitude

4) Outside static air temperature

(5) Wind direction

(8) Wind speed

1n addition to these parameters, the time of the data reading, in hours and minutes, is also
recorded, The latitude, longitude, wind direction, and wind speed are obtained from the air-
craft INS, The altitude and outside static air temperature are obtained from the aircraft
FDAU system.
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Zrogt panegl guitches. - The front panel of the NACU contains a number of switches for coatrol
of the DACU, Flgure 6 ghows tha front panel,

The thumbwheel switch labeled FEE HOUR is used to select the number of tranamissions per hour,
Thiz switch is labelea with O, 1, 2, 4, 8, and 16, The position labeled 0O is a special set~
ting that is used for disgnosis of the DACU and for installed system testing and is not for
normal operation, The switch positions labeled 1, 2, 4, and 8 could be used for normal opera=
tion if so desired, bul it is anticipated that moat ASDAA units will use a setting of 1 transe-
mission per hour, The switch position of _6 transmissions per hour must be used with csution,
and should fnot be used for normal operat.on, As mentioned sarlier, the DACU always stores 8
sets of data for sach transmission, When the tranamission rate is set for 1 transmission per
howr, the data iz recorded at 7.0 minute intervals, When the transmission 1s set at 1€ trans-
misalon per howr, the data is recorded at ?8 second intervals, The froat panel data printe-
out takes about 41 secs, and an 8 bit ASC [l data transmission takes about 289 secs, This
means that for 16 transmissions per hour, the first data reading is taken before the previous
tracemission has finiched, which can “ause some rearrangement of the data readings, When the
tranamission rate i+ get at O, the DACU is in s specisl test mode, Data is recorded at ap-
proximately 9 second interval- and dumped out to the front panel jack labeled TTY. This mode
of operation is guite useful for checking problems with the INE or FDAU systems, In addition,
wban the DACU is reset, in this mode, the transmitier is turned on for a short message (about
10 gecs) to allow easy and rapld test of the RF system,

The other thumbwheel switches are labeled MIN and 8EC, which correspond to the starting time
of the transmission, i~ minutes and seconds, respectively, If the number of transmissions 1s
set at & number greater than one, then the time of one of the multiple transmissiocn iz entered
on these switches, The DACU will calculate the other transmission times at equally spaced
intervals,

The set of rocker switches labeled ADDRESS are used to enter a unique 21 bit address into the
ASDAR unit, These switches are used to enter the most significant Z1 bits of the 31 bit BCH
address., The DACU will calculate the 10 extru check btits thav make up tke 31 bit address.

If a switch is ON, then the corresponding bit is a binary 1, and if a switch la OFF, then the
corresponding bit is a binary O, When an adaress ls assigned to a unit;, it will usually be
glven as en 8 digit hex number by the National Envirommental Setellite Service (NESS)., The
21l bit address to be entered on the front rarel is contained in the leftmost bits of the hex
number, BSiuce an 8 digit hex number comprises 32 bits, the exura bit, by NESS convention, is
the least significant bit of the rightmost digit.

Tue toggle switch labeled ALT 1s used to enable or disable transmissicns below a certain pre-
programmed wind speed, This is done to allow for transmissions to be inhibited while the air-
craft ie on the ground. This condition is indirectly indicated by the wind speed which is
caused to vead zero bel.ow 160 knots alr speed of the aircraft., At the present time, the cute
off wind spead is programmed at O knots, The DACU ‘ooks at the last wind speed received from
the INS system Ior comparison with the programmed cut-off value, If the ALT switch is set
(up positlon), then if a transmission i3 scheduled to occur at a time when the wind speed is
less than the programmed wind speed, the DACU will skip the transmission sequence, Alsc, if
the switch is set and the DACU is not receiving good data from the INS system, then the trars-
mission will be skipped. If the switch is reset (down position), then the DACU will always
transmit, regardless of the wind speed,

The switch labeled DADE/CADS (INT on early ASDAR units) ls used to select the type of FDAU
data that the DACU is to expect, For most DC-10's, the switch should be in the up position
(DADS), and for most B-747'e, the switch should be in the down position (CADS). This switch
Just directs the microprocessor in its interpretion of the FDAU output, When the switch is
set to the CAUC position, the microprocessor converts the incoming FDAU data to a DADS format
btefore it rtores the data for transmission,

The remaining switch on the front paunel is labeled RESET. by depressing this switch, the
microprocessor is forced to execute the initlalization coding, the same as if a power=-up con=
dition just occurred., This switch is particularly important when working with the DACU, The
only time that the DACU examines the front panel switch settings is when the power-up restart
coding is executed, Therefore, whenever any of the front panel switches are changed, the
RESET switch must be depressed to force the microprocessor to examine the front panel
switches, It should also be pointed sut that the internal clock of the DACU will be reset
when the RESET button is depressed, ausl hence a new time update must be received from the
clock subsystem to set the DACU clock,

Front panel indicators. - Also shown in Figure € are the five LED indicators on the DACU
front panel, These LED's are provided to give a visual indication of the ASDAR system status,
Three of the LED's are —ontrolled by the mlicroproucessor and the other two are hardware con-
trolled by the DACU,



e e —————

The LED labeled +5 V is connected across the +& V power of the DACU and should be {lluminated
whenever the power is on to the DACU, The LED labeled RCVE is connected to the clock {ndica-
tor slgnal, The LED is driven by loglc on the 1/0 board, but is independent of the micro-
processor operation, Therefore, when the clock is on the RCVR LED should be illuminated,
This LED can also be illuminated whea the DEMO jack is used, but this will be discussed later,

The LED'a labeled INS, FDAU, and TIME are controlled by the microprocessor, The LED labeled
TIME will be illuminated whenever the DACU iz recelving valid time updates from the clock, or
fram the front panel, Wwhen a valid time update is received, the LED will be turned on and
lef't on until a time update is not received as expected, That is, when & time update is re-
ceived, the LED will remain on for about Z secs at ¢ minimum, unless the clock malfunctions,

The LED labeled INS is used to display the status of the date being received from the aire
craft INE, The LED will be turned on when one of the desired peramters is received fram the
INS. If a period of about T secs elapses without receiving a parameter from the INS, then
the LED will be turned off,

The LED labeled FDAU is used to display the status of the FDAU system, The FDAU clock re=
celved by the DACU is 16 times the data rate, Every 4096 data bits the FDAU clock contains
e special sync pulse, and if the DACU has counted 4096 data bits since the last sync pulse,
then the FDAU LED will be turned on, This LED is not turned off on a timed basis like the
INS LED, If the FDAU clock-in stopped while the FDAU LED is on, the LED will stay on.

Eront panel Jacks. - The front penel of the [ACU contains four jacks that can be used to help
diagnose problems with the DACU, Three of the Jacks contain output information from the
microprocessor, and one Jack is used to meplace the role of the ABDAR clock subsystem with an
external piece of equipment,

The jack labeled PEMOD is used to simulate the clock subsystem input to the DACU, When a
simulator is plugged into the IEMOD jack, the RCVR LED is forced on, and the clock and data
lines are switched from the clock subsystem to the front panel inputs, The lock indicator
status line into the microprocessor is forced to a locked indication, The microprocessor
cannot detect whether the clock input is from the ASDAR clock or from the front panel DEMOD
Jack. The clock and dats inputs to the jack must be +5 V CMOS compatible, and the data must
be bi-phase encoded data,

The jack labeled MOD contains the same data that 1s sent to the transmitter hy the DACU, The
signal is TTL logic compatible signal with Manchester bi-phase encoded data, By proper wir-
ing of the plug for this jack, the transmitter output can be inhibited, and t%e transmitter
data can be forced to a zero value since the data appeasing at the Jjack is not buffered., The
transmitter cannot be forced on through this jack, it can only be inhibited from turning on,
The data output to the transmitter is a tri-level code, with logic levels of 0, 2.5, and 5 V
nominally, When the transmitter is not enabled, and when the DACU is sending unmoduled car-
rier, the data output will be at 2.5 V, When the DACU is sending data, the logic level at
the jack will be either O or 5 V, The drive circuit uses an open collector TTL gate with a
pull-up resistor, so that the data output of the DACU can shorted to ground at this jack with=-
out hurving the DACU circuits.

The jack labeled TIME is a aiagnostic oatput that can be used to iidirectly drive a teletype.
The Jack output is a CMOS compatible signal with a 100 bits per secord data rate. The data
code is an NRZ code, rather than bi-phase like the MOD jack. The data format is an 11 bit
character format, the same as that required by a teletype. To drive a teletype, the data
rate must be changed to 110 bits per second, and the logic level nust be converted to a dec-
current loop type signal., A typical output from this jack is as follows:

PaHH: MM 58 R=MM: 58 TeMM: S8

where the value following the P= is the current setting of the DACU internal clock, in hours,
minutes and seconds. The asterisk following the time is present if the microprocessor has
not received a valid time update, in which case the current time is a count from the la:t
power-up restart of the microprocessor, If the DACU has received a valid time update, the
asterisk will not be present, The number following the R= is the time until the next data
reading, in minutes and seconds. The number following the T= is the time until the next
transmission, in minutes and seconds. The output on this jack is always present as long as
the microprocessor is running.

The Jack labeled TTY conta‘ni basically the same data that is sent to the transmitter each
transmission, The data is mnde a little more readable by inserting spaces and prefixes, but
the data is the same as the data for the transmitter, The logic level on this jack is the
same as for the TIME jack, and the data character format is also an 1l bit async character
code, The first line contains the unit address in binary., The leftmost bit is the first bit

4
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tranamitted, The dats !'inas contain une data reading on each line, The parameters are
rinted in the following order:

1) latituae, 1n degrees, minutes and tenths of minutes

2) longitude, in degrees, minutes and tenths of minutes

3) time of this reading, in hours and minutes

4) altitude, in feet

(5) outside static alr temperature, in degrees celsius

(€) wind direction, in degrees

(7) wind speed in knots

If the transmission rate 1s set for O transmissions per hour, then the output on this jack
containg only the data hnes. The output will be a current print-out of the data buf'fer ap-
proximately every 9 secs, This special output can be used to examine the INT and FDAU data
on an almost continuous basis,

CRU board description. - The GPU board contains the 8 bit microprocessor, 412 bytes of RAM
storage, 4096 bytaa of PROM storage, ani other miscellanecus circuits, The PROM storage is
composed of eight 12 byte fusible 1ink FROM's, These PROM': were selected because of their
ability to operate fram a single +5 V supply. The remainder of the circuitry on the board
comprises the buffering of the microprocessor signal lines, and clock circuits, The clock
eircuits operate from a 4 Miz crystal oscillator, Thiz crysta. is used to generate the twoe
phase c¢locks required by the microprocessor, and to generate a 1600 Hz signal that 1s used on
the I/0 board. The microprocessor is operated at its maximum speei of one MHz,

. = The I/0 board contains sll of the special I/0 interfacing reguired
by the DACU. All of the connections to the microprocessor are made through twe peripheral
interface adapter (PIA) chips. With the exception of the two FIA's, one chip for driving the
transmitter, and the optical isclators, the remainder of the circultry on the I/O board is
(MOS8, The interface to the INS generates 8 bit parallel data., The other systems (FDAU,
clock, transmitter, and front panel) all use serial inputs and outputs,

Ir addition to the dats interfacee, the I/0 board also contains & low voltage detection cir-
cuit, This cir ait iz designed to give the microprocessor a reset signal if the +5 V supply
voltage falls Lelow about 4,75 V., This was done to prevent any low voltage spikes from leav~
ing parts of the circultry in an indeterminate state,

Clock Jubsystem

The clock sunsystem consists of a single circuit board and a 7 amp=hour .'i«Cas vattery as
shown in Figure 7, The clock circultry was developed using an 8 bit CMOS microprocessor and
random access memory only. A 1 MHz temperature compensated crystal oscillator was selected
as the frequency standard. It has a yearly aging rate of sx10™/ parts per year and a tempera=
ture stability of #2x10°7 over 0° to 509 C, The clock circuitry consumes 60 W of power of
which 40 mid is consumed by the crystal oscillator. The battery, operating at 12 V, can keep
the clock running for approximately 30 days; enough time for the clock to be set prior to
shipping and then shipped as a part of an ASDAR system to an airline and installed,

A battery charging circuit is also included on the circuit card to permit the 28 VDC available
from the power supply to charge the battery when aircraft power is on., A full battery charge
is obtained in about 24 h of time with aircraft power on,

As mentioned above, only RAM memory is used In the clock circultry, Thus, to cause the clock
to opera , both the microprocessor program and the correct time must be loaded into the mem=
ory upon clock startup., This is effectively accomplished using a separate set-time unit which
connects through a connector behind the hinged cover on the front panel of the electronics
unit, An enable butten is also provided to ensure glitch-free connection to the clock when
setting the time, When the switch ig depressed, an adjacent LED indicator tells whether the
clock 1s running or not by displaying the reset status of the microprocessor,

Although the initial ariver for the RAM only clock deslgn was the unavailability of low power
CHMOS proms, this was later found to be an asset since it is desirable to have the clock stop
positively upon a power interruption rather than resume operation with an erroneocus time,

This is a natural result of having the microprocessor program solely in volitle RAM, Further=
more, the complex’ty of the external set-time unit is not significantly increased by requir-
ing it to load the program in addition tc the correct time,

Transmitter
The transmitter consists of a single unit enclosed in a machined aluminum case as shown in

Figure 8. Its dimensions are 13,97 cm wide, by 5,33 cm high, by 27,94 cm long, and it we’ ghs
3,118 kg, The output frequency of the transmitter is determined by a plug in crystal con=

[ 4]
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{ rolled oscillator contained in s proportionally controlled oven operating at 80° C, The
modulating data input and control signal are provided by the DACU as uescribed previously,

The output of the transmitter {s nominally 80 W and is fed from the transmitter to a connece
tor on the front panel of the ASDAR system, At this power level, the tranmmitter is designed
only for the typical intermittent operation as is experienced in the ASDAR application,

The frequency stability of the transmitter is specificed at 1x10*6 per year, which should
assure successiul performence for about one year given the GOES channel bandwidth constraints,
This characteristic will be discussed more fully in the Design Considerations section below,

Power Supply

The power supply is totally contained in a separate package, 4+ ATR in size. The power supply
takes raw, vafiltered 115 V, 3 phase, 400 cycle power from the aircraft, filters and condi-
tions it down to & V and 28 V DC, While transmitting, the power drawn from the aircraft 3-
phase bus is €04 VA, At all other timez, the power is 104 VA, All parts of the electronics
unit are fed by the 5 V supply except the tranamitter and clock charging circuitry,

Each output, 5 V and 28 V, are separately fused and have red LED indicators to indicate oper-
ation when 1it, The § V supply nominally provides 2 A. The 28 V supply nominally provides
11,5 A when transmitting and 0.6 A when not transmitting, Internal filtering in the power
supply is adequate to provide noige=-free power in accordance with the conditions outlined in
the ARINC specifications., Internal protection is also provided for over current, over volte
age, and under voltage,

Antenna

The antenna, shown in Pigure 2, is a Coplanar Stripline type, 20 cm wide, by 40 cm long,

by 1,9 em high, contoured to fit the curvature of the aircraft fuselage, The following
specifications are being met for production antenna®s:

Frequency: 402 MHz nominal

Gain: 1.5 dbie

Axial ratio: < db

Although the intent of this antenna when developed was to both transmit at 402 MHz and re-
ceive at 466 MHz, its fabrication for production ASDAR systems excludes the receive capabil-
ity and favors transmit perforsance,

DESIGN COMBIDERATIONS
Interface Options

After some preliminary investigations, it was determined that not all comsercial aircraft of
the newer wide-body type carry the same avionics equipment, For the most part, a particular
type such as the B-747 will be the same from aircraft to aircraft, but differences are still
possible particularly when dealing with foreign airlines, 8Since the objectives of the ini-
tial ASDAR program were to equip a limited number of aircraft to provide data through the
First Global Garp Experiment (FGGE), which has a duration of one year beginning in December,
1978, the B-747 aircraft was selected for inltial interfacing,

The particular interface standards for which the ASDAR has been designed are ARINC S6l1=-11 for
the INS, and ARINC §73-7 for the FDAU, This decision has permitted a rather bioad choice of
airlines on the basis of most favorable routes, In fact, it has been possible to use a
standard installation kit including drawings and hardware for all B-747's to date,

In the present prototype ASDAR systems, the interface to the INS and FDAU are constituted
primarily in hardware, and modifications to adapt to different types of avionics equipment is
difficult, As noted earlier, a Digital Air Data System (DADS)/Central Air Data System (CADS)
op:iion is provided so that some compatibility is afforded for DC-10's. This option will pro-
vide compatibility for the FDAU interface, but the DC-10 must also carry an INS system if
full compatibility is to be realized, which is not necessarily the case, Numerous aircraft
including DC-10's are now carrying, or plan to carry, OMEGA navigation systems. Although the
essential data is presumably present, the interface to such a system would be different, As
a further complication, some aircraft have been found which have slight modifications to
their avionics equipment in either hardware or software,

In light of the above findings, it is recommended that future designs of ASDAR systems con-
sider options in both hardware and firmware, which will facilitate easy adaptation to avion-
ice equipment of different types. Fhysical modularity of functions may be a way of accommo-
dating this requirement,
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The ASDAR system was designed to swrvive and operate in the below deck electronic equipment
area of commercial alrcraft; the only external part of significance being the antenna mounted
on top of the fuselage, The environment of the equipment areas of these aircraft are condi-
tioned by cabin exhaust alr so extremes 1n temperature should not be experienced by the
equipment while the aircraft is operating. Nevertheless, attempts were made to adhere to
RICA~DO180 specifications for equipment on this class of aircraft, Thermal, vibration,
humidity, and EMT' tests were conducted,

Environment

The thermal specificetion in this case in =589 to #859 C. Due to constraints imposed by the
tranamitter, the system was tested from -40° to +70° C only, It was subsequently determined
that the FROM's in the DACU were experiencing troutle at temperatures well above this lower
limit, This was subsequently traced to thermal sensitivity in the power switching circuitry
on the PROM chips. To rectify this problem, the power switching feature of the FROMS was
bypassed, thus avoiding the use of the temperature sensitive circuitry; bu:, thereby, in-
creasing the power consumption,

As might be expected, the levels of vibration e.countered on modern commercial jet aircraft
are relatively low, As a result, testing to the required levels of both sine, iandom, and
shock were generally ureventful, Only one ancmaly was noted while the systea was being sub-
Jected to randam vibration, The trunsmitter fregvency was observed to shift., This was
traced to a poorly secured crystal ocscillator w'thin the transmitter oven astembly. A brack-
et was added to eliminate the problem,

Ho anomalles worth noting were experienced during humidity and EMI testing of the ASDAR sys-
tem in the laboratory chammbers, 8ince this system was to fly on aircraft in commercial
passenger service, extensive examination and testing were required prior to the necessary
Federal Aviatlon Administration (FAA) certication, £ince the certification process would
have to include a flight test, a contract for the camplete flight certification was given to
Pan American Alrways. The necessary testing and flight were successfully performel on Feb=
ruary 4, 1977, A formal "Flight Test Report" (Ref, 1) has been published covering the flight
test and results,.

From another perspective, the environment includes a time factor which may be of importance
under certaln circumstances, which will be described later, Iue, in part, to the desire of
airlines to maximize the¢ revenue from expersive, modern jet aircraft, a typical day's flying
time may total 12 to 1€ h, These flights are interspersed with periods of off-time where
neither power nol environmental alr conditioning are supplied to the aircraft and its equip-
ment. Thus, susceptible electronic equipment may be affected by these conditions,

The environmental condition yet to be addressed is that affecting the antenna, Of all the
ASDAR equipment, it is exposed to the most severe environment. This includes the extremes
of temperature, humidity and physical abuse, Experiences during the development of the
ASDAR antenna have revealed instances of molsture leaks and surface erosion. The moisture
leaking condition was corrected early in the program, Surface erosion as observed on the
ASDAR antenna is considered normal for equipment so located on the aircraft., As a result,
periodic replacement (about every two years) of protective surface coatings msy be required.

Of potentially greater concern is whether such an attachment to the outer skin of the air-
craft will tend to build up {ce, Should this happen, sudden breaking off of ice particles
could cause damage to aircraft parts in flight. This is of particular concern with an an=
tenna mounted ahead of the top engine of a DC-10, where ice ingestion by the engine could
cause significant darage, Although no ice formation has been noted on the present B=747 in-
stallation, no implications can be drawn with respect to performance on a DC-10 and, there-
fore, qualification tests must be repeated on the DC-10 prior to certification,

Transmitter Stability

As noted earlier, the NESS specification for transmitter stability is 1106 per year, At
400 MHz this would result in a possible frequency shift of +400 Hz, This is enough to take
a transmission to the band-edge of a GOES channel, Therefore, under minimal specified per=-
formance, a transmitter would stay in band for about one year.

A further complication to continued successful performance of such a transmitter results from
using it in a moblle application as is the case when used on an aircraft, In this case dopp-
ler shift pheromena enters in and may either add to or reduce the frequency shift due to
other factcrs, In the case of ASDAR equiped aircraft operating with a GOES satellite, a
maxinum doppler shift of approximately 360 Hz is possible when radially approaching or de-
parting from the satellite at the horizon., When comparing the cumbined effects on trans-



mitter frequency, it becomes apparent that far better frequency stabllity with time is re-
quired if the effects of doppler shift are not going to take the tranamit*er out of band.

There ave many possible approaches to solving this problem, such as increasing the channel

width to allow for more frequency shift, But, considering only those options which invelve

the mobile transmitting platform, the range of possibilities becomes limited. GSome possible

approaches are:

(a) Synthesize the transmit frequency from a stable source relayed via the satellite fram the
ground,

(b) Provide m ground command capability to allow remote frequency adjustment in flight,

(e) Occasionally adjust the frequency using test equipment by taking the aystem out of ser=
vice on the ground,

(d) Provide a sufficiently stable transmitter such that frequency shifts other than the re-
sult of doppler are inesignificant,

(e) Determine the effect of doppler and mdjust the transmit frequency sccordingly.

(f) Bome combination of the above,

Upon examination, each of these techniques has its disadvantages., (a) and (b) require the

presence of a receiver as part of the system, (a) would further require the result of [e)

to avoid doppler affecting the steble source from the satellite. (d) would be a preferable

method if it could be done cost @'fectively, If a receiver is included its cost could be

traded against that of a stable transmitter,

It would be desirable to have a transmitter whose output frequency stability with respect to
all influences was not worse than 1x10°7 parts per year. This msy not be too difficult to
reach if advantage is taken of the nctual environment which the oscillator sees, First, the
intermittent characteristics of the power source indicates that an ovenized oscillator opera-
ting at 80° C i{s not desirable, This would cause daily thermal cycles of the order of

&60°9 C, Becondly, the actual operating environment is not likely to exceed approximately
20° C for any period of time and be more likely to fall below., Therefore, a temperature com=
pensated crystal oscillator operating within an oven whose operating temperature is 25° C
would result in better long term stability, The oven would still operate only intermittently
but, most importantly, it would maintain the oscillator temperature in flight where the en~
vironment is golng to be less than 20° C,

Timing Sources

Early in the development of the ASDAR system, a receiver was included to allow the use of
satellite time for controlling data acquisition and transmission periods, After demonstrat-
ing its successful performance during the first six months after flight certification in
Pebruary, 1977, it was learned that coded timing was only going to be provided on the US
GOES, not the European or Japanese ones, Without's a consistent, world-wide timing source,
the receiver for timing purposes became of limited value, Thus, after six mos of success=-
ful performance, the decision was made to replace the receiver with a presettable clock with
backup battery, The operational philosophy to be followed was one of providing sufficient
battery capacity to allow setti..z the clock prior to shipment to an airline and battery re-
charging from the alrcraft power.

The clock subsystem was developed and certified by the FAA for inclusion in the ASDAR system
on December 13, 1977. The concept has been shown to be operationally feasible and, althoush
presently allowing a 2 min period per transmission, appears to be capable of sufficient
stability to allow for one min transmission periods. These assumptions are based on reset-
ting the clock after one year's operation,

After almost a year's experience using the clock in the ASDAR system, there is some concern
that this concept carried into an operational ASDAR system involving hundreds of units in the
field could prove awkward and logistica'ly undesirable., Specific locations would have to be
provided with time-setting equipment, Spare, back-up, systems could not be stored in a
ready-to-install condition without periodically epplying power to recharge the clock battery.

To overcome these, and possible other specific objectioas, a variation to the clock concept
is being considered for operational systems, post FGGE, i.,e. after 1970, This redesigned
system would include both a receiver and a battery powered clock. In concept, the receiver
would automatically set the clock and enable the system to operate when the sircraft is with-
in view of the two GOES satellites, approximately two-thirds of the globe, The battery
capacity would be sufficlent to sustain clock operation for periods up to 5 days without
aircraft power, This should be enough to allow for normal maintenance periods and weekend
layovers, Should the clock stop operating in an area out of sight of a GOES satellite, most
airline routes should bring it back in view within a week.

Should an operational ASDAR system come about, an improved timing system as described here
should be considered. 4 factor in determining the nature and accuracy of the system timing
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ia the channel packing density desired to support the number of ASDAR equipped sircraft like-
ly to be flying in the 1980's,

PERFORMANCE

Apart from periods of time where the ASDAR system was being redeclgned or recertified, the
performance since ¥ebruary, 1977, has been exceptiowsl for a prototype system in an experis
mental program, ASDAR is a joint project between NASA and NOAA to provide airborne weather
data collection platiorms for the FUGE experiment beglnning in December, 1978, 8ince NASA's
responsibility 1s li~ited to the design, development, installation, and operatiocn of the
ABDAR system as a 4Aet. collection and treusmission system, its performance will be addressed
principally in this context and not with reapect to the quality and value of the data, It ‘s
obvious from the preceding pavagraphs that sor- odifications and improvements have already
beer made to the ASDAR system, Early in the project numerous changes were made to either
correct errors in understanding the formats of the data from the sircraft equipment or modify
the processing format of the data collected, These changes were made much easier due to the
microprocessor in the DACU, In the last year and a half, modifications wore made to accommo=
date factors apart from the ASDAR system, such as the lack of satellite t!me or to improve
operational reliablility,

The ASDAR reliably and coasistently scquires the aircraft data, Data transmissions are con-
sistently good and free of errors within the footprint of the satellite, which is really
horizon-to=horizon, Figure 2 shows data from an aircraft carrying an ASDAR system over o
three month period, Many of the flights overlap in thelr tracks, As can be seen, data
coverage sometimes exceeds the horizon,

Beginning in December, 1978, there will be 17 ASDAR systems flying on numerous international
airlines. Having completed their prime objective by the end of 1979, it is anticipated thet
these 17 systems will continue to be flown and will make up the beginning of an operational
ASDAR flect. As explained earlier, much has been learned during the development of the ASDAR
system, As a resu't, it has been concluded that an ABDAR system, to be successful in an
operational environment, must be repackaged and somewhat modified in deslan if it is to be
cost effective to purchase, operate, and maintain,

To date, all indications from NOAA are that ASDAR is a valuable addition to their array of
weather data collection sources., The data is sufficiently accurate when compared with other
sources of data, that it is among the highest weighted data in their weather duta base,

CONCLUDING REMARKS

In the conduct of the joint NASA/NOAA project to collect upper atmosphere meteorological data
an airborne data collection and transmission platform has been successTully develrped and has
performed well as one element of a complex system consisting of a fleet of commercial air-
craft, the ASDAR system, the GOES satellite family, the NESS, and the NMMC. The contribution
of KA A to this project has combined the modern technologies of avionics, microprocessors,
antennas and satellite communications for an effective addition to the techniques used in
monitoring global weather, Having demonstrated the feasibility of this technique it is
anticipated that ASDAR will grow inco a world-wide operational system,
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Figure 2, - Electronics unit, antenna, and power
supply.
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Figure 6. - ASDAR DTS electronics unit model 638000-2.
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Figure 8, - Transmitter,



540

S60

DRIGINAL PAGK I8

-

E140 E160 180W160 W140 W120 W100 wao W60 Wao w20 0

-F""'"I'\

-

i o, prdr '-’"’”\“}“ L 1
s,..' A48 .‘
BT
s

Figure 9. - ASDAR data record points with contours of constant elevation to the receive
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