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PREFACE
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1.0 1InTRODUCTION

Aeronautical satellite systems are being considered for air
traffic control of transoceanic aircraft, In the second half of
this decade, satellite ATC systems May replace the present outmoded

nication with pPosition reporting for dependent surveillance. 1Ip

improving safety for the expected traffic volume. The following
functional requirements for AEROSAT (in order of priority) are:

(1) voice and data communication including dependent surveillance
by position reporting; (2) independent surveillance by ground sta-
tions. A System concept for AEROSAT has been proposed but will
undergo further definition as development progresses, Consequently,
subsystenm specifications (i.e., for the satellite; avionics, and
ground facilities) have not been finalized since details of this
kind are éxpected to be iterated with system design and implementa-
tion. Care must be taken, therefore, to cdordinate system/sub-
System definition to achieve an optimal system. System concept
selection, subsystem specification, and engineering development

are by necessity being done in parallel.

The development phases of the AEROSAT program will be jinj-
tiated with an Experimentation and Evaluation (E&E) Phase followed
by various Operational phases. It is intended that most of the
Experimentation and Evaluation hardware be the forerunner of opera-
tional system hardware. This approach has been Stimulated by an

eagerness to get an operational system on the air as soon as pos-
sible.

In the following sections, signal design issues for AEROSAT
are discussed. Ip the course of this discussion, the impact of
the signal design task on ground control angd accessing; and, its
interfaces in general with other tasks and AEROSAT System integra-
tion will be clarified.



The work effort on this task can be divided into three prin-
cipal areas: (1) recommendation of data communications and sur-
veillance modems for AEROSAT Experimental avionics and preparation
of the relevant portions of the AEROSAT avionics specification;
(2) planning and initiation of a technical support effort in
AEROSAT modem design and evaluation; (3) quantification of the im-
pact of the signal design task on AEROSAT access control concepts.

Candidate modems are recommended and specifications prepared
in the support of L-Band avionics developments. For data commu-
nication, incoherent binary FSK is the recommended choice over
others such as CPSK and DPSK. The analysis described in this re-
port demonstrates the marginal performance of DPSK over the AEROSAT
channel. The surveillance modem is less rigidly defined although
tone ranging is recommended in a 50 KHz bandwidth with specified
acquisition times and ambiguity resolution. However, since exten-
sive surveillance experiments are planned, waveform design, band-
width and modulation are still open issues. The details of the
rationale used for modem recommendation are included in this report.

Considerable effort has been devoted to planning a technical
support role for continuing AEROSAT avionics development and ex-
perimental evaluation in the laboratory and in the field. Of pri-
mary interest is channel characterization and modeling of the AEROSAT
aircraft to satellite link. The results of these studies will be
important in evaluating recommended avionics designs especially
those developed during the initial phase of the AEROSAT avionics
hardware development. The channel characterization studies will
also be of extreme value during laboratory channel simulation and
field tests leading to signal design recommendations for AEROSAT
as well as for future CONUS Satellite ATC R§D efforts.

In recommending data and surveillance modems it became neces-
sary to specify the avionics as an integrated system package. A
modular description of the avionics system was prepared and a gen-
eral access control interface defined.

A baseline operational concept was defined to aid in avionics
specification as well as to help define operational system tests.



A fundamental issue is the flexibility required in the avionics

to support access during the EGE Phase. More specifically, the

requirement for multiple simultaneous channels on receive versus a
single channel has been established.

In the next section, a description of a baseline AEROSAT sys-
tem is presented.



2,0 A BASELINE AEROSAT SYSTEM

AEROSAT development efforts must be as flexible as possible
to allow for changes in system configurations and for a wide range
of system tests. However for signal design purposes some assump -
tions must be made regarding the system configurations. One pos -
sible AEROSAT baseline system concept postulates a polled data
link, computer scheduled communication (data/voice) channels, an
emergency channel, and an experimental channel for independent
surveillance. The system data flow is shown in Figure 1.

The Aeronautical Satellite Control Center/Aeronautical

Satellite Earth Terminal (ASCC/ASET) interface provides for the
control of the transfer of information between ground and air,
The system control concept including supervision, scheduling, in-
terrogation and information collection and distribution for sur-
veillance and communications is exercised from the ASCC. The
ATC/ASCC interface is interpreted in the concept description as
generating requirements (with their associated priorities) for
surveillance data and communication access to airborne units.

Necessary to the definition of the ASCC/ASET structures is
the determination of the class of operational/access control stra-
tegies which the avionics (and, of course,.the rest of the AEROSAT
System) should support for experimental/operational tests. The
following sections will describe the proposed system in terms of
its ATC operational requirements. Finally, the interrelationship
between the system elements and interfaces will be described in
terms of the operational control concept.

2.1 SYSTEM ENTRY AND EGRESS

There are two ways to enter and leave the system: scheduled
and unscheduled.

A. Scheduled

1. Flight plan filed with Oceanic ATC
‘Placed in pre-flight queue and assigned ID code
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Figure 1. Candidate AEROSAT Operational Concept an



for polled data link. At flight time, placed in

track table at ASCC with any initial State para-

meters available. After initiaj acquisition cop-
Pleted, verification Provided to ATC

Z. Hand-off between CONUS ATC and Oceanic ATC CONUS
flight plan information and track table entry trans-
ferred to Oceanic ATC, Placed in ASCC's track
table with Present state vector (e.g., flight, 1D
code, present position, time, etc.). Aircraft is
acquired and verified as ip la, During egress
(Oceanic to CONUS ATC), Asce track table entry is
transferred to CONUS ATC along with any additional
flight information required,

B. Unscheduled

1. Pop-ups (i.e., unidentified flights which have
somehow gained entry into the controlled airspace,

a. Entry Initiated by Aircraft
Aircraft calis ground on voice 1ink using com-
munication‘accessing Procedures (See Section
2.2 following), Gives identity angd navigated
position and in turn is assigned ID polling
code. Verification is received via the polled
data link.

b. Entry Initiated via Ground Control
Ground uses universal addressed polling mode
with tracked aircraft Suppressed. Aircraft
transponds untracked mode message containing
identity and navigated Position, Assigned
polling code via data link or voice.

2.2 SYSTEM COMMUNICATION ACCESSING

As can be seen from Figure 1, the data fiow between ground
and air is accomplished using a poliled data link, computer Sche-
duled communication (data/voice) channels, an emergency channel,

LT



and an experimental channel for independent surveillance. All
data exchange 1is accomplished under a priority scheduling structure.

A. Uplink

1. Data
Adaptivity polled (discretely addressed) data 1link
scheduled under ground control.

a. Polled surveillance data derived from aircraft's
navigated position (e.g., INS, Loran C, Omega)
data linked to ground with an update rate of
~ 1 min. Update rate is under ground control
and variable for each flight.

b. Command data transmitted to specific aircraft
as necessary (with return verification depending
on message)

¢. Common data transmitted to all aircraft via uni-

versally addressed poll (e.g.» weather advisories,
etc.)

d. Canned messages and segmented long data strings
(e.g., teletype) transmitted to specific air-
craft as required.

e. Voice/Data channels assigned via data link as
required.

2. Voice
Voice channels assigned based on priority.

a. Channel assignments data linked to aircraft.
Aircraft receiver and transmitter are manually
or automatically tuned to proper frequencies.

b. 1In case of emergency, emergency channel used.
If loaded, the entire system communication capa-
city is rescheduled by the ground to accommodate
emergency priority.



Downlink
1 Data
a. Ground initiated downlink Via polled data link

b. Request data channe] (with Priority) via polled
data link if Trequired reaction time is Breater
than 1 minute,

€. If reaction time less than 1 minute jis required,
channel may be requested using access Procedures
described under downlink Voice, b

2. Voice

a. Ground initiated downlink channe] assigned for
reply to ground voice message.

b. User initiated channel requests based op

priority,

1. Low Priority (Reaction time greater than
1 minute)
Channel Téquests are made via polled datga
link and placed by ground control in
scheduled queue; aircraft may assign Priority
which increases as a function of time.

2. High Priority (Reaction time less than 1
minute)
Aircraft listens (manually or automatically)
for voice channel availability; if no busy
signal heard, a channel Téquest tone is
transmitted, If No ground generated busy
tone heard ip reply, aircraft takes channe].

3. Emergency
Use emergency voice channel. 1f loaded,
transmit eémergency tone on all channels,

1



2.3

2.4 SYS

ures.

SYSTEM SURVEILLANCE

Surveillance information is provided in two ways:

A.

Navigated position information is data linked to ground
from the aircraft via polled data 1ink (See Section 2.2).
Data is processed and used to update track table at the
ASCC.

Independent surveillance 1is provided by polled 1link
similar to the data 1ink described in Section 2.2 but
with increased range resolution using an experimental
channel. Excess capacity on this 1ink can be utilized
to increase communication capacity of the system. Air-
craft position is computed using point and tracking
algorithms at ASCC and used to update track table.

TEM CALIBRATION, CHECKOUT, AND FAULT DETECTION

This section describes procedures for dynamic/real time
operational system verification and isolation of subsystem fail-

A.

User Initiated

1. Uplink Tests
Via data link or voice (depending on priority),
aircraft requests transmission of test signals,
messages, etc. Receipt of transmitted signals
is used to verify uplink performance.

2. Downlink Test
A user requests channel slots on downlink and
transmits prescribed test signals, messages, etc.
Acknowledgement of observed downlink performance
is provided by the ground.

3., Other Tests
Other tests include transmission of signals by
ground which allows aircraft subsystem test (e.g.,

antenna, reciever, etc.) and verification of per-
formance.



Ground Initiagted

as well as overal]l System performance. This includes
pbrocedures for periodic check out of the Satellite
Supported by information from SCC. To a large degree,
fault detection is implicit in ground interrogation
and scheduling Strategies, 1Ip all these tests, ground
calibration stations (i.e., transponders on the ground
at fixed geodetic pPoints) can be utilized to verify
link parameters as well as surveillance subsystem per-
formance,

2.5 SYSTEM FAILURE MODES

Presented.

-A.

Airborne Detected

predetermined time period, it reverts to an untracked
mode. Aircraft calls on voice link with Priority

isolation procedures of Section 2.4, Meanwhile, ajir-
craft transmits position information using alternate
voice/data channel assigned by ground. If all AEROSAT

10
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C. Air Traffic Control Center (ATCOC)

Performs ATC functions: Téquests appropriate ground-
to-air Ccommunication, surveillance information and
Passes these requests tg ASCC for scheduling and System
control; in general, monitors a1l equipped aircraft with-

as necessary,

2.6.1 Man/Machine Interfaces

Using the baseline Ooperational concept definition, this
section establishes Operational procedures for the controller
and pilot systenm interfaces. Effort has been made to keep the
ASCC/ASET transparent to controller and pilot. Examples of the
operational procedures Presented here are Summarized in Table 1,

functions,

12
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TABLE 1. ATC OPERATIONAL PROCEDURES FOR MAN/MACHINE INTERFACE
PROCEDURAL
CLASS CONTROLLER PILOT
System Entry Scheduled Entry - Controller notified Scheduled Entry - Files flight
and Egress of flight entry request and flight in- plan and assigned ID code.
formation displayed to him, Acquisi-
tion verification exchange between Scheduled Handoff - Receive
controller/systen. Knowledge of changes in ground
. control.
Scheduled Handoff - Similar to entry.
Unscheduled Entry - Ground con-
Unscheduled Entry - Enters into system troller called by voice and
ldentity and nNavigated position pro- given identity and navigated
vided by pilot via voice. 1ID cards position. Assigned ID code and
displayed to controller and transmitted reciever acquisition verifica-
to pilot Verification via pollin tion from avionics,
link and visual track on display.
System Controller Presented with g continually Low Priority - pick up mike (or
Communication updated situation display with track flick Switch); initiates channel
Accessing and status of all controlled aircraft, Tequest on polled data link.

All communication op priority scheduled
basis., ATC functions which require
controller/pilot exchanges and occur
often are implemented as function
switches. Provision exists for entry
of general data communication,

Channel requests require Priority and
destination tags. Channels may be
dialed-up or, for faster entry, light
ren destinatiop identification from
display,. -

Incoming communication from controlled
aircraft presented as flashing signa-
tures on display,

Messages may be placed in data
buffer for transmission on data
link when aircraft is next in-
terrogated. Up and down 1ink
channel assignments automatically

switched in,

High Priority - Avionics automati-
cally scans channels, sends a re-
quest tone, and listens for busy
signal; if none, switches down link
to this channel. piilot initiated
by switch with notification by
buzzer/1it,

Emergency - Pilot presses red
button on mike or control panel.
Plink assignments are automatic
with light/buzzer notification.
Function keys, a general data

éntry device and 2 simple display
provides for dats entry and display,




4

A.

System Entry and Egress

1.

Scheduled Entry

Prior to system acquisition, specific oceanic con-
troller is notified of impending flight entry into
system and relevant flight information displayed

to him. Controller has the option of looking at
complete pre-flight queue at any time. Acquisition
indicated under system control. Verification of
acquisition provided to controller (e.g., flashing
signature on display, etc.)

Scheduled Hand-offs

As in System Entry and Egress, specific oceanic
controller notified of CONUS to oceanic transfer
request. System automatically receives flight plan
jnformation and track table entry from CONUS and
acquire aircraft. Acquisition verification provided
to oceanic controller and to CONUS ATC. Similar
procedures for hand-offs to CONUS.

Unscheduled Entry

a. Aircraft Initiated
Controller called by pilot on voice link. Con-
troller enters into system identity and navigated
position provided by pilot. System assigns ID
polling code by displaying it to controller who
in turn transmits it to pilot. Correct receipt
verified via polled data link using assigned ID
code; displayed to controller visually as acquired
track on display.

b. Ground Initiated

System automatically interrogates periodically
for untracked aircraft. These aircraft trans-
pond with untracked message format (see Section
2.1). System assigns polling code and notifies
controller by display. Verification as before.

14

(24



System Communication Accessing

troller communicates with airborne units on g Priority
basis as described in Section 2,2, For simplicity this
Priority Structure has beep made implicit in controller
accessing procedures, For e€xXample, ga variety of ATC
functions can be listed requiring controller/pilot
exchanges. The most common of these can be incorporated

dled automatically by the System. There will also be pro-
vision for entry of more general requests (e.g., keyboard

a priority (maybe implicitly) and a destination. The
channel may be dialed up like a telephone or using key-
board entry of the ID code; both of these methods imply
fairly 1ow priority due to Slow entry. Faster entry can
be accomplished for example by 1light pen identification
of destination on the tracked aircraft display.

Actual assignment of specific channels and line Switching

is performed by ASCC (Section 2.6.2)., Messages trans-
mitted to controller via ASCC are recognized by flashing
signatures, lights, buzzers, etc., and displayed as required,

System Surveillance

Minimal controller interaction. Controller may request
aircraft position verification, surveillance update rate
increase or display of aircraft location,

System Calibration, Check out and Fault Detection



Also, controller may request calibration and check out
tests; receives verification on their completion. Con-
troller notified of detected system faults. General
system log prepared listing all tests and their status;
hard copy output generated.

E. Failure Modes

Controller notified of subsystem failure by pilot (e.g.,
avionics failure) or by ground system fault detection
techniques. Procedures described in Section 2.5 with
appropriate accessing described in Section 2.3 and in
System Communication Accessing, B.

2.6.1.2 Pilot Procedures - Emphasis is once again to keep pilot

interaction simple and free from housekeeping.
A. System Entry and Egress

1. Scheduled Entry
Files flight plan and is assigned ID code.

2. Scheduled Handoff
Pilot receives knowledge of changes in ground
control (e.g., Oceanic to CONUS interchange).

3. Unscheduled Entry
pilot calls ground controller on voice link (see
accessing) giving jdentity and navigated position.
Aircraft assigned ID code. Pilot receiver verifi-
cation of polled interrogations (untracked mode
1ight goes off).

B. System Communication Accessing

As in controlled procedures, priorities are implied by
pilot procedure:

1. Low Priority
Pilot picks up mike (or flicks switch) and thereby
initiates channel request on polled data 1ink.
Low priority messages may be placed in data buffer

16



to be sent on polled data 1ink whenever aircraft is
interrogated. Up and downlink channel assignments

are automatically switched in.

2. High Priority
Avionics automatically scans channels, sends a
request tone, and listens for busy signal; if
none, switches downlink to this channel. Pilot
initiated by switch with notification by buzzer/
light.

3. Emergency
Pilot presses red button on mike or control panel.
Uplink assignments are automatic with light or
buzzer notification. Function keys, a general data
entry device and simple display are available for
pilot data entry and reception.

System Surveillance
No pilot intervention except upon subsystem failure.
System Ccalibration, Check Out, and Fault Detection

Pilot requests with the press of a button or via voice,
the transmisstion of test signals for uplink check.
Pilot presses calibrate mode; channel automatically re-
quested, test signals sent and verification received
automatically. Fault detection circuitry notifies
pilot of avionics malfunction. In addition to these
tests, there is automatic system testing periodically
undertaken without pilot in loop. He is notified imme-
diately of any detected subsystem failures.

System Failure Modes

Automated system procedures are described in Section
2.5. Pilot notified of untracked mode by light or
buzzer. Pilot calls ground controller via voice channel.
1f possible, aircraft transmits position and identity
information using alternate channel assigned by ground.

17



If avionics failure, pilot tries to access Bround via
backup 1inks while maintaining emergency flight plan,

The ASCC houses the operational control system configuration.
Paragraph 2 of Section 2.6 Specifies the System control functions
which must be performed. The burpose of this section is to Present
a skeleton description of the controil system configuration, This
will be helpful in providing a better understanding of the baseline
operational ATC System concept and it will allow some pPreliminary
equipment sizing to be done,

Figure 2 contains a-block diagram of the ground control Sys-
tem configuration. The system work load is divided into a set of
tasks. Control is handled by the System monitor which supervises
the execution of the individual tasks; tasks are serviced based on
a priority interrupt Structure. These tasks include: 1) message
routing; 2) interrogator scheduling, (polling); 3) surveillance
computations; 4) systenm calibration and fault detection; 5) failure
modes. As can be seen from the diagram, the message routing task
pPlays a central role in data interchange. The aircraft track and
status table provides 3 centralized data base containing the
"state'" of the airspace. It is continually being updated and
scanned for information (e.g., priority requests, polling string,
update of airspace "'state" for ATCC, etc.)

In Figures 3 and 4 representative examples of pilot and
controller I/0 are pPresented. The controller I/0 configuration

as defining these interfaces.

As can be seen from Figure 2, there will be a message routing,
storage, and switching function which will be performed by the
ASCC. This function is the principal controlling element in the
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manufacturers and

be Neécessary. The other
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3.0 AEROSAT AVIONICs

In this Sectionp AEROSAT
datlons Will pe discussed.

L-Band integrated Multi-channel transceiver including modems andg
access contrgl logic, a control bPanel, ang pre-amplifier/power
amplifier/antenna assembly, Figure 5 Presents g component block
diagram of d proposed avionics package. A modular design is re-
Commended to facilitate technological developments eéspecially inm-
proved Prototype modems. A more detailed description of the pack-
age is presented in the following paragraphs.

As can be seen from Figure 5, the avionics package has been
divided into four basic building blocks or modules: 1) wideband
RF transmitter and receiver; 2) IF variable band-pass section;

5) modems; 4) interfaces, control logic, and control PEAE

Module (1) is composed of a wideband 15 MHz RF receiver

he maximum number
i¢h high dynamic range (dependent on the
; Wl -
front-end

-end) and a
hannels at the front-end)
jved cha

¢ active rece tter. [ Emeaubes
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Figure 5. A Proposed AEROSAT L-Band
Transceiver
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