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UNIVERSAL AIR-GROUND DATA LINK SYSTEM

THOMAS WILLIAMSON
Federal Aviation Administration

Summary.   With the implementation of a nationwide Air Traffic Control (ATC)
automation system nearly completed the Department of Transportation/Federal Aviation
Administration is devoting considerable attention to the integration of a data link capability
into the system. This paper presents a description of the universal data link system and
details of the system’s characteristics. A possible configuration of the data link system
with the ATC automation system is also presented.

Introduction.   The capabilities of the universal air-ground data link for automated ATC
communications is being examined as part of the, Department of Transportation/Federal
Aviation Administration overall effort to explore and develop means to meet the future
needs for increased National Airspace System capacity and operational flexibility. The
investigation of the universal air-ground data link system for ATC communications is
based on the “Universal Air-Ground Digital Communications System Standards” as
defined by the Radio Technical Commission for Aeronautics (RTCA) in Document
DO-136 of 7 March 1968. The objective of DO-136 was the development of technical
standards which will provide a common source from which specifications for a family of
systems with varying levels of functional capability, can be drawn with a guarantee of
inter-system compatibility and inter-operation across a broad and diverse spectrum of user
needs. The basic objective of the standards is to reduce the communications workload on
the pilot and controller while at the same time providing the capacity and capability to
serve the communications requirements of large numbers of aircraft on the same radio
channel. This objective will be achieved by automating the communications function,
thereby reducing the need for oral communications. The most important feature of the
universal air-ground data link system is the use of control procedures that do not restrict
the systems operation to any transmission path, modulation technique, link discipline or
frequency spectrum employed for message transfer. Although the system design is based
upon the RTCA Standards contained in Document DO-136, exceptions were made or
alternative techniques were adopted to optimize the design for automatic ATC
communications. In keeping with the intent of document DO-136, the system, as
described, will provide efficient, flexible, and reliable communications to the airlines for
company purposes in addition to serving the ATC communications requirements.



System Characteristics.   The universal data link system is designed as a disciplined
system under the control of a ground processor. An aircraft is permitted to transmit only
upon receipt of a transmission addressed to it. During routine operation the ground station
sequentially polls all aircraft whose address appears in its polling list. The polling message
may contain textual information, or it may be sent with no text in order to maintain
communications integrity. The normal polling interval between successive polls to the
same aircraft is 30 seconds for routine or no text messages, for urgent messages a
minimum of two seconds between polls to the same aircraft has been selected. Network
control features include such items as automatic channel assignment, automatic alerting of
communications failures and entry and exit procedures.

Each data link transmission contains a fixed length preamble that consists of
synchronization characters, mode character, address, technical acknowledgement, label
characters, and block check sequence. The message is composed of characters coded in
conformance with the International Standards Organization (ISO) Alphabet No. 5 (ANSI
7-level ASCII Code). The seven bits in each character are transmitted serially, with the
least significant bit transmitted first, followed by a parity bit to provide odd character
parity. The parity check is not used for error detection on the air-ground link since the
BCS at the end of message provides a much more powerful method of error detection. The
following format is used for both air-to-ground and ground-to-air messages.

Message Format

Pre-Key all one’s
Bit Sync +
Bit Sync *
Character Sync SYN
Character Sync SYN
Start of Header SOH
Mode 1 Character
Address 7 Characters
Label 2 Characters
Start of Text STX
Text 220 Characters maximum
End of Text ETX
Block Check Sequence 16 Bits

The “Pre -Key” is used in radio environments in which its transmission is necessary, it
consists of all binary one’s with all parity rules waived. In the aeronautical VHF radio
environment, bit ambiguity, receiver AGC settling and transmitter output power
stabilization is achieved during the Pre-Key transmission. Synchronization consists of both



bit and character synchronization. Bit synchronization is accompolished by the characters
+ and *, while character synchronization is achieved using the two SYN characters. The
start of header character, in addition to indicating the start of message heading, is utilized
by the system to initiate the Block Check Sequence calculation but it is not included in the
characters on which the check is based. The mode character functions as a link
configurator, it makes those elections which must be made prior to communicating with an
airborne terminal or a ground processor. The elections provided for in the universal data
link system include message priority and message text handling. The seven characters for
address or aircraft identification are included in all transmissions. In ground-to-air
messages the address identifies the recipient of the message while in an air-to-ground
transmission the address identifies the originator of the message. In those cases where a
single system serves more than one text recipient, automatic message distribution is
provided for in the ground system based on the label characters contained in the message
preamble. The function of the label are as follows: (1) identification of the type of message
being transmitted, (2) internal routing of the message to the appropriate display device
within the aircraft, (3)request of automatic readout of data from airborne systems by the
ground processor, (4) identification of the airborne device generating an air-to-ground
message, and (5) communications management functions not provided for by the other
control characters. In messages containing no textual information the end of preamble is
indicated by the control character “ETX”. The control character “STX” indicates the end
of preamble in messages containing text. When text is present in a message it is
transmitted in blocks of not more than 220 characters. The system is capable of
transmitting both code independent and ISO Alphabet No. 5 in the text. When code
independent data is transmitted in the text the information is coded into eight (8) bit bytes
with all parity rules waived except on the first eight bit byte which contains the binary
count of the number of bytes to follow. The end of text in all messages is indicated by the
control character “ETX”. The Block Check Sequence checks all characters from the mode
character through the ETX character. It utilizes a cyclic code that allows the message to be
code independent and still provides error detection by the BCS. This method of error
detection does not require the use of the parity bits associated with each character.
Character parity checking may or may not be performed at the option of the receiving
station. Each message contains an “ACK” character or a “NAK” character for technical
acknowledgement immediately following the address. The criteria for generating an ACK
or NAK are as follows: ACK-recognized address, and good BCS, NAK-recognized
address, and bad BCS. If the terminal does not recognized the address the message is
ignored. Under normal operation, the receiving station will transmit, on the next message
that it sends, an ACK or NAK to the previous message. This method requires that the
aircraft wait for one polling interval, normally 30 seconds, before it receives a technical
acknowledgement to its previously transmitted message. The ground station receives its
technical acknowledgement from the aircraft in less than one second. Receipt of a NAK
results in the retransmission of the missed message. The receipt of successive NAKs



results in successive retransmission of the missed message until the communications alert
criteria is met, at which time an operator is alerted.

The data rate selected for normal system operation is 2400 bits per second in the
aeronautical VHF band. The system design is such that a higher data rate is not precluded
in the present air-ground environment. It is anticipated that the pre-operational equipment
will have the capability to operate at both 2400 and 4800 bits per second .

System Configuration.   A final system design does not currently exist for an ATC
universal data link. However, based on projected requirements a proposed system
configuration currently under study is presented. The proposed system uses a dedicated
control processor at each Air Route Traffic Control Center (ARTCC) to perform
supervisory, processing, management, and control functions required for the automated
operation of the data link. This processor will interface with NAS Stage A computer,
located at each ARTCC, and with the automated terminal computers within the ARTCC
jurisdiction. The processor will receive messages for transmission and other information
required for supervisory control. The control processor will communicate with equipped
aircraft via existing ground facilities (land-lines and remote VHF receivers and
transmitters). The ground system will operate at the same data rate as the air-ground link.

Operational Concept.   All date link messages, except technical acknowledgments and
retransmissions for error correction, will be initiated in the NAS Stage A or Terminal
Computers either automatically or at the request/direction of a controller or pilot. These
messages will be sent to the data link control processor via a dedicated channel. The data
link control processor will code convert, format, address, and transmit the messages via
the appropriate channel and remote transmitters.

The data link control processor will maintain three message queues in order of message
priority; one for time critical messages; one for other information messages; and one for
aircraft polling. All messages in the higher order queues have precedence over the lower
order queues. The polling queue is essentially a thirty-second queue, dynamically ordered
as a function of the addresses of the messages in the other two queues. Each time a
message is transmitted to an aircraft from one of the two higher precedence queues, that
aircraft is positioned at the end of the polling queue. Anytime an aircraft is addressed by a
message or a poll, it may respond with a message or its normal technical acknowledgment
reply.

The control processor will control transmission timing on the link which will normally be
geared to the short fixed length tactical messages. Longer messages may require a dynamic
time allocation by the control processor.



Each information or request message will be technically acknowledged by the addressee
after error checking by the addressee. Error correction will be accomplished by
retransmission of the entire message. Technical acknolwdments may be accompanied by
an information or request message.

For all messages requiring pilot acknolwedgment, the control processor, by weighting the
polling queue, will poll the addressed aircraft at five second intervals until such
acknowledgment is received. If acknowledgment is not received within a predetermined
interval, the control processor will alert the controller via the appropriate ATC computer.

Conclusion.   A description of the universal datalink system has been presented along with
a description of a possible interface with the ATC automation system. Although the data
link system description is oriented in terms d ATC, it is also capable of meeting company
and military communications requirements. Because of the high speed of transmission and
the automation which this capability makes possible, the universal data link can be of
considerable importance in advancing the safety and efficiency of air transportation. The
Federal Aviation Administration, the airlines and several equipment manufacturers have
active data link programs. These efforts will insure that a data link capability will soon be
ready for incorporation into the ATC environment.


