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ADVANCED RANGE DATA LINK

Dana W. Zimmerli Steve Elston
Magnavox Advanced Products and Systems Company BDM Corporation
2829 Maricopa Street 8200 MoPac Expressway
Torrance, CA 90503 Austin, Texas 78759

ABSTRACT

This paper describes the design and performance of a flexible data link system for test and
training range communications. To support a wide variety of range applications, this data
link provides variable length messages, participant store-and-forward relays, remote data
stations, three modes of operation - TDMA, polled, and carrier sense, and a transmit-
receive range of more than 80 miles. The data link is adaptable to different message rates
and sizes to support different types of missions. For example, a high dynamics aircraft
mission can be supported by two-way 400 bit messages from 25 aircraft 10 times per
second; a tactical armor mission can be supported by two-way 200 bit messages from 500
participants once per second. The data link is designed with packet radio and pseudonoise
spread spectrum techniques to combat common range communication problems such as
multipath fading, host vehicle obscuration, coexistence, interference, and vehicle
dynamics. Data link performance is presented to show the flexibility and adaptability to
various range communication requirements.

INTRODUCTION

Advanced range data link applications require efficient data transfer from the user/vehicle
under test to the range control center for processing. Efficient transfer to TSPI data
requires acceptance of various data message lengths by the data link system and
transmission of the data over large distances. A key issue is the acceptance of data from
multiple participants undergoing variable dynamics over a maximum range of 100 nautical
miles. Additional coverage up to 400 nautical miles is provided by relay capabilities built
into the data link system. Figure 1 provides the basic requirements for an advanced data
link system for test and training range applications. The basic criterion used to evaluate the
data link ability in meeting the above range requirements deals with the concept of
transparency. Transparency guarantees that the data link system will be transparent to the
participant and the range control center. The basic parameters that govern transparency are
given in Figure 2. A high degree of transparency provides the basis for real-time 



performance and assessment of the participant undergoing test and also provides real-time
command and control.

DATA LINK DESIGN SUMMARY

Based on these data link design requirements, a design was created which provides
flexibility to meet the requirements of all the ranges which were considered. The range
data link system is composed of two major subsystems, a participant transceiver and a
range subsystem. It is designed to provide two-way communication between these
subsystems and to maximize the commonality. The range subsystem is further divided into
a network control segment (the Data Link Controller/Processor (DLC/P)), a Master station
directly connected to the DLC/P, and 4 to 16 Remote stations. Block diagrams of the Data
Link Transceiver (DLT), Remote/Master Station (RS,MS) and DLC/P are given in
Figure 3, Panel B. The DLC/P is a computerized system which controls the collection and
distribution of all data. It interfaces with the range command post and provides the
participant TSPI data. The DLT transmits to and receives data from the DLC/P via the RSs
and the MS. The DLT, RS, and MS all use identical transceivers. The (MS) is nearest the
DLC/P and is connected to the DLC/P via a flexible digital interface unit. The remotes are
unmanned and can be distributed throughout the range. The distribution of the remotes
(RSs) is based on maximizing both the range coverage area and the likelihood of error free
transmission between the DLTs and the DLC/P. The Data Link Subsystem (DLS) can
operate autonomously using the remotes as relays or in conjunction with the existing host
range data link (GFE Data Link) via the digital interface at the remotes. The data link can
also operate cooperatively with a similar data link system on an adjacent range via the
DLC/P’s FDIU. A complete system allocation of all data link functions is given in
Figure 3.

DATA LINK TRANSCEIVER DESIGN

The design of the data link transceiver is based on a redesign of the MAFIS data link to
meet the requirements of the range systems under consideration. Foremost in these
requirements was the need to repackage the data link into a form which would fit inside an
AIM-9 missile pod. This packaging design was used to partition the data link into six
unique modules.

The data link transceiver design is the basis for two-way communication between ground
stations (remotes and master) and the participants. The transceivers used by the ground
station and the participant are functionally the same. The design features of the transceiver
are shown in table 1. The transceiver transmits a burst of data in four different transmission
modes (table 1, sheet 1 of 2) selected by software in the transceiver processor. Software
selected relay capability is provided between transceivers for extended coverage. MSK



narrowband modulation concentrates the transmission energy in the MSK main lobe
waveform and suppresses the side lobes, minimizing RF interference into the other bands.
Narrowband MSK modulation is offered in the 240 to 290-MHz and 340 to 390-MHz
bands. PN spread spectrum operation (at 340 to 390 MHz) provides anti-jamming
capability and multipath suppression for delay times of greater than one chip time.
Transmission frequency selection is in 1-MHz steps; the baseline configuration operates at
220 to 225 MHz and at 340 to 390 MHz. It may be modified to operate in the L-band
frequency region by replacement of the power supply, transmitter, frequency synthesizer,
and receiver sections. Modular replacements provide the ability to operate in other bands,
however, operation in the 1435 to 1530-MHz band would interfere with the L1 frequency
used by the GPS receivers. The data link receiver also provides signal rejection capability
outside the transmitter bandwidth. All software selections can be via the interface with the
GPS receiver, predetermined before the mission, or dynamically selected by the control
center.

The data link transceiver modem is an MSK/DPSK hybrid. Its heritage is MAFIS and it is
designed to optimize performance in multipath fading environments. It accepts 32 to 1024
bits of message plus 144 bits of header, CRC and trailer. This total message is converted
to a 400-Kbps MSK modulated waveform. The modem uses a second-order Costas loop
with a 40-kHz bandwidth to accommodate tracking errors due to high dynamics.

DATA LINK PROTOCOL

A hybrid protocol was chosen for the range DLS after an extensive trade study. Carrier
Sense Multiple Access (CSMA), Time Division Multiple Access (TDMA), and polling
protocols were all investigated, but were found too restrictive to satisfy all requirements. A
hybrid protocol that combines TDMA, polling and demand/reservation was chosen to
satisfy the requirements and to provide flexibility. This hybrid protocol allows the use of
TDMA operation when high efficiency is required, and polling operations when variable
rate sampling of the participants is required. The demand/reservation operation allows
participants to send data on a random/as-required basis. All protocol options may be
operated simultaneously to accommodate the data transmission requirements of many
participants under a wide variety of conditions. For example, a participant could send TSPI
data on a regular basis in preset TDMA time slots; the participant could also be polled for
more specialized data and the participant could also request reservation time to send data
asynchronously. This hybrid protocol will support between 1 and 2000 participants.

DATA LINK SEQUENCING

The network time structure consists of a variable length periodic time cycle (nominally set
to one second) divided into variable length time slots. The time structure of the data link



network is shown in Figure 4. Each time slot contains a message; the message structure is
also shown in Figure 4.

The time slots in the network are used to schedule the transmission of periodic TDMA
messages as well as poll and response messages if scheduled poll/response is being used.   
Each time slot is given a suitable length for messages to be transmitted and the time slots
are scheduled to allow the most efficient use of the network time possible.

The network also uses block-data messages, an advanced feature that saves network time
when store-and-forward relays are used. Several smaller messages are packed into a single
block-data message before they are sent either up-link or down-link through a store-and-
forward remote chain. The structure of block-data messages and the time savings achieved
by their use can be seen in Figure 5.

The control of the network, assignment of participants, interface with the host range, and
special moding of the data link system is controlled by the DLC/P. The design of the
DLC/P is similar to the control center for MAFIS. Special features for a particular range
would be embedded in this controller.

DATA LINK TIME SYNCHRONIZATION

A difficult problem in a TDMA network is maintaining time synchronization between all
participants. The GPS data link system uses the output of the Precise Time and Time
Interval (PTTI) function in GPS to synchronize the TDMA frame for all participants and
ground stations. The PTTI function is already an integral part of the GPS receivers used by
the participants, therefore, the addition of a low dynamics GPS receiver at the
master/remote stations is the lowest cost approach to providing time synchronization. Use
of GPS as a time standard eliminates Cesium Beam Standards which require maintenance
and frequent calibration (time set) or internal system time transfer techniques. In the
absence of GPS for PTTI, Master Station transmitted time synchronizes all remote data
link times for TDMA operation.

The PTTI function uses GPS time bias, which is routinely calculated by the navigation
processor, to maintain data link transceiver time references synchronized with the GPS
time. Use of GPS time limits the total guard time needed for conflict-free transmission to
4.4 x 10-4 seconds. Based on the 400-bit (nominal) requirement, the total slot time required
for transmission is 1.8 x 10-3 seconds, which gives a 10% transmission slot margin for all
data lengths.



DATA LINK NETWORK PERFORMANCE

The Data Link System (DLS) is capable of handling two-way communications for 400-bit
messages to and from 250 participants every one second. Each participant can be at an
unknown range up to 70 nautical miles from a ground station. The data link network
capacity for the above is 93% using a TDMA network protocol and 99.25% using a poll-
response network protocol (Figure 6 Panel B). For poll-response, the latency is less than 4
milliseconds (panel C); and, less than 2 milliseconds for TDMA. Each is dependent on the
time required to send a 400-bit message across the 70 nautical mile UHF link (Panel A).
The response times for the transceivers at the participant and master station are shown in
Figure 6, Panel C.



REQUIREMENT SPECIFICATION

• COVERAGE
• ALTITUDE
• DISTANCE

-100 TO 70,000 FT
100 FT TO 70 N MILES* FROM
TRANSCEIVER TO TRANSCEIVER

• OPERATION FREQUENCY BASED ON ECAC ALLOCATION
(ACTUAL FREQUENCIES LOOKED
AT WERE 220-225MHz, 340-390MHz,
AND 1435-1530MHz)

• INTERFERENCE NEED TO FUNCTION IN UNINTENTIONAL
RF JAMMING ENVIRONMENT

• COEXISTENCE SHOULD BE ABLE TO OPERATE
COOPERATIVELY WITH A LIKE DATA
LINK SYSTEM ON AN ADJACENT RANGE

• NUMBER OF PLAYERS 2000, MAX

• TYPE OF PLAYERS MANPACKS, TANKS, JEEPS,
HELICOPTERS, AIRCRAFT,
DRONES, MISSILES;

• DYNAMICS THAT ASSOCIATE WITH TYPE
OF PLAYER (MACH 4.5, MAX)

• MESSAGE LENGTH 32-1024, NEEDED TO ACCUMULATE
INFO FROM VARIOUS TYPES OF
PLAYERS

• CAPACITY SHOULD BE ABLE TO HANDLE
250 PLAYERS EACH TRANSMITTING
AND RECEIVING 400 BITS OF
MESSAGE IN ONE SECOND.

685-2991

Figure 1.  Advanced Range Data Link Requirements

REQUIREMENT SPECIFICATION

DEGRADATION BER#10-6 BETWEEN USER AND
RANGE CONTROL

RELIABILITY/INTEGRITY GUARANTEES BER 99% OF THE TIME

ERROR DETECTION CAPABILITY OF DETERMINING
MESSAGE ERROR

LATENCY 300 MILLISECOND, MAX
285-590

Figure 2.  Data Link Transparency Requirements



Figure 3.  Data Link Design Summary (Sheet l of 2)



Figure 3.  Data Link Design Summary (Sheet 2 of 2)



Table 1.  Data Link Transceiver Design Features (Sheet 1 of 2)



Table 1.  Data Link Transceiver Design Features (Sheet 2 of 2)



Figure 4.  Data Link Sequencing



Figure 5.  Block Data Messages



Figure 6.  Network Performance


