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ABSTRACT

This paper describes an Engineering Development Model (EDM) for the Standard
Interoperable Datalink System (SIDS). This EDM represents an attempt to design and
build a programmable system that can be used to test and evaluate various aspects of a
modern digital datalink. First, an investigation was started of commercial wireless
components and standards that could be used to construct the SIDS datalink. This
investigation lead to the construction of an engineering developmental model. This
model presently consists of  wire wrap and prototype circuits that implement many
aspects of a modern digital datalink.
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INTRODUCTION

Military test and evaluation ranges employ diverse electronic radio data
communications systems to transfer position, status, command, control and telemetry
data among test vehicles, aircraft, ground control and recording facilities. Since
communication requirements vary widely from one application to another, these
systems have evolved to operate in different ways on different frequency bands, with
different signaling formats and protocols. In some instances, range systems have been
developed, which combine communications functions with position measurement
(multilateration). Other highly-specialized radio communication systems have been
developed specifically for particular functions (e.g., range safety).

Although some range communication needs can only be satisfied with special purpose
systems well matched to those needs, there are a broad range of needs which can be
supported more effectively with a common datalink system that provides moderate



capacity (in the 2400 bps to 1 Mbps range), full line of sight and relay connectivity
among many vehicles with high link reliability and integrity. Development of
common datalink equipment will satisfy these needs and will permit a high degree of
interoperability among assets from different ranges.

Figure 1 shows the basic block diagram for the SIDS EDM. The Radio Frequency
(RF) head contains the receiver/transmitter circuits that operate at the required
frequency under program control. The Intermediate Frequency (IF) Digital Data
Modulator/Demodulator performs the modulation and demodulation in the digital
domain. This allows data rates, modulation format and IF bandwidth to be set under
program control. The Node Controller has overall control and is responsible for
managing the communications protocol, initialization of the other modules and
interfacing to the host hardware through the Host Interface Unit (HIU). The HIU
serves as the data input and output port interfacing to GPS receivers, 1553 data buses
and other types of specialized interfaces such as those required for target control.
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Figure 1: SIDS Block Diagram

In April of 1993 work began on a SIDS laboratory prototype. The purpose of the
prototype is to investigate and evaluate Application Specific Integrated Circuit (ASIC)
communication devices that are becoming available, and to explore the possibility of
building an RF data link using commercially available off-the-shelf parts. The
prototype will serve as a test bed for evaluating components, evaluating modulation
and demodulation techniques, and protocols.

The design approach for the EDM has been mainly bottom up. A survey was
conducted of available parts from which an RF datalink system could be constructed.
Companies such as Qualcomm, Stanford Telecom, Paramax and Harris are making
components for digital radios. These include digital down converters, carrier phase
estimators, Numerically Controlled Oscillators (NCO), spread spectrum receivers on a
chip, digital correlators, etc. The result is that a digital RF data link that is
programmable in many aspects and meets many of the SIDS system requirements is
realizable at relatively low cost. The prototype will be software configurable.



The EDM will serve as a test bed for evaluating proposed protocols, techniques and
components for future data links. Technology being developed for commercial use in
the areas of Personal Communications Systems (PCS), Global Positioning System
(GPS), digital cellular telephones, and high speed digital data networks is rapidly
advancing. Part of the task of developing the EDM is to continue to survey the market
and remain abreast of the state of the art. Knowledge of this changing landscape will
help in evaluating proposed datalink systems. In addition, hands on experience in
building a prototype will expose many of the hidden difficulties and problems that
must be overcome in order to field such a system.

HOST INTERFACE UNIT

The SIDS transceiver will primarily interface to users via the serial communications
ports on the Node Controller board. Both RS-232 and RS-422 interfaces are provided.
In addition a 1553 controller will interface to a MIL-STD-1553 data bus. Interface to
the GPS receiver will be over an RS-232 serial port.

NODE CONTROLLER

The Node Controller, shown in Figure 2, consists of an Intel 80C186EC, memory,
Input/Output (I/O), a Zilog Z16C30 universal serial controller, and a Zilog Z85C30
serial controller chip. The Intel 80C186 is a processor configured for embedded
systems. It has an 8086 Central Processing Unit (CPU) core along with two channels
of Direct Memory Access (DMA), two Universal Asynchronous Receiver Transmitter
(UART) serial channels and many other integrated features. The Z16C30, universal
serial controller, is capable of 10 Mbit/sec Full Duplex data throughput, has 32 byte
data First In First Out (FIFO) buffer for the receiver and transmitter, and is capable of
multi-protocol operation under program control. The Z16C30 will control the data
protocol.
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Figure 2: Node Controller Block Diagram



DIGITAL MODULATOR

The digital modulator block diagram is shown in Figure 3. The modulator is built
around a Harris Semiconductor NCO, part number HSP45106. The HSP45106 NCO is
capable of various modulation types with 32 bits of  center frequency and offset
frequency control, 16 bits of  phase control and 8 level Phase Shift Keying (PSK)
control.
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Figure 3: Modulator Block Diagram

The 87C51 controller initializes the EPM5128 and loads the RAM with data for
setting the center frequency, offset frequency or phase increment registers. The 87C51
can write to the HSP45106 directly or it can tri-state itself from the address and data
bus to allow the EPM5128 to control the operation of the NCO. Only the sine output
from the NCO is being used. The cosine output may be used at a later date. The
HSP45106 has a second NCO internal that can be used for timing or generating a
programmable clock. The 87C51 interfaces with the Node Controller via the internal
serial port in the 87C51. The Node Controller commands the 87C51 to initialize the
EPM5128 to a particular mode.

The output Digital to Analog Converter (DAC) is a Qualcomm Q2520. This is a 12 bit
DAC capable of 80 MSamples/sec with a settling time of 27ns to within ± 0.024%.
The 12 bits of the DAC are wired to the most significant bits of the sine output of the
NCO. The spurious responses from the DAC, NCO and filter combination was
observed to be about -60 dBc.

DIGITAL DEMODULATOR

The primary functions of the digital demodulator are to remove the carrier and make
decisions on the received symbols. Frequency and symbol synchronization are
required for coherent or noncoherent reception. Carrier phase estimation is required
for coherent detection which increases the complexity of the receiver. Noncoherent
detection does not use knowledge of the incoming signal's phase and the price paid is
increased probability of bit errors.



The PA-100 spread spectrum demodulator from Unisys Corporation is being
evaluated for SIDS. The device is available in a single ASIC. The PA-100 offers a
wide range of programmable parameters to provide flexibility in data rates,
modulation types, processing gains, Pseudo-random Number (PN) codes, loop
bandwidths, and tracking and acquisition procedures. Operating parameters are
specified via an 8-bit microprocessor interface. The device operates in direct-sequence
despreading or in the clear mode at chipping rates up to 32 Mchips/sec or data rates up
to 64 Mbits/sec  Data is provided as hard or soft decision. The Bit Error Rate (BER) is
specified to be within 0.5 dB of theoretical.

Unisys Corporation incorporates the PA-100 into a complete evaluation system known
as the EB-100. The digital modulator board provides programmable data rates and
chipping rates of spread or unspread data with fixed Binary Phase Shift Keying
(BPSK). The digital demodulator board provides all the functions of the PA-100 and a
simplified block diagram is shown in Figure 4.

In evaluating the EB-100 capabilities to demodulate Minimum Shift Keying (MSK)
with Time-Division Multiple Access (TDMA), the system would not work without
modifications. It was decided that it was not cost effective for the program to make
these modifications and the EB-100 was not pursued any further. The EB-100 did
provide many insights into the requirements  and performance of digital demodulation
systems.
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Figure 4: EB-100 Block Diagram

A survey was conducted for commercial off-the-shelf parts from wireless systems
design manufacturers. These manufacturers included Harris Semiconductor,
Qualcomm, Hughes, Berg Systems International, Decom Systems Incorporated, TRW
Components International, Motorola Incorporated, Stanford Telecom and others. The
findings revealed that Stanford Telecom provided a number of chip sets for the
demodulation of digitized signals that would be applicable to the SIDS EDM.



Three ASICs  from Stanford Telecom were chosen to form a complete digital
demodulator to be evaluated in the SIDS project. Figure 5 shows a block diagram of
the system to be set up for MSK demodulation in the TDMA mode. The STEL-2130A
is a digital downconverter and carrier tracker. This device allows the signal in a
demodulator to be digitized directly at an Intermediate Frequency (IF) up to 70 MHz
and signaling rates up to 10 MSymbols/sec. The digitized In-phase and Quadrature-
phase (I/Q) signal is downconverted to baseband by an on-chip (NCO) and complex
multipliers. The STEL-2110A is a digital bit synchronizer and Phase Shift Keying
(PSK) demodulator. The device provides symbol timing to control the sampling of the
signal in a receiver as well as a carrier frequency discriminator signal which can be
used in a Phase-Locked Loop (PLL) or frequency-locked loop. Programmable data
rates up to 6 MSymbols/sec, soft decision output to facilitate forward error correction,
and selectable demodulation types are all provided. The last device from Stanford
Telecom is the STEL-2211 block phase estimator. It provides a phase reference for
demodulating data in the presence of phase impairments such as noise and frequency
offset. This allows coherent performance without a PLL for carrier recovery. The
device achieves near instantaneous phase acquisition and is ideal for use in TDMA
systems at data rates up to 12 MSymbols/sec.
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Figure 5: MSK Demodulation with TDMA

The entire system consisting of analog signal conditioning, analog-to-digital
converter, the three Stanford Telecom ASICs, microprocessor, and programmable
logic interface has been designed. The front-end consists of a current feedback
amplifier followed by a wideband, high slew rate buffer which feeds an 8-bit ultrahigh
speed flash Analog-to-Digital Converter (ADC). The ADC operates at sampling rates
up to 100 megasamples/second with an analog input bandwidth of 160 MHz. A high
precision monolithic voltage reference supports the ADC for absolute accuracy over
temperature. The front-end will accommodate bandwidths up to 100 MHz to support



any IF in this range. The interconnects between the three ASICs allow snap together
operation without the need for external circuitry. Two of the ASICs contain a
microprocessor interface and all of them require control of discrete input pins. An
Altera programmable logic device has been implemented between the microprocessor
and the ASICs to allow complete control of the ASICs by software. Software
development to setup and control the ASIC's has been initiated.

CONVOLUTIONAL ENCODER-VITERBI DECODER

Convolutional encoding incorporates memory to transmit a stream of symbols greater
than the information rate. This high degree of redundancy enables the Viterbi decoder
to accurately decode information despite a high symbol error rate that is inherent to a
noisy communications link. Unlike block codes, convolutional codes are bit-by-bit
codes with no block boundaries.

The device chosen to use in the EDM is the STEL-2030B from Stanford Telecom. It
operates up to 9 Mbps data rate, has a constraint length K=7, a code rate R=1/2, and a
5.2 dB coding gain at 10 -5 BER. The single chip contains a fully independent encoder
and decoder capable of full-duplex operation. The encoder contains circuitry for
scrambling of data and differential encoding of data. The decoder contains circuitry
for hard or soft decision data input, descrambling of data, differential decoding of
data, punctured mode rate of operation, selectable decoder memory state depth, auto
node synchronization, and bit error rate monitoring.
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Figure 6: Convolutional/Viterbi Design Block



The block diagram in Figure 6 shows the implementation of the STEL-2030B for the
SIDS EDM.

The error correcting capability of convolutional codes cannot be stated so directly as
compared to block codes. The distribution of errors greatly influences the error
correcting capability. Test results verified that Viterbi decoding does not perform well
with consecutive or blocks of bit errors. Viterbi decoding operates extremely well on
random bit errors. At an input data rate of 1 Mbit/sec the bit error rate counter showed
a maximum of approximately 10,000 corrected errors per second for random bit errors
using hard descision.

RF HEAD

Figure 7 shows a block diagram for the first RF head build for the EDM. This is a L
Band unit capable of tuning over the range 1350 MHz to 1400 MHz. This module was
primarily built to emulate the Range Application Joint Program Office (RAJPO) DLS-
1 data link. The second Local Oscillators (LO) are each set to yield the frequency
pairs of F1 and F2 for DLS-1. The switch S1 selects one then the other second LO
during operation in order to tune F1 then F2. The switch S2 is the receive/transmit
switch.
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Figure 7: L-Band RF Head

The final IF frequency for this unit is 10 MHz. This frequency was chosen for two
reasons. A 10 MHz filter with sufficient bandwidth was available at this frequency
and an NCO center frequency of 10 MHz is easily obtained with an NCO system
clock of 32 MHz. Operating the NCO at higher frequencies would place alias
frequencies closer to the final IF. The second IF frequencies were chosen at 140 MHz.
There are a wide variety of SAW filters commercially available with this center
frequency. The reference oscillator is a 10 MHz temperature compensated crystal
oscillator with a specified accuracy and stability of 0.002%. Also included in the L-



band RF head is an uncalibrated signal strength output, which  is proportional to the
logarithm of  received signal strength. Power output for the prototype unit is 0.4 watts.

SUMMARY

This paper describes some of the circuits that were developed for the SIDS EDM. The
EDM can be used to evaluate proposals for advanced data links and examine some of
the newly available integrated circuits. This effort involved an attempt to build a
programmable datalink system that will implement many of the SIDS requirements
even before the specifics of the data link are nailed down.


