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The rapid emergence and worldwide
growth in single-channel-per-carrier
communication systems has become a
very important challenge to the recon-
nai ssance community. New cellular, sat-
ellite, HF, VHF and UHF standards have
led to high interest in flexible reconnais-
sance receivers that can be repro-
grammed for different missions. Because
of the number of different standards and
variationsin use around the world, mis-
sion specific hardware isno longer a
practical solution to the reconnaissance
problem. The complex and diversesignal
environment demands that today’s
reconnaissance system engineer realy
does his homework. Development of a
reprogrammabl e reconnai ssance receiver
requires athorough examination of the
processing requirements and a selection
of system components that will provide
the flexibility and processing power to
handle the worst-case signal. Proper sys-
tem architecture and selection of system
components requires detailed knowledge
of each signal to be processed. Each sig-
nal format generally requires unique pro-

Figure 1: Architecture of a flexible,
reprogrammable reconnaissance receiver

cessing because of differencesin
bandwidths, data rates, carrier spacing,
modulation and data formats.

The advent of flexible digital tuners and
programmable DSP technology pro-
vides the extensible platform on which
to build reprogrammable reconnais-
sance receivers, but generic hardware
aloneis not the panaceafor the country’s
challenging reconnai ssance mission.
This article provides an overview of sys-
tem requirements and architecture issues
for reconnaissance receiver applications
including adaptive beamforming.

The requirements for a reconnaissance
receiver are application specific, but
often have a number of common require-
ments:

» Process multiple signals simulta-
neoudly: In battlefield applications,
commanders are interested in monitor-
ing many channels at the same time.

* Provide robust demodulation and data
recovery: Often, the demodulation
algorithms must perform better than
the intended receiver since the signal
may be severely distorted by multipath
and low signal level caused by local
terrain or distance.
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Signal ) .
Typical Ran Im n Receiver
Parameter ypical Range pact on Receive
Number of channels ~ Generally 10's-100's  Impacts the downconverter, the num-

to be monitored

ber of demodulators and the capacity
of the data processing subsystem

Channel bandwidth

4 kHz to 2 Mbps

Impacts the bandwidth of each receiver

Channel spacing

4 kHz to 100's kHz

Determines the filter shape of the
receiver

Dynamic Range

Generally >80 dB

Impacts the downconverter design

Bit rate

8 kbps to ~500 kbps

Impacts the demodulator hardware

Channel distortion

Benign to very severe
multipath and co-
channel interference

Impacts the complexity of the demodu-
lator. Extensive equalization and robust
demodulation algorithms may be nec-
essary to recover the signal.

Modulation

+ Analog: AM and FM
+ Digital: FSK, BPSK,
QPSK, SQPSK,
GMSK, CDMA

* Burst: Push-to-talk,
DMA/TDM and
TDMA

Impacts the complexity of the
demodulator

Data formatting

Every standard is dif-
ferent

FEC (forward error correction)
decoding, descrambling, demultiplex-
ing and message interpretation have
big impact on the demodulator

Interference Rejection
(beamforming)

The co-channel envi-
ronment may be so
severe that beam-
forming antennas are
required to mitigate
interference

Impacts the downconverter and
demodulator. Requires that signals
from multiple antennas be coherently
downconverted and processed.

Direction Finding (DF)

Geographical loca-
tion and direction
finding may be part or
the total goal of the
mission.

Impacts the downconverter and
demodulator in much the same way as
beamforming. It may be necessary to
demodulate the signal to determine if it
is a signal of interest before DF'ing.

Table 1: Features of the signals of interest and their

impact on the reconnaissance receiver design
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» Operatein co-channel interference
environments (either intentional jam-
ming or incidental): In many cases, it
may beimportant to recover the signal
in severe co-channel environments
where, because of the mission geome-
try, multiple users sharing the same
frequency cause mutual interference at
the reconnai ssance receiver. Operation
in co-channel interference environ-
ments often requires the use of spe-
cialized, high performance co-channel
demodulation algorithms and/or
beamforming antennas to suppress
interferers.

* Direction Finding: It may be impor-
tant to provide direction finding (DF)
to geographically locate a specific
radio source and possibly many
sources simultaneously.

System Requirements

A flexible, reprogrammable system
architecture can be partitioned into three
subsystems:

* RF-to-baseband downconverter
(tuner) subsystem: downconverts the
RF signal to a band that can be pro-
cessed by the demodulator subsystem.

» Demodulator subsystem: Demodul ates
the waveform to bits or an analog
voice signal.

» Dataprocessing subsystem: handles
messages and control of the processed
data.

Each of these subsystems must have the
flexibility to process the signals of inter-
est and the ability to be upgraded for
new signals as they become important.
The requirements of aflexible reconnais-
sance receiver are based on the formats
of the target signals and other mission
constraints. All signal parameters must
be considered before specifying the
operational ranges of the subsystem. Key
signal features that must be considered
and theimpact on thereceiver design are
shown in Table 1.



Wideband

g.': | RF-to-baseband
igna Downconverter

Subsystem

Digital
Subband
Tuner #1
High-speed Digital Data
B A/D —® Subband [ streams to
Converter Tuner #2 demods
L]
L]
(]
Digital
Lpe! Subband |
Tuner #N

Figure 2: Block diagram of
a downconverter
subsystem utilizing a
wideband block
downconverter followed by
a high-speed digitizer and
bank of digital subband
tuners (digital drop
receivers)

System Architecture

After definition of the system require-
ments, the detailed subsystem architec-
tures can be architected. The advent of
high speed, wide dynamic range A/D con-
verters and versatile digital subband tun-
ers (drop receivers) has made the
wideband block downconverter followed
by narrowband subtuners very attractive
architecture with regard to size, weight,
power and performance. Figure 2 shows
ablock diagram of the RF-to-baseband
downconverters used in Applied Signal
Technology products. The wideband
downconverter bringsthe entire RF band
of interest to baseband. The signal is
then digitized with high speed, high res-
olution A/D converters, e.g., 12-hit A/D
converter operating at up to 65 MHz pro-
viding up to 80 dB of dynamic range.
The drive to use the same architecturein
commercia cellular and PCS base sta-
tionsis fueling the marketplace to pro-
duce even higher performance A/Ds and
subband tuners.

Digital tuner ASICs were pioneered by
Applied Signal Technology in the late
1980s. They provide extremely compact
subband tuning and filtering. Tuning res-
olution islessthan 1 Hz and multiple
signals can be coherently downconverted
for beamforming and DF applications.
Filtering islinear phase and is more than
adequate to suppress adjacent channels
in most scenarios. In addition, the tuned
and filtered output signal is quad-down-
converted and decimated to the Nyquist

rate to reduce the load on the DSP pro-
Cessor.

Thetuned, filtered and decimated signals
are input to DSP-based demodul ator
subsystems. While a general purpose
computer can be used for the demodula-
tion, DSP processors have the computa-
tional horsepower and are architected to
perform the operations needed for com-
plex digital demodulation. DSP proces-
sors also provide smaller size, weight
and power than general purpose CPUs.

A large component of the system design
is the data processing subsystem. This
subsystem handles system overhead
functionsincluding interpretation of data
messages, control channels, activity
detection, and data routing to store and
forward subsystem and follow-on pro-
cessors. Usually, ageneral purpose CPU
isused for the data processing subsystem
which also provides system command,
control and the operator interface.

Beamforming Applications

While an omni-directional antenna
senses the RF environment coming from
al directions, beamforming antenna
arrays combinethe signalsfrom multiple
antennas to adjust the angular sensitivity
to the RF environment. The DSP recon-
naissance receiver provides an excellent
platform to host advanced collection
algorithms including beamforming.
Beamforming has been along-used strat-
egy in military applications to detect or
enhance the signal of interest and reduce
co-channel interference.
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Figure 3: lllustration of the
beamforming principle.
The phase shifter can be
adjusted to make the
receiving system
insensitive to either signal
lor2.

One of the
advantages of
beamforming and
beamsteering
antennas is the
elimination of the
mechanical
motors and
control.

Figure 3 illustrates the beamforming
principle. Two signalsimpinge on atwo-
element antenna array. The antenna ele-
ments are separated by distance D and
the signals have wavelength A. Signal 1
impinges broadside to the array while
signal 2 comes from 45 degrees off. The
upper antenna output signal is phase
shifted and added to the signal from the
lower antenna. Signal 1 reaches both
antennas at the same time while signal 2
reaches the upper antenna D/c seconds
(c = speed of light) later than the lower
antenna because of the additional dis-
tance traveled. If the phase-shifter shifts
the phase of the signal by 180 degrees,
the combiner (adder) cancels signal 1.
Because it takes longer for signal 2 to
reach the upper antenna, the combiner
output for signal 2 is not fully attenu-
ated. Consequently, the antenna array
cancelssignal 1 (i.e., putsaspatial null
in the direction of signal 1) but passes
signal 2. Similarly, the phase-shifter
could be adjust differently to cancel sig-
nal 2 and passsignal 1 (i.e., steer a spa-
tial null in the direction of signa 2).

Adaptive beamforming antennas are
related to electronically beamsteering
antennas. Electronic beamsteering anten-
nas have afixed beam pattern whose
“look direction” can be controlled elec-
tronically. Essentially, these types of
antenna arrays replace mechanically
steerable narrow beam antennas. One of
the advantages of beamforming and
beamsteering antennasisthe elimination
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of the mechanical motors and control.
However, aswith mechanically steerable
narrow beam antennas, there are two
major disadvantages to electronic beam-
steering antennas for reconnaissance
receiver applications: 1) the systemis
only sensitiveto signals coming from the
direction that the antennais pointed, and
2) the antenna pointing angle may not be
the best angle to optimize demodulator
performance. For example, it may be
better to point the antenna off target
dlightly to further suppress a strong
interfering signal that is closein angleto
the signal of interest. More modern
beamforming antennas optimize the
beam pattern to minimize the demodu-
lated bit error rate rather than the look
angle of the antenna array.

An example antenna beam patterns of an
8-element antenna beamforming system
isshown in Figure 4. There are six co-
channel signals. The signal of interest
(SOl) arrives from 68 degrees. The sig-
nal to interferenceratio (SINR) =—24 dB
and the SOI is 34 dB weaker than the
strongest signal. The contours show the
relative sensitivity of the receiving sys-
tem to signals from different directions.
The beam pattern can be configured to
make the system insensitive to signals
arriving from specific directions, such as
in the direction of interferers. In more
modern beamforming and interference
applications, the beamforming patternis
formed to minimize the bit error rate of
the demodulated signal that adapts asthe
signal sources or the receiving platform
moves. The beam pattern shown in Fig-
ure 4 was adapted from an omni-direc-
tional pattern after only 300 samples.
After beamforming, the SOl SINR was
about 17 dB.
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Figure 4: Examples of
antenna beam patterns for
an 8 element antenna
array. Concentric circles
represent signal sensitivity
as a function of receive
angle. Notice that the
antenna system is
insensitive to the
interfering signals while
relatively sensitive to
signal of interest coming
from 68 degrees.

Figure 5: Block diagram
of the Applied Signal
Technology Model 1239.

In reconnai ssance applications, the co-
channel interference signal may come
from another signal of interest. A major
advantage of the adaptive beamformer
over beamsteering antennas is that if
antenna signals are available to more
than one beamformer, more than one sig-
nal can be recovered simultaneoudly.

Adaptive beamforming can be per-
formed on the signal at RF, IF or base-
band. At baseband, the phase can be
adjusted in DSP demodul ator engines to
perform the combining required to apply
beamformer algorithms. This allows
multiple signals to be recovered with the
same antenna array.

System Components

Applied Signal Technology is one manu-
facturer of integrated reconnaissance
systems as well as PC and VME card
level components for processing awide
range of signal formats. One example of
a DSP-based reconnai ssance system is
shown in Figures 5 and 6. The

Model 1239 can be used for multiple
mobile radio standards as well as sup-
porting beamforming and DF algo-
rithms. The Model 1239 isahigh
performance COTS VM E-based pro-
cessing system that integrates real -time,
adaptive beamforming and interference
cancellation with demodulation and sig-
nal processing functions. The systemis
able to mitigate co-channel interference
in dense signal environments and
dynamically track target signals. It uses
an 8-channel, phase-coherent, tunable
UHF downconverter. Preselection filters
isolate the RF band of interest and addi-
tional bandpass filters provide the band-
specific selection.
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Figure 6: The Applied
Signal Technology Model
1239 is capable of
processing a wide range of
signal formats. It also
supports co-channel
interference rejection.

Careful system
analysis and
application of

advanced signal

processing
techniques are
enabling the
reconnaissance
design engineers
to utilize COTS
boards and
subsystems to
meet the growing
challenges of
mission
requirements.

The phase-coherent outputs of the down-
converter drive the inputs to the COTS
VME-based Digital Processing Unit.
The IF signals are coherently digitized
using the Applied Signal Technology
B108D wideband digitizer cards with
12-bit A/D corverters operating at 33.5
MHz. The digitized data are routed to
Applied Signal Technology B108T sub-
band tuner cards for specific channel
tuning. Coherent baseband signals from
the B108T tuners are passed to quad
DSP boards for beamforming, demodu-
lation, and control processing.

The beamforming is performed in the
DSP engines at baseband. This allows
multiple beamformers to operate in par-
allel. The eight channel beamformer can
steer seven nullsin the direction of inter-
ferers while optimizing the beam pattern
to receive the signa of interest. In addi-
tion, using specia co-channel interfer-
ence mitigation techniques, the

Model 1239 system can extract up to
four signals coming from the same direc-
tion.

Control and command processing is han-
dled viaan embedded SPARC processor.
The user interface also operates on the
SPARC and displayed either remotely or
viakeyboard and display connected
directly to the Model 1239. Dynamic
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resource assignments maximize avail-
able resource usage.

The flexibility of the Model 1239
through software programmability, high
dynamic range of the B108D digitizer
card, fine resolution tuning of the B108T
Digital Tuner card and efficient DSP
boards make the Model 1239 an excel-
lent example of an architecture program-
mablefor avariety of applications. It has
been programmed for operation against a
number of signal formatsincluding
beamforming applications.

Conclusion

Reconnai ssance receivers require flexi-
ble, reprogrammable equipment to meet
the needs for processing current signals,
including variants, as well as emerging
signal formats of interest. Advancesin
commercial A/D, subband tuner, and
DSP technology are providing a new
generation of flexible, programmable
hardware that is being utilized in recon-
nai ssance receiving systemsto monitor a
wide range of signal formats. In addi-
tion, beamforming applications for inter-
ference rgjection and direction finding
are becoming more cost effective asthey
optimize beam patterns to minimize the
bit-error-rate of the recovered signal.
Careful system analysis and application
of advanced signal processing tech-
niques are enabling the reconnai ssance
design engineersto utilize COTS boards
and subsystems to meet the growing
challenges of mission requirements.
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