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COHERENT CLUTTER REJECTION TECHNOLOGY
IN HIGH POWERED SURFACE BASED RADARS

G. D. Wright, M.S.E.E.

Introduction

The requirement for high power, surface
based radars to suppress land clutter to allow detec-
tion of low-altitude air targets is well recognized.
The development in recent years of digital signal
processors provides for the radar designer a highly
capable and predictable tool for clutter reduction.
Substitution of digital processors for less reliable
older technology designs provided dramatic opera-
tional improvements in older systems which had been
limited by the inability to keep the older clutter
processors working as advertised. As the capabili-
ties of signal processors have increased, however,
the radar designer has had to expand his range of
concerns to include the entire radar system and its
interaction with the total problem of clutter control.
This has been particularly true in high-power surface-
based radars. These systems, because of their par-
ticular operational requirements, frequently combine
a particularly difficult clutter environment with oper -
ational characteristics which place severe system
limitations on clutter suppression.

This paper examines the operational environ-
ment, considers the system limitations inherent in
the application, and suggests some implementation
techniques which have proven effective in state-of-
the-art surveillance systems. No pretense is made
of being exhaustive in the treatment or of offering a
cure for every radar in each operational situation. A
radar design is almost always a series of compro-
mises between conflicting requirements. The suc-
cess of the system is determined by an evaluation of
how well the various alternatives are balanced.

Operational Requirements

In order to establish a basis for further dis -
cussion, certain operational requirements will be
established which are important in virtually any cur-
rent application of long range and surface based
radars.

Detection at Low Altitudes

Since modern aircraft can fly at very low alti-
tudes, following terrain contours at speeds near
Mach I, the radar must be capable of detecting tar-
gets in the same resolution cell as competing land
clutter. The techniques of elevating the antenna
beam to reduce the level of land clutter is unsatisfac-
tory since it also reduces the level of the target re -
turn. The radar must look directly into land clutter
and extract the desired air target.

High Energy on Target

The class of radars being considered provide
high energy on the target. This may be for the pur-
pose of detecting small cross section targets such as
artillary shells at modest ranges or for detecting
larger cross section targets such as aircraft at long
ranges. Long range in this discussion will be as-
sumed to be 300 to 500 km. Extended land clutter can
be reasonably assumed to be limited to 75 to 100 km
for radars sited at low to moderate altitudes relative
to surrounding terrain. However, provisions must
also be made for long-range clutter, such as moun-
tains. Depending on the operational requirement,
provisions might be made to suppress this long-
range clutter or merely recognize its presence and
exclude the area from the detection circuits in order
to maintain false alarm control. This latter approach
is frequently acceptable where the clutter extent is
not great and reduced target detectability in the im-
mediate vicinity of the clutter is acceptable.

High Probability of Detection on Each Antenna Pass

The application of doppler techniques to ex-
tract moving targets and reject stationary clutter im-
poses a velocity dimension to the consideration of
target detectability. In order to retain satisfactory
operation with an automatic tracking system, a rela-
tively regular and reliable reporting sequence is nec-
essary. The doppler processing techniques and wave-
forms must be configured to provide a high report/
scan ratio - typically greater than 60 to 70%.

"Krieg im Aether", Folge XVII
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False Alarm Control

Modern systems are usually connected to auto-
matic tracking systems, frequently by a narrowband
data link. The central tracking system may be proc-
essing several radars. A high false plot rate from
each radar could easily saturate the central system.
In addition, false plots subtract from the number of
valid plots which can be transmitted over the narrow-
band data link which may limit the total surveillance
capability. Typical false plot rates are 2 to 5 false
plots per second. Achievement of this degree of con-
trol in a clutter environment requires a much n\ore
extensive treatment of plot validity than the simple
CFAR (Constant False Alarm Rate) techniques applied
to older technology systems. Most of these older
CFAR techniques are ineffective in a non-Rayleigh en-
vironment (such as land clutter).

Some Typical Systems

The implementation and operational characteris-
tics to be discussed later will be applied to radar sys-
tems in general, However, systems using similar
techniques and technologies are operational today. The
AN/SPS-52B radar (shown in Figure 1) was one of the
first radars to successfully apply a digital clutter sup-
pression system to a military shipboard environment.
Except for high power tubes in the transmitter, the
system is solid state. Thick film hybrid integrated
circuits in the exciter and receiver replace discrete
components at frequencies below 300 MHz. The pencil
beam generated by the planar array antenna is con-
trolled by a general-purpose computer which also con-
trols the signal processor.

The AN/TPQ-36 and AN/TPQ-37 systems shown
in Figure 2 are designed for mortar and artillary lo-
cation. Even though their range of operation is rela-
tively short, the small size of their target results in
transmitter power and clutter levels typical of much
longer range systems. Real time radar operations
and signal processing are controlled by a minicompu-
ter. Use of microprocessors and applications of LSI
technology greatly expands the flexibility and capabil-
ity of this system. A single processing and control
module can be reconfigured under computer control

Figure 2. The Firefinder Sensor Systems, Extremely High
Clutter Suppression Allows Detection o f Very Small Targets
Against a Severe Clutter Background

to interface with either of the antenna/transmitter/
receiver groups. Widely different waveforms and
detection algorithms are accommodated automatically.

The IPD/TAS radar shown in Figure 3 is a fully
automated system, capable of operating in severe
clutter environments. Complete clutter suppression
and automatic plot extraction over virtually an entire
hemisphere protects modern warships from surprise
attack.

Figure 1. AN/SPS-52B Air Surveillance Radar. This radar
was among the first tactical systems to employ a digital
MTI processor.

AN/TPQ-36
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Figure 3. IPD/TAS Air Surveillance Radar. This system provides high clutter attenuation in a high
data rate system.

Characteristics of the Clutter Environment

Before any consideration of a radar solution can
begin, the nature of the radar clutter environment
must be considered. In this discussion emphasis will
be placed on land clutter because 1) it generally has
the highest amplitude, and 2) since it is not Rayleigh
distributed in amplitude it requires special considera-
tion if false alarm control is to be maintained.

Land clutter is generally considered to be inde-
pendent in amplitude from one range cell to the next
(a range cell is one pulsewidth, compressed if pulse
coding is used) and is distributed in amplitude, approx-
imately according to a log normal distribution. Dis-
tributions derived from Measurements of different
land clutter environments are illustrated in Figure 4.
The "rolling hills" data M is representative of the re -
latively low reflection returns observed from gently
varying terrain with some forests. This can be ex-
pected to vary by several dB depending on the season,
the foliage on the trees and whether fields are plowed,
grassy, or wet. The measurements of backscatter
for the Rocky Mountains [ 2 ] and for Santa Catalina
Island [ 3 ] vary widely, even though they both might be
considered to be representative of mountainous ter-
rain. The degree of shadowing included in the mea-
surement statistics may account for the significant
difference in the 50% values.

S-BAND
ROCK

LOG NORMAL RANGE

S. CA T AL INA
ISLAND

TYPICAL
DESIGN
MODEL

S-BAND
ROLLING
HILLS

Figure 4. Amplitude Distribution o f Land Clutter
Backscatter Coeff i cient . Measurements vary widely
for different locations and different radars.
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A clutter amplitude model which is widely used
in normalizing radar predicted performance is
shown by the dashed line in Figure 4. It can be seen
that variations of greater than 10 dB at a particular
percentile level are not unexpected.

The radar designer must take into account the
wide variability in clutter amplitude data which his
system will be expected to observe. The virtual c e r -
tainty that clutter at some location will exceed the
design point must be included in the design for false
alarm control. Failure to accommodate the high am-
plitude returns in a way which does not create false
alarms will almost certainly result in unsatisfactory
operation — particularly if automatic target detection
and tracking is to be employed. The technique of us-
ing amplitude limiting prior to the clutter suppres-
sion system was widely used in radars requiring a
small amount of clutter suppression. Limiting is
usually not acceptable in radars required to main-
tain detection sensitivity in high amplitude clutter
since the loss of clutter attenuation which results f rom
limiting may preclude complete suppression of land
clutter. Both target detectability and false alarm
suffers — the latter frequently being the more serious
effect.

In Figure 5 a Rayleigh amplitude distribution is
plotted for comparison purposes on the same scales
as the land clutter in Figure 4. It can be seen that
the probability of a Rayleigh distribution deviating
more than a 2 dB from its mean value is very small,
whereas the probability of the log-normal land clut-
ter distribution deviating 10 to 20 dB from its mean
value is relatively high. For this reason, proc -
essors that set the amplitude of the threshold
relative to the mean clutter level do not work
effectively in a land clutter environment.

The amplitude of the clutter return which must
be processed is a function of the area of the clutter
cell which is, in turn, a function of the pulse length
and beamwidth of the radar, and the range to the
clutter cell. Figure 6 shows the expected clutter
cross section as a function of the range from a radar
which has an azimuth beamwidth of 1 degree and a
pulse length of 1 microsecond. A family of curves
is shown which represent clutter backscatter coef f i -
cients between 0 and -50 dB. The clutter cross s e c -
tion is defined as the effective area of a one square
meter reflecting surface in dB relative to a square
meter. The dotted lines on the curve show that for a
design point at a range of 320 km, and a backscatter
coefficient of -24 dBsm the clutter cross section is
35 dB above a 1 m 2 target. This means that the clut-
ter must be reduced by 35 dB to be equal in ampli-
tude to the return from a 1 m 2 target. Of course,
additional clutter suppression is required to provide
reliable target detection and false alarm control.

I

S-BAND.
LIGHT
RAIN

 \
 / /
/ V

\
S-BAN0-

RATE -
RAIN

0-
RATE -

-12 0 - 1 1 0 -10 0 - 9 0 - 8 0 - 7 0 - 6 0

a0 , BACKSCATTER COEFFICIENT , dB ( m 2 / m 2 ]

Figure 5. Amplitude Distribution of Rayleigh Clutter
Backscatter Coefficient. Signal amplitudes more than
a few dB away from the mean are very unlikely.
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Figure 6. Land Clutter Cross Section versus Range. Long
range radars must process high amplitude clutter levels.

The actual clutter level that must be processed
at the input to a signal processor is a function of the
number of pulses in the waveform, the type of signal
integration used, and the maximum range at which



Coherent clutter rejection technology in high powered surface based radars - Vorlesung Krieg im Aether 1977/1978 (ETH Zürich) HAMFU  History

© HAMFU - www.hamfu.ch                                                                                                                                                                                                                                            Seite 5

a - 3

the clutter processing must be performed. It is also
a function of the target size and the signal-to-noise
ratio which must be provided for target detection.
Since target detection must be established at the maxi-
mum range, the required signal-to-noise ratio for the
target will be established by this requirement. For
purposes of illustration, let us assume radar charac-
teristics as follows:

Detection range = 320 km
Detection probability = 80%
Target = 1 m 2 ,

Swerling I
Azimuth beamwidth = 2°
Pulselength = 1 h- sec
Clutter backscatter coefficient = -24 dB

For this target fluctuation model, a signal-to-noise
ratio of approximately 17. 8 dB provides the required
80% probability of detection. From Figure 6, using
the value of clutter cross section at 320 km of 35 dB
for a -24 dB backscatter coefficient, the clutter level
above-noise is calculated as follows:

3 MTI 8 PD
N = 1 N = 8

S/N for Detection +17.8 dB 17. 8 dB
- Integration Gain - 0.0 - 8. 0 dB

Single Pulse S/N +17.8 dB 9. 8 dB
- Target Cross Section (lm2) - 0 .0 dB - 0.0 dB
+ Clutter Cross Section +35. 0 dB +35. 4 dB
+ Beamwidth Ratio (2° / l ° ) + 3.0 + 3. 0+ Pulselength Ratio ( l ^s / lp s ) + 0.0 + 0. 0

Clutter to Noise Ratio 55.8 dB 47. 8 dB

The use of range-gated pulse doppler wave-
forms is somewhat limited in very long range radars
because of the time required to complete the
processing waveform to unambiguous ranges. Figure
7 shows the relationship of unambiguous range, the
time to complete a waveform, and the time available
during the beamwidth.

Figure 7. Time to Complete a Waveform to Rotate
One Beamwidth

The first column of figures represents the
clutter-to-noise ratio which would result for a clutter
processing system using the 3 MTI (double canceller)
which provides, on the average, no signal-to-noise
integration gain. In order to achieve the required sig-
nal level, a clutter level of 55. 8 dB above noise will
result. STC, or amplitude control, cannot be used at
maximum range or the amplitude of the desired target
would also be reduced and detectability would fall be-
low the required value. At shorter ranges, STC can
be used to hold the clutter level to a constant value as
a function of range. If the radar is operating in a
clutter environment whose amplitude distribution is
represented by the design model plotted in Figure 4,
then 84% of the clutter amplitudes are below the sys-
tem dynamic range. 16% will be greater than the
dynamic range and will be blanked, along with any
targets sharing the resolution cell. If loss of target
detection in those areas is not acceptable then a
larger dynamic range must be provided.

It can be seen that, for an 8-pulse range-gated
pulse doppler waveform, the required signal level is
obtained after a coherent signal integration in the
pulse doppler filters. This results in a lower single
pulse signal-to-noise ratio requirement, lower clutter-
to-noise ratio on each of the transmitted pulses, and
a lower processing dynamic range requirement. The
dynamic range requirement is reduced by the value of
the signal integration gain, or 8 dB in this case.

Looking at a curve for N = 10, it can be seen
that for a 320 km unambiguous range 10 pulses can
be completed in approximately 21.4 ms. At the same
time, for an antenna beamwidth of 1 degree, and a ro -
tation interval of ten seconds, approximately 28 ms
are available within the 3 dB points of the antenna
beamwidth. Therefore, this system would have time
for approximately 1. 3 coherent processing dwells
per antenna beamwidth. Whether or not this satisfies
total system operational requirements will depend on
the relationships of frequency, doppler coverage,
elevation coverage technique, and detection and posi-
tion measurement criteria.

Clutter Suppression

A three-pulse canceller is widely used in
radar systems and will be used here as illustrating
the trade-offs which are available in designing a clut-
ter processing system. The 3-pulse canceller is also
representative of the performance achieved in a land
clutter environment by an optimal coefficient digital
range-gated pulse doppler filter nearest the PRF line.
For a Gaussian clutter spectrum which is narrow
compared to the PRF, the attenuation achieved by the
3-pulse canceller is
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where:

Prf = pulse repetition frequency
o- = spectral spread of the clutter return

signal

The Prf is determined by the required unambiguous
processing range and is one of the primary trade-offs
available to the radar designer. .The clutter spectrum
is composed of three primary contributors: 1) Motion
of the individual clutter scatters, 2) modulation of the
transmitted and received signal by system instabili-
ties, and 3) modulation of the clutter returns by the
pattern of the rotating antenna. The latter item is also
related to PRF. Figure 8 shows the improvement fac-
tor attainable for a 3-pulse canceller as a function of
antenna beamwidth and for various rotation intervals.

1 1 1 1
DOUBLE CANCELLER

, B - BEAMWIDTH, DEGREES
T - ROT A T ION INTERV AL, SEC —
IFL (dB) = 1 0 2 + 4 0 LOG | t BW ]

1 1 1 1
DOUBLE CANCELLER

, B - BEAMWIDTH, DEGREES
T - ROT A T ION INTERV AL, SEC —
IFL (dB) = 1 0 2 + 4 0 LOG | t BW ]

40 70 100 200 400

R, UNAMBIGUOUS RANGE - km

Figure 8. Unambiguous Range. Narrow beamwidths and
short rotation intervals limit system improvement factor

Contributions of clutter internal motion and system
instabilities are not included here. It is apparent that
narrow beamwidths and even modest rotation rates
will severely limit clutter suppression capability and
must be considered by the designer in the synthesis
of a radar intended to provide full target visibility in
a high clutter environment. For high clutter amplitude
environments, the selection of a fan beam antenna
(2-D radar) or a pencil beam antenna (3-D radar) may
be more influenced by scan modulation effect than by
the requirement for height data. The pencil beam an-
tenna selection may result entirely from a require-
ment to provide adequate antenna gain (large antenna
area) and a limitation on maximum antenna width.

In radars which are capable of processing a
variety of waveforms, different modes may be inter-
laced to separately optimize performance for long-
range target detection and medium range clutter sup-
pression. Such a combination is illustrated in Figure
9. In this example, a long-range mode has been de-
fined which provides long range detection with a
clear environment waveform.

RADAR RANGE

Figure 9. Interlaced Operating Modes. Waveforms are
individually opt imized for clear or clutter processing areas

All transmit energy is concentrated in a single
pulse to maximize waveform efficiency. No clutter
suppression is provided by this waveform and clutter
which appears at short range is gated out before it
reaches the processor. A second, higher PRF wave-
form is interlaced with the long-range waveform to
provide target detection in areas containing clutter.
Because of the higher PRF, a significantly greater
clutter suppression is obtained and less time is re-
quired to complete the waveform. Both waveforms
are completed within the antenna beamwidth so no
coverage holes are left. This type of waveform inter-
lace requires a radar with flexible control of both the
transmit/receive and signal processing functions. In-
dividual signal processing capabilities must be estab-
lished for each waveform. Modern, computer-
controlled processors can time share a single proc-
essing channel for both waveforms. No significant in-
crease in signal processor complexity results from
the interlaced waveform modes.

Implementation of the Modern Signal Processor

A generic block diagram of a modern digital
signal processor is shown in Figure 10. This signal
processor functionally includes a general-purpose
computer as a controller and as an integral part of
the plot data extraction function. In today's technology,
the GP computer is the most effective technique of
establishing adaptive control system interaction. De-
pending on the specific application and implementation
to be used, the computer may be assigned different
functions to be performed. However, for the purposes
of discussion, the functions identified with an asterisk
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are at least viable potential candidates for computer
implementation.

The digital signal processor will be called upon
to process the full dynamic range which has been cal-
culated using the techniques discussed earlier in the
paper. It will be required to suppress clutter signals
and to control the false alarm rate for target detec-
tions relative to either a clutter residue background,
or to a noise residue background. The processor will
be required to correlate multiple inputs resulting from
a single target and generate a single target report out-
put for each valid target in the surveillance space. In
addition, it will be required to edit particular reports
as a function of geographical position or predetermined
target characteristics. It will then be required to cal-
culate the target position characteristics of valid re -
ports in accordance with predetermined rules and to
format the data suitable for transmission over a nar-
rowband data link. The processor is required to react
to its operating environment in determining the proc-
essing characteristics and algorithms to be used in
order to maintain detection sensitivity as high as pos-
sible, and, at the same time, control false alarms to
an acceptable level.

The input to the digital signal processor begins
with the synchronous detector which receives IF sig-

nals as well as a coherent reference signal from the
radar receiver. These signals are processed in par-
allel channels to provide an in-phase (I) channel, and
a quadrature (Q) channel into the A/D converter. The
use of quadrature channels avoids the 3 dB average
loss in sensitivity inherent in the single channel pro-
cessor. In order to provide highly accurate filter
implementations, it is important that the in-phase
and quadrature channels represent vector quantities
which have a true 90° phase relationship and equal
gain. In order to accomplish this, the synchronous
detector utilizes feedback loops which adjust the
phase and gain relationship of the two output channels.

The maximum clutter-to-noise ratio and the
acceptable level of processor quantization noise estab-
lishes the number of bits required in the analog-to-
digital (A/D) converters. For a specified number of
bits, the dynamic range of the A/D converter in-
creases as the level of quantization becomes more
coarse. However, with more coarse quantization, the
noise variance at the A/D converter output increases,
resulting in a larger signal-to-noise ratio loss. By
setting the quantizing level at or below the RMS noise
level, quantization loss is typically held below 0. 5 dB.
For a typical system, a 10 bit plus sine A/D converter,
with a quantizing level set at RMS noise level provides
60 dB of dynamic range. The sensitivity time control

DETECTION PROCESSING a
o

Figure 10. Functional Block Diagram o f a Modern Digital Signal Processor. Several decision
are required to extract a valid target report.
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(STC) prior to the receiver front end is used to hold
the input clutter-to-noise ratio below the maximum
dynamic range of the A/D converter. The A/D con-
verters are designed to provide a linear digital count
versus input amplitudes to minimize the creation of
intermodulation products. For input signals which
exceed their maximum total dynamic range, they will
generate a blanking bit. This blanking bit is carried
through the entire process and ultimately result in
the elimination of the range cell containing the high
amplitude signal. If this were not done, limiting of
the high amplitude input signals would create inter-
modulation products which reduce the capability of
the system to suppress the clutter. This intermod-
ulation product created by limiting was acceptable
in older systems which were looking for only 15-20
dB of clutter suppression. However, modern sys-
tems which must provide clutter suppression of
50-60 dB cannot tolerate the intermodulation pro-
ducts which result from a limiting process.

The A/D converter also outputs a blanking
count to the radar controller which is used in subse-
quent detection correlation algorithms and false
alarm control decision processes.

Even in land-based applications, the relative
velocity of clutter relative to the radar may impose
limitations on clutter suppression which is unaccept-
able. Figure 11 illustrates a typical ground and rain
clutter spectrum for a given range sample at the re -
ceiver output. The rain clutter is offset in the dopp-
ler domain relative to the land clutter, indicating a
moving rain storm. If the ground and rain clutter
are not superimposed, they can be individually com-
pensated to assure that the rain clutter appears at
the PRF line, thus maximizing the clutter attenuation
available on this signal. The clutter velocity com-
pensation circuit compares the relative phase of two
successive transmissions and creates a vector rota-
tion which compensates for the motion of the moving
clutter. This type of compensation is very effective
on high altitude rain or chaff clutter which frequently
has adequate mean velocity to severely limit the at-
tenuation in an MTI-type of canceller. The velocity
compensation is inhibited on low elevation angle
beams so that velocity compensation does not inad-
vertently limit the capability to suppress the land
clutter.

The output of the clutter velocity compensation
circuit represents input data which has been preproc-
essed to eliminate amplitudes which are too high to be
linearly processed and which has been compensated
in velocity to reduce the mean velocity to near zero.
This input data is stored in a random access memory
(RAM) input data store until all of the waveform data
has been collected and is ready to be processed.

Since the A/D converter LSB has been set near the
level of RMS noise, the input data store also has a
continuous sample of system noise. A noise level es -
timation circuit utilizes this data to establish an esti-

CLUTTER

IL i lVHL Jk

0 / 1/T
PRACTICAL COMPOSITE
FIL TER RESPONSE

Figure 11. Composite Land and Rain Clutter Spectrum
Used for Sample Filter Design. The of fset rain clutter
doppler influences the filter sidelobe levels within the
prf lines.

mate of noise amplitude to provide control of thresh-
old in the detection circuitry and to provide receiver
AGC. This same noise sample data are used to detect
noise interference and provide data from which the
bearing of the interference source can be calculated.

The detection processing function forms the
heart of the S/N maximization and C/N minimization
function within the signal processor. The processing
performed within the detection processing section can
be divided into two main categories; those that dis-
criminate against clutter in a doppler domain and
those that do not. Of the prior category, the MTI and
doppler filters provide the primary techniques for
discrimination against clutter. The MTI filter is capa-
ble of processing either 2 or 3 bits with a variety of
coefficients. The output of this filter can either be
provided to a doppler filter bank for further doppler
processing or, if the MTI waveform alone provides
the required clutter suppression, can be utilized di-
rectly by the thresholding and filter select function
output to provide target detection. Longer doppler
waveforms are preprocessed in the MTI filter to re-
duce clutter input amplitude and are then processed
through the doppler filter bank. As many as 32 filters
may be formed, each with up to 16 sets of coefficients.

Figure 11 illustrates a land clutter input spec-
trum with the rain clutter translated near the PRF
line. Also shown is a composite digital doppler filter
response. This response is similar to a bandpass
filter design with sharp cut-offs and zero output in
the clutter frequency band. For the system with a
finite number of pulses on a target, it is not possible
to implement this filter. A more practical filter can
be obtained by considering the various clutter levels,
percentage of occupied spectrum, and the require-
ment that thè filter suppress the clutter level below
the thermal noise. To reduce land clutter below ther-
mal noise, it is necessary that the sidelobes in the
vicinity of the PRF line be greater than 60 dB below
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the peak filter response. Since rain clutter does not
occupy as high an amplitude as does land clutter, and
false alarm level can be established with rain clutter
above thermal noise, a suppression level of 40 dB is
established for the doppler vicinity which includes the
rain clutter spectrum.

The extent to which the signal-to-clutter ratio
can be maximized depends upon the number of pulses
processed and the position of the edge filter which is
tuned to detect the lowest target velocity of interest.
With the composite response shown in Figure 11 it is
seen that blind velocity regions exist around the PRF
line. For a radar required to detect target velocities
within these blind regions, additional PRFs are used
which have different blind velocity regions and there-
fore provide the required coverage. For each PRF,
the digital filters are repositioned (using different fi l -
ter coefficients) to maximize the signal-to-clutter
ratio and provide complete velocity coverage. To mini-
mize the number and types of digital cards used in im-
plementing the filters, it is desirable to minimize the
coefficient storage requirement and the size of the
complex multipliers. A digital filter design using 4 -
bit plus sign filter coefficients have been found to yield
the required signal-to-clutter ratio performance and
to minimize digital signal processor costs. The 4-bit
plus sign filter coefficient is an acceptable approach
since the high amplitude land clutter returns have al-
ready been reduced with exact filter coefficients in the
MTI filter which precedes the doppler filter bank. A
doppler filter card used to implement two complex
coefficient doppler filters is shown in Figure 12. This
card is approximately 5 x 6 inches in size and is

implemented with dual in-line package integrated c i r -
cuits. Approximately 50 such DIPS can be accommo-
dated on a single card. The card is clocked at a 4 MHz
rate and time-multiplexes signals to provide the total
processing for 2 digital filters.

The signal processing which does not discrimi-
nate against clutter signals includes a zero filter
which provides a coherent integration function at the
PRF line. This zero filter is used with a high resolu-
tion clutter map to allow detection of targets that are
between clutter patches. This filter does not provide
signal-to-clutter improvement but does provide the
capability to detect targets with no radial velocity
component in areas which do not include clutter. Also
included in the non-doppler detection processor is a
non-coherent integration function which provides en-
hanced target detectability without doppler sensitivity.

Doppler Filter Design

The Doppler Filter Bank (DFB) consists of a
single pre-fi lter followed by a set of parallel doppler
filters. The cascade combination of the prefilter and
each filter of the DFB is a colored noise matched f i l -
ter that maximizes the S/C for a particular doppler
frequency; the set of frequencies of the DFB are se -
lected so that uniform doppler coverage is obtained
over a specified range of the PRF interval.

The inclusion of a prefilter in the DFB is a
consequence of the digital nature of the implementa-
tion and the design approach. The prefilter accurately
places zeroes in the regions of large amplitude dopp-
ler clutter, and thereby desensitizes the filter bank
design to coefficient truncation or round off noise

The digital DFB design is based on the maximi-
zation of the SCR of an analog transversal doppler
filter. For such a filter, the SCR is given by the fo l -
lowing equation:

SCR = i ^ L (1)
W RW

In equation 1, W is the vector of filter coef f ici -
ents and R is the covariance matrix of clutter plus
noise. The vector U represents the transmitted sig-
nal, doppler shifted to the desired peak filter posi -
tion in the PRF interval. The covariance matrix R is
computed from the clutter plus noise power density
spectrum illustrated in Figure 11, and is assumed to
be derived from a stationary random process.

With no quantization constraints on W, it has
been shown I5] that SCR is maximum when

Figure 12. Doppler Filter Card. T w o optimal coef fi c ient
doppler filters are formed o n a single card.

W = R 1U*. (2)

The required quantized filter coefficients are derived
from the optimum analog coefficients by means of the
following process. A set of quantized coefficient vec -
tors, r k, are computed from the optimum analog co -
efficient vector W in the following manner:

•JlriWï• ; -lizttst V ' lilt»!
.... • ' ,'.r" :,V.
AJA , Ä Ä J . ' < m t . .
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1 0 - 1 0

r k = V * * » - (3)

In the above equation, Q M signifies quantization
to M bits plus sign. For the results presented here,
<t>= 0. 017 radians (1°) and k = 0, 1, 2, . . . , 45. The

SCR (equation 1) is then calculated for W = ^ for each
of the vectors given by equation 3. The r k that yields
the maximum SCR is selected as an initial filter de-
sign, without prefiltering.

As an example of the design procedure, a typical
doppler filter of the DFB will be considered. The opti-
mum analog design of this filter has the response i l -
lustrated in Figure 13. Quantizing the analog coeffici-
ents to four bits plus sign yields the magnitude-
squared response function illustrated by the solid line
in Figure 14. For the quantized filter coefficients, it
is noted that the sidelobe level in the clutter region
(F/PRF = 0 to 0 .2 /T and 0. 8/T to l / T ) is degraded by
approximately 20 dB, a problem that would be common
to all filters in the DFB. This degree of degradation
is expected when using quantization to four bits.

n ,
T-»

V
\

\
/

/
/

1
11

(in» y '

0.00

11

0.20 0.40 0.60 0.80 1.00

F / P R F

Figure 14. The Quantized Version (Solid Line) o f the
Analog Design o f Figure 4 and the Prefilter (Dashed Line)

A prefilter with a transfer function that has
stop bands in the clutter region is an effective means
of reducing the effects of round off noise. Taking into
account the fact that the prefilter uses quantized coef-
ficients, a prefilter with zeros placed at 0 and
±0. 0932/T is used which uses coefficients of ± 1 and
±3/8.

The prefilter is implemented through presum-
ming but effectively serves as a three tap transversal
filter. It has the transfer characteristic illustrated by
the dashed line in Figure 14.

Recomputing the covariance matrix R out of the
prefilter and repeating the design procedure for a set
of filters with three less degrees of freedom, leads
to the final design of the prefilter doppler filter cas-
cade. The overall response of one of the cascaded

filters is shown in Figure 15. It is nearly identical to
the optimum analog response of Figure 13.

The two important factors of the DFB design
are: (1) the technique for quantization using equation
3 and (2) the implementation of a common prefilter to
guarantee optimum sidelobe levels in the high clutter
region, a property serious degraded by quantization.
These factors result in an efficient DFB hardware
implementation.

Figure 15. The Final Prefilter Quantizer Doppler Filter
Cascade

0.40 0.60

F / P F U

0.40 0.60

F / P R F

Figure 13. The Optimum Analog Response
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Target Detection Processing

Individual target detections are stored in a ran-
dom access memory. Subsequent detections will also
be stored in this detection memory store and a com-
parison of adjacent beam position performed for each
bin of interest. In this way, multiple returns resulting
from a single target can be reduced to a single plot
report output. This correlation function is under the
control of the Radar Controller which provides the
correlation criteria to be used as a function of posi-
tion in the surveillance volume and false alarm rate.
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The output of the beam correlation function is a
complete target report. The target reports are stored
in a report store and maintained for a number of an-
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tify and delete those targets which have a mean veloc-
ity below a predetermined limit.
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Reports which survive the report edit function
are translated in the report characterization calcula-
tion to a coordinate system and to data profiles which
are required by the user. This usually requires the
translation from the R, 9 coordinates of the radar
system into the X, Y and altitude coordinate of the
user system. The altitude of each target is calculated
using atmospheric data stored in the Site data store.
The processor utilizes a complex set of atmospheric
refraction data keyed to range, azimuth and altitude
to provide a more accurate calculation of altitude. The
site data store also retains specific inputs for site
altitude and other characteristics that would be useful
in formulating and processing the output data.

The final process in the signal processor
is to format the data for transmission to the user
system. More and more systems are requiring for -
matting and transmission of data over a narrowband
data link via a serial data channel output. Data load
information is used to adapt plot extraction criteria
to avoid data link saturation.

Summary

Some of the environmental and operational char-
acteristics have been examined which ultimately es-
tablish operational limitations for a high power
surface-based radar. Clutter amplitude and spec-
tral characteristics have been examined as they im-
pact signal processor dynamic range and waveform
design. It has been shown that dynamic ranges of
50 to 60 dB are typical for surface-based high power i
radars which are intended to provide a high proba-
bility of target detection. Finally, a generic signal
processor, representative of current processing
techniques, has been described.


