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EVALUATION OF THE MTD IN A HIGH-CLUTTER ENVIRONMENT

JOHN R. ANDERSON AND DAVID KARP

M.I.T. Lincoln Laboratory, Lexington, Massachusetts

ABSTRACT

The MTD (Moving Target Detector) is an auto-
mated radar signal and data processing system de-
signed to improve the performance of air surveil-
lance radars in various forms of clutter while
providing a low output false alarm rate.

This paper briefly describes the architecture
of the MTD processor and presents the results of a
field evaluation of the system using the ASR-7
terminal radar at Burlington, Vermont.
1. INTRODUCTION
The goal of the Moving Target Detector develop-
ment is to produce a fully automated surveillance
radar processor capable of providing high detection
probability and low-false alarm rate target reports
‘using existing and planned Airport Surveillance
Radars and Air Route Surveillance Radars.

An MTD processor has undergone a detailed
field evaluation at the Burlington, Vermont terminal
ASR~7 radar site., Preliminary results from another
ASR~7 installation at the National Aviation Facili-
ties Experimental Center (NAFEC) near Atlantic City
are also available. Present plans include the in-
terfacing of an MTD processor to an ASR-8 fully
cocherent, klystron transmitter terminal radar in
the near future.

This paper will briefly describe the archi-
tecture of the MTD processing system and present
experimental results indicating the performance of
the system in operational site environments con-
taining ground, rain and bird clutter.

2. MOVING TARGET DETECTOR

2.1 General

A block diagram of the MTD system is shown in
Figure 2.1-1. The received IF signal from the
radar is smoothly limited to a dynamic range of 51
dB. The IF and COHO signals are then processed
with a linear receiver to provide in-phase and
guadrature video signals which are sampled with 10-
bit A/D converters. This data is stored for the

*This work was sponsored by the Federal Aviation
Administration. The United States Government as-

sumes no liability for its contents or use thereof.
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remainder of an B~puise coherent processing inter-
val (CPI}) in the input memories of a PMP-2, a par-
allel programmable signal processor.[ The sig-
nal processor performs the doppler filtering and
thresholding functions and outputs range, azimuth,
doppler and amplitude information for each cell in
which threshcold crossings are detected. These
threshold crossings are then sent to a correlation
and interpolation (C & I) processor, where they are
first correlated into target reports and then cen-
troided in range and azimuth. These targets are
subjected to fixed and adaptive false alarm re-
jection thresholds to produce target reports. The
target reports are finally edited using a scan-to-
scan correlator to reduce the output false alarm
rate to a typical value of 1 false alarm per 4.7
second scan.

2,2 The ASR-7 Radar

The ASR-7 is a maghetron transmitter terminal
radar whose basic parameters are as follows:

Azimuth Beamwidth 1.5°

Pulsgewidth 0.833 us
Instrumenteé Range 60 nmi

Rotation Rate 12.5 RPM
Wavelength 0.107 M (2.8 GHz)
Transmitter Peak Power 425 kW

Receiver Noise Figure 4,75 dB

When used for MTD operation, the radar is oper-
ated in a block-staggered mode with PRFs of 900 and.
1100 Hz. The PRF is alternated each CPI to elimi-
nate single PRF blind speeds and increase the like-
lihood of detecting aircraft with ambigucus deoppler
velocities in rain ¢lutter. Since the MTD proces-
sor, compared to the existing MTI processor, pro-
vides more coherent integration gain and improved
clutter rejection, it is necessary to increase the
stability of the radar system. To do this the ASR-7
staleo has been replaced with a phase-locked crystal
oscillator and an AFC servo system has been added
to the magnetron. In this configuration the stabil-
ity (DC~-to-residue ratio) of various ASR-7 radars
has been measured to be within the range 40 4B to
47 4B single pulse. This instability is believed
to be the result of phase noise in the COHO locking
and magnetron frequency instabilities. To be of a
level such that it would not degrade the perfor-

mance of the MTD in clutter, a transmitter stabili-
ty of greater than 50 4R wonld be reguired. This

______ than 50 4B would be require This
level

is nominally achieved with the ASR-8 (klystron
amplifier) radar system.

:
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3. MTD SIGNAL PROCESSOR

3.1 General

The basic MTD signal processing structure is
a bank of eight 8-pulse FIR filters. One of these
filters includes zero doppler velocity and is
thresholded using a time averaged ground clutter
map. The seven non-zero filters are thresholded
using a sliding window range CFAR.

3.2 Doppler Filter Design

The zero velocity filter was designed as a
linear phase equiripple low-pass filter with
the pass band width equal to that part of the
doppler spectrum not covered by the seven remaining
filters.
to provide good detection perfermance in rain clut-
ter. The filter coefficients have heen quantized to
4 bits plus-sign.

The non-zero filters have been deSL?ned using
the technique of Deleng and Hofstetter! to ap-
proximate the optimum filter for interference com-
posed of 40 dB (single pulse) ground clutter re-
turns with the antenna modulation spectrum, plus a
component which is white in doppler except in the
vicinity of the target frequency, intended to re-
present rain clutter. Target frequencies were
chosen for seven doppler freguencies spaced across
the band, The filters have peen further con-
strained by forcing the realized system functien,
H(z), to be zero at z = 1 when filters are quan-
tized to 5 or 6 bits plus sign. This is to reduce
the effect of coefficient quantization on the re-
sponse to the scanning modulated ground clutter.
To increase computation efficiency, filters 5, 6
and 7 have been taken to be the complex conjugates
of filters 1, 2 and 3.

3.3 Zero Filter Thresholding

The output of the zero velocity filter is time
averaged using a single pole filter for each range=-
CPI cell (approximately 500,000 cells). Various
time constants for this filter have been tested,
with the nominal value equal to 16 scans. This
filter is thresheclded using a thresheold multiplier
to a designed noise false alarm rate of 107

3.4 Non-zero Pilter Thresholding

non-zaro Iin1r\r-1h!
1onN-Zere VeloClh

[l

which the six range cells preceding and the seven
range cells following the cell being thresholded
and the two adjacent cells are amplitude averaged
and multiplied by a thrgshold to produce a noise
false alarm rate of 10 ° per filter. This corres-
ponds to a total false alarm rate of about 30 per
scan. In the presence of large DC values a frac-
tion {dependent on filter) of the zero filter cut-
put is added to the CFAR threshold to control the
false alarm data rate.
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4. POST-DETECTION PROCESSING AELGORITHMS

4.1 General

The post-detection data processing consists of
target correlation and interpolation, fixed and
adaptive threshelding, and scan-to-scan correlation
All post-processing functions simply filter data to
remove false alarms. Output reports consist of ac-—
No smoothing is
performed on data that is output to display systems
and no track identification is added. A

4,2 Fixed-Range and Azimuth-Dependent
Thresholding

The purpose of this module is to remove those
reports which are due to the presence of automotive
traffic or ground clutter whose amplitude is greater
than that for which the filter bank is designed.
This is accomplished by having a map with high
spatial resolution (1/4 nmi by 2.8°) which is used
to store an encoded value indicating the selection
of one of two different threshold values with a

_doppler weighting corresponding to either the scan-

ning modulation residue doppler spectrum, to be
uged in severe ground clutter areas, or a flat dop-
pler weighting which is used to remove ground traf-
fie. These thresholds are applied to the raw re-
ports before the target correlation process.

4.3 Target Correlation and Interpolation

In this processing module targets are first
grouped intoc clusters on the basis of range and
azimuth adjacency. Each cluster is then centroided
using a "center of mass" (first moment weighted by
amplitude) estimation to produce a centroided range
and azimuth. At this point a report "guality" is
assigned to the target which is a value extracted
from the target parameters representing an estimate
of the variance of the azimuth measurement. A
“oonfidence" value is also assigned indicating the
likelihood of the report being a false alarm.

4.4 Adaptive Target Thresholding

At many sites the occurrence of targets due to
birds or "angels" is a common cccurrence. Angel
reports have been observed to have a roughly log
normal amplitude distribution with a mean cross
section of approximately -25 dBSM (square meter).
In contrast the population of aircraft targets has

Aarmmawrand ma o ot
an apparent mean cress section {including bean

losses) of slightly less than 0 dBSM. Thus there
exists with sufficient integration a way to de-
termine if angel false alarms are present in a
given target sample. An example of the cross
gsection population of birds and aircraft targets
from Burlington, Vermont is given in Figure 4.4-1.
As the distributions overlap, it is impossible to
precisely determine whether a particular report is
due to an aircraft or a bird. Instead we attempt
to limit the angel false alarm rate te a fixed
maximum value with as little loss in aircraft

{including heaam



detection as possible, 'The methed used to ac-
complish this is to integrate over a space-doppler
area for sufficient time to accurately make an
estimate of the angel false alarm rate, and if this
exceeds a predefined value (nominally 60 per scan
in the entire coverage area) the threshold for that
cell is raised. If the rate is significantly less
than the acceptable false alarm rate, the threshold
is lowered. '

pue to the conflict between fast response and
sufficient target statistics we have implemented
this thresholding as a series of two sequential
filters. The first integrates over a relatively
long time {v200 sec) using fine spatial cells (16
sq nmi by 3 doppler bins), the second is much
faster acting (“5 sec) integrating over the entire
coverage space for ranges less than 20 rmi again
using 3 doppler bing. The purpose of this organi-
zation is to achieve fast response at the onset of
false alarms while providing localized attenuation
for longer lived phenomena. An example of the per-
formance of this algorithm in heavy angel condi-
tiens is given in Figure 4.4~2 using data from
NAFEC.

4.5 Scan-to=-scan Correlation

The targets which survive the adaptive
thresholding process are then input tc the scan-to-
scan correlator. The scan-to-scan correlator uses
tracking algorithms to edit the reports to remove
those false alarms which do not have the scan-to~
scan position relationship expected of an aircraft
target. A significant property of the design of
the MTD tracker was the decision not to place a
lower limit on the velocity of the tracks. This
was done to avoid suppressing the detection of
helicopters and small aircraft in head winds. The
ability to not enforce this restriction is in the
most part provided by the effectiveness of the
adaptive thresholding in reducing the angel false
alarm rates. To remove stationary false alarms,
the output of targets correlated with tracks which
have never been greater than 1/4 nmi from the
position of track initiation is suppressed.

The processing of this module is relatively
straightforward. First input targets are associated
with tracks on the basis of a normalized error dis-
tance from the track predicted position. HNon-
unique track-target asscciations are then resclved
and targets correlating with tracks older than 2

" scans are output to the display system. The
tracks which have been correlated with a target are
updated using the target quality to determine the
amount of smoothing to be used in the azimuth pre-
diction. MTracks not associated with targets are
neoasted" for up to 3 scans (depending on age) and
are then dropped. All uncorrelated targets which
are not low confidence are retained for use in
starting new tracks on the next scan. The current
implementation of the MTD tracker uses o,B smooth=
ing (o,B dependent on target guality) in an X,y
coordinate system for track prediction when the
track is at ranges less than 6 rnmi and a p,8 co~
ordinate system when the track is outside this
range.

A%

5. PERFORMANCE EVALUATION RESULTS

5.1 Introduction

As of this writing approximately 250 hours of
recorded MTD data are available from the Burlington
and NAFEC radars containing information on targets
of opportunity and planned test flights. The
Burlington site is characterized by areas of ex-

" tremely high amplitude ground clutter, the largest

ground clutter returns exceeding 70 dB single-pulse
clutter-to-noise at the STC output. Fig. 5.1-1 is
a plot of Burlington ground clutter greater than 40
dB C/N. The NAFEC site is not a severe test of
ground clutter capability. However, large numbers
of angel returns are frequently observed. The
NAFEC site is als¢ equipped with a co-rotating DABS
monopulse beacon system which provides aircraft al-
titude information and an independent measurement
of aircraft position,

5.2 Owerall Performance

Ml MM A o Y - i
The MTD has demonstrated reliable automated

.low false alarm rate performance in a variety of

weather and clutter environments. The mean output
false alarm rate of the MTD processor is approxi-
mately 0.3 per scan with ocutput false alarm rates
of above 2 per scan being very rare, Fig. 5.2-1
shows 100 scan (approximately 8 min.) plots of
interpolated target reports and the output of the
surveillance processor with data from Burlingten,
Vermont. An isolated plot of results .from a one-
hour flight test using a Piper Navajo (mean cross
section approximately +3 dBsm) is given in Figure
5.2-2. During this test was
detected with an overall Ap-
proximately 300 scans of

clutter areas southwest of the radar. In these
areas the detection probability is 0.86. The mid-
doppler~band subclutter visibility at Burlington is
limited to about 36 4B due to the radar system
instability noise (-42 4B single pulse for the
Burlington radar) and can be improved with a fully
coherent transmitter. Over very large clutter,
edge doppler filter (filter 1, 2, 6 and 7) detec-
tion is further limited by scanning modulation of
ground clutter larger than that for which the
filter bank is optimized.

flight the ailrcraft
probakility of 0.%4.
the flight are in high

The azimuth accuracy of the NAFEC sensor has
been characterized using the DABS beacon systen,
which has a measured one standard deviation azimuth
error of ,03 , as a reference. The MTD azimuth
error distribution as shown on Fig., 5.2-3 is com=-
prised of a central normal population with a stan-
dard deviation of 0.10 when corrected for quanti=-
zation effects, and a second smaller component of
considerably greater variance which is due to the
structured error associated with interpolation pro-
cessing of low gquality targets. The range error
population measured this way is essentially normal
with a standard deviation of 200 ft. The majority
of this error is believed to be due to the varia-~
tion in the beacon transponder delay. A measure-
ment of the range error using a procedure of a
least sguares fit of a second order curve to non-
maneuvering tracks yields a one standard deviation
range error of approximately 100 ft.
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Throughout the testing, the MTD detection
formance in rain has been shown to be superior
that of existing MTI sysems. Fig. 5.2-4 shows
detection of an aircraft in rain of 30 4B 5/N.

6. CONCILUSION

pex=
to
the

A long-term demonstration of MTD performance

in a difficult FAA field environment has shown

that

the use of modern signal/data processing techniques
does support auvtomation of terminal area surveil-

lance radar systems.

The field téS5Tt results also

show that the automated radar combined with a mod-
ern beacon system improves the overall sensor sur-

veillance pexformance.
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PROBABILITY OF OCCURENCE OF ERROR VALUE
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