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by Means of Non-Doppler Radar
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The Moving Target Indicator (MTI) is usually utilized in order to detect the moving targets embedded
in ground clutter. Coherent Doppler radar is used for the typical MTI. As an alternative, we investigate
an area MTI using a non-Doppler radar. The area MTI is defined as scan-to-scan cancellation, that is, the
observed area is subtracted from scan to scan. This time, we observed an aircraft embedded in ground clutter
at Niigata airport by using an X-band non-Doppler radar. It is shown that the amplitude statistics after
scan-to-scan cancellation obey a Weibull distribution. To suppress such ground clutter, we apply a noble
Constant False Alarm Rate (CFAR) method. An improvement value of target-to-clutter ratio 18.95dB was

obtained.
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1. Introduction

In radar signal processing ¢, an important problem
is the suppression of the various clutter reflected from
the ground, sea, sea ice and rain clouds, and the de-
tection of targets, such as aircraft or ships immersed in
such clutter. In order to improve detectability in the
presence of such clutter, various anticlutter techniques
have been utilized. For example, an MTI (Moving Tar-
get Indicator) is used against ground clutter ®, and the
LOG/CFAR (Logarithmic/Constant False Alarm Rate)
system is used against Rayleigh-distributed sea and
weather clutter having a large dynamic range ®. How-
ever, recently, non-Rayleigh distributed clutter has been
observed with relatively high-resolution radars. For ex-
ample, ground @~ gea ®~019 gea jce *M and weather
clutter *® amplitude statistics obey a Weibull distribu-
tion, which incorporates the Rayleigh distribution as a
special case. Thus, recently, there has been a continuing
great interest in various Weibull-distributed clutter. If
various clutter obey a Weibull distribution, perfect sup-
pression of the clutter cannot be attained by using the
conventional cell-averaging LOG/CFAR, system, since
the output clutter level is dependent on the variance and
hence depends on the shape parameter of the Weibull
distribution. To suppress such Weibull-distributed clut-
ter, a new method has been considered ®~(®  In this
paper, an adaptive new Weibull CFAR detector is in-
vestigated and applied to the real Weibull-distributed
ground clutter after an area MTI.
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2. Observations of Ground Clutter and
Targets

Ground clutter was measured at Niigata airport. The |
area covered from 0.0° to 27.6° (range‘sweep numbers 0—
329) in the azimuth direction and from 2.2km to 4.6km

long in the radial direction. The radar characteristics

are shown in Table 1.
A data sampling system is illustrated in Fig.1. The

'A/D converter digitizes the video-signal in 8 bits. The

data are transferred to the following 64kBytex4 DRAM
Memory Block. Blocks of “azimuth control unit” and
“control block” in this diagram are for angular control-
ling and for specifying a radial distance of the area of
interest by “trigger” from the radar. “Memory man-
agement block” is for generating memory address and
writing the A/D converted data into internal memory
in succession. Sampled data are transferred to a floppy
disk through a multi bus and a 16-bit personal com-
puter. Figures 2 and 3 show the amplitude against the
azimuth and radial directions with and without an air-
craft, respectively. Figure 4 illustrates an area MTI by
subtraction from map of Fig.2 to map of Fig.3. It is
easily seen that an aircraft is detected. In the following,
we will investigate the suppression of residue after an

Table 1. Radar parameters
radar X-band radar
transmitted power (peak) | 53 kW
frequency 9,380 MHz
anntenna beamwidth

holizontal 0.6°
vertical 20.0°
pulsewidth 0.25 us

pulse-repetition frequency | 1 kHz

antenna scan rate
intermediate frequency

18 rpm
60 MHz
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Fig.1. Data sampling system block diagram
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Fig.2. Amplitude against azimuth and radial di-
rections with an aircraft. Circle means an aircraft
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Fig.3. Amplitude against azimuth and radial di-
rections without an aircraft

area MTI.

3. Amplitude Statistics of Residue of
Ground Clutter after Area MTI

First, we shall investigate the statistical amplitude
~ properties of the residue of ground clutter after the area
MTT. To this end, we consider the Weibull distribution.
The probability density function of the Weibull distri-
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Fig.4. Processing result after an area MTI. Circle
means an aircraft

bution is given by

i () e[ ()]

(b>0,¢c>0, z>0)

pe(2)
0 otherwise

where z is the amplitude of clutter, b is a scale param-
eter and c is a shape parameter. For ¢ = 1 and 2, this
distribution is identical to an exponential distribution
and a Rayleigh distribution, respectively.

In terms of new variables X and Y defined below, the
Weibull distribution Eq. (1) gives a linear relation be-
tween X and Y: ‘

X

i

In(z)

ln{—ln (1 _ /Ompc(x) dx)}

To determine the shape parameters of Weibull dis-
tributed ground clutter in the temporal and small scale
range fluctuations with which a constant false alarm rate
(CFAR) is concerned, we picked out a sample area of 6
range sweep numbers corresponding to the beamwidth
of 0.6°. Four examples for various range sweep numbers
are shown in Figs. 5~8.
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3 T T T T T ]
2 { 4 -
1+ i
. L
or _
L ,s(;;( J
,,’X
1k P X :Q-Qplot ]
K -—==:leasl-squarcs method  ~

e (b=9.66, c =0.771, msc = 0.0505) |

2 L ! L 1 L L . L . 1 L
0 1 2 3 4 5 6

X
Fig.6. Determination of parameter b and ¢ in

range sweep 204-209
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Fig.7. Determination of parameter b and ¢ in

range sweep 254—-259

A straight line was fitted to the values of Y and X by
the least-squares method. If the data follow a Weibull
distribution, they lie on a straight line in this represen-
tation, and the slope gives the shape parameter. This
method is called Q-Q plot. The root mean square er-
ror (rmse) is the deviation of the data points from the
straight line drawn by the least-squares method. The
values of shape and scale parameters over range sweep
numbers 0-329 are summarized in Fig. 9.

There results show that the residue amplitude after
the area MTI obey a Weibull distribution with shape
parameters of ¢ = 0.565 to 0.887. In the following, we
shall consider the Weibull/CFAR processor.
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Fig.8. Determination of parameter b and c¢ in
range sweep 312-317
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Fig.9. Shape and scale parameters for different
range sweep numbers

4. Suppression of Weibull Distributed
Ground Clutter

To maintain a CFAR in Weibull clutter, for exam-
ple, Goldstein ®® proposed the log-t detector, which re-
quires a logarithmic detector of the mean and standard
deviation of the logarithm of the input clutter sample.
Hansen ®* has proposed a Weibull CFAR detector that
takes into account the nonlinear transformation from the
Weibull to the exponential probability density function.
In this case, it is necessary to determine two Weibull
parameters, the shape and the scale, by using a finite
number of data samples passed through a logarithmic
amplifier. An adaptive CFAR system has also been con-
sidered by the present authors *® @ This is based on a
threshold level determining from the calculated output
variance, and using this threshold level, it is possible
to maintain CFAR for various clutter that follow the
Weibull distribution.

The above proposed four Weibull CFARs requires the
determination of the Weibull parameters before setting
the threshold level. On the other hand, our newly pro-
posed Weibull CFAR is based on the threshold level set-
ting from the moment expansion and it is not necessary
to determine the Weibull parameters to maintain CFAR.
. Here we consider maintaining CFAR for different

IEEJ Trans. FM, Vol.124, No.1, 2004



Detection of Aircraft in Ground Clutter by Radar

shape parameters of the Weibull distribution.

If the input signal voltage xz, distributed according
to the Weibull distribution shown in Eq. (1), is passed
through an idealized logarithmic amplifier, then the out-
put y is represented by

- y=kln(lz) (k,1: constant). ----eevovenn- (3)
'The mean value of y is
k
<’y> = kln(lb) — Ery .......................... (4)

where « is Euler’s constant, which is equal to v =
0.5772---. We define v as

T (5)
and z as

z=me™ (m, n: constant). «----c-eeoenen (6)
Substituting Eqs. (3), (4) and (5) into Eq. (6), we obtain

Y = m%l ................................. (7)

‘Here we used the relation kn = 1. Thus, after passing
through an anti-logarithmic amplifier, the J th moment
of the output signal is written as follows:

(27} = m exp <%y) T (% + 1) ,

© where I is the gamma function. The false alarm prob-
ability ps, is the probability that a clutter signal above
the threshold 7" is misjudged as a target signal and it is
given by

pro= | 0(:)dz = expl(T/melo)] oo )
We now put the threshold level T as
R
T = ZCLJ[(ZJHI”, ....................... (10)
J=1 ‘

where a; are constants and R is a number of a;. From
Egs. (8), (9) and (10), we obtain ‘

e ([ e (2} T )

To maintain a CFAR in observed Weibull clutter ¥ from
the shape parameters ¢ = 0.5 to ¢ = 2, the false alarm
probability pse in Eq. (11) must be constant for ¢ = 0.5
to ¢ = 2.0. To obtain such constant values from ¢ = 0.5
to ¢ = 2.0 for various py,, we found the constants a; in
Eq. (11). by computer simulation. Thus, by determining
the constants ay, we can obtain the constant false alarm
Dfa, independently of the shape parameter c.

To maintain CFAR, a computer simulation was made
for four constants ay. A finite number of samples
N = 32 was considered. An Example of ps, versus c
is shown in Fig. 10.
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Fig. 11. The result of Weibull CFAR for pj, = 107*.
Circle means an aircraft
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Fig.12. The result of the conventional detection
method for ps, = 1071, Circle means an aircraft

Table 2. Numerical values of four parameters

Pfa al az as a4

1071 | -19.7798 | 56.3313 | -51.5012 | 16.2657
1072 {-13.4644 | 25.8685 | -14.9536 | 3.91194
1073 | 3.89492 | -30.7555 | 40.1210 | -11.9262
1072 [ 19.5258 | -73.6396 | 72.6980 |-17.2925
10~% | 27.3573 | -83.9486 | 63.4808 | -5.63650
10~% | 23.8588 | -50.7647 | 1.30352 | 26.8281

If we consider the three parameters a;, as and ag,
then ps, is not constant for various shape parameters
from ¢ = 0.5 to ¢ = 2. Furthermore, if we consider more



five, six parameters than four parameters, we obtain the
same result as the four parameters. Thus we considered
the four parameters a1, as, ag and aq4.

Numerical values of four parameters using Eq. (11)
are shown in Table 2. This method was applied to
ground clutter data of Fig. 4 using four parameters for
Dfa = 101, The result is shown in Fig.11. In case of
Fig. 4, the Target-to-clutter ratio (T/C) was 11.36dB,
while T/C in Fig.11 was 30.21dB. Thus, we obtained
18.95dB improvement. If we consider the conventional
detection method by determining the threshold level for
pro = 107! in Fig. 4. This is shown in Fig. 12. Then we
obtain T/C = 20.77dB and 9.41dB improvement. Thus,
it was concluded that our method is superior to the con-
ventional detection method.

5. Conclusion

Measurements of ground clutter returns have been re-
ported using a non-Doppler X-band radar. Data have
been recorded by an A/D converter. It has been shown
that the residual amplitude after the area MTI obeys
a Weibull distribution with shape parameters from ¢ =
0.565 to 0.887. By applying the Weibull CFAR after the
area MTT, the unsuppressed residual ground clutter was
suppressed with the improvement of 18.95dB.

(Manuscript received March 18, 2003,

revised June 9, 2003)
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