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Abstract

A comparison between nonparametric Wilcoxon tests with time-frequency
coded signal in detecting a train of narrow-band signal pulses on a background of
Gaussian distribution clutter is made. The detection performance is derived, and
shows a gain in Signal-to-Noise.

Ratio about (5-10) dB for the same probability of detectionP,, and a given

probability of false alarm P, , using the number of return pulses M as a parameter.
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1. Introduction
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A common assumption in the design of many Constant False Alarm Rate (CFAR)
systems is the Probability Density Function (PDF) of the background noise amplitude is
known (usually taken to be Gaussian) except for a scale factor. Clutter however is often
nonhomogeneous and thus nonstationary, as well as being of unknown PDF in some cases.
With such uncertainty in the background, a nonparametric method of detection must be used.
A nonparametric detector also called a Distribution-Free Detector (DFD), in its most general
form does not require prior knowledge of the PDF of the noise or the signal.

A nonparametric detector permits a CFAR to be achieved for a background noise that
might be described by very broad classes of PDFs. It has a greater loss than when the
character of the noise is known and an optimum detector can be designed, but it does keep the
false alarm rate fixed %341,

2. Wilcoxon Test

One of the nonparametric detectors is the Wilcoxon test, which is a rank detector. The
analysis of Wilcoxon test in comparison of optimum detector shows that for a train of 30
pulses and P, =1e-6 , the loss in Signal-to-Noise Ratio (SNR) about 2dB, while for 50 signal

pulses the loss reduced to 1dB, Figures (1) and (2) ©.
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Figure (1) Detection Performance of Narrow-Band Wilcoxon
Detector for Pfa=1e-3 and M as Parameter
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Figure (2) Detection Performance of Narrow-Band Wilcoxon
Detector for Pfa=1e-6 and M as Parameter

3. Transmitter Waveform Selection

Another approach to achieve CFAR conditions is the transmitter waveform selection,
and the frequency agility . To represent this approach a time-frequency coded waveform is
selected.

4. Signal Detection

The quality of signal detection is characterized by the conditional probabilities of
detection P, , and false alarm P, , for M resolution cells (or M-successive return pulses from

the target) and N scan cycles.
For one scan (N=1), and at one resolution cell:

Pd =PdN TPF N PEIMN e, 1)
M

and they determined by:

n17n
I ,——
- [nl 1+p] b :F(no,nok)
I'(ny)

where:
I'(n, X) - not complete Gamma function;

I'(n) -complete Gamma function;
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where:

n,,n,- half number of freedom for y*-signal distribution at the output of noncoherent
integrator for the signal presence n, , and its absencen_;

A - normalized detection threshold,;

T.; - time interval for noncoherent integrator;

AF,; - the width of frequency response characteristic for coherent integrator;
AF, - the lobe width of reflected signal energy spectrum;
p - Signal-to-Clutter ratio (S / C).

From (2) it can be seen that the choice of the transmitted signal depends not only on
S/C, but also fromn_,n;,A, M and N.

The target observation time T, (which is equal to coherent signal integration

interval T, ) equals to:

V.
T = T = 208 e reeeee e e ———aaaeearrr——aaaearrnn———_ 4
obs = l¢i V (4)
where:
V.. -the volume of detection zone;

scan
V- angular dimensions, or the transmitted signal volume, i.e. the transmitting antenna beam
width AG,, A0, .

In this case the detection performance expressed by:

1
D o vtereeteeerneeeerneeeeneeeanaaeernaaeennaaaan—aaanaaeanaaaennaaernnn 5
Pd pf1+p (5)

The discussion will be limited for the case , when the detection decision is made for one
scan (N =1), to find a rule to determine the transmitted signal dimensions X, Y ,Z .and its
spectrum width (base band) Af ,based on the Nyman-Pearson criteria.

Taken into consideration the above discussion:

1

P 1+p(V,Af,
pg(V,Afy)= {I\/I(\;—MAlf)} VA e, (6)
1Alo
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From (6) it can be seen that the choice of V, Af must be oriented toward the decrement
of M and the increment of p .
For non-modulated RF pulses, the number of resolution cells equals to:

M = Vscan _ I:scan _ Vscan _ I:scan-V-Tscan
\ AI:ci Vv Vscan

= FscanTscan ........................ (7)

thus, M is not depend on V. And the dimensions of the transmitted signal in X, Y and its
radial expansion must be selected to obtain maximum S/C.

For signals with large base band, the number of range resolution cells increases by the
signal base, in addition S/C increases by the same value, when the clutter exist only.

M = Fscan -TSCan -Afo -T = m 0 -Afo -TO aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa (8)

where m_, p,,T are the number of resolution cells, S/C ratio, and the transmitted pulse
duration for noncomplex signal.
Taken into consideration the above discussion, expression 6, could be written as [):

1

IfMl 1 pO'AfO'IO
p AN P e I L 10

5. Probability of Detection Analysis

The analysis of expression (10) shows that the detection probability at clutter existence
iIs a monotonically increasing function with the signal base band. Thus to obtain highest
values of P, it is recommended to implement a transmitted signal with large base band.

If expression (10) is differentiated by the signal base band, we obtain:

1

Py =£ Pt JhpmAfo.To Po Ln[mO.AfO.TO]_(1+pO.AfO.TOJ .. (12)
a(Af,,T,) \mgy,Af,,T, (1+p,.Af,.T, ) Pt po-Af,.T,
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Analyzing the terms of (11) yields:
1. For any finite base band values mO,(PfMJl >>1, the first two terms accept nonzero positive
value.

2. To evathe sign of the third term, the first sub-term under Ln sign mo,(Pﬂ\,,Jl >>1, and the

signal base band Af, -T, is not less 1, so the first subterm will accept a value more than
one. While the second subterm m_-Af_-T_>>1, thus this subterm approximately equals to
one and the difference of these sub-terms is positive.
The analyzed function derivative for any finite base band values will be always a
positive value. It means that the function P, (Af,,T.) is an increasing function.

6. Evaluation of Detection Performance

To evaluate the implementation of complex signal compared with Wilcoxon
nonparametric test the detection performance was derived using (10) for a time-frequency
coded waveform, consisting of a train of M pulses, each one transmitted at a different
frequency.

The pulse width isz and the waveform durationT =M -z. The time-bandwidth product
T-B=M2E

The detection performance is considered for a single scan (N=1), and different number
of return pulses from the target (or cells under test) M= 8, 16, 32 and 64 for a given value of

false alarm P, =10°°, P, =10°°. The results are plotted in Figures (3) and (4).
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Figure (3) Detection Performance of Time-Frequency Coded Signal
for Pfa=1e-3 and M as Parameter
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Figure (4) Detection Performance of Time-Frequency Coded Signal
for Pfa=1e-6 and M as Parameter

From Figures (1, 2, 3) and (4) it can be seen that:

1. The results are shown, show the variation in detection performance as M is varied;

2. As M becomes large (greater 32), the detection performance of time-frequency coded
signal is superior to the Wilcoxon nonparametric rank test, but increment of M leads to
degradation of target detection information rate;

3. Show the way of the performance of the detector varies as the deviation from minimum
probability of false alarm P,, increases;

4. The necessary S/N to achieve required probability of detection P,for both detectors, is

better for time-frequency coded signal, the gain in S/N is about 10 dB;
5. The gain in S/N, could overcome the loss in S/N due to the variation of clutter probability
density function;
6. When the product of the bandwidth B and the pulse width 7 is greater than unity, as in
pulse compression radar, the loss is determined by the product M - B- zrather than M.
Thus a loss of 1dB corresponds to MB 7 =100 .Both coded pulse waveforms and
frequency-modulated waveforms have been considered for pulse compression radar with
CFAR M,
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7. Conclusion

1. The detection performance of time-frequency coded signal is superior to that of the
nonparametric rank Wilcoxon test;

. Radar with a complex signal is not without disadvantages. It requires a transmitter can be
readily modulated, and a matched filter more sophisticated than that of conventional pulse
radar;

. In spite of its limitation, radar with complex signal has been an important part of radar
system technology.
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