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ABSTRACT

In this paper an evaluation the detection performances for (AND-CFAR) and
(OR-CFAR) processors under different clutter models is done for pulsed radar
system.

The clutter models used in this paper are three types of distribution

(Exponential Clutter distribution, Rayleigh Clutter distribution and Weibull Clutter
distribution).
The two detectors (AND-CFAR and OR-CFAR) are the improved conventional
Cell Average-CFAR (CA-CFAR) and Order Statistics CFAR (OS-CFAR) by
making full use of the cell information. The two CFAR processors combine the
results of the CA-CFAR and OS-CFAR to get a better detection performance.

The mathematical equations of the probability of detection and probability of
false alarm to the two detectors (AND-CFAR and OR-CFAR) for the three clutter
models are founded under the assumptions that a homogenous background with a
Swerling | target, and the reference cells are Independent and Identically
Distributed (11D), also the detection performances of these detectors (AND-CFAR
and OR-CFAR) have been evaluated for the three clutter models first and
compared between them with those of CA-CFAR and OS-CFAR for Rayleigh
distribution using MATLAB-Programming (M-File).

In this paper is founded that the detection performance to AND-CFAR and
OR-CFAR has not been affected by changing clutter models (clutter probability
density function) for fixed probability of false alarm, also for the same probability
of detection (Pd=0.7) and for fixed probability of false alarm (P+=10°) and N=12,
signal-to-ratio power ration (SNR) which ensure this Pd is equal (18dB) for AND-
CFAR, but its equal (18.5dB) for OR-CFAR, this means AND-CFAR is better
detection performance than OR-CFAR for different clutter models.
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Introduction
n automatic radar detection, the received signal is sampled in range and
frequency. Each sample is placed in an array of range and Doppler resolution
cells. The clutter background in the cell under test is estimated by averaging the
outputs of the nearby resolution cells (range and/or Doppler). The target detection
is declared, if the signal value exceeds a preliminary determined threshold. The
detection threshold is obtained by scaling the noise level estimate with a constant a
to achieve a desired probability of false alarm Pr.[1].
The CA-CFAR processors are very efficient in case of stationary and homogenous
interference. The presence of strong urban pulse interference in both, the test
resolution cell and the reference cells, can cause drastic degradation in the
performance of the CA-CFAR processor. Such type of interference is non-
stationary and non-homogenous and it is often caused by adjacent radar or other
radio-electronic devices.
In non-homogenous environment, the detection performance and the false alarm
regulation properties of CA-CFAR detector may be seriously degraded. In recent
years different approaches have been proposed to improve the detect ability of
CFAR detectors operating in random impulse noise. One of them is the use of
ordered statistics for estimating the noise level in the reference window, proposed
by Rohling [2]. In Ordered Statistics CFAR (OS-CFAR) pulse detectors, the k-th
ordered sample in the reference window is an estimate of the background level in
the test resolution cell. The performance of such OS-CFAR detector in the
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presence of multipath interference in existing communication networks is
evaluated and studied in [3].

Hansen and Sawyers [4, 5] proposed the Greatest-Of selection logic in the cell
averaging constant false alarm rate (GO-CFAR) detector to control the increase in
the false alarm probability. A detailed analysis of the false alarm regulation
capabilities of the GO-CFAR detector has been performed by Moore and Lawrence
[6]. Weiss [7] has shown that if one or more interfering targets are present in the
reference window, the performance of the GO-CFAR detector is very poor. He
suggested the use of the smallest of selection logic in the cell averaging constant
false alarm rate (SO-CFAR) detector. The SO-CFAR detector was proposed by
Trunk [8] to improve the resolution of closely spaced targets.

The detection performance of CFAR processors is proposed by Hou in [9] for the
case of homogenous environment and chi-square family of fluctuating target
models (Swerling I, 11, 111, 1V).

Lei Zhao, Weixian Liu, Xin Wu, and Jeffrey S. Fu. In 2001 [10], proposed two
(CFAR) detectors, the AND-CFAR and OR-CFAR. The two CFAR processors are
combined of the result of the CA-CFAR and —OS-CFAR to get a better detection
performance in a homogenous background for Rayleigh clutter distribution.
Weixian Liu, Jeffery S. Fu. And Lei Zhao in 2001 [11], proposed a study of the
performance of And-CFAR and OR-CFAR processors in a homogenous
background for Weibull clutter distribution, but the mathematical models of the
two detectors are not complete and their detection performance is not examined.

In this paper the behavior of CFAR statics AND-CFAR and OR-CFAR are
investigated for different clutter models (Exponential Clutter distribution, Rayleigh
Clutter distribution and Weibull Clutter distribution) and analyze the above
statistics for different parameters like, probability of false alarm, scale parameter
and number of range cells. Also comparison between performances for AND-
CFAR and OR-CFAR with the CA-CFAR and OS-CFAR for Rayleigh clutter
model.

The signal model

A more generic modeling of the background environments will be Weibull
probability density function (PDF). The Weibull PDF has been found to apply in a
large variety of real radar clutter situations, where deviation from Rayleigh PDF is
encountered. It describes satisfactory many cases of land clutter as well as sea
clutter for low grazing angles and horizontal polarization at high frequencies (X-
band). It’s a two-parameter PDF with scale and shape parameter[12].

PG =2(2)" exp5) x>0 (1)

where, c= skewness (shape) parameter of the Weibull distribution (1.2<c<1.8), and
b=weibullscal parameter.

When c=2, the Weibull takes the form of Rayleigh pdf, and when c=1, it is the
exponential pdf. With c<1, the sharp spiky clutter can be modeled with the most
complicated situation in clutter-edge environment. The Weibull distributions for
various values of the shape parameter c are plotted in Fig.(1) [13].
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Figure (1) Weibull distribution for various values of the shape parameter c.

Model description and basic assumptions
AND-CFAR and OR-CFAR processors are the combined result of the CA-CFAR
and OS-CFAR to get a better detection performance; by making full use of the cell
information. The modified CFAR structure makes use of the two threshold settings
of the CA-CFAR and OS-CFAR processors compared with the cell under test to
make the judgment.
For the AND-CFAR algorithm, when the cell under test is greater than both of the
two CA-CFAR and OS-CFAR thresholds, a target present will be declared.
Otherwise, no target will be declared see Figure (2) [10].
H1
>
Xo az, ,=Max (Zca a, Zos. a) ... (2
<
Ho
where:
Xorepresents the cell under test. a;__is the AND-CFAR adaptive threshold.

ZcpandZos are the CA-CFAR and OS-CFAR estimated noise levels.
The PDF of the new threshold a,__ . is given by:

f“Z = fp (azand)' Fq (azand) + fq (azand)' Fp(azand) (3)

and

where;

fp(@z,,,)and F,(az,_,)are the PDF and CDF of the AND-CFAR respectively.
fa(az,,,)and Fy(az,,)are the PDF and CDF of the AND-CFAR respectively.
For the OR-CFAR algorithm, when the cell under test is greater than any of the

two thresholds, a target will be declared. Otherwise a no target declaration will be
made see Figure (2) [10].
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Ha
>
Xo Az, =Min(Zca. a,Zos. @) ... (4)

<
Ho

Where: a __is the OR-CFAR adaptive threshold?
The difference in the derivation of OR-CFAR false alarm probability and detection
probability with the AND-CFAR starts from the PDF representing the new
threshold setting.
The PDF of a_is given by [10]:

faZor = fi’(azor)[l - Fq (azor)] + ﬁl(azor)[l - Fp(azor)]
= fp(azor) + ﬁl(azor) - [f%’ (aZor)Fq (azor) + fq (aZoT)FP (azor)] (5)
Where;

f»(@z,.)and F,(ay,)are the PDF and CDF of the OR-CFAR respectively.
fa(az, )and F,; (a2, )are the PDF and CDF of the OR-CFAR respectively.
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Figure (2) Generalized block diagram AND-CFAR and OR-CFAR detector.

Note; the block diagram in Figure (2) presents AND-CFAR processor according to
Eq.(2) and on the other hand present OR-CFAR processor according to Eq.(4).

The formulas were derived under the assumptions that the receiver noise is Weibull
distributed and with a Swerling | target. Xo represents the cell under test. a is the
scaling factor and the cells are Independent, Identically Distributed (11D).
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AND-CFAR

For AND-CFAR, the target must be greater than both the CA-CFAR threshold and
the OS-CFAR threshold to declare a target present, which is equivalent as choosing
the maximum value of the CA-CFAR and the OS-CFAR thresholds compared with
the target. The decision criterion for this algorithm is [10];

In homogenous background, with all the cells Independent and Identically
Distributed (1ID), the false alarm probability for AND-CFAR in Weibull
background is defined and calculated as;

Ny [T(N =k +v72 + 1) (k)
pra(anD) = k() [ r(N+v72+1)

. N-1 k-1 1 N (i+1)

- ) (1)

sz( J ) 2N —k+j+v/2+1

i=0 j=0
N N i i _ i ( N )N
+ 2=k ( i ) j=0 (,) =D YRR A .. (6)
The detection probability for AND-CFAR is defined and calculated as;
v'/2 N-1k-1
T (N ket 1) r)
pa(AND) =k () : - =
k r(v+—22 41 N4
+ (1+SNE) + i=0 j=0
(i+1)
o v 1
(k J 1) (=1’ v/
2N —k+j+ +1 J
(1+SNR)
N

Nywi [T ; N

+Zliv=k(i) ;'=0(l-) (=1 7 ..(7)
2N+]_l+(1TIm

where; SNR=signal-to-noise power ratio, N=Number of Cells that are used in the
detection, k=Rank of the cell and v=Constant scale factor.

OR-CFAR

As the case of OR-CFAR, the target should be greater than any of the CA-CFAR
threshold and the OS-CFAR threshold to declare a present target, which is
equivalent to choosing the minimum value of the CA-CFAR and the OS-CFAR
thresholds compared with the target.

In homogenous background, with all the cells Independent and Identically
Distributed (11D), the false alarm probability for OR-CFAR in Weibull background
is defined and calculated as;
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Pra(OR) = o
m— ez () e Geeem) -

i (]:[) io C) (1) (m)N .8

1

Pa(OR) = — - k(o (T e

(1+" /2/(1+SNR)>

N
(i+1) N

N N\ i i i N

— -3 (M) s () v | — ) @
2N—- k+]+—(1+SNR)+1 2N+j-— l+—(1+SNR)

The probabilities of false alarm and detection to AND-CFAR and OR-CFAR for
Weibull distribution can be obtained from Egs.(6), (7), (8) and (9) by substituting
any value of shape parameter in the range (1.2<c<1.8), also, the probabilities of
false alarm and detection to AND-CFAR and OR-CFAR for Exponential
distribution can be obtained from Egs.(6), (7), (8) and (9) by substituting c=1, and
the probabilities of false alarm and detection to AND-CFAR and OR-CFAR for
Rayleigh distribution can be obtained from Eqgs.(6), (7), (8) and (9) by substituting
c=2.

Performance of AND-CFAR and OR-CFAR

This section presents the detection performance for (AND-CFAR and OR-CFAR)
for three types of clutters distribution (Exponential distribution, Rayleigh
distribution and Weibull distribution), and then a comparison is made between
them and with that of the CA-CFAR detector and OS-CFAR detector for fixed
probability of false alarm (Ps) for Rayleigh clutter distribution.

Detection Performance of AND-CFAR and OR-CFAR Processors for
Rayleigh Clutter Distribution c=2

As false alarm probability is fixed, the scaling constant o can be calculated from
Equation (6) for c=2 to AND-CFAR and Equation (8) for c=2 to OR-CFAR so that
the performances can be evaluated.

Table (1) Scale Factor (o) for AND-CFAR for Rayleigh Clutter Distribution.

c=2.
Pn(AND-CFAR) a(N=8, k=7) a(N=12, k=11) a(N=16, k=14)
104 7.8564 6.3786 6.2929
10°® 14.5922 11.2363 11.0624
108 23.5055 17.3358 16.5456

Table (2) Scale Factor (o) for OR-CFAR for Rayleigh Clutter
Distribution c=2.
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Pw(OR-CFAR) a(N=8, k=7) a(N=12, k=11) a(N=16, k=14)
10° 17.7416 13.886 12.486
10° 37.92 25.978 21.971
10° 74.323 43.738 34.62907

From the above tables, founded that the value of a increase is the value of Ps
decrease for fixed value of N and k, but the value of a decrease if the value of N
and k increase for fixed value of Ps..

Equations. (7) and (9) at shape parameter (c=2) are used to calculate the Pd of the
AND-CFAR and OR-CFAR for Rayleigh Clutter Distribution respectively, plotted
as a function of the primary target (SNR in dB) for Px=1078, different window sizes
N=8, 12 and 16 and with k=7, 11 and 14, where k=0.875N[14], see Figure (s) (3)
and (4).
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Figure (3) Figure (4)

Detection Performance of AND-CFAR Detection Performance of OR-CFAR
forPs»=1078, c=2, N=(8,12,16). forPs»=1078, c=2, N=(8,12,16).
Detection Performance of AND-CFAR and OR-CFAR Processors for

Exponential Clutter Distribution c=1
As false alarm probability is fixed, the scaling constant a can be calculated from
Equation (6) for c=1 to AND-CFAR and Equation (8) for c=1 to OR-CFAR so that
the performance can be evaluated.
Table (3) Scale Factor (o) for AND-CFAR for Exponential Clutter
Distribution c=1.

| Po(AND-CFAR) | o(N=8,k=7) | o(N=12,k=11) | a(N=16,k=14)
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10* 61.723 40.686 40.159
106 212.93 126.25 122.38
108 552.53 300.533 273.728

Table (4) Scale Factor (o) for OR-CFAR for Exponential Clutter Distribution

c=1.
P#(OR-CFAR) a(N=8, k=7) a(N=12, k=11) a(N=16, k=14)
10* 314.78 192.83 155.905
10® 1437.9 674.882 482.74
108 5523.7 1913.05 1199.1

Equations. (7) and (9) at shape parameter (c=1) are used to calculate the Pd of the
AND-CFAR and OR-CFAR for Exponential Distribution Clutter respectively, see
Figure (s) (5) and (6).
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Figure (5) Figure (6)
Detection Performance of AND-CFAR Detection Performance of OR-CFAR
forP:=107%, c=1, N=(8,12,16). forPs=107%, c=1, N=(8,12,16).

Detection Performance of AND-CFAR and OR-CFAR Processors for Weibull
Clutter Distribution c=1.5

As false alarm probability is fixed, the scaling constant a can be calculated from
Equation (6) for c=1.5 to AND-CFAR and Equation (8) for c=1.5 to OR-CFAR so
that the performance can be evaluated.

Table (5) Scale Factor (o) for AND-CFAR for Weibull Clutter Distribution
c=15.
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Pw(AND-CFAR) a(N=8, k=7) a(N=12, k=11) a(N=16, k=14)
10° 15.6177 11.8293 12.113
10° 35.659 25.1668 24.6486
10° 67.334 44.8673 42.157

Table (6) Scale Factor (o) for OR-CFAR for Weibull Clutter Distribution

c=1.5.
Prn(OR-CFAR) a(N=8, k=7) a(N=12, k=11) a(N=16, k=14)
10* 46.274 33.3777 28.967
10°® 127.394 76.942 61.538
108 312.48 154.105 112.8806

Equations. (7) and (9) at shape parameter (c=1.5) are used to calculate the Pd of the
AND-CFAR and OR-CFAR for Exponential Distribution Clutter respectively, see

Figure (s) (7) and (8).
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Figure.(7)
Detection Performance of AND-CFAR
forPs,=1078, c=1.5, N=(8,12,16).

Performance Comparison

Probability of Detegtion

Figure.(8)
Detection Performance of OR-CFAR
forP,=10"¢, c=1.5, N=(8,12,16).

The detection probability under different SNR is actually compared for the four
detectors (CA-CFAR, OS-CFAR, AND-CFAR and OR-CFAR). In Fig. (9), the
number of reference cells is N=12, a designed probability of false alarm P=10"
®and the ordered sample k=11. It can be seen that, the AND-CFAR achieves better
detection probability than both OS-CFAR, CA-CFAR and OR-CFAR is of very
close performance to CA-CFAR but better than OS-CFAR. Furthermore, AND-
CFAR is better than OR-CFAR and the best among the four.
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To see the effect of k change value on the Pd of four detector in Figure (10), the
k setting is changed to (7) and keeps the other factors unchanged.
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Figure.(9) Figure.(10)
Comparison of Pdamong the four Comparison of Pd among the four
CFAR detectors with CFAR detectors with
P=1078, c=2, N=12, k=11. P=1078, c=2, N=12, k=7.

CONCLUSIONS
» The detection performance for the AND-CFAR and OR-CFAR has been

not affected by changing clutter models (clutter PDF).

» The AND-CFAR has better detection performance than OR-CFAR for the
three types of clutters (Rayleigh distribution, Exponential distribution,
Weibull distribution).

» The AND-CFAR achieves better detection probability than both OS-CFAR

and CA-CFAR.
» The OR-CFAR is very close to the CA-CFARperformance, but better than

the OS-CFAR for the (Rayleigh distribution) if the ordered sample
k=0.875N, but better than the OS-CFAR only for other values of “k”.
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