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Abstract: In a radar the performance of signal detectors is seriously degraded by
arrival of impulse noise that extremely worsens their detectability characteristics.
There are many papers, in which different Constant False Alarm Rate (CFAR)
detectors have been analyzed in the presence of randomly arriving impulse
interference, described as Poisson pulse sequences. In this paper the randomly
arriving impulse interference is mathematically described as Binominal pulse
sequences. This model of impulse noise is used for numerical analysis of two types
of CFAR pulse detectors (CACFAR and EXC CFAR). The detectability of these
pulse detectors is numerically analyzed in the presence of Poisson and Binomial
impulse noise. Therefore, the proposed detectors can be used in different radar
systems and secondary applications of communication technologies.
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1. Introduction

Conventional Cell-Averaging Constant False Alarm Rate (CA CFAR) detectors are
very efficient in the case of stationary and homogeneous interference. In such noisy
environment the problem of target detection is formulated as detection of a single
pulse on the background of Gaussian noise. In a CA CFAR detector, proposed by
Finn and Johnson, pulse detection is declared if the signal value exceeds the
threshold, which is formed by averaging the samples of the reference window
surrounding the test cell [1]. The efficiency of CA CFAR pulse detectors is very
sensitive to non-stationary and non-homogeneous background and it extremely
degrades in the presence of strong randomly arriving impulse interference (impulse
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noise) in both the test resolution cell and the reference window [2]. In recent years
different approaches have been proposed to improve the detectability of CFAR
detectors operating in random impulse noise [3-14]. One of them is the use of
ordered statistics for estimating the noise level in the reference window, proposed
by Rohling [3]. In Ordered Statistic CFAR (OS CFAR) pulse detectors, the A-th
ordered sample in the reference window is an estimate of the background level in
the test resolution cell. The performance of such an OS CFAR detector in the
presence of multipath interference in existing communication networks is evaluated
and studied in [4]. Another approach to improve the performance of CFAR
detectors in the presence of impulse interference is to excise high-power samples
from the reference window before processing by a conventional CA CFAR pulse
detector. Goldman used this approach for design of an excision CFAR detector
(EXC CFAR) described in [5].

In this paper it is assumed that the samples of the total interference (thermal
noise plus impulse noise) are distributed according to the compound exponential
law where the weighting coefficients are the probabilities of corrupting and not
corrupting the samples by impulse interference. It is also assumed that the samples
in the test window are distributed according to the compound exponential law and
the target returns fluctuated according to the Swerling II case.

As noted above in [6, 7], the quality of CA CFAR pulse train detectors is
analyzed in the presence of impulse interference that arrives randomly in time from
a single impulse-noise source. Such impulse interference can be mathematically
described as a stochastic Poisson-model process, in which the occurrence of a
random impulse in each range resolution cell is modeled as a Poisson event and the
power of each random impulse is distributed according to the exponential law with
a constant parameter. The other model of impulse noise is used for analysis of
CFAR detectors in [8-14] where it is assumed that the impulse interference arrives
from two independent impulse-noise sources operating in parallel. Each one of
them generates a random impulse sequence with the same power intensity and the
same average repetition frequency. In that case the impulse interference can be
mathematically described as a stochastic Binomial-model process, in which the
occurrence of a random impulse in each range resolution cell is modeled as a
binomial event. The power of a random impulse generated by each impulse-noise
source is distributed according to the exponential law with the same constant
parameter.

The detectability of CFAR detectors can be evaluated in two possible ways.
The first one is to estimate the detectability losses in Signal-to-Noise Ratio (SNR)
with respect to the situation of no impulse noise. These detectability losses are
defined for given values of the probability of detection and false alarm. This
conventional approach is used in [6, 7] for evaluating the performance of CFAR
pulse train detectors in the presence of Poisson impulse noise.

The other method for estimating the detectability of CFAR detectors is used in
this paper. According to this method, the detectability of CFAR detectors is
estimated in terms of the detectability losses in the ADT with respect to the
situation of no impulse noise. The goal of this paper is to explore the detectability
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of two types of CFAR detectors in the presence of impulse noise by 1, evaluating
the average decision threshold (ADT) of detectors (the usefulness of estimating the
ADT for analysis of detectors was firstly demonstrated by Rohling in [3]) and 2)
assuming that the impulse noise corresponds to the Binomial model.

Broadly speaking, this paper is an effort to summarize all our theoretical
results in the analysis of CFAR pulse and pulse train detectors operating in the
presence of Binomial impulse noise. A part of these theoretical results has been
published earlier in [6-14].

2. Signal model

2.1. Binomial impulse noise

The Binomial model describes a situation when the impulse noise is derived from
two independent and identical impulse-noise sources, each of them generating a
random impulse sequence with the same power intensity and the same average
repetition frequency [8-14]. The probability of occurrence (¢) of a random pulse
generated by each impulse-noise source in each range resolution cell can be
expressed as e=Ft., where F;is the average pulse repetition frequency and ¢ is the
transmitted pulse duration. This means that the elements of the reference window
are drawn from three classes. The first class represents the receiver noise only with
probability (1 — e)>. The second class represents a situation when the signal samples
are corrupted by a random impulse generated by one of the impulse-noise sources.
This situation occurs with a probability 2e(1 —e). The third class represents a
situation when the signal samples are corrupted by a total random pulse that is a
sum of pulses generated by the two impulse-noise sources. This situation occurs
with a probability e*. According to the theorem of total probability, the elements of
the reference window are independent random variables distributed with the
following probability density function (PDF):

f( ) (1—6)2 (—x;]+ 2e(1—e) _x, )
V= exp| .
M ’ > o Ao (1+7;) Xp Ao (1+71,)
e x, N
FrE Ay

where 4y is the average power of the receiver noise, 7; is the average per pulse
interference-to-noise ratio (INR) at the receiver input, and N is the number of
samples in the reference window.

In the presence of a wanted signal in the test resolution cell the signal samples
are independent random variables distributed with the following PDF:

(l—e)2 —X 2e(l—e) —X
@) S (x0)= 10(1+s)e"p(/10(1+s)j+ Jo(l+7, +s)eXp[/10(1+r, +s)]+
e? —X
+/10(1+2rj +S)exp /10(1+2rj +s) ’
where s is the average per pulse signal-to-noise ratio (SNR).
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2.2. Poisson impulse noise

The Poisson model describes a real radar situation when the impulse noise arrives
from a single impulse-noise source [6-7]. According to this model, in each range
resolution cell the signal sample may be corrupted by impulse noise with a constant
probability e,. Therefore, the elements of the reference window are drawn from two
classes. One class represents the interference-plus-noise with probability e,. The
other class represents the receiver noise only with probability 1 — ey. According to
the theorem of total probability, the elements of the reference window are
independent random variables distributed with the following PDF:

(I1-e)? —X; e —X; ,
3) f(x,-):Texp(ﬂ—onr /10(1+r,)eXp(ﬂ,0(l+r,)j’ i=1,..., N.

In the presence of a desired signal in the test resolution cell the signal samples
are independent random variables distributed with the following PDF:

@ =l g et )

The probability of occurrence of a random pulse in each range resolution cell
can be expressed as ey=F)f., it must be noted that if the probability e, is small
(eo <0.1 )

The corresponding probabilities of corrupting and not corrupting calculated as
a function of the average repetition frequency F; are shown in Fig. 1. It can be easy
seen that when the probability of co-occurrence of random pulses arriving from the
two impulse-noise sources is small (¢* tends to 0), the Binomial model may be
approximated with the Poisson models. In that case the probability 2e(1 — e) tends
to ey and the probability (1 — €)” tends to 1 — e,.

Probahility of appearance

] 0.1 02z 03 04 05 06 07 08 09 1
Frequency of appearance of PJ

Fig. 1. Probabilities of occurrence of a random impulse and noise only for the
Poisson model: e, and 1-e,. Probabilities of occurrence of a single random
impulse, summed impulse and noise only for the Binomial model: €%, 2¢(1—) and
(1-¢)’

29



3. Analysis of CFAR pulse detectors

In a conventional CFAR pulse detector the estimate of the noise level V is
calculated by using the samples of the reference window {x;}y surrounding the test
cell. The threshold of pulse detection (Hp) is a product of the estimate V' and the
predetermined detection scale factor 7, i.e. Hp=VT. The pulse detection is declared,
if the sample x, from the test resolution cell exceeds the threshold Hp:

) ;

H() : Xy < HD
where H; is the hypothesis that the test resolution cell contains a desired signal and
H, is the hypothesis that the test resolution cell contains the receiver noise only.

According to the decision rule (5), the probability of pulse detection Pp and
false alarm Pr4 are defined as:

(6) PD=TfV(V)dVTf(xO/H1)de,

Bea ZTfV (V)dVTf(xo /HO)dXOa

where fy (V) is the PDF of the estimate V, fixo/H,) is the conditional PDF of the test
sample under hypothesis /,, and f{x,/Hy) is the conditional PDF of the test sample
under hypothesis /. The detection scale factor 7 is determined to maintain a

required probability of false alarm Pga.
According to [3], the average decision threshold (ADT) of a CFAR pulse
detector is defined as a normalized value:

(7) ADTCFAR = E(TV) / ﬂ,o N
where E is the mathematical expectation of V calculated as
d
(8) EW)/ Ao ==—m My (T %)
T=0

Mostly, the efficiency of detection is evaluated in terms of the detectability
losses in SNR with respect to the situation of no impulse noise. The detectability
losses are defined for given values of the probabilities of detection and false alarm.

In this paper the detectability of pulse detectors is estimated by the
detectability losses in ADT according to [3]. In that case, the detectability losses (A)
are defined as the ratio of the two ADTs defined for given values of the probability
of detection and false alarm. These losses are calculated as (in dB):

DT, E(TV
' 1010gM
E(TV,)
where Pra; and Pp; are the probabilities of detection and false alarm calculated for

the case when the impulse noise is present at the receiver input, and Pga, and Pp;
are the probabilities of detection calculated for the case of no impulse noise.

A
9) A=10lg

ADT, forPFAl :PFA27 PDl :PDZ :0-5,
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3.1. Analysis of a CA CFAR pulse detector

In a conventional CA CFAR pulse detector proposed by Finn and Johnson, the
noise level is estimated by averaging the outputs of the reference cells surrounding
the test cell [1],

(10) V=in.

CA CFAR detector in Binomial impulse noise. For a conventional CA CFAR pulse
detector, where the noise level is estimated by (10), the probability of pulse
detection is readily computed using the expressions (4) and (6):

Py=(1-e) M, [ﬁ}

2e(1 M —T M —T
" e( —e) ’ /10(1+rj+s) ety /10(1+2r,+s) ’

where M(.) is the moment generating function (MGF) of the noise level estimate V.

According to (10), the MGF of the noise level estimate V' is calculated as a
product of the MGF of all samples in the reference window, i.e. M{U)=M,"(U),
where M,(U) is the MGF of the random variable x; and defined as

(11)

o0

(12) M. (U)= j exp(~Ux) f (x)dx.

0
In the case of Binomial impulse noise, the PDF of each sample in the reference
window f{x), is defined by (3), and therefore the corresponding MGF is:

(l—e)2 . 2e(1—€) . e?
1+UA  1+UAQ+r) 14U (1+2r)
Using (13), the MGF of the estimate V' is calculated

Che Ch(2e(1-¢)) (1=
(1+UA(1+20)) (4 UL+ ) (1+02)

Replacing Mi(U) in (11) by (14), the analytical expression for calculating the
probability of pulse detection takes the form [8, 14],

N N—i . .
(15)  Po=D.Cie? Y Ci(2e(1-e)) (1) (R + R, + R:},
i=0 =0

(1-e)

[1+ T(1+2r,)]i£l+T(1+r_,-)]j(1+ T ]N’*’
1+s 1+ 1+s

(13) M. (U)=

(14) MV(U>=;

1

where R, =
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~ 2e(1-¢)
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e
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The probability of false alarm is evaluated by (15), where R, R, and R; are
calculated for s = 0.

3.2. CA CFAR detector in Poisson impulse noise

In case of Poisson impulse noise, the analytical expression for calculating the
probability of pulse detection is obtained in [6, 14],

Ny N—i €
Py =) Ciej(1-e) - ot
=0 (1+r,)T T
1+1 1+1
(16) "r}"j"rS +I’y+S
1—e¢,

+ - (-
(1+r,)T T
1+ ‘ 1+ —
1+s 1+s

It can be easy seen that the same expression can be obtained from (15) under
the assumption that &>—0, 2e(1 — €)—e, and (1 — e)*—1 — e,. It is the case when the
probability of co-occurrence of the two random pulses in each range resolution cell
becomes negligible, i.e. ¢* tends to 0, but the probability of occurrence of a random
pulse derived from one of two impulse-noise sources is mnon-zero, i.e.
2e(1 — e)>0. The probability of false alarm is calculated by (16), setting s = 0.

3.3. Average decision threshold of CA CFAR detectors

In the case of Binomial impulse noise, the average decision threshold (ADT) of a
CA CFAR pulse detector is calculated using equations (8), (14). After substituting
U=T/)y into (14), differentiating it with respect to 7 and substituting 7 = 0, the
expression for calculating the ADT takes the form [8, 14]

(7) ADT=TY Cie* 3 €Y, (2e(1-e)) (1= (N 47, (24 ),
i=0 j=0

where the detection scale factor 7 is found as a solution of the equation (15), for a
required value of the probability of false alarm Pgs and s=0.

In case of Poisson impulse noise, the expression for calculating the ADT can
be easy obtained from (17) assuming that e’—0, 2e(1 — e)—e, and (1 — e)’*— 1—e
[11, 14]:
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N .
(18) ADT=TZC}Ve(§(1—e0)N_I(N+irj),
i=0

where the detection scale factor 7 is found as a solution of the equation (16), for a
required value of the probability of false alarm Pga and s=0.

For comparison, in case of no impulse noise, the expression for calculating the
ADT is obtained in [2]:
(19) ADT=TN , where T=(Pg,)"" - 1.

3.4 Analysis of an excision CFAR pulse detector

In an excision CFAR pulse detector (EXC CFAR), the noise level estimate V is
formed as an average mean of nonzero samples at the output of the limiter, which
nulls all the input samples that exceed an excision threshold [5, 7, 14]:

s x; 1if x; < Bg
20 V=>1/k ;» wh ;= L
20 ( );y where 0 otherwise
where k is the number of nonzero samples at the limiter output, and Bg is the

excision threshold.

Excision CFAR detector in Binomial impulse noise. In case of Binomial impulse
noise, the PDF of nonzero samples y; at the limiter output may be expressed as

o (1—e)zexp[_§j ) Ze(l_e)exp[ﬂo(_l?;,)J )
(21) zo[l—exp[ %n Zo(147,) 1_eXP(MJJ

m—
/10(1+2rj)

—B: ’
ﬂ.o(l+2rj) 1—exp m

The probability that an input sample x; survives at the limiter output is

, -B; —-B; R -B;
(22) Py =1-(1=¢) exp| = |=2e(I-e)exp| Z-qs |=e*exp| 7 |

The probability that & out of N samples of the reference window survive at the
limiter output is

(23) q(k)=CNPE(1—Pp)V .
The MGF of the random non-zero variable y; at the limiter output is given by
(l—e)2 (l—exp(Rl —BEU))

e’ exp

+

M,(U)=
“ 1—exp(R))(1+U 4,
9 . 2e(1-e)(1-exp(R, —B(EU)) i( ))e(z (l—exl)o(R3 - B,U))
(1-exp(R))(1+ UL (1+7,))  (1—exp(Ry))(1+ U4 (1+2r,))
where



—Bg -B; -Bg
- Rh=77r—, Ry=7F——.
Ao Ao(I+7;) A (1+2r;)
Since the random variables y; 1 < i < £, are independent, the MGF of the
estimate V takes the form:

(26) M, (U, ky=M U / k).

Using equations (23)-(26) we obtain the following expression for calculating
the MGF of the noise level estimate V-
¢ (1-exp(R, — B;U / k)) }

My (U-k)= oc{(l exp(R3))(l+Uﬂ{](1+2r,)/k) :

Zr {2e1 ¢)(1-exp(R, BEU/k))} {(l—e)z(l—exp(Rl—BEU/k)) o
X k i (

1—exp(Ry))(1+ U (1+1,)/ k) 1—exp(R))(1+ U / k)

The conditioning on & is removed by averaging the last result with coefficients
q(k) defined by (23):

(28) MV(U):ZN:CJ/@P]:{((I_PE)N%MV(U:k)'
=

(25) R =

27)

Jj=0

The analytical expression for calculating the probability of pulse detection is
obtained in [9, 14],

h=2 X(1-R)" {(l—e)zMy[ﬁ,k}
+2e(l—e)My[m,kj+ezMy[m,k]}

The probability of false alarm is calculated by (29) setting s = 0.

Mz

(29)

Excision CFAR detector in Poisson impulse noise. In case of Poisson impulse noise,
the analytical expression for calculating the probability of detection of an EXC
CFAR pulse detector is obtained in [7, 14],

o i PE(1-P)" {(l—eo)M,/ (@,k}
Y

It can be easy seen that the same expression can be obtained from (29)
assuming that e’—0, 2e(1 —e)—ey and (1-e)*—>1—e,. It is the case when the
probability of co-occurrence of two random pulses in each range resolution cell
becomes negligible, i.e. ¢ tends to 0, but the probability of occurrence of a random
pulse from one of two impulse-noise sources is non-zero , i.e. 2e(1—e)>0. The
probability of false alarm is calculated by (30), setting s = 0.

Average decision threshold of excision CFAR detectors. In case of Binomial
impulse noise, the ADT of an excision CFAR pulse detector is calculated by the
following expression:
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31) ADT_—TZC PE(1-Pp)" (ddT(MV(Z km

After substituting U=T/4, into (27), differentiating it with respect to 7 and
substituting 7= 0 into (31), the expression for calculating the ADT takes the form

ADT = TZC PE(1-P,) N"Zc{ﬁ}x

=0

= 1-exp(R;

Xk_i j 2e(l—e) / (1—6)2 k=i=j )
11'2—(;Ckl [(I—GXP(RZ ))] [(l_eXP(Rl))J
x;(l —eXp(R3))[ (l—exp(Rz)).i (1—6Xp(R1 ))kﬂ-,j y

[{BLP(R) (1+2r, )] (&Lp(&;qm,)}

1—-exp(R;) 1-exp(R,
B R
+(k—i—j) Buexp(R) 1)+1 ,
1- exp(Rl )
where the detection scale factor 7 is found as a solution of the equation (29) for a
required value of the probability of false alarm Pga and s=0.
In case of Poisson impulse noise, the expression for calculating the ADT can

be easy obtained from (32) assuming that ¢>—0, 2¢(1 — e)—e, and (1— e)*— (1— ep)
[14]:

(32)

N e ' 1-e v
ADT = TZC PE(1-P;) ;C [(1 exp(Rz))J {(1_exp(Rl))] x

(33) ;(l—eXp(Rz))j(l_eXp(Rl))kij[j(ff%ggj;

+(k—j)[fi2§—m+ln,

where the detection scale factor 7 is found as a solution of the equation (30) for a
required value of the probability of false alarm Pgs and s = 0.

+(1+rj)]+

4. Numerical results

4.1. CFAR pulse processors in the presence of impulse interference with unknown
parameters

The presence of impulse interference with unknown parameters in both, the test
resolution cells and the reference cells, is a situation when CFAR processors do not
keep the constant probability of false alarm. In calculations of the false alarm
probability for the case of strong impulse interference with varying parameters, we
used the value of a scale factor obtained for the homogeneous background. The
numerical results for the probability of false alarm are obtained for the following
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parameters: the average receiver noise power (A,) equals 1, the average

interference-to-noise ratio (;) equals 5 dB and 30 dB, the impulse interference
probability varies from 0 to 1, the number of reference cells (N) equals 16, the
probability of false alarm is Pg, = 107 and, finally, the excision threshold is Bz=2.

The numerical results, depicted in Figs. 2 and 3, shows the influence of a scale
factor over the probability of false alarm in CA CFAR and EXC CFAR processors,
which operate with the fixed scale factor in the presence of strong impulse
interference. It can be easy seen, that the performance of EXC CFAR processors is
more stable under conditions of impulse noise than the performance of CA CFAR
processors.

It can be seen that the CFAR processors under study fail to maintain the
constant level of false alarm, using the fixed scale factor for threshold formation.
This problem can be overcome, if the scale factor is adapted to varying parameters
of impulse interference. We propose to choose the value of a scale factor from a
matrix, which contains the values of a scale factor, preliminary calculated for
different impulse interference parameters.

CA CFAR processor EXC CFAR processor

Probability Pfa
Probability Pfa

0 01 02 03 04 05 06 07 U8 09 i g0t 02 03 04 05 06 07 08 09
el ell

Fig. 2. False alarm probability is not maintained Fig. 3. False alarm probability is not maintained
to be constant (Pf.d:lO'(’) — CA CFAR to be constant (Pfa=10'6) — EXC CFAR

4.2. CFAR pulse processors in the presence of impulse interference with known
parameters

For both pulse detectors, CA CFAR and EXC CFAR, the ADT can be evaluated
analytically using equations (18, 33). The same results can be also obtained using
the SNR corresponding to the detection probability of 0.5 evaluated by equations
(16, 30). The following input parameters are used in calculations of the ADT: Jy=1
is the average power of the receiver noise; r;= 30 dB is the INR; the probability of
occurrence of a random pulse varying in the range from 0 to 0.1; N = 16 is the size
of a reference window; P, = 107 is the probability of false alarm, and Bz = 2 is the
excision threshold.

The ADT values calculated for the two pulse detectors are plotted in Fig. 4 as
a function of the probability of occurrence of a random pulse in each range
resolution cell.
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The losses of the CFAR processor decrease when the excision threshold for
censoring of the impulse interferences is used.

il ‘ : : : : : ‘ : ‘ 85 . . . . . .
[— cACFAR (F,m05)
—— CACFAR (ADT,,,)
e .| - BXC CFAR (FA05)

es-. EHC CFAR (ADTeqn)

ADT (4B)

| [5+ CACFaR P,=05)

D | 4 CACFAR(ADT, )
: f { |-+ EXCCFAR (P =05)
Fe] A S S | .... EXCCFAR (ADT,

eqn) i Talaes

40 L

1 1 1 1 1
01 0.2 0.3 0.4 05 0B 07 [k}
Probability of appearance of impulse interference

1P I SN N S NN NS N SN
0 001 002 003 004 005 006 007 008 009
Probability of appearance of impulse interfereance

Fig. 4. Average decision threshold of CA and EXC  Fig. 5. Average decision threshold of CA and
CFAR processors in the presence of Poisson EXC CFAR processors in the presence of
distribution of randomly arriving impulse Binominal distribution flow from impulse
interference. The ADT is obtained as the SNR interference, received as the SNR required for
required for the adjustment of Pp=0.5, and the the adjustment of Pp=0.5, and the ADT
ADT equation equation

The ADT of the CA CFAR and EXC CFAR detectors in the presence of
Binominal distribution flow from impulse interference are evaluated analytically
using equations (17), (32), and are plotted in Fig. 5. The same results can be also
obtained using the SNR corresponding to the detection probability of 0.5 evaluated
by equations (15), (29). The following input parameters are used in calculations of
the ADT: /o= 1 is the average power of the receiver noise; 7, = 30 dB is the
INR; e<[0.1,0.9] is the probability of occurrence of a random pulse varying in the

range from 0.1 to 0.9; N = 16 is the size of a reference window; Py, = 107¢ is the
probability of false alarm, and Br= 2 is the excision threshold.

On the one hand, the noise level estimate in a CA CFAR pulse detector
increases with the probability of appearance of impulse noise in the range cell. On
the other hand, in order to maintain the constant false alarm rate, the scale factor 7'
should be decreased when the pulse interference frequency increases. It can be seen
from Fig. 5 that the ADT value of a CA CFAR pulse detector increases when the
probability of occurrence of impulse noise is relatively low and is within the
interval [0.1, 0.3], and decreases when the probability of occurrence of a random
pulse exceeds the value of 0.3.

In an excision CFAR pulse detector, the impulse noise is censored before noise
level estimation, and because of this the noise level estimate in the reference
window is maintained to be constant (Fig. 5). In order to maintain the constant false
alarm rate, the scale factor 7' should be increased with the impulse interference
frequency. It can be seen from Fig. 5 that the ADT value of an excision CFAR
pulse detector increases very slowly when the probability of occurrence of a
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random pulse is relatively low and is within the interval [0.1, 0.3], and increases
very quickly when this probability exceeds the value of 0.3.

The numerical results obtained show that excision CFAR pulse detectors are
most suitable for practical application when the probability of occurrence of a
random pulse is relatively small and does not exceed the value of 0.5. In cases when
this probability is greater than 0.5, CA CFAR pulse detectors are more appropriate.
As shown in Fig. 5, the numerical results, obtained analytically by equations (19),
(32) and the ones calculated by equations (15), (29) using the approach of the SNR
corresponding to the probability of detection of 0.5, are approximately identical.
They differ from each other by about 1 dB. All numerical results are obtained in
MATLAB computational environment.

5. Conclusions

In this paper the detectability of CFAR pulse detectors is numerically analyzed in
the presence of Poisson and Binomial impulse noise. The numerical results
presented in the paper show that in Poisson and Binomial impulse noise the
excision CFAR pulse detectors are more appropriate in cases when the probability
of occurrence of a random pulse is within the interval (0, 0.5). In the case when the
probability of occurrence of a random impulse is high and exceeds 0.5 (Binomial
impulse noise), the usage of CA CFAR pulse detectors is more appropriate.

For comparison, the analytical expressions for calculating the quality
characteristics of detectors are presented not only for the Binomial model, but for
the Poisson model as well. It is shown that the expressions for the Poisson model
can be easy obtained from the corresponding expressions for the Binomial model.
Therefore, the proposed detectors can be used in different radar systems and
secondary applications of communication technologies.
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