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Abstract: In this paper a technique of Hough detector threshold procedure for
moving target detection under conditions of randomly arriving impulse interference
with a Poisson distributed flow and Raleigh amplitude distribution is proposed. The
expressions of detection and false alarm probability are derived for a highly
Sfluctuating Swerling Il target. A comparative analysis of the performance of a
Hough detector with fixed threshold and other five Hough detection structures
keeping constant false alarm rates is done. These are a CA CFAR (Cell Averaging
Constant False Alarm Rate), an EXC CFAR (Excision Constant False Alarm Rate),
a CFAR BI (Constant False Alarm Rate with Binary Integration), an EXC CFAR BI
(Excision Constant False Alarm Rate with Binary Integration) and an API CFAR
(Adaptive censoring Post detection Integration Constant False Alarm Rate).
A method for losses estimation, which allows choosing of optimal detector
parameters, is developed. The estimates are obtained of the effectiveness of Hough
detector in the presence of randomly arriving impulse interference and they are
compared to patterns researched by other authors. The achieved results can be
successfully applied for radar target detection and in the existing communication
network receivers that use pulse signals.
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1. Introduction

The modern radar techniques for moving target detection include comparison
between the moving target signal and a preliminary determined detection threshold
under conditions of Randomly Arriving Impulse Interference (RAII) with unknown
intensity. Signal detection in noise or clutter is a very important part of target
detection procedure. In theory the noise and clutter background will be described by
a statistical model with e.g. Rayleigh or exponentially distributed random variables
of known average noise power. But in practical applications this average noise or
clutter power is absolutely unknown and some statistical parameter can additionally
vary over range, time and azimuth. In automatic radar detection, the signal received
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 T, to achieve a desired probability of false alarm Pg,.

The detection process is based on a statistical analysis, which guarantees target
detection with Constant False Alarm Rate (CFAR). For the first time a structure
with CFAR algorithm is proposed in 1968 year by Finn and Johnson [2] (Cell
Averaging CFAR). This CFAR processor is very effective in case of stationary and
homogeneous interference. The presence of strong impulse interference 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 a non-homogenous environment,
the detection performance and the false alarm regulation properties of CA CFAR
detector may be seriously degraded.

This concept is used by many adaptive target detection algorithms, which
compare the signal intensity with an adaptive threshold with value depending on the
noise level. During the last few years a lot of different structured CFAR algorithms
appeared [4, 14].

The detection performance of CFAR processors is proposed by Hou in [3] for
the case of homogeneous environment and chi-square family of fluctuating target
models (Swerling I, II, III, IV). In our paper we study the situation for a highly
fluctuating target — Swerling II type target model detection under conditions of
intensive RAIL

In recent years the algorithms that extract information for target’s behavior
through mathematical transformation of the signals reflected from a target became
very popular. Modern methods for target detection and trajectory parameters
estimation by using mathematical transformation of received signals allow
designing of new highly effective algorithms for radar signal processing. As a
result, extremely precise estimates of moving targets parameters can be obtained in
conditions of very dynamic radar environment. An approach for target detection by
means of Hough transform of the target coordinates obtained for few sequential
scans of the observation area is considered in [1]. For target detection, the method
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discussed uses a limited set of preliminary chosen patterns of a linear target
trajectory. The set of target distance measurements is transformed to the pattern
space (parameter space) by means of Hough transform. The association of
measurements to a special pattern is done by parameter estimation of the data
extracted from the signals for the target distances related to this pattern. Thus the
trajectory parameters of the targets moving in the observation area are determined
through parameters of the corresponding pattern.

Hough detector performance depends very much on the randomly arriving
impulse interference caused by different sources. The occurrence of these
disturbances, even with low probability, worsens detector performance. In such
cases the Hough detector with constant threshold doesn’t support constant false
alarm rate. This causes an increase in the value of the detection threshold. Thus the
detection probability is diminished. The usage of CFAR processors together with a
Hough detector would improve the probability characteristics ensuring the constant
false alarm rate [5-14].

In this paper a comparative analysis of the performance of different types of
CFAR detectors used in the algorithm of Hough detector is carried out. This
structure gives a possibility of keeping constant false alarm rate in presence of
random arriving impulse interference. In our study we consider the limit case when
increasing the probability of appearance changes the distribution law from Poisson
to binominal. The binominal model is more general than Poisson distribution
model [4]. The change of distribution law and parameters of RAII makes
impossible keeping the constant false alarm rate of the Hough detector with fixed
threshold and leads to worsen detection process.

In the presented paper some threshold determination procedures for several
types of Hough detector structures with CFAR processors are investigated, in order
to choose the most efficient one under conditions of intensive RAII.

The research work is performed in MATLAB computational environment.

2. Signal model

Using Carlson’s approach [1], we obtain new results for detection performance in
Hough space, for a target model of Swerling II type in RAIIL. The signal in the
reference window is assumed to be with Poisson distribution and has the following
Probability Density Function (PDF) [4]:

_ (1-e) % —=
(1) fsp(x)_ /10(1+s)eXp[/10(1+5)j+/10(1+s+k/)exp(/10(1+5+7f,-)]

where s is the per pulse average Signal-to-Noise Ratio (SNR), A, is the average
power of the receiver noise, 7; is the average Interference-to-Noise Ratio (INR), ey
is the probability of appearance of RAII.

Under conditions of binomial distribution of pulse interference, the probability
of interference-plus-noise occurrence in the background environment is 2¢,(1-e¢,).

The probability of appearance of two interferences in a single cell is eo2 and having
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only noise probability, it is (l—eo)z, where ¢, =1-,/1-¢,F, F is the average

repetition frequency of pulse interference and ¢, is the length of pulse transmission
[4].

The distribution is binomial when the probability of pulse interference is
above 0.1 [4]. In these situations the outputs of the reference window are
observations from statistically independent exponential random variables.
Consequently, the Probability Density Function (PDF) of the reference window
outputs may be defined by:

fsB(x):(l_eO)zexp£ —x j+ 2e,(1-¢,) exp[ —x )}

@) 2,(1+5) 2,(1+5) /10(1+s+rj) /10(1+s+rj

+ e’ ex —X
2,0(1+S+2rj) P /10(1+s+2rj.)

where 4, is the average power of the receiver noise and 7; /A, is the per pulse average
Interference-to-Noise Ratio.

On next two figures simulation examples for Poisson and for binomial
distributions of pulse interference are shown, with equally values s=70 dB, 4, =1,

=30 dB, €,=0.1.
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Fig. 1. Example for Poisson distribution of pulse interference
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Signal at the receiver input
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Fig. 2. Example for binominal distribution of pulse interference

3. CFAR processor statistical analisys

In a contemporary radar, the target detection is made by the signal processor after
preliminary detection and sampling of the input signals. During the processing
consequently the following procedures are carried out: filtration, adaptive moving
target detection, non-coherent integration and adaptive detection summary signal by
comparing the value of the integrated signal with a preliminary determined adaptive
threshold.

The target detection is declared if the signal value exceeds this threshold. The
threshold is formed by current estimating the noise level in the reference window.
As an estimate of the noise level the estimate proposed by Finn and Johnson in [2]
is often used. This estimate is formed by averaging the outputs of the reference cells
surrounding the test cell. Thus a CFAR is maintained in the process of detection.
On Fig. 3 the general structure of an adaptive CFAR processor is shown.
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Fig. 3. General structure of an adaptive CFAR processor
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The presence of strong impulse interference can cause drastic degradation in
the performance of the CFAR processor. Such type of interference is non-stationary
and non-homogenous and it is often caused by an adjacent radar or any other radio-
electronic devices. There are a lot of publications on increasing of the efficiency of
CFAR processors under these conditions, which makes this problem very actual
[3,4, 14].

In modern radars systems, keeping constant false alarm rates, the target is
detected according to the following algorithm [2]:

o) {Hl :0(g,)=1, ¢, > TV,

H,:®(g,)=0, g, <T,V,
where H, is the hypothesis that the test resolution cell contains the echoes from the
target and H is the hypothesis that the test resolution cell contains the randomly
arriving impulse interference only, V' is the noise level estimation. The constant 7,

is a scale coefficient, which is determined in order to maintain a given constant
false alarm rate. Fig. 4 presents one example of the adaptive threshold procedure for
one-dimensional CFAR processor under conditions of randomly arriving impulse
interferences.
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Fig. 4. Adaptive threshold procedure for one-dimensional CFAR processor

The different CFAR structures make use of different algorithms for noise level
estimation — V, [5-14]. In this paper several types of signal processors —a CA (Cell
Averaging), an EXC (EXCision), a BI (Binary Integration), an EXC BI (Excision
with Binary Integration) and an API (Adaptive censoring Post detection Integration)
are analyzed.

4. Hough detector analysis

The basic concept of using the Hough transform to improve radar target detection in
white Gaussian noise is firstly introduced by Carlson, Evans and Wilson in [1]. In
this paper it is proved that different CFAR processors used for signal detection on
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the homogeneous background of unknown intensity and under the presence of
randomly arriving impulse interference with known parameters improve the
detection performance. In such CFAR processors it is usually assumed that the
noise amplitude is a Rayleigh distributed variable and the power, therefore, is an
exponentially distributed wvariable. As shown in papers [5-13], such CFAR
processors combined with a conventional Hough detector can improve the detection
probability characteristics in conditions of randomly arriving impulse interference.
This is a very severe situation from a radar point of view. The analysis of the
performance of the Hough detector with different structures of one-dimensional and
two-dimensional CFAR processors — CA CFAR (Cell Average), EXC CFAR
(EXCision), CFAR BI (Binary Integration), EXC CFAR BI (EXCision and binary
integration) and API CFAR (Adaptive Post Integration) is done in [5-13].

The general structure of an adaptive Hough detector with binary integration of
data in the Hough parameter space is shown on Fig. 5.
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Fig. 5. Structure of an adaptive Hough detector with CFAR processor

In the paper presented, we consider the effectiveness of target detection
procedure provided by the proposed CFAR algorithm. This effectiveness can be
expressed by the quality parameters — the detection probability characteristics [1].
In papers [5-13] a detailed statistical analysis of the probability characteristics of
different Hough structures is considered.

Due to the essence of the used mathematical transform and the existing
constraints, the presentation of the cumulative probability of target detection in
Hough parameter space P, can not be expressed as a simple Bernoulli sum [1].

The probability of detection in the Hough parameter space — P, can be

calculated by Brunner’s method [1]. For NV, scans we have:

N
) Py =Y P (i, Ny),

i=Ty,
where T), is the detection threshold in Hough parameter space and p is the

detection probability of one of the studied CFAR processors.

Let us assume that L pulses hit the target, which is modeled according to
Swerling II case. The received signal is sampled in range by using N+1 resolution
cells resulting in a matrix with N+1 rows and L columns. Each column of the data
matrix consists of the values of the signal obtained for L pulse intervals in one range
resolution cell. Let us also assume that the first N/2 and the last N/2 rows of the data
matrix are used as a reference window in order to estimate the ‘“noise-plus-
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interference” level in the radar test resolution cell. In this case the samples of the
reference cells result in a matrix X of size N xL. The test cell or the radar target
image includes the elements of the N/2+1 row of the data matrix and is a vector Z of
length L.

The probability of detection for a CA CFAR processor for target of case
Swerling II, according to [9] is:

Pla, = ZCNeOI )" ( )T ieo —+
l+r
[1+ CAJ{H Ter ]
(5) l+r; +s l+r; +s
l—e0

+
M—i
1+(1 F)TCA 1+TCA
1+s 1+s

where 7, is the threshold constant for CA CFAR processor.

The probability of detection for an EXC CFAR processor for target model
Swerling II, according to [8] is

(6) PdEXC—ZdP‘( R {( eo)MV[ 55 J OMV(W k]}

where MV() is the moment-generating function and 7y is a predetermined scale

factor for EXC CFAR processor.
The moment-generating function (mgf) of the noise level estimate V, may be
obtained as, [4]:

(N, N-k
o )= -2yt 0.,
k=1
where the probability that a sample x; survives at the excisor output is calculated as
-B, -B;
(8) PE =1- (1 —€ )exp(Tf)— € exp(ﬂo(l—frj))'

The function M , (U, k) is the conditional mgf of the estimate V" where £ is

the number of samples survived at the excisor output.
The probability of pulse train detection for CFAR BI and EXC CFAR BI
processors is evaluated in such noise situation as in [7, 10] by

L-1

L
* £ 1 *
(9) P dg; = ZCQP deakxc (1 —-P dCA/EXC)

I=M
where M is binary decision rule, P4, is the probability of pulse detection,
which may be found using the expressions (5) or (6) — for CA CFAR processor and
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for EXC CFAR processor with Poisson impulse noise. The probability of the false
alarm is evaluated by (9), setting s = 0.

The probability of detection for API CFAR processor according to [6] is:

P*dAplzi@} o) "Z( Jl e) z(k“ J(TAAH&JF

o+
1
k=1 p 1 +s)

+i( Jl eo k (])V"eéi(kﬂ—l)]xﬂ(prrj+s)k<TAPI+1+rj+s)_(k+i)+

pa =0 !

. Na+i . N . —(N+i)
- ; +5 +S
+ E 1—e eL lel E T —— Typy +—— +
M(J o 0o €o [ JAPI[1+er [API 1+”,}

) N —~(N+i)
v (N+i=1) . [l+7;+s I+7, +s
+e € . Trpr Tppr +
= i l+rj l+rj

where T,;, is a predetermined scale factor for API CFAR processor that provides a
constant false alarm rate (Pga).

5. Numerical results

The presented results are obtained after detailed simulational analysis of Hough
detector performance in RAII conditions. The experimental environment is similar
to the one considered in other papers of the team [5-14]. In order to analyze the
quality of the Hough detector we consider a radar with parameters, similar to those
in [1]. The Carlson’s approach, using the Brunner’s method for calculating the
probability of detection in Hough parameter space was developed further in order to
maintain constant false alarm probability at the output of the Hough detector.

Fig. 6 shows the probability of false alarm for a Hough detector with a
constant detection threshold achieved for non homogeneous interference with
parameters — average power of the receiver noise Ay=1, average Interference-to-
Noise Ratio INR =30 dB, probability of appearance of impulse interference with
average length in the range cells ¢y = 0+0.1, number of reference cells N = 256 and
for value of binary rule in Hough parameter space — 7,~2/20.

Having no constant false alarm rate causes, an adaptive threshold
determination procedure to be applied. The suitable scalar factor was chosen
iteratively, according to the given noise environment.

Application of an adequate threshold processing allows the obtaining of a very
high detection performance of the Hough detector in noise intensive environment.
Choosing the appropriate threshold constants assures good detection results even
for low values of the SNR.
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Fig. 7. Probability of detection for different structures of Hough detector

Table 1 presents the obtained threshold constants in equal experimental
conditions for the different detection structures and different values of the binary
rule in the Hough parameter space. The Hough detector structures are CA Hough
CFAR, EXC Hough CFAR, Hough CFAR BI, EXC Hough CFAR BI and API
Hough CFAR. Threshold constants are calculated for different Hough detectors and
for fixed values — Pra= 107", ¢5=0.1, ,= 30 dB, N= 16, L = 16.
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Table 1

Hough detectors Ty=2/20 | Ty=Tyop/20
CA Hough CFAR 672 1.186
EXC Hough CFAR 21880 3.225
Hough CFAR BI 0.000494 | 0.0000858
EXC Hough CFAR BI 1.1285 0.3161
API Hough CFAR 7.5 1.535

For comparison on Fig. 7 the probability of detection of different structures of
Hough detector, calculated for optimal values of binary rule in Hough parameter
space is shown — Ty~ Tiep/20 and also for the following environment parameter
values — average power of the receiver noise Ay=1, average INR =30 dB,
probability for the appearance of impulse interference with average length e,=0.1,

N=16, L=16 and for probability of false alarm P, =107".

6. Conclusions

The paper presented considers the results obtained by the proposed adaptive
threshold determination procedure and analysis of different Hough detector
structures in intensive RAII environment. The need of an adequate threshold
analysis procedure allowing better detection results for low values of the SNR, is
considered.

The optimal threshold values for different input conditions are estimated. The
value of the test resolution cell and the probability of false alarm over the average
detection threshold are studied. The application of censoring techniques in the
detection algorithm improves the Hough detectors effectiveness.

The results obtained may have significant practical application for Hough
detectors working in conditions of RAII. The obtained results show that Hough
detector with API CFAR processor is the most effective under these conditions.

As a final conclusion the results achieved in the presented paper confirm once
again the necessity of synthesis of new algorithms for moving targets detection,
assuring robustness and higher efficiency of the radar systems. The results obtained
in this paper could practically be used in radar and communication networks.
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