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ACCURATE DETECTION OF MULTIPLE TARGETS BY UNIFORM
RECTANGULAR ARRAY RADAR WITH THRESHOLD SOFT UPDATE
AND AREA RESCANNING

Vadim V. Romanuke
Polish Naval Academy, Gdynia, Poland

Background. If the intensity of moving targets within a surveyed area is low, an optimal number of uniform rectangular
array (URA) radar sensors is in either the minimally-sized URA (or close to it) or maximally-sized URA (or close to it), where
the URA size is regulated by (symmetrically) turning off vertical and horizontal sensors. However, this does not guarantee
detection of any target because sometimes the threshold detection, by which the main parameters of a pair of two targets are
estimated, fails even by using the soft threshold approach when the threshold is gradually decreased while the detection fails.

Objective. In order to improve detection of multiple ground-surface targets by a URA radar, the goal is to decrease a
number of detection fails, when targets are just missed. For this, the approach of threshold soft update and a set of quasioptimal
URA sizes included 20x25 and 35x35 URAs are to be used by rescanning the area if the detection fails.

Methods. To achieve the goal, the functioning of the URA radar is simulated for a set of randomly generated targets, where
roughly a half of the set is to be of single targets, and the other half is to be of pairs of targets. The simulation is configured and
carried out by using MATLAB® R2021b Phased Array System Toolbox™ functions based on a model of the monostatic radar.

Results. Neither the soft threshold approach, nor the rescanning increase the detection accuracy. However, when either the
soft threshold or rescanning is applied, or they both are applied, the number of detections is increased. The increment can be
evaluated in about 2.7 %, but the expected high-accurate detection performance slightly drops. This is caused by that the soft
thresholding and rescanning attempt at retrieving at least some information about the target instead of the detection fail.

Conclusions. Using the threshold soft update approach along with a more frequent rescanning decreases a number of
detection fails. Besides, the soft thresholding and rescanning allow slightly decreasing the number of URA sensors sufficient to
maintain the same detection accuracy by increasing the averaged number of single-target and two-target detections at least by
2.5 %. The increment in a number of detected targets on average is equivalent to increasing the probability of detection.

Keywords: phased array radar, uniform rectangular array, surveyed area, target; detection threshold; rescanning.

1. Phased array radar issues Oan - It starts with
A uniform rectangular array (URA) radar can be S S‘P(S/Sscan)'Sscan S ) 5,
used to observe and control presence of multiple 9125_ 2 = 5 Ty (2)

ground-surface objects (sometimes also called targets)
within a nearby area [1], [2]. The URA radar is a static  where function p(8) returns the integer part of number
mechanic system that scans the area without turning the .

antenna elements (URA sensors) [2], [3]. This is done O (g, s.ee [8], [P1), and goes down with a step of
by using the phase shifters [4], [5] delaying the radio ~ ~Osan UNtl 8y > -5/2:

waves progressively so that each sensor emits its 9
wavefront in a specific order. This causes the resulting

plane wave to be directed at a required angle to the The scanning schedule of the URA must be
URA. The computer quickly alters the phase shifters to  sufficiently tight. The radar should revisit the same
steer the beam of radio waves to a new direction, which  azimuth angle within at most 1 second. The required
usually is in the neighborhood of the previous direction  pumber of scans is determined by the beamwidth of the
(61, [7]. array response. The 3 dB beamwidth 0 (in degrees) is

The scanning range S of azimuth angles can be up  estimated by using the array gain. Then the scanning
to 90° and wider, and the area is scanned through a gtep §_  is selected so that &__ <O to have some

. “q. scan scan
scan grid. The scan grid is a set

=9, -9, fori=1, K-1. 3)

i+l i scan

beam overlap in space. To hold a sufficiently dense
G = { ~}K (1) scan grid, the scanning step must not be greater than

e il 6°. So, the scanning step is
of azimuth angles in degrees. Grid (1) is usually formed .
to be uniform and symmetric with a scanning step of Ogan = mm{6, p (6)} )
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Except for a narrow “pencil” beam mainlobe, no
specific beam pattern, for ensuring signal selectivity by
direction, is synthesized for the URA radar [10], [11].
The beam pattern mainlobe for the URA radar must be
symmetric and sufficiently narrow at any scanning
direction [4], [12], [13]. To maintain low interference,
the beam sidelobes must be cancelled at both the
azimuth and elevation angles (Fig. 1).

0° azimuth
90° elevation

0° azimuth
0° elevation -25

90° azimuth .30
0° elevation

0° azimuth
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Fig. 1. A 20x25 URA response pattern
(the colorbar is normalized power in dB, so lighter color
corresponds to greater power emitted) [14]

Although the ground-surface URA radar does not
observe or control presence at (positive) elevation
angles, the power emitted at elevations should be as
little as possible. This is why URA vertical sensors are
used in such radars. For instance, the number of vertical
sensors of the URA in Fig. 1 is less than the number of
horizontal sensors, but still those 20 sensors ensure
small losses of power at elevations and additionally
form the narrow “pencil” beam mainlobe. So, a radar of
URA with only 5 vertical sensors would be quite
inefficient (Fig. 2). Moreover, it was ascertained in [14]
that, in detecting a single target, the 20x 25 URA radar
has roughly the best performance (see Fig. 11 in [14]).
The performance is evaluated by using relative
differences (in percentage terms)

d" —d|
A, =100-——,
d

©)
0" —a| |a" -0

A, =100-
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Fig. 2. A 5x25 URA response pattern,
where the ineffectiveness of the 5x25 URA radar is seen
(compared to that in Fig. 1) due to much power is emitted
at elevations and the beam mainlobe is not sufficiently
narrow at the side elevation view
(although it is quite narrow at the pattern view from
“above” being similar to that in Fig. 1) [14]

0° azimuth
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for the main parameters of a target — distance d to the
target (in terms of radar systems, it is also called the
range), azimuth angle o, and velocity v, where d,
o, and v are the respective estimations of these
parameters.

It was also ascertained in [14] that an optimal
number of URA radar sensors is in either the
minimally-sized URA (or close to it) or maximally-
sized URA (or close to it), where the URA size is
regulated by (symmetrically) turning off vertical and
horizontal sensors. The set of those quasioptimal URA
sizes is

20x25, 35x35, 20x26, 34x35,
20x27, 33x35, 20x28, 34x34,

20x29, 33x34, 20x30, 33x33. ®)

Besides, the threshold detection stage was modified in
[14] so that the threshold was gradually (softly)
decreased while the detection failed. This approach
allows increasing a number of singly detected targets on
average, but will it perform similarly when two targets

63



64 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 13 NUMBER 2 JULY-DECEMBER 2022

are simultaneously present within the radar area? The
matter is that even when a URA radar works for
detecting a single target, the likelihood of missing a
target is not that small. For instance, 12 of 500 targets
simulated in [14] were not detected by using the
threshold soft update approach (see Fig. 11 in [14]).

2. Goal and tasks to achieve it

To improve detection of multiple ground-surface
targets, the goal is to decrease a number of detection
fails, when targets are just missed. For this, the
approach of threshold soft update and set (8) of
quasioptimal URA sizes will be used. To achieve the
said goal, the URA radar is to be simulated by using
MATLAB® R2021b Phased Array System Toolbox™
(PAST) functions. First, the simulation parameters and
set-up are to be described. Next, the functioning of the
URA radar is simulated for a set of randomly generated
targets, where roughly a half of the set is to be of single
targets, and the other half is to be of pairs of two
targets. A target or a pair of two targets is tried to be
detected by 20x25 URA. If the detections fails, the
URA size is set at 35x35. While the detections fails,
the URA size is further tried at

20x26, 34x35, ..., 20x30, 33x33,

according to the ascending list in set (8), where
changing the URA size is meant by turning on or off
some sensors. The simulation will be carried out for
both the known (hard) threshold detection approach and
the threshold soft update approach (softer adjustment
approach), by rescanning the area if the detection fails
and without rescanning. The results obtained from the
simulation are expected to increase the detection
probability without affecting the accuracy of estimation
of the target parameters. All limitations, tradeoffs, and
controversies of the threshold soft update and area
rescanning approach will be discussed.

3. Simulation parameters

It is supposed that a URA is used in a monostatic
radar to periodically scan a predefined surveillance area
[4], [15]. The purpose is to detect either a target or two
targets in this region and estimate their main parameters
{d,a,v}. Targets are only sought in the azimuth
dimension, and the radar is required to search from 45°
to —45° in azimuth, where scan grid (1) starts with

90 | &
8 — . scan 9
1 p[ S J 2_ )

scan

and goes down with a step of —0

8i+1 = ‘91' -0

until 9, >-45°:

(10)

scan

fori=1,K-1.

scan

The URA radar created by using the PAST
environment and functions is designed by the typical
specifications: detection probability is p,, =0.9,

probability of false alarm is p;, =10, maximum

unambiguous range is 7, =5000 (in meters), target

ax
radar cross section is 1 m% the number of pulses to
integrate is 10. The parameters of the URA radar are as
follows:

1) the operating frequency f, . =10 GHz;

2) the sampling frequency f,,, =5995849.16 Hz;

3) the pulse repetition frequency ( f, ) is presumed
to be a 1/200 part of the sampling frequency, so it is
Jeor =29979.2458 Hz.

The URA consists of w horizontal and % vertical
antenna elements emitting only forward. The array gain,
signal-to-noise ratio, and the peak power are calculated
using radar equations [4], [12], [13], [16], [17]. Then
the peak power of the transmitter is set [14].

The total number of pulses is 10- K, so the revisit
time is

;o 10-K 100K~
o fin 29979.2458
~(0.0003335640952-K . (11)

As the URA is grown in size, the revisit time increases
due to the scan grid becomes denser (and thus number
K increases). However, even for relatively huge URAs
(of 100x100 size and bigger) revisit time (11) is far
less than 1 second [18], [19].

Either a single target or a pair of two targets is
assumed to be at 0° elevation. Besides, neither target is
a fluctuating object [20], [21]. Pulses emitted by the
URA, propagation channels, and reflected signals
received by the URA are simulated by the PAST
environment. So, a pulse is generated, emitted, radiated
toward the target, and reflected off the target. This is
repeated for 10- K pulses. Then the received signal is
processed by passing it through a matched filter and
integrating all pulses for each scan angle [22], [23].

To estimate each target parameters {d,a,v}, a

threshold detection on the scan map is fulfilled. The
detection threshold y is firstly calculated based on the
number of pulses to be integrated and noise power at
the receiver. Then, however, the threshold is increased
by the matched filter processing gain.

4. How the detection may fail

The pulse integration at the stage of threshold
detection is fulfilled by compensating for signal power
loss due to range by applying time varying gains to the
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received signal. The result of the pulse integration is a
matrix

Q= [qﬁ :|200><K

whose elements are very small (roughly between 107
and 10™). Then inequality

a5 > (12)

is analyzed to estimate the range and angle of each
target. Those indices j and i for which inequality (12)
holds (denote them by j* and ") point to the estimated
range (distance to the target) and azimuth angle,
respectively. This is done by mapping index ;* on a
grid of ranges

200 200

~ ={25-(j—1)}j:1,

Grange = {rj }j

whereas index i is mapped on the scan grid G

Thus, the estimated range @ and azimuth angle o.” are
determined. If inequality (12) does not hold, indices ;~
and /" are not found, and then the detection is counted
as a fail [14].

The radial velocity (in meters per second) v of the
target is calculated based on the Doppler shift [24],

[25], where matched filtering pulses, indices j*, i, and
pulse repetition frequency f,, are used. First, the

Doppler spectrum from the received signal is calculated
[13], [26], [27]. Second, its peak points to the respective
velocity estimation. However, if the peak is impossible
to find, the detection is counted as a fail [14].

S. How the target parameters are generated

The location of a target is given as a pair of its
coordinates

{x,y} by x>0 and yeR. (13)
The distance to the target is
d=y\x*+y’ (14)
and its azimuth angle is
oc=@~arctan(l) (15)
T X

Coordinates (13) of every simulated target are randomly

generated as
x=p(4950£+50) (16)

and

v =p(4950¢, +50), (17)

where & is a value of a random variable uniformly

distributed on interval (0;1) and &, is a value of a

random variable distributed normally with zero mean
and unit variance [14]. If coordinates (16) and (17) are
such that d >4975 or o >44°, their generations by
(16) and (17) are repeated until d <4975 and o < 44°.

The velocity of a target is given in two coordinates:
{vx,vy} by v.eR and v eR. (18)
Velocity coordinates (18) are randomly generated as
v, =p(100§2) (19)
and
v, = p(lOOC3 ) ,

where C, and (,; are values of independent random

(20)

variables distributed normally with zero mean and unit

variance. The radial velocity of the target is calculated

as [28], [29]

XV, + v,
d

v=— 21)

(in meters per second).
6. The volume of radar simulations

The factual size of the URA is 35x35, where a
URA of any other size below 35x35 is obtained by
turning off the respective number of sensors [30], [31].
The turned-off sensors are expected to be in some
symmetry with respect to the URA geometry. It is
presumed that the symmetry of the sensors to be turned
off is calculated and implemented automatically by a
special computer routine [32]. As either a new single
target or a pair of two targets is generated by equations
(16), (17), (19), (20), the URA size is set according to
the ascending list in (8).

If & >0.5, where &, is a value of a random
variable uniformly distributed on interval (0;1), then a

pair of two targets (an instance) is generated; otherwise
— a single target (an instance) is generated. For
obtaining statistically stable results, it is sufficient to
simulate 5000 random instances.

7. Threshold soft update and area rescanning

The detection straightforwardly fails if inequality
(12) does not hold. So, while

0, <y (22)
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the threshold is updated so that it would fit inequality
(12):

obs obs) \1-0001
Y =y, y=(v) T, (23)

whereupon inequality (12) is checked again. If
inequality (12) is false and y<10™°, the threshold

updating is cancelled and thus the detection is counted
as a fail [14].

If the detection fails, the area is rescanned. As the
target continues moving, its coordinates (13) are
updated according to velocity coordinates (18):

x =y x= x4 0.2kv_,
Y=y, y=y Y+ 026,

(24)
(25)

where k£ is the rescanning number, & = 1,_5 . Having the

rescanning switched off is conditional as it means that
its frequency is low, and the target may move aside so
that it is hard to identify whether it is the same (“old”)
target or not.

8. Results

The results of simulating 5000 random instances
with (16), (17), (19), (20), and (24), (25) can be
processed and presented in the following nine subcases
(for the known or hard threshold detection approach
and the threshold soft update approach):

1. Number of single-target detections when the
rescanning has been either not applied or switched off.

2. Number of two-target detections when the
rescanning has been either not applied or switched off.

3. Number of single-target detections when the
rescanning has been applied.

4. Number of two-target detections when the
rescanning has been applied.

5. Total number of detections when the rescanning
has been either not applied or switched off.

6. Total number of detections when the rescanning
has been applied.

7. Total number of single-target detections.

8. Total number of two-target detections.

9. Total number of detections.

An important factor is relative difference maximum

m, =max{A,,A_,A } (26)

compared to an acceptable (tolerable) percentage of
inaccuracy a,, in the estimations of the target

parameters [14]. The results of comparisons to various
a., (including intolerable ones) are presented in

est
Table 1 (according to the above-listed numeration). It is
seen that, in general, the greater percentage of relatively

accurate detections has been obtained for the soft
threshold and rescanning (highlighted bold). The
exception is the cases for m, <2, where only the soft

threshold detection has a lesser percentage. This is
explained with that, for a given URA size, the
rescanning is applied every time when the detection
fails. If the rescanning fails itself, the URA size is
changed according to the ascending list in (8). Thus,
there are 320 detections out of 5000, where relative
difference maximum (26) is lesser for the hard
threshold. However, the soft threshold has used 24
URAs of sizes 20x25 and 35x35 for 296 times,
respectively, whereas the hard threshold has used

20%x25, 20x26, 20x27, 20x28, 20x29, 20x30,
34x34, 35%35

sizes for 167, 3, 8, 1, 1, 1, 3, 136 times, respectively.

Table 1. Percentage of detections (instances) for
relative difference maximum (26)

<
S Percentage of detections (instances)
my<dy| 3
—
2
=1 2 3 4 5 6 7 8 9
. hard| 4.04 | 0.28 | 5.48 [ 0.36 | 4.32 | 5.84 | 9.52 | 0.64 {10.16
m, <
: soft| 3.98|0.22 534 (026 42 | 5.6 [ 932|048 | 9.8
s hard| 9.9 |1.66 |11.36|1.94 {11.56| 13.3 |21.26| 3.6 |24.86
m, <lI.
h soft| 9.74 | 1.28 | 11 | 1.58 [11.02(12.58|20.74| 2.86 | 23.6
5 hard| 15.3 | 3.64 |18.14| 4.5 [18.94(22.64|33.44| 8.14 |41.58
m, <
. soft{15.04| 3.22 {17.38| 3.8 [18.26(21.18(32.42| 7.02 [39.44
3 hard| 183 | 5.1 |22.5| 6.7 | 23.4|29.2|40.8| 11.8 | 52.6
m, <
Y7 Isoft|18.58] 6.98 [21.08| 7.22 [25.56| 28.3 [39.66| 14.2 53.86
hard| 18.88( 5.52 | 23.1| 7.8 | 24.4 | 30.9 [41.98|13.32| 55.3
m, <4

soft(19.94] 9.54 {21.72| 9.24 29.48|30.96| 41.66 (18.78/60.44

hard|19.44| 5.62 |23.56 8.38 [25.06(31.94| 43 | 14 | 57
soft| 20.7 | 9.88 9.98 [30.58(32.18| 42.9 (19.86|62.76

A

222

hard| 19.9 | 59 |24.12(9.08 | 25.8 | 33.2 |44.02|14.98| 59
soft|21.24(10.36|22.82(10.88| 31.6 | 33.7 |44.06(21.24| 65.3

m, <7

hard|20.24| 6.1 |24.64| 9.82 [26.34|34.46|44.88|15.92| 60.8
soft|22.28(10.86|23.46 (11.68|33.14(35.14|45.74(22.54|68.28

m, <10

hard|20.44| 6.36 |24.86|10.28
soft 22.76(11.22(23.8612.22(33.98|36.08|46.62(23.44|70.06

26.8 [35.14| 453 [16.64|61.94

m, <15

hard|20.64| 6.48 |25.06( 10.8 [27.12{35.86| 45.7 |17.28|62.98
soft| 23 [11.46(24.06|12.7 |34.46/36.76|47.06|24.16|71.22

m, <20

hard|20.72| 6.66 |25.08(11.02(27.38| 36.1 | 45.8 |17.68|63.48
soft| 23.1 [11.66|24.08 {12.98|34.76(37.06|47.18(24.64|71.82

m, <25

hard|20.96| 7.56 |25.18(12.64|28.52(37.82|46.14| 20.2 | 66.34
soft|23.34(12.48|24.1414.22|35.82(38.36|47.48| 26.7 |74.18

m, <50
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In grand total, the hard threshold has detected 4789
instances (2373 single-target detections and 2416 two-
target detections), which is 95.78 %. The soft threshold
has detected 4921 instances (2443 single-target
detections and 2478 two-target detections), which is
98.42 %. The overall effect of the rescanning along
with the soft threshold approach can be evaluated from
Table 2.

Table 2. Percentage of detections (instances) for
relative difference maximum (26)

Threshold Number of detections Percentage
. No . No .
detection . |Rescanning . _|Rescanning
rescanning rescanning
hard 2021 2768 0.4042 0.5536
soft 2347 2574 0.4694 0.5148
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The scatter of targets which have been missed is
presented in Fig. 3. There are 130 single-target and 81
two-target omissions made by the hard threshold radar,
whereas the soft threshold radar has omitted 60 single-
target and 19 two-target detections. In fact, the subplot
for the soft threshold radar (on the right) shows the
impact of applying the soft thresholding to significantly
reduce fails (omissions) of detection. Although it does
not increase the accuracy of the estimated parameters,
the reveal of that there is (at least somewhere within the
observed area) a presence is itself very wvaluable
information. Unfortunately, it is not seen any pattern in
Fig. 3 which could help in forecasting subareas where
reliable detection is less probable. It appears that the
detection fail can appear in any point of the area.
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Fig. 3. The single-target omissions (circles) and two-target omissions (each target is a dot) by the hard threshold radar
(left) and soft threshold radar (right)

As the velocity increases, it is more difficult to
“catch” the target. However, if a target is moving too
fast, the rescanning has its favorable impact. For
instance, if either v, >200 or v, >200, the hard

threshold radar rescanning made it possible to
additionally “catch” 103 single targets and 15 pairs of
two targets for m, <5. Meanwhile, although it is just

100 single targets additionally “caught” by the soft

threshold radar rescanning, there are 23 pairs of two
targets detected by the soft threshold (see the scatter in
Fig. 4). Both threshold approaches have performed
identically for either v, >200 or v, >200 and m, <1:

it is just 27 fast-moving single targets detected after
rescanning, whereas none of pairs of two targets has
been detected.
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Fig. 4. Targets additionally “caught” by the hard threshold radar (left) and soft threshold radar (right) for m, <5

As the rescanning precedes changing the URA size, 9. Discussion
it results in a decrement of URA sensors used to detect
a target. This is confirmed by Table 3, where the lesser
URA size on average is highlighted bold.

One must remember that the case when the
rescanning is switched off implies a lower frequency of
the (“regular”) rescanning. When the rescanning is
switched on, it means that its frequency is much higher.

Table 3. Threshold and rescanning decrease the URA size . ; .
So, the rescanning, meant hereinabove to be switched

Hard threshold Soft thresh"? on, requires some additional energy resource, unlike

Rescanning? Rescanning? switching to the soft thresholding. The soft

m, <ag, no yes no yes thresholding, when is factually fulfilled, takes some
averagelaverage|average|average|average|averagelaveragelaverage . . . . P

h w h w h w h w additional amount of time, but this amount is negligible.

m <1 | 23.4 | 2726 | 2342 | 273 |23.07|27.04| 232 | 27.14 Table 1 confirms that the soft threshold approach

does not have a significant impact on the detection
accuracy. The rescanning cannot increase the detection
2<2 2248 ] 2666 | 22.32 | 2657 | 22 |26.34|22.06 2639 accuracy as well. However, when either the soft
my, <3 | 2215|2643 | 22.02 | 26.36 | 21.66 | 26.13 | 21.79 | 26.22 threshold or rescanning is applied, or they both are
my <4 | 22.14 12643 | 22.07 | 264 | 21.51|26.06 | 21.81|26.23 |  applied, the number of detections is increased (see Figs
£ <5 | 2211 | 2641 | 22.07 | 26.4 |21.47|26.03|21.78(26.22| 3 and 4). The increment can be evaluated in
my<7 | 22.12 | 26.42 | 22.05 | 26.39 | 21.51 | 26.06 | 21.76 | 26.21 | approximately 2.7 %, whereas there have been 95.78 %
m, <10 | 22.13 | 2643 | 22.06 | 2639 | 21.57| 26.1 |21.77| 26.21| detections by when the soft threshold and rescanning
<15 | 22,12 | 2642 | 2207 | 264 | 21.56 | 26.1 | 2176 | 26.2 have been switched off against 98.42 % df:tecnons
made by when the soft threshold and rescanning have
7 <20] 2213 | 2642 | 22.07 | 264 |21.57) 26.1 |21.76 | 26.2 been switched on (and applied when the hard threshold

My <25 2212 | 2642 | 2207 | 264 | 21.56| 26.1 | 21.75] 26.2 made a fail, and then possibly followed by a fail by the
m, <50 | 22.13 | 26.42 | 22.08 | 26.41 | 21.54 | 26.08 | 21.73 | 26.18 soft threshold).

my <1.5|23.47 | 27.32 | 23.57 | 27.4 |22.94|26.96 | 23.15|27.12

m
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When the soft threshold or rescanning is applied, or
they both are applied, the expected high-accurate
detection performance slightly drops. This is caused by
that the soft thresholding and rescanning attempt at
retrieving at least some information about the target
instead of the detection fail (i. e., missing the target). It
is the main limitation of the suggested soft threshold
and rescanning — the accurate estimation of target
parameters means more targets are detected, where the
parameters of every “additionally” detected target are
estimated with approximately the same accuracy (on
average) as it is for the radar without soft thresholding
and rescanning. Nevertheless, missing sufficiently less
targets versus non-improved target parameter
estimation is a strong tradeoff.

Some single targets and pairs of two targets (whose
numbers are small, though) are detected with huge
inaccuracies of the estimated parameters. Obviously,
the detection accuracy cannot be estimated in real-
world practice [1], [4], [11], [23], [33], [34]. Therefore,
if even the target is factually missed due to huge
inaccuracy in one or more of its parameters (about
which a real-world observer does not know), the
detection is anyway useful because it at least informs
about a presence within the observed area. Later on, the
target will probably be detected as the area is
periodically rescanned (the low-frequency “regular”
rescanning is meant) and the probability of the
detection increases as the target remains with the area.

10. Conclusion

Based on simulating single-target and two-target
detections by the URA-size-optimized radar, it is
ascertained that using the threshold soft update
approach along with a more frequent rescanning
decreases a number of detection fails. Detecting two
targets simultaneously moving through the radar area is
a more difficult task compared to the single-target
detection, but it nonetheless is improved by the soft
thresholding and rescanning. Besides, the soft
thresholding and rescanning allow slightly decreasing
the number of URA sensors sufficient to maintain the
same detection accuracy by increasing the averaged
number of single-target and two-target detections at
least by 2.5 %. The increment in a number of detected
targets on average is equivalent to increasing the
probability of detection. At almost the same accuracy of
estimated parameters of the target, this is an
improvement of the detection efficiency and accuracy.

Whether the suggested improvement will appear in
the case of simultaneously moving three targets,
without significantly dropping the averaged accuracy of
estimation, is to be studied yet. It is clear that, as the

number of simultaneous targets increases, the accuracy
of a URA radar may significantly deteriorate due to just
missing a single target in a group (e. g., a pair or triple)
implies a detection fail.
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Pomanwx B.B.
KopekTHe BusiB/1eHHsI 1eKiIbKOX 00’ €KTIB paJapoM Ha 0CHOBi PiBHOMIPHO-IPSIMOKYTHOI (pa3oBaHOI aHTEHHOI
peliTKu 3 M’IKUM OHOBJICHHSIM IIOPOTY Ta MOBTOPHUM CKAHYBAaHHAM 00.J1acTi

IIpob6aemaTuka. SIKIIO IHTEHCHBHICTD PyXOMHUX 00’ €KTIB y MEKaX CIIOCTEPEKYBaHOI 00JIACTi € HU3BKOIO, ONITHMAIBHOIO
KIJTBKICTIO CEHCOPIB PIBHOMIPHO-TIPIMOKYTHOT (hazoBanoi anTteHHOT penritku (PII®AP) pamapa € abo B PIIGAP MiniMaibHOTO
po3mipy (abo 6im3bKOro 70 HHOro), ado B PIIGAP MakcumanbHOTO po3Mipy (abo OJM3BKOrO JI0 HBOTO), 1e po3Mmip PITOAP
PETYIIOETBCS 32 JI0MOMOTOI0 (CHMETPUYHOT0) BUMKHEHHSI BEPTUKAIBHHUX Ta TOPU3OHTAIBHUX CeHCOPiB. O/IHAK 1€ HE rapaHTye
BUSIBIICHHSI OYIIb-SIKOTO 00’€KTa, OCKUIBKH 1HOJMI TOPOTOBE BHSBIICHHS, 32 SIKMM OIIHIOIOTHCS OCHOBHI TapaMeTpH OJHOTO
00’€exTa 200 mapu 00’ €KTIB, HE CHPAILOBYE HABITh 3a MIIXOMY 3 M’SIKUM TIOPOTOM, KOJIH TIOPIT MOCTYIIOBO 3MEHIITY€EThCS i
9ac 3puBiB BUABICHHS.

Merta pociigxenHs. /{71 OKpaIeHHs BUABICHHS JEKiTbKOX Ha3eMHNX 00’ ekTiB PIIOAP-pagapoM HE0OXiTHO 3MEHIIHTH
KITBKICTh 3pUBIB BHSBICHHA, KOMH 00 €KTH TPOCTO BTPAvyalOThCA. [l I[bOTO BHUKOPHCTOBYIOTBCS IMIIXIA 3 M SIKHM
OHOBJICHHSIM TIOPOTY Ta MHOKHHA KBazionTuMaibHuX po3mipiB PIIDAP, sxmrouatoun PIIOAP posmipis 20x25 1 35x35, 3
TIOBTOPHHM CKaHYBaHHSAM 00JIacTi y BUIIAJKY 3PUBY BHUSBICHHS.

Metoauka peamizanii. {11 mocsarHeHHS MeTH mnpoBoauThCa cuMyirmis PIIDAP-pamapa Ha MHOXHHI BHITQIKOBO
TeHEPOBaHUX 00 €KTIB, JI¢ TIPUOIM3HO TTOJOBMHA EJICMEHTIB I1i€i MHOKHHHU CKJIQIAETHCS 3 OJHOTO 00 €KTa, a 1HIIA MOJOBHHA
— 3 map 06’extiB. CuMynauis Ta ii kondirypyBanHs BinOyBaroThcs 3a gomomoror ¢ynkuiii MATLAB® R2021b Phased
Array System Toolbox™ ma ocHOBI MO MOHOCTATHYHOTO panapa.

PesyabTaTi gocaimkeHHsi. AHI MiAXixA M’SKOTO MOPOTY, aHi TIOBTOPHE CKAHyBAaHHS HE 30UTBIIYIOTh TOYHICTD BHSBICHHS.
OnHaKk KOJM 3aCTOCOBYEThCS M SIKMH IOpIir ab0 TIOBTOpPHE CKaHyBaHHs, a00 OOWIBA TiJAXOAW OJHOYACHO, Ie 30LIBIIye
KITBKICTh BHSBIEHb. Take 3017bIIEHHS MoOXe OyTH omiHeHo npubmm3Ho y 2.7 %, ane odikyBaHa NPOXYKTUBHICTDH
BHCOKOTOYHHUX BHSIBIICHB JICIIO criajae. Lle BUKIMKAHO THM, 1110 M SIKUii TIOPIT Ta HOBTOPHE CKaHyBaHHS HAMAraloThCsl JIiCTaTH
HpHHANMHI SKyCh iH(pOpMANifo Ipo 00’ €KT 3aMiCTh TOTO, MO0 HOTO BTPATUTH.

BucHoBku. BuxopucranHs Miaxoxy M°SKOTO OHOBIECHHS MOPOTY Pa3oM 3 OLNBII YACTIIIMM CKaHYBAHHAM 3MEHIIye
KiNBKICTh 3pHBiB BHsABICHHA. KpiM Toro, M’sKuif HOpir Ta MOBTOPHE CKAHYBAaHHS JO3BOJIAIOTH IEIIO 3MEHIIMTH KilbKiCTh
ceHcopiB PII®AP, nmocraTHiO [ MIATPUMKH TOTO X PIBHA TOYHOCTI BHSBICHHS NpPH 301IBIICHHI CEpeHBOI KiTBKOCTI
0JHOO00’€KTHUX Ta JIBOOO €KTHUX BUSBIICHB IOHaMeHIIe Ha 2.5 %. 3pocTaHHs KiTbKOCTI BUSBICHUX 00’ €KTIB y CEPETHHOMY
€KBIBAJICHTHO 301JIbIICHHIO IMOBIPHOCT] BUSABICHHS.

Knrouosi cnosa: paoap Ha ocHo8i (pazosaHoi aHmeHHOI pewimKu; PIGHOMIDHO-NPAMOKYMHA AHMEHHA DeulimKa;
cnocmepedicysana 061acmo, 00 €Km, nopie UAGIEHHs, NOSNOPHE CKAHYGAHHS.
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