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UNIFORM RECTANGULAR ARRAY RADAR OPTIMIZATION FOR
EFFICIENT AND ACCURATE ESTIMATION OF TARGET PARAMETERS
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Background. If the intensity of moving targets within a surveyed area is low, some sensors of the uniform rectangular
array (URA) radar can be (symmetrically) turned off. However, this does not guarantee detection of any target because
sometimes the threshold detection, by which the main parameters of the target are estimated, fails.

Objective. In order to improve detection of ground-surface targets, the goal is to find an optimal number of URA radar
sensors along with improving the stage of threshold detection. The criterion is to determine such a minimum of these sensors at
which the main parameters of the target are accurately estimated. In addition, the threshold detection is to be modified so that a
number of detection fails would be lesser.

Methods. To achieve the said goal, the URA radar is simulated to detect a single target. 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. There is a set of quasioptimal URA sizes included minimally-sized and maximally-sized URAs. The best decision
is to use, at the first stage, the minimally-sized URA (by turning off the maximal number of vertical and horizontal sensors). If
the detection fails, then the maximally-sized URA radar is tried. If the detection fails again, the next minimally-sized URA is
tried, in which one horizontal sensor is additionally turned on. Additional horizontal sensors must be enabled while the
detection fails but the number of vertical sensors should not be greater by about a third of their minimal number.

Conclusions. 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). The URA size is regulated by (symmetrically) turning off vertical and horizontal sensors. The
threshold detection stage is modified so that the threshold is gradually decreased while the detection fails. This allows
increasing a number of detected targets on average, which is equivalent to increasing the probability of detection.

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

1. Phased array radar surveillance system

To observe and control presence of one or multiple
objects within a nearby area, phased array radars are
used [1], [2]. In a ground-surface surveillance system
using a uniform rectangular array (URA) to observe and
control, the beam of radio waves is electronically
steered to point in different directions (at different
azimuth angles) without turning the antenna elements
(URA sensors) [3], [4]. This is done owing to the phase
shifters [1], [3], [4]. The phase shifters delay the radio
waves progressively so that each sensor emits its
wavefront in a specific order. This causes the resulting
plane wave to be directed at an angle to the URA. The
computer quickly alters the phase shifters to steer the
beam to a new direction, which usually is in the
neighbourhood of the previous direction [2], [5], [6].
The URA radar thus scans an area, where the scanning
range of azimuth angles can be up to 90° and wider.

Unlike the application of URAs for other tasks, the
URA surveillance system does not synthesize a specific
beam pattern for ensuring signal selectivity by direction
[7], [8]. However, the beam pattern mainlobe for a
URA surveillance system must be symmetric and
sufficiently narrow at any scanning direction [9], [10].
Moreover, to maintain low interference, the beam

sidelobes must be cancelled at both the azimuth and
elevation angles (Fig. 1).
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Fig. 1. A 20x25 URA response pattern
(the colorbar is normalized power in dB)
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Although the ground-surface URA radar does not
observe or control presence at (positive) elevation
angles, the power emitted at elevations should be as low
as possible [1], [5], [11], [12]. 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 a narrow “pencil”
beam mainlobe [7], [8], [13]. A radar of URA with only
5 vertical sensors would be quite inefficient (Fig. 2).
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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)
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Various tasks of radar surveillance systems require
different configuration of URA. It depends also on the
intensity of moving targets within a surveyed area [10],
[14], [15]. If the intensity is low, then, for instance,
some sensors of the URA radar can be (symmetrically)
turned off [16], [17]. Otherwise, all the URA sensors
emit. However, this does not guarantee detection of any
target. Sometimes the threshold detection [18], [19], by
which the main parameters of the target are estimated,
fails. Therefore, the problem can be considered in two
parts. First, an optimal number of URA sensors, which
should be turned on, is to be determined. Second, the
routine for the detection threshold is to be improved.

2. Goal and tasks to achieve it

In order to improve detection of ground-surface
targets, the goal is to find an optimal number of URA
radar sensors along with improving the stage of
threshold detection. The criterion is to determine such a
minimum of these sensors at which the main parameters
of the target are accurately estimated [20]. In addition,
the threshold detection is to be modified so that a
number of detection fails would be lesser. 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. Along with that, an
algorithm of a softer adjustment of the detection
threshold will be stated. Next, the functioning of the
URA radar is simulated for a set of randomly generated
targets, where the URA size is changed through a set of
possible URA sizes. Changing the URA size is meant
by turning on or off some sensors [4], [8], [21], [22].
The simulation will be carried out for both the known
threshold detection approach and the softer adjustment
approach. The results obtained from the simulation are
expected to allow making decisions on how to optimize
the URA radar for efficient and accurate estimation of
target parameters [20], [23]. All limitations, tradeoffs,
and controversies of the optimization will be discussed.

3. Simulation parameters and set-up

It is supposed that a URA is used in a monostatic
radar to periodically scan a predefined surveillance area
[1], [24], [25]. The purpose is to detect a target in this
region and estimate its main parameters — distance d
to the target (in terms of radar systems, it is called the
range), azimuth angle o, and velocity v. The target is
only sought in the azimuth dimension, and the radar is
required to search from 45° to —45° in azimuth.

The radar design meets the following typical
specifications [2], [5], [26], [27]: detection probability
is pu =0.9, probability of false alarm is py, =107,
=5000 (in
meters), target radar cross section is 1 m’, the number
of pulses to integrate is 10.

A URA radar is created by using the PAST
environment and functions. Its parameters are as
follows [28], [29]:

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

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

maximum unambiguous range is

rmax

3) the pulse repetition frequency ( fp; ) is presumed
to be a 1/200 part of the sampling frequency, so it is
Jeor =29979.2458 Hz.
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The array consists of w horizontal and / vertical
elements. The antenna elements are configured so that
they only emit forward [3], [7], [30], [31]. Then, using
radar equations, the array gain, signal-to-noise ratio,
and the peak power are calculated. Thus, the peak
power of the transmitter is set.

The scanning schedule of the URA has the revisit
time which is less than 1 second. This means that the
radar should revisit the same azimuth angle within 1
second. The required number of scans is determined by
the beamwidth of the array response [7], [8], [32], [33].
The 3 dB beamwidth 6 (in degrees) is estimated by
using the array gain. Then the scan step O_ is selected

scan
so that &

scan

<0. This is done for allowing for some

beam overlap in space. In addition, the scan step must
not be greater than 6° in order to hold a sufficiently
dense scan grid. Thus,

8,0 =min{6, p(6)} (1)

by function p(@) returning the integer part of number
0 (e. g., see [34], [35]).
The scan grid G, = {S[};

scan

1s formed to be uniform

and symmetric with a step of d__ calculated by (1). It

scan

starts with
90_p(890j '6scan 90 5
\9 — 45 _ scan — . scan 2
1 ) p[ 5 ] ) ()

and goes down with a step of =8, until 8, >-45°:

scan

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

scan

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

;0K 10K
o fi 29979.2458
~0.0003335640952 - K . 4)

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 (4) is far less
than 1 second.

The target is assumed to be at 0° elevation and it is
a non-fluctuating object. The pulse returning from the
target is to be simulated. The total simulation time
corresponds to one pass through the surveillance region.
Because the reflected signals are received by the URA,
a beamformer pointing to the steering direction is used

to obtain the combined signal. Thus, the URA receiving
beamformer is created in the PAST environment. Then
a propagation channel for the target is defined.

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.

To estimate target parameters {d , O, v} , a threshold

detection on the scan map is fulfilled. The detection
threshold 7y 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.

At the stage of threshold detection, the pulse
integration (this is another pulse integration step; not to
be confused with the pulse integration at the matched
filtering stage) is fulfilled by compensating for signal
power loss due to range by applying time varying gains
to the received signal [18], [19]. The result of the pulse
integration is a matrix

Q= [q.ii Jzoom

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

45> (5)
is analyzed to estimate the range and angle of the target.
Those indices j and i for which inequality (5) holds
(denote them by ; and i) 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
Gra.nge = {rj}j:1 = {25 (j - 1)}

Il

whereas index i* is mapped on the scan grid G

scan *

Thus, the estimated range d~ and azimuth angle o." are
determined. If inequality (5) does not hold, indices ;'

and i are not found, and then the detection is counted
as a fail.

The radial velocity (in meters per second) v~ of the
target is calculated based on the Doppler shift [1], [10],
where matched filtering pulses, indices j°, i*, and
pulse repetition frequency f,; are used. First, the
Doppler spectrum from the received signal is
calculated. Second, its peak points to the respective
velocity estimation. However, if the peak is impossible
to find, the detection is counted as a fail.
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The location of a target is given as a pair of its
coordinates

{x,y} by x>0 and yeR. (6)

The distance to the target is

d=+x"+" (7
and its azimuth angle is
1
o= 180, arctan (Xj . (8)
n x

During the simulation, coordinates (6) are randomly
generated as

x:p(4950§+50) 9)
and
(10)

where & is a value of a random variable uniformly

y=p(4950¢, +50),

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

random variable distributed normally with zero mean
and unit variance [35]. If coordinates (9) and (10) are
such that d >4975 or o >44°, their generations by (9)
and (10) are repeated until d <4975 and o < 44°.

The velocity of a target is given in two coordinates:
(In
Velocity coordinates (11) are randomly generated as

v, =p(100§2) (12)

v,v tbyv eR and v eR.
ey} by v, y

and
v, =p(100(;3), (13)

where , and (; are values of independent random
variables distributed normally with zero mean and unit

variance. The radial velocity (in meters per second) of
the target is calculated as

XV, + v,
d

Let the minimal size of URA be 20x25 (Fig. 1) and
its maximal size be 35x35 (Fig. 3). These are the
marginal sizes, each of which still allows detecting a
target correctly but does not guarantee satisfactory
results or null fails. 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. Obviously, the turned-off sensors are expected
to be in some symmetry with respect to the URA

v=-—

(14)

geometry, but peculiarities of this question are not
considered here. It is presumed that the symmetry of the
sensors to be turned off is calculated and implemented
automatically by a special computer routine.
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Fig. 3. A 35x35 URA response pattern, which seemingly
has a far narrower “pencil” beam mainlobe compared to
that in Fig. 1; the sidelobes are further sliced (similarly at
the side elevation view and the pattern view from
“above”), but it does not always help in accurately
estimating the target parameters

For every new target generated by equations (9),
(10), (12), (13), the URA size hAxw is changed from
20x25 to 35x35 by the only condition of that 2 w.
The step of the changing is 1. For obtaining statistically
stable results, it is sufficient to simulate 500 random
targets.

4. Detection threshold and URA optimization

The detection straightforwardly fails if inequality (5)
does not hold. Meanwhile, both sides of this inequality
are very small numbers, so the threshold might be
corrected even by an insignificant amount at which
inequality (5) would turned to be true. So, while

(15)

the threshold is updated so that it would fit inequality
(5):

qu'i <Y

1.0001

Y(ObS) =y, y= (y(obs)) , (16)

whereupon inequality (5) is checked again. If inequality
(5) is false and y<10, the threshold updating is
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cancelled and thus the detection is counted as a fail.
For example, if the target has parameters

x=2000, y=1000, v, =30, v, =20, (17)

then a 20x25 URA radar using known threshold
detection approach with the hard decision by inequality
(5) fails to determine the range and azimuth angle
(Fig. 4). Here y=7.8527-10"", but if the threshold
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Fig. 4. The scan map from a 20x25 URA radar failing at
detection of the target with parameters (17);
although the target can be seen (as a blurred arch)
in the map, the known threshold detection approach
with the hard decision by inequality (5) fails to determine
the range and azimuth angle

is adjusted softer, by using (15) and (16), then it is
successively updated for 1925 times and inequality (5)
becomes true at y=2.1162-10"". This results in a

successful detection of the target: whereas the real
parameters of the target are

d =2236.068, aa=26.5651, v=-35.7771, (18)
its estimated parameters
d =2225, a" =30, v =-35.1076 (19)
are pretty close to (18). Indeed, by using relative
differences (in percentage terms)

d" —d|
A, =100-——,
d

(20)

(X,*—(X| (X*—(X|
A, =100- = , 1)
90 0.9
A, =100-2—Y (22)
A4

for the comparison, the real and estimated parameters of
the target differ in almost acceptable percentage
amounts:

A,=0.49498, A, =3.8166, A =1.8712. (23)

The exception here may be made for the angle because
the inaccuracy in more than 2° (with respect to the
scanning range of 90°), which is 2.2222 %, appears to
be quite tangible (Fig. 5).

45°

©-45°

Fig. 5. A demonstration of that the difference in 2°
azimuth angle (two points above 0°) is indeed
distinguishable; the difference in less than 1.25°
(which is A, =1.3889 %) azimuth angle

(two points below 0°) is almost insignificant

Having simulated 500 random targets with (9), (10),
(12), (13), only one of 500 targets has not been detected
(Fig. 6) by using the softer adjustment of the detection
threshold. The target has parameters

x=3805, y=-2260, v, =184, v, =129.

By the known threshold detection approach (the hard
decision), the URA radar has detected 405 targets. A
comparison of the two approaches is presented in

Table 1, where relative difference maximum
m, =max{A,,A,, A} (24)

is used to show the advantage of the softer adjustment.
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is not that big (it is just 0.7451 %), it nonetheless
confirms the advantage of the softer adjustment.
Relative difference (26) for the sums taken only for
cases when m, >2 (there are 90 such cases) appears to

be little as well: it is 0.8781 %. However, the difference
is 0.9405 % for 40 cases when m, >5, it is 0.9844 %
for 25 cases when m, >10, and it is 1.0173 % for 19
cases when m, >20 (it is a hardly acceptable detection
accuracy). Hence, the detection inaccuracy by the
known threshold detection approach grows worse.
Relative difference (26) for the sums taken only for 12
cases when m, >100 (quite unacceptable detection

result) is 7.4276 %, so it appears to be significant.

Now the 94 detections are analysed. Their statistics
is shown in Table 2 with considering sums (25). It is
45° worth noting that there are no targets detected so
accurately that m, <1. Besides, 19 targets are detected

Fig. 6. The single target (out of those 500 ones)

which has not been detected by using the softer so inaccurately that the detections are unacceptable. The
adjustment of the detection threshold most inaccurate target detection has produced parameter
estimations

Table 1. Comparison of the detection threshold softer

adjustment to the known threshold detection approach d =4725, a =24, v =-28.0861, @7

(hard decision) whereas the target had parameters
Number of instances (targets) d =1435.2773, a=-39.09, v=9.4086. (28)
Softer adjustment ..
by (15), (16) Hard decision by (5) Thus,
Detection fails 95 1 A, =229.2047, A, =70.1, A, =398.5141 (29)
m, <5 365 440 . . . .
A 1 in this case. The case with (27) — (29) is the worst
My < 358 428 among all those 499 detections.
m, <3 349 404
m, <2 315 335 Table 2. Statistics for the 94 detections by the detection
m <15 268 270 threshold softer adjustment
L <L
m, <125 227 228 Nurilber of| Minimal | Average | Maximal
instances
my <1 169 169 (targets) Az A Az
m, <5 75 2.4205 4.3897 7.75218
First, the 94 detections failed by the known . <4
> 70 2.4205 4.29538 7.75218
threshold detection approach and successfully fulfilled : Ty
by the softer adjustment approach are not considered. Ma >3 24205 3.9227 >.6839
Denote by & the sum of relative difference sums my <2 20 24205 | 3.16259 | 4.62358
Ac= A +A +A (25) m, <1.5 2 2.71836 3.2014 3.6844
o e Ty m, <1.25 1 2.71836 | 2.71836 | 2.71836
gor th9se 405 targ}::ts fiet.fictcled by tﬁl.e kclllown tll;reshold m, >5 19 9463278 | 189.1398 | 697.8187
;te“‘on ;‘PP;O?C ;;‘“ arly to t 15’25 erfmteh y jssﬂs m, > 7.5 19 9.463278 | 189.1398 | 697.8187
the sum of relative difference sums (25) for those m, >10 17 89.23369 | 210.0937 | 697.8187
targets detected by the softer adjustment approach.
Although the relative difference between the sums my >15 17 89.23369 | 210.0937 | 697.8187
calculated as m, >20 17 89.23369 | 210.0937 | 697.8187
G-G,, m, >50 17 89.23369 | 210.0937 | 697.8187
100 ——== (26)
o m, >100 5 182.9279 | 381.7094 | 697.8187
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The answer to the question of why unacceptably

threshold (HT) and soft threshold (ST) approaches are
inaccurate detections happen remains unclear. Thus, a

compared, cannot help in seeing any pattern (Fig. 7).
visualization of all those 500 targets, where hard The same-accuracy detections seem randomly scattered.

O non-detected

@ detected only by ST with m, >2
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e detected by HT and ST with m, > 5 Q * (o] 6
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Fig. 7. The scatter of the 500 simulated targets, among which 405 targets have been detected by HT and ST radars,
and 94 targets have been detected by only ST radar
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Another important question is at which URA size
those 499 targets have been detected. Those w
horizontal and % vertical URA sensors, at which the
detection accuracy has been the best, are marked in
Fig. 8 (smaller squares represent the HT radar, and
bigger squares represent the ST radar). The number of
times, when the URA size is optimal for the HT radar is
shown in Fig. 9. Strangely enough, it is clearly seen that
mostly there are two versions of the URA optimal

35f ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ T O
341 o @
33F @
32f :
31} |
30} 1
29} |
n 28f 1
27} 1
26} O |
25¢ O a (] 1
24} o
23f O O 1 Fig. 9. Distribution of the URA optimal size
;i: o 0 o E]' 1 for the 405 HT (and ST) radar detections
2000 @ B BB o @ 0O | 95 . .
25 26 27 28 29 30 31 32 33 34 35 size: 20x25 and 33x35. The number of times, when
w the URA size is optimal for the 94 ST radar detections,
Fig. 8. The numbers of horizontal and vertical when the HT radar detection failed, is shown in Fig. 10.

URA sensors optimal at the 499 detections The distribution here is more diverse, but the
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Fig. 10. Distribution of the URA size for the ST radar in the 94 cases, when the HT radar detection failed
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optimal number of vertical sensors mostly is equal 20 to  sensor is additionally turned on. Additional horizontal
25, although 34x35 and 35x35 URA radars have sensors should be turned on while the detection fails
detected 10 and 27 targets, respectively. Therefore, the  until the number of vertical sensors becomes greater by
best decision on the URA size is to use, at the first about a third of their minimal number. Thus, the radar
stage, the minimally-sized URA (by turning off the can be successively tried with a set of URA sizes
maximal number of vertical and horizontal sensors). It 2025, 35x35, 2026, 34x35, 20x27, 33x35,

e detection fails, then the maximally-size radar 20x28 . 34x34 20x29 . 33x34 . 20x30. 33x33
is tried [36], [37]. If the detection fails again, the next *oe _ T, ST . X%, LU, 29
minimally-sized URA is tried, in which one horizontal ~ for 500 re-simulated targets (Fig. 11).

o non-detected (12 targets)

o detected by HT and ST with 20x25 URA (306 targets)
detected by HT and ST with 34 x34 URA (2 targets)
detected by HT and ST with 35x35 URA (90 targets)
detected only by ST with 20x25 URA (3 targets)
detected only by ST with 33x35 URA (7 targets)

][] & [ O

detected only by ST with 35x35 URA (80 targets)
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Fig. 11. The scatter of the 500 re-simulated targets, among which 398 targets have been detected
by HT and ST radars, and 90 targets have been detected by only ST radar
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5. Discussion

Clearly, Figs. 8 — 11 confirm that the suggested ST
approach along with switching among quasioptimal
URA sizes has a strong advantage. The URA radar is
optimized in this way so that less targets are missed and
the detection becomes slightly more accurate. However,
the accuracy improvement is almost insignificant (see
Table 1). This is the main limitation of the suggested
optimization — 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 non-optimized radar. In general,
missing sufficiently less targets is a strong tradeoff.

One must remember that the detection accuracy
cannot be estimated in real-world practice [6], [10],
[18], [19], [38]. Thus, the statistics for the 94 detections
by the detection threshold softer adjustment (see
Table 2) is quite poor for unacceptable values of
relative difference maximum (24). The case with
(27)—(29) is a counterexample illustrating such
“detections”. This may be another tradeoff, for which
some targets (whose number is small, though) are
detected with huge inaccuracies of the estimated
parameters (but a real-world observer, obviously, does
not “suspect” that).

6. Conclusion

Based on simulating single-target detection, it is
ascertained 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). The
URA size is regulated by (symmetrically) turning off
vertical and horizontal sensors. In addition, the
threshold detection stage is modified so that the
threshold is gradually decreased while the detection
fails. This allows increasing a number of detected
targets on average. It is equivalent to increasing the
probability of detection at almost the same accuracy of
estimated parameters of the target. The efficiency and
accuracy of estimation is thus improved. The effect of
the suggested optimization on detecting two targets
simultaneously moving through the radar area is to be
studied yet.
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Pomaniok B.B.

Onrumizanis pagapa Ha 0CHOBi PIBHOMIPHO-NIPAMOKYTHOI (pa30BaHOI AHTEHHOI pelIiTKU 1J1s1 e)eKTHUBHOIO TAa
TOYHOI'0 OLliHIOBAHHH NIapaMeTpiB 00’ ekTa

IIpodnemaTnka. SIKII0 iHTEHCUBHICTh PyXOMHUX 00’ €KTIB y MEXaxX CHOCTEpPEkyBaHOI 00IACTi € HU3BKOIO, JEAKi CEHCOpU
PIBHOMIPHO-TIPSIMOKYTHOT (hazoBanoi antenHoi perritku (PTIIDAP) panapa MoxxyTh OyTH (cHMETpUYHO) BUMKHYTI. OHAK Iie
HE TapaHTye BUSBICHHS OYAb-SIKOTO 00’€KTa, OCKUIBKH MOPOTOBE BHSBIICHHS, 3a SKHM OLIHIOIOTHCS OCHOBHI HapaMeTpu
00’€KTa, HE CIIPAIIbOBYE.

Merta nocaigaennst. {71 NOKpaIeHHs BUSBICHHSA Ha3eMHHUX 00’ €KTiB HEOOXiTHO 3HANTH ONTHUMANBHY KiJIbKiCTh CEHCOPIB
PII®AP pamapa pa3oMm 3 yIOCKOHAJICHHSM €TaIly HOPOTOBOTO BHSBICHHS. KpHTepieM € BU3HAYCHHS TaKOrO MiHIMyMy LIUX
CEHCOpIB, 3a SIKOTO OCHOBHI MapaMeTpu 00’€KTa OLIHIOIOTHCS JOCTaTHHO TOUHO. KpiM 1poro, moporose BUSIBICHHSA Mae OyTH
3MiHEHE TaK, 100 KUTBKICTh 3pUBIB BUSBICHHS OyJIa MEHIIIOHO.

MeTtonuka peamizauii. [y gocsaraeHHs MeTH npoBoauThCs cumyismis PIIMAP pamapa s BUSBICHHS OXHOTO 00’ €KTa.
Cumynsauis Ta ii koHdirypysanns BimOyBaroThess 3a gomomororo (ynkmii MATLAB® R2021b Phased Array System
Toolbox™ Ha 0cHOBI MOJIENII MOHOCTATHYHOTO pajapa.

PesyabTatu gocaikeHHss. IcHye MHOXMHA KBa3ionTUMalbHUX po3MipiB PIIDAP, no sxoi ysidmu PIIDAP
MIHIMaJTBHOTO Ta MAKCHMAIIBHOTO po3MipiB. Halkpamum pimeHHsIM € Bukopuctatu crepiry PIIOAP miHiMambHOTO po3Mipy
(3a TOTIOMOTOI0 BHMKHEHHS MaKCHMAaJBHOI KiTBKOCTI BEPTUKAJIBHUX i TOPU3OHTAIBHHX CEHCOpIB). SIKIIO BHSBICHHS HE
CrIparboBye, TO BHIPOOOBYyeThcss PIIMAP makcuMambHOTO po3mipy. SIKIIO BHSBICHHS 3HOBY HE CIIPAIbOBYE, TOI
BUNIPOOOBY€eThcs HACTymHA PIIDAP MiHIMaNIbHOTO pO3MIipy, y SIKiil JOJATKOBO BMUKAETHCS OJMH TOPU3OHTAIBHHN CEHCOP.
JlomaTkoBi TOPU30OHTATBHI CEHCOPU MAlOTh BMUKATHCS NOTH, JOKH BUSIBICHHA HE CIPAIbOBYE, ajie KiTBKICTh JOAATKOBUX
BEPTUKAJIBLHUX CEHCOPIB HE MA€ MEPEBUIIUTH MPUOIU3HO TPETUHH X MIHIMAJIBLHOT KIIBKOCTI.

BucnoBku. OntiManbHa KinbkicTh cencopiB PIIOAP panapa € a6o B PII®AP miniMansHOTO po3mipy (abo O1HM3bKOTO 110
HBOTO), 300 B PII®AP makcumanabHOro po3mipy (abo 6iusbkoro 10 Hboro). Posmip PIIMAP perymnroerses 3a A0MOMOTO0
(cMMeTPHYHOT0) BUMKHEHHS BEPTHUKAIBHIX Ta TOPU3OHTATIGHUX CEHCOpiB. ETam moporoBoro BHUABICHHS MOIM(IKOBAaHUH TaK,
1110, IOKH BUSIBIICHHS HE CIPAI[bOBYE, TOPIT TIOCTYMOBO 3MEHINYEThCS. Lle 103BoIsie 301IBIINTH KUTBKICTh BUSBICHUX 00 €KTIB
Y CepeIHbOMY, [0 €KBiBAJICHTHO TTiIBUIEHHIO IMOBIPHOCTI BUSIBIICHHSI.

KarodoBi cinoBa: padap Ha ocHogi pazoeanoi ammenHol pewrimiu, PIGHOMIPHO-NPAMOKYMHA AHMEHHA PeulimKa,
cnocmepesicysana ooaacmo, 00 €Km, Nopie 8UABNEHHSA, MOYHICHb.





