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Introduction: The search for physical objects in a given area is often performed in automatic mode using  small unmanned 
aerial vehicles equipped with radars. Airborne radar antennas, due to size restrictions, have a small aperture and, accordingly, 
a wide directional pattern, decreasing the accuracy of determining the angular coordinates of the objects. The increase in 
the angular coordinate estimation accuracy leads to the increase in the informativeness of such automatic search systems 
and, consequently, to the increase in the efficiency of their practical use. Purpose: Developing a technique for calculating the 
parameters of a two-position radar system consisting of two small airborne radars placed on small unmanned aerial vehicles, in 
order to increase the accuracy of determining the angular coordinates of radiocontrast physical objects. Results: An algorithm is 
proposed for integrating the data about the coordinates of physical objects detected in the joint coverage area of a two-position 
system of small airborne radars. It allows you, depending on the observation conditions, to increase the accuracy of determining 
the azimuthal coordinates by an order of magnitude or more. The aircraft trajectories are calculated on which the accuracy grows, 
and those on which there is almost no gain in accuracy. Practical relevance: Such two-position airborne small radars can be used 
in automated systems in order to detect physical object such as people in disaster areas, as well as in systems of collecting and 
processing data from sensors used for monitoring the state of the environment or man-made objects. 
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Introduction

Recently much attention has been paid to the 
use of unmanned aerial vehicles (UAV) in various 
spheres of human activity, such as ecological moni-
toring, geological exploration, cartography, sensor 
data reading, searching for people in disaster are-
as, etc. [1–11]. In all these cases, UAVs are used as a 
part of a more complex system for automated or au-
tomatic execution of the above tasks. The first-pri-
ority tasks are those of detecting physical objects, 
sensors or people in a given search area, determin-
ing their coordinates with a rather high accuracy 
[12–15]. 

The most common onboard equipment of such 
UAVs are small airborne radars (AR) which deter-
mine the range and azimuth of the detected objects 
in a polar coordinate system associated with the 
UAV. The peculiarity of small UAV onboard equip-
ment is that the antenna systems of such AR have 
a small size and, hence, a wide directional pattern, 
which does not allow individual UAVs to achieve 
high accuracy in determining the direction to the 
detected object.

This drawback can be overcome by using the idea 
of a multistatic radar [16–18], having at least two 
split radio data sources. In particular, two-position 
systems [19–21] with two UAVs are the simplest and 

most acceptable way of overcoming the limitations 
of a unistatic small AR. This article discusses the 
possibilities of a two-position AR complex in terms 
of improving the accuracy of determining the azi-
muth-range coordinates of physical objects detect-
ed in the joint coverage area of small UAVs com-
bined in a two-position small radar system.

Statement of the problem

Two small UAVs equipped with identical small 
radars which are united (during the data exchange) 
into a two-position radar system are flying at the 
same altitudes H, with the same speeds V, along par-
allel trajectories separated by the distance D2, 
searching for physical objects in their joint cover-
age area whose center is at the same distance L from 
each UAV. Fig. 1 illustrates the described situation.

The antennas are directed towards the center (C)
of the joint coverage area. The antenna beam width 
at the half-power level is equal to . Let us assume 
that H/L<<1, because in practice this inequality 
is most often true, as UAVs usually fly at low alti-
tudes. A simplification like this is not essential; all 
the conclusions are still valid without this restric-
tion, but it allows us to reason in planimetric terms, 
significantly simplifying all the expressions below.
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A planimetric illustration with these limitations 
is shown in Fig. 2, demonstrating the range tracks 
of each AR. When each radar operates in a stan-
dalone mode, the coordinates of the detected physi-
cal object (PO) are estimated independently. In this 
case, the range to the object is determined by the 
number of the corresponding range track, and the 
azimuthal coordinate coincides with the direction 
of the maximum of the directional pattern [20]. 

Thus, in the case of standalone operation of a radar, 
the accuracy of estimating the range to a radiocon-

trast object is determined mainly by the range track 
width, depending on the probe pulse duration. The 
accuracy of the azimuthal coordinate estimation is 
determined by the actual width of the directional pat-
tern of the UAV antenna system [22–26]. Therefore, 
in the case of standalone operation, the range to the 
PO can be determined with the required accuracy (by 
changing the duration of the probe pulses), but the 
azimuthal coordinates are determined too roughly, 
with the actual accuracy equal to /2. Narrowing 
the width of the directional pattern is difficult, first-
ly, due to the size limitations on a UAV antenna, and 
secondly, due to the reduction of the search area size.

Combining two UAVs into a single two-position 
radar system in which the radars exchange data 
[20, 27–30] allows you to improve the accuracy of 
determining the azimuthal coordinates of a PO de-
tected in the joint coverage area.

Interval estimation of the detected object 
azimuth in a two-position system of small 
radars

In this subsection, we use the notation and for-
mulas obtained in [20]. Let us assume that two AR1 
and AR2 of a two-position system have detected, in 
their joint coverage area, a physical object at the 
distance R1 from AR1 and distance R2 from AR2, as 
shown in Fig. 3.
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This physical object is located in the (i, j)-th res-
olution element of the system highlighted in Fig. 3, 
on the i-th track of the AR1 range and j-th track 
of the AR2 range. The figure shows the distances 
to the middle of the range tracks, each the size of 
d02dimc/2, as well as the coordinates of the 
center (x0, y0) and the boundary points of the res-
olution element (x1, y1), (x2, y2). In [20], the coordi-
nates of the boundary points of the resolution ele-
ment are obtained:
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 (3)

From expressions (2) and (3), we can directly de-
rive the angular size of the (i, j)-th resolution ele-
ment 1 for AR1 and 2 for AR2 [20]:
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  (4)

Expressions (4) are what actually determines the 
angular resolution of this two-position system, be-
cause in the considered situation they actually are 
interval estimations of the azimuthal coordinates of 
the object detected in the (i, j)-th resolution element.

Dependence of the resolution on the probe 
pulse duration and direction to the object

Figures 4, a and b show the dependences of reso-
lutions 1 and 2 of a two-position system of small 
AR on the direction to the detected object, for two 
durations of the probe pulse and three range tracks: 
the central one passing through the center of the 
joint coverage area, the close one spaced away from 
the coverage area center by –2500 meters, and the 

far one spaced away from the coverage area center 
by +2500 meters.

The direction to the object is the direction to the 
center of the resolution element where the object 
was detected, i. e. the direction to the point (x0, y0) 
calculated with relation to the maximum of the di-
rectional pattern of the antenna system of AR1 or 
AR2, respectively. This direction for the resolution 
elements of the joint coverage area is calculated us-
ing the expressions (1).

It follows from the above dependences that, with-
in the joint coverage area, the resolution along the 
azimuthal coordinate is practically independent of 
the direction to the resolution element, but rather 
strongly depends on the probe pulse duration.

  Fig. 4. Dependence of two-position system resolution 
on the direction to the object for  12.5 and D5 km: 
a — im 0.4 μs; b — im 0.2 μs
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The dependence of the resolution 
on the distance between the aircraft

To estimate the resolution depending on the dis-
tance D between the AR, let us consider the case 
when the distance to the center of the coverage zone 
on the OX axis remains constant and equal to 25 km, 
and the distance D increases from 1 to 10 km.

Figure 5 shows the dependences of the resolution 
of elements located in the middle of the coverage 
zone on the distance between the aircraft on which 
the radars are placed.

It follows from these curves that the distance 
between the radars of a two-position system plays 
a significant role in increasing the system resolu-

tion in angular coordinates. When the distance is 
equal to zero, the curves approach , the width of 
the directional pattern. This is perfectly consistent 
with the physical representation, as in this case our 
location becomes unistatic.

Conclusion

In order to increase the efficiency of using UAVs 
equipped with small radar systems for automatic or 
automated detection of physical objects in a given 
area, it is important to improve the accuracy of de-
termining the coordinates of the detected objects. 
The azimuthal coordinates are especially diffi-
cult to determine. We can make it easier by using 
multistatic small radars, the simplest of which are 
two-position airborne ones. 

The article provides analytical expressions and 
curves which can help you choose the best probe 
pulse duration and the optimal aircraft flight tra-
jectory, increasing the resolution by an order of 
magnitude or more compared to a single-radar sys-
tem with the same equipment.

The obtained characteristics of a two-position ra-
dar system make it possible to choose the appropri-
ate parameters of small AR systems and UAV flight 
paths which provide a preset accuracy for the coordi-
nates of detected objects when solving problems re-
lated to rapid search for people in a disaster area, or 
search for sensors during environmental monitoring 
and assessment of the state of man-made objects.
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Точностные характеристики определения координат объектов в двухпозиционной системе малогабаритных 
бортовых РЛС
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Введение: поиск физических объектов в заданном районе часто осуществляется в автоматическом режиме с помощью мало-
габаритных беспилотных летательных аппаратов, оборудованных радиолокационными системами. В этом случае антенны бор-
товых РЛС в силу габаритных ограничений имеют малую апертуру и, соответственно, широкую диаграмму направленности, что 
снижает точность определения угловых координат обнаруженных объектов. Повышение точности оценки угловых координат 
приводит к улучшению информативности подобных автоматических сис тем поиска и, как следствие, к росту эффективности их 
практического использования. Цель: разработка методики расчета параметров двухпозиционной радиолокационной системы, со-
стоящей из двух малогабаритных бортовых РЛС, расположенных на малых беспилотных летательных аппаратах, обеспечива-
ющих повышение точности определения угловых координат радиоконтрастных физических объектов. Результаты: предложен 
алгоритм комплексирования данных о координатах физических объектов, обнаруженных в совместной зоне обзора двухпозици-
онной системы бортовых малогабаритных РЛС, позволяющий, в зависимости от условий наблюдения объектов, увеличить точ-
ность определения их азимутальных координат на порядок и более. Рассчитаны траектории летательных аппаратов, на которых 
достигается повышение точности, и траектории, при которых выигрыш в точности практически отсутствует. Практическая зна-
чимость: возможность применять подобные двухпозиционные бортовые малогабаритные РЛС в автоматизированных системах 
поиска и обнаружения физических объектов и людей в зонах бедствий, экологических катастроф, а также системах сбора и об-
работки данных информации с датчиков, используемых для мониторинга состояния окружающей среды и техногенных объектов.

Ключевые слова — двухпозиционная система, бортовые РЛС, измерение координат, характеристики точности, малогабарит-
ные летательные аппараты, апертура антенны, диаграмма направленности, комплексирование.
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