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Abstract — The article deals with the issues of combining 

information in a two-position small-size radar system to improve 

the system's resolution when mapping the underlying surfaces in 

the front side view area. This radar system also serves to improve 

the accuracy of azimuthal coordinates of physical objects and 

information sensors detected in the view area. This information is 

used in the optical two-position system, located on the same small 

UAVs on which the small-size on-board radars are based, which 

allows the positioning of cameras on detected objects with high 

accuracy. The high precision positioning of the cameras allows 

the combination of the two-position optical system information 

and radar information. The result of this combination allows to 

clarify the coordinates of the edges of the underlying surfaces, in 

particular the coastal zone, as well as to improve the reliability of 

the classification of underlying surfaces and detected physical 

objects. 

Keywords — multi-position small-size radar system, optical 

and locating system, fusion information, underlying surface, 

classification.  
 

I. INTRODUCTION 

Radar methods are now widely used to collect and analyze 
information in areas such as underlying surface mapping in the 
front side view area, detection and determination of coordinates 
of physical objects and information sensors in given 
observation areas, as well as for classification of surfaces and 
physical objects. These radar system capabilities are widely 
used in areas such as digital terrain mapping, coastline 
definition, glacier delineation, geological exploration, 
environmental monitoring, collection of information from 
sensors informing about the status of man-made objects, 
detection of people in areas of environmental disasters and 
catastrophes, etc.  

To solve the above tasks, unmanned aircraft vehicles 
(UAVs) equipped with small-size on-board radars (OBRs) are 
usually used. These UAVs perform the flight in automatic or 
automated mode according to specified trajectories. Due to the 
limited load capacity of the UAV, resources of small-size 
radars are also limited. This leads to the fact that with limited 
resources the accuracy of mapping and determining the 
coordinates of detected physical objects and information 
sensors may be insufficient. The situation is even worse with 
the classification of surfaces and detected objects, as the 
resolution of small-size OBRs is insufficient, especially on the 
angular coordinates. However, radar methods for the decision 

of considered problems are still used as these methods possess 
a number of essential advantages in comparison with others. 
The main such advantages include, in particular, all-weather 
capability and long range.  

Different approaches are used to overcome traditional 
shortcomings of radar methods, most often single-position 
ones. One such approach is the transition from single-position 
systems to multi-position systems. Multi-position systems 
make it possible to improve both the accuracy of mapping and 
the accuracy of determining the coordinates of detected objects 
when processing the information received from the UAVs 
spaced out in space together. They also increase the probability 
of correct classification of underlying surfaces and physical 
objects. 

Another approach is the use of optical systems [1, 2] that 
have a number of advantages over radar methods to solve the 
above mentioned problems. Especially this advantage 
manifests itself in the case of classification of detected objects 
the sizes of which are commensurate with the resolution 
capacity of multi-position OBRs, so they are visible on the 
radar "picture" simply as illuminated spots. However, the short 
range of optical systems compared to radar systems and the 
dependence on weather conditions significantly limit their area 
of application. Similar disadvantages, in particular limited 
range, are inherent in other approaches, such as the use of 
infrared range, etc.  

The most promising areas of research aimed at overcoming 
the shortcomings of the approaches used to solve the above 
problems are the study of the possibility of combining 
information obtained from sources based on different physical 
principles [3-5]. However, this area is so vast that its review 
cannot be presented in one or even a series of articles on this 
topic. Therefore, in this paper we investigate the possibility of 
implementing the ideas of combining when using a two-
position small-size OBRs as the main information source, and 
as an additional source of optical cameras located on the same 
UAV as the OBRs. 

II. TWO-POSITION SYSTEM OF SMALL ON-BOARD RADARS FOR 

DETECTION OF PHYSICAL OBJECTS IN A JOINT REVIEW AREA 

Let's consider possibilities of two-position small-size OBRs 
at the review of a joint zone of search of physical objects. This 
mode of operation of two-position OBRs is presented in Fig.1, 
which shows a joint view area and two OBRs located on two 
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UAVs, carrying out a search of physical objects in this area. 
The UAVs are moving at parallel courses with the same speeds 
V, the maximums of the antenna patterns, width Δφ, directed to 
the center of the view area C, located at distances L from each 
UAV. Fig. 1 shows the range tracks with dashed lines. Since 
the height of the UAV's flight is much higher than L, we can 
limit ourselves to looking at the planimetric picture, which is 
reflected in Fig. 1. 
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Fig. 1. Resolution elements of a two-position small OBRs 

Let the joint view area detect a physical object (PO), the 
distances to which from the UAV1 and UAV2 are equal to R1 
and R2, respectively. Consider the fact that the antennas of 
small-size UAVs are small, which leads to a fairly wide beam 
of the directional pattern and the width of the directional 
pattern determines mainly the angular resolution of the UAV. 
Due to this, the angular coordinates of the detected object, 
namely, the azimuthal coordinates φ1 and φ2 coincide with the 
directions of the maximum directional diagrams of the UAV1 
and UAV2 antenna systems, respectively, and the accuracy of 
determining the coordinates is actually equal to Δφ/2. R1 and R2 
range coordinates are determined by corresponding range 
tracks, whose width cτc/2 and determine the range resolution 
capability, the accuracy of distance determination is equal 
accordingly to cτc/4, c - light speed, τc - duration of the probing 
pulse (or compressed complex probing signal).  

These resolution capabilities and accuracy correspond to 
the situation when both OBRs operate independently of each 
other. It should be noted that in this autonomous mode it is 
possible to achieve an acceptable accuracy of determining the 
range coordinates of detected objects by reducing τs, but the 
accuracy of determining angular azimuthal coordinates in 
small-size OBRs may be unacceptable for the reason 
mentioned above. 

The paper [6] presents the structure and analyzes the 
accuracy characteristics of a two-position OBRs, consisting of 
two OBRs, with each UAV has a high-speed communication 
channel equipment, through which OBRs exchange 
information about the physical objects detected in the joint 
view area and can transmit information to the central ground 
control station. Additional opportunities for information 
exchange are reflected in the same Fig. 1. This information 
exchange allows at the same apertures of antenna devices to 
increase by an order and more an estimation of angular 
coordinates of the found objects [7] that is qualitatively visible 
also in Fig.1.  

Indeed, in the exchange of information between the OBR1 
and OBR2, the OBR1 equipment that detected a physical object 
on the i-th range track has information about the detection of 
the object by the OBR2 station on the j-th range track. This 
allows us to calculate the dimensions of the resolution element, 
which is equal to the intersection of the range tracks of two, 
spaced in the radar space. This resolution element of the two-
position OBR system is shown in Fig. 1.  

The center of the selected resolution element determines the 
distance coordinates of the detected physical element R1 and 
R2, and the angular sizes of the element determine the 
resolution of OBR1 and OBR2 by angular azimuthal 
coordinates Δφ1 and Δφ2. It is possible to calculate the angular 
coordinates of the resolution element center, which are the 
azimuthal coordinates of the detected object. It is clear that Δφ1 

<< Δφ and Δφ2 << Δφ, and therefore the direction to the object 
is determined with rather high accuracy, despite the wide size 
of the directional diagrams of the antenna systems of small-size 
OBRs.  

Analytical expressions calculating coordinates of the 
physical objects R1, R2, Δφ1 and Δφ2 detected in the joint view 
area depending on the flight modes are given in [8], where it is 
shown that the linear dimensions of the resolution elements by 
angular coordinates at the corresponding choice of flight 
parameters are commensurate with the dimensions of the 
resolution elements by distance.  

III. TWO-POSITION SYSTEM OF SMALL ONBOARD RADARS FOR 

MAPPING OF LAYING SURFACES IN THE FRONT-SIDE AREA 

The two-position OBR system described above is the 
simplest system. This system is designed to detect physical 
objects and sensors in a given area, informing about the 
environmental condition of the underlying surfaces and the 
functioning of man-made objects. More complex equipment is 
required for mapping and digital mapping tasks. This 
equipment can also be located on small UAVs. In [7, 9-11] 
structural schemes and algorithms of functioning of similar 
two-position systems of small-size OBRs are presented. 
Feature of these systems is the ability to carry out mapping not 
only in the front-side view zones, using methods of synthesis 
of the aperture of antenna systems [12-15], but also in the front 
zones. In the front areas, as is known, in the case of single-
position location is not implemented mode of synthesis of the 
antenna aperture. In case of two-position system such a mode 
can be realized. In the second case, a high degree of resolution 
is achieved for the front zone, as well as in the front side areas. 
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Below the principles of operation of such a two-station OBR 
system and its possibilities are considered.  

Two UAVs, as in the previous case, fly parallel courses and 
exchange information among themselves and with the control 
center. This situation is illustrated in Fig. 2. 
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Fig. 2. Front-area mapping with a two-position small OBRs 

In contrast to the previous case, each OBR has a two-beam 
antenna system - one antenna is directed forward, at the course 
of the UAV, the width of the antenna pattern is equal to Δψ, 
and the second, as well as in Fig. 1 is shifted to the corner φ20 
and its width of the directional pattern - Δφ. Fig. 2 shows the 
UAV1 front view antenna and the UAV2 side view antenna, as 
well as the combined view area "covered" by these two 
antennas. The same illustration is valid for the UAV2 front 
view and the UAV1 side view antennas, which form the 
combined front view area of the UAV2 (mirroring in relation to 
the Y axis).  

Just as in the first case, OBRs have fairly wide directional 
patterns of antenna systems, both front (front view) and front-
side view antennas. However, if we consider the joint viewing 
area shown in Fig. 2, which is the intersection of the 
"illumination" areas of the front OBR1 antenna and the "side" 
OBR2 antenna, then the detection of physical objects in this 
joint viewing area occurs using the same algorithms as in the 
above case. This means that we can significantly increase the 
resolution of angular (azimuthal) coordinates and, accordingly, 
improve the accuracy of determining the angular coordinates of 
detected objects. In this case, the capabilities for detecting and 
determining the coordinates of these two-position radar stations 
are almost identical [6-10]. 

In contrast to the previous case, this more complex two-
position system has additional features. Namely, in the front-
side view of the joint zone on OBR2, an aperture synthesis 
mode can be implemented, in which the field of view of the 
OBR2 side antenna is divided by angular coordinates into 
resolution elements, the size of which is determined by the 
bandwidth of Doppler filters, as shown in Fig. 2 [7, 10]. Over a 
high-speed communication channel, this detailed picture of the 
underlying surface obtained by the OBR2 equipment is 
transmitted to OBR1, forming a picture of the underlying 
surface in the forward viewing area of OBR1 [9, 10]. The 
operation of such a more complex two-position radar system is 
explained by the function diagram shown in Fig. 3. 
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Fig. 3. Function diagram of two-position system small OBRs for mapping of 

laying surfaces in the front-side area  

The purpose of the blocks shown in Fig. 3 is clear from 
their names and does not require special explanations. In this 
scheme, great importance is attached to the high-speed 
communication channel, through which the image of the 
anterior-lateral viewing area of OBR2 is transmitted to the 
OBR1 equipment, since this transmission contains a sufficiently 
large amount of information. Passed the matrix of the 
coordinates of the centers of the elements of the resolution of 
the radar image in a polar coordinate system connected with 
OBR2, matrix, brightness and some other parameters generated 
by the instrument OBR2 image of the underlying surface of the 
anterolateral zones review OBR2 coincident with the front area 
OBR1. 
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The OBR1 hardware recalculates the obtained coordinates 
of the centers of resolution elements and brightness of the 
anterior-lateral viewing zone of OBR2 to the anterior viewing 
zone of OBR1. Basically, this is a conversion of coordinates 
from a single polar coordinate system associated with OBR2 to 
a polar coordinate system associated with OBR1, and a 
conversion of the brightness matrix of the centers of resolution 
elements with brightness adjustments, in accordance with the 
change in the distances of the centers of resolution elements to 
OBR1. Thus, the image of the underlying surface of the front 
viewing area of OBR1 is formed [9]. 

In addition to the above-mentioned features of the two-
position small-size OBRs, it is possible to compensate for the 
effect of migration of moving physical objects that occurs 
when the radar is formed by the OBR2 equipment, by using 
information about the coordinates of detected physical objects 
received by OBR2 from the OBR1 equipment [7]. 

IV. FUSION INFORMATION ALGORITHMS USED IN THE MULTI-

POSITION RADIO-OPTICAL COMPLEX  

The two-position small-sized OBRs discussed above have 
great practical advantages. The main of these advantages are 
all-weather, long range, sufficiently high accuracy in 
determining the coordinates of detected physical objects and 
the outlines of the edges of underlying surfaces, etc. However, 
they are inherent and disadvantages associated with the 
problems of classification of detected objects and types of 
underlying surfaces. These shortcomings are due to the fact 
that detected objects in radar pictures, especially those that are 
smaller than the resolution element of the radar system, are 
visible simply in the form of bright illuminated spots, devoid of 
any classification features. 

Classification issues are quite successfully resolved by 
modern optical-location systems. Existing optical location 
systems as well as radar systems are not without drawbacks, in 
particular, they depend on weather conditions and have a not 
very long range. However, these systems, with the precise 
guidance and focusing of optical systems on physical objects, 
make it possible to solve the classification of physical objects 
and determine the types of underlying surfaces, which are 
extremely difficult to classify by the electromagnetic 
characteristics of the reflected radar signals. 

In multi-position optical-location systems for solving 
classification problems, it is necessary to identify the object, 
that is, make sure that the same physical object is observed, 
bring the images of the object of interest to one scale, rotate it 
and thereby bring the object in the image to a joint coordinate 
system, after which you can use classification algorithms. The 
solution of these problems, as noted earlier, requires solving 
the issues of pointing the cameras at the object, implementing 
the corresponding focuses, image rotation, etc. 

The two-position OBRs considered above allow detecting 
objects, determining their angular coordinates and calculating 
the distance to detected objects. This, in essence, is the solution 
of problems of optical-location systems: object detection - 
solution of the identification problem, determination of angular 
coordinates - solution of the problem of pointing the optical 
system to the object, determination of the distance to the object 

- solution of the focusing problem, determination of viewing 
angles of the object with respect to OBR - solving the problem 
of the corresponding turns, etc. Naturally, these problems are 
solved in multi-position radar OBRs, possibly with insufficient 
accuracy for optical-location systems, but, nevertheless, it is 
clear that the information received from multi-position OBRs 
greatly facilitates the solution of problems of optical-location 
systems. Therefore, the idea naturally arises of combining 
information from multi-position radar systems with 
information from optical-location systems. 

The integration algorithm that implements the ideas 
described above is presented in Fig. 4. 
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Fig. 4. The block diagram of the algorithm for information fusion 

The operation of the algorithm is understandable from the 
names of the corresponding blocks that carry out the operations 
described in sufficient detail in the relevant literature on multi-
position radar and optical systems [16-20]. However, one of 
the possibilities of implementing the idea of combining 
information received from sources based on different physical 
media is shown here. 

In our case, the optical-location system is located on the 
same UAVs on which small-sized radars are located, that is, 
each UAV is a video camera carrier and, therefore, the two-
position OBRs system is rigidly connected to the optical-
location system. On each UAV, using information from a 
neighboring OBR, the angular coordinates of the detected 
object are determined, which allows you to accurately direct 
the cameras to the detected object. Since the coordinates of the 
distance to the object are determined on each UAV, this 
information can be used to focus cameras. In this case, not only 
the coordinates of the detected object, but also its clear video 
image from two different angles will be transmitted to the 
central control panel, which will increase the likelihood of its 
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correct classification. Thus, in the situation under 
consideration, the tasks of detecting a physical object, 
determining its coordinates, pointing and focusing cameras are 
assigned to a two-position small-sized radar system, and the 
classification task to an optical one. At the central control 
point, electromagnetic classification features can also be used 
to classify objects, but they, in our case, play a secondary role. 

V. CONCLUSION 

The use of small-sized OBRs for the detection of physical 
objects allows one to achieve high accuracy in determining the 
angular coordinates of detected objects only when these OBRs 
are combined into one multi-position radar, in which a high-
speed information exchange between individual radars that are 
part of a multi-position system occurs. 

To solve the problems of mapping, you can use small-sized 
multi-position radar with a limited aperture of antenna devices, 
but the complexity of the equipment is necessary. In particular, 
it is possible to use two-beam antenna systems, which makes it 
possible to implement aperture synthesis modes on separate 
OBRs, while there are possibilities to correct migration effects 
due to the movement of physical objects in the mapping zone. 

When the UAV is equipped with cameras, simultaneously 
with the OBRs multi-position system, an optical-location 
system is implemented in which, due to radar information, the 
cameras are searched, identified, guided and focused on the 
detected objects, which makes it possible to correctly classify 
them. 

VI. ACKNOWLEDGMENTS 

The reported study was funded by a grant of Russian 
Science Foundation (project № 19-79-00303). 

REFERENCES 

[1] Zhou J., Bai X., Caelli T. Computer Vision and Pattern Recognition in 
Environmental Informatics. IGI Global, 2016. – 437 p. 

[2] Solonar A.S., Khmarski P.A., Mihalkovki A.A., Tsuprik S.V., Ivanuk 
V.S. Optical-location coordinator of the homing system of an unmanned 
aerial vehicle //Doklady BGUIR. 2018, Vol. 113, Nо. 3, pp. 19-25. 

[3] Andrienko A. Ya., Chadaev A.I. Pilot version of on-board algorithm for 
on-the-fly recognition of objects //Large Systems Management: 
Proceedings. 2010. No. 30. pp. 89-97. 

[4] Fourati H. (ed.) Multisensor Data Fusion: From Algorithms and 
Architectural Design to Applications. CRC Press, 2016. 639 p. (Devices 
circuits and systems). 

[5] Richard Klemm (ed.). Novel Radar Techniques and Applications. Vol 2 : 
Waveform Diversity and Cognitive Radar, and Target Tracking and 
Data Fusion. London. Scitech Publishing, 2017. – 553 p. 

[6] Shepeta A. P., Nenashev V. A. Accurate Characteristics of Coordinates 
Determining of Objects in a Two-Position System of Small-Size On-

Board Radar. Informatsionno-upravliaiushchie sistemy [Information and 
Control Systems], 2020, no. 2, pp. 31-36.  

[7] Korzhavin G. A., Nenashev V. A., Shepeta A. P., Podoplekin Yu. F., 
Davinchuk A. G. (RF) The method of location of targets in the front 
viewing areas of airborne radar stations of the on-off radar system. The 
patent for the invention no. 2019108828. The priority of the invention, 
the 26/03/2019 

[8] Nenashev V. A., Kryachko A. F., Shepeta A. P., Burylev D. A. Features 
of information processing in the onboard two-position small-sized radar 
based on UAVs. SPIE Future Sensing Technologies, Tokyo, Japan, 
2019, pp. 111970X-1–111970X-7.  

[9] Nenashev V. A., Sentsov A. A., Shepeta A. P. Formation of Radar 
Image the Earth's Surface in the Front Zone Review Two-Position 
Systems Airborne Radar. 2019 Wave Electronics and its Application in 
Information and Telecommunication Systems (WECONF), Saint-
Petersburg, Russia, 2019, pp. 1-5. 

[10] Podoplekin Y. F., Nenashev V. A., Shepeta A. P. A method of 
synthesizing a front antenna aperture earth’s surface except the blind 
zones in the front zone via rocker radar system. The patent for the 
invention no. 2560082. The priority of the invention, the 01/09/2014. 

[11]  Kondratenkov G. S. Aviatsionnyye sistemy radiovideniya [Aviation 
systems radio vision]. Moscow, Radiotekhnika Publ., 2015. 648 p. (In 
Russian). 

[12] Chen K.-S. Principles of Synthetic Aperture Radar Imaging. A System 
Simulation Approach. CRC Press, 2016. 217 p. 

[13] Richard Klemm, Ulrich Nickel, Christoph Gierull, Pierfrancesco 
Lombardo, Hugh Griffiths and Wolfgang Koch (Eds.). Novel Radar 
Techniques and Applications. Vol. 1. Real Aperture Array Radar, 
Imaging Radar, and Passive and Multistatic Radar. SciTech Publishing, 
2017. 952 p.. 

[14] Dr. Lakshi Prosad Roy Assistant Professor Department of ECE National 
Institute of Technology. Statistical Analysis of Synthetic Aperture Radar 
(SAR) Image Speckle. Manvender Singh Rathore, 2014. – 52 p. 

[15] Dapeng Li. A novel method for multi-angle SAR image matching // 
Chinese Journal of Aeronautics, Volume 28, Issue 1, February 2015, pp. 
240-249. 

[16] Khanykov I.G., Nenashev V.A. The Application of the High-Speed 
Pixel Clustering Method in Combining Multi-Angle Images Obtained 
from Airborne Optical-Location Systems. 2020 Wave Electronics and its 
Application in Information and Telecommunication Systems 
(WECONF), Saint-Petersburg, Russia, 2020, pp. 1-5. 

[17] H. Anglberger, J. Fischer and D. Frommholz, "Radar and Optical Image 
Fusion using Airborne Sensor Data from the Heligoland Island," 2018 
19th International Radar Symposium (IRS), Bonn, 2018, pp. 1-7. 

[18] Yuhendra, Minarni. Optical SAR Images Fusion: Comparative Analysis 
of Resulting Images Data // MATEC Web Conf., 215 (2018) 01002 

[19] Reulke R., Giaquinto G., Giovenco M. (2015) Optics and Radar Image 
Fusion Based on Image Quality Assessment. In: Mason A., 
Mukhopadhyay S., Jayasundera K. (eds) Sensing Technology: Current 
Status and Future Trends IV. Smart Sensors, Measurement and 
Instrumentation, vol 12. Springer, Cham, pp. 83-87. 

[20] C. Liu, Y. Qi and W. Ding, "Airborne SAR and optical image fusion 
based on IHS transform and joint non-negative sparse 
representation," 2016 IEEE International Geoscience and Remote 
Sensing Symposium (IGARSS), Beijing, 2016, pp. 7196-7199. 

 

 


