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Abstract: Humanitarian demining is a pressing issue today. This paper examines various technical means used in engineer 
reconnaissance to detect mines and substantiates the need for radar support for humanitarian engineer reconnaissance. An airborne 
engineer reconnaissance radar system based on a side-looking P-band radar, intended for deployment on unmanned aerial vehicles, 
is proposed as the main information link. The physical principles of radar image formation using aperture synthesis are described. 
The application of the radar relief function in describing the radio-reflective properties of a surface and the use of the superposition 
principle in radar signal processing are demonstrated. The main mathematical expressions used in calculating radar images of a 
surface using the aperture synthesis method are presented, consisting of the application of correlation signal processing 
independently by the coordinates of the ground and slant ranges. The features of using the decimeter range of electromagnetic 
waves in constructing radar images for the purpose of detecting mines on various underlying surfaces are analyzed and a 
comparison with the centimeter range is made. The demonstrated advantages include a significant increase in the contrast of metal 
objects against the background of reflection from the underlying surface and an increase in the penetration depth into the underlying 
surface. Disadvantages are also identified, including increased requirements for the stability of the flight of the carrier, the need to 
increase the size of the aperture to achieve comparable detail and take into account the migration of range channels. The software 
architecture is demonstrated, comprising an onboard unit for acquiring radar images and a graphical interface for a ground-based 
automated operator-decipherer workstation for solving the problem of mine detection during humanitarian demining. A sample 
system and the results of its testing on various carriers, including quadcopter and vertical takeoff and landing (VTOL) unmanned 
aerial vehicles, are presented.  
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Аннотация: Проблема гуманитарного разминирования на текущий момент чрезвычайно актуальна. В работе 
рассмотрены различные технические средства, применяемые в инженерной разведке для решения задачи обнаружения 
мин, и обоснована необходимость радиолокационного обеспечения гуманитарной инженерной разведки. В качестве 
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основного информационного звена предложен авиационный радиолокационный комплекс инженерной разведки на базе 
радиолокационной станции бокового обзора Р-диапазона, предназначенный для размещения на беспилотных 
летательных аппаратах. Описаны физические принципы формирования радиолокационного изображения методом 
синтеза апертуры. Показано применение функции радиолокационного рельефа при описании радиоотражающих свойств 
поверхности и использование принципа суперпозиций при обработке радиолокационного сигнала. Представлены 
основные математические выражения, применяемые при расчете радиолокационных изображений поверхности методом 
синтеза апертуры, заключающиеся в применении корреляционной обработки сигнала независимо по координатам 
путевой и наклонной дальностей. Проанализированы особенности использования дециметрового диапазона 
электромагнитных волн при построении радиолокационных изображений в интересах обнаружения мин на различных 
подстилающих поверхностях, и проведено сравнение с сантиметровым диапазоном. В качестве преимуществ 
продемонстрировано значительное увеличение контраста металлических объектов на фоне отражения от подстилающей 
поверхности и возрастание глубины проникновения в подстилающую поверхность. Также сформулированы недостатки, 
включающие в себя повышенные требования к стабильности полета носителя, необходимость увеличения размера 
апертуры для достижения сопоставимой детальности и учета миграции каналов дальности. Продемонстрирована 
структура программного обеспечения, содержащего бортовую часть для получения радиолокационных изображений и 
графический интерфейс наземного автоматизированного рабочего места оператора-дешифровщика для решения задачи 
поиска мин при гуманитарном разминировании. Показан образец комплекса и результаты его испытаний на различных 
носителях, включающих беспилотные летательные аппараты классов «квадрокоптер» и вертикального взлета и посадки 
(VTOL).  
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Introduction  
 

Humanitarian demining is an activity carried 
out outside combat zones in cooperation with 
local governments (territorial administrations) 
that leads to the elimination of hazards (risks) 
associated with explosive ordnance (EO), includ-
ing a comprehensive survey of the area and facil-
ities for the presence of EO, mapping, searching 
and disposal of EO, and preparing documenta-
tion after demining.1 

A characteristic feature of modern warfare is 
the widespread and massive mining of vast terri-
tories. Moreover, the vast majority of mines and 
EO are not equipped with self-destruct mecha-
nisms. This makes their search and clearance 
mandatory. Current mine search methods using a 
deminer do not ensure mine clearance in a short 
time, and the use of unmanned mine clearers is 
impossible for clearing anti-tank mines.  

 

                                                           
1 Practical activities (humanitarian demining). Ministry of 

Defense of the Russian Federation. Available at: 
https://mil.ru/mpc/activities/practical.htm (accessed: 
21.04.2025). 

In this case, conducting engineer reconnais-
sance using technical means for humanitarian 
demining is a pressing issue. At the same time, a 
whole range of devices is proposed as technical 
means, the operation of which is based on a wide 
range of physical principles.  

This article substantiates the use of a side-
looking synthetic aperture radar in the decimeter 
band for searching for antitank mines over large 
areas. The features of using the decimeter band, 
as well as its advantages and disadvantages for 
conducting engineer reconnaissance, are ana-
lyzed. The results of flight experiments on 
searching for and detecting mines and their sim-
ulators on various soils using radars mounted on 
various platforms are presented. A conclusion is 
drawn regarding the high effectiveness of this 
type of radar for conducting engineer reconnais-
sance for humanitarian demining. 
 
Technical means used in engineer 
reconnaissance 
 

Traditionally, the primary tools for explosive 
ordnance detection and mine clearance are: a probe 
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and mine detectors. Specially trained dogs can 
be used to reduce the risk to the lives of the de-
miners [1]. 

Attempts to reduce risks and automate the 
mine clearance process are underway in many 
countries, but so far without significant results.  

However, over the past few years, the use of 
unmanned aerial vehicles (UAVs) in engineer 
reconnaissance has reached a large scale [2]. 
Many government and non-profit agencies in-
volved in humanitarian demining are implement-
ing UAVs into their standard procedures. In ad-
dition to collecting aerial photographs of poten-
tially hazardous areas to create orthophoto maps, 
UAVs already prioritize demining zones and, in 
some cases, detect mines.  

At the current stage of remote mine recon-
naissance, the following sensors can be used as 
UAV payloads: visible-band video cameras 
(TV cameras), infrared cameras (IR cameras), 
scanning laser locators (SLRs), and magnetomet-
ric sensors (MS). All of these differ in both their 
application features and their information capa-
bilities for detecting and classifying explosive 
ordnance [3]. 

TV cameras are characterized by high speed 
and detailed viewing of the surface being sur-
veyed. However, image quality is significantly 
affected by meteorological and daily conditions. 
Furthermore, at least 60,000 images are required 
to cover 1 square kilometer with acceptable reso-
lution.  

One of the promising approaches to mine de-
tection is the use of infrared cameras. This 
method is based on the differences in thermal 
radiation between the underlying soil and a small 
area where a mine is located or buried. However, 
experimental studies have revealed a high rate of 
false alarms caused by anomalies in soil mois-
ture or density.  

A laser locator is useful for detecting craters 
indicating ground disturbances, but it cannot de-
tect buried objects. 

Magnetometers are currently the best tools 
for detecting buried metal objects. However, the 
magnetic signal weakens as the magnetometer 
moves away from the ground, necessitating the 
use of UAVs at low altitudes.  

One of the most promising areas for increas-
ing the efficiency of mine reconnaissance is the 
use of side-looking synthetic aperture radar 
(SAR) as a target load for UAVs [4].  
 
Physical principles of radar image 
formation in SAR 
 

The radar relief function (RRF) is used as a 
mathematical model of the reflective properties 
of the observed surface. It defines the complex 
envelope of the electromagnetic field 𝑒̇, scattered 
from the underlying surface and is numerically 
dependent on the local surface reflectivity and 
signal parameters according to the following 
formula [5]: 

 
 𝑒̇ሺ𝑟, 𝑥ሻ ൌ 𝑒ሺ𝑟, 𝑥ሻ ∙ expሼ𝑗𝜓ሺ𝑟, 𝑥ሻሽ, (1) 

 
where 𝑥  and 𝑟 ൌ ඥ𝑦ଶ ൅ 𝐻ଶ  are coordinates 
along the path and slant ranges, respectively; 
𝑒ሺ𝑟, 𝑥ሻ and 𝜓ሺ𝑟, 𝑥ሻ are the amplitude and phase 
characteristics of the scattered electromagnetic 
field. Based on [5], if we do not take into ac-
count changes in the reflective properties of the 
surface in the observation interval 𝑋н ൌ 𝑟଴𝜃஺ , 
where 𝜃஺ is the antenna radiation pattern (RP) 
width, we can limit ourselves to the dependence 
on spatial coordinates only. The formation of the 
synthetic aperture of the antenna in the side-
looking SAR is shown in Figure 1.  

In Figure 1, the variable 𝑇з characterizes the 
pulse recurrence interval, 𝑉п is the carrier's flight 
speed. It is known that the process of generating 
and processing a radar signal obeys the principle 
of superposition due to the linearity of opera-
tions [6]. This means that the signal from each 
elementary reflector on the observed terrain can 
be processed independently, and reflections from 
a complex spatially distributed object can be rep-
resented as the sum of signals from several point 
targets on its surface. 

The signal 𝑠̇ሺ𝜏, 𝑛ሻ in a side-looking SAR 
from the 𝑖-th point target at the receiver output is 
continuous over slant range 𝜏 ൌ 2 𝑟 𝑐⁄  and dis-
crete over ground range 𝑛𝑇з (n = 0, 1, 2, …), and 
also independent over these coordinates [7]: 
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𝑠̇௜ሺ𝜏, 𝑛ሻ ൌ 𝑠̇௜ሺ𝜏, 𝑛𝑇зሻ ൌ 𝜂௜𝑈௜ሺ𝜏 െ 𝜏௜ሻ ∙ 𝐺ሺ𝜏, 𝑛𝑇зሻ ൈ

ൈ 𝑒𝑥 𝑝ሼ𝑗 ∙ ሾ𝜓ሺ𝜏 െ 𝜏௜ሻ െ 𝛼ሺ𝑛𝑇зሻଶ ൅ 𝜑௜ሿሽ ,
 (2) 

 
where 𝜏௜ is the time delay of the signal from the i-th point target along the slant range during the prob-
ing period; 𝛼 ൌ 2𝜋𝑉п 𝜆𝑟଴௜⁄ ; 𝜓ሺ𝜏ሻ is the function describing the phase modulation law of the probing 
signals; 𝑈௜ሺ𝜏ሻ is the function describing the amplitude envelope of the signal from the i-th elementary 
reflector; 𝐺ሺ𝜏, 𝑛𝑇зሻ is the signal envelope along the path coordinate 𝑥. 

When using a probing chirp pulse, the signal from the i-th elementary reflector, located at a dis-
tance of 𝑟௜, 𝑚𝛥𝑟 ൑ 𝑟௜ ൑ ሺ𝑚 ൅ 1ሻ𝛥𝑟, is determined by the formula 

 

 
𝑠̇௜ሺ𝑚, 𝑛ሻ ൌ 𝜂௜𝑈௜ሾሺ𝑚 െ 𝑚௜ሻ𝛥𝑟ሿ𝐺ሺ𝑚𝛥𝑟, ሺ𝑛െ𝑛௜ሻ𝛥𝑥ሻ ൈ

ൈ 𝑒𝑥 𝑝 ቄെ𝑗 ∙ ቂଶఈೝ

௖మ ൫ሺ𝑚 െ 𝑚௜ሻ𝛥𝑟൯
ଶ

൅ ଶగ

௠௱௥ఒ
൫ሺ𝑛 െ 𝑛௜ሻ𝛥𝑥൯

ଶ
൅ 𝜑௜ቃቅ ,

 (3) 

 
𝛥𝑟 ൌ 𝛿𝑟 𝑘⁄ ௥ and 𝛥𝑥 ൌ 𝑉п𝑇з are the sampling in-
tervals for coordinates 𝑥  and 𝑟 ; 𝑎௥ ൌ 2∆ 𝜔 𝜏⁄ ௨ 
is the chirp step slope; ∆𝜔 ൌ 2𝜋∆𝑓  is the fre-
quency deviation.  

The signal reflected from the earth’s surface 
and complex objects 𝜉ሺ𝜏, 𝑛ሻ, is a superposition 
of noise and responses from all elementary re-
flectors within the radiation pattern: 

 

 𝜉ሺ𝜏, 𝑛ሻ ൌ ∑ 𝑠̇௜ሺ𝜏, 𝑛ሻ ൅ 𝑛̇ሺ𝜏, 𝑛ሻ௜ , (4) 
 

where 𝑛̇ሺ𝜏, 𝑛ሻ is complex white noise. 
As mentioned earlier, the signal cross-

sections 𝑠̇௜ሺ𝑚, 𝑛ሻ along the ground (when fixing 
the coordinate 𝑚 ) and slant (when fixing 𝑛 ) 
ranges are independent in the absence of signal 
migration from point targets in the slant range 
band during the synthesis interval, and the signal 

 
 

Fig. 1. Formation of the synthetic aperture of the antenna at 𝛹஺ ൌ 𝜋 2⁄  
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itself 𝑠̇௜ሺ𝑚, 𝑛ሻ is separable by coordinates 𝑚 and 
𝑛 [5]. Therefore, algorithms for this processing 
can be developed independently by coordinates 
𝑚 and 𝑛. The goal of the processing is to com-
press signals from each element of the observed 
surface based on the existing signal spectrum 
expansion in the cross-sections by coordinates 𝑟 
and 𝑥 , thereby ensuring high resolution in the 
ground and slant range coordinates.  

It is known that radar signals with an extend-
ed baseline are compressed in duration using 
correlation processing [8]. This uses a reference 
function matched to the signal from an elemen-
tary reflector. This function, like the signal, is 
separated by coordinates 𝑥  and 𝑟 : ℎ଴̇ሺ𝑚, 𝑛ሻ ൌ
ൌ ℎ˙

଴௥ሺ𝑚ሻ ∙ ℎ̇଴௫ሺ𝑛ሻ ൌ 𝑠ప̇
∗ሺ𝑚, 𝑛ሻ  (the * symbol 

denotes complex conjugation): 
 

 
 𝑒ሺ𝑚, 𝑛ሻ ൌ ห∑ ∑ 𝜉ሺ𝑙 െ 𝑚, 𝑘 െ 𝑛ሻℎ̇଴ሺ𝑙, 𝑘ሻெିଵ

௟ୀ଴
ேିଵ
௞ୀ଴ ห ൌ  

 ൌ ห∑ ൛∑ 𝜉ሺ𝑙 െ 𝑚, 𝑘 െ 𝑛ሻℎ̇଴௥ሺ𝑙ሻெିଵ
௟ୀ଴ ൟ ∙ ℎ̇଴௫ሺ𝑘ሻேିଵ

௜ୀ଴ ห, (5) 
 

where 𝑚 ൌ 0,1, . . . , 𝑀௥ െ 1; 𝑛 ൌ 0,1, … , 𝑁௫;  𝑀 
and 𝑁 and is the number of reference function 
samples along the slant ℎ̇଴௥ሺ𝑚ሻ and path ℎ̇଴௫ሺ𝑛ሻ 
distances. 

The reference function ℎ̇ሺ𝑚, 𝑛ሻ,  phase-
matched with the signal from the point reflector 
over the synthesis interval 𝑋௖ ൌ 𝑁௖𝑉п𝑇з ൌ 𝑁௖𝛥𝑥, 
is described by the formula 

 

 ℎ̇ሺ𝑚, 𝑛ሻ ൌ 𝐻ሺ𝑚, 𝑛ሻ ∙ 𝑒𝑥𝑝 ቄ𝑗 ଶగ

௠∆௥ఒ
ሺ𝑛𝛥𝑥ሻଶቅ, (6) 

 
where 𝐻ሺ𝑚, 𝑛ሻ is the pulse response envelope of 
the digital filter, specified on the integrated cir-
cuit: 𝑛 ൌ 0, 1, 2, … , 𝑁௖ െ 1.  
 
Features of P-band radar images 
 

Target detection efficiency is determined by 
the signal-to-background ratio 𝑞, which is equal 

to the ratio of the target’s RCS 𝜎ц to the back-
ground RCS 𝜎ф  in a resolution element: 

 
 𝑞 ൌ

ఙц

ఙф
ൌ

ఙц

ఙబఋ௥ఋ௟
, (7) 

 
where 𝛿𝑟 and 𝛿𝑙 the linear resolutions for range 
and angle, respectively, 𝜎଴ is the specific RCS of 
the surface.  

Approximate values of specific RCS for var-
ious underlying surfaces for the X (3 cm) and 
P (70 cm) bands at a 20° radiation incidence an-
gle are presented in Table 1 [9]. The values are 
shown for various polarizations, where HH is the 
horizontal polarization for reception and trans-
mission, and VV is the vertical polarization for 
reception and transmission. 

As the table shows, the transition from the 
centimeter to the decimeter range is marked by 
an abrupt change, primarily in the reflectivity of 

Table 1
Approximate RCS values for typical surfaces 

 

Terrain type 
Specific radar cross-section 𝝈𝟎, dB 

𝝀 ൌ 𝟑. 𝟎 𝒄𝒎 𝝀 ൌ 𝟕𝟎. 𝟎 𝒄𝒎 
HH VV HH and VV 

Sea, 2-point waves −38 −28 −45 
Sea, 6-point waves −30 −25 −45 

Runway −32 −24 −58 
Steppe, winter, snow −17 −17 −55 

Steppe, summer, grass −15 −15 −53 
Desert, rocks, sand −15 −17 −40 

Forest −14 −15 −30 
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the underlying surface. Thus, in the range 
𝜆  = 70 cm the average specific RCS 𝜎଴ decreas-
es by 20…30 dB, leading to an increase in the 
radar contrast of objects relative to the back-
ground. 

It is also clear from expression (7) that max-
imum detection efficiency is achieved when the 
resolution element size of the side-looking SAR 
𝛿𝑟, 𝛿𝑙  corresponds to the linear dimensions of 
the object (target) on the surface in the y and x 
coordinates, respectively. High resolution in 
slant range (y coordinate) is achieved by using 
broadband signals, and in the direction of ground 
speed (x coordinate) by using long intervals of 
trajectory signal accumulation.  

Figure 2 shows radar images obtained using 
a dual-band integrated airborne side-looking 
SAR [10, 11]. The flight altitude of the carrier 
(Antonov-2 aircraft) is 800 m, the range to the 
center of the radar image is 2000 m. In Figure 2, 
a on the X-band radar image (wavelength 
λ = 3 cm) an airfield for small aircraft with infra-
structure, a road and a pond are observed. In Fi-
gure 2, b on the P-band radar images (wave-
length λ = 70 cm) lampposts and a ditch along 
the road, individual buildings, technical equip-
ment, aircraft (marked with the corresponding 
markers 1–3 in Figure 2, b are clearly visible. 

The specific features of P-band use, most of 
which are evident in Figure 2, include: 

 the contrast of metallic objects signifi-
cantly increases (by 20–30 dB) against reflec-
tions from the underlying surface; 

 resonance phenomena begin to play a 
role; 

 greater penetration depth into the under-
lying surface is ensured compared to the centi-
meter band. 

At the same time, the use of P-band side-
looking SAR poses objective difficulties in radar 
image formation. 

Firstly, the relatively low carrier frequency 
precludes the use of signals with a spectral width 
greater than 100 MHz (20–25% of the carrier). 
In this case, the maximum slant range resolution 
𝛿𝑟 is 1.5 m. 

Secondly, a longer wavelength for achieving 
high azimuth resolution 𝛿𝑙 (commensurate with 
𝛿𝑟) requires a larger synthesized aperture size, 
which means longer trajectory signal accumula-
tion intervals at the same carrier flight speeds 
[12]. The dependences of the aperture size 𝑋௖ on 
the distance to the target 𝑟௢ for different azimuth 
resolutions for two frequency bands are shown 
in Figure 3. 

Thus, for 𝛿𝑙 = 1.5 m, r0 = 1000 m, λ = 0.7 m, 
the synthesis interval will be more than 200 m. To 
achieve the same radar image detail in the X-band, 
the synthesis interval does not exceed 9 m. 

Thirdly, the condition for a linearly matched 
processing range of the accumulated trajectory 
signal is satisfied in the absence of migration of 

 
а b 

Fig. 2. Radar image of a section with a road, a pond, and a small aircraft airfield:  
a – in the X-band; b – in the P-band 
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signal samples from each elementary reflector 
across the range strips [13]. For this, the follow-
ing inequality must be satisfied in the synthesis 
interval 𝑇௖ ൌ 𝑋௖ 𝑉п⁄  : 

 
 ∆𝑟௜ሺ𝑡ሻ ൌ 𝑟௜ሺ𝑡ሻ െ 𝑟଴௞ ൑ 𝛿𝑟, (8) 

 
where 𝑟௢௞ is the traverse slant range to the 𝑘-th 
range strip; ∆𝑟௜ሺ𝑡ሻis the slant range increment to 
the 𝑖-th elementary reflector over the synthesis 
interval 𝑇௖. Given the equality 𝛿𝑟 ൌ 𝛿𝑙 we obtain 
the inequality: 

 
 𝑟଴௞ ൑ ଼ఋ௟య

ఒమ , (9) 
 

from which it follows that signal migration 
across range channels for the accepted values 
begins at a slant range greater than 60 m (for the 
X-band, 30,000 m), i.e., in the P-band, it is al-
most always the same. 

Fourth, random deviations in the trajectory 
signal phase lead to broadening of radar re-
sponses from point reflectors in radar images [6, 
12]. This can lead both to distortion of images 
from distributed targets and to incorrect identifi-
cation of small targets. 

All of these difficulties are addressed in real-
world systems by employing various compro-
mises, such as mathematical compensation for 
range channel migration during signal pro-

cessing, or the need to obtain and incorporate 
information from onboard micronavigation sen-
sors to compensate for trajectory instabilities. 
All of this significantly complicates trajectory 
signal processing algorithms. 
 
Structure of the side-looking SAR 
algorithmic support for radar image 
formation 
 

Based on the information presented previous-
ly, the radar image formation algorithm can be 
generally represented as follows (fig. 4). 

First, a radar signal is sent to the input, 
from which a radio hologram (RHG) of the re-
ceived complex signal is prepared. Taking into 
account (5), it is advisable to perform range 
compression of the signal directly in the side-
looking SAR. Compensation is provided for 
trajectory instabilities of the RHG and range 
channel migration. Next, a two-dimensional 
direct Fourier transform is performed to obtain 
the RHG spectrum. A direct Fourier transform 
of the two-dimensional support function is 
then performed to obtain the reference spec-
trum. The spectra of the support function and 
the RHG are multiplied. The support function 
is calculated for a given range to compensate 
for the phase of points at this range. A two-
dimensional inverse Fourier transform of the 

a b 

Fig. 3. Family of curves 𝑋௖ from 𝑟௢ for different 𝛿𝑙: a – for 𝜆 ൌ 70 cm, b – for 𝜆 ൌ 3 cm 
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multiplied spectra is performed to convert the 
data to the time domain. The result is the de-
sired data – a radar image [14, 15]. 

Figure 5 shows the structural diagram of the 
airborne radar reconnaissance complex “Ark-
heolog-I”, developed on an initiative basis by the 

creative team of NaukaSoft Scientific and Pro-
duction Association. 

The onboard unit of the complex consists of 
a specialized computer, an onboard navigation 
system, and a side-looking P-band radar. Navi-
gation definitions (ND) are used to compensate 

 
 

Fig. 4. Structural diagram of the radar image formation algorithm 
 
 

 
 

Fig. 5. Structural diagram of the airborne radar reconnaissance complex “Arkheolog-I” 
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for trajectory instabilities in radar holograms, 
which consist of a range-compressed radio signal 
(RCRS). All system operation results, such as 
received RHG, ND, and received radar images, 
are stored in the specialized computer’s internal 
memory. 

The ground unit of the complex consists of 
a database containing archives of received RHG, 
radar images, and geographical maps. Geogra-
phical maps are used for georeferencing the re-
ceived radar images to the terrain. Storing RHG 
for each radar image allows for repeated image 
acquisition operations with refined parameters, 
for example, for precise focusing of the radar 
image in a specific area of interest. The interface 
of the automated workstation (AWS) for the de-
coder operator for the airborne radar reconnais-
sance complex “Arkheolog-I” is shown in Fi-
gure 6. 

The decoder operator’s automated work-
station performs the following tasks: 

1. Receiving data from the Primary Pro-
cessing Software (PDP) and display of radar im-
ages.  

2. Receiving and displaying navigation data. 
3. Preliminary processing of radar images. 

4. Geometric correction and transformation 
of radar images. 

5. Linking radar images to a digital terrain 
map [16]. 

6. Decoding radar images for detection, 
recognition, and determination of parameters of 
objects of interest [17]. 

7. Data archiving for repeated access. 
8. Generating messages to users. 

 
Experimental Observation Results 
 

Experimental data describing the features of 
the use of the P-band SAR as part of an engineer 
reconnaissance system for humanitarian demi-
ning missions are presented below. 

Figure 7, a shows the appearance of the air-
borne radar reconnaissance complex “Arkheo-
log-I”, placed on a carrier – a medium-class 
UAV of the “Quadcopter” type, and Figure 7, 
b – airborne P-band radar “Linza”.  

On the radar of the P-band in shades of gray 
(fig. 8, b) and in the 3D representation (fig. 8, c), 
mine simulators (fig. 8, a) (three metal bowls up 
to 30 cm in diameter) and explosive reactive ob-
jects (two cuts of a metal water pipe 35 cm long) 

 
 

Fig. 6. Interface of the decoder operator’s automated workstation 
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are observed. The carrier’s flight altitude was up 
to 300 m, and the slant range to the objects was 
less than 600 m. Despite the relative uniformity 
of the underlying surface, the radar image shows 
spots resulting from the random summation of 
reflected signals from elementary surface areas, 
a phenomenon known as “speckle” patterns. 

Figure 9, a shows a variant of mounting the 
onboard radar reconnaissance complex on a 
VTOL UAV. The flight mission involved flying 
along a rectangular perimeter at an altitude of up 
to 300 m, a speed of up to 100 km/h, and an in-
clined distance of up to 400 m from the target 
installation center. A strong crosswind (up to  

а b 
Fig. 7. a – airborne radar reconnaissance complex “Arkheolog”, b – airborne P-band radar “Linza”,  

dimensions 43×38×27 cm, weight up to 9 kg 

а b 

Fig. 9. Flight experiment using a VTOL UAV

Targets Detailed radar image Detailed 3D radar image

 

 
а b c 

Fig. 8. Radar image of dry steppe in summer with mine simulators 
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15 m/s) adjusted the route, significantly altering 
the carrier’s flight trajectory, as can be seen in 
Figure 9, b. Targets in the form of bowls, pipe 
cuts, and TM-62 plastic training anti-tank mines 
(fig. 10, a) were placed every 10 m, as shown in 
Figure 10, b. 

Figure 11 shows 3D (fig. 11, a) and 2D 
(fig. 11, b) radar images of a surface area with 
targets.  

Despite the significant trajectory curvature, 
processing was able to focus the reflected signals 
and obtain significant radar contrast. Radar im-
age interpretation allowed detection and identifi-
cation of 10 of the 12 targets (fig. 11, b). The 
maximum amplitude was observed in the signal 

reflected from the foil-wrapped cardboard box. 
The interpretation process was complicated by 
the relative shift in the maximum reflections 
from the targets, caused by the significant devia-
tion in the carrier’s flight path.  
 
Conclusion 
 

The conducted flight experiments demon-
strated the high information content of the 
P-band SAR system for engineer reconnaissance 
missions. A VTOL UAV, with its greater longi-
tudinal flight stability, appears to be the pre-
ferred carrier. Thus, the task of providing infor-

 

     
а b 

Fig. 10. Targets and their placement diagram 

 

а b 

Fig. 11. Radar images of targets on a humid steppe background during spring 
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mation support for humanitarian demining can 
be accomplished through the integrated use of 
UAVs with various payloads in several stages. 

At the first stage, an orthophoto map of the 
area intended for demining is created using TV 
cameras and laser locators. Then, radar and IR 
images are generated, combined processing, af-
ter overlaying the orthophoto map, will allow for 
the construction of a minefield cadastral register. 
This information can be refined by an additional 
UAV flight with a minefield payload. This will 
ensure a consistent increase in the detail, com-
pleteness, and reliability of the information: “no 
mines” – “mines localized in the specified are-
as” – “cadastral register of the minefield with 
mine coordinates.” 

The need to process large volumes of com-
plex information requires maximum automation 
of the image decoder operator. This requires the 
use of artificial intelligence technologies, which 
require large volumes of training samples and 
significant computing resources.  
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