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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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HpI/IMeHeHI/Ie 60pTOBbIX PAANOJOKAIIHNOHHBIX CTAHIIUH ACHUMETPOBOI0
AHAIIa30HA IPU T'YMAHUTAPHOM pasMUHUPOBAHUH

O.B. Bacuanes', I1.C. Topmkos', C.A. 3s6xun’, W.I1. Illeners’
IOOO «HIIO HayxaCoghmy, 2. Mocksa, POCCM}Z
? Texnonoauueckuii uncmumym cepeuca (uauan JI'TY), 2. Cmasponons, Poccus

AnHotammsi: [IpoOGnema TyMaHMTapHOrO pPa3MUHHPOBAaHMSI HAa TEKyLI[MH MOMEHT 4Ype3BbIYalHO akTyalbHa. B pabore

PacCMOTPEHBI pa3iIMIHbIe TEXHIYECKHE CPEICTBA, TIPUMEHIEMBIC B HIDKCHEPHON pa3BeAKe [UIS PEIICHUS 331a9i OOHApYKEHUS
MHH, © O0OCHOBaHa HEOOXOIMMOCTH PAIHOJIOKAIIMOHHOTO OOCCIeYeHHsT TYMAaHHTAPHON HH)KCHEPHOW pa3Belku. B kadectBe
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OCHOBHOT'0 MH()OPMAITIOHHOTO 3BEHA MPE/UIOKEH aBUAIIMOHHBIA PAIMOIOKAIIMOHHBIN KOMIUIEKC MHKCHEPHOM pa3Bellku Ha 0ase
PaIMOTIOKAIMOHHOW CTaHIWMK OOKOBOrO 0030pa P-mmamazoHa, mpenHa3HaYeHHBIA Ul pa3MelIeHHs Ha OecIIOTHBIX
JeTaTeNbHBIX armaparax. Omucanbl (M3MYECKHe NPUHIMIB (OPMUPOBAHUS PAMOJIOKAMOHHOTO HM300paKEHHsT METOJIOM
cHuHTe3a anepTypsl. [lokazaHo nprMeHeHne (HYHKINH PaJioJIOKAIIMOHHOTO pebeda MpH OIFCAHNH PATHOOTPAKAIOIX CBOHCTB
MOBEPXHOCTH M HCIOJIb30BAHKME TPUHIMIIA CYIEPIO3MIMNA MpU 00pabOTKe paIroSIOKAMOHHOrO curHajia. IIpencraBieHbI
OCHOBHBIEC MaTEMaTHIECKUE BEIPAKECHHS, MPUMEHIEMbIC TIPH pacueTe PaaroIOKAIIMOHHBIX H300paKeHHH TIOBEPXHOCTH METOJIOM
CHHTE3a amepTyphl, 3aKIIOYAIOIINECS B MPUMCHCHUHM KOPPEIAIMOHHOW 00pabOTKM CHUTHATa HE3aBUCHMO II0 KOOpAWHATAM
MyTeBOH W HAKIOHHOW JambHOcTed. [IpoaHanm3MpoBaHBI OCOOSHHOCTH HCHONB30BAHMS —JEIMMETPOBOTO JAWAria30Ha
3ne1<1p0Mar HUTHBIX BOJIH le/I HOCTpoeHl/II/I paZlI/lOJ'lOKaLII/IOHHI)IX 1/1306pa>1<eH1/11‘/'1 B MHTepecax 06Hapy>KeHm1 MHH Ha pa3J'Il/I'-IHI>IX
TIOACTUNIAIONINX TOBEPXHOCTSX, W TIPOBEACHO CpaBHEHHE C CAHTHMETPOBBIM JHAMla30HOM. B KadecTBe MpeHMYILECTB
MPOIEMOHCTPUPOBAHO 3HAYUTEINILHOE YBEIIMYEHUE KOHTPACTa METAILIMYECKUX 00BEKTOB Ha ()OHE OTPAKEHHS OT MOJICTHIIAIOLICH
MOBEPXHOCTH U BO3PACTaHHUE TTyOHHBI MPOHUKHOBECHIS B MOACTHIIAFONIYIO TIOBEPXHOCTh. Takxke C(hopMyITHPOBAHBI HEIOCTATKY,
BKJIIOYAIOIINE B ceOsl MOBBIMICHHBIE TPeOOBAaHMS K CTAOWIBHOCTH IOJeTa HOCHTENS, HEOOXOAMMOCTh YBEIMYEHHUS pa3sMepa
amepTypsl U JOCTFDKCHHSI CONOCTABMMOM JICTAFHOCTH W y4eTa MUTpPAllMH KaHAJIOB JATBHOCTU. [IpomeMOHCTpupOBaHA
CTPYKTypa TPOTrpaMMHOTO OOECIIeYeHH s, COAEpPIKAIero OOPTOBYIO YacTh IS MOMyYEHHS PaJHOJIOKAIIFIOHHBIX H300payKeHIH 1
rpadudeckuii MHTEp(EHC HA3EMHOTO ABTOMATH3UPOBAHHOTO pabOvero Mecra orepaTopa-Iem(poBIIKa IS PEIICHHS 3a1a491
MOMCKA MHH IPH TYMaHUTapHOM pa3MHHHpoBaHHH. [Tokazan oOpaser; KOMIUIEKCa M pe3yIbTaThl €ro MCIBITAHNA Ha PA3IMYHBIX
HOCHTEIISIX, BKITIOYAFONIMX OCCIITOTHEIC JIeTaTebHEIC amlapaThl KIIacCOB «KBaJIPOKONTEP» M BEPTHKAIBLHOIO B3JIETa U TIOCAIKU
(VTOL).

KnroueBble cioBa: TyMaHHTapHOE pPa3MHHHPOBAHME, HIDKEHEpHAs pa3BelIKa, OOpTOBas paIUOIOKAIMOHHAS CTAHLUA C
CHHTE3UPOBAHHON anepTypoii 00KoBOro 0030pa P-1namnasona, mHpopMarmoHHOE 0OecTiedeHre TYMaHUTAPHOTO Pa3MIHHPOBAHYIS,
OeCIUIOTHBIN JIeTaTeIbHBIH armapar.

Jns nurupoBanusi: Bacuiber O.B. [IpumveneHne OGOPTOBBIX PaIMONOKAIIMOHHBIX CTAHIMH JEIIMMETPOBOTO JTHAra3oHa TpH
rymanuTapHoM pasmunupoBanuu / O.B. Bacwines, [1.C. Ioprikos, C.A. 3s0kun, VLIT. Illenets / Hayunsrit Bectauk MI'TY T'A.
2026.T. 29, Ne 1. C. 23-37. DOLI: 10.26467/2079-0619-2026-29-1-23-37

Introduction 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.

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.

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.

Technical means used in engineer

reconnaissance

! Practical activities (humanitarian demining). Ministry of Traditi v, th . s f losi
Defense of the Russian Federation. Available at: raditionally, the primary tools for explosive

https://mil.ru/mpc/activities/practical. htm (accessed: ordnance detection and mine clearance are: a probe
21.04.2025).
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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.
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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 é, scattered
from the underlying surface and is numerically
dependent on the local surface reflectivity and
signal parameters according to the following
formula [5]:

é(r,x) = e(r,x) - exp{jy(r, x)}, (1
where x and r =./y?+ H? are coordinates
along the path and slant ranges, respectively;
e(r,x) and P (r, x) 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 X, = 1r,0,,
where 0,1s 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 T, characterizes the
pulse recurrence interval, V 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 s(z,n) in a side-looking SAR
from the i-th point target at the receiver output is
continuous over slant range T = 27 /c and dis-
crete over ground range nT, (n =0, 1, 2, ...), and
also independent over these coordinates [7]:



HayyHbiit BectHuk MITY TA Tom 29, Ne 01, 2026
Civil Aviation High Technologies Vol. 29, No. 01, 2026

Z) ly o flight

X | — TN\ path

Fig. 1. Formation of the synthetic aperture of the antenna at ¥, = /2

$i(t,n) = $;(zr,nT;) = nU;(r — ;) - G(7,nTy) X

x explj - [ — 1) — a(nl)? + i1}, @
where 7; is the time delay of the signal from the i-th point target along the slant range during the prob-
ing period; a = 21V, /Ary;; Y(7) is the function describing the phase modulation law of the probing
signals; U;(7) is the function describing the amplitude envelope of the signal from the i-th elementary
reflector; G (z,nT,) 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;, mAr < r; < (m + 1)A4r, is determined by the formula

si(m,n) = n;U;[(m — m;)Ar]G(mAr, (n—n;)Ax) X

. [2ar 2, 2 2 (3)
X exp {—] : [;Lz ((m—m)ar)” + mA”M ((n—n)dx)" + <pi]},
Ar = ér/k, and Ax = VT, are the sampling in- E(t,n) =3 $(t,n) + n(t,n), 4)
tervals for coordinates x and r; a, = 20w/,
is the chirp step slope; Aw = 2mAf is the fre-  Where 1(z,n) is complex white noise.
quency deviation. As mentioned earlier, the signal cross-

The signal reflected from the earth’s surface ~ sections s;(m, n) along the ground (when fixing
and complex objects £(t,n), is a superposition  the coordinate m) and slant (when fixing n)
of noise and responses from all elementary re- ranges are independent in the absence of signal

flectors within the radiation pattern: migration from point targets in the slant range
band during the synthesis interval, and the signal
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Table 1
Approximate RCS values for typical surfaces
Specific radar cross-section o, dB
Terrain type A=3.0cm A=70.0cm
HH \AY 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

itself s;(m, n) 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: ho(m,n) =
= ho, (M) - hoy(n) = 5,"(m,n) (the * symbol
denotes complex conjugation):

e(m,n) = |ENZESMLEU —m k — n)ho(L, k)| =

= |ZNHEM EA —m k — n)he, (D} - hox (R)),

where m=0,1,..., M, —1;,n=0,1,...,.N,; M
and N and is the number of reference function
samples along the slant Ay, (m) and path Ay, (n)
distances.

The reference function h(m,n), phase-
matched with the signal from the point reflector
over the synthesis interval X, = NV, T, = N_.4x,
is described by the formula

T

- .2

h(m,m) = H(m,n) - exp {j 2= (nAx)?}, (6)
where H(m, n) is the pulse response envelope of
the digital filter, specified on the integrated cir-
cuitn=20,1,2,..,N. — 1.

Features of P-band radar images

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

27

)

to the ratio of the target’s RCS g, to the back-
ground RCS gy, in a resolution element:

G %

o4 T G818

q= (7

where 67 and §! the linear resolutions for range
and angle, respectively, g, 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
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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

the underlying surface. Thus, in the range
A =70 cm the average specific RCS g, 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
Or, 6l 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
A =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 A = 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:

28

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

e resonance phenomena begin to play a
role;

o 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
6ris 1.5 m.

Secondly, a longer wavelength for achieving
high azimuth resolution §! (commensurate with
Or) 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 5l = 1.5 m, r) = 1000 m, 1 = 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
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Fig. 3. Family of curves X, from 7, for different 6/: a — for A = 70 cm, b — for A = 3 cm

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./V, :

Ary(t) = 1y(t) — rox < O, (8)
where 7, is the traverse slant range to the k-th
range strip; Ar;(t)is the slant range increment to
the i-th elementary reflector over the synthesis

interval T,. Given the equality 67 = 1 we obtain
the inequality:

8613
rOk S AZ b

)
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-
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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
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Fig. 5. Structural diagram of the airborne radar reconnaissance complex “Arkheolog-1"

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

30

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
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Fig. 6. Interface of the decoder operator’s automated workstation

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.
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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-1”, 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, ¢),
mine simulators (fig. 8, @) (three metal bowls up
to 30 cm in diameter) and explosive reactive ob-
jects (two cuts of a metal water pipe 35 cm long)



HayyHbiit BectHuk MITY TA Tom 29, Ne 01, 2026
Civil Aviation High Technologies Vol. 29, No. 01, 2026

a

Fig. 7. a — airborne radar reconnaissance complex “Arkheolog”, b — airborne P-band radar “Linza”,
dimensions 43x38x27 cm, weight up to 9 kg

Detailed radar image Detailed 3D radar image

b

a

Fig. 9. Flight experiment using a VTOL UAV

are observed. The carrier’s flight altitude was up Figure 9, a shows a variant of mounting the
to 300 m, and the slant range to the objects was onboard radar reconnaissance complex on a
less than 600 m. Despite the relative uniformity VTOL UAV. The flight mission involved flying
of the underlying surface, the radar image shows along a rectangular perimeter at an altitude of up
spots resulting from the random summation of  to 300 m, a speed of up to 100 km/h, and an in-
reflected signals from elementary surface areas, clined distance of up to 400 m from the target
a phenomenon known as “speckle” patterns. installation center. A strong crosswind (up to
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Fig. 10. Targets and their placement diagram
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Fig. 11. Radar images of targets on a humid steppe background during spring

15 m/s) adjusted the route, significantly altering reflected from the foil-wrapped cardboard box.
the carrier’s flight trajectory, as can be seen in The interpretation process was complicated by
Figure 9, b. Targets in the form of bowls, pipe the relative shift in the maximum reflections
cuts, and TM-62 plastic training anti-tank mines from the targets, caused by the significant devia-
(fig. 10, a) were placed every 10 m, as shown in tion in the carrier’s flight path.
Figure 10, b.

Figure 11 shows 3D (fig. 11, a) and 2D

(fig. 11, b) radar images of a surface area with Conclusion
targets.

Despite the significant trajectory curvature, The conducted flight experiments demon-
processing was able to focus the reflected signals strated the high information content of the
and obtain significant radar contrast. Radar im- P-band SAR system for engineer reconnaissance

age interpretation allowed detection and identifi- missions. A VTOL UAV, with its greater longi-
cation of 10 of the 12 targets (fig. 11, b). The tudinal flight stability, appears to be the pre-
maximum amplitude was observed in the signal ferred carrier. Thus, the task of providing infor-

33



HayyHbiin BectHuk MITY TA

Tom 29, Ne 01, 2026

Civil Aviation High Technologies

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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