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CONCEPT OF AGEOINFORMATION PLATFORM
FOR LANDMINES AND OTHER EXPLOSIVE OBJECTS DETECTION
AND MAPPING WITH UAV

The subject of this article is the concept of a geoinformation platform for landmine detection. Modern warfare
and its increasing scale have become a relevant topic today. Undetected explosives threaten business
(agriculture, logistics, etc.) and human lives. The problem becomes more acute with the rapid extension of
minefield areas, which requires significant time and resources and carries high risks. Remote sensing leverages
landmine detection possibilities, providing useful information about landmine displacement with no additional
risk during data collection over a large area. This study aims to present a combined approach for revealing
hidden landmines using UAVs equipped with different sensor types. The tasks to be solved are to define the
overall structure and components of the geoinformation platform, choose the technological solutions for each

of them, and implement the system prototype that makes it possible to extend its configuration in the future. The
methods used are remote sensing, automated object detection, and centralized data processing in a geographic
information system (GIS). Multispectral imagery and magnetometric remote measurements create the
background information required to detect landmines and other explosive objects. The results of this study
provide a general framework, i.e., a geoinformation platform for landmine detection and mapping. The tasks
include UAV-based remote data gathering, UAV mission planning and flight control, data processing and
mapping via general GIS, and updating new landmine signatures in the corresponding database. The landmine
detection process uses information from the landmine signature database to verify suspicious objects. The
results are presented in the form of a probabilistic map, which supports the decision-making process of
demining. Conclusion. The proposed approach significantly decreases the time required for landmine detection
and mitigates demining risks, which is crucial for dealing with the consequences of war. At present, the concept
is being developed in the form of a geoinformation platform research prototype involving an open-source
Quantum GIS (QGIS) software system and Python programming language, which is used to create plug-ins for
QGIS. The entire landmine remote detection process can be fully automated. Future studies will involve
extensive experimental testing and may involve convolutional neural networks (CNN) as a detection
mechanism.

Keywords: geoinformation platform; landmine detection and mapping; copter-type UAV; sensor fusion;
probabilistic model.

To ensure safety for humans, it is customary to use
remote detection methods and tools, i.e., Unmanned

1. Introduction

The world community has made significant efforts
to eliminate the threat posed by post-war land mines and
other explosives. Therefore, demining is important for
advancing the Sustainable Development Goals (SDGs)
by eliminating explosive hazards and allowing
communities to recover and grow
(https://www.undp.org/publications/mine-action-and-
sustainable-development-goals). There are several
examples: alleviating poverty (SDG 1), combating food
insecurity (SDG 2), supporting quality education
(SDG 4), and providing clean water and
energy (SDG 6), etc.

One of the necessary components of demining is
the detection of landmines and other explosive objects.

Aerial \ehicle (UAV). For this reason, we developed a
geoinformation platform for the detection and mapping
of landmines and other explosive objects using UAV.

1.1. Motivation for the research

At present, the problem of humanitarian demining
is acute worldwide [1], but in Ukraine, it has taken on a
truly frightening scale. Traditional methods for
landmine detection are dangerous and too slow for a
large area [2]. In Ukraine, the area that requires
humanitarian demining reaches 174 thousand km? [3].
Agricultural land is particu larly affected by minelaying
and explosive contamination [4]. On the other hand,
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currently actively developing methods for remote
detection and mapping of landmines and other explosive
objects, including UAV-based methods, remain
insufficiently reliable [5]. Unfortunately, it must be
recognized that no universal method for landmine
detection using UAVs would provide acceptable
reliability [6]. The solution lies in integrating the
outputs of  multispectral,  thermal infrared,
magnetometric, and radar mapping [7, 8]. Moreover,
this is one of the key functionalities of the proposed
geoinformation platform.

1.2. State-of-the-art

There are several approaches to the detection of
landmines and other explosive objects using UAVs [9].
A variety of sensors, such as induction metal detectors,
magnetometers, infrared and visible band cameras,
hyperspectral cameras, etc., are used for this purpose
[10]. Most research has focused on developing new
methods or improving existing ones, as well as on
sensor design [11, 12]. Sometimes, only the partial
fusion of two sensors is considered [13]. The
simultaneous use of optical sensors and passive
magnetometers is considered exceptionally promising
now [14]. Many studies have applied neural networks
from a well-known architecture to landmine detection
[15, 16]. In Ukraine, the problem of landmine detection
is highly acute, so the development of relevant
technologies is actively performed in many directions:
specialized UAVs for landmine mapping are being
produced, the optimal compositions of onboard sensor
kits are being evaluated, efficient machine learning and
computational intelligence methods for landmine
detection are being elaborated, and attempts to combine
all these developments using geographic information
systems (GIS) are being made [17].

Thus, two general approaches can be highlighted:
the involvement of new types of sensors, such as
thermal cameras, multispectral cameras, and ground
penetrating radars, etc., and the implementation of new
data processing methods, such as deep learning.
Sometimes a combination of both is used when a new
data processing method is applied to data from a new
sensor.

In turn, geoinformation platforms for demining
tasks are used, as a rule, in the form of a simple
cartographic service that combines data on the location
and specifications of identified landmines [18]. At the
same time, direct landmine detection is usually
performed outside geoinformation platforms. Even if
any quantitative estimates are made, this is most likely
to be a generalized minelaying risk for a wide area [19].
We must state that, despite the rapid development of
both landmine detection methods and geoinformation

systems, the potential of the latter is not sufficiently
involved in landmine detection, so the described
concept of the platform can contribute to further
development of both.

1.3. Objective and Approach

This study aims to develop the concept of a
geoinformation platform as an integrated environment
with a cut-through workflow for the detection of
landmines and other explosive objects, including
mission planning; UAV imagery acquisition, calibration
and visualization; and locating and mapping. In
addition, this concept ensures deminers' safety due to
the strictly remote operation of the workflow.

This paper has the following structure. In
section 2, the general concept of platform architecture is
considered. In section 3, the implementation of the
existing system elements is described. Then, a
conclusion is made, including the direction of future
research. Finally, brief information about the project is
provided, and the contributions of the authors are briefly
described.

2. Geoinformation platform general
architecture

The main idea of our study is to expand the
functionality of general GIS by introducing and
interfacing additional modules and forming an extended
geoinformation platform for comprehensive information
support for demining in this way. The proposed
architecture of the geoinformation platform is illustrated
in Fig. 1.

The core of the proposed platform is a general
GIS. The system includes a geodatabase with
topographic and thematic maps of the operational area,
accumulated satellite and airborne imagery, and other
necessary materials. The system should also have a
special database  with  signatures and  other
characteristics of landmines, which will be used in the
process of UAV mission planning and landmine
detection. In addition to its primary function, this
special database can serve as a reference subsystem for
operator support.

The interaction between the geoinformation
platformand the UAV is carried out through the mission
planning subsystem and the connector with the UAV's
ground control station. Usually, several different types
of UAVs equipped with electro-optic and infrared
(EQ/IR) cameras, a magnetometer, a ground penetrating
radar (GPR), and other possible sensors should be
involved in a mission over a minefield.
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Fig. 1. Architecture of a geoinformation platform
for the detection of landmines and other explosive
objects and mapping with UAVs

Optical images, magnetometric data, radargrams,
etc., acquired by the UAV's ground receiving station are
processed by the detection and fusion software module,
the output of which contains the results of the detection
of landmines and other explosive objects. A
probabilistic map of the detected landmines was chosen
as a unified format for arranging the results, which is
sensor-independent, exceptionally convenient, and relies
on widely used probabilistic models [20]. The
probabilistic model provides a conform interface for
data fusion and allows easy algorithmization and
unification of the analysis and decision-making
procedures. The landmine detection probabilistic maps
are assimilated by general GIS and used to draw a
minefield report.

We hope that due to the correct integration of data
of different physical natures, an increase in the detection
probability of landmines and other explosive objects
will be achieved [21]. An integrated geoinformation
platform will ensure the simplicity, convenience,

flexibility, and performance of the UAV fleet under its
management. In addition, with the help of such a
platform, the necessary statistics and analytics on
humanitarian demining and territory safety can be easily
extracted [22].

3. Results

Currently, the Scientific Centre for Aerospace
Research of the Earth (CASRE) is developing a research
prototype of a geoinformation platform for the detection
of landmines and other explosive objects using UAVs.
The open-source Quantum GIS (QGIS) software system
was chosen as the general GIS [23, 24]. The choice of
QGIS is based on its rich set of features combined with
extensibility by Python-based plug-ins that allow the
integration of scientific calculations, particularly
machine, and deep learning methods, directly into GIS
software with a user-friendly interface. The following
components have been implemented: 1) mission
planning subsystem; 2) module for multispectral and
thermal imagery calibration, landmine detection, and
fusion; and 3) module for landmine detection in RGB
imagery usinga convolutionalneural network (CNN).

The first consideration is the mission planning
subsystem. For short experimental flights, we relied on
the manufacturer's software. However, for real-life
cases, we need the possibility of preliminary estimation
of the resources for explored areas under specific
weather and UAV models. Thus, the mission planning
subsystem (Fig. 2) based on the modified QGIS Flight
Planner plug-in [25] was enriched by the possibility of
considering weather conditions [26].

The second component is the multispectral and
thermal imagery processing module (Fig. 3), which was
programmed in the Python environment. It provides
functions such as radiometric calibration, landmine
detection, and fusion. The calibration is only applicable
to multispectral imagery. This method converts the pixel
values from raw to surface reflectance. The landmine
detection function was developed for both multispectral
and thermal imagery. For each data type, we apply the
anomaly detection approach. This implies searching for
anomalies (i.e., landmines) in the background. The input
requires a training sample of the background (i.e., the
pixels which do not belong to the landmines). The
fusion function is applied to obtain a joint probability
map based on both imagery sources: thermal and
multispectral [21].

Furthermore, the last component was the YOLOv8
architecture CNN [27], which was trained on the images
acquired in the special military test area. It has also been
applied to landmine detection in RGB imagery [28]
using the Deepness plug-in [29], which makes direct
detection on orthoimages possible (Fig. 4).
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Fig. 3. Graphical interface of optical image calibration/detection/fusion module

The platform interacts with the DJI Phantom 3 Pro,
DJI Phantom 4 MS, and DJI Matrice 300 RTK light
quadcopters, equipped with full-color, multispectral,
infrared  thermal cameras and a  passive
magnetometer (Fig. 5).

In the future, the number of supported UAV' types
and their onboard optical and non-imaging sensors will
expand.

4. Discussion

There is some ambiguity in the description of the
geoinformation platform, which is related to both
detection probability and coordinate accuracy. Here are
some considerations.

Suppose we use a probabilistic approach to object
detection while integrating deep learning methods like
YOLO. In this case, we must representa mathematical
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basis for the fusion of confidence in the neural network
returns and probability returned by pixelwise methods.
Intuitively, both share the same statistical nature.
However, it is not obvious, and a theoretical basis is
required to prove it. In addition, neural network
detectors usually deal with bounding boxes that assume
equal confidence for any pixel inside the box even
those that do not contain objects. It should also be
considered. Implementing segmentation rather than
detection makes it possible to overcome this ambiguity;
however, segmentation is computationally heavier and
undesirable for large data processing.

The system prototype was tested on a limited area,
which was represented as an orthoimage. It is necessary
to perform tests on the amount of data similar to real-
life tasks. The accuracy of the coordinates obtained by
detecting the large-scale orthoimage must also be
carefully checked. An approach that performs detection
directly on UAV photos captured at known coordinates
can be more optimal. There is clear redundancy in this
approach when, initially, the orthoimage is assembled
from fragments after the algorithm splits the image to
perform fragment detection. Finally, the detection
results are assembled again to obtain a map of
detections. The geographic coordinates of the detected
objects in GIS can be calculated in different ways, and
the most accurate coordinates must be selected.

It is impossible to discuss landmine detection
technology without considering safety considerations. It
may seem that as far as remote sensing technology is
implemented, the desired level of safety will be reached
by default. However, considering real-life scenarios, we
must state that safety depends directly on planning
quality. During the demining mission, only strict
adherence to the plan can ensure maximal safety.
Therefore, exploring a large area under specific weather
conditions, we must ensure that all the conditions are
considered, and the mission will proceed according to
the plan. The less improvisation is needed, the more
safety is provided. Accurate mission planning at such a

scale cannot be performed without appropriate
geoinformation tools.
Also, it is worth mentioning that landmine

detection by combining different sensors mounted on
UAVs has inherent physical limitations. First, the
defined area cannot always be explored by certain types
of sensors. A former battlefield can contain much
contamination from metallic war remnants, making
reliable magnetic detection impossible. In addition,
vegetation can avoid UAV flights at the altitudes needed
for certain sensors. Weather can preclude thermal
detection. However, the rapid development of ground-
based robotic platforms can bring new possibilities, as
well as produce spatial data that can be integrated into
the detection process. However, we must admit that

remote sensing cannot completely
landmine detection.

It can be reasonably noted that authors don’t
provide any reliability metrics in comparison with
existing methods; however, the reason is that currently,
the comparison with known solutions using reliable
metrics is problematic because groups of researchers
usually don’t share their datasets, as well as data
representation formats. It is, however, possible to create
a universal dataset for optical detection method
comparison, as well as to provide a benchmark
methodology, as it has already been done for some other
computer vision tasks, but currently authors are not
aware of such a dataset or methodology. The situation is
even worth for the methods that use the fusion of results
from different sensors because the data of the same area
fromseveral different sensors are almost never availab le
to a wide audience, as well as data formats for non-
optical sensor data suitable for landmine detection are
not standardized. Reliable methods for landmine-
detection performance evaluation are a subject of
ongoing research.

replace manual

5. Conclusions

The proposed geoinformation platform for
landmine and other explosive object detection and
mapping with UAVs is assembled from standard, well-
proven software / partially hardware modules and is
therefore easy to implement. The platform contains all
the necessary components to detect, output fusion, and
map landmines and other explosive objects in
commonly accepted data presentation formats.

Preliminary quantitative estimates demonstrate that
the landmine detection technology embodied in the
proposed platform is reasonably reliable although
experimental testing is ongoing. The theoretical
calculations show that the entire system has relatively
high time productivity, at least sufficient for
humanitarian demining.

Future research should focus on the attachment of
additional, primarily hardware -dependent modules, such
as calibration and stitching of optical images, accurate
cross-reference between optical imagery and parametric
trace surveys, and UAV navigation optimization when
detecting various landmines. It is also essential to
improve the versatility of the elaborated geoinformation
platform by expanding the range of compatible UAVs
and replenishing the landmine signature database,
including the magnetometric and radar databases.
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KOHLENI{ISI TEOTH®OPMAIIMHOI TUIAT® OPMH
JUUISI BUSIBJIEHHSI 1 KAPTYBAHHSI MIH TA IHIIMX BUBYXOHEBE3NEYUHHUX OB’E€KTIB
3 BUKOPUCTAHHSIM BILTIA

M. O. Ilonos, C. A. Cmankesuu, C. Il. Mocos, C. C. [yzin, C. I. Ionyoos, A. A. Andpecs,
A. P.Jlucenxo, €. I0. Canpukin

IIpeameTom cTaTTi € mpe3eHTalis KoHmenmii reoindopmamiiinoi nmmatpopmu BuaBieHHS MiH. CydacHe
BEJICHHS BIMHU Ta 1i 3pocTarodi MacmiTabu 3po0MIM pO3MiHyBaHHS aKTyallbHOIO TeMOIO ChOTOJICHHs. HeBusiBieHi
BHOY X0 Bl MPUCTPOT 3arpOXKyIOTh sIK Oi3HECY (CITbCBKOMY TOCIOIAPCTRY, JIOTICTAI[I TOIIO), TAK 1 JIIOACHKUM KHUTTIM.
IIpo6ieMa 3aroCTpIOEThCS MPHU CTPIMKOMY 301MbIICHHI MJION[I MIHHHKX IMOJIB, 10 BUMAara€ 3HaYHUX BUTPAT Yacy,
pecypciB 1 BUCOKMX pHU3MKIB AJs ii BupimieHHs. J{MCcTaHIiiHE 30HAyBaHHS BUKOPUCTOBYE MOKIMBOCTI BHSBJICHHS
MiH, HaJal04Uu KOPHUCHY iH(OpMAIi0 MpPO PO3TAllyBaHHSA MiH 0e3 JI0JAaTKOBOTO PH3UKY IIiJ 9ac mpouecy 300py
JAaHUX Ha BeIuKiil Teputopii. MeTol € mpeAcTaBUTH KOMOIHOBaHMI MiAXiJ IO BHUSBICHHS NPHUXBAaHUX MIH 3a
nonomorotfo BIUTA, o6namHaHUX pi3HUMH THIAMH JATIMKIB. 3aBAaHHA, AKi BHPIiLIYIO ThCS . BUSHAYUTH 3aralibHy
CTPYKTYypY T2 KOMIIOHEHTH Te0iH(pOpMaIiifHO1 Tu1aTh OPMH, MiMOPATH TEXHOJIOTIUHI PIICHHS IS KOXKHOTO 3 HUX Ta
peanizyBaTd MPOTOTHUI CHUCTEMH, IO JO3BOJMTH PO3IMIMPUTH 11 KOHGIirypamiro B MaiiOytHpboMy. MeToau, IO
BUKOPHUCTOBYIOTbCS - JMCTaHI[ii{HE 30H/IyBaHHsS, aBTOMATH30BaHE BHUSBICHHS 00'€KTIB, IEHTpasi3oBaHa 0OpoOKa
maHux y reoindopmaniiHiit cuctemi (I'IC). MynpucnexkTpalibHe 300paXKeHHS, IO JOMOBHIOETHCS JAHUMU
MAarHITOMETPUYHOTO UCTAHLIHHOTO BHMIpPIOBaHHS, CTBOPIOE (OHOBY iH(pOpMamio, HEOOXiNHY AJISI BUSBJICHHS
Ha3eMHHX MIH Ta [HMHX BHOyXoHEeOE3NMeUHMX MpeaMeTiB. SIK pe3yJbTAaT IBOTO JOCIHIDKCHHS IIpEJICTaBICHO
3aTalbHY CTPYKTYpy, TOOTO TeoiHpopMamiiiHy IumathopMy UId BHABICHHS MiH 1 KaptorpadyBaHHsA. Bona
CKIaJIA€ThCs 3 JMAUCTaHIiifHOTO 300py maHumx 3 mgomomororo BIUIA, mmamyBanHs Mmicii BIUUIA Tta ympaBmiHHA
HOJBOTOM, 00pOOKH IaHUX 1 KapTorpadyBaHHs yepes 3arasbHy ['1C Ta OHOBICHHS HOBUX CUTHATYP Ha3€MHUXMIH y
BiMOBiNHIN 6a31 manux. [Iponec BusiBIeHHs MiH nepenOadyae BUKOPUCTaHHS iHpopmManii 3 6a3u JaHUX CUTHATYP MiH
JUIs TIepeBipKHM Mino3pinoro o6’ekTa. PesynbTaT mpeacTaBieHWN y BHDIAAI IMOBIpHICHOI KapTH, sIKa IIOBHHHA
HiATPUMYBATH TPOIEC MPHUHHATTI PIMIeHb NPH po3MiHyBaHHI. BucHoBkM. [laHWil minxig 3HAYHO CKOpPOUYE dac,
HEOOXiIHU I yTsl BUSIBJICHHSI IPOTHIIIX0 THUX MiH, 8 TAKOX 3HIKY€E PH3MKHM PO3MiHYBaHHS, 110 BKpai BaXKJIMBO IS
MOJOJAaHHA HAcHinkiB BiHW. Hapasi maHa KoHIENmis po3poOJeTsCS y BHDIANI IOCHITHHUIBKOTO IPOTOTUILY
reoingopMaliiiHoi naaThopMH i3 3aJIlydeHHIM BiJKPHTOTO Mporpamuoro komiuiekcy Quantum GIS (QGIS) ta moBu
nporpamyBanHs Python, sika BUKOpHCTOBY€ThCS sl cTBOpeHHs uariHiB must QGIS. ¥V nepcrnektrBi Bech npoiiec
JWCTAHIIHHOTO BHUSBJEGHHS MiH MoxXe OyTH NOBHIiCTIO aBTOMaTW30BaHUH. MaifOyTHi mochimkeHHS Oymay Th
CHpPSIMOBaHI Ha IIHPOKE EKCIEpHUMEHTAJIbHE TECTyBaHHA Ta MOXYTh BKJIOYATH 3TOPTKOBI HEHpPOHHI Mepexi Ak
MEXaHi3M BUSBJICHHS.

KirrouoBi cioBa: reoindopmariiiHa miatpopma; BUABICHHS 1 KapTorpadysanHs MiH; BIIJIA xonrtep Horo THIy;
MO€THAHHS CEHCOPIB; IMOBIPHICHA MOJIEIb.
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