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Artificial intelligence-integrated drones 
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ABSTRACT 
Introduction. Effective measures for African swine fever outbreak prevention and early detection are required in view of global spread of African swine fever, fatal 
viral hemorrhagic disease of domestic pigs and wild boars. Wild boar population managing and search for the wild boars died of African swine fever and being 
the virus source are considered priority measures for the disease control in wildlife.
Objective. Generalization of currently available knowledge about advanced technologies for the use of unmanned aerial vehicles (drones) in combination with 
artificial intelligence-based methods in the wild.
Materials and methods. Analytical research methods including search in the following databases were used: PubMed, Springer, Wiley Online Library, Google 
Scholar, CrossRef, Russian Science Citation Index (RSCI), еLIBRARY, CyberLeninka.
Results. Potential of using unmanned aerial vehicles (drones) and artificial intelligence (neural network) for detection of wild boars and their remnants in the 
context of combating African swine fever is described in the review. The role of wild boars in the disease spread and the need for wild boar population regulation 
are discussed in detail. Also, the importance of timely wild boar carcass removal and use of modern technologies for wild boar population recording and its density 
estimation are underlined. Data on the use of drones equipped with various technical devices for study of large animal populations in the wild are analyzed, 
advantages and peculiarities of unmanned aerial vehicle use are indicated. Experience gained in using neural networks-based techniques for automatic processing 
of animal images acquired from drones is also summarized.
Conclusion. Artificial intelligence-integrated unmanned aerial vehicles appear to be a key tool for managing wild boar populations and the rapid detection of 
African swine fever dead wild boars that allows improvement of overall effectiveness of the measures taken against this disease.
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Интеграция применения дронов и искусственного 
интеллекта для обнаружения диких кабанов,  
туш и их останков в связи с африканской чумой свиней 
Т. Ю. Беспалова, Е. В. Корогодина, Т. В. Михалева
ФГБНУ «Федеральный исследовательский центр вирусологии и микробиологии» (ФГБНУ ФИЦВиМ); Самарский научно-исследовательский  
ветеринарный институт – филиал ФГБНУ ФИЦВиМ (СамНИВИ – филиал ФГБНУ ФИЦВиМ), ул. Магнитогорская, 8, г. Самара, 443013, Россия

РЕЗЮМЕ 
Введение. Глобальное распространение африканской чумы свиней, смертельно опасного вирусного геморрагического заболевания домашних сви-
ней и диких кабанов, диктует необходимость применения эффективных мер предупреждения и раннего выявления вспышек. Контроль численности 
 по пуляции, а также поиск туш диких кабанов, погибших от африканской чумы свиней и являющихся источником передачи вируса, считаются приори-
тетными мерами в управлении заболеванием в дикой природе. 
Цель исследования. Обобщение имеющихся в настоящее время знаний о передовых технологиях применения беспилотных летательных аппаратов 
(дронов) в условиях дикой природы в сочетании с методами искусственного интеллекта.
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cluding wildlife monitoring. Moreover, various UAV sys-
tems, together with developing artificial intelligence (AI) 
technologies, are used for wild animal censusing, animal 
behaviour and movement analysis [11, 12, 13]. In the last 
decade, numerous studies of populations and natural 
habitats of both wild birds [14, 15, 16] and various wild 
large animal species (primates, elephants, hippos, ungu-
lates) were carried out using drones as a part of environ-
mental protection measures [17, 18, 19, 20, 21, 22, 23]. 
However, there are almost no data on their use for wild 
boar searching and for wild boar population size assess-
ment in peer-reviewed sources. UAVs are one of the prom-
ising options to be added to the set of traditional mon-
itoring methods. Some studies have shown that drones 
allow for more rapid and accurate estimation of  wild 
animal populations in vast territories as compared with 
ground-based methods (walking monitoring, camera 
traps, etc.) [17, 24]. Previously, large-scale aerial photo-
graphy of wildlife was carried out using manned aircrafts, 
but use of UAVs for aerial photography is much cheaper. 
UAVs can work under cloud cover in contrast to satel-
lites [25]. Artificial intelligence and machine learning (ML) 
are  revolutionizing wildlife monitoring by  improving 
data quality for population estimates, streamlining data 
collection, and automating routine data processing. 
Neural networks – trained on extensive datasets from 
drone imagery, camera traps, and video cameras – can 
now achieve species-level identification and even distin-
guish individual animals. ML algorithms process visual 
data orders of magnitude faster than manual analysis, 
with demonstrated capability to filter tens of thousands 
of files in minutes to select animal-containing images, 
dramatically increasing research efficiency [18].

Given the ongoing ASF panzootic, testing of modern 
UAV-based approaches, firstly, as an observational tool 

INTRODUCTION
African swine fever (ASF), deadly viral hemorrhagic di-

sease affecting both domestic pigs (Sus scrofa domestica) 
and wild boars (Sus scrofa), remains a critical global threat 
to pig industries [1]. Wild boars are now commonly recog-
nized as key reservoirs and vectors for ASF transmission; 
infected migratory populations have been found to intro-
duce the virus to multiple European countries [2, 3, 4, 5]. 
Monitoring of Eurasian wild boar populations – including 
assessments of population size, density, and dynamics – 
constitutes a  critical component of  ASF management 
strategies for the disease outbreak containment in wild 
populations. Early outbreak detection including system-
atic searching for carcasses, a primary source of direct and 
indirect ASF virus transmission, represents one of the most 
effective measures for ASF eradication in the wild. Rapid 
detection and safe disposal of dead wild boars can prevent 
further infection spread, since the virus is found to per-
sist in ASF dead wild boars for several months [6, 7, 8, 9]. 
Searching for wild boar carcasses and remnants is a labo-
rious and time – consuming work, which strongly depends 
on the outbreak size, season, terrain, vegetation density 
as well as other factors. According to researchers, most 
of the wild boar carcasses are often missed by traditional 
ground-based walking methods [10]. Therefore, alterna-
tive modern methods and technologies are required for 
reliable wild boar population size and density assessment 
and optimization of the process of searching for wild boar 
carcasses and remnants.

Currently, unmanned aerial vehicles  (UAVs), known 
as  unmanned aircraft system, copters, or drones con-
trolled by one or more pilots using communication chan-
nels at remote piloting points (ground control stations), 
are becoming increasingly popular. Unmanned aerial 
vehicles are widely used in absolutely different fields, in-

Материалы и методы. При выполнении работы применялись аналитические методы исследований с использованием баз данных PubMed, Springer, 
Wiley Online Library, Google Scholar, CrossRef, РИНЦ, еLIBRARY, CyberLeninka. 
Результаты. В данном обзоре рассматривается возможность применения беспилотных летательных аппаратов (дронов) и искусственного интеллекта 
(нейронных сетей) для обнаружения диких кабанов и их останков в контексте борьбы с африканской чумой свиней. Подробно обсуждается роль диких 
кабанов в распространении заболевания и необходимость контроля их популяции, значение своевременного удаления трупов кабанов, при этом под-
черкивается важность использования современных технологий для учета численности и плотности популяции дикого кабана. Проанализирована инфор-
мация о применении дронов, оснащенных различными техническими средствами, при изучении популяций крупных видов животных в условиях дикой 
природы, отмечены преимущества и особенности использования беспилотных летательных аппаратов. Также обобщен опыт применения нейронных 
сетей в контексте автоматической обработки полученных с помощью дронов изображений животных. 
Заключение. Интеграция беспилотных летательных аппаратов и искусственного интеллекта, вероятно, может стать ключевым инструментом в кон-
троле популяции дикого кабана и быстром обнаружении туш кабанов, погибших вследствие африканской чумы свиней, что в целом позволит повысить 
эффективность мер, направленных на борьбу с данным заболеванием.

Ключевые слова: обзор, дикие кабаны, африканская чума свиней, методы учета животных, мониторинг, аэрофотосъемка, беспилотные летательные 
аппараты, дроны, искусственный интеллект, нейронная сеть
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population size and density in each region in the context 
of various measures. However, it is actually quite difficult 
to obtain data close to absolute ones. This is the most chal-
lenging for remote areas and vast territories.

When studying the wild boar population in the context 
of ASF control, it is important to take into account their 
biological behaviour peculiarities, seasonal and landscape 
factors, as well as the virus persistence in the environment. 
Recently, a lot of studies has been carried out to examine 
various factors that ultimately affect the effective search 
for wild boars, their carcasses and remnants. The search 
can be improved by target searching for preferred habi-
tats for both healthy and infected animals. Wild boars are 
known to be very mobile, hide in dense vegetation, and 
to be predominantly nocturnal with peak activity in the 
late evening (at sunset), at midnight and in the morning 
hours at sunrise throughout most of the year. Reduced 
activity at temperatures above 15 °C is their behavioural 
adaptation mediated by physiological characteristics. 
Wild boars are less active in the forest than in open areas, 
and they choose reeds in swampy areas as a safe resting 
place [32, 33]. ASF-diseased wild boar preferences should 
be taken into account to find the places where they die. 
Such animals display changes in their behaviour, they pre-
fer solitude with sufficient shelter, silence, coolness, and 
plenty of water, which is associated with the condition 
caused by the infection (depression, fever, dyspnoea) [34]. 
During the studies, the vast majority (71%) of infected car-
casses were found in forests, especially in young wood-
lands, as well as in places remote from roads and settle-
ments, in places of transition from woodlands to sparsely 
wooded areas and shrubs, near trails, waterbodies and fo-
rest edges with tall grass [34, 35, 36]. The space-time clus-
tering in detected ASF-positive wild boar carcasses was 
most prominent at a distance of 2 km and within 1 week 
after the outbreak reporting [37]. Moreover, seasonal fea-
tures of ASF spread should be considered when planning 
carcass search activities. In most European countries there 
was an evident seasonality in ASF incidence in wild boars 
that increased in winter (December – February) and pea-
ked in summer (July). According to Russian resear chers, 
ASF outbreaks in wild boars reported in the Russian Fe-
deration regions in 2007–2022 also occurred mostly in 
November – December and February, with peaks in the 
summer months (July – August) [38, 39].

Natural behaviour of wild boars – digging roots, roll-
ing on the ground and exploring various objects – may 
be a risk factor for the  infection if they live in the virus- 
infected environment. Some researchers have shown that 
ASF virus transmission in wild boar habitats can occur not 
only through direct contact with infected conspecifics, 
but also through indirect contact with carcasses, secre-
tions, soil, water, grass, or agricultural crops [28, 40, 41], 
while physical contact with pathogen-positive carcasses 
or the substrates beneath them poses an equal risk of ASF 
virus infection [42]. The carcass and remnant (bones and 
skin) decomposition sites remain attractive to wild boars 
for a long period of time [40]. The carcass decomposition 
process depends on the season and can take several days 
in summer to several months in winter [43]. ASF dead wild 
boars are a permanent source of infection for other ani-
mals, as the virus is highly resistant to environmental con-
ditions and persists for a long time in various organs, tissues 
and secretions. It has been reported that a frozen carcass 

for wild boar population size and density assessment, and, 
secondly, as a tool for efficient searching for wild boar car-
casses and their remnants is of importance for the infec-
tion management in the wild. A review of published liter-
ature identified a critical research gap: no comprehensive 
studies exist on the UAVs application for searching for live 
wild boars and wild boar carcasses. Our review of AI-inte-
grated UAV systems successfully deployed for other animal 
species appears to be helpful for their adaptation to pro-
grams on wild boar population monitoring.

This review synthesizes current knowledge on  ad-
vanced AI-integrated UAV (drone) technologies applied 
for wildlife monitoring. The review addresses the follow-
ing aspects: role of wild boar in ASF spread and impor-
tance of prompt removal of dead wild boars; use of UAVs 
and  neural networks for  wild large animal population 
monitoring with focus on drone-based approach advan-
tages and features as compared to traditional methods.

MATERIALS AND METHODS
Analytical methods and searching in the  following 

data bases: PubMed, Springer, Wiley Online Library,  Google 
Scholar, CrossRef, RSCI, eLIBRARY, CyberLeninka were used 
for the work. 

ROLE OF WILD BOARS IN ASF EPIZOOT Y 
Since genotype  II ASF virus detection in  Eastern 

 Europe (2007) the disease has spread to many European 
countries and far beyond its borders (to  Asia, America 
and Oceania). According to the World Organization for 
Animal Health, ASF has been reported in 64  countries, 
more than 934 thousand pigs and more than 31 thousand 
wild boars have been infected over the past three years. 
Eurasian wild boars are believed to play the main role in 
the disease spread in Europe where more than 19 thou-
sand outbreaks have been reported in wild boar popula-
tion1. In most European countries, ASF spread has been 
facilitated for many years by factors potentially associated 
with wild boar ecology, infection management strategies 
in the wild (for example, an efficient search for dead wild 
boars), as well as with the long-term ASF virus persistence 
in animal carcasses and in the environment [1]. Monitor-
ing of wild boar populations in Europe shows a steady in-
crease in the population size and expansion of the popu-
lation habitat over the past decades that hampers ASF 
ma nagement in the infected areas [26]. In Central Euro-
pean countries, Eurasian wild boar population density is 
high, 1.15–5.31 animals per 100 ha [27, 28]. The popula-
tion density is known to be one of the important factors 
associated with ASF spread among wild boars, the higher 
the density, the higher the probability of pathogen trans-
mission by direct contact [29]. For example, in Poland, ASF 
cases were reported mainly in the areas where the wild 
boar population was more than 1 animal per 1 km2, but 
statistical and mechanistic models did not show a clear 
and consistent effect of wild boar density on ASF epizoo-
tology [1, 30]. Wild boars living in close proximity to both 
private and commercial farms pose a risk of ASF outbreaks 
in domestic pigs that becomes higher with the relatively 
high number of wild boars [31]. Therefore, ASF manage-
ment requires the most reliable information on wild boar 

1 WOAH. African swine fever. https://www.woah.org/en/disease/african-
swine-fever/#ui-id-2
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such remnants scattering distances make a ground search 
by humans almost impossible.

Thus, wild boar carcasses and the surrounding soil are 
a reservoir for the long-term ASF virus persistence, and 
therefore early, rapid and effective search for potentially 
infected carcasses and their timely and safe removal from 
the environment are extremely important for minimiza-
tion of the risk of the disease spread in the population. In 
ASF endemic areas the special attention should be paid 
to  these measures using the  accumulated knowledge 
about diseased wild boar behaviour and environmental 
factors that increase the likelihood of carcass detection.

For the purpose of ASF control wild boar population 
should be regulated and its density should be maintained 
at the  lowest possible level in each region  [6]. Existing 
methods of animal censusing are based on their direct 
counting during direct field observation with naked eye 
or binoculars, as well as on-site images obtained at fixed 
points using camera traps, as well as sampling, surveying, 
or analysis of various indirect evidence of animal life [54, 55]. 
The  methods differ in the  territory coverage, counting 
techniques, objects to be counted, used technical devices, 
etc. For example, the widely used method of winter route 
counting determines the correlation between the number 
of animals detected in a selected area (along the route), 
the number of tracks (left during one day) and the daily 
animal movement length (provided that the snow cover 
is appropriately thick). Today, this basic method is consi-
dered simple and universal, it is relatively low cost since 
used technical tools are cheap, but it is not suitable for cen-
susing of elusive animals [55]. The significant disadvantages 
of conventional methods for wild animal censusing (com-
plete snow cover, low accuracy, dependence on weather 
conditions, etc.) dictate the need for improvement of mon-
itoring technologies. Combined methods are more useful 
for obtaining reliable data on the animal population size 
and migration. Currently, simultaneous use of several 
methods with specialized equipment, such as camera traps, 
video or infrared (IR) cameras, has been proven effective. 
However, according to some researchers, aerial monitoring 
is the most effective method of animal censusing as com-
pared with field methods [19, 54, 55, 56].

USE OF DRONES FOR WILDLIFE MONITORING
Remotely piloted aircraft systems (UAVs) – commonly 

known as drones – have been gaining increasing popu-
larity worldwide over the past few years. UAV system in-
cludes three main components: the aircraft itself (drone), 
which performs tasks in the air; the ground station where 
the drone takes off and lands and where the communi-
cation and control equipment is installed; and the oper-
ator who directly controls the drone during flight. UAVs 
have many advantages that make them a powerful tool 
for exploring wildlife. Until the past decade, it has been 
challenging to  gather data on  number of the  animals 
located in particular area and at particular time because 
aircraft missions and satellite images are expensive, and 
ground-based surveys in many cases are limited by acces-
sibility to sites, the areas that could be covered [11]. UAVs 
now provide transformative capabilities for field research, 
dramatically decreasing manpower demands, survey du-
rations, and project expenditures. UAVs can be successfully 
used in remote areas and under harsh climate conditions. 
The selection of the UAV for wild animal monitoring and 

can maintain infectious ASF virus for several months en-
abling the virus to overwinter and to initiate a new out-
break when the defrosted carcass is visited the following 
spring by a susceptible wild boar [37]. In the study carried 
out in Germany, it was noted that wild boars rummaged 
on decomposition sites, sniffing and poking on the con-
specifics’ carcasses, chewing on their bare ribs, the contact 
was observed in 30% of all visits by wild boars to such sites 
and the wild boars were especially “interested” in rooting 
on the soft soil that had formed under and around decom-
posed carcasses [8]. Later, it was found that more than 50% 
of cases of transmission in Eastern Poland were associated 
with indirect contact with infected carcasses that contri-
buted to ASF virus persistence in wild boar populations [44]. 
In a recent study in the Czech Republic, a two-year moni-
toring using camera traps was conducted to assess the at-
tractiveness of wild boar carcasses to their live conspecif-
ics. It was shown that the number of visits by wild boars 
to the sites with experimentally placed carcasses during 
the year was more than five times higher than to control 
sites (without carcasses). Wild boars found the carcass rela-
tively quickly, on average in 2 days in spring and summer, 
6 days in autumn and 8 days in winter. The earliest visits 
were recorded in the  spring, when the  decomposition 
process was accompanied by a strong odour. Also, num-
ber of direct contacts with the carcass that varied depend-
ing on the season was determined. In autumn, wild boars 
came into direct contact with the carcass during 340 out 
of 541 visits (62.8%), in spring – during 71.2% of visits, in 
summer – during 74.5% of visits. The largest number of di-
rect contacts was recorded in winter – 84.1% [33]. These 
findings are of great importance, since infected tissues 
(muscles, skin, subcutaneous fat) and organs of decompos-
ing carcasses can be sources of ASF infection for several 
months, especially at low temperatures [9, 45]. Stability of 
the pathogen in the soil depends on the temperature: un-
der experimental conditions at +4 °C, the virus retained its 
infectivity for up to 112 days [46], in the soil under the car-
cass – up to 2 weeks [47, 48]. The virus survival rate is found 
to depend on the soil type and pH level: the virus persists 
for a week in the forest and meadow soils, for 3 days in 
the soil of swampy areas, for at least 3 weeks in sand, and 
quickly dies in acidic forest soils [49].

Wild boars are omnivorous animals, just like domes-
tic pigs, they are characterized by cannibalism. Tissues 
of other animals, including their conspecifics, were found 
in the stomach contents of wild boars [50]. In the study 
performed by J. Cukor et al.  [51], direct contact of wild 
boar with carcasses was observed in 81% and cannibalism 
was observed in 9.8% of all reported visits of wild boars. 
Therefore, deliberate or accidental consumption of car-
casses (cannibalism) or  invasive contact with carcasses 
(with infected blood, tissues, or biological materials) can 
be considered as decisive factors in the chain of ASF virus 
transmission among wild boars [52]. Furthermore, infec-
ted carcasses can also maintain indirect virus spread by 
potential vectors – arthropods [42], as well as scavengers. 
According to J. Rietz et al. [53], some scavengers, in par-
ticular foxes, do not consume wild boar carcasses on site, 
but can move (scatter) their remnants over rather long 
distances in 6–10 days. Carcass parts are scattered over 
400 m in 75% of cases, and maximum over 1.2 km. This 
should be considered for effective carcass searching as 
a part of ASF outbreak management. At the same time, 
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could reduce the risk of biased counts because animals are 
less likely to flee and hide [20]. Regarding search for wild 
boar carcasses and remnants with UAVs, it should be  taken 
into account that experiments have shown the high at-
tractiveness of the places with wild boar carcasses and 
remnants for their fellow wild boars  [33]. Since drones 
can easily detect live wild boar gatherings in these areas, 
this technology can also be used for wild boar remnant 
searching. Moreover, UAV thermal imaging can directly 
detect wild boar remnants by capturing heat signatures 
from fly larvae clusters and/or microbial activity during 
carcass decomposition. The heat generated by feeding lar-
vae can be detected during their peak activity – between 
the 6th and 29th day of carcass decomposition – at ambi-
ent temperatures of 15–27 °C, when insect populations 
on the remnants are highest. Analysis of image resolution 
at varying flight altitudes revealed that thermal contrast 
between remnants and background was highest in noon 
recordings at 4 m altitude. A 15 m altitude proved optimal 
for balancing survey speed and detection efficacy during 
long-term monitoring, and objects became frequently 
overlooked beyond 30 m. All these factors should be taken 
into account when planning flights in order to maximize 
the chances for the remnant detection [59, 60].

UAV systems are continuously improving. Computer vi-
sion-integrated drone systems providing new capabilities 
and expanding UAV functionality are increasingly applied 
for object detection and recognition. Using computer vi-
sion, drones can autonomously process visual information, 
identify objects and make environment-dependant deci-
sions. Currently, modern advanced technologies include 
the so-called FPV drones (First Person View) with Betaflight 
software and real-time video transmission. These systems 
enable high-speed, precise spatial data acquisition and 
long-range video signal transmission. FPV drones differ 
from conventional GPS drones in their smaller size and 
weight, which makes them easy to maneuver and move 
quickly (flight speeds can reach 100 km/h or more). FPV 
drones equipped with high-resolution cameras and vi deo 
transmitters allows the user to see the real-time image 
on special glasses or monitor, feel the effect of their own 
presence in the airspace and remotely control the drone 
movements while adjusting the speed, altitude and angle 
of inclination of the device to control flight over a given 

animal population size estimation critically depends on its 
payload specifications and installed sensors. UAV systems 
may incorporate machine vision sensors and AI-powered 
analytical capabilities. AI coupled with neural networks fa-
cilitates population census, real-time spatial monitoring 
as well as migratory pattern analysis and automated spe-
cies classification [17, 57]. UAVs equipped with advanced 
electronic payloads  – including digital sensors, night/
thermal imaging cameras, communication systems, and 
GPS/GLONASS (Global Navigation Satellite System, GNSS) 
positioning units – exhibit significantly enhanced opera-
tional capabilities. Sensors based on machine vision en-
able visual perception of the UAV environment by creating 
a captured scene image, for example, a thermal imaging 
camera captures and registers IR radiation emitted by sur-
rounding objects. There are practically no hard-to-reach 
places for UAVs with photo and thermal imaging cameras. 
Infrared cameras facilitate biotic/abiotic differentiation 
while maintaining diurnal/nocturnal operational capaci-
ty under varying environmental conditions. Their ability 
to detect thermally distinct targets enables wildlife moni-
toring through dense canopy cover and during crepus-
cular/nocturnal periods. In thermal IR waves, an animal 
looks like a bright object, provided that the animal’s body 
temperature is higher than the ambient temperature (with 
a difference of up to 30–40 °C). Thermal images of the best 
quality are obtained at sunrise, late evening and at night 
(Fig. 1) [19, 54, 55, 57, 58]. 

Current UAV capabilities demonstrate significant po-
tential for search for wild boars, their carcasses and rem-
nants. Drones are capable of flying slowly at low altitudes, 
exploring areas that are hard-to-reach during ground-
based surveys, such as dense forests or wetlands, as well 
as detecting moving and stationary objects without risk 
to humans (Fig. 2). The latter is important when searching 
for both living individuals at rest and animal carcasses. It 
has been found that images of the area covered by one 
frame made at altitude of 150 m are optimal for accurate 
counting of large groups of animals.

UAVs offer apparent advantages over traditional 
manned aircraft, owing to lower operational costs with 
minimal space requirements for their taking off. In addi-
tion, drones are relatively quieter than the latter, they may 
present less disturbance risk to animals due to noise, and 
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Fig. 1. Thermal image of a wild boar (https://pulsarvision.
com/journal/calm-alert-hungry-getting-to-know-animals-
through-thermal)

Fig. 2. Wild boar monitoring using drone technology  
(AI-generated image)

https://pulsarvision.com/journal/calm-alert-hungry-getting-to-know-animals-through-thermal
https://pulsarvision.com/journal/calm-alert-hungry-getting-to-know-animals-through-thermal
https://pulsarvision.com/journal/calm-alert-hungry-getting-to-know-animals-through-thermal
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labor-intensive and time-consuming when processing 
large photographic datasets. This method is inherently 
susceptible to human error factors including fatigue, in-
attention, etc. This disadvantage can be minimized by in-
volving several specialists in the work or using software 
enabling automatic information processing [58]. Images 
obtained by UAV-mounted sensors are typically stitched 
together into an assembled digital map by using software 
programs. This digital map can then be uploaded into GIS 
(Geographic Information System) software, which can be 
geographically referenced using GPS data automatically 
gathered by the UAV in flight. When a UAV lack an on-board 
GPS, geographic coordinates can be manually obtained by 
reference to Ground Control Points (physical landmarks 
with known coordinates). Image processing of the digital 
map may be performed manually by the user, or auto-
matically by image processing software that classifies ob-
jects. Digital files associated with drone images may be 
very large (up to 70 terabytes), particularly with the high 
resolution required for accurate object recognition [63]. 
Currently, domestic and foreign researchers use various 
software programs for processing data collected during 
wildlife monitoring  [17,  58]. Longmore  S.  N.  et  al.  [64] 
combined astronomical detection software with existing 
ML algorithms for automatic decrypting thermal images 
of animals, this pipeline contributed to effective detection 
of animals in the images. Currently, up to 30 software pro-
grams are being developed in Russia for different animal 
species identification, which count the number of animals 
both in a single image and in a series of images, some of 
software programmes enable simultaneous processing of 
thermal images and video materials3 [55]. For example, the 
Thermal Infrared Object Finder (TIOF) software developed 
on the Python platform is capable of processing a large 
amount of  infrared image data for specific animal iden-
tification [65].

Convolutional neural networks (CNNs) represent 
a state-of-the-art approach facilitating animal detection 
and counting in aerial imagery. CNNs are one of the main 
types of  neural networks used for  image recognition 
and classification that are composed of two main parts: 
feature extraction and classification. Feature extraction 
is  aimed at creating maps of  objects through utilizing 
processes called convolutions. CNN model contains 
three types of  layers: convolutional layer, pooling layer 
and fully connected layer. The first two perform feature 
extraction, and the fully connected layer displays the ex-
tracted features and performs classification. Deep learn-
ing models offer a significant advantage in processing 
accuracy over conventional classification methods when 
trained and tested with large datasets, so the use of neural 
networks enables creation of accurate models of animal 
populations, tracking migration routes, and estimating 
population size [17]. Neural network-based flight control 
expands the UAVs capabilities. Neural networks demon-
strate dynamic adaptability through continuous learning 
from operational data, enabling real-time optimization 
of both flight parameters and image acquisition settings 
in  response to  unpredictable environmental variables. 
They can combine data from various sensors mounted on 
the drone to improve perception and situational aware-
ness, which allows the  drone to  make more informed 

3 https://ru.rt.com/qo5p (in Russ.)

terrain. For the purpose of the environment monitoring, 
FPV drones, like other UAVs, are used to collect data and 
explore vast, new or remote territories, detect and track 
moving objects, wildlife habitats, and provide high-quality 
geo-referenced images2 [61]. Also, application of univer-
sal robotic systems, hugging-wing robots, that can both 
hover in the air and perch on vertical supports such as 
tree trunks and poles is one of the promising methods 
for wild animal behaviour monitoring and collecting data 
on their habitats (Fig. 3). Remote autonomous navigation 
enables precise landing site determination for such robo-
tic systems, achieving positioning accuracy within several 
meter ranges [62].

When planning UAV operations, some critical factors 
must be taken into account as they significantly impact 
both data quality and collection efficiency. These factors 
include: low resolution of the camera or sensor image, 
battery charge duration (which therefore determines 
the range and area covered in a single drone flight), wea-
ther conditions (strong wind, rain, snow), operator’s con-
trol skills and experience, etc. [21]. Drone management 
and maintenance require special training for ground 
operators and compliance with security measures. In our 
country, use of any UAV is allowed only upon obtaining 
all required official documentation and permits in com-
pliance with unmanned aerial vehicle regulations in place 
in the Russian Federation.

SOFTWARE AND ARTIFICIAL INTELLIGENCE 
USED FOR PROCESSING OF THE DATA 
COLLECTED BY DRONES
Conventional methods include visual analysis of photo-

graphs but manual photo analysis becomes increasingly 

2 https://sky-space.ru/blog/fpv-dron (in Russ.)
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recognition of Amur leopards, Amur tigers and other wild 
animals5. Also, AI-based wild animal recognition system 
developed by NtechLab company is currently tested in 
Russia. The system is currently integrated with videos 
containing bear images, but in the future it is planned 
to expand its functionality to cover other wild animal 
species6. The Ministry of Natural Resources and Environ-
ment staff-members are performing aerial surveys using 
drones and neural networks in some Russian regions 
to search for ungulate aggregations7.

Finally, it is worth noting that in 2024, a team of Ameri-
can researchers created the Aerial Wildlife Image Reposi-
tory (AWIR), which is a dynamic interactive database with 
annotated images acquired from drones equipped with 
conventional and thermal imaging cameras. AWIR pro-
vides the first open-access repository for users to upload, 
annotate, and curate images of animals acquired from 
drones. The AWIR also provides benchmark datasets that 
users can download to train AI algorithms to automatically 
detect and classify animals. The AWIR contains 6,587 ani-
mal objects in 1,325 visible and thermal images of pre-
dominantly large birds and mammals [67].

CONCLUSION
Reliable data on  population size and  density are re-

quired for ASF spread prevention in wild boars and risk 
assessment. Animal carcass searching serves as a critical 
tool for early ASF detection. The combination of modern 
UAVs with neural network algorithms is a highly effective 
method of  obtaining accurate and  timely information 
about the natural environment, which, in particular, opens 
up new opportunities in the field of wild boar population 
monitoring. In the era of the active AI development and 
widespread UAVs use, application of  innovative techno-
logies in combination with traditional methods appears 
to contribute to enhancing the efficiency of searching for 
live wild boars and their carcasses as well as the reliability of 
the obtained data, that can improve animal health control 
as a part of ASF management strategies. Close cooperation 
of programmers, wildlife researchers and veterinarians are 
required for successful implementation of such approaches. 
Since AI-integrated UAV is a cutting-edge technique used 
in wildlife research field, it requires ongoing evaluation.
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